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Abstract

Alcoholism and HIV-1 infection each affect components of selective attention and cognitive control that may contribute
to deficits in emotion processing based on closely interacting fronto-parietal attention and frontal-subcortical emotion
systems. Here, we investigated whether patients with alcoholism, HIV-1 infection, or both diseases have greater difficulty
than healthy controls in resolving conflict from emotional words with different valences. Accordingly, patients with
alcoholism (ALC, n = 20), HIV-1 infection (HIV, n = 20), ALC + HIV comorbidity (n = 22), and controls (CTL, n = 16)
performed an emotional Stroop Match-to-Sample task, which assessed the contribution of emotion (happy, angry) to
cognitive control (Stroop conflict processing). ALC + HIV showed greater Stroop effects than HIV, ALC, or CTL for
negative (ANGRY) but not for positive (HAPPY) words, and also when the cue color did not match the Stroop stimulus
color; the comorbid group performed similarly to the others when cue and word colors matched. Furthermore,
emotionally salient face cues prolonged color-matching responses in all groups. HIV alone, compared with the other three
groups, showed disproportionately slowed color-matching time when trials featured angry faces. The enhanced Stroop
effects prominent in ALC + HIV suggest difficulty in exercising attentional top-down control on processes that consume
attentional capacity, especially when cognitive effort is required to ignore negative emotions. (JINS, 2011, 17, 537-550)
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INTRODUCTION

Chronic alcoholism has a detrimental impact on brain
systems involved in cognitive control and emotional regulation
(Makris et al., 2008). Such deficits can compromise impulse
control and may promote risky behavior, actions likely to lead
to HIV-1 infection (Leigh & Stall, 1993). Impaired executive
control over attentional and emotion systems occurs in alco-
holism (Stormark, Laberg, Nordby, & Hugdahl, 2000) and
HIV-1 infection (Hinkin, Castellon, Hardy, Granholm, &
Siegle, 1999). The difficulty that alcoholics and HIV-1 infected
individuals experience with attention and cognitive control may
also influence their response to emotionally relevant stimuli and
may contribute to experiencing their illness as uncontrollable
and promote feelings of depression (Bauer & Shanley, 2006;
Clark, Oscar-Berman, Shagrin, & Pencina, 2007; Hutton,
Lyketsos, Zenilman, Thompson, & Erbelding, 2004). Despite
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high prevalence rates of alcoholism—HIV-infection comorbid-
ity estimated to range from 29% to 60% (Lefevre et al., 1995),
little is known about the combined effects of these diseases on
cognitive control and emotion processing. The focus of this
study was to investigate the interactions among attention,
cognitive control, and emotion by examining the influence that
the emotional valence of a stimulus exerts on processing cog-
nitive conflict in individuals with alcoholism alone, HIV-1
infection alone, and both diseases compared with healthy
control subjects.

Attention is not a unitary function (Asplund, Todd, Snyder, &
Marois, 2010); rather, different component processes
served by different neural systems interact for information
focus, exchange, updating, and possible conflict and inter-
ference (Posner & Rothbart, 2007). Whereas automatic
attention captured by emotional relevance or novelty is
unconscious and stimulus driven (bottom-up) (Ohman,
Lundqvist, & Esteves, 2001), voluntary attention is con-
sciously controlled (top-down) and has been tested with cues
that direct attention to a specific stimulus feature, location
(Corbetta & Shulman, 2002).
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A paradigm widely used to study cognitive control
processes in clinical populations is the Stroop color-word
interference task (Stroop, 1935). The traditional Stroop
paradigm, in which the semantic meaning of words that are
involuntarily and automatically processed, naturally override
perceptual tags, such as the font color in which the word is
written, and can be used to parse and manipulate processes of
attention and cognitive conflict (MacLeod, 1991). Some
studies of HIV-1 infected individuals (Martin et al., 1992)
and alcoholics (Stormark et al., 2000) have shown enhanced
Stroop color-word interference relative to controls; however,
Stroop effects in HIV-1 infected individuals (Hinkin et al.,
1999) and alcoholics (Dom, De Wilde, Hulstijn, van den
Brink, & Sabbe, 2006) have not always been forthcoming.

Intersecting networks of frontal, limbic, and temporal brain
regions subserve emotion perception and executive function-
ing. Compromise of these prefrontal cortical-limbic systems
occurs in both alcoholism (Marinkovic et al., 2009) and HIV-1
infection (Ernst, Chang, Jovicich, Ames, & Arnold, 2002) and
is linked to deficits in inhibitory control and emotional face
processing (Langenecker et al., 2005). Converging evidence
comes from neurophysiological studies reporting that impaired
cognitive processing in alcoholism affected processing of
emotional information such as the ability to detect emotion in
another’s voice (Monnot, Nixon, Lovallo, & Ross, 2001) or to
recognize facial expressions (Foisy et al., 2007). Although
HIV-related neuropsychological impairment is generally mild,
especially in medically asymptomatic infection, it most often
involves attention (Becker, Lopez, Dew, & Aizenstein, 2004;
Martin et al., 2004).

To study emotional responsiveness (automatic, or bottom-
up processes) and cognitive control (voluntary, or top-down
processes), we devised an emotional Stroop Match-to-Sample
task, in which the subjects were asked to match the color of a
cue to that of a target stimulus, which was either a word or a
letter string. In word trials, color matching simultaneously
required the inhibition of the words meaning for fast response
execution. The word had either a positive or a negative
emotional meaning to test whether cognitive control of
(1) the word reading itself or (2) the word’s emotional content
influenced color-matching performance differently in alco-
holism, HIV-1 infection, and their comorbidity. Valence of
emotion has been found to play a role in emotional Stroop
processing (Kahan & Hely, 2008). Negative emotional
expressions, including negative words, are assumed to trigger
an automatic defense mechanism that interferes with con-
current cognitive processes (Pratto & John, 1991). In agree-
ment with this notion, behavioral experiments on lexical
decision-making and word naming found slowed responses
to negative as compared to emotionally neutral and positive
words (e.g., MacKay et al., 2004).

We further studied whether an emotional (angry or happy)
face automatically captured attention and affected cue-target
color matching performance differently in the four study
groups. Perception of facial emotion has been conceptualized
as a bottom-up process (Vuilleumier, Armony, Driver, &
Dolan, 2001), and the cognitive evaluation and the regulatory
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control of emotion-related behavior as a top-down process
(Hariri, Bookheimer, & Mazziotta, 2000). Emotional per-
ception and the regulation of emotion are intertwined in a
reciprocal manner (Quirk & Beer, 2006), making it difficult
to isolate top-down influences from the bottom-up response
engendered by the presentation of a face (Li et al., 2009).

The aim of the study was to investigate on a behavioral
level whether co-morbid patients with HIV-1 infection and
alcoholism would be more compromised than those with
either disease alone and exhibit more difficulty than healthy
controls in resolving conflict from emotional words. First,
we hypothesized that all subjects would show Stroop effects
with slowed responses to words than color strings. We next
hypothesized that the groups would differ in the severity
of the Stroop effect depending on attentional demand.
Specifically, we expected that patient groups would be most
compromised in Stroop conflict processing when the color
cue misdirected attention in nonmatch trials, but not when
the cue color correctly predicted the color of the Stroop
word (color match) (Schulte, Miiller-Oehring, Rosenbloom,
Pfefferbaum, & Sullivan, 2005). Third, we hypothesized that
Stroop performance would differ as a function of emotional
valence with greater emotional Stroop effects, that is, more
difficulty reducing interference, from negative than positive
emotional word content (Dahl, 2001) and that this effect
would be more salient in participants who show difficulty
with emotion regulation such as in alcoholics (Clark et al.,
2007) and HIV-1 infection (Novara et al., 2000). Specifically,
we hypothesized that patients comorbid for alcoholism and
HIV-1 would be more impaired in processing negative
emotional Stroop content than patients with either disease
alone and that patients with only one condition would be
more impaired compared to healthy control subjects. Fourth,
we hypothesized that emotionally salient stimuli that auto-
matically capture attention (happy or angry faces) would
interfere with color matching performance differently across
the four groups, specifically for negative valence compared to
positive valence. Here, we further expected that presenting
emotional faces before Stroop words with matching content
(e.g., angry face—word ANGRY) would enhance emotional
responsiveness and Stroop interference from emotional
words. Finally, we hypothesized that other measures of
executive control, such as cognitive flexibility, would be
related to the ability to resolve conflict from emotional words
in the patient groups.

METHODS

Subjects

Four groups were tested: 20 patients with alcoholism
alone (ALC), 20 patients with HIV-1 infection alone (HIV),
22 patients with ALC + HIV comorbidity, and 16 healthy
controls (CTL). All participants gave written informed con-
sent to participate in the study, which was approved by the
institutional review boards at Stanford University School of
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Medicine and SRI International. All volunteers were screened
by trained clinicians using the Structured Clinical Interview
for Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) diagnosis (American Psychiatric
Association, 1994) and medical history to exclude any with
other lifetime Axis I diagnoses, current (past 3 months) non-
alcohol drug abuse or dependence diagnosis, or use of drugs
(excluding cannabis) in the past month. Subjects were
screened for a history of head trauma, documented compound
skull fracture, clear neurologic sequelae, or any disease with
potential central nervous system involvement, such as stroke,
multiple sclerosis, or epilepsy.

The study groups did not differ in age, gender, or verbal
intelligence (ANART IQ, National Adult Reading Test;
Nelson, 1982). All subjects were right handed as determined
from an objective quantitative questionnaire (Crovitz &
Zener, 1962). Socioeconomic status (SES) was determined
using a 2-factor scale that includes both education and life-
time occupation (Hollingshead & Redlich, 1958) and can be
considered a representative measure of the highest function-
ing achieved (Sassoon et al., 2007). Groups differed in
SES (Hollingshead & Redlich, 1958), with HIV + ALC
(p =.0001) and HIV (p =.039), but not ALC (p =.11),
having a significantly lower SES than CTL. ALC + HIV had
lower SES than ALC (p = .02) and HIV, as a trend (p = .07),
whereas HIV and ALC did not differ from each other in SES
(p = .60) (Table 1).

Lifetime alcohol consumption (in kilograms) was assessed
using a semistructured interview (Pfefferbaum, Rosenbloom,
Crusan, & Jernigan, 1988). Drinks of each type of alcoholic
beverage were standardized to units containing approximately
13.6 g of absolute alcohol and summed over the lifetime.
Groups differed significantly in lifetime alcohol consumption,
with the two alcohol groups having consumed significantly
more alcohol than the control and the HIV group, whereas
ALC and ALC + HIV groups did not significantly differ from
each other (Table 1). The two alcoholism groups did not differ
in length of alcohol abstinence before study participation, and
age at onset of alcoholism. The two HIV groups did not differ
in age at onset of HIV-1 infection. From the 22 subjects in the
ALC + HIV group, alcoholism preceded HIV-1 infection in
17 subjects, and HIV-1 infection preceded alcoholism in
3 subjects. Onset of alcoholism was unknown in one woman,
and year of HIV-1 infection unknown in one man. The HIV
and ALC + HIV groups did not differ in CD4 T-cell count, an
index of disease severity (Table 1).

The Karnofsky scale, which ranged from 0 to 100
(Karnofsky, Abelmann, Craver, & Burchenal, 1948), esti-
mated each patient’s HIV-infection disease severity in terms
of daily functioning; no one scored below 80 (normal activity
with effort and some signs of disease), 7.2% were scored 90
(normal activity; minor signs of disease), and 92.8% had no
evidence of disease (score 100). Regarding HIV medication,
80% in the HIV group and 91% in the ALC + HIV group
were taking highly active antiviral treatment (HAART).
There was no significant difference in medication status
between these two study groups (Table 1).
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To address the potential contribution of depressive symp-
toms to our primary dependent measures, we used the Beck
Depression Inventory (BDI-II), a quantitative measure of
depressive symptoms (Beck, Steer, & Brown, 1996). BDI
scores of 0—13 indicate minimal, 14—19 mild, 20-28 moder-
ate, and 29-63 severe depressive symptoms. HIV and
ALC + HIV groups scored on average within the minimal,
non-clinical range. The scores were even lower for alcoholics
and lowest in healthy controls. Groups differed significantly
in BDI scores (Table 1); however, over all groups the BDI
depression scores were relatively low. In the two HIV groups,
number of BDI depressive symptoms correlated with the
amount of lifetime alcohol consumption (HIV: rho = 0.54;
p =.01; trend for ALC + HIV: rho = 0.35; p =.06; one-
tailed), a relationship that was not observed in alcoholics
(rho =0.17, ns) or controls (rho = —0.23, ns). DSM-IV
diagnoses assigned at the SCID interview indicated that
2 ALC and 2 ALC + HIV patients met criteria for current
major depression. In addition, 4 HIV and 8 ALC + HIV
tested positive for Hepatitis-C infection (HCV); 4 ALC and
7 ALC + HIV had also used other drugs than alcohol within
the past year but not within the past 3 months before testing.
All of these 11 subjects reported cocaine use, and 3 ALC +
HIV had additionally used opioids and 1 ALC + HIV had also
used amphetamines. Together, 6 ALC, 5 HIV, and 14 ALC +
HIV had at least one other comorbidity, including mood
disorder. Finally, all subjects took a breath-alcohol analyzer test
to ensure abstinence from alcohol at the time of testing.

Data Acquisition and Analyses

The emotional Stroop Match-to-Sample task required subjects
to match the color of an emotional word (HAPPY, ANGRY)
or of a letter string (XXXXX) printed in red, green, or blue to
that of a prior color cue (Figure 1). Cue and target colors
matched in half of the trials. Participants pressed a YES-key
for color matches and a NO-key for color nonmatches.

In the color match “letter string” condition, the target
stimulus consisted of a neutral letter string XXXXX. In the
color match “emotional word” condition, the target stimulus
consisted of the word HAPPY or the word ANGRY. In half
of these color match trials, an emotional face cue was pre-
sented between color cue and target stimulus to test how such
emotional cueing would influence conflict resolution for
emotional Stroop words. In color-match trials, emotional face
cues and emotional Stroop words were always congruent,
resulting in two combinations: “happy face-HAPPY” and
“angry face-ANGRY.” Emotional face cues were also pre-
sented in combination with a letter string, that is, “happy
face-XXXXX” and “angry face—XXXXX.” Between cue
and target presentation the word COLOR or the word FACE
was briefly presented to instruct the subjects to either match
the color of a cue stimulus with the color of an emotional
word or to match the emotional face expression with the
meaning of the word by pressing a YES or NO key with their
right hand. The face-match condition was designed as a
control condition to ensure that subjects were able to match
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Table 1. Demographic data (mean * SD) and statistical results for four groups: Controls (CTL), alcoholics (ALC), HIV-1 infected individuals (HIV), and those with both diseases (ALC + HIV)

CTL ALC HIV HIV + ALC XZ, F, t value p

n 16 20 20 22

Sex (women/men) 8/8 10/10 15/5 13/9 3.32° 0.35

Ethnicity (r) 15.07° 0.09

Asian 3 0 0 0

African-American/black 6 9 9 11

Pacific Islander 0 1 0 0

Caucasian/white 7 10 11 11

Hispanic® 1 2 2 7

Age (years) 409 (11.7) 45.7 (11.3) 49 (6.3) 46.9 (8.7) 2.19¢ 0.10

SES* 31.6 (13.2) 38.1 (12) 40 (11.7) 46.5 (9.4) 5.06° 0.003

ALC + HIV> CTL = ALC,
ALC = HIV; HIV> CTL

Verbal I1Q (ANART) 110.5 (13.4) 105.6 (12.5) 105.3 (11.1) 102.6 (9.1) 1.37¢ 0.26

Lifetime alcohol consumption (kg) 24.3 (39) 888.9 (619) 57.9 (54) 991.8 (1319) 7.97° 0.0001

ALC =ALC+ HIV>HIV=CTL

Alcohol abstinence before the study (months) — 22 (31) — 15 (29) 0.77¢ 0.45

CD4 (cell/mm®) — — 558.2 (254) 452.6 (209.5) 1.47¢ 0.15

Age ALC onset (years) — 23 (9) — 22.8 (8) 0.134 0.90

Age HIV onset (years) — — 34 (7) 34 (10) 0.19¢ 0.85

HART medication () — — 16 20 1.02° 0.31

Karnofsky score (0-100) 100 (0) 100 (0) 99.5 (2.2) 99.1 (2.9) 0.85° 0.47

BDI? score 2.6 (2.7) 5.9 4.3) 12.5 (9.1) 12.1 9.1) 7.59¢ 0.0001

ALC + HIV=HIV>ALC = CTL

Other co-morbidity (n): 0 6 5 14

Hepatitis C 0 0 4 8 13.57° 0.004

Other substance abuse 0 4 0 7 12.18° 0.007

SCID mood diagnosis: 2.78° 0.43

Anxiety 0 0 1 1

Major depression 0 2 0 2

Socioeconomic status (SES): higher scores represent lower SES (range, 11-77).
Pearson 2.

“Univariate analysis of variance: F value.

dindependent samples T-test:  value

“Hispanic participants are included in ethnic categories above.

10 12 2myos I
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Color Patch vs. Rule:
Condition Cue Face Match Target Response
color match:
no face — letter string . COLOR XXXXX yes
color match: ANGRY
no face — emotional word COLOR yes
color match: _ ‘ COLOR ANV Y yes
face cue — letter string i
color match: ) COLOR HAPPY no
face cue — emotional word
face match: FACE HAPPY no
face cue — emotional word
Time in ms 200 700 700 700

Fig. 1. Emotional Stroop paradigm. The task was to match the color of a color cue to that of a target stimulus by pressing a
YES-key for color matches and a NO-key for color nonmatches. The task had four color matching conditions: (1) “no
face — letter string,” (2) “‘no face — emotional word,” (3) “face cue — letter string,” and (4) “face cue — emotional word.” In
the face matching control condition “face cue — emotional word” subjects were asked to match the emotional face
expression to the meaning of the word. Between cue and target presentation the word COLOR or the word FACE was
briefly presented to instruct the subjects to either match colors of color cues and targets or the emotional content of faces

and target words.

Face stimuli were selected from the MacBrain Face Stimulus Set (http://www.macbrain.org/resources.htm). Development
of the MacBrain Face Stimulus Set was overseen by Nim Tottenham and supported by the John D. and Catherine T.
MacArthur Foundation Research Network on Early Experience and Brain Development.

happy and angry faces correctly to emotional words. Condi-
tions were administered in blocks of 4 trials; blocks were
presented in pseudo-random order thereby mixing face-
match and color-match conditions and ensuring the same
number of set/rule switches for each subject. In total, 144
trials were presented, 48 for face-match and 96 for color-
match with 24 trials in each of the four color-match condi-
tions: (1) no face-letter string, (2) no face-emotional word,
(3) face cue-letter string, and (4) face cue—emotional word.
Number of correct responses, errors and reaction time data
were recorded for each trial and subject. Subjects had to make
at least 80% correct responses to be included for further
analyses; subjects excluded on this basis were 2 controls,
3 ALC, 5 HIV, and 8 ALC + HIV, yielding group sizes of
16 CTL, 20 ALC, 20 HIV, and 22 ALC + HIV.

Statistical Analyses

Mean reaction times (RTs) for correct YES and NO responses
and the numbers of errors were computed for each subject for
each color-match condition. With exception for analyses
involving set switching, RTs for face-match trials were not
further analyzed. Analyses of variance (ANOV As) for repeated
measures were used to test for effects of group, emotional
Stroop (letter string—emotional word), emotional face cue (no
cue—face cue) and cue—target color match (match—nonmatch) in
the emotional Stroop Match-to-Sample task (4 X2 X2X?2
mixed factors). For further examination of the group-by-Stroop-
by-cue-by-match interaction, we calculated (1) Stroop effects by
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subtracting emotional word from letter string trials for match
and nonmatch conditions and for no-cue and emotional-cue
conditions separately, and (2) cue effects by subtracting face-
cue from no-cue trials for match and nonmatch conditions and
for letter-string and emotional-word conditions separately. To
test for the effect of emotional valence (happy—angry), Stroop
and cue effects were calculated for both positive and negative
emotional valence. The resulting emotional Stroop variables
and emotional cue variables were subjected to ANOVAs testing
for group differences on emotional valence on attention and
Stroop conflict processing. A measure of effect size (partial
eta-squared, npz) for significant effects is cited (0.01 = small,
0.06 ~ medium, 0.15 = large). Significant group effects were
followed up with post hoc least significant difference (LSD)
tests. Over all ANOVAs and for within-group follow-up ana-
lyses, FDR thresholds for group—task interaction effects were
calculated to correct for multiple comparisons (Benjamini, Drai,
Elmer, Kafkafi, & Golani, 2001). Spearman’s tho correlation
(two-tailed) examined the relationship between overall RTs and
errors separately in each of the four study groups. Spearman’s
rho correlation (one-tailed) was further used to test for
relationships between demographic and clinical variables
and emotional Stroop effects, based on the assumption that
higher severity of illness would result in poorer performances.
Applying family-wise Bonferroni correction for 4 comparisons
of emotional Stroop valence effects (Stroop-angry match and
nonmatch; Stroop-happy match and nonmatch), p-values
< .025 were considered significant. For all other statistical tests,
alpha significance levels were set at p <.05 (SPSS 15.0).
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RESULTS

Accuracy

The four groups differed significantly in number of errors
(F(3,74)=3.79; p=.014; np2 =.13), with ALC + HIV
(9 = 5.6 errors) having committed more errors than CTL
(4 £3.5 errors; p=.007) and ALC (5 £ 4 errors; p =.012)
but not more than HIV (8 = 5 errors; p = .50; post hoc LSD
test). There was a positive correlation between errors and
overall RTs in ALC + HIV (rho = 0.50; p = .018) but not in
ALC (rho =0.37; p=.11), HIV (rho =0.11; p = .65) and
CTL (rho = 0.30; p = .25), suggesting an absence of a speed-
accuracy trade-off (Salo, Henik, & Robertson, 2001).

Reaction Times Analyses

Emotional Stroop Match-to-Sample task performance

In an overall analysis, we first tested whether cognitive control
of the word reading itself influenced color-matching perfor-
mance differently in alcoholism, HIV-1 infection, and specifi-
cally their comorbidity compared to controls. Using a repeated
measures ANOVA, we entered three within-subject factors
that compared (1) color matching performance for words and
letter strings trials (Stroop), irrespective of the Stroop word’s
content, (2) trials with and without face cues (face cue), again
irrespective of facial expression, and (3) color match and
nonmatch trials (color-match); and group as between-subjects
factor. A significant group effect (F(3,74) =3.04; p = .034;
'r]p2 =.11) indicated overall longer RTs in ALC + HIV
(p = .011) and HIV (p = .024) than CTL, and no difference in
ALC and CTL (p = .39). As hypothesized, we found an effect
for Stroop (F(1,74) =40.66; p <.0001; np2= .36), that is,
longer RTs to words than letter strings. We further found a
group-by-Stroop interaction with ALC + HIV showing greater
Stroop effects than the other three groups (F(1,74) = 3.52;
p=.019; np2 =.13) (Figure 2a). Significant effects of
face-cue (F(1,74) =27.16; p <.0001; np2 = .27), color-match
(F(1,74) = 84.8; p <.0001; m,> = .53), and an face-cue-by—
color-match interaction (F(1,74) = 19.5; p <.0001; np2 =.21)
revealed that emotional face-cues slowed responses in non-
match but not match conditions in all groups. Finally, using
an analysis of covariance, we found that SES as covariate
had no significant effect on emotional Stroop processing
(F(1,71)=0.44; p = .51; np2 =.006) but showed an interac-
tion with Stroop, color matching, and face cueing effects (four-
way interaction; F(1,71) =5.21; p = .025; 'r]p2 =.07).

Stroop for color match and nonmatch

We tested the hypothesis that patient groups, and especially
co-morbid patients, would be most compromised in
Stroop conflict processing when the color cue misdirected
attention in nonmatch trials, but not when the cue color
correctly predicted the color of the Stroop word (color-
match). We conducted two separate ANOV As for nonmatch
and match conditions; each included group as between
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subjects factor, and Stroop (word-letter string) and face-cue
(face—no face) as within-subjects factors. We found a sig-
nificant group-by-Stroop interaction when the cue color did
not match the Stroop stimulus color (F(1,74)=3.89;
p=.012; np2 =.14). Post hoc LSD test on the group-by-
Stroop-nonmatch interaction (using difference RTs for
Stroop-nonmatch = RT[word/nonmatch] — RT[letter string/
nonmatch]) showed that ALC + HIV (p =.003), but not
ALC (p=.44) or HIV (p=.56), had greater Stroop-
nonmatch effects than CTL. Stroop effects did not differ
between groups when cue and word colors matched
(F(1,74) = 1.32; p = .28; m,> = .05) (Figure 2b).

Stroop for negative and positive emotional valence

We tested the hypotheses that Stroop interference depends on
emotional valence, and that patients, especially comorbid
patients, would show enhanced interference from negative
(ANGRY) but not positive (HAPPY) word contents. For
negative word content, an ANOVA with Stroop-angry
(ANGRY-XXXXX) as within-subject factor and group as
between-subjects factor revealed greater Stroop effects in
ALC + HIV than HIV, ALC, or CTL (F(1,74) = 3.59; p = .018;
np2 =.13). For positive word content, an ANOVA with Stroop-
happy (HAPPY-XXXXX) as within-subject factor and group as
between-subjects factor did not show such a group-by-Stroop
interaction (F(1,74) = 1.68; p = .18; np2 =.06) (Figure 2c).

We next tested the hypothesis that negative emotion would
interfere more with color matching performance than positive
emotion, and that this effect would be most salient in comorbid
participants. To do this, we computed Stroop effects by sub-
tracting RTs to letter strings from RTs to words: (1) for negative
valence (Stroop-angry = RT[ANGRY]—RT[XXXXX]) and
(2) for positive valence (Stroop-happy = RT[HAPPY]—
RT[XXXXX]), each separately for trials with and without face
cues, and for each subject. An ANOVA with group as the
between-subjects factor and Stroop-valence (Stroop-happy—-
Stroop-angry), face-cue (face—no face), and color-match
(match—-nonmatch) as within-subject factors revealed greater
Stroop-valence effects for ALC + HIV than CTL (p = .007),
and a trend for HIV (p = .086), whereas ALC (p =.23) and
HIV (p=.27) did not significantly differ from CTL
(F(1,74) = 2.70; p =.05; np2= .10). For all study groups,
Stroop effects were greater for negative (ANGRY) than posi-
tive (HAPPY) words (F(1,74) = 16.7; p <.0001; npz =.18)
and greater for trials with than without emotional faces
(F(1,74) =9.47; p = .003; np2 =.11). The difference between
Stroop effects for negative and positive emotion was attenuated
when a face with matching emotion was presented before
the Stroop word (happy face-word HAPPY, angry face—
word ANGRY) (Stroop-valence-by-face-cue interaction:
F(1,74) = 6.10; p = .016; m,> = .08).

Face cue effects for positive and negative emotion

We next tested the hypothesis that emotionally salient stimuli
that automatically capture attention (happy or angry faces)
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Fig. 2. Emotional Stroop performance. Mean reaction times (RTs) and standard errors (SE) for each group and condition:
Controls (CTL), alcoholics (ALC), HIV-1 infected individuals (HIV), and individuals with both diseases (ALC + HIV).
(a) Emotional Stroop performance comparing cue-target color matching speed under letter string conditions and emotional
word conditions (pooled over positive and negative emotional valence), (b) separately for cue-target color matches
(MATCH) and nonmatches (NONMATCH), and (c) separately for positive (HAPPY) and negative (ANGRY) emotional
valence.

*p <.05 group-by-emotional Stroop interaction: ALC + HIV had significantly longer RTs than the other three groups for
emotional word trials (a), specifically when cue and target colors did not match (b), and when the emotional word content
was negative (c).
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Fig. 3. Face cue performance to angry and happy faces. Mean reaction times (RTs) and standard errors (SE) for each group
and condition: Controls (CTL), alcoholics (ALC), HIV-1 infected individuals (HIV), and individuals with both diseases
(ALC + HIV). Face cue performance comparing cue-target color matching time between “face cue” and “no face” (gray
patch) conditions for both positive and negative facial expression, for (a) letter string, and (b) congruent word trials.

would interfere with color-matching performance differently
in CTL, HIV, ALC, and ALC + HIV, specifically for negative
valence (angry faces) compared to positive valence (happy
faces). To do this, we computed face-cue effects by subtracting
RT(no-face) from RT(face-cue) trials, separately for happy
and angry faces. An ANOVA with group as the between-
subject factor, and face-cue-valence (angry—happy) and color-
match (match-nonmatch) as within-subjects factors revealed
greater cue-valence effects for angry than happy faces
(F(1,74)=6.83; p=.011; npz .11). Face-cue-valence
effects differed between groups (group-by-face-cue-valence
interaction: F(1,74) = 3.45; p = .021; 'qu =.12) (Figure 3a).
To explore this interaction, we conducted a series of within-
group analyses, which revealed that this interaction was caused
mainly by a disproportionate face-cue effect for angry
compared to happy facial expressions in HIV (cue-valence
effect: F(1,74) =13.9, prpreormected < -001; np2 =.42), an
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effect not seen in the other three groups (CTL: F(1,74) = 2.32;
p=.15;7m,"=.13; ALC: F(1,74) = .014; p = 91; q,” = .00;
ALC + HIV: F(1,74) = .013; p = .91, m,” = .00).

We then tested whether face-cue effects for negative
and positive emotion would be influenced by congruent
emotional word content. Again, we first computed emotional
face-cue effects, now for word trials, by subtracting
RT(no-face) from RT(face-cue) trials, separately for happy
and angry faces. An ANOVA with group as between-subjects
factor and face-cue-valence (angry—happy), for trials with
congruent word content, revealed greater face-cue effects
for happy than angry facial expressions (cue-valence effect:
F(1,74) = 6.10; p=.016; np2= .08) that did not differ
between groups (group-by-face-cue-valence interaction:
F(1,74) = 0.60; p = .62; np2 =.02) (Figure 3b).

Results endured when data analyses were performed
with log-transformed data except for the overall enhanced
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Fig. 4. Correlations between switch costs and Stroop-angry for each
group. Controls (CTL): Stroop-angry, rho = 0.15, ns; Stroop-happy,
rho = —0.06, ns; alcoholics (ALC): Stroop-angry, rho = 0.48,
p = .03; Stroop-happy, rho = —0.22, ns; HIV-1 infection (HIV):
Stroop-angry, rho = 0.64, prpreorrecrea < -003; Stroop-happy, rho =
0.39, ns; both diseases (ALC + HIV): Stroop-angry, rho =0.71,
PEDRcorrectea < -0001; Stroop-happy, rho = 0.43, p = .04.

Stroop effect in the comorbid group that did not reach
statistical significance after log-transformation (one-tailed
p = .055).

Correlation Analyses

Set switching between color and face matching

We further analyzed the effect of set/rule switching between
color and face matching blocks on Stroop performance. To do
this, we calculated the difference RTs between the last and first
RT of each set/rule block, resulting in two difference RT
values: (1) switch from face to color matching, and (2) switch
from color to face matching. Specifically, we tested whether
set/rule switching, that is, a measure of cognitive flexibility,
was related to Stroop effects for negative (Stroop-angry) or
positive (Stroop-happy) emotional valence. The Stroop effect
for negative but not for positive valence was significantly
related to cognitive flexibility, that is, switching from face-to-
color match, in ALC + HIV, HIV, and ALC, but not in CTL
(Figure 4). Thus, in all patient groups, and most pronounced in
the two HIV groups, poorer cognitive flexibility was associated
with negative Stroop-valence effects. We did not find any
significant relationships between set/rule switch from color-to-
face match with Stroop effects or overall task performance.

Socioeconomic status (SES)

To test for the effect of SES on emotional Stroop perfor-
mance, we examined the correlations between SES and the
primary Stroop scores separately across the four groups.
None of the correlations were significant.
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Depressive symptoms (BDI)

We further tested whether emotional Stroop-valence effects
(Stroop-happy, Stroop-angry) would correlate with an indepen-
dent measure of emotionality, for example, BDI depressive
symptoms. Given the slightly, although non-clinically, enhanced
BDI scores in the two HIV groups, one would expect a
relationship between Stroop valence effects and BDI scores in
the two HIV groups but not in the ALC and CTL groups. In
support of this prediction, more depressive symptoms (BDI)
related to greater Stroop-valence effects in the HIV group (cued
Stroop-happy-match: rho = 0.53; p =.008; trend for Stroop-
angry-match: rho =0.43; p=.03; Bonferroni correction
requires p < .025) and a trend in the ALC + HIV group (Stroop-
angry-nonmatch: rho = 0.40; p = .034; Bonferroni correction
requires p < .025), but not in ALC and CTL (all ps > .05).

DISCUSSION

We investigated whether patients with HIV-1 infection with or
without alcoholism and those with alcoholism alone exhibit
more difficulty than healthy controls in resolving conflict from
emotional words. In our emotional Stroop Match-to-Sample
task, task-irrelevant happy and angry faces that automatically
capture attention (Itti & Koch, 2000) were presented to study
emotional responsiveness. Emotional words served to study
top-down attentional control involved in the resolution of
Stroop word conflict during color-match task performance.

Stroop Conflict

As expected, all groups showed Stroop effects, which were
most pronounced in the comorbid ALC + HIV group. Speci-
fically, ALC + HIV relative to the other three groups (HIV,
ALC, and CTL) demonstrated enhanced interference and
reduced conflict resolution when the cue color did not match
the emotional Stroop stimulus color. However, ALC + HIV
performed similarly to the other groups when cue and word
colors matched. Thus, emotional Stroop Match-to-Sample
performance depended on color-cue validity. In nonmatch
trials, the Stroop word likely usurps more processing resources
due to the mismatch of the color-cue and color naming of the
word (Williams, Mathews, & MacLeod, 1996).

Stroop for Negative and Positive Valence

Consistent with our assumption, Stroop effects differed as
a function of emotional valence with negative words
enhancing the Stroop effect more than positive words, parti-
cularly in ALC + HIV. This suggests that negative emotional
content consumes attentional capacity thereby slowing color
matching (Dawkins & Furnham, 1989), consistent with the
idea that greater cognitive effort is required to ignore negative
emotions (Holmes, 1974).

Our findings in ALC + HIV are similar to those recently
observed in a different ALC + HIV sample using a non-
emotional Stroop Match-to-Sample task indicating compro-
mise in executive control (Schulte et al., 2005). A combined
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effect of HIV and alcoholism on brain functions was further
observed for associative learning, sustained attention (Sassoon
et al.,, 2007) and episodic memory (Fama, Rosenbloom,
Nichols, Pfefferbaum, & Sullivan, 2009). In our task, work-
ing memory processes may have played a role when the cue’s
color information had to be held online for color matching
with the upcoming Stroop stimulus. However, Fama et al.
(2009) found deficits for immediate episodic memory in
comorbid ALC + HIV patients relative to controls, whereas
working memory functions were spared. This study adds
to the evidence of a combined effect of HIV and alcoholism
on certain brain functions. The compromise observed in
ALC + HIV involved Stroop-negative-valence and Stroop-
nonmatch effects; both conditions likely increase processing
load and limit cognitive resources to resolve Stroop conflict.
Together these results indicate a restriction of resources
for cognitive control in ALC + HIV rather than a specific
compromise in the processing of emotion.

Emotional Stroop Conflict and Set Switching

Subjects were further required to switch sets between color and
face matching. Switching describes the ability to disengage from
one cognitive set, that is, face matching to engage in a different
one, that is, color matching. In ALC + HIV, HIV, and as a trend
in ALC, we found that patients with higher switch costs from
face to color matching had greater Stroop effects to negative
emotional words than patients with lower switch costs. Switch-
ing is a controlled executive ability that requires cognitive flex-
ibility and an invocation of an appropriate constellation of mental
resources associated with frontal brain systems (Monsell, 2003).
Resolving Stroop conflict from interfering word content requires
inhibition of the prepotent response, that is, executive control,
and has also been associated with frontal brain functions (e.g.,
Liu, Bai, & Zhang, 2008; Morishima, Okuda, & Sakai, 2010;
Schulte et al., 2009; Vanderhasselt, De Raedt, & Baeken, 2009).
The correlation between Stroop interference and set-switching
costs, therefore, strengthens our conclusion that compromised
executive control functions contribute to the observed abnorm-
alities for emotional Stroop processing in the comorbid group.
Furthermore, this relationship was observed only for Stroop
interference from negative but not positive emotion, thereby
supporting the position that negative emotions automatically
bind more attentional resources (Duka & Townshend, 2004) and
consequently result in higher executive control demands when
negative emotional content interferes with task performance. In
addition, deficits in cognitive flexibility may have exacerbated
cognitive demands from negative word content when resolving
Stroop conflict, specifically in the HIV groups. This is consistent
with a recent study that identified switching impairments in HIV-
infected individuals as major contributor to neuropsychological
deficits in category fluency (Iudicello et al., 2008).

Emotional Face Cues

The presentation of emotional face cues prolonged color-
matching responses in all groups. Patients with HIV without
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alcoholism showed disproportionately prolonged responses
relative to the other three groups when processing angry face
cues. Thus, the HIV group showed an attentional bias for
emotionally salient negative stimuli, that is, angry faces
automatically captured attention in HIV more than in the
other groups. Neuroimaging evidence suggests that a dis-
tributed cortical network is associated with face processing
involving both bottom-up and top-down mechanisms. Facial
emotional perception has been closely linked to bottom-up
processes and brain activation in the amygdala (Aggleton,
2000). Thus, we interpret the finding of a disproportionate
“angry face cue effect” in HIV during simple color matching
in letter string trials (angry face-XXXXX) as evidence for
compromised bottom-up processes related to facial emotional
perception. The higher responsiveness to negative facial
affect in HIV may further reflect emotional perturbations,
such as anxiety and depressive symptoms often reported in
HIV infection (Bungener, Kosmadakis, Jouvent, & Widlocher,
1993). Cognitive evaluation and regulatory control of
emotion-related behavior have been considered top-down
processes associated with prefrontal cortex functions (Hariri
et al., 2000). During emotional regulation, frontal cortex
activity and amygdala activity are inversely related (Quirk
& Beer, 2006), indicating reciprocal interdependence of
bottom-up emotion and top-down control functions. This
depiction comports with the finding that the presentation of
the word ANGRY (providing a mechanism of executive
control) eliminated the “angry-face-cue effect” in HIV
(angry face—ANGRY). Thus, engagement of cognitive con-
trol processes (i.e., top-down) to resolve Stroop conflict from
the word ANGRY likely attenuated the “angry-face-cue
effect” and regulated emotional perception in HIV.

DIFFERENTIAL DIAGNOSTIC EFFECTS ON
COGNITIVE CONTROL AND EMOTION

HIV—alcoholism comorbidity

The ALC + HIV group showed enhanced Stroop effects,
specifically for the more difficult nonmatch condition and
for negative emotional word content. At the same time, the
ALC + HIV group showed normal responses to emotional
faces.

Marinkovic et al. (2009) previously reported impaired
decision-making for neutral, that is, emotionally ambiguous
faces and reduced neural responsiveness of the amygdala to
emotional expressions in alcoholics. However, when unam-
biguous emotional faces were presented in color-match trials
that did not require a decision or categorization of facial
expressions, we found similar effects for emotional faces in
ALC + HIV and controls. Thus, ALC + HIV comorbidity
neither reduced nor enhanced an automatic attentional bias to
emotional faces compared with controls. Rather alcoholism
with HIV-1 comorbidity affected higher-order executive con-
trol processes and decisions requiring decoding of emotion
(for alcoholism: Foisy et al., 2007; Kornreich et al., 2001;
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Philippot et al., 1999; for HIV: Clark, Cohen, Westbrook,
Devlin, & Tashima, 2010). We speculate that enhanced Stroop
effects in ALC + HIV to negative emotion and to color-
nonmatch conditions reflect compromise of fronto-parietal
network functions involved in top-down attentional control for
feature selection and the inhibition of task-irrelevant negative
emotions. This interpretation is consistent with neuroimaging
studies that have associated inhibitory control functions
with frontal brain regions (e.g., Whalen et al., 1998). Thus,
compromise of fronto-parietal attention systems that closely
interact with frontal-subcortical emotion systems (Phan et al.,
2005) may constitute the neural basis for cognitive impairment
and emotional dysregulation (Johnstone, van Reekum, Urry,
Kalin, & Davidson, 2007), especially in those alcoholics who
are comorbid with HIV.

HIV-1 infection

The finding of a greater attentional bias for emotionally
salient negative stimuli such as angry faces in the HIV than in
the ALC and ALC + HIV was unexpected. It could be
interpreted as disturbance in stimulus-driven processing
of emotionally salient stimuli. This processing bias may
reflect enhanced responsiveness of limbic system functions
involved in attentional capture and automatic alertness to
emotionally negative cues (Cole et al., 2007), while fronto-
parietal attention network functions appear intact in HIV
(Schulte et al., 2005). It may also reflect an enhanced sensi-
tivity to emotional situations and vulnerability in HIV-1
infected individuals without alcoholism (Clark et al., 2010;
Pukay-Martin, Cristiani, Saveanu, & Bornstein, 2003),
whereas neuroadaptation to stressful situations in alcoholics
(Heilig & Koob, 2007) may dampen responsiveness to
emotionally negative stimuli (Gilman & Hommer, 2008),
possibly moderating emotion effects in ALC and ALC +
HIV in an emotional Stroop Match-to-Sample task.

Alcoholism

We had expected to find effects indicative of emotion
processing deficits in alcoholism, but patients with alcohol-
ism alone performed at comparable level to controls in our
emotion Stroop Match-to-Sample task. In a previous study,
deficits in affective processing in alcoholics became evident
in ambiguous situations in which no additional cues could
be used for the interpretation of emotion (Uekermann,
Daum, Schlebusch, & Trenckmann, 2005). Similarly, Jung,
Kim, Kim, and Namkoong (2009) found altered behavioral
responses in alcoholics in an emotional discrimination task
when judging neutral words and pictures as “good,” “bad,”
or “neither.” One possible explanation for the “no effect” in
alcoholics is that our emotional Stroop Match-to-Sample task
did not use emotionally ambiguous stimuli. Another possi-
bility is that more subtle compromise in emotion processing
and cognitive control may have gone undetected compared to
the larger compromise in HIV and ALC + HIV groups.
Even though the total study sample included 78 subjects,
subgroup samples were relatively small, thereby limiting the
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interpretation of our results for population inference.
Furthermore, attention was undoubtedly involved in emo-
tional Stroop conflict resolution but not manipulated to parse
it from emotion effects, leaving the possibility that some
of the observed effects were due to group differences in
some aspect of attention that were not assessed in this
study. In addition, our data indicated a modest modulating
influence of socioeconomic status on the interaction between
Stroop, color match and face cue effects over all groups.
Thus, some of the observed effects on cognitive control,
attention and emotion regulation may echo the highest level
of functioning study participants achieved in their daily life,
and may provide an explanation for group difference in SES
or vice versa.

Another limitation of this study is that 29% of the patients
in the two HIV groups also had hepatitis C infection (HCV),
and that 26% of patients in the two ALC groups had used
other drugs in addition to alcohol. These other comorbidities
may have contributed to the observed compromise in emo-
tional Stroop and face cue processing in the patient groups.
Nevertheless, we believe that these comorbidities are repre-
sentative of HIV and alcoholism patient samples, as has been
reported previously (e.g., Bréu et al., 2002; Rosenbloom et al.,
2007). For example, Fuller, Loftis, Rodriguez, McQuesten,
and Hauser (2009) reported in his review article that 15 to 37%
of HIV-1 infected people also have HCV.

Here, we observed that the slightly elevated depressive
symptoms scores in the two HIV groups were related to
alcohol consumption, a relationship that was not observed in
patients with alcoholism alone. This suggests that in patients
with HIV-1 infection, alcohol consumption may aggravate
HIV-related feelings of physical weakness and fatigue, which
could consequently be reflected in higher depressive symp-
toms scores such as loss of energy, appetite, concentration
difficulty, tiredness, or fatigue.

Analogous to that reported in patients with a DSM-IV diag-
nosis of Major Depressive Disorder (MDD) (Mitterschiffthaler
et al., 2008), depressive symptoms in HIV and ALC + HIV
patients not meeting criteria for MDD correlated with
greater emotional Stroop effects. The relationship between
emotional Stroop effects and an independent measure of
emotional dysregulation (enhanced BDI score) provides an
external validation for the sensitivity of the emotional com-
ponent of the Stroop Match-to-Sample task. Although MDD
was not tested in the current study, we speculate that the
processes assessed with the emotional Stroop paradigm
might be appropriate to examine cognitive and emotional
processing differences that accompany MDD. Similar defi-
cits in face perception and executive function have been
observed in patients with depression (Langenecker et al.,
2005), alcoholism (Maurage et al., 2008), and HIV infection
(Cruess et al., 2003). Thus, it remains to future studies to
determine whether the observed interrelatedness of emotional
Stroop processing and depressive symptoms reflects focal or
distributed compromise in frontal, limbic, and temporal brain
networks subserving cognition and emotion functions in the
respective patient groups.
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