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Abstract
Due to similar routes of viral transmission, many individuals infected with the human
immunodeficiency virus (HIV) are also infected with the hepatitis C virus (HCV). Each virus can
cause cognitive compromise among mono-infected individuals; evidence is accumulating that HIV/
HCV co-infection may have a particularly deleterious impact on cognition. We present
neuropsychological data obtained from 118 HIV+ adults with advanced HIV disease, 35 of whom
were co-infected with HCV, who completed a comprehensive neurocognitive evaluation. Rates of
global cognitive impairment were higher among co-infected patients than among those with HIV
alone (63% vs. 43%). Within the specific domains of learning and memory, co-infected individuals
were significantly more likely to be impaired than were the HIV mono-infected participants. Finally,
we discuss implications of these findings and potential future directions for research in this area.
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Just as infection with the human immunodeficiency virus (HIV) has been shown to be a risk
factor for neuropsychological impairment, it is becoming increasingly clear that infection with
the hepatitis C virus (HCV) may be associated with some degree of neurocognitive decline.1
To date, however, few studies have examined whether co-infection with both HIV and HCV
is associated with cognitive impairment above and beyond that seen in mono-infected
individuals. Below we briefly review what is known regarding the neuropsychological effects
of HIV and HCV mono-infection, as well as HIV/HCV co-infection, and then present data
examining cognitive performance in HIV/HCV co-infected adults compared to that of a cohort
of HIV mono-infected adults.

NEUROPSYCHOLOGICAL SEQUELAE OF HIV MONO-INFECTION
The deleterious effects of HIV-infection on neuropsychological function are well established.
2 HIV-related neurocognitive dysfunction can range from subtle deficits in information-
processing speed and efficiency to a pronounced dementia syndrome. Memory impairment,
characterized especially by forgetfulness, motor and psychomotor slowing, attentional
disruption, and executive systems dysfunction have all been repeatedly observed among HIV-
infected individuals. This pattern of neurocognitive deficits is suggestive of disruption to the
circuits that connect the prefrontal cortex with subcortical structures and is consistent with data
from brain imaging and autopsy studies, which implicate preferential subcortical involvement.
3-5 While studies have found that cognitive deficits are more likely to be found in patients with
more advanced immune suppression,6 a small subset of patients who are otherwise
asymptomatic and without significant immuno-compromise, nonetheless show cognitive
deficits.6,7 In addition, and more importantly, some patients with what appears to be adequately
treated HIV infection have developed new onset neurocognitive impairment, implying that
HAART is not always fully neuroprotective.8 How HCV co-infection affects response to
HAART has yet to be explored.

In addition to the neurocognitive consequences of HIV/AIDS, neuropsychiatric features such
as depression, apathy, and irritability are frequently present among infected individuals.9-11

Clearly, psychiatric symptoms (e.g., depression, anxiety, apathy, irritability) among HIV-
infected individuals are not always a consequence of central nervous system (CNS)
disturbance. Social stigmatization and marginalization, increased medical and financial
stressors, bereavement, and compromised social support may all contribute to elevated rates
of mood disturbance. However, there is evidence suggesting that subcortical neuropathology
may lead to psychiatric disturbance among a subset of HIV+ individuals. Work from our group
has linked apathy to neurocognitive disruption (i.e., executive dysfunction) among HIV-
infected adults and posited a common CNS etiology for both.10

NEUROPSYCHOLOGICAL FEATURES OF HCV MONO-INFECTION
In a subset of patients with advanced chronic HCV infection and severe liver disease,
decompensated cirrhosis and elevated ammonia levels can lead to a syndrome known as hepatic
encephalopathy.12 However, a substantial minority of HCV+ patients who do not have cirrhosis
also report significant cognitive complaints,13 typically in the domains of attention/
concentration, learning and memory, and slowed information processing speed. A subset of
these patients demonstrate significantly lower than expected performance on neurocognitive
testing.13,14 The prevalence of neurocognitive dysfunction in persons with HCV was explored
by Hilsabeck and colleagues, who found that approximately one-third of HCV-infected patients
seen in a tertiary care liver clinic showed impairment on two or more neuropsychological
measures relative to normative data.15,16 While impaired performance was most prevalent on
measures of information-processing/psychomotor speed (observed in 19-38% of the sample,
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depending on the measure), nearly 15% of this HCV+ sample showed impairment on some
aspect of learning and memory as well.16

Similar to HIV, the pattern of neurocognitive deficits in HCV-infected individuals is suggestive
of frontal-subcortical dysfunction, with complex attention, information processing, and
psychomotor speed preferentially impaired.14,16,17 Neuroimaging studies using 1H-MRS also
indicate frontal-subcortical changes in persons with HCV.1 For example, a group of HCV-
infected individuals had significantly higher Choline/Creatine ratios in the basal ganglia and
frontal white matter than did persons infected with the hepatitis B virus (HBV) and healthy
volunteers, and also had higher rates of neuropsychological impairment. Of note, HCV+
subjects who were cognitively impaired had significantly higher Cho/Cr ratios in the basal
ganglia as compared to unimpaired HCV-infected persons and healthy volunteers.1 Within a
sample of methamphetamine users, Taylor and colleagues reported that those subjects with
HCV showed lower N-acetylaspartate levels (a neuronal and axonal marker) in frontal white
matter than those without HCV, and a larger percentage of HCV-infected individuals showed
cognitive compromise on psychometric testing.17

NEUROPSYCHOLOGICAL FEATURES OF HIV/HCV CO-INFECTION
Recently, studies have begun to explore the impact of HIV/HCV co-infection on cognition.
Co-infected adults have been shown to evidence impairment on measures of executive
function,18 psychomotor speed,19,20 and global cognitive function.21 Our group also has
previously demonstrated that HIV/HCV co-infection is associated with a higher rate of
impairment on measures of cognitive speed as well as an increased rate of drug and alcohol
abuse.22 Studies employing 1H-MRS have found that both HIV and HCV infection are
associated with elevated choline/creatine ratios in frontostriatal structures, suggesting the
presence of glial proliferation. Increased levels of proinflammatory cytokines such as IL1, IL6,
and TNF-α are also common to both diseases and may represent a common mechanism leading
to neuropsychological compromise.

In the present study we sought to replicate our previous investigation with a different cohort
of HIV infected individuals, a subset of whom were HIV/HCV co-infected. We hypothesized
that co-infected subjects would demonstrate greater neuropsychological impairment than
mono-infected participants; particularly on cognitive tasks sensitive to frontostriatal
dysfunction.

METHOD
Research Participants

A total of 118 HIV-seropositive adults were enrolled in the current study, 35 who were co-
infected with the Hepatitis C virus. Data for this investigation were collected at the National
Neurological AIDS Bank (NNAB) in Los Angeles, California. The NNAB is a member site
of the National NeuroAIDS Tissue Consortium, a multi-site, longitudinal investigation of the
neurocognitive and neuropathological consequences of HIV infection.23 Due to the possible
cognitive sequelae associated with current substance abuse as well as opportunistic infections
affecting the central nervous system (CNS-OI), such as toxoplasmosis, cryptococcal
meningitis, or progressive multifocal leukoencephalopathy, subjects receiving such diagnoses
were excluded from data analysis in the present study.

At the time of participation, 27% of subjects were diagnosed as neurocognitively normal and
52% impaired due to HIV-associated Minor Cognitive Motor Disorder (MCMD) or HIV
Associated Dementia (HAD) or based on criteria described below. Average absolute CD4+-
cell count for the group as a whole was 226 cells/mm3 (sd = 275). Thirty-eight percent of
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participants were Caucasian, 29% were African American, 29% were Hispanic, and 4% were
Asian/Pacific Islander. Women comprised 18% of the sample. Mean age of the participants
was 43 years (8.3) with a range of 26-62. The majority of subjects had completed high school
and had a mean of 13.5 (3.1) years of education.

Procedure
Study procedures were approved by the institutional review boards (IRB) of the University of
California, Los Angeles, the Olive View-UCLA Medical Center, and the Charles R. Drew
University of Medicine and Science. After providing written informed consent, participants
completed self-report questionnaires, a structured psychiatric interview, neurological
examination, and neurocognitive testing as described below. Subjects also provided blood,
urine, and in some cases, cerebrospinal fluid (CSF) samples for analysis. All subjects agreed
to donate their tissues and organs in the event of death.

Measures
Neurocognitive Status—Participants completed a comprehensive battery of
neuropsychological tests at baseline to assess functioning in the domains of attention/working
memory, speed of information processing, learning, memory, verbal fluency, abstract
executive functioning, and motor/psychomotor speed. Two standardized sets of scores were
derived from these measures. First, raw scores were converted to demographically corrected
t-scores (with a mean of 50 and a standard deviation of 10) using test manuals and published
normative data. Domain t-scores were obtained by calculating the mean t-score for all tests
comprising a given domain. A global t-score was calculated by summing individual t-scores
and dividing by the number of tests administered. Second, using an algorithm developed by
Heaton and colleagues,24 deficit scores (ranging from 0 to 5) were assigned to each measure
based on the following T scores: T > 39 = 0; T ≤ 39 and ≥ 36 = 1; T ≤ 35 and ≥ 30 = 2; T ≤ 29
and ≥ 25 = 3; T ≤ 24 and ≥ 20 = 4; T < 20 = 5. Such a technique gives more weight to low
scores, thereby increasing sensitivity to detect deficit within a domain. The deficit scores for
all neuropsychological measures that comprised a particular domain were then averaged to
produce a domain deficit score. Subjects were classified as impaired in a domain if their average
deficit score was greater than or equal to 1.0. In addition, subjects with an average deficit score
greater than or equal to 1.0 across all tests were classified as having global neuropsychological
impairment.

Neurological Diagnoses—Neurological examinations were performed by board certified
neurologists with extensive experience in Neuro-AIDS. Neurological diagnoses (e.g., CNS-
OIs, possible or probable MCMD/HAD) were arrived at via consensus agreement between the
examining neurologist and neuropsychologist after consideration of the subject's lab results
(blood and CSF), neuroimaging, and medical history. Subjects who received a consensus
diagnosis were classified as neurocognitively normal, impaired but subsyndromic, or impaired
due to MCMD or HAD, according to the same procedure. Subjects with a clinical diagnosis
of overt hepatic encephalopathy were specifically excluded from this analysis.

Psychiatric Illness—The Psychiatric Research Interview for Substance and Mental
Disorders, or PRISM,25 was administered to all participants at baseline. The substance use
disorders and depressive disorders modules were administered.

Data Analysis
All data were analyzed using the Statistical Package for Social Sciences, version 11.0.26

Descriptive statistics were conducted on all variables to summarize the data. Comparisons on
demographic variables between the two groups were performed using ANOVA for continuous
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variables (i.e., age and education) and chi-square frequency analysis for categorical variables
(i.e., ethnicity and gender). HIV disease progression was assessed by CD4 + count subsets
using ANOVA. Group differences in rates of neurocognitive disorders (i.e., sub-syndromic,
MCMD/HAD) were compared using chi-square. Finally, participants were classified as
“normal” or “impaired” in each neurocognitive domain based upon their average performance
on tests within that domain. Those with an average deficit score of greater than or equal to 1
were classified as impaired. Differences between the groups in rate of impairment in each
domain were compared with Pearson chi-square analyses.

RESULTS
Results of demographic comparisons are presented in Table 1. Groups did not differ
significantly with regards to age, education, ethnicity, or gender. HIV disease severity as
measured by absolute CD4+ count was also statistically similar between the groups. Prevalence
rates of HIV-related dementia and associated syndromes did not differ significantly between
the groups (χ2 = 2.16, p = .34). However, as Figure 1 indicates, only 18% of the co-infected
group members, compared to 30% of those with HIV alone, were considered “normal.” In
addition, there appears to be slightly, though not significantly, higher rates of asymptomatic
neurocognitive impairment among the co-infected group.

Rates of cognitive impairment for the two groups across neurocognitive domains differed. The
HIV/HCV co-infected group was significantly more likely to be globally neuropsychologically
impaired than was the HIV mono-infected group (χ2 = 3.74, p = .05). Among the HIV/HCV
co-infected group, 63% were classified as globally impaired versus only 43% among the HIV
only group. Examination of the component neurocognitive domains revealed that the HIV/
HCV co-infected group had significantly higher rates of impairment in learning (χ2 = 5.98, p
= .01) and memory (χ2 = 5.12, p = .02). As shown in Figure 2, 77% of co-infected subjects
were classified as having learning impairment, compared to only 53% of mono-infected
individuals. Similarly, 74% of co-infected participants had memory impairments, compared
to only 52% of mono-infected subjects. Note also in the figure that co-infected individuals
appear to have slightly higher rates of impairment, though not significantly so, in information
processing speed and motor ability. Conversely, the mono-infected group appears to have
higher rates of impairment in attention.

DISCUSSION
As hypothesized, HIV/HCV co-infected subjects were more likely to be classified as
neuropsychologically impaired than were HIV mono-infected adults. Specifically, co-infected
participants were almost three times more likely to be classified as impaired in the domains of
learning as well as memory. Although not statistically significant due to power limitations, the
co-infected cohort also had slightly higher rates of impairment on measures of psychomotor
speed and upper extremity motor speed.

Consistent with our prior work,22 as well as that of others,14,18,19,21 co-infection with both
HIV and HCV appears to be associated with an increase risk of cognitive impairment. Several
possible explanations can be advanced to explain this finding. Given that the primary route of
transmission for HCV is injection drug use, it may simply be that the incremental rate of
neurocognitive impairment among the co-infected patients is due to the deleterious effects of
drug abuse rather than HCV infection. While this explanation cannot be definitively ruled out,
we did exclude all subjects with a DSM-IV diagnosis of current drug abuse in the present study.
Since the adverse effects of drug use on cognition typically tend to dissipate over time, it is
unlikely that our current findings are due to the effects of historical drug use alone.
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There are at least two routes by which HCV could be postulated to cause neuropsychological
impairment. First, subjects with decompensated liver disease might have hepatic
encephalopathy, which is associated with elevated levels of ammonia.12 Subjects with clinical
diagnoses of hepatic encephalopathy were excluded from the current study, but it is possible
that some subjects might have had slight or sub-clinical hepatic encephalopathy that
contributed to cognitive impairment.27 Alternatively, HCV has been found to invade the
nervous system28 and can be recovered from CSF.29 HCV infects monocytes and macrophages,
the same cells that are a target of HIV,28 leading us to suspect that similar neuropathogenic
mechanisms might be at play.

Alternatively, it may be that the higher rates of neuropsychological impairment among the co-
infected subjects are due to the additive, if not synergistic effects of HCV infection
superimposed on HIV infection. Previous studies have demonstrated common neurobehavioral
symptomatology and common abnormalities on neuroimaging, and have posited a common
neurophysiologic mechanism underlying the shared cognitivedeficits. Whether this is due to
the direct effects of these viruses on the brain, or an inflammatory cascade triggered by
infection, remains to be determined.

Additional research on HIV/HCV co-infection is clearly needed. Such studies will have to give
more careful consideration towards controlling for common confounding conditions such as
comorbid drug and alcohol abuse. Similarly, different definitions of cognitive “impairment,”
often determined by comparison to normative data, might overestimate the potential effects of
HCV/HIV co-infection. Ideally, adequately powered studies that include groups of
demographically matched healthy controls in addition to mono infected HIV+, mono-infected
HCV+, as well as HIV/HCV co-infected subjects will better allow estimation of the potential
effects of each virus alone and in combination. Future studies that employ multiple
methodologies for assessing brain-behavior function, such as functional and structural
neuroimaging in addition to neuropsychological assessment, are likely to be particularly
informative.

There are several other practical implications of this study that bear mention. Given the elevated
rate of cognitive symptomatology in HCV+ individuals, neuropsychological screening of HCV
+ patients, particularly those with more pronounced drug use histories or those who are HIV
co-infected, may prove useful in detecting patients with neurocognitive compromise. This may
have particular relevance when structuring interventions to improve treatment compliance
(such as medication adherence) or in risk-reduction efforts. In this context, risk-reduction
should not only focus on drug use behaviors, but also on behavioral practices that may increase
transmission of infection such as riskier sexual practices and needle sharing.
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FIGURE 1.
Rates of neurocognitive syndromes
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FIGURE 2.
Rates of impairment across neurocognitive domains
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TABLE 1

Group Demographic Characteristics

Variable HIV HIV/HCV p-value

Mean (sd)

Age (years) 42.5 (8.3) 44.7 (8.4) .20

Education (years) 13.5 (3.2) 13.2 (2.8) .66

Absolute CD4+ cell count 226 (275) 190 (230) .54

% of participants in each group

Gender (% female) 20.5 11.4 .24

Ethnicity: .41

        Caucasian 39.8 34.3

        Hispanic 10.8 5.7

        African American 24.1 40

        Asian, Alaskan 3.6 5.7

        Mixed Hispanic 21.7 14.3
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