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Neurocognitive Functions in Patients
with Comorbid Hepatitis C and Opioid
Dependence: A Comparative Study
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ABSTRACT

Background: Hepatitis C virus (HCV)
infection is commonly comorbid with
opioid dependence (0D). We wanted to
compare the neurocognitive functions of
0D subjects with or without HCV [HCV (+),
HCV (-)] and healthy contrals (HC).

Methods: \We recruited 40 adult subjects
(age 18-55 years) in each group. HCV (+)
group had a detectable viral load. Subjects
with HIV or hepatitis B infection, head
injury, epilepsy, or comorbid mental illness
were excluded. We administered Standard
Progressive Matrices (SPM), Wisconsin
Card Sorting Test, lowa Gambling Task
(IGT), trail-making tests A and B, and
verbal and visual N-back tests (NBT) one
week after opioid abstinence. The group
differences in cognitive performance were
adjusted for age and years of education.
Effect size (ES) is expressed as Cohen’s D.

Results: The HCV(+) and HCV(-) groups did
not differ in potential effect modifiers (age
and years of education) or confounders
(age of opioid initiation, duration of use,
dependence severity, tobacco use, and

cannabis use) of neuropsychological
functioning. HCV(+) showed significantly
poorer performance than HCV(-) in SPM
(P =0.006; ES = 0.72). Both HCV (+) and
HCV(-) performed worse than controls in
IGT(P < 0.001; ES = 0.8) and visual NBT[P
< 0.01and ES > 1 for total errors]; HCV (+)
had a larger ES of group difference than
HCV(-). HCV(+) had higher error scores in
verbal NBT than control.

Conclusion: HCV(+) has poorer general
intellectual ability and reasoning than
HCV(-) persons and controls. Chronic HCV
infection causes a higher magnitude of
dysfunction in decision-making and visual
working memory in opioid-dependent
individuals.

Keywords: Hepatitis C, neurocognition,
opioid dependence

Key Messages: Opioid-dependent patients
with or without comorbid HCV infection
have a widespread cognitive impairment.
Opioid-dependent patients with HCV
infection had poorer general intelligence,
decision making, and visual working
memory.

f Persons Who Inject Drugs

(PWID), 50%-80% are seropositive

with hepatitis C virus (HCV).»> A
substantial majority of PWID use opioids.!
The prevalence of HCV in non-injection
drug users (NIDU), of which a majority are
opioid users, is also higher than that of the
general population.:

Heavy opioid use is associated with
dysfunctions in executive decision-mak-
ing, attention span, concentration,
vigilance, recall, visuospatial skills, reac-
tion times, and psychomotor speed.t
Cognitive impairments in domains of
impulsivity, cognitive flexibility, and
memory were also observed in patients
on treatment for opioid dependence
(OD).s As the cognitive dysfunction is
more severe in the untreated group,
impairments may improve with treat-
ment and abstinence.®%%9

Clinical and subclinical neurocogni-
tive impairment has also been observed
in up to 50% of patients with chronic
hepatitis.”° The impairments are more in
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patients with cirrhosis. Immunological
mechanisms and altered gut microbiota
may play a role in the pathogenesis.">
The affected cognitive domains include
attention, concentration, learning, cog-
nitive flexibility, processing speed, and
executive function.+ The cognitive
impairment negatively impacts function-
ality, quality of life, treatment adherence,
and treatment outcome.

Pathophysiology of cognitive dysfunc-
tions in HCV infection involves both
direct viral invasion and perivascular
inflammation and the indirect effects of
neuro-inflammation, bile acid modifica-
tions, changed microbiome, and systemic
inflammation.® The cognitive effects
of opioids are likely to result from their
direct action on the mu-opioid receptors
in limbic and cortical areas.” The distinc-
tive mechanisms raise the possibility of
a synergistic or additive effect of OD and
chronic HCV infection on neuropsycho-
logical functions.® Additional evidence
is seen when treatment of HCV improves
cognitive function after achieving sus-
tained virological response.®

Despite the high co-occurrence, sig-
nificant evidence of involvement of
cognitive functions in both disorders,
and potential clinical implications,
neuropsychological functioning in indi-
viduals with comorbid OD and HCV has
not been studied.

Our study aims to compare the per-
formance of three groups, that is,
individuals with OD with hepatitis C
[HCV(+)], individuals with OD without
hepatitis C [HCV(-)], and healthy control
(HC) on a battery of neuropsychological
tests. We hypothesized that individuals
with OD with HCV would have a poorer
neuropsychological function in one or
more cognitive domains than individ-
uals without HCV and that both the
groups would have a worse neurocog-
nitive function in one or more domains
than the HCs.

Methods

This cross-sectional comparative study
was approved by the PGIMER (Intra-
mural) Chandigarh Institutional Ethics
Committee.

Setting

The sample was recruited from a tertiary
care addiction treatment center in the

northern part of India. The treatment
team consists of qualified psychiatrists
and addiction psychiatry specialists who
perform detailed workups and diagnose
cases according to the International
Classification of Diseases 10oth revision
(ICD 10). Our clinic has a linkage service
with the hepatology clinic of our tertiary
care hospital.

Participants

The study sample consisted of 40 sub-
jects in each of the three groups: HCV(+),
HCV(-), and HC. The control group con-
sisted of non-blood-related family and
friends accompanying patients to the
treatment center. The period of recruit-
ment was between March 2017 and
December 2019. We had to use nonran-
dom sampling because: (a) To include
patients with OD; we excluded patients
with other comorbid substance use dis-
orders, except tobacco and cannabis.
The latest data from our center showed
that the prevalence of polysubstance
use disorder was >13% in 2008 and that
it had an increasing trend in the last
three decades.> (b) We wanted to include
patients with a definitive diagnosis of
being HCV seropositive (by ELISA and
viral loads). A large proportion (60%) of
our patients drop out within a month of
their first consultation; these test reports
would not be available for them* and
these essential selection criteria would
not have been met for a large number of
patients.

Selection Criteria

A qualified psychiatrist diagnosed OD
as per ICD 10. The recruited partici-
pants were within the age range of
18-55 years and from both sexes. The
diagnosis of OD, any other substance
dependence, and/or any other psychi-
atric illness was confirmed by the Mini
International Neuropsychiatric Inter-
view (MINI).>> The HCV(+) group was
screened positive for anti-HCV antibody
and had a detectable viral load in the
blood sample. Patients were enrolled if
they were treatment naive and did not
receive any treatment for HCV infection
till the completion of the administra-
tion of neuropsychiatric battery, which
was performed in a single sitting (it took
around one and a half hours). They must
not have had liver cirrhosis, documented

by clinical examination and fibroscan or
abdominal ultrasound. The HCV(-) and
HC groups were screened negative for
anti-HCV antibodies. The study groups
did not have any other substance use dis-
orders (except for cannabis and tobacco
in the OD groups), HIV, head injury, epi-
lepsy, major depressive episode, or severe
mental illness. The participants were
abstinent from illicit drugs for at least
one week. They did not have any active
opioid withdrawal symptoms (Clini-
cal Opiate Withdrawal Scale [COWS]
score of <6) at the time of assessment.
Urine chromatographic immunoassay
was done to screen for recent use of illicit
opioids. We had to exclude 12 partici-
pants because of these criteria.

Sample Size Calculation

We set the alpha value at o0.05. The
amount of variance in cognitive impul-
sivity (dependent variables) attributed to
the group effect (independent variable)
was adjudged to be o.70. This effect esti-
mate was derived from a meta-analysis of
studies comparing the neuropsychologi-
cal functioning of chronic heavy opioid
users and controls.> It was seen that
a minimum of 40 subjects would be
required in each group (a total of 120 sub-
jects) to have 80% power (beta 0.2).

Assessments
Demographic Information

Questions were designed to collect
data regarding age, years of education,
income, and other related demographic
variables.

Clinical Information

A clinical information sheet was spe-
cially devised for this study. The data
included age of first use of opioids, dura-
tion of use, duration of dependence, and
predominant type of opioid use. The
severity of OD was assessed by the Sever-
ity of Opioid Dependence questionnaire
(SODQ).> COWS was used to assess the
severity of withdrawal symptoms.> Mea-
surement of viral load, liver function test,
ultrasound abdomen, and liver fibroscan
were planned for the HCV (+) group.

Neuropsychological Assessments

Standard Progressive Matrices: We used the
original version of Raven’s Progressive
Matrices (SPM).>** Based on inductive
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and deductive reasoning, SPM esti-
mates fluid intelligence. It is unlikely to
be affected by existing knowledge and
years of formal education. In sum, SPM
would assess the general factor of intel-
ligence.

Towa Gambling Task (IGT): It is a com-
puterized task to assess the cognitive
domain of decision-making. It can
assess cognitive impulsivity or risk-tak-
ing behavior and decision-making. The
parameters we used were net score
obtained and total money earned. The
net score is determined by the difference
in the number of cards chosen from the
advantageous versus the disadvanta-
geous decks.?”

Wisconsin Card Sorting Test (WCST): We used
the computerized version of the 64-item
WCST to determine cognitive flexibility,
working memory,attention,and executive
function. The total errors and persevera-
tive errors were used to measure cognitive
flexibility. We measured the nonpersever-
ative error to assess the ability to avoid
distraction (sustained attention). The
percentage of conceptual-level responses
determinedconceptualthinkingorexecutive
function.

TABLE1.

N Back tests: Paper versions of verbal and
visual 2 back tests were administered
to assess the verbal and visual working
memory and response inhibition.
Commission errors were calculated to
determine impulsivity. We recorded the
accuracy of responses, which is sugges-
tive of working memory and executive
control. Omission errors were also mea-
sured for both tasks. The reason for
assessing both omission and commis-
sion errors was that they tap different
aspects of working memory.>

Trail Making A and Trail Making B tests
(TMT): TMTs are developed to assess
attention, visual search, scanning,
set-shifting, psychomotor speed, and
flexibility. We measured the time taken
to complete the TMT A and TMT B as
variables of interest.*

Table 1 summarizes all the neurocog-
nitive tests.

Procedure

Written informed consent was obtained
from all the participants. MINI was used to
confirm the diagnosis of OD and screen for
major depressive episodes, severe mental
illness, and other substance dependence.

Description of the Neurocognitive Tests.

Our clinic has a linkage service with
the hepatology clinic of our tertiary
care hospital. All patients with opioid
use disorders (with a history of injection
drug use) are screened for anti-HCV anti-
bodies, HIV, and hepatitis B as a routine
clinical practice. Patients screened
positive are linked to hepatology or
antiretroviral (ART) clinic services for
further medical care for those infec-
tions. Subjects with a positive anti-HCV
antibody were tested for viral loads
and other clinical parameters pertain-
ing to hepatitis C. All participants were
started on a buprenorphine-naloxone
fixed-dose combination. The neurocog-
nitive assessments were done after a
minimum of seven days of abstinence
from illicit opioids and at least three to
four days after confirmation of HCV
diagnosis. A psychiatrist performed the
clinical evaluation in a single sitting.
Cognitive  assessments were con-
ducted by a clinical psychologist (with
a PhD in Clinical Psychology), who was
unaware of the group allocation. Par-
ticipants were not provided with any
compensation or incentives for study
participation. See Figure 1 for a detailed
study flow.

Test Description

Time Taken/ Scoring

Function

WCST

4 stimulus cards with 2 decks with 64 cards each.
Tests the ability to develop and maintain an appropri-
ate problem-solving strategy

Computerized version conceptual
responses, error scores
Around 30 minutes

Set shifting, working
memory, executive function

Verbal N-back test

1 back- verbal storage and rehearsal. 2 back- verbal
storage, rehearsal, manipulation of information

Visual N-back test

Visuospatial storage, rehearsal, and manipulation of
information

Paper and pencil version

Around 15 minutes

Verbal working memory

Visuospatial working
memory

T™MT 2 parts. A & B. Part A—numbers 1-25 randomly spread |Paper and pencil version Mental and psychomotor speed
across a sheet of paper are to be connected in order
1-25 with speed. Part B—More complex. numbers and | Scoring is done on the basis of time
letters are to used in seconds and number of the
be connected in an alternating pattern (1-A-2-B-3-C, |mistake made
etc.) Administration time around 20
minutes
IGT There were 4 decks of cards (A, B, C,and D). Decks A | Computerized version Decision making (in presence
and B are disadvantageous in the long run because | Scores the total money earned and | of multiple choices with various
they cost the most in the long run, while decks Cand | net total score levels of stakes involved)
D are advantageous because they result in an overall
gain in the long run.
SPM Many patterns are presented in the form of a 6x6, Paper and pencil version Intelligence, abstract reasoning

4x4,3x3, or 2x2 matrix. All of the questions consist
of visual geometric design with a missing piece. The
test taker is given six to eight choices to pick from
before filling in the missing piece.

Time around 20 minutes

WOCST: Wisconsin Card Sorting Test, TMT: Trail Making Test, IGT: lowa Gambling Test, SPM: standard progressive matrices.
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FIGURE 1.

Study Flow Diagram.

Number of new patients registered in the OST
between March 2017 and December 2019: 253

Number of patients
approached: 175

l Early drop out (within first 2 weeks): 78

Anti-HCV antib

/' \

ody testing could not be

done: 49
Number of Anti HCV Number of Anti HCV
antibody positive antibody  negative
patients: 47 patients: 79
Number excluded: 7 Number excluded: 39
Exclusion criteria*: 5 Exclusion criteria*: 32
Denial of consent: 2 Denial of consent: 7
Number of HCV Number of Number of HCV
positive patients Healthy controls negative patients
recruited: 40 recruited: 40 recruited: 40
- ] u

Socio-demographic, clinical and
Cognitive function assessment

}

Between-group comparison

OST: Opioid Substitution Therapy, HCV: Hepatitis C virus. *Other substance use (except cannabis

and tobacco), HIV, head injury, epilepsy, severe mental illness, liver cirrhosis.

Statistical Analysis

Demographic and clinical variables are
represented using descriptive statistics.
We used independent sample t-tests and
analysis of variance (ANOVA) to compare
the demographic and clinical variables
between the patient groups and between
patients and controls, respectively. Com-
parison of the neurocognitive domains
(dependent variable) of all the three sepa-
rate groups (fixed factors) of participants
was performed with the general linear
model. We entered the age and years of
education as covariates because these
characteristics  differed significantly
between the groups. Levene’s test of
equality was used to test for the homoge-
neity of variance of age across the groups.

Pairwise comparisons were performed
with the Bonferroni procedure. Finally,
we adjusted the significance level by
Benjamini-Hochberg correction, to min-
imize the alpha error. The effect size (ES)
is expressed as Cohen’s D, and the cut-off
values were 0.2, 0.5, and 0.8 for small,
medium, and large ESs, respectively.
Statistical Package for Social Sciences,
14th version (SPSS 14) was used for data
analysis.®

Results

A total of 40 OD patients, each with
HCV(+) and without HCV(-) and 40 HC
were enrolled, and their demographic,
clinical, and cognitive functions were
compared.

Demographic
Characteristics

Mean age of HCV(+) and HCV(-)
groups was significantly lower than
that of the HC group (P < o.001 and P
= 0.005, respectively). Mean years of
education in the HC group was signifi-
cantly higher than in the HCV(+) and
HCV(-) groups (P = 0.005 and P < 0.001,
respectively).

Clinical Characteristics of
HCV(+) and HCV(-) Groups

We did not find any group differ-
ences in the age of onset of opioid
use, duration of opioid use or depen-
dence, or SODQ scores. Heroin was the
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TABLE 2.

Comparison of Sociodemographic and Clinical Characteristics.

HCV(+) HCV(-) HC [mean+SD/n t/F/ y2
Parameters [mean+SD/n (%)] [mean+SD/n (%)] (%)] Value df p
Sociodemographic variables
Age (years) 25.2+4.4.% 26.4+5.5%* 30.426.4 9.8 2 <0.001
Years of education 11+2.5% 12.2+2.3% 14.9+3.1 22.8 2 <0.001
Marital status Married 7 (17.5) 13 (32.5) 20 (50) 9.5 3 0.01
Not married 33 (82.5) 27 (67.5) 20 (50)
Occupation Employed 28 (70) 28 (70) 39 (g7.5) 12.2 3 <0.001
Unemployed 12 (30) 12 (30) 1(2.5)
Religion Sikh 23 (57.5) 1 (27,5) 8 (20) 141 4 0.006
Hindu 16 (40) 28 (10) 30 (50)
Others 1(2.5) 1(2.5) 2 (5)
Locality Urban 23 (57.5) 30 (75) 32 (80) 5.4 2 0.07
Rural 17 (42.5) 10 (25) 8 (20)
Family Nuclear 28 (70) 25 (62.5) 22 (55) 1.9 2 0.38
Joint/ Extended 12 (30) 15 (37.5) 18 (45)
Clinical variables
Age at first use (yrs) 18.9+3.4 19.6+4.4 NOT APPLICABLE 0.86 78 0.39
Duration of use (mths) 74.2%49.2 85+5g.1 0.88 78 0.38
Duration of Dependence (mths) 61.9+48.7 70.2+53 0.73 78 0.47
Dose of buprenorphine (mg) 5.8+3.1 4.9+2.9 1.3 78 0.17
S0DQ 39+g 39+10 0.03 78 0.97
Type of opioid Heroin 38 (gs5) 35 (87.5) 21 1 0.72
Others 2 () 5 (12.5)
Mode of use I\ 29 (72.5) 24 (60) 4.08 1 0.25
Others 11 (27.5) 16 (40)
Any other substance Yes 12 (30) 13 (32.5) 0.08 1 0.77
dependence No 28 (70) 27 (67.5)

HCV(+): opioid dependence and active hepatitis C infection, HCV(-): opioid dependence without hepatitis C infection, HC: healthy control, SD: standard deviation, SODQ:
Severity of Opioid Dependence questionnaire, IV: intravenous; df: degree of freedom, y2: chi-square test, P: level of significance. *P value significant with respect to HC group

on post hoc test. Bold values are F values.

predominantly used opioid, and the
intravenous route was the commonest
mode in both groups (Table 2).

HCV-Related Variables in
the HCV (+) Group

HCV viral load was determined in all 40
HCV(+) participants, but the other tests
were performed on fewer participants.
The mean viral load was around 12x5 log
copies/ml (SD = 25 lakh, range = 6.7x10°
to 8.1x10° copies/ml). The Alanine Ami-
notransferase (ALT) level was available
for 35 patients. The mean ALT level was
65.5 IU/L (range 15-195 IU/L; SD = 53.2).
Liver stiffness measure of 17 patients was
recorded (mean: 6 KPa; SD = 1.7; range:
3.6—9 KPa).

150

Pairwise Comparison of
Neurocognitive Function
Between the Three Groups

We compared the neurocognitive per-
formance across the three groups after
controlling for age and years of educa-
tion.

Standard Progressive Matrices

The SPM IQ in HCV(+) patients was sig-
nificantly lower in comparison to the
HCV(-) (P = 0.006; ES = 0.72) and HC (P
= 0.004; ES = 1.14), with moderate and
large ES, respectively.

Wisconsin Card Sorting Test

Total correct and conceptual-level
responses were higher in HC than the
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other groups. Moreover, the total error,
perseverative and non-perseverative
errors were lower in HC than the other
groups. However, theintergroup compar-
ison revealed no significant differences
in the scores of various parameters in the
WCST.

lowa Gambling Task

The net total score of HCV(+) patients
was significantly lower than that of HC,
with alarge ES (P < 0.001; ES = 0.82). The
net total score of HCV(-) patients was
significantly lower than that of HC, with
a moderate ES (P < 0.001; ES = 0.78). The
total money earned by HCV(+) patients
was significantly lower than that of HC,
with a moderate ES (P = 0.001; ES = 0.62).
Total money earned by HCV(-) patients
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was also significantly lower than that of
HC, with a moderate ES (P = 0.002; ES =
0.58). The net total score and total money
earned by HCV(+) patients were lower
than those in HCV(-) patients, but the
differences were not significant.

Trail-Making A and Trail-Making B

HCV(-) patients took a longer time to
complete TMT A than HC, with a large
ES (P < 0.001; ES = 0.91). There were no
significant intergroup differences in the
time taken to complete the TMT B test.

Verbal Working Memory 1 Back Test

Mean total correct response was the
lowest, and omission, commission, and
total errors (of omission and commis-
sion) were the highest, in the HCV(+)
group. When compared with the other
groups, none of the differences attained
statistical significance.

Verbal Working Memory 2 Back Test

HCV(+) patients had significantly fewer
correct responses than HC. ES of the
group difference was large (P = o0.01; ES
= 0.9). HCV(+) patients committed more
omission errors than HC (P = 0.008; ES =
0.74). The mean number of commission
errors showed a similar trend, although
none of the intergroup comparisons
reached statistical significance. HCV(+)
subjects had more total error scores than
HC (P = 0.01; ES = 0.9).

Visual Working Memory 1 Back Test

HCV(-) and HCV(+) groups had fewer
correct responses than HC (P = o.01 and
<0.001; ES = 0.23 and 0.34, respectively).
HCV(-) and HCV(+) groups committed
more omission errors than HC (P = 0.007
and <o0.001; ES = 1.26 and 1.52, respec-
tively). HCV(+) group produced more
commission errors than HC (P = 0.001;
ES = 1.19). Mean number of total errors
(omission and commission) was highest
in the HCV(+) group, followed by the
HCV(-) and HC. Pairwise comparisons
showed significant group differences.

Visual Working Memory 2 Back Test

HCV(+) and HCV(-) groups produced
fewer correct responses than HC (P <
0.001). Similar group differences were
also observed in omission errors. HCV(-)
group produced more omission errors
than HC (P = 0.01; ES = 0.82). The total
error scores were significantly higher

in both the patient groups than in HC
(Table 3).

Discussion

There was no published literature
comparing the neuropsychological func-
tioning of opioid-dependent patients
with or without HCV infection. We have
demonstrated the neurocognitive effects
of chronic heavy opioid use by including
HC subjects as a comparison group. The
cognitive functions were assessed after
at least seven days of abstinence from
opioids to minimize the acute effects
of the drugs or the withdrawal symp-
toms on neurocognitive functions.*®
We studied a wide range of cognitive
functions: decision-making, cognitive
impulsivity, cognitive flexibility, concep-
tual thinking, attention, and working
memory. We controlled for age and years
of education, which are effect modifiers
for neuropsychological performance.s>3
We dealt with potential confounders
by excluding subjects with comorbid
drug or alcohol use disorders (except for
tobacco and cannabis), psychiatric dis-
orders, epilepsy, and head injury. Other
confounders that might influence cog-
nitive functions in patients with OD,
such as the severity of OD, the severity
of opioid withdrawal, age of initiation,
duration of opioid use and dependence,
and the frequency of comorbid tobacco
or cannabis use disorders, were also
assessed.s We used Benjamini-Hoch-
berg’s correction to address the possible
inflation of alpha value owing to multi-
ple pairwise comparisons. The clinical
psychologist who applied the neuropsy-
chological battery was not aware of the
group of the participants; hence, we
might have minimized the risk of assess-
ment-related bias.

The HCV(+)and HCV(-) groups did not
differ with regard to potential effect mod-
ifiers (e.g., age and years of education)
and confounders (e.g., age of initiation
of opioid use, duration of use, severity
of dependence, comorbid tobacco and
cannabis use) of neuropsychological
functioning. Hence, the differences in
the performance of the neuropsycholog-
ical tests could be associated with the
active and untreated HCV infection.

Direct comparison of the HCV(+) and
HCV(-) groups revealed a significantly
poorer performance of the HCV(+)

subjects in SPM, suggestive of greater
impairment in general intellectual
ability and abstract reasoning. Moreover,
SPM scores were significantly lower in
the HCV(+) than HC. The magnitude of
impairment (assessed by ES) was greater
in HCV(+) vs HC than in HCV(+) vs
HCV(-). However, there was no differ-
ence in SPM scores between HCV(-) and
HC. These findings indicate that impair-
ment in global intellectual functioning
is unlikely to be attributed to chronic
opioid use and is more likely to have
resulted from HCV infection. HCV can
cross the blood-brain barrier, infect the
microglial cells, and consequently have a
direct toxic effect on the brain or indirect
effect due to neuro-inflammation.343
This synergistic or additive effect of HCV
over and above chronic opioid use might
explain the additional impairment in
intellectual functioning. The presence
of depression can also adversely affect
cognitive functions in HCV(+) subjects;
however, we excluded major depres-
sive episodes in our sample. Our results
reiterate that HCV independently con-
tributes to cognitive dysfunctions, in line
with the previous literature.3

Both HCV(+) and HCV(-) subjects
performed significantly poorer than
HC in IGT and NBT for visual working
memory, suggesting overlapping cog-
nitive dysfunctions in the domains of
cognitive impulsivity, decision-making,
and visual working memory. Similar
cognitive impairment has been reported
among HCV patients (with or without
substance use disorders).?3® Previous
meta-analysis and reviews showed that
patients with OD have a widespread
cognitive impairment that affects atten-
tion, working memory, impulsivity, and
decision-making.>»* The magnitude
of impairment (measured by ES) was
numerically higher in the HCV(+) than
the HCV(-) group. This finding was con-
sistently present across all parameters
of IGT and NBT, supporting the reliabil-
ity of the results. The higher degree of
impairment in the HCV(+) could be due
to the adverse synergistic effect of HCV
on brain function, as mentioned above.
The HCV(+) subjects committed more
errors in the verbal N-2 back test (ver-
bal-NBT) than the control, indicating a
verbal working memory dysfunction.
Although the HCV(-) group performed
poorer than HC and better than HCV(+),
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these differences were statistically non-
significant. Nevertheless, the trend of
higher to lower cognitive dysfunction
from the HCV(+) and HCV(-) to HC was
also seen for verbal working memory.

Finally, HCV(-) required significantly
more time than HC to complete TMT-A,
reflecting poorer attention and working
memory. This impairment is likely an
effect of chronic heavy opioid use.» It
was interesting to note that HCV(+) did
not differ significantly from HC and that
the usual trend of cognitive dysfunction
was not observed in TMT-A. Except for
general intellectual functioning, HCV(+)
and HCV(-) did not differ significantly
in any other cognitive domains. This
null finding could be explained by the
fact that both HCV(+) and HCV(-) had
severe OD (as assessed by the SODQ)+
and, consequently, had higher cognitive
dysfunctions. Our study was not ade-
quately powered to detect smaller group
differences. Nevertheless, the degree of
impairment compared to HC was more
in HCV(+) than in the HCV(-).

Our results should be read in light
of the following caveats: (a) We did not
consider the emotional reaction of the
participants after knowing their HCV
status and its possible effect on their
motivation to participate in the study
and their performance in the tests.
Although the knowledge of contracting
the infection may affect motivation and
performance, we consider the possibil-
ity to be narrow, as many of the subjects
were already aware of their HCV status
before entering treatment. For the rest
of the patients, the neurocognitive tests
were applied after 3-4 days of confir-
mation of their HCV seropositivity.
During this period, we counseled them
on hepatitis C, treatment options, and
prognosis. This should have allayed
participants’ anxiety. (b) Our sample
did not have females. This was not due
to the design of the study but reflective
of the very low prevalence of opioid use
(4% in men vs 0.2% in women) and low
treatment-seeking behavior of women in
India.>># However, we consider this as a
major limitation for the generalizability
of our results. (c) Ours was a cross-sec-
tional comparison of different groups
of subjects; hence, causal inference
between HCV and neurocognitive dys-
function should not be drawn. (d) Our

study may not be adequately powered
to detect smaller difference between the
HCV(+) and HCV(-) groups; we did not
study the relationship between various
HCV parameters (e.g. viral count, levels
of ALT, level of liver fibrosis) and scores
in cognitive tests because these parame-
ters were available for only 30 subjects;
hence, any statistical analysis in this
sample would have been underpowered.
(e) Most participants were heroin users;
therefore, the results may not hold true
for other forms of opioid use. (e) And if
we had a group with HCV (without OD),
we could have demonstrated the gra-
dient of cognitive impairment among
those with comorbid HCV and OD, only
OD, only HCV, and HC.

Our study showed that opioid-depen-
dent subjects with HCV have poorer
general intellectual ability and abstract
reasoning than subjects without HCV
and HC. Although the opioid-depen-
dent groups with or without HCV both
performed poorly in decision-making
and visual working memory tasks, the
magnitude of dysfunction was higher
in subjects with HCV. Moreover, the
impairment in verbal working memory
was seen only in HCV-positive sub-
jects. These findings suggest greater
neurocognitive impairment in comor-
bid OD and HCYV infected patients. The
untreated cognitive impairment may
adversely affect treatment adherence and
outcome.*

Future research should ascertain the
reversal of such impairment after suc-
cessful treatment with directly acting
antivirals under India’s national program
wherein all oral antiviral therapy (Sofos-
buvir plus NSsA inhibitor) is made
available free of charge to the patient at
alocal government hospital. The linkage
of opioid agonist treatment centers and
HCV therapy will augment the improve-
ment in neurocognitive impairment due
to concurrent HCV infection and sub-
stance abuse, improving quality of life
and health outcomes.* Future studies
should also test the association between
HCV parameters and cognitive functions
in a larger sample and a longitudinal
design to ascertain the potential causal
association between HCV infection and
neurocognitive dysfunctions in patients
with OD. Studies should also investigate
the effect of neurocognitive dysfunctions

on functional and treatment outcomes
among opioid-dependent patients with
HCV.
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