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Abstract

HIV-infected individuals (HIV+) has 2–3 times the rate of tobacco smoking than the general 

population, and whether smoking may lead to greater psychiatric symptoms or cognitive deficits 

remains unclear. We evaluated the independent and combined effects of being HIV+ and chronic 

tobacco-smoking on impulsivity, psychopathological symptoms and cognition. 104 participants 

[27 seronegative (SN)-non-Smokers, 26 SN-Smokers, 29 HIV+non-Smokers, 22 HIV+Smokers] 

were assessed for psychopathology symptoms (Symptom Checklist-90, SCL-90), depressive 

symptoms (Center for Epidemiologic Studies-Depression Scale, CES-D), impulsivity (Barratt 

Impulsiveness Scale, BIS), decision-making (The Iowa Gambling Task, IGT, and Wisconsin Card 

Sorting Test, WCST), and cognition (seven neurocognitive domains). Both HIV+ and Smoker 

groups had higher SCL-90 and CES-D scores, with highest scores in HIV+Smokers. On BIS, both 

HIV+ and Smokers had higher Total Impulsiveness scores, with higher behavioral impulsivity in 

Smokers, highest in HIV+Smokers. Furthermore, across the four groups, HIV+Smokers lost most 

money and made fewest advantageous choices on the IGT, and had highest percent errors on 

WCST. Lastly, HIV+ had lower z-scores on all cognitive domains, with the lowest scores in HIV

+Smokers.

These findings suggest that HIV-infection and chronic tobacco smoking may lead to additive 

deleterious effects on impulsivity, psychopathological (especially depressive) symptoms and 

cognitive dysfunction. Although greater impulsivity may be premorbid in HIV+ and Smokers, the 

lack of benefits of nicotine in chronic Smokers on attention and psychopathology, especially those 

with HIV-infection, may be due to the negative effects of chronic smoking on dopaminergic and 

cardio-neurovascular systems. Tobacco smoking may contribute to psychopathology and 

neurocognitive disorders in HIV+ individuals.
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Introduction

Since the introduction of combined antiretroviral therapy (cART) in the mid 1990s, HIV-

infected (HIV+) individuals are living longer (National Center for Health Statistics, 2015). 

These aging HIV+ individuals often have more chronic co-morbid health problems, 

including those associated with chronic tobacco use disorder. Furthermore, the tobacco 

smoking rate is almost three times (42%) (Tesoriero et al., 2010; Mascolini, 2013) more 

prevalent in HIV+ compared to the averaged rate of smokers in the U.S. (15.1%) (Centers 

for Disease Control and Prevention, 2015). The higher smoking prevalence is partly due to 

the greater risk factors related to tobacco use disorder, such as lower socioeconomic status, 

greater substance abuse, and homosexual/bisexual status (Centers for Disease Control and 

Prevention, 2015). Whether tobacco use in HIV+ individuals might lead to greater 

impulsivity and more psychopathological symptoms, or might improve cognition as 

observed in seronegative (SN) individuals (Rezvani and Levin, 2001), remain unclear.

Both HIV+ individuals and tobacco Smokers typically have greater impulsivity (Mitchell, 

1999; Martin et al., 2004). HIV+ patients also showed abnormal prefrontal and subcortical 

brain networks, which may lead to dysfunction in controlled processing, response inhibition 

and working memory (Farinpour et al., 2000; Martin et al., 2001). For example, HIV+ 

individuals performed worse than SN substance-dependent individuals on a gambling task, 

by exhibiting higher levels of cognitive impulsivity and making more disadvantageous 

choices (Martin et al., 2004), and HIV+ persons engaged in more risk-taking behaviors 

(Owe-Larsson et al., 2009). These risk taking behaviors may lead to negative consequences 

since HIV+ men with greater impulsivity had lower educational attainment, lower income, 

were more likely to be unemployed, had more psychiatric diagnoses, higher depressive 

symptom scores and more unprotected sex (Semple et al., 2006). Similarly, tobacco smokers 

were found to be more impulsive than non-smokers on 26 out of 28 personality 

questionnaires and tasks, and preferred smaller immediate rewards rather than larger more 

delayed rewards on a behavioral choice task (Mitchell, 1999). Together, these findings 

indicate greater impulsivity in both HIV+ individuals and in tobacco smokers on various 

dimensions.

Higher rates of psychopathology were also observed in both HIV+ and tobacco-smoking 

populations. For instance, more symptoms of depression and anxiety were observed in HIV+ 

participants compared to SN controls, often as a consequence of living and coping with their 

HIV+ status (Owe-Larsson et al., 2009; Jin et al., 2010; Rezaei et al., 2013). Tobacco 

smokers were also found to have higher rates of anxiety and depression than non-smokers 

(Breslau, 1995), as well as more neurotic traits (Gilbert and Gilbert, 1995).

Relative to impulsivity and psychopathology, the cognitive effects associated with HIV-

infection and tobacco-smoking were studied more extensively. HIV infection may cause 

brain injury via direct neurotoxic effects from the viral proteins and indirect effects from 

neuroinflammation (Levy, 2007), which in turn may lead to HIV-associated neurocognitive 

disorders (HAND) (Antinori et al., 2007b). Even with effective cART and aviremia, many 

HIV+ patients continued to have cognitive impairments (Robertson et al., 2007; Heaton et 

al., 2010; Simioni et al., 2010), including diminished processing and psychomotor speed, as 
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well as deficits in executive function and attention/working memory (Martin et al., 2003; 

Heaton et al., 2010; Heaton et al., 2011a). In contrast, the highly addictive psychoactive 

compound nicotine in tobacco (Dani and De Biasi, 2001) can improve both attention and 

memory (Rezvani and Levin, 2001; Heishman et al., 2010). Therefore, HIV+ individuals 

may self-medicate with tobacco for their cognitive deficits or psychopathological symptoms 

(Pomerleau and Pomerleau, 1985; Carmody, 1989). However, nicotine withdrawal may also 

lead to anxiety, depression and concentration problems (Breslau, 1995; Gilbert and Gilbert, 

1995).

Overall, HIV infection and tobacco-smoking each appears to have negative effects on 

impulsivity and psychopathology, but opposite influences on cognition. However, it remains 

unclear how the combination of both factors will influence such behavioral outcomes. While 

HIV+ women who smoked tobacco cigarettes had better frontal/executive performance than 

the non-smokers (Wojna et al., 2007), HIV+ mixed gender participants who were current 

smokers had worse learning, memory, and global cognitive functioning scores than the non-

smokers (Bryant et al., 2013). However, in the latter study, the smokers with worse cognitive 

function also had lower education and higher rates of hepatitis C virus infection than the 

non-smokers (Bryant et al., 2013). Furthermore, HIV+ women who used other substances 

(cocaine or heroin) showed additional negative effects on verbal memory, processing speed 

and executive function, compared to those who did not use substances, even after adjustment 

for group difference in past tobacco smoking (Meyer et al., 2013).

The current study aims to evaluate the independent and combined effects of being HIV+ and 

chronic tobacco-smoking on impulsivity, psychopathological symptoms and cognitive 

functions. Since both HIV infection and tobacco smoking may lead to greater impulsivity 

and psychopathology, we expected HIV+Smokers to show even more of these symptoms. 

However, since HIV-infection and tobacco-smoking might lead to opposite effects on 

cognition, we expected HIV+Smokers to show relatively normal levels of cognition 

compared to age and education-matched SN-non-Smokers.

Methods

Research participants

104 participants were enrolled across four groups (27 SN non-Smoker, 29 SN-Smokers, 26 

HIV+non-Smokers, and 22 HIV+Smokers) for a 2×2 design, with HIV-serostatus and 

tobacco smoking status as factors. These participants were recruited from the local 

community, via flyers, web-based advertisements, word-of-mouth, or local health care 

providers, and were screened by telephone (n=164). Potentially qualified participants were 

further examined by a physician and their medical records were reviewed to ensure they 

fulfilled the study criteria. The inclusion criteria for HIV+ participants were: 1) men or 

women of any ethnicity, age 18–65 years; 2) HIV+ (verified by medical records); 3) stable 

on a cART regimen for ≥6 months; 4) nadir CD4 count<500 cells/mm3; 5) negative urine 

toxicology screen (including methamphetamine, amphetamine, cocaine, marijuana, 

benzodiazepine, barbiturates and opiates) on the day of evaluation. All SN participants were 

confirmed to be HIV-1 negative with the Clearview® COMPLETE HIV 1/2 test kits (Alere, 

Waltham, MA) in addition to fulfilling Inclusion criteria 1 & 5 above. Tobacco Smokers 
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were current daily users, at least 1/2 pack cigarettes per day, for at least past 2 years, while 

non-Smokers had less than 2 lifetime pack-years and were not currently smoking. The 

exclusion criteria for all groups were: 1) History of co-morbid psychiatric illnesses including 

major unipolar or bipolar affective disorders (except for reactive depression), schizophrenia, 

obsessive compulsive disorder, and attention deficit hyperactive disorder; 2) confounding 

neurological disorders (e.g. dementia syndromes other than HAND, multiple sclerosis, 

Parkinson disease, brain infections including Hepatitis C, neoplasm, cerebral palsy or 

significant head trauma with coma and prolonged hospitalization); 3) significant abnormal 

screening blood tests indicating a chronic medical condition that might influence brain 

function; 4) current or history of moderate or severe other substance use disorders, including 

methamphetamines, cocaine, alcohol, opiates and marijuana, according to DSM-5 criteria; 

therefore, individuals who had only “mild substance use disorders” or “recreational 

substance use” were allowed in the study. 5) pregnancy (if female of child bearing potential); 

6) Inability to read at 8th grade level and could not provide consent. Prior to the studies, all 

participants were verbally informed of the study procedures and signed a written informed 

consent form, which along with the protocol were approved by the University of Hawaii 

Cooperative Committee on Human Studies. Each participant completed the following 

assessments for clinical and medical evaluations, psychopathological symptoms, impulsivity, 

decision -making and cognition.

Clinical and Medical Evaluations

Each participant was evaluated by a study physician with a structured neuropsychiatric 

examination, including detail substance use histories and neurological examination, and 

medical record review. For HIV+ participants, they were additionally assessed with HIV 

Dementia Scale, Karnofsky score, and their nadir and most recent CD4 cell counts and 

plasma viral loads were obtained from their medical records. Tobacco usage and Fagerstrom 

scores were obtained in the Tobacco smokers. All participants also had screening blood tests 

if none were performed within the past 6 months, an electrocardiogram and urine toxicology 

screen.

Assessments for Psychopathological symptoms

Symptom Checklist-90 (SCL-90) is a 90-item test that assessed how distressed the 

participant felt for a range of symptoms within the past week. Responses range from 0 to 4 

(0=Not at all, 1=A little bit, 2=Moderately, 3=Quite a bit, 4=Extremely). The questions were 

categorized into nine subscales with t-score conversion for the following dimensions: 

Depression (DEP), Anxiety (ANX), Somatization (SOM), Obsessive Compulsiveness (O-C), 

Hostility (HOS), Interpersonal Sensitivity (I-S), Phobic Anxiety (PHB), Paranoid Ideation 

(PAR), and Psychoticism (PSY). These nine subscales were further grouped into global 

indices: General Symptom Index (GSI) is a measure of overall psychological distress; 

Positive Symptom Distress Index (PSDI) is a measure of symptom intensity; and Positive 

Symptom Total (PST) provides the number of self reported symptoms (Pearson Education).

Center for Epidemiologic Studies-Depression Scale (CES-D) is a 20 item self-reported 

questionnaire regarding how often the participant might have experienced specific symptoms 

associated with depression over the past week. Item responses range from 0 (Rarely or None 
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of the Time) to 3 (Most or Almost all the Time). A score of >16 identifies those at risk for 

clinical depression (Radloff, 1977; Lewinsohn et al., 1997).

Assessments for Impulsiveness and Decision Making

The Barratt Impulsiveness Scale (BIS) (Patton et al., 1995) is a self-administered 30-item 

questionnaire that assesses different personality constructs for the degree of impulsiveness. 

Each item was rated from 1 (rarely/never) to 4 (almost always/always). Three type of scores 

were calculated from the questionnaire and used for subsequent analyses, including a total 

score, and two empirical based categories of “cognitive” and “behavioral” impulsivity (see 

Reise et al., 2013).

The Iowa Gambling Task (IGT)(Bechara and Martin, 2004) evaluated risk-taking 

behaviors, using computerized display of four decks of cards to be selected by the 

participants. The amount of reward varied, with two smaller reward decks ($50) and two 

larger reward decks ($100). The losses in the decks also varied, with smaller losses in the 

lower reward decks, and larger penalties in the large reward decks. These penalties also 

occurred in random intervals. Participants were instructed to choose the cards to maximize 

their “winnings,” and the computer screen continuously displayed the total amount of money 

won and the amount won and lost each time a card was drawn.

The Wisconsin Card Sorting Test (WCST Computerized version 4: CV4) involves 

multiple cognitive processes (problem solving, set shifting, working memory and attention) 

that assessed executive function, learning and cognitive flexibility. The test involves 

matching stimulus cards with one of four category cards, in which the stimuli are 

multidimensional according to color (C), shape (S) and number (N); each dimension defined 

a sorting rule. By trial and error, the participant had to determine a preordained sorting rule 

given just the feedback (“Right” or “Wrong”) on the screen after each sort. After 10 

consecutive correct sorts, the rule would change without the participant being informed. Up 

to six attempts were allotted to derive a new rule, providing five rule shifts in the following 

sequence (C-S-N-C-S-N), with each rule attainment referred to as ‘completing a category’. 

The testing continued until all 128 cards were sorted and irrespective of whether the 

participant completed all the rule shifts. Two types of errors were possible: perseverative 

errors, in which the participant made the same response with a wrong sorting rule, and non-

perseverative errors. The correct response rate and response error rate were calculated from 

each participant’s performance.

Neurocognitive Performance

Each participant also completed a battery of neuropsychological tests that evaluated seven 

cognitive domains, along with assessments for their activities of daily living, that are 

required to determine the HAND or HAND-equivalent status of the participants.(Antinori et 

al., 2007a) The seven domains included processing speed, learning, memory, verbal fluency, 

executive function, attention, and fine motor function (see Table 2 for tests used for each 

domain). Z-scores were generated for these domains, adjusted for age and education, using 

our normative database containing data from 507 healthy participants administered the same 

tests in our laboratory.
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Statistical analyses

The demographic variables across the four groups were compared using one-way ANOVA 

or Chi-square. Comparison of the scores from all instruments and questionnaires assessed in 

the four participant groups were performed using a two-way ANCOVA, with HIV and 

smoking status as between-participant factors, with education and age as covariates. Two-

way ANOVA was performed on the cognitive domain z-scores, without additional 

covariates, since these scores were adjusted for age and education. Possible relationships 

between cognitive performance on these tasks and other tasks that showed group differences 

were explored using Pearson correlations.

Results

Participant Characteristics (Table 1)

Age, gender and racial distributions were similar among the four groups. The SN-Smoker 

group tended to have lower education than either the SN or HIV+ groups. The two HIV+ 

groups had similar clinical measures of HIV disease severity, and the two tobacco-Smoker 

groups had similar tobacco usage. In addition, the four groups had similar marijuana (MJ) 

usage variables, which included the number of participants who used MJ in the past 30 days, 

their daily averaged MJ used and the total lifetime MJ used, as well as median years since 

last MJ use. However, both HIV+ groups used MJ for longer duration (HIV+ vs. SN: 

p=0.03; HIV+Smokers vs. SN; p=0.02). By design, none of the participants had severe 

alcohol use disorder, and all alcohol usage variables were also not different across the four 

groups.

Symptom Checklist-90 (SCL90, Figure 1A)

Regardless of smoking status, HIV+ participants reported more symptoms, which led to 

higher summary scores of PST (Positive Symptom Total), GSI (General Symptom Index) 

and PSDI (Positive Symptom Distress Index) (all F>4, p<0.05). Similarly, regardless of HIV 

serostatus, Smokers had higher summary scores on all three summary measures (all F>4, 

p<0.05). Hence, the HIV+Smokers consistently had the highest scores for all subscales. The 

HIV+ participants showed greater anxiety, phobic anxiety, depression, and obsessive 

compulsiveness (all F>5, p<0.05), while both Smoker groups showed greater psychoticism, 

paranoid ideation, hostility, depression, interpersonal sensitivity, and obsessive 

compulsiveness (all F>5, p<0.05).

Center for Epidemiologic Studies – Depression Scale (CES-D, Figure 1B)

Similar to the finding of higher depressive symptoms on SCL-90, HIV participants (F(1, 

96)=10.9, p=0.001) and Smoker participants (F(1, 96)=11.3, p=0.001) had higher CES-D 

scores than SN controls. Hence, HIV+Smokers had the highest CES-D scores (17.4±11.2), 

indicating possible clinical depression in some of the participants. Since more HIV+ 

participants were using antidepressant or anxiolytic medications (see Table 1), the use of 

these medications was also included as a covariate, but the group differences on CES-D 

score remain significant.
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Barratt Impulsiveness Scale (BIS, Figure 2)

Both HIV (F(1, 85)=8.0, p=0.006) and Smoker (F(1, 85)=5.5, p=0.02) participants were 

more impulsive with higher Total Impulsiveness scores. Hence, HIV+Smokers showed 

additively higher Total Impulsive scores. The scores were also calculated according to the 

two factor model (Reise et al., 2013) using cognitive and behavioral impulsivity indices. 

Smoker participants had higher behavioral impulsiveness scores: F(1, 85)=4.0, p=0.049), 

while HIV+ participants tended to have higher cognitive impulsiveness scores (F(1, 85)=3.0, 

p=0.09).

The Iowa Gambling Task (IGT, Figure 3)

All four groups lost money on the IGT, thus the analyses were conducted on total amount of 

money lost in addition to the number of advantageous choices made in the task. Although 

HIV+ subjects and Smokers did not perform differently, an interaction effect was found on 

total money lost (p=0.009) and the number of advantageous choices made (p=0.02, Figure 

3). Post-hoc t-tests show that HIV+Smokers lost more money) than HIV+non-Smokers 

[$1,764±237 versus $497±282, t(41)= 3.1, p= 0.004]. Furthermore, HIV+Smokers made 

more disadvantageous choices (−15.5±5.4, negative values for net disadvantageous choices) 

than HIV+non-Smokers (8.7±7.0, positive values for net advantageous choices), t(39)=2.2, 

p=0.004.

Wisconsin Card Sorting Test (WCST)

More errors on the WCST were made by both HIV+ participants (F(1, 65)=9.0, p=0.004) 

and Smoker participants (F(1, 65)=4.9, p = 0.03) compared to the SN controls. Although 

HIV+ and Smoking status showed only a trend for an interaction effect, HIV+ Smokers 

showed an additive effect with the highest error percentage (36.1±5.3%, Figure 3). Correct 

response rates did not differ between groups.

Neurocognitive Performance and Cognitive Domain Z-Scores (Table 2, Figure 4)

Of the seven cognitive domains assessed, regardless of tobacco-Smoking status, HIV+ 

participants had significantly lower scores on all domains, including fluency (F(1, 98)=4.2, 

p=0.04), executive function (F(1, 99) =5.5, p=0.02), speed (F(1, 99)=5.1, p=0.03), 

attention/WM (F(1, 99)=5.4, p=0.02), learning (F(1, 94)=4.3, p=0.03), memory (F(1, 

95)=6.9, p=0.01), motor (F(1, 96)=5.3, p=0.02), as well as global (F(1, 103)=9.6, p=0.003). 

Although Smokers showed only non-significantly lower scores than non-Smokers, HIV

+Smokers again showed additive effects of HIV+ and Smoker status and had the lowest 

global z-scores, which was significantly lower compared to SN controls (p=0.007). Co-

varying for group difference in marijuana use duration did not change the significance of the 

results. The four participant groups also performed similarly on the HIV dementia scale, 

although the HIV+Smoker group showed poorer performance compared to SN controls 

(posthoc t-test: HIV+Smoker vs. SN: p=0.02). Regardless of HIV serostatus, the Smokers 

had a non-significantly greater proportion of subjects with deficits that were consistent with 

HAND or HAND-equivalent.
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Correlations between Cognitive Domain Z-scores, Decision-making or Psychopathological 
Symptoms

Only HIV+Smokers with lower memory z-scores had higher error rates on the WCST (r=
−0.66, p=0.01, Figure 5A), but no significant correlations were seen for the other participant 

groups. In addition, no correlations were found between cognitive domain z-scores or tasks 

and tobacco-usage (cumulative lifetime number of cigarettes smoked or the average number 

of cigarettes smoked per day). Cognitive domain z-scores also did not correlate with the 

scores on BIS or the Iowa Gambling tasks that showed significant HIV or tobacco-Smoker 

effects. However, regardless of HIV or tobacco use status, individuals with lower attention z-

scores had greater psychopathological symptoms (Figures 5B–F).

Discussion

This cross-sectional study used a 2×2 design to explore the independent and combined 

effects of HIV-infection and chronic current tobacco-use, in participants with mild or no 

other substance use disorders, on several dimensions related to psychopathological 

symptoms, cognition and behavior. We found that regardless of tobacco use, HIV+ 

participants had more psychopathological symptoms, greater cognitive impulsivity and 

poorer cognitive performance. However, regardless of HIV status, tobacco smokers also had 

more psychopathological symptoms, greater behavioral impulsivity but non-significantly 

worse cognitive performance. Therefore, HIV+Smokers consistently demonstrated additive 

adverse effects of HIV-infection and tobacco smoking, with the worst performance or scores 

on these psychological, behavioral and cognitive measures. Lastly, those with the lower 

memory scores made more errors on decision making task while those with poorest attention 

also had more psychopathological symptoms.

Psychopathological symptoms

The more prevalent psychopathological symptoms in our HIV+ participants are consistent 

with prior studies (Owe-Larsson et al., 2009; Jin et al., 2010; Rezaei et al., 2013), with 

anxiety disorders and depression being the most common psychiatric conditions (Elliott, 

1998; Morrison et al., 2014). The Smokers in our study also had more psychological distress 

than non-Smokers overall, which is consistent with tobacco smokers having the tendency for 

more neurotic traits (Gilbert and Gilbert, 1995), as well as more anxiety and depression 

(Breslau, 1995) than non-smokers. Whether smoking leads to or worsens the depression via 

neurochemical alterations, or is used as self-medication by smokers for their depressive and 

psychological symptoms (Kassel et al., 2003) remains unclear. Most tobacco smokers claim 

that smoking alleviates their anxiety and leads to calming effects, demonstrating beneficial 

effects of nicotine (Heishman et al., 2010); however, negative correlations between smoking 

and affect were observed (Dierker et al., 2014), as well as subtle attention/impulsivity 

deficits (Wagner et al., 2013). Therefore, the highest summary scores on all 

psychopathological symptoms in our HIV+Smokers amongst the four groups suggest 

additive negative effects from both being HIV-seropositive and chronic tobacco smoking. 

Lastly, regardless of HIV or tobacco use status, the correlations between greater 

psychopathological symptoms and lower attention scores suggest that these symptoms may 
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be distracting to these individuals and may ultimately impact their daily lives and cognitive 

function.

Cognitive Flexibility, Impulsivity and Decision-Making

Both HIV+ participants and the Smokers in our study made more errors on WCST, 

indicating poorer learning, executive function and cognitive flexibility, which again led to an 

additive effect on poorer performance in HIV+Smokers. The poorer performance on learning 

and executive function is consistent with findings in HIV+ patients maintained on cART 

(Heaton et al., 2011b). However, given the high prevalence of tobacco use amongst HIV+ 

patients,(Tesoriero et al., 2010) those in the earlier studies might have been tobacco smokers 

also. Earlier studies of HIV+ participants found poorer performance on WCST only in those 

with AIDS compared to the SN controls (Villa et al., 1993), or in those with smaller striatal 

structures, especially caudate and putamen (Correa et al., 2016), although information 

regarding the smoking status of these participants were not reported. Since the caudate and 

putamen have the highest densities of dopaminergic synapses and reciprocal projections to 

the orbitofrontal brain regions, deficits in dopaminergic system would lead to impairments in 

the frontostriatal or prefrontal networks, which may lead to poorer inhibitory control, 

attention/working memory and decision-making (Braver and Cohen, 2000).

Furthermore, since nicotinic receptors modulate dopamine release in the striatum, blockade 

of nicotinic receptors with antagonists, deletion of endogenous acetylcholine, or disruption 

of nicotinic receptor genes, all may lead to markedly decreased dopamine release (Zhou et 

al., 2001). Therefore, in chronic tobacco smokers, dopaminergic function or release may be 

down-regulated by nicotinic blockade. A recent 6-[18F]fluoro-L-dihydroxyphenylalanine 

(18F-DOPA)-PET study showed that nicotine-dependent smokers had lower dopamine 

synthesis capacity that appears to normalize with abstinence (Rademacher et al., 2015). 

Since HIV+ participants also showed decreased dopamine transporters (Wang et al., 2004b), 

and lower D2 receptors in those who were also tobacco smokers (Chang et al., 2008a), HIV

+Smokers would likely have even lower dopaminergic function. The lower DAT would lead 

to poorer performance on WCST, with greater preservative and total errors, as shown in 

healthy individuals (Yen et al., 2015). Our HIV+Smokers indeed had the highest percent 

errors on WCST.

On the IGT, HIV+ participants and SN controls behaved differently depending on their 

tobacco use status. While SN Smokers made better choices and loss less money, HIV

+Smokers made more disadvantageous choices compared to the other three groups, and are 

consistent with the more disadvantageous choices made on the IGT by HIV+ participants, 

including those with substance-dependence (Martin et al., 2004), compared to those without 

HIV-infection (Martin et al., 2004; Hardy et al., 2006).

Compared to SN controls, HIV+ participants showed non-significantly higher cognitive 

impulsivity scores on BIS, which might be related to their impaired attention (Sorenson et 

al., 1994; Chang et al., 2001). However, greater cognitive impulsivity on IGT were not 

related to the working memory deficits, which require significant attention, in HIV+ 

participants (Martin et al., 2004; Hardy et al., 2006);. The greater risk-taking behaviors in 

HIV+ individuals (Owe-Larsson et al., 2009) might have contributed to a premorbid 
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predisposition for smoking, consistent with findings linking impulsivity to nicotine 

sensitivity (Perkins et al., 2008). Our chronic Smokers were also more impulsive, but their 

impulsivity symptoms involved greater behavioral impulsivity, which is consistent with prior 

studies using personality and behavioral measures (Mitchell, 1999). The HIV+Smokers in 

our study had the greatest cognitive and behavioral impulsivity scores, which might have 

resulted from the additive effects of HIV-associated brain injury and chronic tobacco 

smoking on the underlying neural circuitry involved in decision-making processes (Janes et 

al., 2012).

Cognitive Performance

HIV+ participants in the current study had greater deficits in all domains, including memory 

and executive function, which are more commonly found in cART-treated patients (Heaton 

et al., 2011b), but they also had poorer performance on speed, and motor function, similar to 

the deficits reported in HIV+ patients prior to cART (Heaton et al., 2011b). Poorer cognitive 

performance in HIV+ participants may result from multiple HIV-mediated mechanisms that 

lead to their persistent neuroinflammation (Chang et al., 2003; Chang et al., 2008c; Chang et 

al., 2014) and declined neuronal function (Chang et al., 2004; Ernst et al., 2009). 

Specifically, persistent neuroinflammation may result from ongoing neuroimmune response 

to reservoirs of CNS infection within perivascular macrophages, microglia and astrocytes 

(Dahl et al., 2014; Brown, 2015). In addition, declined neuronal function may be related to 

decreased brain glutamate (Ernst et al., 2010) that resulted from increased release (Musante 

et al., 2010) and decreased reuptake of glutamate by infected or activated astrocytes (Vesce 

et al., 1997; Zou and Crews, 2005), disruption of cellular energetic with accumulation of 

glycolytic intermediates (Dickens et al., 2015), proteins and lipids (Bandaru et al., 2013), or 

dysfunction of dopaminergic terminals, as shown by the lower levels of [C-11-cocaine] 

reuptake, indicating decreased presynaptic dopamine transporters (Wang et al., 2004a; 

Chang et al., 2008b).

Similar to prior studies that found poorer working memory in chronic tobacco smokers 

(Ernst et al., 2001), both Smoker groups in the current study also performed more poorly on 

executive function and memory domains (including working memory and learning tasks) 

than SN controls. The additive effects of HIV and chronic smoking led to the poorest 

cognitive performance in our HIV+Smoker group, across the four groups, which is also 

consistent with an earlier study that found worse memory and global functioning scores in 

HIV+Smokers compared to HIV+ non-Smokers (Bryant et al., 2013). However, the HIV

+Smokers in this earlier study also had a higher prevalence of hepatitis C virus co-infection, 

which might have contributed to the poorer cognitive performance (Fialho et al., 2016; 

Ibrahim et al., 2016), but we excluded such participants in the current study. Since nicotine 

is neuroprotective (Vieira-Brock et al., 2015), the additive adverse effects of tobacco 

smoking on cognitive performance in HIV+ participants may be due to chronic tobacco 

use’s negative influence on cardiovascular risk factors, which in turn may contribute to 

poorer cognition in HIV+ patients (Becker et al., 2009; Fabbiani et al., 2013), Since smoking 

cessation may decrease the cardiovascular risks in HIV+ patients (Petoumenos et al., 2011), 

future studies should evaluate whether smoking cessation may also lead to improved 

cognition in HIV+Smokers.
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Limitation and Conclusion

A major limitation of this study is the cross-sectional design, which could not establish a 

causal relationship between HIV infection and/or chronic tobacco smoking on these 

psychological symptoms, cognitive and behavioral measures. However, we carefully 

matched the subject characteristics across the four participants groups, including similar 

marijuana and alcohol usage variables, and excluded or controlled for many potential 

confounding variables, in order to minimize the variability beyond the main factors assessed 

(HIV-serostatus and Tobacco-Smoking) across the subject groups. Nevertheless, longitudinal 

studies are needed to evaluate whether smoking cessation may lead to decreased impulsivity 

and improve psychological symptoms and cognitive function in HIV patients or those with 

HAND.

HIV-related behavior and cognitive impairments can have adverse effects on daily function, 

antiretroviral adherence, and quality of life (Heaton et al., 2004; Scott et al., 2011; Thames 

et al., 2011), while HIV-infection and substance use may have additive adverse effects on 

neurocognitive functions involving the prefrontal-subcortical systems (Rippeth et al., 2004). 

The additive negative effects of HIV and tobacco smoking on the various cognitive domains 

indicate that assessments of the risk factor for HAND should include tobacco smoking. 

Tobacco cessation programs also should be recommended to HIV+Smokers to minimize the 

deleterious effects of smoking on HAND. Although acute administration of nicotine can 

improve affect as well as attention and memory in healthy controls (Rezvani and Levin, 

2001; Perkins et al., 2008), such beneficial effect may not be present in those with HIV-

associated brain injury. Future studies with administration of nicotine or other dopamine 

agonist to HIV+ participants with and without tobacco smoking may provide additional 

insights regarding how the nicotinic or dopaminergic system might be impacted in these 

individuals.
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Figure 1. Psychopathological Symptoms and Depression Scale
A) On Symptom Checklist-90, both tobacco-Smokers and HIV+ participants had higher 

scores and more psychopathological symptoms than SN. HIV+Smokers had the highest 

scores, with more symptoms, on depression and obsessive compulsiveness, as well as the 

global scores. B) On the Center for Epidemiological Studies-Depression (CES-D) scale, 

HIV+ participants (regardless of smoking status) and tobacco-Smokers (regardless of HIV 

serostatus) had greater depressive symptoms, with the HIV+Smoker group reporting the 

greatest depressive symptoms.
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Figure 2. Barratt Impulsivity Scale
(A) The Barratt Impulsivity Scale shows higher Total Scores in both HIV+ individuals 

(regardless of smoking status) and in Tobacco Smokers (regardless of HIV status), and the 

highest Total score in the HIV+Smoker group. (B & C) On the two-factor model, HIV+ 

participants tended to have higher scores than SN on Cognitive Impulsivity, while chronic 

Smokers had higher Behavioral Impulsivity. Therefore, HIV+Smokers had the highest 

scores on both cognitive and behavioral impulsivity scores.
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Figure 3. Iowa Gambling Task (IGT) and Wisconsin Card Sort Test
(A & B) The Iowa Gambling Task (IGT) shows that the effect of HIV+ depends on smoking 

status for advantageous choices made and for the money lost. While SN Smokers had better 

performance than SN-nonSmokers, with more advantageous choices and loss less money, 

HIV+Smokers made more disadvantageous choices and lost more money than HIV+ non-

Smokers. C) On the Wisconsin Card Sort Task, HIV+ participants, significantly had higher 

% errors, significantly higher in those who were Smokers, and Smokers (regardless of HIV 

serostatus) also tended to have more errors; therefore, HIV+Smokers had the highest error 

percentages.
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Figure 4. Performance on Cognitive Domain (Z-scores)
Performance (Z-scores) in the seven cognitive domains assessed across all four groups. HIV

+ participants (regardless of Smoker status) performed worse on all seven domains, which 

led to worse performance on the Global score. SN-Smokers also tended to perform worse 

than SN non-smokers which led to a trend for the lower Global score. Hence HIV+ and 

Smoker status showed an additive effect, leading to lowest scores in all domain scores and 

the Global scores in HIV+Smokers.
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Figure 5. Correlations Between Cognitive Function and Psychopathological Symptoms
A) Correlations between memory z-score and WCST % error: only HIV+ smokers with 

poorer memory had more errors on the WCST (r=−0.66, p=0.01); the other three groups 

showed no significant correlations (r= 0.09 to −0.27; p=0.24 to 0.74). B–F): Lower attention 

z-scores were associated with greater psychopathological symptoms, including obsessive 

compulsiveness, phobic anxiety, somatization, positive symptom distress index as well as 

general symptom index.
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