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ABSTRACT. Objective: Alcohol consumption dramatically increases 
the risk of liver damage among those with hepatitis C virus (HCV) 
infection, yet the impact of HCV status disclosure and standard informa-
tional counseling on alcohol use among rural drug users remains poorly 
understood. Method: In this prospective study, 503 rural Appalachian 
drug users were recruited using respondent-driven sampling. Participants 
were tested for HCV antibodies, and data on sociodemographic charac-
teristics, lifetime and past-30-day drug and alcohol use, and psychiatric 
disorders were collected by interviewer-administered questionnaires. A 
total of 470 participants returned after 6 months for follow-up; however, 
4 of those had no history of alcohol use, thus leaving a fi nal sample size 
of 466. Multivariate negative binomial regression was used to determine 
the effect of disclosure of HCV status and posttest counseling on alcohol 
consumption at follow-up. Results: Despite an overall decrease in drink-

ing frequency in the cohort, those who were HCV-positive were drinking 
at a frequency similar to their HCV-negative counterparts at follow-up, 
despite posttest counseling informing them of the risks of alcohol use 
with an HCV diagnosis (adjusted incidence rate ratio = 1.07, 95% CI 
[0.72, 1.61]). Signifi cant predictors of increased days of alcohol use 
after 6 months included baseline alcohol use, baseline marijuana use, 
and meeting the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition, criteria for antisocial personality disorder. Those using 
OxyContin at baseline had signifi cantly fewer days of alcohol use at 
follow-up. Conclusions: HCV status disclosure and standard informa-
tional counseling alone do not curtail drinking among HCV-positive drug 
users in the rural setting. Targeted interventions with regard to alcohol 
use are warranted in order to mitigate the damage of the HCV epidemic. 
(J. Stud. Alcohol Drugs, 74, 386–395, 2013)
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THE CONTINUED SPREAD OF HEPATITIS C VIRUS 
(HCV) poses a major global health problem, with ap-

proximately 180 million individuals chronically infected 
worldwide (Shepard et al., 2005). More than 3 million indi-
viduals are infected with HCV in the United States (Arm-
strong et al., 2006), where the virus is the most common 
cause of liver transplantations in cases of end-stage cirrhosis 
and hepatocellular carcinoma (HCC; National Institutes of 
Health [NIH], 2002). In part because the virus lacks direct 
cytopathic effects, 60%–85% of acute infections with HCV 
progress to chronic disease, and of these chronic cases up to 
20% will develop cirrhosis over a 20-year period, conferring 
a greatly increased risk of HCC (NIH, 2002). It has been 
estimated that 27% of cirrhosis cases and 25% of HCC cases 
worldwide can be attributed to HCV (Alter, 2007).
 HCV infection is especially common among injection 
drug users (IDUs), with prevalence rates greater than 50% 
found in 49 countries (Aceijas and Rhodes, 2007). Meta-
analysis of 1,125 studies revealed an estimated 10 million 

(range: 6 million–15.2 million) IDUs infected worldwide, 
with China, the United States, and Russia hosting the three 
largest populations of HCV-positive drug injectors (Nelson 
et al., 2011). Furthermore, injection drug use is not uncom-
mon in certain rural areas, and self-reported HCV prevalence 
among rural IDUs in eastern Kentucky was found to be 
elevated relative to non-IDUs, just as it is in urban centers 
(Havens et al., 2007). In fact, a recent study among rural 
drug users found the prevalence of HCV antibodies in 392 
rural IDUs to be 54.6% (Havens et al., 2013), strikingly 
higher than the estimated prevalence of 1.6% for the U.S. 
population as a whole (Armstrong et al., 2006). Among the 
HCV-seropositive participants, only 31.2% were aware of 
their status (Havens et al., 2013). Although the presence of 
antibodies does not always imply ongoing infection, several 
studies have found the risk of developing chronic disease 
following exposure to HCV to be substantially elevated in 
both injecting and noninjecting drug users relative to nonus-
ers (Grebely et al., 2007; Page et al., 2009; Poustchi et al., 
2011). Moreover, as a single-stranded RNA virus character-
ized by error-prone replication, HCV fails to generate an 
effective memory-cell response (NIH, 2002). Thus, an effec-
tive vaccine remains elusive, and re-infection among high-
risk groups such as IDUs has been found to be signifi cantly 
elevated in several studies (Aitken et al., 2008; Micallef et 
al., 2007; van de Laar et al., 2009).
 A broad consensus implicates alcohol consumption as a 
major contributor to hepatic fi brosis, accelerated cirrhosis, 
and increased incidence of HCC among HCV-positive in-
dividuals. In two independent studies, greater than 37% of 
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young IDUs engaged in heavy or problem drinking (Camp-
bell et al., 2006; Hahn et al., 2008), a troubling association 
given that alcohol increases the risk of initial HCV exposure 
progressing to chronic disease (Piasecki et al., 2004; Thomas 
et al., 2000). This is especially pertinent among IDUs, who 
already face elevated risk of chronic HCV infection. Alcohol 
exerts synergistic effects on HCV replication (McCartney 
and Beard, 2010; Seronello et al., 2010), with clear multi-
plication of liver disease risk at moderate (<80 g of ethanol/
day) to heavy (>80 g/day) levels of drinking (Donato et 
al., 1997; Wiley et al., 1998). This notion was reiterated by 
Tagger and colleagues (1999) in a case–control study of 
risk factors for HCC among those infected with hepatitis 
B virus and HCV, with a dose-dependent increase in risk 
of HCC associated with increasing levels of alcohol intake. 
Although the risks of light drinking among those chronically 
infected with HCV remain somewhat controversial (Khan et 
al., 1998; Monto et al., 2004; Sachithanandan et al., 1997), 
some researchers report signifi cant interactive effects with 
regard to viremia and progression of hepatic fi brosis, even 
at light to moderate levels of alcohol intake (Pessione et al., 
1998; Westin et al., 2002).
 Unfortunately, conventional pharmacological treatment 
is only marginally effective for HCV genotype 1, the most 
common subtype in the United States including rural Ap-
palachian Kentucky (Young et al., 2012), with a sustained 
virological response rate less than 51% after 48 weeks of 
conventional pegylated interferon/ribavirin treatment (Craxi 
and Licata, 2003) and considerable risk for severe hemato-
logical and neuropsychiatric adverse effects (NIH, 2002). 
Recently developed direct-acting antivirals such as telaprevir 
and boceprevir have demonstrated greatly improved out-
comes among individuals infected with genotype 1 (Dore et 
al., 2011). However, like ribavirin and pegylated interferon, 
these drugs are costly and likely to be inaccessible to a sub-
stantial portion of IDUs. Perhaps most importantly, chronic 
infection with HCV genotype 1 has also been shown to 
confer a heightened risk of cirrhosis and HCC (Ripoli and 
Pazienza, 2011). In economically depressed rural areas such 
as Appalachia, these issues are likely to be compounded 
further because access to screening for blood-borne infec-
tions such as HCV, medical care for HCV, drug dependence 
treatment, and IDU harm-reduction programs are typically 
limited (Edeh and Spalding, 2008; Reif et al., 2005; Zhang 
et al., 2008). Clearly, the need remains for an effective and 
pragmatic means to prevent liver damage, cirrhosis, and 
potential HCC among people who are HCV-seropositive, 
particularly with regard to IDUs living in medically under-
served areas.
 Despite these issues, few studies have addressed changes 
in alcohol consumption following HCV diagnosis and stan-
dard posttest counseling, especially in rural populations. Of 
the few studies that do exist, most reveal mixed responses 
following HCV diagnosis. One study found a range of 

outcomes from complete abstinence to continued heavy 
drinking, with no signifi cant trend toward reduction overall 
(Ompad et al., 2002). By contrast, HCV-positive opiate us-
ers in treatment were found to signifi cantly decrease their 
alcohol intake relative to their HCV-negative counterparts, 
but this study looked specifi cally at a targeted intervention 
focused on harm-reduction behaviors rather than diagnosis 
and informational counseling alone (McCusker, 2001). 
Scognamiglio and colleagues (2007) reported that 74.5% of 
drinkers reduced or eliminated alcohol intake upon diagnosis 
of hepatitis C infection. However, this sample was drawn 
from three outpatient urban centers and was not specifi c to 
drug users or rural residents with limited access to medical 
care. Another study demonstrated only short-term reduc-
tions in drinking following diagnosis and informational 
counseling, with levels returning to near baseline by 6 and 
12 months, and this short-term decline was shown to be 
independent of HCV serostatus (Tsui et al., 2009).
 More recently, Drumright and colleagues (2011) com-
pared two biweekly postdiagnostic interventions conducted 
over 3 weeks in a study of young HCV-positive IDUs in 
an urban setting. Although no additional benefi t was found 
in “facilitated” educational sessions focused on HCV 
and liver health compared with “standard” postdiagnostic 
counseling, these interventions resulted in an overall 22.7% 
reduction in drinking after 6 months, but there are no data 
available beyond this time point (Drumright et al., 2011). 
Other studies of HCV-positive IDUs refl ect the uncertainty 
of lasting declines in drinking following diagnosis (Stein 
et al., 2002; Watson et al., 2007), whereas Campbell and 
colleagues (2006) found high levels of problem drinking 
despite 84% of their sample reporting awareness of the in-
creased risk of liver disease among HCV-positive individu-
als who continue to drink. Despite much research, however, 
the question has yet to be examined outside the context of 
major urban centers. Thus, the purpose of this study was 
to prospectively determine signifi cant predictors of alco-
hol use 6 months following HCV testing and counseling 
among 466 rural Appalachian drug users with and without 
antibodies to HCV.

Method

Study population

 Data were collected as part of a longitudinal study of so-
cial networks among drug users in rural Appalachia. Among 
the 503 baseline study participants recruited, all resided in 
rural Appalachian Kentucky, were at least 18 years of age, 
and had used one or more of the following drugs in the 30 
days preceding baseline interview for the purposes of getting 
high: cocaine, heroin, methamphetamines, or prescription 
opioids. All study participants received and signed informed 
consent and were compensated $50 for their time. The Uni-
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versity of Kentucky Institutional Review Board reviewed and 
approved the research protocol.

Study sample

 To examine predictors of alcohol use, data from the base-
line and 6-month follow-up interviews were used. Of the 503 
baseline participants, 470 (93.4%) returned after 6 months to 
complete the questionnaire. A further 4 participants had no 
lifetime history of alcohol use and were excluded, leaving a 
fi nal sample size of 466 for analysis. To recruit the baseline 
sample, we used respondent-driven sampling. Respondent-
driven sampling is often used to expand access to hidden 
populations such as illicit drug users, which remain largely 
unsampled with standard sampling frame techniques (Broad-
head et al., 2002; Frost et al., 2006; Heckathorn, 1997, 
2002). Respondent-driven sampling has been shown to be ef-
fective in recruiting drug users from rural populations, where 
networks of drug users can be especially diffi cult to access 
(Borders and Booth, 2011; Wang et al., 2007). To collect the 
data analyzed here, study “seeds” were recruited with fl yers 
seeking IDUs posted in public areas around a storefront loca-
tion in rural eastern Kentucky. These initial respondents were 
screened for eligibility, and if they consented to participate, 
they were asked to recruit three of their drug-using peers, 
regardless of injection status. Respondents to this second 
round of sampling were screened for eligibility, enrolled in 
the longitudinal SNAP (Social Networks among Appalachian 
People) study if appropriate, and given three coupons to dis-
tribute to their respective peers for further recruitment, and 
so on. Study participants were compensated $10 for each 
resultant coupon redeemed and participant enrolled.

Measures

 All study participants were tested for antibodies to HCV 
using the Home Access® test for HCV antibody. This test 
uses a third-generation enzyme immunoassay on a dried 
blood spot obtained via fi nger stick and has been shown to 
have excellent sensitivity and specifi city (98.2% and 99.6%, 
respectively; O’Brien et al., 2001). Standard pretest counsel-
ing given to all participants included a description of the test, 
risk factors for HCV infection, and the potential test results. 
Participants were asked to return within approximately 2 
weeks for test results and underwent posttest counseling 
specifi c to their results. Participants testing positive for HCV 
antibodies were given information on preventing the spread 
of infection by eliminating high-risk behaviors—such as 
sharing needles and preparation equipment—and were of-
fered contact information for local health clinics for further 
testing and, if appropriate, treatment. With regard to alcohol 
use specifi cally, participants were informed that, to slow or 
prevent onset of serious liver disease, they should not drink 
alcohol. Those testing negative were counseled only on 

avoiding engagement in behaviors that would put them at 
increased risk for HCV acquisition.
 Alcohol use was measured at both baseline and follow-
up via the Addiction Severity Index (McLellan et al., 1990). 
Participants were asked if they had ever used alcohol and, 
if so, the number of days using in the prior 30 days. The 
dependent variable of interest was number of days using al-
cohol in the past 30 days at the 6-month follow-up visit. De-
mographic indicators and other drug use were also measured 
via the Addiction Severity Index. To assess for the presence 
of psychiatric disorders (based on criteria from the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth 
Edition [DSM-IV]; American Psychiatric Association, 1994), 
the Mini-International Neuropsychiatric Interview (Ver-
sion 5.0) modules were administered for major depressive 
disorder, generalized anxiety disorder, posttraumatic stress 
disorder, and antisocial personality disorder (ASPD; Sheehan 
et al., 1998).

Statistical analysis

 Demographic, drug use, and psychiatric characteristics 
were fi rst compared between those with and without antibod-
ies to HCV. Contingency tables and the chi-square statistic 
were used to examine differences in dichotomous/categori-
cal variables, and the Wilcoxon rank-sum test was used to 
analyze the continuous variables. Differences in days using 
alcohol between baseline and follow-up visits were com-
puted using the Mann–Whitney U test. Because the depen-
dent variable had a count distribution (number of days using 
alcohol in the past 30 days) and was overdispersed, negative 
binomial regression was used to determine the independent 
predictors of alcohol use at follow-up. Therefore, a series 
of unadjusted models was constructed to determine which 
predictors would be considered for inclusion in the multivari-
able negative binomial model. Apart from HCV status, only 
those variables signifi cant at the p < .05 level were tested in 
the model. The incidence rate ratios (IRRs), 95% confi dence 
intervals (CIs), and p values are presented for each individ-
ual model in Table 2, adjusted for frequency of alcohol use 
at baseline. Finally, the multivariable model was constructed 
using a manual, forward elimination process until the most 
parsimonious model was achieved. IRRs in the multivari-
able model have been adjusted for all other variables in the 
model. The likelihood ratio test for the fi nal model indicated 
a signifi cantly better fi t than the Poisson model (p < .001), 
further justifying the use of negative binomial regression. 
Stata® Version 12.0 (StataCorp LP, College Station, TX) was 
used for all analyses.

Results

 The study sample (N = 466) was predominantly male 
(56.6%) and White (94.0%), and the median age was 31 
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years (interquartile range: 26, 38). The overall prevalence of 
HCV at baseline was 43.6%. Those who were HCV-seropos-
itive were more likely to be unemployed and uninsured and 
were less likely to be married (Table 1). HCV-seropositive 
participants were also signifi cantly more likely to be using 
OxyContin® and cocaine and less likely to be using il-
licit methadone in the 30 days before the baseline interview. 
HCV-seropositive participants were more than twice as likely 
to have a history of injecting drugs (p < .001).
 The majority of participants used alcohol—254 (54.0%) 
reported alcohol consumption in the 30 days preceding 
baseline. The mean number of days using alcohol in the past 
30 days at baseline was 3.64 (SE = 0.33). At baseline, there 
was no difference in mean days of drinking in the 30 days 
preceding interviewing in the HCV-seropositive participants 
(3.90 days) versus HCV-seronegative participants (3.45 days; 
p = .50). Although there was a signifi cant drop in alcohol 
consumption between the baseline and 6-month interviews, 
it did not differ between subjects testing HCV seropositive 
and those testing HCV seronegative (2.28 days vs. 2.71 days, 
p = .33).
 Table 2 depicts negative binomial regression models pre-
dicting alcohol use at follow-up, adjusted for baseline alcohol 

use. Although those who were HCV-seropositive were less 
likely to be using alcohol at follow-up (IRR = 0.87, 95% CI 
[0.59, 1.30]), this did not differ signifi cantly from the HCV-
seronegative participants. Those who met the DSM-IV criteria 
for ASPD were more likely to be using alcohol at follow-up, 
as were those who indicated marijuana use at baseline. A 36% 
reduction in the number of days using alcohol was noted at 
follow-up among those who were using OxyContin at base-
line. Not surprisingly, the strongest predictors of alcohol use 
at follow-up were any alcohol use at baseline and alcohol use 
to intoxication at baseline (both p < .001).
 As depicted in Table 3, when adjusted for other variables 
in the model, including baseline alcohol use, those who were 
HCV-seropositive and received standard counseling against 
continued alcohol use upon diagnosis were no less likely 
than those who were HCV-seronegative to be using alcohol 
at 6-month follow-up interviews (adjusted IRR = 1.07, 95% 
CI [0.72, 1.61]). Independent predictors of days using alco-
hol at follow-up included baseline marijuana use (adjusted 
IRR = 1.91, 95% CI [1.25, 2.91]) and ASPD (adjusted IRR 
= 1.88, 95% CI [1.24, 2.84]). Even after adjustment for 
other drug use variables, HCV status, and ASPD, those using 
OxyContin were 39% less likely to be drinking more often 

TABLE 1. Demographic and behavioral characteristics of sample (N = 466)

 HCV-positive HCV-negative
 (n = 203) (n = 263)

 n or  n or
Characteristic M (IQR) % M (IQR) % p

Male 123 60.6 141 53.6 .132
Age, in years 32 (27, 38) 31 (25, 38) .324
White race 195 96.1 243 92.4 .099
Married 38 18.7 79 30.0 .005
Education, in years 12 (9, 12) 12 (10, 12) .079
Unemployed 64 31.5 58 22.0 .021
Uninsured 146 71.9 163 61.3 .024
Receiving disability benefi ts 27 13.3 29 11.0 .454
DSM-IV psychiatric disorders
 Major depressive disorder 60 29.6 63 23.9 .174
 Generalized anxiety disorder 61 30.0 78 29.7 .927
 Posttraumatic stress disorder 26 12.8 43 16.3 .286
 Antisocial personality disorder 59 29.1 89 33.8 .272
Past-30-day drug use at baseline
 Alcohol 111 54.7 143 53.4 .947
 Alcohol to intoxication 86 42.4 108 41.1 .778
 OxyContin 160 78.8 166 62.1 <.001
 Hydrocodone 163 80.7 218 82.9 .542
 Other oxycodone 146 71.9 193 73.4 .725
 Illicit methadone 108 53.2 172 65.4 .008
 Heroin 8 3.9 12 4.5 .753
 Benzodiazepines 174 85.7 221 84.0 .616
 Cocaine 57 28.1 49 18.6 .016
 Crack cocaine 27 13.3 27 10.3 .310
 Marijuana 117 57.6 168 63.9 .170
 Methamphetamine 8 3.9 7 2.7 .438
Injection drug use
 Past 30 days 143 70.4 81 30.8 <.001
 Lifetime 196 96.5 164 62.4 <.001

Notes: Bold indicates statistical signifi cance. HCV = hepatitis C virus; IQR = interquartile range; DSM-IV = 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
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at follow-up (adjusted IRR = 0.61, 95% CI [0.40, 0.94]). 
Baseline alcohol users were also signifi cantly more likely 
to report more days of drinking at follow-up (adjusted IRR 
= 6.80, 95% CI [4.51, 10.2]) after controlling for all other 
variables in the model.

Discussion

 Overall, this sample of rural drug users reported drink-
ing less frequently at 6-month follow-up interviews relative 
to baseline. However, stratifi cation by baseline HCV status 
revealed that disclosure of HCV-seropositive status and 

posttest informational counseling were not associated with 
a signifi cantly differential change in frequency of alcohol 
use relative to HCV-seronegative participants. Distinction 
between the two groups was further diminished upon ad-
justment for signifi cant covariates in the multivariate model. 
Postdiagnostic counseling was tailored to the results of the 
HCV test. For HCV-seropositive individuals, this consisted 
of standardized information with printed materials covering 
the signifi cance of HCV infection, recommendations for 
proper medical treatment and the restriction of risk behaviors 
such as sharing needles and drug preparation equipment, 
as well as regional clinic information, specifi c statements 
regarding the greatly increased risk of liver damage among 
individuals with HCV who drink, with emphasis on the 
importance of abstaining from alcohol use following diag-
nosis. HCV-seronegative participants were counseled only to 
avoid engaging in behaviors that put them at increased risk 
for HCV infection. This distinction in posttest counseling, 
combined with disclosure of individual serostatus, seemed 
to lack signifi cant effi cacy in reducing drinking among par-
ticipants infected with HCV in this sample.
 The long-term sequelae of chronic HCV are well docu-
mented, including dramatically increased risks of cirrhosis 

TABLE 2. Bivariate negative binomial regression models predicting number of days drinking 
alcohol at 6 months following HCV serostatus disclosure, adjusted for alcohol use at baseline 
(N = 466)

Variable IRR [95% CI] p

HCV-positive status 0.87 [0.59, 1.30] .504
Male 1.36 [0.91, 2.06] .132
Age 1.01 [0.99, 1.03] .473
White race 1.09 [0.47, 2.51] .827
Married 0.83 [0.52, 1.30] .414
Years of Education 1.00 [0.99, 1.00] .328
Unemployed 0.72 [0.46, 1.14] .168
Uninsured 1.50 [0.99, 2.28] .056
Receiving disability benefi ts 0.56 [0.30, 1.05] .072
DSM-IV psychiatric disorders
 Major depressive disorder 0.82 [0.52, 1.28] .383
 Generalized anxiety disorder 1.09 [0.71, 1.69] .669
 Posttraumatic stress disorder 0.93 [0.53, 1.63] .813
 Antisocial personality disorder 1.66 [1.09, 2.49] .018
Past-30-day drug use at baseline
 Alcohol 3.90 [2.52, 6.04] <.001
 Alcohol to intoxication 2.34 [1.52, 3.61] <.001
 OxyContin 0.64 [0.42, 0.98] .038
 Hydrocodone 0.84 [0.50, 1.41] .514
 Other oxycodone 0.79 [0.51, 1.23] .295
 Illicit methadone 1.35 [0.91, 2.03] .137
 Heroin 1.60 [0.62, 4.12] .328
 Benzodiazepines 0.70 [0.41, 1.20] .193
 Cocaine 1.02 [0.63, 1.63] .925
 Crack cocaine 0.63 [0.33, 1.20] .159
 Marijuana 1.96 [1.31, 2.95] .001
 Methamphetamine 0.36 [0.10, 1.25] .107
Received substance treatment after baseline 0.99 [0.53, 1.85] .988
Injection drug use
 Past 30 days 0.72 [0.49, 1.08] .113
 Lifetime 0.97 [0.61, 1.56] .906

Notes: Bold indicates statistical signifi cance. HCV = hepatitis C virus; IRR = incidence rate ratio; 
95% CI = 95% confi dence interval; IQR = interquartile range; DSM-IV = Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition.

TABLE 3. Predictors of number of days of drinking at 6 months following 
HCV serostatus disclosure and posttest counseling (N = 466)

Variable aIRR [95% CI] p

HCV-positive status 1.07 [0.72, 1.61] .718
Alcohol use at baseline 6.80 [4.51, 10.2] <.001
Marijuana use at baseline 1.91 [1.25, 2.91] .003
OxyContin use at baseline 0.61 [0.40, 0.94] .024
Antisocial personality disorder 1.88 [1.24, 2.84] .003

Notes: HCV = hepatitis C virus; aIRR = adjusted incidence rate ratio; 95% 
CI = 95% confi dence interval.



 STEPHENS AND HAVENS 391

and HCC (Alter and Seeff, 2000; Amarapurkar, 2000; 
Caselmann and Alt, 1996; NIH, 2002; Simonetti et al., 1992; 
Tagger et al., 1999). The odds of developing HCC have been 
estimated to be 69 times greater among HCV-positive indi-
viduals in a case-control analysis (Simonetti et al., 1992), 
and the prognosis is among the worst of all neoplasms, with 
a median survival time in the United States of 10 months 
(Stuart et al., 1996). These risks have been shown to be even 
greater among HCV-positive individuals who continue to 
consume alcohol at moderate to high levels (Bhattacharya 
and Shuhart, 2003; NIH, 2002; Stroffolini et al., 2010; Tag-
ger et al., 1999), particularly among untreated individuals 
(Westin et al., 2002).
 Synergistic effects of alcohol on HCV replication via 
altered lipid metabolism and elevated concentrations of 
intracellular nicotinamide adenine dinucleotide (Seronello 
et al., 2010), as well as a general increase in oxidative 
stress (McCartney and Beard, 2010), have been proposed 
and demonstrated in vitro. In addition, alcohol consump-
tion has been implicated in decreased response to HCV 
pharmacotherapy, particularly with regard to pegylated 
interferon-alpha combined with ribavirin (McCartney and 
Beard, 2010). Other investigators have suggested that this 
apparent decline in effi cacy resulted from poor compliance 
and advised additional support for patients with a history 
of alcohol use (Anand et al., 2006), particularly at heavy 
levels (Russell et al., 2012).
 The null effect of HCV-positive serostatus disclosure and 
subsequent informational counseling on drinking frequency 
relative to HCV-negative study participants complements 
some previous studies while contradicting others. Tsui and 
colleagues (2009) found past-month alcohol intake to de-
crease in young IDUs upon HCV seroconversion and post-
test counseling, although this effect was not sustained over 
6-month and, especially, 12-month time points. Moreover, 
the decline in drinking was independent of HCV serostatus 
disclosure and counseling (Tsui et al., 2009), as was the case 
in this study. Similarly, despite a wide range of individual 
behavioral changes, Ompad and collaborators (2002) found 
no signifi cant trend in alcohol consumption in their cohort 
following HCV status disclosure and standard counseling. 
By contrast, a cross-sectional study by Scognamiglio and 
colleagues (2007) found that HCV-seropositive outpatients 
recruited from three Italian clinical centers signifi cantly re-
duced their alcohol intake upon diagnosis. In contrast to the 
sample analyzed here, their study consisted primarily of an 
older population (mean age of 46 years at HCV diagnosis) 
receiving individualized medical attention in an outpatient 
clinical setting. Similarly, modest reductions in alcohol in-
take were found in self-identifi ed HCV-positive individuals 
undergoing treatment for opiate dependence (McCusker, 
2001), whereas Kwiatkowski and colleagues (2002) found 
no signifi cant difference in alcohol intake among IDUs in 
Denver when stratifi ed by HCV status.

 In each setting, the data suggest that an intensive and 
targeted approach to reducing alcohol use among HCV-in-
fected individuals who drink is more likely to be effective 
than diagnosis and standard posttest counseling alone. A 
survey of urban HCV-seropositive IDUs found a high prev-
alence (37%) of problem drinking, despite 84% of the sam-
ple understanding the increased risk of drinking following 
diagnosis of HCV (Campbell et al., 2006). This suggests 
that more intensive interventional counseling focused on 
curtailing alcohol consumption may be justifi ed following 
HCV diagnosis in rural drug users as well. Further bolster-
ing this notion, a French study found the specifi c medical 
recommendations in a brief intervention from a primary 
care physician to considerably reduce drinking in HCV-
seropositive patients (Nalpas et al., 2001), although this 
study was not specifi c to drug users or HCV-seropositive 
individuals in the rural setting. Similarly, a study by Wat-
son and colleagues (2007) reported a decrease in alcohol 
intake of 3.1 g per day following a targeted intervention 
in a small sample of HCV-positive individuals undergoing 
methadone maintenance treatment. However, neither study 
reported levels of alcohol intake among HCV-negative or 
HCV-positive participants not undergoing the targeted in-
tervention for control purposes.
 Given the null effect of HCV-positive diagnosis and 
informational counseling on frequency of alcohol consump-
tion in this cohort, the distinction between standard posttest 
counseling and focused intervention may represent a critical 
opportunity to preserve the long-term liver function among 
recently diagnosed HCV-seropositive drug users in the ru-
ral setting. Somewhat surprisingly, a study by Drumright 
and colleagues (2011) comparing two interventions among 
young HCV-seropositive IDUs from three U.S. cities found 
no signifi cant effect on drinking in study participants un-
dergoing an expanded intervention focusing specifi cally on 
HCV management, liver health, and the heightened risks of 
alcohol consumption accompanying HCV infection when 
compared with standard postdiagnostic interventional coun-
seling. Study participants had been diagnosed previously 
as HCV-seropositive, and 75% recalled receiving standard 
counseling at the time of diagnosis on the risks of drinking 
while infected with HCV. Nonetheless, more than 72% of the 
sample reported alcohol use at baseline randomization, with 
48% scoring 8 or more on the Alcohol Use Disorders Iden-
tifi cation Test scale (Drumright et al., 2011), implying poor 
compliance following standard postdiagnosis informational 
counseling with regard to the risks of continued drinking. 
Moreover, the signifi cant decrease in drinking in both the 
expanded and standard interventions in this study suggests 
that alcohol-focused intervention, in either form, is likely to 
considerably benefi t HCV-seropositive drug users who drink. 
This concept is further supported by the work of Zule and 
collaborators (2009), who found a signifi cant reduction in 
alcohol consumption in a focused motivational intervention 
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compared with a more standard educational one of the same 
length.
 As noted previously, a spectrum of sociobiological is-
sues exacerbate the problem of widespread chronic HCV in 
low-income rural areas such as Appalachia, including poor 
access to care and scarce availability of disease screening, 
substance misuse treatment, and harm-reduction programs 
relative to urban areas (Day et al., 2006; Edeh and Spald-
ing, 2006; Reif et al., 2005); lack of health care providers; 
and in general, a variety of health care indicators generally 
well below average values for the United States as a whole 
(Stensland et al., 2002; Zhang et al., 2008). Compounding 
these challenges, genotype 1 is the predominant form of 
HCV in the United States (Nainan et al., 2006), and in a 
random subsample of 81 from this study population, with 
2 of 3 participants sequenced with genotype 1a (Young et 
al., 2012). Although direct-acting antiviral drugs—such as 
telaprevir and boceprevir in combination with pegylated 
interferon-alpha and ribavirin—have demonstrated substan-
tially improved outcomes and shortened treatment regimens 
among individuals infected with genotype 1 (Dore et al., 
2011), obtaining these expensive pharmacotherapies is likely 
to be diffi cult for IDUs, who typically have poor access to 
medical care (Grebely et al., 2008; Swan et al., 2010). In 
addition, 66% of participants had no health insurance in this 
rural cohort, a signifi cantly higher proportion of which came 
from the HCV-seropositive group.
 In contrast with HCV status, several other variables were 
associated with signifi cant change in frequency of alcohol 
intake between baseline and 6-month follow-up. Unsurpris-
ingly, baseline alcohol use was a highly signifi cant predictor 
of increased drinking 6 months after baseline HCV testing, 
and there was a greater than two-fold higher incidence of in-
creased drinking for those participants who reported drinking 
to intoxication in the 30 days preceding baseline. Similarly, 
diagnosis of ASPD conferred a signifi cantly increased in-
cidence of alcohol consumption; an abundance of previous 
studies corroborate the association of ASPD with elevated 
drinking (Compton et al., 2005; Goldstein et al., 2007).
 Less expected was the nearly two-fold higher incidence 
of increased alcohol consumption among those using 
marijuana at baseline, a fi nding not entirely predicated by 
previous studies. Other researchers have suggested a trend 
toward adult alcohol use among teenagers who use can-
nabis (Patton et al., 2007), as well as considerable shared 
genetic factors and an overlapping incidence of alcohol and 
marijuana use disorders and ASPD (Fu et al., 2002; True et 
al., 1999), which could help explain the high incidence of 
increased drinking among participants reporting baseline 
use of marijuana and/or diagnosed with ASPD. By contrast, 
OxyContin use at baseline was associated with a signifi cant 
decrease in drinking frequency at 6 months. This fi nding is 
also somewhat surprising and worth noting because 100% 
of the sample had a lifetime history of using prescription 

opioids nonmedically. In addition, OxyContin was among 
the most frequently misused prescription opioids among the 
study participants at baseline, along with hydrocodone and 
other oxycodone-containing drugs.
 Because this emerging drug epidemic is just beginning 
to be explored, the signifi cance of the ostensibly “protec-
tive” effect of nonmedical OxyContin use at baseline merits 
careful scrutiny. Recent social network analysis of Appala-
chian drug users has revealed a strong association of daily 
OxyContin misuse with increased odds of elevated “social 
capital,” or effective network size, in stark contrast with 
other drugs commonly used on a daily basis, including alco-
hol (heavy use), hydrocodone, and marijuana (Jonas et al., 
2012). This implies that a novel social dynamic exists with 
regard to recreational users of OxyContin in the rural setting, 
and individuals with daily access to the popular prescription 
opioid attain higher status within their networks relative to 
users of other drugs. Furthermore, the daily use of marijuana 
was associated with the opposite effect in regard to social 
capital—diminishing users’ effective network size (Jonas 
et al., 2012)—which is analogous to the opposing associa-
tions exhibited by baseline use of marijuana and OxyContin 
regarding drinking frequency in the present analysis. Thus, 
given the strong tendency of OxyContin users to transition 
quickly to injection relative to other commonly used drugs 
(Young and Havens, 2012), there appears to be a unique 
sociobiological phenomenon underpinning the widespread 
nonmedical use of OxyContin in rural Appalachia. Indeed, 
the counterintuitive “protective” effect of OxyContin use 
with regard to drinking suggests an inverse relationship be-
tween social capital and alcohol consumption among rural 
drug users in this region. Nonetheless, regardless of specifi c 
substance use history, decreasing or eliminating alcohol 
intake remains a highly pragmatic strategy to improve the 
clinical prognosis of all individuals infected with HCV.
 A few limitations should be addressed when considering 
fi ndings of this study. First, the dependent variable used to 
evaluate alcohol intake does not address actual volume of 
alcohol consumed during individual days or the frequency 
of drinking during the fi rst 5 months between baseline inter-
view and 6-month follow-up. However, because the posttest 
counseling materials advised participants to completely 
abstain from drinking, a question as to whether they were 
drinking at follow-up addresses our research question and 
hypothesis, albeit not as specifi cally as we could. Second, 
many of the data in this study were self-reported by research 
participants, which could affect the accuracy of the fi ndings. 
However, many studies have determined self-reported drug 
use data to be valid indicators of actual levels of use (Darke, 
1998; Kokkevi et al., 1997). Lastly, HCV seropositivity 
does not always imply chronic infection, as approximately 
15%–40% of individuals will spontaneously clear the virus 
while retaining antibodies in the serum (NIH, 2002). How-
ever, polymerase chain reaction analysis of 81 randomly 
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selected anti–HCV-positive individuals from this cohort 
confi rmed that 56 (69%) had detectable HCV RNA (Young 
et al., 2012), indicative of active infection and congruent 
with typical prevalence rates for chronic disease among 
HCV-antibody-positive individuals.
 Despite these limitations, the data presented here mark an 
important step into largely uncharted terrain. Often hidden 
from public awareness relative to their urban counterparts, 
rural drug users are a rarely studied group at high risk for 
blood-borne infections such as HCV. From the standpoint 
of public health policy, clinical care, and long-term cost 
control, it is crucially important to better understand this 
undertreated population, especially in low-income rural 
areas where access to disease screening and health care is 
often limited geographically and economically. The mortality 
resulting from HCV in the United States has now surpassed 
that of HIV (Ly et al., 2012), thus presenting one of the more 
daunting public health crises the nation has faced in recent 
decades. To that end, research facilitating interventions 
among socially marginalized HCV-infected populations is 
vital to improve long-term clinical outcomes and ease the 
social burden of this disease.
 Alcohol consumption is a modifi able behavioral factor 
with robust potential for limiting hepatic injury and pro-
gression to cirrhosis and HCC among HCV-positive indi-
viduals. Although a crucial step in the management of HCV, 
disclosure of seropositivity and informational counseling 
alone were not suffi cient to achieve a meaningful decrease 
in alcohol consumption in this sample of rural drug users. 
Targeted interventions such as motivational alcohol-cessation 
counseling—ideally coupled with individualized care from 
a physician, substance use disorder treatment, and HCV 
pharmacotherapy—hold great promise to achieve a signifi -
cant decrease in the risk of cirrhosis and HCC. This may be 
especially true among HCV-infected marijuana users, those 
who drink to intoxication, and individuals with ASPD in the 
rural setting, all of whom appear to be at highest risk for 
the alcohol-enhanced liver damage typically accompanying 
chronic infection with HCV. Further study evaluating the 
impact of targeted interventions versus simple diagnosis 
and standard counseling in the setting of a randomized trial 
among rural HCV-positive drug users would impart critical 
insight into the most pragmatic strategies to manage this 
smoldering public health crisis.
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