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Difficulties with sustained attention have been found
among both persons with HIV infection (HIV�) and
bipolar disorder (BD). The authors examined sus-
tained attention among 39 HIV� individuals with
BD (HIV�/BD�) and 33 HIV-infected individuals
without BD (HIV�/BD–), using the Conners’ Con-
tinuous Performance Test–II (CPT–II). A Global
Assessment of Functioning (GAF) score was also
assigned to each participant as an overall indicator of
daily functioning abilities. HIV�/BD� participants
had significantly worse performance on CPT–II omis-
sion errors, hit reaction time SE (Hit RT SE), vari-
ability of SE, and perseverations than HIV�/BD–
participants. When examining CPT–II performance
over the six study blocks, both HIV�/BD� and
HIV�/BD– participants evidenced worse performance
on scores of commission errors and reaction times as
the test progressed. The authors also examined the
effect of current mood state (i.e., manic, depressive,
euthymic) on CPT–II performance, but no significant
differences were observed across the various mood
states. HIV�/BD� participants had significantly

worse GAF scores than HIV�/BD– participants,
which indicates poorer overall functioning in the dual-
ly-affected group; among HIV�/BD� persons, signif-
icant negative correlations were found between GAF
scores and CPT–II omission and commission errors,
detectability, and perseverations, indicating a possible
relationship between decrements in sustained attention
and worse daily-functioning outcomes.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2012; 24:61–70)

The prevalence of HIV among people with serious
mental illness (SMI) is high,1–3 and of those with

SMI, HIV infection appears to be particularly elevated
among persons with bipolar disorder.4–7 Similarly, the
prevalence of bipolar disorder among HIV-infected per-
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sons is elevated.7 Despite this overlap, relatively little is
known about the neurocognitive and everyday func-
tioning abilities of HIV� persons with bipolar disorder.

Both HIV infection and bipolar disorder can cause
neurocognitive impairment in a subset of affected indi-
viduals. Approximately half of HIV-infected individu-
als evidence at least subtle neurocognitive impairment;
even among individuals with incidental comorbidities,
neurocognitive impairment rates are estimated to be
40%.8 Neurocognitive impairment tends to worsen with
HIV disease severity, with the greatest impairments
observed among individuals with AIDS.9–11 Although
the exact neurocognitive domains affected in HIV in-
fection may be changing as a result of improved anti-
retroviral treatments, recent reports suggest impair-
ments in the domains of learning, executive function,
attention/working memory, memory, motor skills,
speed of information-processing, and verbal flu-
ency.10,12

Although they are not the most affected domain, at-
tention deficits have been reported since early in the
HIV epidemic.13 Similar to other neurocognitive do-
mains, attention deficits increase with disease sever-
ity.12 In a meta-analysis of HIV-related neurocognitive
impairments, Reger and colleagues, in 2002,12 showed
effect sizes of neurocognitive impairment, when com-
pared with non-HIV-infected individuals, ranging from
0.1 for asymptomatic HIV-infected individuals to 0.4 in
individuals with AIDS. Other studies of HIV-infected
persons have reported impairment in the areas of di-
vided attention,9 orienting,14 response-inhibition,15 and
sustained attention.16

In bipolar disorder, there is a broad consensus that
neuropsychological (NP) impairments exist, as com-
pared with age-matched persons of similar educational
background.17,18 During acute manic and depressive
episodes, patients typically manifest significant dys-
functions in most cognitive domains.18–21 According to
recent meta-analytic reviews,22,23 neurocognitive im-
pairments in adult euthymic BD patients cut across the
domains of attention, processing-speed, verbal learn-
ing/memory, and executive functions.

In contrast to cognitive problems in HIV infection,
attention impairments are commonly observed among
persons with bipolar disorder. Torres and colleagues23

reported medium effect sizes (0.60–0.79) when exam-
ining performance differences between euthymic per-
sons with bipolar disorder and healthy comparison
subjects on tests of visual attention (Trails A), complex

attention (Digit Symbol), and sustained attention (Con-
tinuous Performance Test; CPT).20,24–33 These studies
provide evidence that attentional deficits may be a core
or “trait” characteristic of BD, and that these impair-
ments may be exacerbated during periods of mood dys-
regulation (i.e., mania, depression).

Studies of sustained attention (i.e., the ability to main-
tain a certain level of performance, especially the ability
to detect the occurrence of infrequent or unpredictable
events over extended periods of time34) are most com-
monly assessed using continuous performance tests
(CPT). In CPT tasks, subjects are required to monitor a
stream of stimuli (such as digits or letters), and make a
response (such as a key-press) whenever a specified
target appears. Subjects must focus attention on a mo-
notonous task and avoid distraction from other stimuli.
Also, CPT tests demand a level of executive control in
order to 1) hold specified targets in working memory; 2)
inhibit task-irrelevant stimuli; and 3) inhibit responses
to task-relevant stimuli resembling targets.35 Studies of
sustained attention abilities among HIV-infected per-
sons are somewhat sparse, and findings from these
studies have been mixed. One study, by Karlsen and
colleagues,36 showed that HIV-infected individuals had
significantly longer reaction times than healthy compar-
ison-subjects but similar target-sensitivity. In contrast, a
later study of HIV-infected persons found no deficits in
either reaction time or target-sensitivity.37 More recent
studies have found that greater reaction-time variability
is associated with recent stimulant use,16 as well as
poorer overall cognitive ability and higher HIV plasma
viral load.38

Sustained-attention deficits are much more fre-
quently evaluated among persons with bipolar disor-
der, as compared with HIV infection; yet, there are
conflicting results in these studies, as well.26 Studies
have shown decreased target-sensitivity (omission er-
rors) on various CPT tasks evaluating euthymic pa-
tients with bipolar disorder,27,32,39,40 whereas other
studies have reported no significant differences in per-
formance between individuals with bipolar disorder
and healthy-controls on any CPT measure.41,42 Further-
more, some studies have reported decreased target-sen-
sitivity and increased false-responding (commission er-
rors) in manic bipolar patients.39 In a review of the
literature, Clark and Goodwin26 found that a majority
of CPT sustained-attention studies of bipolar disorder
have yielded both state- and trait-related impairments.
Specifically, impaired target-detection (omission errors)
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was one of the most sensitive markers of the illness
course in BD, appearing to be unrelated to residual
mood symptomatology and medication status, and was
present in patients with good functional recovery. Tar-
get-detection deficits appear to be exacerbated in manic
states, whereas sustained-attention deficits are present
early in the course of the disorder and become more
pronounced with repeated episodes.

To our knowledge, no studies have attempted to as-
sess sustained-attention abilities among HIV�/BD�
individuals. As a result, the present study was designed
to compare sustained-attention performance among
HIV�/BD� persons relative to HIV-infected individu-
als without bipolar disorder (HIV�/BD–). Given that
the intrinsic nature of sustained attention requires the
passage of time, we also examined CPT–II performance
by group over the six study blocks. Secondary analyses
examined the effect of mood state (i.e., euthymia, ma-
nia, depression) on sustained attention, as well as an
examination of the relationship between sustained at-
tention and level of global daily functioning ability.

METHOD

Participants
In a cross-sectional analysis, 39 HIV�/BD� and 33
HIV�/BD– individuals were assessed with the Con-
ners’ Continuous Performance Test II (CPT–II43). Par-
ticipants also underwent neuromedical and psychiatric
assessments. Participants in the HIV�/BD� group met
Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM–IV44) criteria for bipolar disorder I or
II after administering the Structured Clinical Interview
for DSM–IV (SCID).45 Diagnoses were made by a li-
censed clinical psychologist (DJM) or research associate
with a master’s degree in psychology, supervised by a
licensed clinical psychologist and board-certified psy-
chiatrist (JHA); ambiguous diagnoses were resolved via
case discussion with a psychodiagnostic expert (JHA).
Study participants were assigned a Global Assessment
of Functioning (GAF) score as an indicator of overall
functioning in social, occupation, and educational con-
texts, according to DSM–IV guidelines. A SCID-derived
current mood episode diagnosis (i.e., manic, hypo-
manic, depressed, euthymic, or mixed) was determined
for all participants, independent of group membership.
Across the entire study sample, 9 participants were in a
manic/hypomanic/mixed state; 16 were in a depres-

sive state; and 47 were euthymic. Current mood symp-
tomatology was also evaluated, using a clinician rating
of mania (Young Mania Rating Scale [YMRS]46) and a
self-reported indicator of depressive symptoms (i.e.,
Beck Depression Inventory–II [BDI–II]47). Trained inter-
viewers administered the Composite International Di-
agnostic Interview (CIDI)48 to the participants to obtain
diagnoses of current and past psychoactive substance
abuse and dependence disorders. Diagnoses were as-
signed for the following psychoactive substances: alco-
hol, cannabis, cocaine, opioids, and methamphetamine.
Abuse and dependence diagnoses were combined to
form current and lifetime use-disorder categories for
each substance. HIV serostatus was confirmed by en-
zyme-linked immunosorbent assay (ELISA). Given that
the present study was embedded in a larger study that
required participants to be medically treated for their
respective conditions, all participants in HIV�/BD�
group were required to be prescribed antiretroviral and
psychotropic medications to treat HIV infection and
bipolar disorder, respectively. HIV�/BD– participants
were required to have been prescribed antiretroviral
medications. Finally, we examined the proportion of
individuals taking psychostimulant medications.

Participants were excluded from the study if they met
DSM–IV criteria for schizophrenia, mood disorder due
to a general medical condition, or if they had a neuro-
logical condition known to affect cognitive functioning,
such as Alzheimer’s disease, stroke, traumatic brain in-
jury, or a closed head injury with loss of consciousness
for more than 30 minutes.

Procedure
The CPT–II is a computerized test of sustained attention
that requires participants to press a button whenever
they see a target letter appear on the screen in front
of them. Participants were seated before a laptop com-
puter and instructed to press the space bar whenever a
letter other than “X” appeared. After a 1-minute prac-
tice trial, the CPT–II was administered and took ap-
proximately 14 minutes to complete. The CPT–II is di-
vided into six time-blocks. Ninety percent (90%) of the
letters in each block are targets, which require the par-
ticipant to press the response button. Each block is fur-
ther divided into 3 sub-blocks, each consisting of 20
trials, characterized by an inter-stimulus interval (ISI) of
1, 2, or 4 seconds. Summary variables are calculated on
the basis of age- and gender-stratified normative data
that generate T-scores and reflect average performance
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across all 6 blocks of the CPT–II. The CPT–II manual43

provides clinical interpretation for T-scores, ranging
from very good performance (score �40) to markedly
impaired (score �65). For this study, we examined
mean T-scores and also used a T-score �60, indicating
moderately atypical performance, to classify partici-
pants’ performance into impaired (�60) and non-im-
paired (�60). The following CPT–II measures were ex-
amined in this study: Hit Reaction Time (Hit RT), Hit
RT Standard Error (SE) (see Conners’ CPT–II Manual43),
Omission errors, Commission errors, Variability of SE,
Detectability (d'), Perseverations, and Response Bias
(beta; see Levine et al.16).

Statistical Analysis
We conducted a series of one-way analyses of variance
(ANOVAs) to compare mean differences in sustained-
attention performance by group. Chi-square analyses
were used to compare the proportion of individuals
that had an impaired performance on any of the CPT–II
measures. A mixed-model, repeated-measures ANOVA
was used to compare the following variables across the
six blocks of the CPT–II: percent Omission errors, per-
cent Commission errors, Hit Reaction Time (Hit RT),
and Hit Reaction Time SE (Hit RT SE). Since T-scores
for each block are not provided by the CPT–II software,
raw scores were used in the repeated-measures analy-
ses. Secondary analyses were conducted to examine the
effect of mood state on sustained attention. We divided
the whole cohort by mood state into three groups: man-
ic/hypomanic/mixed, depressive, and euthymic. We
conducted a one-way ANOVA, and chi-square analysis
to determine the sustained-attention performance of
mood-state groups. In order to accommodate depar-
tures from normality within the various groups, we
used the comparable nonparametric statistical test (e.g.,
the Wilcoxon rank-sum test for between-group compar-
isons and Spearman’s � for correlations between CPT–II
and GAF). Cohen’s � statistic (mean difference divided
by the pooled SD) was used to measure the effect sizes
of the group comparisons. No corrections were made
for multiple comparisons.

RESULTS

The demographic and clinical characteristics of the
study participants are presented in Table 1. The study
cohort was predominantly Caucasian, male, and on av-

erage had a high school education. The HIV�/BD�
and HIV�/BD– study groups were comparable on de-
mographic, psychiatric, and HIV-disease characteris-
tics, with the exception that the HIV�/BD� group had
a significantly greater proportion of individuals who
met criteria for lifetime methamphetamine-use disor-
der, had a significantly higher score on the Young Ma-
nia Rating Scale (YMRS), and were taking more psy-
chotropic medications. Use of psychostimulants known
to improve attention was rare among our study partic-
ipants (N�2).

Groups were comparable on rates of current sub-
stance-use disorders and ADHD diagnoses. In the
HIV�/BD� group, three individuals met criteria for
methamphetamine disorder, one individual met criteria
for cannabis disorder, and one individual met criteria
for opioid disorder, whereas only one individual in the
HIV�/BD– group met criteria for cannabis disorder.

TABLE 1. Demographic Characteristics of the Groups

HIV�/BD�
(N�39)

HIV�/BD�
(N�33)

Descriptive
Age, mean (SD) 44.2 (8.0) 46.0 (9.0)
Education, mean (SD) 13.3 (2.0) 13.1 (2.2)
Male, % (N) 85 (33) 79 (26)
Caucasian, % (N) 67 (26) 61 (20)
HCV infected; % (N) 15 (5)a 15 (5)

Psychiatric History, mean (SD)
Number of manic episodes, median

(IQR)
5 (1-20) N/A

Number of depressive episodes,
median (IQR)*

15 (4-64) 3.5 (3-8.5)

Number psychiatric medications,**
mean (SD)

2.9 (1.5) 2.5 (1.7)

YMRS, mean (SD)** 7.5 (6.7) 3.3 (3.2)
BDI–II Total, mean (SD) 13.5 (10.4) 11.3 (11.2)
Global Assessment of Functioning,

mean (SD)**
62.3 (14.7) 74.4 (13.8)

Mood episode, % (N)
Euthymic 51 (20) 82 (27)
Depressed 26 (10) 18 (6)
Manic/hypomanic 23 (9) 0

Lifetime substance abuse/dependence,
% (N)

Alcohol 62 (24) 44 (15)
Marijuana 33 (13) 18 (6)
Cocaine 38 (15) 24 (8)
Opioid 13 (5) 6 (2)
Methamphetamine* 49 (19) 24 (8)

HIV disease characteristics, mean (SD)
CD4 count 489.9 (337.2) 588.4 (394.1)
HIV RNA plasma (log copies/ml) 2.0 (0.8) 2.1 (1.0)
AIDS, % (N) 66 (17) 71 (24)
Antiviral medications 3.9 (0.9) 3.8 (0.6)

a Data from only 34 individuals were available.
YMRS: Young Mania Rating Scale; BDI–II: Beck Depression Inven-

tory–II; HCV: Hepatitis C virus.
* p �0.05; ** p �0.01.
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Regarding ADHD diagnosis, only one individual in the
HIV�/BD� group met criteria for current ADHD, Hy-
peractive type, whereas one individual in the HIV�/
BD– met criteria for ADHD, Inattentive type. Also,
three HIV�/BD� individuals and one HIV�/BD– met
criteria for past ADHD combined type; one HIV�/
BD� met criteria for past ADHD Inattentive type, and
one HIV�/BD� patient met criteria for ADHD Hyper-
active type. A high proportion (62%) of individuals in
the HIV�/BD– met lifetime criteria for major depres-
sive disorder. The mood-state groups were comparable
on all demographic characteristics, but had differences
in YMRS and BDI–II scores in expected directions (data
not shown).

Significant differences between the HIV�/BD� and
HIV�/BD– groups were found on CPT–II Omission
errors, Hit RT SE, Variability of SE, and perseverations
(all p values �0.05; Table 2). Both groups had compa-
rable Commission errors, Hit RT, Detectability, and re-
sponse style. We also compared these groups on the
proportion of individuals who were deemed impaired
(i.e., T-score �60) on the CPT–II measures. Results
showed that a significantly greater proportion of
HIV�/BD� individuals were impaired on Omission
errors and variability of SE (all p values �0.01).

We were interested in determining whether mood dif-
ferences at the time of study assessment affected CPT–II
performance. When individuals were compared on the
basis of mood state, a one-way ANOVA yielded no sig-
nificant differences for any of the CPT–II variables
among the three mood-state groups. Also, the propor-
tion of individuals impaired on the CPT–II variables
did not differ across the three mood-states. Next, we
examined the relationship between mania ratings (i.e.,
YMRS score) or depressive symptoms (i.e., BDI–II
score) and CPT–II performance. The only significant

association was a negative correlation between the
BDI–II and Hit RT T-score within the HIV�/BD�

group, indicating that higher depressive symptomatol-
ogy was associated with faster reaction times. Finally,
we examined the relationship between CPT–II perfor-
mance and number of cumulative lifetime manic or
depressive episodes. Worse T-scores on CPT–II Detect-
ability were significantly associated with fewer manic
episodes (� � –0.32; p�0.03). None of the other demo-
graphic, clinical, or HIV-disease characteristics listed in
Table 1 were correlated with CPT–II scores.

To determine whether differences existed in the
group performances over the six study blocks of the
CPT–II, scores on the following variables were entered
in a repeated-measures ANOVA: percent Omission er-
rors, percent Commission errors, Hit RT, and Hit RT SE.
When examining the HIV�/BD� and the HIV�/BD–
groups, a main effect was found for group on percent
Omission errors (F[1, 72]�7.3; p�0.009), and for Hit RT
SE (F[(1, 72]�5.8; p�0.02). A main effect for Time was
found for percent Commission errors (F[5, 72]�4.9;
p�0.001) and Hit RT (F[5, 72]�12.9; p �0.001; Figure 1).
No significant between-Group or Time interactions
were observed for any of these four variables, though
an interaction between Group and Time on Hit RT ap-
proached significance (p�0.09).

In order to determine whether CPT–II performance
was related to daily functioning, we assessed the rela-
tionship between CPT–II performance and a global in-
dicator of daily functioning (GAF score). The HIV�/
BD� group had significantly lower GAF scores as
compared with the HIV�/BD– group (F[1, 69]�12.7;
p � 0.001). Within the HIV�/BD� group, significant
correlations were found between GAF scores and Omis-
sion errors (� � �0.32; p�0.04), Commission errors (� �

TABLE 2. Between-Group Comparisons of CPT–II Subscales

CPT–II Variable HIV�/BD� (N�39) HIV�/BD� (N�33) p Effect Size (�)

Omission errors 58.9 (21.0) 48.4 (8.4) 0.02 0.7
Commission errors 49.0 (10.0) 45.3 (7.6) NS 0.4
Hit RT 60.1 (15.1) 55.1 (13.1) NS 0.4
Hit RT SE 67.6 (15.6) 59.0 (15.0) 0.04 0.6
Detectability 48.5 (9.8) 45.5 (10.3) NS 0.3
Variabilty of SE 65.7 (14.9) 55.4 (14.1) 0.01 0.7
Perseverations 79.3 (56.2) 58.9 (32.3) 0.03 0.4
Response style 49.9 (10.5) 49.1 (9.1) NS 0.1

Values are reported as mean (standard deviation). CPT–II T-scores are generally worse for HIV�/BD� participants than for HIV�/BD–
participants.

CPT–II: Continuous Performance Test–II; Hit RT: Hit Reaction time; Hit RT SE: Hit Reaction Time standard error.
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–0.34; p�0.05), Detectability (� � –0.32; p�0.05), and
Perseverations (� � –0.33; p�0.04).

Finally, to further ensure that our findings were pri-
marily attributable to bipolar disorder and not to other
potential influences on CPT–II performance, we ex-
cluded individuals who met criteria for ADHD (either
current or lifetime) and current methamphetamine
abuse/dependence. The exclusion of these individuals
(eight ADHD individuals and three individuals with a
current methamphetamine disorder) did not change the
results of the study.

DISCUSSION

The aim of the present study was to examine sustained
attention in a cohort of HIV-infected individuals with
comorbid bipolar disorder (HIV�/BD�) relative to
HIV-infected individuals without bipolar disorder
(HIV�/BD–). Results from the study show that HIV�/
BD� participants show decreased target sensitivity

(Omission Errors), greater inconsistency in their re-
sponse time (Hit RT SE, variability of SE), and a greater
number of perseverations as compared with HIV�/
BD– participants. The results also revealed that both
HIV� groups (i.e., those with and without bipolar dis-
order) made more false-positive errors (Commission
Errors) and were slower to respond (Hit RT) as the test
progressed across the six study blocks. Overall, the ob-
served pattern of performance suggests that HIV�/
BD� individuals are able to detect target stimuli, but
display inconsistent reaction times to these target stim-
uli. These impairments were associated with a global
rating of how well persons were functioning in daily
life.

We were particularly interested in determining
whether current mood indicators were related to sus-
tained-attention performance. The results from these
examinations were largely non-significant. Specifically,
mood state was not associated with better or worse
performance on our measure of sustained attention. In
examining other indicators of mood (i.e., symptom rat-

FIGURE 1. HIV�/BD� and HIV�/BD– Groups’ Performance on CPT–II Variables Over Time
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ings scales, number of depressive/manic episodes) our
findings were mostly non-significant, and the signifi-
cant findings were in directions counter to what we had
hypothesized (i.e., fewer manic episodes associated
with worse detectability, worse self-reported depres-
sive symptoms associated with faster reaction times).
The mean CPT–II subscale scores of individuals in a
manic state were consistently worse than those of indi-
viduals who were in a depressed or euthymic state, but
none of these findings were statistically significant.

Our small sample size, the relative psychiatric stabil-
ity of our HIV�/BD� group, and the fact that most of
our HIV�/BD� participants were currently in a euthy-
mic mood state likely contributed to our inability to
detect significant mood-state differences on measures of
sustained attention. The observation of elevated perse-
verative responses among HIV�/BD� individuals, as
compared with the HIV�/BD– individuals, warrants
additional discussion. Perseverative responses may be
the result of anticipatory (i.e., a belief that the next
response can be predicted), very slow, or random re-
sponses to the preceding stimuli. Our findings appear
to be most consistent with an anticipatory response
pattern, which would be compatible with behaviors
known to be present among some individuals with bi-
polar disorder—such as increased self-confidence, a be-
lief that the future can be predicted, and impulsive
behaviors. The next most plausible explanation for ele-
vated perseverative responses in the HIV�/BD�
group is frequent and very slow responding to the pre-
ceding stimuli. This possible explanation is supported
by the significantly slower reaction time in the HIV�/
BD� group. Random responding is typically only ob-
served among persons with severe impairment, which
is not consistent with our findings, given that perfor-
mance on some measures was within normal limits
(e.g., Detectability). An anticipatory/impulsive re-
sponse style may result in specific daily functioning
impairments, such as poor driving (e.g., anticipating the
changing of a green light), poor financial decision-mak-
ing (e.g., gambling, impulsive spending), and, most im-
portantly, increased risk-behavior engagement (e.g.,
acting without thinking in high-risk-for-HIV-transmis-
sion situations).

Study results also showed that, relative to an age- and
gender-matched normative sample, both HIV� study
groups had a high proportion of individuals classified
as impaired on several CPT–II variables; specifically,
impairments were found in Hit RT, Hit RT SE, variabil-

ity of SE, and perseverations. These findings suggest
that HIV infection, regardless of psychiatric comorbid-
ity, may lead to slowed responses, inconsistent reaction
times, and perseverative errors; the HIV�/BD� group
was particularly affected. These findings are consistent
with previous studies, in that HIV-infected individuals
have been shown to have inconsistent reaction times16

and intact detectability.36,37 In contrast, our study did
not find any significant associations between reaction-
time variability and higher HIV plasma viral load, as
previously reported.38 These contrasting results may be
due to the fact that HIV disease was relatively well
controlled in our cohort.

Taking the above findings as a whole, it may be that
HIV infection adversely affects response time, whereas
bipolar disorder negatively affects ability to respond to
relevant stimuli; however, a complete 2 x 2 design
would be required to tease out the exact contribution of
HIV and bipolar disorder for sustained attention-impair-
ments. Importantly, it appears that neither condition af-
fects the ability to detect relevant stimuli (Detectability), or
the ability to inhibit a response to non-relevant stimuli
(Commission Errors).

Also interesting is our lack of observed group x time
interaction effects when examining the various CPT–II
subscales across the six study blocks by HIV�/BD�
and HIV�/BD– group. Despite a lack of interaction,
main effects of time were found for Commission Errors
and Hit RT, demonstrating that both groups made more
false-positive errors, and were slower to respond as the
test progressed. This indicates that both groups have
difficulties sustaining attention over prolonged periods
of time, suggesting that any psychosocial interventions
(e.g., HIV transmission risk-reduction, medication-ad-
herence improvement) designed for these groups will
need to have information presented quickly and in a
targeted fashion.

Our study also highlights that HIV�/BD� individ-
uals have more difficulty with daily functioning than
HIV�/BD– individuals. The level of daily functioning
impairment in the HIV�/BD� group was consistent
with psychiatric symptoms causing some difficulty in
social, occupational, or school functioning, but repre-
sentative of persons who are generally functioning well
in their environment, with some meaningful interper-
sonal relationships. In comparison, HIV�/BD– individ-
uals, on average, rarely had psychiatric symptoms, and,
if they were present, these symptoms were unlikely to
cause more than slight impairment in social, occupa-
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tional, or school functioning. Interestingly, when look-
ing at the HIV�/BD� group, significant correlations
were found between daily functioning scores and
Omission and Commission errors, Detectability, and
Perseverations, suggesting that, sustained attention-
deficits may be associated with poorer general function-
ing in this group. Future studies of sustained attention
in cohorts such as the one studied here would benefit
from more detailed examination of different domains of
daily functioning.

There are several factors and study design limitations
that may have contributed to the observed findings.
One possibility is that our study uncovered differences
in motivation between the two groups, rather than dif-
ferences in sustained attention. We believe this expla-
nation is unlikely, given that the groups differed on a
subset of CPT–II variables, but not all variables. Some
individuals in the study had a diagnosis of metham-
phetamine disorder or ADHD. Statistical analyses were
repeated without these participants, and results were
comparable to those found with the entire sample. A
limitation of this study is the lack of an HIV-uninfected
bipolar comparison group; this group would give us
the opportunity to better understand the unique, inde-
pendent effects of each condition on sustained atten-
tion. Finally, the present study would have benefited
from a larger sample size and a better distribution of
mood states (i.e., particularly, a more even distribution
of depressed and manic/hypomanic/mixed groups).
On the other hand, identifying and engaging HIV-in-
fected people with co-occurring severe mental illness in
research is difficult and, taking this into account, our
sample of prospectively-assessed HIV�/BD� is actu-
ally one of the largest of its kind.

A limitation that warrants special attention is the
possibility that psychotropic medications contributed to
sustained attention differences, as study participants
were taking a wide variety of psychotropic medica-
tions. In a non-controlled study design with a small
sample such at the study presented here, it is very
difficult to assess how each medication may affect per-
formance on the CPT–II. It is known that psychostimu-
lants such as methylphenidate can enhance perfor-
mance on the CPT–II;49 however, only two study
participants were currently taking methylphenidate.
Also, some antipsychotics, such as quetiapine, have
been shown to have positive effects on general cogni-
tive functioning and attention, in particular.50 This
would argue against any hypothesis that medication

negatively affected performance among HIV�/BD�
persons, given that the five individuals currently taking
quetiapine belong to this group. Participants in this
study were also taking antidepressants (the majority of
psychiatrically-medicated participants) and mood sta-
bilizers (e.g., lithium). There is little evidence that these
medications have any effect on sustained attention
tasks.51

It is important to emphasize how our findings may
generalize to other HIV-infected psychiatric samples. It
is unlikely that the study findings can be attributed to
demographic factors (i.e., age, education, sex, or ethnic-
ity), as the groups were comparable on these character-
istics. Nevertheless, the generalizability of our findings
is limited by the demographic and disease characteris-
tics of our sample; that is, the present sample is pre-
dominantly male, Caucasian, and with relatively mild
HIV disease severity. There was not a clear association
between mood symptomatology and performance on
sustained attention tasks; this may have been the result
of the relative psychiatric stability of our HIV� bipolar
group, and our findings may not generalize to groups
with more severe mood symptoms. Finally, we were
not able to reach clear conclusions regarding the effect
of medication on sustained attention deficits, given the
small sample size and the great variability of psycho-
tropic medication in our cohort. It is possible that dif-
ferent types of psychotropic medications will affect sus-
tained attention in different ways (e.g., improving or
hindering performance), and further examination of
this topic is warranted.

Despite these limitations, our study further empha-
sizes the importance of examining neurocognitive def-
icits, such as sustained attention, among HIV� individ-
uals with co-occurring bipolar disorder. The potentially
additive neurocognitive deficits of HIV infection and bi-
polar disorder may result in significant everyday-func-
tioning deficits. Further studies on the impact of signifi-
cant psychiatric comorbidites in the context of HIV
infection, and the implication of these conditions for neu-
rocognitive and everyday outcomes, are warranted.

This work was supported by the NIMH (R03 MH078785)
and California HIV/AIDS Research Program IDEA Award
(ID06-SD-201) as well as the HIV Neurobehavioral Research
Center (P30 MH062512).

The San Diego HIV Neurobehavioral Research Program
(HNRC) group is affiliated with the University of Califor-

ATTENTION-DEFICIT IN HIV/BIPOLAR DISORDER

68 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 24:1, Winter 2012



nia, San Diego, the Naval Hospital, San Diego, and the
Veterans Affairs San Diego Healthcare System, and in-
cludes: Director: Igor Grant, M.D.; Co-Directors: J.
Hampton Atkinson, M.D., Ronald J. Ellis, M.D., Ph.D.,
and J. Allen McCutchan, M.D.; Center Manager: Thomas
D. Marcotte, Ph.D.; Jennifer Marquie-Beck, M.P.H.; Mel-
anie Sherman; Neuromedical Component: Ronald J. Ellis,
M.D., Ph.D. (P.I.), J. Allen McCutchan, M.D., Scott Le-
tendre, M.D., Edmund Capparelli, Pharm.D., Rachel
Schrier, Ph.D., Terry Alexander, R.N., Debra Rosario,
M.P.H., Shannon LeBlanc; Neurobehavioral Component:
Robert K. Heaton, Ph.D. (P.I.), Steven Paul Woods,
Psy.D., Mariana Cherner, Ph.D., David J. Moore, Ph.D.,
Matthew Dawson; Neuroimaging Component: Terry
Jernigan, Ph.D. (P.I.), Christine Fennema-Notestine,

Ph.D., Sarah L. Archibald, M.A., John Hesselink, M.D.,
Jacopo Annese, Ph.D., Michael J. Taylor, Ph.D.; Neurobi-
ology Component: Eliezer Masliah, M.D. (P.I.), Cristian
Achim, M.D., Ph.D., Ian Everall, F.R.C.Psych.., FRC-
Path., Ph.D. (Consultant); Neurovirology Component:
Douglas Richman, M.D., (P.I.), David M. Smith, M.D.;
International Component: J. Allen McCutchan, M.D.,
(P.I.); Developmental Component: Cristian Achim, M.D.,
Ph.D.; (P.I.), Stuart Lipton, M.D., Ph.D.; Participant Ac-
crual and Retention Unit: J. Hampton Atkinson, M.D.
(P.I.), Rodney von Jaeger, M.P.H.; Data Management
Unit: Anthony C. Gamst, Ph.D. (P.I.), Clint Cushman
(Data Systems Manager); Statistics Unit: Ian Abramson,
Ph.D. (P.I.), Florin Vaida, Ph.D., Reena Deutsch, Ph.D.,
Anya Umlauf, M.S., Tanya Wolfson, M.A.

References

1. Essock SM, Dowden S, Constantine NT, et al: Risk factors for
HIV, hepatitis B, and hepatitis C among persons with severe
mental illness. Psychiatr Serv 2003; 54:836–841

2. Goldberg RW, Himelhoch S, Kreyenbuhl J, et al: Predictors of
HIV and hepatitis testing and related service utilization
among individuals with serious mental illness. Psychosomat-
ics 2005; 46:573–577

3. Rosenberg SD, Goodman LA, Osher FC, et al: Prevalence of
HIV, hepatitis B, and hepatitis C in people with severe mental
illness. Am J Public Health 2001; 91:31–37

4. Cournos F, McKinnon K: HIV seroprevalence among people
with severe mental illness in the United States: a critical re-
view. Clin Psychol Rev 1997; 17:259–269

5. Cruess DG, Evans DL, Repetto MJ, et al: Prevalence, diagno-
sis, and pharmacological treatment of mood disorders in HIV
disease. Biol Psychiatry 2003; 54:307–316

6. Walkup J, Crystal S, Sambamoorthi U: Schizophrenia and ma-
jor affective disorder among Medicaid recipients with HIV-
AIDS in New Jersey. Am J Public Health 1999; 89:1101–1103

7. Beyer J, Kuchibhatla M, Gersing K, et al: Medical comorbidity
in a bipolar outpatient clinical population. Neuropsychophar-
macology 2005; 30:401–404

8. Heaton RK, Clifford DB, Franklin DR Jr, et al: HIV-associated
neurocognitive disorders persist in the era of potent antiret-
roviral therapy: CHARTER Study. Neurology 2010; 75:2087–
2096

9. Hinkin CH, Castellon SA, Hardy DJ: Dual task performance in
HIV-1 infection. J Clin Exp Neuropsychol 2000; 22:16–24

10. Heaton RK, Franklin DR Jr, Ellis RJ, et al: HIV-associated
neurocognitive disorders before and during the era of combi-
nation antiretroviral therapy: differences in rates, nature, and
predictors. J Neurovirol 2011; 17:3–16

11. Heaton RK, Grant I, Butters N, et al: The HNRC 500 neuro-
psychology of HIV infection at different disease stages: HIV
Neurobehavioral Research Center. J Int Neuropsychol Soc
1995; 1:231–251

12. Reger M, Welsh R, Razani J, et al: A meta-analysis of the

neuropsychological sequelae of HIV infection. J Int Neuropsy-
chol Soc 2002; 8:410–424

13. Grant RM, Wiley JA, Winkelstein W: Infectivity of the human
immunodeficiency virus: estimates from a prospective study
of homosexual men. J Infect Dis 1987; 156:189–193

14. Martin HP: Mild cognitive impairment in HIV disease. Nurse
Pract 1995; 20: 94–97

15. Hinkin CH, Castellon SA, Hardy DJ, et al: Computerized and
traditional Stroop task dysfunction in HIV-1 infection. Neu-
ropsychology 1999; 13:306–316

16. Levine AJ, Hardy DJ, Miller E, et al: The effect of recent
stimulant use on sustained attention in HIV-infected adults.
J Clin Exp Neuropsychol 2006; 28:29–42

17. Bearden CE, Hoffman KM, Cannon TD: The neuropsychology
and neuroanatomy of bipolar affective disorder: a critical re-
view. Bipolar Disord 2001; 3:106–150; discussion, 151–153

18. Quraishi S, Frangou S: Neuropsychology of bipolar disorder:
a review. J Affect Disord 2002; 72:209–226

19. Malhi GS, Ivanovski B, Hadzi-Pavlovic D, et al: Neuropsycho-
logical deficits and functional impairment in bipolar depres-
sion, hypomania, and euthymia. Bipolar Disord 2007; 9:114–
125

20. Martinez-Arán A, Vieta E, Reinares M, et al: Cognitive func-
tion across manic or hypomanic, depressed, and euthymic
states in bipolar disorder. Am J Psychiatry 2004; 161:262–270

21. Murphy FC, Rubensztein JS, Michael A, et al: Decision-mak-
ing cognition in mania and depression. Psychol Med 2001;
31:679–693

22. Robinson LJ, Thompson JM, Gallagher P, et al: A meta-anal-
ysis of cognitive deficits in euthymic patients with bipolar
disorder. J Affect Disord 2006; 93(1–3):105–115

23. Torres IJ, Boudreau VG, Yatham LN: Neuropsychological
functioning in euthymic bipolar disorder: a meta-analysis.
Acta Psychiatr Scand Suppl 2007(434):17–26

24. Altshuler LL, Ventura J, van Gorp WG, et al: Neurocognitive
function in clinically stable men with bipolar I disorder or
schizophrenia and normal control subjects. Biol Psychiatry
2004; 56:560–569

POSADA et al.

J Neuropsychiatry Clin Neurosci 24:1, Winter 2012 http://neuro.psychiatryonline.org 69
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