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Abstract
Higher levels of cognitive reserve (CR) can be protective against the neuropsychological
manifestation of neural injury across a variety of clinical disorders. However, the role of CR in the
expression of neurocognitive deficits among persons infected with the hepatitis C virus (HCV) is
not well understood. Thirty-nine HCV-infected participants were classified as having either high
(n=19) or low (n=20) CR based on educational attainment, oral word reading, and IQ scores. A
sample of 40 demographically comparable healthy adults (HA) was also included. All participants
completed the Neuropsychological Assessment Battery (NAB), Delis-Kaplan Executive Function
System (D-KEFS), and Behavioral Rating Inventory of Executive Function, Adult Version
(BRIEF-A). Linear regression analyses, controlling for gender, depression and lifetime substance
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use disorders, found significant effects of HCV/CR group on verbal fluency, executive functions,
and daily functioning T-scores, but not in learning or the BRIEF-A. Pairwise comparisons
revealed that the HCV group with low CR performed significantly below the HCV high CR and
HA cohorts, who did not differ from one another. Findings indicate that higher levels of CR may
be a protective factor in the neurocognitive and real-world manifestation of neural injury
commonly associated with HCV infection.
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The hepatitis C virus (HCV) infection is a serious global and national public health issue,
with 130 million people worldwide (Global Burden of Hepatitis C Working Group, 2004)
and 1.6 million people in the U.S. (Shepard et al, 2005) living with chronic HCV. Infection
with HCV is a leading cause of chronic liver disease, cirrhosis, primary hepatocellular
carcinoma (HCC), and liver transplantation (Alter, 2007; El-Serag, 2002; Poynard et al,
2003). Additionally, HCV is neurovirulent and can affect the structure and function of the
central nervous system (CNS) function. The “trojan horse” theory suggests that HCV likely
crosses the blood brain barrier (BBB) via infected peripheral circulating macrophages and
monocytes (Laskus et al, 2005). HCV RNA is thus detectable in cerebrospinal fluid (Laskus
et al, 2002) and brain parenchyma (Forton et al, 2004; Letendre et al, 2007). Elevations in
metabolic markers of neuronal injury/loss and neuroinflammation in basal ganglia and
frontal cerebral white matter and occipital gray matter have been observed in HCV-infected
individuals (Forton et al, 2005; Taylor et al, 2004; Taylor-Robinson, 2001; Weissenborn et
al, 2004). These findings suggest that HCV itself may be a direct pathway for
neurocognitive impairment (NCI), independent of the severity of liver involvement, viral
replication rate (Monaco et al, 2012), or common comorbidities, such as substance use
disorders (Huckans et al, 2009).

NCI is evident in approximately 30% of HCV-infected individuals and it is generally of
mild severity (Bieliauskas et al, 2006; Forton et al, 2006; Perry et al, 2008). HCV-
associated NCI is most commonly witnessed in domains reliant on frontostriatal systems,
such as learning (Posada et al, 2009), executive functions (Cherner et al, 2005; Huckans et
al, 2011; Weissenborn et al, 2004), complex attention (Hilsabeck et al, 2002), speed of
information processing (Hilsabeck et al, 2003b; Hilsabeck et al, 2002), and motor skills
(Cherner et al, 2005; Letendre et al, 2005). Despite being of broadly mild severity, HCV-
associated NCI can also impact everyday functioning, including increasing risk of
unemployment (Jacobs et al, 2003; Morgan et al, 2012a) and declines in both basic and
instrumental activities of daily living (Vigil et al, 2008).

Given the clinical relevance of NCI in HCV, it is essential to understand additional clinical
risk factors that may affect its expression. Although this literature is still emerging and these
factors do not entirely account for HCV associated NCI, several clinical factors have
consistently been associated with increased NCI in HCV. For example, higher NCI is
reportedly associated with liver-related conditions (i.e., fibrosis and HE) (Bajaj, 2010;
Cordoba, 2011; Hilsabeck et al, 2003a). Fatigue and depression have also been associated
with higher NCI, possibly due to viral factors and/or antiviral therapy with interferon-alpha
(Forton et al, 2006; Kraus et al, 2005; Perry et al, 2008). Other medical and psychiatric
comorbidities, such as co-infection with human immunodeficiency virus (HIV) (Devlin et
al, 2012; Vivithanaporn et al, 2012) and substance use disorders (Huckans et al, 2009;
Martin-Thormeyer and Paul, 2009) may also contribute to increased risk for and severity of
NCI observed among HCV-infected individuals (Letendre et al, 2005).
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It is also important to consider possible “protective factors” that may increase the threshold
for the expression of HCV-associated NCI. One such protective factor is cognitive reserve
(CR), which refers to “the ability to optimize or maximize performance through differential
recruitment of brain networks, which perhaps reflect the use of alternate cognitive
strategies”(Stern, 2002). Originally described by Satz (Satz et al, 1993), CR is believed to
modify the severity and trajectory of neurobehavioral deterioration secondary to a variety of
central nervous system injuries (e.g., Alzheimer’s disease; (Alexander et al, 1997; Wilson et
al, 2004). The literature supports the existence of two types of reserve - “brain reserve”
including intracranial volume, brain weight and neuroplasticity, which reflect biological
differences in the brain itself, and “cognitive reserve” including education, estimated
premorbid intellectual function, and occupational complexity, which reflect acquired brain
functioning differences (Richards and Deary, 2005; Stern, 2009).

The concept of CR is used to explain individual susceptibility to neurodegenerative diseases,
such as Alzheimer’s disease (Alexander et al, 1997; Wilson et al, 2004). Also, CR plays a
role in the expression of neurobehavioral deficits associated with another commonly studied
neurovirulant illness, HIV infection (Basso and Bornstein, 2000; Stern et al, 1996). For
example, CR has been identified as a protective factor in the expression of HIV-associated
neurocognitive disorders (Basso and Bornstein, 2000), especially among vulnerable older
adults (Foley et al, 2012). CR also plays a role in the expression of functional disability
(e.g., medication non-adherence, unemployment, and declines in instrumental activities of
daily living) among persons with HIV-associated neurocognitive impairment (Morgan et al,
2012b). This latter finding suggested that HIV-infected persons with higher CR were better
able to compensate for neurocognitive impairment to perform everyday tasks, perhaps as a
function of more efficient cognitive and behavioral strategy utilization.

To our knowledge, there is but one prior study examining CR in HCV. In 2007, Bieliauskas
and colleagues examined the relationship between CR and cognitive functions in HCV-
infected individuals with advanced liver fibrosis. The authors created a CR score modeled
after Stern’s (1996) method, which included indices of educational and occupational
achievement, as well as performance on measures of crystalized intelligence (e.g.,
vocabulary). This study revealed that, despite similar severity of liver disease, HCV-infected
persons with NCI showed lower CR as compared to their HCV seropositive counterparts
whose neurocognitive profiles were within normal limits. Findings suggested that HCV-
infected individuals with low CR might be more susceptible to cognitive impairment,
particularly on tests of memory, attention, motor speed, and executive function, and raise
several interesting possibilities for future work. For instance, participants in this study had
advanced liver disease (e.g., fibrosis scores ranging 3 to 6, detectable HCV RNA in serum);
therefore, it is unknown whether or not their findings can be generalized in HCV patients
with mild liver disease. Given that HIV studies demonstrated that more vulnerable cohorts
(Foley et al, 2012; Morgan et al, 2012b) likely showed stronger CR effects, it is possible
that smaller CR effects may be seen in HCV-infected individuals with milder liver disease,
who represent 70–90% of the HCV population (Rosen, 2011; Wilkins et al, 2010) and may
be at reduced risk of NCI. Furthermore, the Bieliauskas et al. study did not include a sample
of healthy adults, who would provide a normative anchor for the extent to which CR is
protective against HCV-associated NCI. Finally, given prior research showing that CR was
closely associated with real-world outcomes in HIV (Morgan et al, 2012b), it may be
relevant to examine the impact of CR on everyday functioning in individuals infected with
HCV.

The present study extends the single prior study on this topic by assessing the role of CR on
neurocognitive and everyday functioning outcomes in HCV-infected individuals with mild
liver disease as compared to seronegative comparison subjects. It was hypothesized that
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HCV-infected persons with low CR would perform significantly more poorly than HCV-
infected persons with high CR and healthy seronegatives, across a battery of
neuropsychological tests, especially in the areas of memory, executive function, attention,
and speed of information processing. Additionally, it was expected that HCV-infected
individuals with low CR would demonstrate worse performance on measures of everyday
functioning as compared to HCV-infected persons with high CR and healthy seronegatives.

Methods
Participants

A total of 79 participants [40 healthy adults (HA) and 39 HCV-infected individuals] were
recruited from Portland, Oregon area hepatology clinics and the community via
advertisements posted in clinics and hospitals, mailings to patients who had previously
participated in HCV research, announcements at HCV education classes, or word of mouth.
This study was approved by the Institutional Review Board of the Portland Veterans Affairs
Medical Center (PVAMC). HCV status was determined by polymerase chain reaction tests.
Participants were excluded if they met any of the following criteria: 1) History of antiviral
therapy or chemotherapy for any purpose. 2) History of a major medical condition, or
currently unstable medical condition, that is likely to be associated with severe neurological,
cognitive, or immune dysfunction currently [e.g., stroke, seizures, brain tumors, Parkinson’s
disease, neurodegenerative dementia, mental retardation, hepatic encephalopathy, human
immunodeficiency virus (HIV)]. In the interest of generalizability to typical HCV+
populations, participants with common well-controlled or stable conditions were included as
long as severe cognitive or immunological effects were not currently suspected (e.g., well-
controlled diabetes, hypertension, or asthma). 3) History of traumatic brain injury with
known loss of consciousness ≥ 30 minutes. 4) Use of alcohol, illicit substances, or
medications with acute cognitive effects such as sedation or intoxication (e.g.,
benzodiazepines, opiates, muscle relaxants, psychostimulants) on the day of testing, or
chronic use of medications with long-term cognitive or immune effects (e.g., topiramate,
remicade, anticholinergics, steroids). 5) Decompensated liver cirrhosis, clinically
determined by a hepatologist (AS) based on clinical indicators, medical record, biopsy
results (if available), and a battery of standard medical laboratory tests [liver panel, complete
blood count (CBC), International Normalized Ratio (INR), ammonia]. All standard medical
laboratory tests were conducted prospectively during the study visits through PVAMC’s
medical laboratory, and results were then reviewed with the study hepatologist along with
available medical records and biopsy results to assess for decompensated liver cirrhosis. 6)
Current pregnancy. 7) History of schizophrenia or schizoaffective disorder, OR, current
psychotic or manic episode, OR currently unstable and severe psychiatric disorder. In the
interest of generalizability to typical HCV+ populations, patients with mild but stable
depression, anxiety, or post-traumatic stress disorder (PTSD) were included as long as
present symptoms did not preclude valid participation. 8) Alcohol or drug dependence
within the past year (except nicotine or caffeine), based on Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria (American Psychiatric
Association, 1994), confirmed with the Mini-International Neuropsychiatric Interview
(MINI) (Sheehan et al, 1998).

Participants were classified into one of three study groups: HCV seropositive high cognitive
reserve (HCV+ High CR), HCV seropositive low cognitive reserve (HCV+ Low CR), or
HCV seronegative healthy adults (HA). We took a battery approach to determine the level of
Cognitive Reserve (CR) using; 1) years of education, 2) estimated verbal IQ as measured by
the Wechsler Test of Adult Reading (Psychological Corporation, 2001), and 3) the current
intellectual functioning assessed by the Reynolds Intelligence Screening Test (Kamphaus
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and Reynolds, 2003). Sample-based z-scores were calculated in the HCV group and were
averaged across the three metrics. Using a median split (z = −0.1), the HCV cohort was
divided into low CR (n = 20, z < − 0.1) and high CR (n = 19, z ≥ − 0.1) groups. Note that,
we used the median split approach based on a previous study examining the relationship
between CR and neurocognitive functions in HCV (Bieliauskas et al, 2007) and to enhance
the clinical relevance of the study findings. Nevertheless, it is also important to mention that
the CR score was significantly associated with NP and everyday functioning outcome
variables, except the self-report questionnaire, the BRIEF-A, in a similar pattern in the HCV
group when used as a continuous rather than dichotomous variable, as well.

Table 1 displays demographic, psychiatric, and medical characteristics of the three study
groups. As expected based on group definitions, the HCV high CR group had significantly
higher education than the HCV low CR group, and both HA and HCV high CR groups
obtained significantly higher scores on RIST and WTAR as compared to HCV low CR
group (Table 1). The study groups were comparable in terms of age and ethnicity; however,
there were more men in the HCV low CR group than HA or HCV high CR groups. The
HCV seropositive groups showed higher history of lifetime substance use disorder than the
HA group. In terms of liver biomarkers, AST, ALT, and APRI values were significantly
higher in HCV groups than HA group while there were no between-group differences in
ammonia and bilirubin levels.

Measures and Procedure
All participants completed a battery of subtests from the Neuropsychological Assessment
Battery (NAB) (Stern and White, 2003) and the Delis-Kaplan Executive Function System
(D-KEFS) (Delis et al, 2001) to evaluate performance across six cognitive domains that are
commonly affected by HCV infection; Attention/Working Memory [NAB Digits Forward,
Digits Backward, Dots, Number and Letters Efficiency Part A, B, C, and D subtests];
Learning [NAB List Learning Immediate Recall, Shape Learning Immediate Recognition,
and Story Learning Immediate Recall (Stern and White, 2003)]; Memory [NAB List
Learning Long Delayed Recall, Shape Learning Delayed Recognition, and Story Learning
Delayed Recall (Stern and White, 2003)]; Verbal Fluency [NAB Word Generation and D-
KEFS Letter Fluency]; Executive Function [NAB Mazes and Categories (Stern and White,
2003) and D-KEFS Categories Confirmed Correct Sorts]; and Daily Function [NAB Driving
Scenes, Judgment, Daily Living Memory Immediate Recall and Delayed Recall]. All raw
scores were converted into demographically-corrected T-scores in order to minimize the
influence of age, education, sex and ethnicity whenever appropriate. The mean domain T-
scores and Global T-scores were then calculated based on the individual tests described
above.

All participants also completed the Beck Depression Inventory-II (BDI-II) (Beck et al,
1996) and the Behavioral Rating Inventory of Executive Function, Adult Version (BRIEF-
A) (Gioia et al, 2000). The BDI-II comprises 21 questions measuring current depression.
The BRIEF-A is a self-report questionnaire assessing nine theoretically and statistically
derived subdomains of executive function. Based on the nine sub-domain T-scores, the
global executive composite T-score was calculated and represents the extent to which a
person reports subjective problems with executive function in their daily life.

Statistical Analysis
Linear multivariable regression models were conducted to examine whether group status
(i.e., HCV high CR vs. HCV low CR- vs. HA) would predict performance in various
cognitive domains and daily functioning. Given differences in gender, BDI-II and lifetime
substance use disorder across the three study groups, these variables were included in these
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regression models as predictors along with the CR variable. For all models, all assumptions
for a regression analysis were checked and met. Critical alpha was set at .05.

Results
Table 2 displays the results of linear multivariable regression analyses examining effects of
CR on NP performance, while controlling for gender, depression, and lifetime substance use
disorders. Group status was a significant predictor for all of the NP domains (ps < .05), with
the exception of learning (p > .10). The mean T-scores of the study groups across cognitive
domains can be found in Figure 1. Pairwise comparisons showed that both HA and HCV-
infected individuals with high CR performed significantly better than the HCV-infected
persons with low CR in the domains of attention and fluency (ps < .05). The HCV+ group
with high CR showed significantly better executive functions and memory as compared to
the low CR sample (ps < .05); however, there were no differences between the HCV low CR
and HA groups (ps > .10). Interestingly, in the domain of executive functions, HCV-infected
persons with high CR performed significantly better than not only HCV-infected individuals
with low CR but also healthy adults (β= 0.55, p = 0.0002, Cohen’s d = 0.77).

An effect of HCV/CR group was also observed on the NAB performance-based measures of
daily functioning but not on the BRIEF-A, which is a self-report measure of daily executive
function (Table 3). Specifically, the HCV high CR group performed significantly better in
daily function than the HCV low CR group, but there were no group differences between
HCV high CR group and HA, nor between HCV low CR group and HA (ps > .10). No
between-group effects were found on the BRIEF-A (ps > .10), which was instead most
strongly associated with the BDI-II and lifetime substance use histories (ps < .05).

Discussion
It has been reported that higher levels of cognitive reserve (CR) may be protective against
the manifestation of neuropsychological deficits secondary to neuropathology across a
variety of clinical disorders (See Stern (2002) for review); however, the role of CR among
persons infected with HCV is not fully understood. The findings of this study supported the
hypothesis that CR may also play a role in the expression of neurocognitive deficits in HCV-
infected individuals. Specifically, HCV+ individuals with low CR performed significantly
worse in domains of attention and fluency, as compared to HCV+ persons with high CR and
healthy adults. Within the HCV+ groups, lower CR was also associated with memory
deficits, executive dysfunction, and lower scores on performance-based measures of daily
functioning, although the magnitude of these latter CR effects is modest as the HCV+ Low
CR group did not differ from healthy adults. Nevertheless, these findings underscore the
potential protective benefits of high CR for neurocognitive functioning among persons with
HCV and are unlikely to be attributable to confounding factors, which were relatively well
matched between the study groups (e.g., liver markers in the HCV groups) or controlled in
the statistical models (e.g., gender, substance use, depression).

Our findings are broadly consistent with those of Bielauskas et al. (2007), who observed that
low CR was associated with worse performance on tests of memory, attention, motor speed,
and executive function among persons infected with HCV. These results extend that prior
study by including: 1) a sample of healthy adults, 2) assessments of daily functioning, and 3)
an HCV-infected cohort with generally mild liver disease. With regard to the first point, the
present study demonstrated that the HCV+ High CR group performed similarly to (and
occasionally better than) the healthy adult group across the battery of NP tests. In this way,
our data suggest that high CR indeed serves as a neurocognitive protective factor for
individuals living with HCV infection. Whether this observation reflects the prophylactic

Sakamoto et al. Page 6

J Neurovirol. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



effects of greater engagement in various cognitively enriching activities and/or premorbid
advantages in the resilience of neural systems to the chronic neuroinflammatory processes of
HCV infection among the high CR group remains to be determined. Future studies might
investigate the possible interactions between cognitive and brain reserve in HCV using
neuroimaging and relevant biomarkers of neural injury and protective factors.

To our knowledge, this is the first study to document the impact of CR on daily functioning
in HCV infection. Findings converge with recent data from Morgan et al. (2012), who
reported HIV-infected persons with low CR exhibited more difficulties in daily functioning
than individuals with high CR (Morgan et al, 2012). In this case, the daily functioning
domain assessed performance-based skills (i.e., learning and recall of ecologically relevant
information, and attention related to automobile driving) rather than manifest aspects of
everyday living (e.g., actual employment status). Thus, individuals with low CR may be at
particular risk for disability and lower health-related quality of life by way of a “double hit”
to both neurocognitive status and functional skills, both of which independently contribute
to declines in instrumental activities of daily living (e.g., Heaton et al., 2004). To confirm,
future studies may wish to examine the role of CR in HCV using other performance-based
(e.g., Valpar, medication management tasks) and manifest (e.g., employment and medication
non-adherence) measures of everyday functioning across different aspects of daily living. It
is important to note, however, that the self-report questionnaire, the BRIEF-A, used in the
present study did not show any associations with HCV or CR. There could be several
possible explanations for this null finding. First, the self-report data may be subject to bias
whereby HCV-infected persons with low CR may not be keenly aware of their cognitive
difficulties. Indeed, limited awareness of NCI and/or everyday dysfunction has been
reported in various illnesses, including HIV infection (e.g., (Hannesdottir and Morris, 2007;
Morgan et al, 2012b). Second, it is possible that the executive deficits measured by the NP
tests may not be sufficiently severe to affect real-world functioning as measured by the
BRIEF-A and/or individuals with lower CR may be able to compensate for such deficits in
their everyday environments. A third possibility is that the study was underpowered in terms
of its sample size and severity of HCV disease to detect the subtle effects of CR on self-
reported executive functions in everyday life. However, the BRIEF-A did not relate to CR
even when it was used as a continuous variable in the entire HCV+ sample. It nevertheless
remains possible that CR is associated with other aspects of cognitive (e.g., memory,
attention) and/or functional (e.g., medication management) symptoms experienced in the
daily lives of persons infected with HCV.

Another implication of this study is that CR may play a critical role in HCV-associated NCI
across various severities of liver disease. CR effects were observed in the present study in
participants with generally mild liver disease (see Table 1) and those of Bieliauskas et al.,
who included participants with more advanced liver disease. The HCV groups in the current
study did not differ in terms of liver functioning, which suggests that CR can affect NCI
independent of liver disease severity, which also plays a role in the expression of NCI.
Given that 70–90% of the HCV population has broadly mild liver disease (i.e., Wilkins et
al., 2010; Rosen, 2011), our findings may be useful to understand the NP and everyday
functioning of a broad cross-section of the HCV-infected population.

The current study has several limitations. First, sample sizes of HCV groups were small;
therefore, type II errors, especially for the HCV high CR and healthy adults comparisons
were of concern. However, standard errors for those analyses were fairly small and CR
signals with medium-to-large effect sizes were detected. This finding was consistent with
previous studies as well. Second, the average scores of our HCV cohort were broadly within
normal limits; as seen in Figure 1, even though the low CR group showed significantly
lower performance as compared to the high CR and healthy adults groups, their performance
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was not in the impaired range (i.e., Ts > 40). In fact, even our “low” CR sample had CR that
fell generally within the average range, so questions remain regarding the impact of CR
among HCV-infected cohorts who evidence below average scores on measures of IQ and
word reading. As a result, no significant performance difference might be found in a key
cognitive domain, such as verbal learning, between HCV+ low CR group and HA.
Additionally, the meaning of significant T-score differences “within normal limits”
performance could be arguable; however, it is also important to consider that such
differences in the normal range can still have important implications for everyday
functioning (e.g., Morgan et al., 2012) and could become important factors to future
cognitive and/or real-world functions, particularly when other clinical and psychiatric events
occur (e.g., decline in liver function, depressive symptoms, etc.). A third issue is that of
shared method variance; i.e., CR was measured by NP tasks, and based on those CR scores,
NP performance was compared across groups, which raises a circulatory problem in which
measures of NP functioning are included as both the independent and dependent variables.
Arguing against this critique, however, are null CR findings across a few cognitive domains
(e.g., learning). Fourth, this study is cross-sectional and it does not describe the relationship
of CR to potential decline in NP and daily functions over time. As a result, it is unclear
whether or not CR delays the onset of deficits in NP and/or daily functions. Therefore, a
longitudinal study would help us understand how CR plays a role in protecting against the
NP manifestation of neuropathology in HCV infection, while examining other crucial
factors including age, liver disease severity, and other potential comorbidities (e.g.,
depression, substance use disorders).

In summary, the present study demonstrated that CR plays an important role in the
expression of NP and everyday functioning among individuals with HCV infection.
Although HCV infection may increase the risk of NP impairment, higher levels of CR may
be protective of the neurobehavioral manifestation of neural injury associated with the
infection. Based on CR levels, clinicians may be able to identify individuals at greater risk
for NP impairments as well as daily dysfunction, including difficulties in Instrumental
Activities of Daily Living (IADLs) and employment. Future studies on the longitudinal
protective value of CR on incident HCV-associated neurocognitive decline and everyday
functioning outcomes are warranted.
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Figure 1.
Cognitive Reserve Group Differences in Neuropsychological Performance and Self-Report
Questionnaire
Note: HCV = Hepatitis C virus; CR = cognitive reserve; HA = healthy adults; BDI = Beck
Depression Inventory-II; LT SUD = Lifetime substance use disorders.
Superscript letters reflect results of linear regressions controlling for gender, depression and
lifetime substance disorders. Bars indicate standard errors.
*p< .05
a HCV Low CR < HA, HCV High CR, bHCV Low CR < HCV High CR, cHCV High CR >
HA, HCV Low CR.
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