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Abstract

Purpose Our aim was to explore the interplay between
human immunodeficiency virus (HIV) and hepatitis C virus
(HCV) infections in the expression of cognitive disorders.
Methods We performed a multi-centre cross-sectional
study, enrolling three groups of asymptomatic outpatients
matched for age and education: (1) HIV mono-infected; (2)
HCV mono-infected; (3) HIV-HCV co-infected. All sub-
jects were subjected to the Zung depression scale and a
comprehensive neuropsychological battery.

Results A total of 50 patients for each group were
enrolled. Patients in the three groups did not significantly
differ in the main common demographic and clinical
characteristics, except for a lower proportion of past
injecting drug use (IDU) in group 1 (4 %) in comparison to
groups 2 (38 %, p < 0.001) and 3 (78 %, p < 0.001), a
longer duration of HIV infection in group 3 in comparison
to group 1 (p < 0.001) and a longer duration of HCV
infection in group 3 in comparison to group 2 (p = 0.028).
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Overall, 39.3 % of patients showed minor cognitive
impairment, with a higher proportion in group 3 (54 %)
when compared to groups 1 (28 %, p = 0.015) or 2 (36 %,
p = 0.108). Patients in group 3 [odds ratio (OR) 3.35,
p = 0.038 when compared to group 1] and those with
higher depression scores (OR 1.05, p = 0.017) showed an
increased risk of cognitive impairment after adjusting for
education and past injection drug use. In particular, group 3
showed worse performance in psychomotor speed tasks
when compared to group 1 (p = 0.033).

Conclusions A worse cognitive performance in HIV-HCV
co-infected patients was observed, suggesting an additive
role of the two viruses in the pathogenesis of cognitive
disorders.
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Introduction

In the highly active antiretroviral therapy (HAART) era,
despite dramatic changes in the natural history and prog-
nosis of human immunodeficiency virus (HIV) infection,
the incidence and prevalence of milder forms of HIV-
associated neurocognitive disorders (HAND) have
remained relatively stable [1, 2]. The sustained prevalence
of HAND might be due to drug resistance, poor adherence,
poor central nervous system (CNS) penetration of some
antiretroviral agents [3] and the possible neurotoxicity of
antiretrovirals on cognitive functions [4]. Moreover, there
is growing evidence that underline co- morbidities as car-
diovascular diseases [5, 6] and hepatitis C virus (HCV) co-
infection could play a relevant role.
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As a result of their shared routes of transmission,
chronic HCV infection is increasingly recognised as a
major cause of morbidity and mortality among HIV-
infected patients. Recent US-based studies have shown
that HCV co-infection may be found in 16-30 % of the
HIV-infected population and in 60-90 % of HIV-infected
injecting drug users [7]. Moreover, the prevalence of
HCV infection is increasing around the world. It is esti-
mated that HCV has infected 170 million people world-
wide, whereas 34 million individuals are living with HIV
[2, 8-11].

Patients with chronic HCV infection usually complain
of fatigue and mild neuropsychological difficulties,
including mental clouding (“brain frog”) and subjective
inability in everyday life. These complaints may be due to
the effects of personality, the history of injecting drug use
(IDU) or the presence of depression [12]. However, there
is increasing evidence that cognitive dysfunctions might
also be directly related to infection of the CNS by HCV.
Indeed, HCV viral sequences and viral replicative forms
have been detected in brain tissue [13] and it has been
demonstrated that HCV can replicate in macrophages,
lymphocytes and in peripheral nerves, especially in HIV-
I1-infected patients.

Until now, just a few studies have investigated cogni-
tive functions among HCV-infected or HIV-HCV co-
infected patients [11, 12, 14-16]. Overall, the results
suggest an increased prevalence of neurocognitive
impairment in HCV mono-infected patients than in heal-
thy controls, and in HIV-HCV co-infected individuals
when compared to HIV or HCV mono-infected patients,
independently of the history of injection drug use,
depression or fatigue, and before the development of
cirthosis. However, the effects of HCV on cognitive
functioning remain controversial. Indeed, other results
showed a similar prevalence of cognitive dysfunctions in
the HIV-HCV co-infected group compared to HIV mono-
infected patients [15, 17, 18]. Furthermore, previous
studies differ for substantial methodological issues,
including study design, neuropsychological tasks admin-
istered and methods for the estimation of cognitive dis-
orders. In particular, HCV-infected patients are usually
older, less educated and more frequently injecting drug
users than HIV-positive patients, and some surveys did
not control for these potential confounders in the inter-
pretation of the results [14].

In our study, we compared cognitive performance in
HIV or HCV mono-infected and HIV-HCV co-infected
patients in order to better understand how HCV and HIV
may interact in the expression of neurodegeneration, con-
trolling for many potential confounding factors by match-
ing 1:1:1 for age and education the three study groups.
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Materials and methods
Patients

We performed a cross-sectional study at three clinical
centres (“Agostino Gemelli” Hospital, Rome; “SS An-
nunziata” Hospital, Chieti; “S. Caterina Novella” Hospi-
tal, Galatina) in Italy, consecutively enrolling, from May
2010 to November 2011, three groups of asymptomatic
(without active opportunistic infections or other acute
clinical conditions) outpatients matched 1:1:1 for age
(£ 5 years) and years of education (primary school <5
years, secondary school from 6 to 8 years, high school
from 9 to 16 years and university degree from 17 to
19 years): (1) HIV mono-infected; (2) HCV mono-infec-
ted; (3) HIV-HCYV co-infected. HCV infection was defined
as the positivity of anti-HCV antibodies with detectable
HCV-RNA. Exclusion criteria were decompensated liver
diseases or cirrhosis, history of neurologic disorders
[including cerebral stroke, head injury and neurologic
acquired immunodeficiency syndrome (AIDS)-defining
events, with the exception of HIV-related dementia] and
active psychiatric disorders (such as major depression or
any other psychotic disorders), alcoholism or drug abuse,
HCV treatment in the past 6 months and linguistic diffi-
culties for non-native patients.

This study was approved by the local Institutional Ethics
Committees at the three clinical centres. All subjects pro-
vided informed consent prior to enrollment.

Demographic, clinical and laboratory variables were
collected for each subject at the time of neuropsychological
examination by patient interview or chart review.

In patients infected by HIV (groups 1 and 3), a CNS
penetration-effectiveness score (CPE rank) was calculated
for each antiretroviral regimen based on the rules proposed
in the 2010 revised version [19]. Regimens showing CPE
rank >6 were considered as being effective in the treat-
ment of CNS infection [20].

Neuropsychological examination

All patients underwent a comprehensive neuropsychologi-
cal battery exploring memory [immediate and delayed
recall of Rey auditory verbal learning test (RAVLT), for-
ward digit span, forward spatial span], attention and
executive functions (Stroop test, trail making test B,
drawings and double barrage), speed of psychomotor pro-
cessing (WAIS-R digit symbol; grooved pegboard test for
both the dominant and non-dominant hand) and language
(letter fluency). The Zung depression scale and the
Instrumental Activities of Daily Living (IADL) scale were
also administered.
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Full testing took about 40 min. All tests were adminis-
tered and scored by trained neuropsychologists. The scores
obtained on each task were adjusted for age, gender and
education on the basis of normative data available for the
Italian population.

Patients were considered as mild cognitively impaired if
they scored below the cut-off (1.0 SD below the mean for
age—education-appropriate norms) in >3 tests on the basis
of our previous data obtained in an age and education
healthy control population [4] and according to standard
criteria for composite neuropsychological battery [21]. We
did not apply Frascati criteria [22] because they were
established only for HIV-infected patients.

Because the three groups were matched for age and
education, we also compared raw scores as continuous
variables.

Statistical analysis

Comparisons between groups (three levels) were based on
one-way analysis of variance (ANOVA, for continuous
variables) and the ¥ test or, when appropriate, Fisher’s
exact test (for categorical variables). The association
between factors and cognitive impairment (dependent
variable) was investigated by logistic regression analysis,
while the association between factors and the total number
of pathological performances (dependent variable) in any
single cognitive domain (learning and long-term memory,
attention and working memory, executive functions, speed
of psychomotor processing and language) was analysed by
linear regression analysis: variables with p-values lower
than 0.100 in the univariate analysis were included in the
multivariate models.

All analyses were performed using the SPSS version
13.0 software package (SPSS Inc., Chicago, IL, USA).

Results
Patients’ characteristics

A total of 50 patients for each group (n = 150) [107
(71.3 %) males, median age 48 years (interquartile range,
IQR 42-53), median education 10 years (IQR 8-13), 60
(40 %) past IDU] were enrolled. The predominant subtypes
of HCV in groups 2 and 3 were genotypes 1 (48/100) and 3
(26/100).

Patients in the three groups did not significantly differ
in the main common demographic and clinical character-
istics, except for a lower proportion of past IDU in group 1
(4 %) in comparison to groups 2 (38 %, p < 0.001) and 3

(78 %, p < 0.001), a longer duration of HIV infection in
group 3 in comparison to group 1 (p < 0.001), and a longer
duration of HCV infection in group 3 in comparison to
group 2 (p = 0.028). The demographic and clinical fea-
tures for each group are shown in Table 1.

Neuropsychological examination

Overall, 39.3 % of patients showed mild cognitive
impairment without significant interference in everyday
life (IADL >7), with a higher proportion in group 3 (54 %)
when compared to groups 1 (28 %, p = 0.015) or 2 (36 %,
p = 0.108). Twenty patients (13.3 %) obtained an abnor-
mal score (>50) in the Zung depression scale. Raw scores
for each task and comparison between the three groups by
one-way ANOVA are illustrated in Table 2. Overall, group
3 had a significantly worse performance in comparison
with group 1 at immediate and delayed RAVLT and letter
fluency, while group 2 showed a lower performance com-
pared with group 1 at delayed RAVLT, digit span forward
and letter fluency. No significant difference was observed
in the Zung depression scores.

Analysing the proportion of impairment (score below
the normative cut-off) for each single task, the three groups
did not significantly differ, with the exception of a higher
proportion of subjects showing pathological scores in the
WAIS-R digit symbol in group 3 (28 %) when compared to
group 1 (10 %, p = 0.040).

Factors associated with cognitive impairment

Factors associated with neurocognitive impairment were
identified by univariate and multivariate logistic regression
analysis (Table 3). In the univariate analysis, patients in
group 3 (odds ratio, OR 3.02, p = 0.009 when compared to
group 1), those with past IDU (OR 2.10, p = 0.030) and
with higher depression scores (OR 1.05, p = 0.002)
showed an increased risk of cognitive impairment, while
longer education (OR 0.78, p < 0.001) emerged as a pro-
tective factor.

In the multivariate analysis, patients in group 3 (OR
3.35, p = 0.038 when compared to group 1) and those with
higher depression scores (OR 1.05, p = 0.017) confirmed
an increased risk of cognitive impairment after adjusting
for education and past IDU.

Analysing any single cognitive domain, group 3 showed
worse performance in the psychomotor speed tasks when
compared to group 1 (p = 0.033). No difference in the
other domains was observed between groups (data not
shown).
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Table 1 Patient characteristics
in human immunodeficiency
virus (HIV) or hepatitis C virus

HIV-HCYV co-infected
(group 3) (N = 50)

HCV mono-infected
(group 2) (N = 50)

HIV mono-infected
(group 1) (N = 50)

(HCV) mono-infected and HIV—
HCV co-infected patients

Male
Age (years)®
Education (years)®
Non-Italian born
Risk factor
Heterosexual
Past injection drug user
Homosexual
Other
HBV co-infection
Past AIDS-defining events

Time from HIV diagnosis (years)®

Time on antiretroviral therapy
(years)®

Off cART
HIV-RNA <50 copies/mL

Current CD4 cell count (cells/pL)?
Nadir CD4 cells count nadir (cells/

Values are expressed as n (%),
except for “median (interquartile
range)

HCYV hepatitis C virus, HBV
hepatitis B virus, cART
combined antiretroviral therapy,
CPE central nervous system

pL)*
CPE rank >6

Past anti-HCV therapy
HCV-RNA (log;oUI/L)*

Time from HCV diagnosis (years)*

32 (64) 36 (72) 39 (78)

48 (42-55) 48 (42-52) 48 (45-53)
10.50 (8-13) 10 (8-13) 9.50 (8-13)
24 0 (0) 0 (0)

27 (54) 0 (0) 6 (12)

2 (4) 19 (38) 39 (78)

16 (32) 0 (0) 0 (0)

5 (10) 31 (62) 5 (10)

5 (10) 0 (0) 2@

10 (20) - 9 (18)

114 (5.4-17.2) - 16.3 (11.6-23.2)
10.3 (5.5-12.5) - 9.7 (5.4-12.6)
6 (12) - 3 (6)

41 (82) - 40 (80)

571 (462-732) - 468 (381-644)
192 (70-260) - 129 (59-251)
40 (830) - 40 (80)

- 6.6 (2.6-12.5) 10.6 (7.5-12.5)
- 25 (50) 18 (36)

- 5.73 (5.36-6.20) 6.1 (5.65-6.64)

penetration-effectiveness score

Discussion

We conducted a comprehensive neuropsychological investi-
gation comparing HIV or HCV mono-infected and HIV-HCV
co-infected patients. Overall, 39.3 % of patients showed
minor cognitive impairment, and the prevalence was signifi-
cantly higher in HIV-HCV co-infected patients (54 %) than
in mono-infected groups, suggesting an additive role of the
two viruses in the pathogenesis of cognitive disorders. Fur-
thermore, we observed only patients with minor cognitive
impairment without interference in everyday life, probably
because we enrolled only asymptomatic patients.

It is worthy to note that our results emerged in a study
designed to control for frequent potential confounders
observed when analysing the HCV-infected population.
Indeed, we excluded patients with decompensated liver dis-
eases or cirrhosis, active psychiatric disorders, alcoholism or
drug abuse, and anti-HCV treatment in the past 6 months.
Moreover, our groups were well matched for their social
demographic status. Another strength of this study was that
only patients with active HCV replication were included.

Previous data about the pattern of cognitive dysfunc-
tions in HCV-infected patients, regardless of HIV infec-
tion, are inconsistent [12]. Our neuropsychological battery
was comprehensive in order to explore a wide range of
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cognitive abilities. According to previous studies [11, 14,
23-25], we observed that co-infected patients had worse
performance in long-term memory tasks and speed of
mental information processing (WAIS-R digit symbol)
compared to HIV or HCV mono-infected patients. It is
worthy to note that we observed significant between-groups
differences in only four neuropsychological tests. Probably,
larger neuropsychological differences could have been
highlighted by including subjects with a more severe
cognitive disorder. Moreover, we did not observe different
cognitive patterns between HIV or HCV mono-infected
patients. As a consequence, on the basis of our data, it is
not possible to formulate hypotheses about the specific
effects of HIV or HCV per se on the CNS.

Depression is a common finding in HIV or HCV mono-
infected and HIV-HCV co-infected patients, both as a
secondary phenomenon to viral infections and because
there is a high prevalence of mood disorders in the back-
ground of patients [12]. We did not observe differences
between study groups in the depression scores. Neverthe-
less, depression confirmed an independent association with
a higher risk of cognitive impairment [12, 26]. This finding
underscores the negative impact of depression on HIV-—
HCV prognosis and highlights the need for interventions
aimed at preventing or early treating mental disorders.
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Table 2 Between-groups comparisons of neuropsychological performance in each task
HIV mono-infected HCV mono-infected HIV-HCV co-infected p Value Notes
(group 1) (N =50) (group 2) (N = 50) (group 3) (N = 50)

Immediate RAVLT 43.00 (9.83) 40.58 (8.86) 37.48 (10.84) 0.022 Group 1 vs. 3, p = 0.006

Delayed RAVLT 9.2 (3.30) 8.00 (2.64) 7.50 (3.39) 0.019 Group 1 vs. 2, p = 0.049
Group 1 vs. 3, p = 0.006

Digit span (forward) 5.94 (1.25) 5.32 (0.82) 5.56 (1.24) 0.023 Group 1 vs. 2, p = 0.007

Spatial span (forward) 4.92 (1.07) 4.98 (0.85) 5.08 (1.03) 0.714

Stroop test (errors) 1.44 (2.45) 2.16 (2.87) 1.27 (1.73) 0.147

Stroop test (time) 19.86 (8.30) 20.82 (11.88) 19.42 (8.47) 0.767

Trail making test B (errors) 0.58 (1.13) 0.74 (1.08) 0.90 (1.33) 0.404

Trail making test B (time) 137.46 (65.96) 155.10 (59.07) 166.72 (109.11) 0.196

Drawings 4.40 (1.06) 4.38 (1.73) 4.67 (1.78) 0.672

Letter fluency 3490 (11.63) 28.14 (9.24) 30.39 (11.15) 0.007 Group 1 vs. 2 p = 0.002
Group 1 vs. 3 p = 0.039

WAIS-R digit symbol 8.69 (2.09) 7.78 (1.96) 7.94 (2.55) 0.095

Double barrage 0.95 (0.76) 0.97 (0.31) 0.95 (0.80) 0.360

Pegboard (dominant hand) 73.40 (19.48) 75.21 (16.29) 79.13 (17.88) 0.284

Pegboard (non-dominant hand)  79.63 (27.98) 79.01 (18.40) 83.50 (23.22) 0.603

Number of pathological tasks 2.04 (1.88) 2.54 (2.70) 3.12 (2.55) 0.083

Zung depression score 35.06 (10.89) 36.56 (10.71) 38.94 (10.06) 0.187

Raw scores for each task are expressed as mean (standard deviation). Significant p values are in bold

As expected, a higher level of education confirmed an
independent association with cognitive performance, probably
because a major “cognitive reserve” modulates the detrimental
effects of HIV or HCV diseases on cognitive abilities [27, 28].

In our study, variables related to the severity of the HIV or
HCYV infections, such as current and nadir CD4 cell count and
plasma HIV or HCV viral load, were not associated with
neuropsychological performance. One possible explanation for
this finding could be that our cohort included only asymp-
tomatic patients. Moreover, we did not observe any association
between CPE rank and cognitive abilities, probably because of
the great heterogeneity in the patients’ medical histories and
biases due to the small size of the study samples or to the cross-
sectional study design. Furthermore, suboptimal adherence,
together with possible drug resistance mutations compart-
mentalised into the CNS, could be other potential explanations
for our finding [20, 29]. Until now, studies evaluating the
relationship between CPE and cognitive performance have
reported controversial results [30]. We acknowledge that our
study can have some limitations because uncontrolled biases
can occur in cross-sectional surveys performed in routine
clinical practice. We did not control for a lower proportion of
past IDU in HIV mono-infected patients than in HCV mono-
infected or HIV-HCV co-infected groups. However, in the
current epidemiological situation, it can be very difficult to
enroll a large number of HCV-infected patients without a his-
tory of illicit drugs use. Anyway, in the multivariate analysis,
patients with HIV-HCV co-infection confirmed a higher risk

for cognitive impairment after adjusting for past IDU. Fur-
thermore, we did not collect data about sleep disorders, fatigue,
quality of life and anxiety, which are common symptoms in
HIV- and HCV-infected patients, and which might have a
negative impact on cognitive abilities [12]. Moreover, our
sample size was relatively small, thus, potentially influencing
the statistical power of the analysis and the representativeness
of the population (even if patients were consecutively enrolled
during outpatient visits). However, other studies investigating a
similar topic also enrolled a comparable number of subjects
(ranging from 64 to 264) [11, 14, 17], since, in routine clinical
practice, it could be very difficult to test larger populations with
a comprehensive neuropsychological battery.

Finally, the lack of a healthy uninfected subjects group
has prevented better exploration of whether HIV and HCV
are additive or interactive factors in the expression of
cognitive disorders. Thus, additional controlled longitudi-
nal studies are needed in order to confirm our findings and
to discriminate direct consequences of HIV and HCV on
the CNS from effects related to associated factors.

In conclusion, our study showed a higher risk of neuro-
psychological deficits in a population of HIV-HCV co-
infected patients, independent of depression, past IDU and
social demographic variables. Monitoring the cognitive status
in patients with co-morbidities and multiple risk factors for the
development of neuropsychological dysfunction could help
clinicians to early diagnose and manage cognitive impairment
in HIV- and/or HCV-infected patients.
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Table 3 Factors associated with cognitive impairment

Univariate analysis

Multivariate analysis

OR (95 % CI) p Value OR (95 % CI) p Value

Variables explored in the total population

Sex (male vs. female) 0.86 (0.42-1.77) 0.688

Age 1.01 (0.97-1.06) 0.544 -

Education (per 1 year more) 0.78 (0.69-0.89) <0.001 0.78 (0.68-0.89) <0.001

Past injection drug users 2.10 (1.07-4.12) 0.030 0.83 (0.32-2.14) 0.698

Zung depression scale (per 1 point more) 1.054 (1.02-1.09) 0.002 1.05 (1.01-1.08) 0.017
Groups

HIV mono-infected 1 (ref) 1 (ref)

HCV mono-infected 1.45 (0.62-3.37) 0.392 1.37 (0.51-3.66) 0.528

HIV-HCV co-infected 3.02 (1.32-6.93) 0.009 3.35 (1.07-10.52) 0.038
Variables explored in the total HIV population (groups 1 and 3)

Duration of HIV infection (per 1 year longer) 1.04 (0.98-1.10) 0.166

Time on antiretroviral therapy (per 1 year longer) 1.03 (0.93-1.13) 0.594

Past AIDS-defining events 1.79 (0.66-4.90) 0.256

HIV-RNA <50 copies/mL 1.24 (0.44-3.48) 0.683

CD4 cells count nadir 0.10 (0.1-1.00) 0.129

CD4 cells count 0.10 (0.1-1.00) 0.154

CPE rank >6 1.37 (0.49-3.81) 0.543
Variables explored in the total HCV population (groups 2 and 3)

Duration of HCV infection 1.07 (0.98-1.16) 0.124

HCV-RNA (log;oUI/L) 1.255 (0.88-1.78) 0.205
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