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Common among HIV-infected individuals, hazardous alcohol consumption is
associated with increased comorbidities and rapid disease progression. Receiving
treatment to reduce alcohol use may result in substantial benefits in health and wellbeing. However, little is known about alcohol treatment use in HIV-infected individuals.
Focusing on women with HIV infection who had hazardous drinking, this dissertation
had three objectives: (1) examine the utilization of alcohol treatment and correlates of
utilization; (2) assess whether receiving alcohol treatment was associated with improved
drinking outcomes; (3) estimate the survival impact of hazardous drinking and alcohol
treatment.
We used the data from WIHS for study 1 and 2. In study 1, we performed
multivariable logistic regression to identify factors associated with utilization. Study 2
used longitudinal multivariable regression to assess the association of alcohol treatment
with no unhealthy drinking and abstinence. In study 3, we developed an individualbased, Monte Carlo simulation model to project the survival impact of hazardous
drinking and alcohol treatment utilization among HIV-infected individuals.
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Study 1 found that almost one in five HIV-positive women (19%) who had recent
hazardous drinking reported utilization of any alcohol treatment; higher levels of alcohol
consumption, lower income levels, having social support and recent illicit drug use were
associated with receiving any alcohol treatment. Study 2 found that receiving any
alcohol treatment was significantly associated with a 1.58 greater odds of achieving no
unhealthy drinking (OR=1.58, 95% CI = 1.05-2.37), and 2.29 greater odds of achieving
abstinence (OR = 2.29, 95% CI = 1.36-3.86). Study 3 found that hazardous drinking
resulted in an average of 1.65 years reduction in projected survival years while
receiving any alcohol treatment saved 0.18 years; the chance of treatment receipt and
treatment effect on both drinking reduction and heavy drinking prevention played
important roles in determining the survival impact of alcohol treatment.
The findings of these three studies enriched our understanding of alcohol
treatment use among HIV-infected individuals. These findings further provide important
evidence supporting increased efforts to enhance the access and utilization of alcohol
treatment among HIV-infected hazardous drinkers.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW
First recognized in 1984, the human immunodeficiency virus (HIV) is the virus
that can progressively destroy human immune system (e.g., CD4 cell) and lead to death
if untreated. The acquired immunodeficiency syndrome (AIDS) is the end stage of HIV
infection in which people become particularly vulnerable to life-threatening opportunistic
infections (e.g., pneumonia, tuberculosis), some cancers (e.g., Kaposi’s sarcoma), and
other complications (Krämer et al., 2009). HIV is not curable but can be managed by
antiretroviral therapy (ART). The average survival after HIV infection without treatment
is from 9 to 11 years. The introduction of ART has substantially improved the life
expectancy of HIV-infected individuals which is now approaching that seen in the
general populations in some high-income countries (Samji et al., 2013; Smith et al.,
2014).
In the United States (US), over 1.1 million people are currently living with
HIV/AIDS, with 55,000 to 60,000 people newly infected each year (Centers for Disease
Control and Prevention, 2013; Hall et al., 2008). Men who have sex with men (MSM)
remain the group most heavily affected by HIV. MSM represent 4% of all male
population in the US but account for over three quarters of all infections in men and
nearly two thirds of all new infections in 2010 (Centers for Disease Control and
Prevention, 2013; Purcell et al., 2012). During the past two decades, HIV infection has
been increasingly expanded to include women. Today women have accounted for more
than one quarter of HIV-infected people and one fifth of new diagnoses of HIV infection
in the US (Centers for Disease Control and Prevention, 2013). High-risk heterosexual
contact is responsible for over 80% of newly diagnosed HIV infections in women with
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women of color disproportionally affected: African American women who comprise 12 %
of female population account for over 60% of all new female HIV infections (Center for
Disease Control and Prevention, 2014).
Alcohol use, especially hazardous drinking, is a modifiable behavior that is
associated with a wide array of adverse health outcomes among HIV-infected people,
such as increased risk of sexual risk behavior, poor adherence to ART, and rapid
disease progression (Azar et al., 2010; Hutton et al., 2012; Wu et al., 2011). Treatment
to reduce alcohol use may introduce substantial benefits by reducing the risk of alcoholrelated behavioral and health problems. As a result, providers should consistently
screen for heavy drinking and refer those with heavy drinking to treatment (Neblett et
al., 2011).
To serve as the introduction section, Chapter 1 will describe important
background knowledge, including definition for alcohol use, prevalence of alcohol use
among HIV-infected individuals, drinking and heath of HIV-positive patients, alcohol
treatment, and HIV disease simulation model.
Alcohol Consumption Definition
Alcohol use ranges from a wide spectrum from none, never exceeding the limit
(moderate drinking), at-risk or hazardous drinking, to alcohol use disorders (alcohol
abuse and dependence). Hazardous drinking is usually defined as a pattern of alcohol
use that is associated with increased risk of alcohol-related or other health problems but
may not necessarily be classified as alcohol use disorders (AUD). According to the
NIAAA (National Institute on Alcohol Abuse and Alcoholism), hazardous drinking is
usually defined as exceeding the suggested drinking limits, including more than 3 drinks
in a day or more than 7 drinks per week for women, and more than 4 drinks in a day or
13

more than 14 drinks per week for men (Willenbring et al., 2009). Moderate drinking or
low-risk drinking is defined as having any drinking below hazardous drinking.
AUD include two distinct diagnoses: Alcohol abuse and Alcohol dependence.
The criteria of diagnosing AUD include the presence of alcohol-related negative social,
personal, legal, and health consequences as well as addiction manifestations (craving,
tolerance, and withdrawal). More specifically, the diagnosis of alcohol abuse (harmful
use of alcohol) requires meeting one or more of four abuse criteria without meeting any
one of dependence criteria. These four criteria include risk of bodily harm, relationship
trouble, role failure, and run-ins with the law. On the other hand, the diagnosis of alcohol
dependence (alcoholism) requires meeting at least three out of seven dependence
criteria. These seven criteria for alcoholism include not able to stick to drinking limits,
not able to cut down or stop drinking, spent a significant amount of time drinking,
continued drinking despite problems, spent less time on other matters, shown an
increase in tolerance, shown signs of withdrawal (Willenbring et al., 2009). The more
criteria met usually indicate the greater severity of dependence. However, recent
evidence suggests the criteria of alcohol abuse and dependence often intertwine among
patients diagnosed. Therefore, the most recent Diagnostic and Statistical Manual of
Mental Disorders 5th edition (DSM-V) integrates these two disorders into one single
alcohol use disorder with mild, moderate, and severe sub-classifications (American
Psychiatric Association, 2013). These definitions for alcohol use (hazardous drinking,
AUD) used in the general population have also been widely used in studies among HIVinfected population.
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In summary, hazardous drinking (sometimes called at-risk drinking or unhealthy
drinking) falls in the continuum of alcohol use between moderate/light drinking and
AUD. Hazardous drinkers are often identified only by their drinking levels (if levels
exceeding weekly or daily limits of alcohol consumption). Therefore, if no formal
diagnosis is conducted, those with AUD who drink heavily often fall in the group of
hazardous drinker. During the primary care encounters, when a high level of alcohol
consumption is reported, screen tool, such as Alcohol Use Disorder Identification Test
(AUDIT) should be performed to differentiate levels of risk and severity. Those scoring
in the high range (20-40) on the AUDIT should receive DSM-based diagnosis
assessment and, depending on severity of physical dependence, detoxification and
other treatment options. Even no DSM criteria is met, hazardous drinking represents a
higher risk than the moderate/light/non-drinkers for developing future alcohol
dependence or other negative consequences. Therefore, interventions, such as brief
intervention, are often recommended to motivate hazardous drinkers to cut down intake
or abstain from drinking (Room et al., 2005).
Prevalence of Alcohol Use in HIV-positive Individuals
According to the 2013 Substance Abuse and Mental Health Services
Administration (SAMHSA) data, 71% of US adults reported alcohol use in the past year
with more than half reported being current drinker (Substance Abuse and Mental Health
Services Administration, 2013). Men are more likely than women to be current drinkers
and to have heavy drinking. Previous studies have suggested that 8%-44% of HIVpositive individuals meet the criteria of hazardous drinking in different settings,
depending on the different measures and different settings (Chander, 2011; Cook et al.,
2009; Galvan et al., 2002; Rothlind et al., 2005; Stein et al., 2005; Tucker et al., 2003).
15

Using data from the HIV cost and services utilization study (HCSUS), Galvan and
colleagues found that more than half of HIV-positive individuals in care reported any
alcohol use in the preceding month. The prevalence of heavy drinking was almost twice
that reported in the general population (Galvan et al., 2002). In addition, they found men
were more likely than women to use any alcohol; factors associated with heavy drinking
were drug use, less education (< high school vs. college), and having no history of
AIDS-defining illness. Based on a sample of 1957 HIV patients attending Universitybased HIV clinics, half reported using alcohol in the past 6 months, and 11% were
identified as hazardous drinkers (Chander et al., 2006). Another study found that 19% of
219 HIV patients attending a HIV primary care clinic reported engaging in problem
drinking (hazardous, heavy, or binge drinking), and 33% reported mild to moderate
amounts of alcohol consumption (Cook et al., 2001). Among HIV-positive subjects
enrolled from the VA medical center, Rothlind and colleagues reported 44% meeting
heavy drinking criteria (Rothlind et al., 2005).
The use of alcohol in women with HIV infection has been extensively studied by
Cook et al using a large multicenter cohort (n=2770) of HIV-infected women (Cook et
al., 2009). Over the 11-year follow-up period, half reported use of any alcohol in the past
year with 14%-24% reported consumption at hazardous levels at any point of time over
the study period. This study also suggested that being unemployed, having CD4 cell
count of 200-500 cells/ml, HCV-seropositive, and having high levels of depressive
symptoms were associated with being more likely to have hazardous drinking.
Drinking and Health of HIV-positive Patients
Although early studies conducted before the era of HAART did not find significant
relationship between alcohol consumption and HIV disease progression (Kaslow et al.,
16

1989), many recent studies have demonstrated the significant association between
hazardous drinking and many negative health outcomes and behaviors in people with
HIV infection.
First, HIV-infected people who have hazardous alcohol consumption were less
likely to engage in HIV care (Chander et al., 2006) and to stay in care compared with
light or non-drinkers (Cunningham et al., 2006). This may be due to the physician’s
impression that heavy drinkers are unable to comply closely with strict regimen
requirement (Spire et al., 2007). Timely linkage to HIV outpatient care, prompt initiation
of ART and prophylaxis for opportunistic infections when indicated, and subsequent
adherence to prescribed medications are key foundations for successful HIV disease
management (Ulett et al., 2009). The findings of negative relationship between heavy
alcohol use and linkage to HIV clinical care provide one plausible explanation regarding
why alcohol users are less likely to achieve undetectable viral load.
Second, viral hepatitis (hepatitis B and hepatitis C) are common among
individuals with HIV infection because they share similar transmission routes. In the US
and western European, hepatitis C virus (HCV) infection has been found in 25-30% of
HIV-positive persons overall; 72-95% of injection drug users; 1-12% of MSM; 9-29% of
heterosexuals (Alter, 2006). HCV is also common among women with HIV infection.
Among HIV-infected pregnant women, the prevalence of HCV infection ranged from
17% to 54% (Thomas et al., 1998). In the HAART era, evidence has suggested that coinfected HCV has influence on HIV disease progression. In the Swiss HIV cohort study,
individuals co-infected with HIV and HCV had faster progression to AIDS and slower
increase in CD4 compared with those infected with HIV alone (Greub et al., 2000). This
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finding is further supported by a meta-analysis of CD4 cell counts after the initiation of
HAART comparing patients with HIV and HCV co-infection with those with HIV infection
alone (Miller et al., 2005). HIV infection also affects HCV and HBV-related liver
diseases. In patients co-infected with HIV and HCV or HBV alone, fibrosis rates are
accelerated compared with those with HCV or HBV alone, leading to faster progression
to the end stage of liver diseases (Benhamou et al., 1999). Development of cirrhosis
has been found 12-16 years earlier in patients co-infected with HCV and HIV than in
those infected with HCV alone (Soto et al., 1997). Survival is poor among HCV-infected
patients with decompensated cirrhosis who are co-infected with HIV (estimated median
survival of only 13 months) (Pineda et al., 2005). Excessive alcohol consumption
damages liver tissues, causing alcoholic liver diseases (e.g, fatty liver, alcoholic
hepatitis, and chronic hepatitis), and exacerbates existing viral hepatitis among HIVpositive patients. In a study of the causes of deaths in patients with HIV infection,
excessive alcohol consumption was the most common comorbidity, and was twice as
high in those who died of liver diseases than in those who died of other causes (59% vs
24%) (Salmon-Ceron et al., 2005). Among women living with HIV/AIDS, HCV-related
liver disease has emerged as one of the most common cause of non-AIDS-related
deaths (Cohen et al., 2002).
Third, the fact that alcohol use is a risk factor for optimal adherence to
antiretroviral medications has been consistently demonstrated in many studies using
various samples of HIV-infected individuals. Among 212 HIV-positive persons attending
two urban HIV clinics, researcher found that problem drinkers were more likely to take
HIV medications off schedule during the previous week (45% vs 26%); problem drinkers
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were more likely to report missing medication because of forgetting (48% vs 35%),
running out of medications (15% vs 8%), and consuming alcohol or drugs (26% vs 3%)
(Cook et al., 2001). Analysis on a group of HIV-positive individuals who had a history of
drinking problems found that poor adherence to prescribed antiretroviral medication was
associated with any alcohol use in the past month compared with abstainer from alcohol
(Samet et al., 2004). This result suggests there may be no safe threshold for drinking in
terms of antiretroviral adherence. Consistent results were found in another study with
1711 HIV-positive persons attending University-based HIV clinics. The authors found
that hazardous drinking was significantly associated with decreased adherence to
antiretroviral therapy compared with non-drinkers; hazardous drinkers reported had a
lower odds of adherence than moderate drinkers, suggesting a possible dose-response
relationship between alcohol use and adherence to HIV medication (Chander, 2011).
Data from the Veteran Aging Cohort Study (VACS) suggested a possible temporal
association between alcohol use and adherence: alcohol use on a specific day was
significantly associated with declined adherence on that day and two following days (S.
Braithwaite et al., 2005). A recent meta-analysis based on 40 studies totaling 25,000
participants found that those who used alcohol or drank relatively more were more likely
to be defined as being non-adherent (Hendershot et al., 2009). In fact, due to the
concern of potential interplay of alcohol and ART, it appears some patients intentionally
skip their medications for drinking rather than limit their drinking for better adherence
(Kalichman et al., 2013).
Fourth, hazardous drinking alters the immune system regulation and may directly
result in rapid HIV disease progression. Studies based on animal models have
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suggested the biologically deleterious effect of heavy alcohol consumption on the
disease progression (Bagby et al., 2006). Despite the documented relationship between
alcohol use and poor antiretroviral adherence, the direct association between alcohol
use and HIV viral load and CD4 count has only been established for hazardous levels of
alcohol consumption. Based on a large cohort of HIV-positive patients in care, Chander
et al suggested that hazardous drinking was associated with lower odds of achieving
viral suppression compared to non-drinking (AOR=0.72, 95% CI: 0.57-0.99), but null
association was found between moderate drinking and achieving viral suppression
(AOR=1.00, 95% CI: 0.84 – 1.20). A recent study using participants enrolled from HIV
treatment settings found daily drinkers were associated with an approximately 4-fold
increase in the odds of detectable viral load compared with reminders of the HAART
users (AOR=3.81, 95% CI:=1.42 – 11.48), while inconclusive results were found among
those not on HAART (Wu et al., 2011). A prospective cohort study of 231 HIV-positive
patients added more evidence supporting deleterious effect of hazardous drinking on
HIV disease progression. Researchers found that frequent alcohol users were 2.91
times more likely to present a decline of CD4 to <=200 cells/uL after controlling for
antiretroviral use over time, suggesting the direct effect of alcohol on CD4 seemed to be
independent of ART (Baum et al., 2010).
Studies on such association are inconclusive for women with HIV infection. An
analysis on 516 women in the HIV epidemiological Research Study (HERS) found
insignificant association between alcohol use and CD4 cell count. Another large study of
1686 HIV-positive women in the Women’s Interagency HIV Study (WIHS) found that
there was no independent positive association between heavy alcohol use and time to
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newly-diagnosed AIDS-defining illness or time to AIDS-related death (Cook et al.,
2008). However, a recent study using same cohort found heavy alcohol consumption
was independently associated with increased risk of mortality (Neblett et al., 2011)
Finally, alcohol consumption in individuals with HIV infection can be associated
with a variety of adverse social, legal, occupational, psychological, and non-AIDSrelated medical conditions (Friedmann, 2013). For instance, alcohol alters some brain
receptors and neurotransmitters, and several pharmacological effects of alcohol are
likely to increase aggressive behavior, resulting in increased risk of violent crime
(Heather et al., 2001). In summary, hazardous drinking represents an important health
issue in HIV-infected individuals in the post-HAART era. Improved strategy to screen
and treat hazardous drinking may have significantly beneficial implications for health
and well-being of HIV-infected individuals.
Alcohol Treatment
A wide range of treatment options are available to address hazardous drinking
with different levels of risk and severity. These treatments can be generally divided into
three categories: brief intervention, specialized treatment programs, and mutual help
groups. Brief interventions are intended to provide prophylactic care before or soon after
the onset of drinking problems. They are designed to motivate hazardous drinkers to
moderate alcohol consumption, rather than to promote complete abstinence. They are
often simply enough to be provided by primary care physicians and are specially
appropriate for hazardous drinking meeting some criteria for abuse rather than
dependence (Rubinsky et al., 2013). The cumulative evidence has suggested significant
clinical effect on drinking behavior and related problems from receiving brief
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intervention, while there is little evidence that brief interventions are equally effective for
individuals with alcohol dependence (Kaner et al., 2009; O’Donnell et al., 2014).
Specialized treatment refers to interventions directly managing alcohol
withdrawal, preventing relapse to heavy drinking, and supporting social and
psychological rehabilitation of the problem drinkers. Specialized treatment services
consist of two components: programmatic settings (e.g., detoxification facilities,
inpatient residential programs, outpatient clinics) and therapeutic approaches (e.g., 12step of Alcoholics Anonymous, behavioral therapies, and pharmacotherapies).
Detoxification with the management of alcohol withdrawal is usually the first step for
many alcohol dependent patients to relieve discomfort and to get prepared for
rehabilitation. Non-pharmacological detoxification can be done in outpatient setting and
is appropriate for patients with mild-to-moderate dependence (Naranjo and Sellers,
1986). Pharmacological detoxification, often done in inpatient settings, is indicated for
patients with serious medical illness, a past history of adverse withdrawal reactions, and
current evidence of delirium tremens. Alcohol rehabilitation has typically been provided
in residential settings (e.g. halfway house) lasting for a period of one month or more.
Due to increasing cost concerns, outpatient management has become the dominant
setting.
Therapeutic approaches that are often employed in both inpatient and
outpatient settings include psychosocial treatments (e.g., cognitive behavior therapy
[CBT], motivational interviewing [MI], 12-step facilitation, family therapy), and
pharmacotherapies. CBT focuses on teaching the relapse prevention skills and
development of cognitive strategies to avoid clues to drinking. Twelve-step facilitation is
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designed to introduce patients to the principles of AA. MI is employed to increase
patients’ motivation for abstinence. Several large studies have indicated these three
therapies had similar effectiveness, and more effective than confrontational and family
therapies (Group, 1998; Heather et al., 2001; Ouimette et al., 1999). The United States
Preventive Services Task Force (USPST) recommends pharmacotherapies with
concomitant psychosocial therapies for treatment of patients with alcohol dependence
(Willenbring et al., 2009). Over the past decade, pharmacotherapies have begun to play
a more important part in the treatment and rehabilitation of people with alcohol
dependence. Disulfiram, naltrexone, acamprosate are three medications approved by
the US Food and Drug Administration (FDA) for treating alcohol dependence. Disulfiram
is an alcohol-aversion drug that causes discomfort when taking alcohol simultaneously.
The few clinical trials on disfulfram indicated little evidence of its effectiveness because
of poor medication compliance (Fuller et al., 1986). Naltrexone is an opioid antagonist to
block endogenous opioids triggered by alcohol (Mason et al., 2002). Therefore,
naltrexone is hypothesized to reduce craving for alcohol and to help prevent relapse to
heavy drinking by reducing the rewarding effect from alcohol consumption if drinking
does occur (Ray et al., 2010). Acamprosate is thought to promote abstinence by
restoring the balance in the gamma-aminobutyric acid (GABA) and glutamate systems
that is disrupted by chronic heavy drinking (Rösner et al., 2010). A recent Meta-analysis
comparing naltrexone and acamprosate suggested that acamprosate was more
efficacious in promoting abstinence while naltrexone was more efficacious in reducing
heavy drinking and craving. Detoxification and a longer period of abstinence before
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medication initiation may suggest larger medication effects for acamprosate and
naltrexone, respectively (Maisel et al., 2013).
Prior observational and clinical trials in the general population have consistently
demonstrated the participation in general alcohol treatment program is associated with
improved outcomes in individuals with drinking problems (Dawson et al., 2006; Hasin et
al., 2013; Moos and Moos, 2006, 2004; Timko et al., 2006; Ye and Kaskutas, 2009). For
example, based on 4422 individuals with prior-to-past-year (PPY) onset of alcohol
dependence obtained from the 2001-2002 NESARC data, Dawson et al demonstrated
that participation in general alcohol treatment program resulted in increased likelihood
of any recovery, non-abstinent recovery, abstinent recovery. In particular, individuals
who participated in 12-step program in addition to formal treatment had better recovery
compared with those who received formal treatment alone (Dawson et al., 2006).
Unlike ample evidence of the negative influence of hazardous drinking on many
aspects of the life of people with HIV infection, information is unexpectedly limited for
alcohol treatment among HIV patients who have drinking problems. Several studies
examining the efficacy of alcohol treatment produced mixed results (Hasin et al., 2013;
Samet et al., 2005; Velasquez et al., 2009). A study of HIV-infected men who had sex
with men found that alcohol intervention resulted in reduction in both the number of
drinking days and the number of heavy drinking days in the past 30 days over a 12month follow-up (Velasquez et al., 2009). A recent study based on 258 HIV-infected
individuals with recent hazardous drinking suggested alcohol treatment, such as
motivational interviewing had effect on reducing the number of drinks on drink days but
such effects seemed to be modest and was dependent on the presence of alcohol

24

dependence (Hasin et al., 2013). However, based on a sample of 151 HIV primary care
patients with lifetime history of AUD, researchers found no significant alcohol treatment
effect on reduction in drinking at both 6-month and 12-month follow-up (Samet et al.,
2005). In addition, currently, there is no data on any pharmacotherapy for alcohol
dependence in patients with HIV infection, although a number of trials are ongoing
(Parry et al., 2014).
Given the profound negative impacts of hazardous alcohol consumption on the
course of HIV, there is increasing interest in evaluating the long-term benefits of alcohol
treatments on HIV-infected individuals. In addition, alcohol treatment should never be
considered as a one-time fix because most chronic drinkers, especially those who
experience recurrent relapse, may require recurring stay in treatment programs to
eventually achieve sobriety. Disease simulation model may provide us a useful tool to
project long-term treatment effect in a timely and cost-efficient way.
HIV Disease Simulation Model
Disease simulation modeling is one technique that allows long-term health
assessments based on the extrapolation of existing data (Briggs et al., 2006). It can be
easily expanded to address cost-effectiveness questions if cost components are
included. Because it is basically a computer-based mathematical model, it is much more
expedient and resource-efficient compared to conducting longitudinal cohort studies or
lengthy clinical studies. Dependent on known clinical data, disease simulation model
makes reasonable projections on long-term outcomes that provide important evidence
to support clinical decision-making and public health policy-making for therapeutic
options for the management of many chronic conditions, like HIV (Drummond, 2005).
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In the past two decades, several influential studies employing HIV disease
models have been published to inform vital guidelines on HIV disease management,
such as cost-effectiveness of HIV screening and the timing of initiating HAART
(Braithwaite et al., 2005; Farnham et al., 2012; Freedberg et al., 2001; Paltiel et al.,
2005; Prabhu et al., 2011; Sanders et al., 2005; Walensky et al., 2013). In 2001,
Freedberg et al. published a mathematical model in NEJM to firstly evaluate the costeffectiveness of HAART (Freedberg et al., 2001). The input parameters were derived
from publications of big clinical trials from various countries, such as the AIDS clinical
trial group 320 study, Johns Hopkins HIV clinic cohort study, and the Italy, Netherlands,
Canada, and Australia (INCAS) trial. This model simulated 1 million hypothetical HIV
patients and extrapolated the expected life years, development of opportunistic
infections, and overall treatment costs. The results suggested that although the financial
costs were significant, HAART could be generally considered as cost-effective, at least
compared with other therapeutic strategies generally used at that time. This finding
contributed to the widespread adoption of HAART. In 2005, Sanders et al. reported a
new disease simulation model in NEJM to demonstrate the cost-effectiveness of HIV
screening in the era of HAART (Sanders et al., 2005). This model applied refined
Markov chain model using Monte Carlo simulation (to generate random number) to
account for real-world uncertainties. The authors also incorporated a disease
transmission model to measure additional benefits of transmission prevention caused
by early detection and treatment. Solely focusing on health outcomes, one model
developed by Braithwaite et al. made an attempt to quantify non-AIDS-related mortality
in aging HIV patients (Braithwaite et al., 2005). Coming into 2010, several new models
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evolved to address new research challenges as an extension of previous models
(Farnham et al., 2012; Prabhu et al., 2011). For example, CDC published a HIV/AIDS
model - PATH (progression and transmission of HIV/AIDS), that investigated the costeffectiveness of HIV testing at different settings, like sexually transmitted diseases (STD)
clinics, emergency room, and Inpatient (Prabhu et al., 2011).
Conclusion
Epidemiological Research on alcohol use and HIV diseases has made significant
progress in the past two decades on describing disease burdens and their complex
etiological relationship. However, there are still many areas are lacking. One example is
the lack of understanding on alcohol treatment use among HIV-infected hazardous
drinkers. Alcohol treatment has been traditionally underutilized among people with
drinking problems (Cohen et al., 2007). Whether similar levels of utilization will be seen
in HIV-infected individuals is unknown. Furthermore, information on the profile of those
who receive treatment and those who don’t may help improve current efforts to enhance
treatment utilization if the utilization rate is found low. Similarly, better understanding of
treatment effect is important because many people in need of treatment didn’t receive
treatment due to the lack of sufficient knowledge of treatment and treatment effect
(Dawson et al., 2012). The rest of the dissertation will describe efforts we have
undertaken to make progress in this area. We will focus on 3 major aspects about
alcohol treatment use in HIV-infected individuals: utilization, treatment effect on drinking
outcomes, and potential influence of treatment on survival.
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CHAPTER 2
SPECIFIC AIMS AND HYPOTHESES

This project consists of three studies (presented in Chapter 3-5) to improve the
understanding of alcohol treatment use among HIV-infected individuals with hazardous
drinking. Three specific aims and corresponding hypothesis are presented below.
Aim1 Utilization of Alcohol Treatment
Given the evidence that hazardous drinking is an important health problem in
HIV-infected individuals, provision of alcohol treatment services may result in
substantial benefits in their health and well-being. However, little is known about the
alcohol treatment use in HIV-infected individuals, especially women with HIV infection.
Using data from a large cohort of HIV-infected women, the objectives of this aim were to
(1) describe utilization of alcohol treatment, and to (2) determine factors associated with
utilization of any alcohol treatment among HIV-infected women with hazardous drinking.
Hypothesis: We hypothesize that the utilization of alcohol treatment is low; we
also hypothesize that enabling factors and need factors may play important roles in
determining the utilization of alcohol treatment.
Aim2 Treatment Effect on Drinking Outcomes
Information is quite limited on alcohol treatment effect among HIV-infected
people. A few studies examining the alcohol treatment effect in HIV patients have been
limited by the small sample size or recruitment from a single setting. No study has ever
examined the alcohol treatment effect with data from a large, multicenter observational
cohort of HIV patients. Using multicenter cohort data may improve the generalizability;
using data from longitudinal cohort not originally designed to assess alcohol treatment
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effect may also help reduce strong placebo effect which often occurs in clinical trials of
alcohol treatment (Litten et al., 2013). Moreover, almost all previous research has been
conducted based on either men-exclusive or men-dominant population (Hasin et al.,
2013; Samet et al., 2005), yielding little data on women with HIV infection. The aim of
the present study was to evaluate whether engaging in any alcohol treatment,
irrespective of either formal treatment (e.g., detoxification, inpatient wards, outpatient
specialty care), or informal treatment (e.g., Alcoholics Anonymous or other 12-step
programs, halfway houses, family services agencies), was associated with less
unhealthy drinking and more abstinence among female hazardous drinkers with HIV
infection.
Hypothesis: we hypothesize that receipt of alcohol treatment will be associated
with improved drinking outcomes, such as no unhealthy drinking and abstinence,
among HIV-infected women.
Aim3 Survival Impact of Hazardous Drinking and Alcohol Treatment
Although AIDS-related conditions remain the most common causes of deaths
,the aging population of HIV-infected individuals is facing increasing risks of
complications and mortality not directly attributable to HIV (Neblett et al., 2011; Samji et
al., 2013; Smith et al., 2014; Wada et al., 2014; Weber et al., 2013). Hazardous alcohol
consumption is a modifiable risky behavior associated with a variety of adverse health
outcome and behaviors. All these associations may have important implications for the
health and even survival of HIV patients. Few studies have examined the relationship
between hazardous drinking and survival in the HIV-infected population.
The first goal of this aim was to develop a computer simulation model to quantify
the impact of hazardous drinking on years of survival among individuals with HIV
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infection. This simulation differed from previously published work because it specifically
modeled the dynamics of hazardous drinking behavior and effect of hazardous drinking
on both HIV-related and non-HIV-related deaths.
Hypothesis: we hypothesize that hazardous drinking is associated with
substantial reduction in the survival among HIV-infected individuals.
Given the high prevalence of hazardous alcohol consumption, treatment to
reduce alcohol use may have the potential to prolong life of HIV-infected hazardous
drinking. Primary data analyses lack sufficient power to directly investigate this
relationship in the current treatment era because deaths have become increasingly rare
with modern therapies, and few studies have longitudinal data the utilization of alcohol
treatment. The second goal of this aim was to expand the hazardous drinking simulation
model to estimate the survival impact of alcohol treatment utilization among HIVinfected individuals with hazardous drinking.
Hypothesis: utilization of alcohol treatment may result in improvement in survival
among HIV-infected individuals with hazardous drinking.
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CHAPTER 3
UTILIZATION OF ALCOHOL TREATMENT AMONG HIV-POSITIVE WOMEN WITH
HAZARDOUS DRINKING
Introduction
Alcohol use is common among women with HIV infection in the United States.
Approximately half of HIV-positive women reported any alcohol consumption in the past
year with 14%-24% drinking at hazardous levels (Cook et al., 2009). Recent studies
have shown that hazardous drinking, often defined as >7 drinks per week or >3 drinks
per occasion for women (Willenbring et al., 2009), is associated with several adverse
health behaviors and outcomes in HIV-positive women. These include low engagement
and retention in HIV care (Chander et al., 2006; Cunningham et al., 2006), suboptimal
adherence to HIV medication (S. Braithwaite et al., 2005; Chander et al., 2006; Cook et
al., 2001; Hendershot et al., 2009), increased HIV viral load (Chander et al., 2006;
Samet et al., 2005), increased risky sexual behaviors (Hutton et al., 2012), and more
rapid HIV disease progression (Wu et al., 2011). In addition, heavy alcohol consumption
imposes greater risk for cirrhosis and hepatocellular carcinoma and worsens other liver
conditions among HIV-positive women with HCV co-infection (Cainelli et al., 2001;
Cohen et al., 2002; Joshi et al., 2011).
A variety of treatment options are available to address a wide spectrum of
alcohol problems ranging from risky drinking to chronic alcohol dependence (Willenbring
et al., 2009). Prior studies in the general population have consistently found that
participation in alcohol treatment programs, (e.g., detoxification, Alcoholics Anonymous
or other 12-step programs, halfway houses) improves outcomes in people with AUD
(Dawson et al., 2006; Hasin et al., 2013; Moos and Moos, 2006, 2004; Timko et al.,
2006; Ye and Kaskutas, 2009). Nevertheless, community studies of treatment patterns
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among non-HIV-infected population have repeatedly demonstrated substantial
underutilization of alcohol treatment (Cohen et al., 2007; Harris and Edlund, 2005;
Mojtabai, 2005; Wu et al., 2003).
Andersen’s Behavioral Model of Health Services Use (Andersen, 2008) has been
widely used to help better understand access and utilization of health care services
(Babitsch et al., 2012; Dawson et al., 2012; Goldstein et al., 2010; Mojtabai, 2005).This
model classifies potential individual and contextual determinants into 3 domains:
predisposing, enabling, and need factors. Predisposing factors represent individuals’
predisposition affecting service use, such as demographics, social structure, and health
beliefs. Enabling factors refer to various characteristics influencing care delivery, such
as financial or societal sources for care, availability of and access to care providers.
Need factors include health status assessed by health professionals or perceived by
patients themselves (e.g., severity of drinking problems, comorbid health conditions,
and co-existing mental health and substance abuse problems).
Hazardous drinking is an important problem in HIV-infected women, and
provision of alcohol treatment services may result in substantial benefits in their health
and wellbeing. However, little is known about the utilization of alcohol treatment among
women affected by both HIV infection and hazardous drinking. The objectives of this
study were to describe utilization and, under the framework of the Andersen’s
Behavioral model, to determine factors associated with utilization of any alcohol
treatment among HIV-positive women with hazardous drinking.
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Method
Study Sample
This study used data from the Women’s Interagency HIV Study (WIHS), the
largest, observational prospective cohort study of HIV disease in U.S. women (Bacon et
al., 2005). WIHS recruited HIV-positive women from 6 study sites across the US:
Brooklyn, New York; Bronx, New York; Chicago, Illinois; Los Angeles, California; San
Francisco, California; and Washington, District of Columbia. To better reflect real-world
experience of HIV disease and management, women were recruited via various venues,
including HIV primary care clinics, HIV testing sites, hospital-based programs,
community outreach sites, and research programs (Barkan et al., 1998). The questions
assessing alcohol treatment utilization were implemented from 1994 to 2002. The
present study was a cross-sectional study, in that information from each participant was
based on a single visit in which she first reported hazardous drinking during this period.
Written informed consent was obtained for all women participating in WIHS and the
institutional review board of the University of Florida approved this study focusing on the
existing WIHS data.
Measurements
Hazardous drinking
Alcohol use questions assessed frequency and quantity, and weekly alcohol
consumption was calculated to define hazardous drinking. The present study defined
hazardous drinking as >=12 drinks per week (Gordon et al., 2001; Parsons et al., 2007).
In the absence of a formal AUD diagnosis in WIHS, using this relatively higher criterion
than the NIAAA threshold (>7drinks per week or >3 drinks per day for women)
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enhanced the specificity to better identify women who experienced alcohol-related
negative consequences and hence, were in need of alcohol treatment.
Alcohol treatment use
Following the alcohol consumption questions, recent use (in the past 6 months)
of alcohol treatment was assessed by asking: “during the past 6 months\since your last
visit, have you been in an alcohol treatment program? I am interested in any alcohol
treatment programs you may have been in, including inpatient and/or outpatient alcohol
detoxification, halfway houses, Alcoholics Anonymous, and/or other alcohol treatment
programs.” A series of 5 subsequent questions were then asked of those who
acknowledged the uptake, inquiring about specific sources of treatment.
Because many women reported utilization of alcohol treatment from multiple
resources in the past half year, we constructed a hierarchy of two mutually exclusive
types of care (Dawson et al., 2012): utilization of formal sources of care (inpatient detox
or outpatient alcohol treatment), irrespective of whether any informal sources of care
were also used; utilization of informal sources of care (AA, halfway houses, etc) only.
Predisposing factors
Predisposing characteristics affecting care-seeking behavior included age (1835, 36-42, 43+), race/ethnicity (Hispanic any race, black non-Hispanic, and White nonHispanic/other races), educational attainment (<=high school vs. >=college),
employment status, and marital status (married/cohabitating vs. single/never married).
Enabling factors
Factors facilitating or acting as barriers to the utilization of alcohol treatment
included family income (<=12K vs. >12K), health insurance coverage (yes/no), and
perceived social support (yes/no). Strong support and aid from family members, friends
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and social connections have been associated with greater likelihood of entry into
treatment (Grant, 1997; Mowbray, 2014) compared with those who lack such support.
Social support factors were determined by positive responses to all three dummy
variables in the social support domain: whether receiving any help (yes/no); whether
receiving encouragement from family members and/or friends (yes/no); whether family
members and/or friends understood participants’ concerns since the last visit (yes/no).
Need factors
Need factors included the amount of weekly alcohol intake categorized into 3
levels: 12-15, 16-35, and 36+ drinks; presence of depressive symptoms measured as a
score of the Center for Epidemiological Studies Depression Scale (CES-D) equal or
greater than 16 (Tandon et al., 2012); use of any illicit drugs defined as using
marijuana, cocaine, “crack” or freebase cocaine, heroin, methadone, and other drugs in
the past 6 months. Overall health status was measured by a shortened version of the
Medical Outcome Study (MOS) - HIV health survey scoring from 0 to 100 (Liu et al.,
2006). HCV status was determined by antibody testing from blood collected at WIHS
enrollment visit. Undetected HIV viral load was defined as a plasma HIV RNA viral load
that was below the lower limit of detection of the quantitative HIV RNA assay.
Statistical Analysis
Descriptive analyses were performed to describe recent use (in the past 6
months) of any alcohol treatment, specific types of treatment, as well as potential
predictors. We performed unadjusted logistic regression on each predictor to determine
the bivariate association. Any variable statistically significant at an  of 0.05 from the
unadjusted analyses or predefined as an important predictor based on prior literature
was retained in the final multivariable logistic regression to examine the independent
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association with the odds of receiving any alcohol treatment. A penalized maximum
likelihood estimation (PMLE), also called Firth bias correction method, was used to
reduce small sample bias (King and Zeng, 2001).
In multivariable models requiring complete information for all included variables,
even small amounts of missing data for each of the predictors can result in sizable
sample reduction. Although the missing data for each variable were no more than 6%,
the total amount of missing data in the final complete case model accounted for over
17% of the whole sample. To remediate this, we used multiple imputation with a
multivariate normal approach (Schafer, 1999). We generated 5 copies of complete data
sets with missing values imputed by random draws from the multiple imputation models.
Multivariable logistic regression analysis was performed independently on each of the 5
imputed data sets. The resulting estimates for each variable were averaged to give a
mean estimate and adjusted standard error according to Rubin’s rules (Rubin, 1987).
Because results were similar to those from complete cases analysis, we only reported
adjusted associations from the imputed data. All analyses were conducted by SAS
statistical package, version 9.4.
Results
From 1994 to 2002, this study identified a total of 474 HIV-positive women who
reported meeting hazardous drinking criteria (>=12 weekly drinks) at least once during
the study period. As shown in Table 3-1, 68.8% of the participants were 36 years of age
or older. The majority of the women were Black non-Hispanic (68.6%), had high school
or less education (76.8%), and were single or never married (69.8%). Most women
reported being unemployed (85.6%), having an average household income of no more
than $12,000 (73.2%), having any kind of health insurance (75.7%), and around 60%
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reported positive responses to all 3 social support questions. A median of 21 drinks per
week was reported with approximately one fourth (23.4%) of the sample drinking at
least 36 drinks per week over the past 6 months. Depressive symptoms (CES-D>=16)
(67.2%) and recent illicit drug use (71.9%) were common. More than half of this sample
was HIV/HCV-co-infected.
As shown in Table 3-2, among HIV-positive women with a recent episode of
hazardous drinking, 19% (n=90) reported recent alcohol treatment utilization. More
specifically, 13.7% used at least one formal source of care and 5.3% used only informal
sources of care. The most commonly reported type of treatment was AA (12.9%),
followed by inpatient detoxification (9.9%) and outpatient alcohol treatment program
(7.0%). Half (51%) of women who received any alcohol treatment reported using more
than one type of alcohol treatment. Among women who had used at least one formal
source of care, 61.5% also attended AA and 20% obtained care from other sources.
Bivariate analyses indicated that those who used alcohol treatment have 2.79
times the odds to report a lower household income (Odds Ratio [OR] = 2.79, 95%
Confidence Interval [CI] = 1.43 – 5.48), and being unemployed (OR=2.70, 95% CI=1.13
– 6.46) than those who did not use any alcohol treatment (Table 3-3). A significant
dose-response relationship was found between increasing weekly drinking amounts and
odds of utilization of alcohol treatment: 16-35 drinks/week vs. 12-15 drinks/week,
(OR=2.79, 95% CI=1.13 – 6.46); 36+ drinks/week vs. 12-15 drinks/week, (OR=4.54,
95% CI=2.11 – 9.76). Those who used alcohol treatment had 3 times the odds of
acknowledging illicit drug use in the last 6 months (OR=3.00, 95% CI=1.58 – 5.72) than
those who did not use any alcohol treatment. No significant association was found
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between treatment utilization and other variables, including all predisposing factors,
health insurance status, presence of depressive symptoms, HCV status, undetected
HIV viral load, time of the 1st hazardous drinking visit, and locations of WIHS site.
Results from the multivariable model suggested those with household income
<=$12,000 had greater odds of utilization of any alcohol treatment than those with
higher household income (Adjusted Odds Ratio [AOR] = 2.61, 95% CI=1.23 to 5.56).
Although insignificant in bivariate analysis, having social support approached
significance with greater odds of obtaining alcohol treatment (AOR=1.78, 95% CI=1.03
to 3.08) after controlling for other covariates. The dose-response association between
levels of alcohol consumption and odds of utilizing any alcohol treatment persisted after
multivariable adjustment. Compared with those who reported weekly drinking of 12-15
drinks, women who drank 16-35 drinks per week had 2.79 times greater odds of
receiving any alcohol treatment (AOR=2.79, 95% CI=1.36 to 5.72), and the AOR
escalated to 4.16 when the levels of drinking increased to more than 35 drinks per week
(AOR=4.16, 95% CI=1.92 to 9.05). Finally, illicit drug users had greater odds of
reporting alcohol treatment utilization (AOR=2.74, 95% CI=1.42 to 5.29) than non-drug
users. No other significant association was found.
Discussion
Among HIV-positive women in WIHS reporting hazardous drinking, one in five
reported recent utilization of alcohol treatment; half received multiple types of
treatments among which AA was the most common; a mixture of enabling (income and
social support) and need factors (drinking levels and drug use) proofed important in
explaining utilization of alcohol treatment.
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The rate of alcohol treatment reported by our study was relatively high. For
instance, data from the NESARC suggest that 14.6% of individuals with lifetime AUD
report ever engaging in alcohol treatment (Cohen et al., 2007). This discrepancy may
reflect various approaches assessing treatment utilization (e.g. lifetime vs. past 6
months) as well as substantial differences in sample characteristics – WIHS women
have more comorbidities, poverty, mental health conditions, and many engaged in HIV
care. Although higher than rates reported in NESARC, our result was consistent with
findings from other studies: 2002 National Survey on Drug Use and Health (DSDUH)
found that among individuals with combined AUD or SUD, the prevalence of past-year
treatment utilization for substance use disorders (SUD) was as high as 22.1% (Mojtabai,
2005). Indeed, studies on low-socioeconomic class women with substance use
disorders also revealed that the rates of past-year substance abuse treatment could be
as high as 44.0% (Hansen et al., 2004; Rosen et al., 2004). Mojtabai suggested that the
high levels of utilization of alcohol or substance abuse treatments may suggest more
severe issues of AUD or SUD (Mojtabai, 2005).
This study found no independent effect of age and race on the odds of alcohol
treatment utilization among HIV-infected women with drinking problems. Previous
studies have yielded variable results on the association of age with treatment seeking.
Some studies have found that older individuals were more likely to receive treatment
(Cohen et al., 2007; Grella et al., 1999; Tighe and Saxe, 2006; Weisner et al., 2002)
while others have found that younger people were more likely to utilize treatment
services (Ilgen et al., 2011; S and Bowe, 2008). The resulting age trend of the present
study suggests younger women may be more likely to receive alcohol treatment.
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However, the lack of statistical significance may be results of moderate age effect or
relatively small sample size with limited statistical power. In terms of race/ethnicity, our
finding is consistent with prior work that found no racial difference in receipt of alcohol
treatment (Hatzenbuehler et al., 2008).
The finding of the negative association of income with alcohol treatment
utilization was generally consistent with prior observations among non-HIV-infected
individuals with AUD (Cohen et al., 2007; Ilgen et al., 2011; Mojtabai, 2005). The exact
reason for observing such negative association among HIV-infected women is unclear
although it can be related to greater access to public services and public entitlements
among low-income individuals (Weisner, 1993). Substance abuse treatments have
traditionally been closely affiliated with the criminal justice and welfare system (Weisner
and Schmidt, 1995). Individuals from lower socio-economic classes are usually overrepresented in the criminal justice and welfare system and thus, may be more likely to
receive treatment for their alcohol and drug abuse problems. For example, the most
common form of treatment reported in the present study was participation in Alcoholic
Anonymous, which is available at no cost.
Our finding highlights social support as a potentially important predictor
determining alcohol treatment utilization in HIV-infected women. The effect of social
support has been rarely investigated in prior alcohol treatment utilization studies as an
independent variable (Ilgen et al., 2011). Although a full-scale social support measure,
like the 27-item social support questionnaire, was not utilized, we found greater odds of
receiving alcohol treatment among HIV-infected women with greater social support.
Emotional support obtained from families and friends may help HIV-infected women
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overcome significant social stigma associated with both alcohol abuse and HIV infection
and motivate them to seek care to address both conditions. Also, vital ancillary services
provided by women’s social networks, such as childcare, transportation, or important
family services, may further enhance care-seeking behavior. Lack of adequate
supporting system has contributed substantially to low rates of alcohol treatment uptake
(Ilgen et al., 2011). Future alcohol treatment programs focusing on HIV-infected women
may consider the integration of specific social support strategies to facilitate care
access and quality of care.
The positive relationship of treatment utilization with drinking levels is selfevident: the more alcohol is used, the greater odds that individuals will seek help for
their AUD. The presence of depressive symptoms appears to play no important role in
alcohol treatment utilization among HIV-infected women. Women with depression may
lack the energy or desire to seek care for drinking problems, which may explain the
direction of effect found in the analysis. On the other hand, depressed women may seek
care for their depressive symptoms, in which they may also receive screening or advice
about their drinking problems (Dawson et al., 2012). Both mechanisms may
counterbalance each other, resulting in our finding of no effect. Future research should
assess whether receiving treatment for depression increases the likelihood of seeking
alcohol treatment, particularly since depression and hazardous drinking frequently cooccur among individuals with HIV infection.
In multivariable analyses controlling for predisposing, enabling and levels of
alcohol consumption, recent illicit drug use predicted the utilization of alcohol treatment.
This positive association is consistent with prior research that illicit drug use is positively
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associated with care-seeking behaviors (Cohen et al., 2007; Dawson et al., 2012;
Hasin, 1994; Ilgen et al., 2011; Kessler RC et al., 2001; Mojtabai et al., 2002). Cohen
and colleagues (2007) suggested that comorbid substance use disorders had strong
influence on alcohol treatment utilization. In the current study, co-occurring drug use
was reported by more than two thirds of the sample and may result in greater distress,
increasing their motivation to seek care for both problems. Increased outreach to those
with both alcohol and drug use problems could help target the population with the most
need for treatment.
This study has several limitations. First, our findings of predictors of utilization of
alcohol treatment should not be interpreted as a causal link because of the crosssectional study design. Second, the data on alcohol treatment utilization were based on
self-report questions with unknown validity and reliability. Additionally, our measure of
care did not allow us to distinguish participants with voluntary utilization from those with
coerced utilization or to distinguish those who were unable to get care from those who
never sought care. Third, the small number of respondents who reported recent
treatment utilization precluded our analysis to identify meaningful factors associated
with different types of alcohol treatment. Fourth, WIHS is a convenient sample but
intended to be representative of women with HIV. WIHS women had semiannual visits
with WIHS staff, which may influence hazardous drinkers’ care seeking behaviors.
Therefore, our results may not be generalizable to all HIV-infected women with drinking
problems. Fifth, although the formal diagnosis of AUD is lacking for our sample, quantity
and frequency questions of alcohol consumption have been widely used to identify
people with drinking problems (Canagasaby and Vinson, 2005; Chung et al., 2012;
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Dawson et al., 2005; Rubinsky et al., 2013; Willenbring et al., 2009). In addition, we
choose a higher cut-off point to define hazardous drinking, resulting in higher specificity
in identifying subjects in need of treatment. Sixth, mental health disorders were not
assessed in this study with the exception of depression. Comorbid personality disorders
and anxiety disorders may also play important roles in determining alcohol treatment
utilization.
Despite the above limitations, this is the first study of which we are aware to
examine predictors of utilization of alcohol treatment among HIV-positive women. Our
findings provide a unique profile of HIV-infected women with hazardous drinking who
received alcohol treatments. This information is important to improve the treatment
service delivery to this population. Many HIV-infected women who do not receive care
for their AUD can potentially benefit from engaging in alcohol treatment. Improved
screening for at-risk drinking, referral to appropriate treatment, and integrating treatment
procedures tailored to the unique contexts for HIV-infected women (e.g. combined
treatment services to address drug and alcohol dependence, the availability of auxiliary
services) could potentially help lessen the gap between need for and the utilization of
alcohol treatment.
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Table 3-1. Characteristics of 474 HIV-positive WIHS women with recent hazardous
drinking (in the past 6 months)
%
Characteristics
Predisposing
Age (years)
18-35
31.2
36-42
38.2
43+
30.6
Race/ethnicity
Black non-Hispanic
68.6
Hispanic any race
16.7
White non-Hispanic/other
14.8
Education
<=High school
76.8
>=College
23.2
Marital status
Married/cohabitating
30.2
Single/never married
69.8
Enabling
Income
<=12K
>12K
Employed
Any health insurance
Social support
Need
Number of drinks per week
36+
16-35
12-15
Depression (CES-D>=16)
Any drug use
Quality of life (mean, SD)
HCV
Undetected HIV viral load

73.2
26.8
14.4
75.7
60.4

23.4
50.8
25.7
67.2
71.9
58.0 (20.2)
59.8
9.1
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Table 3-2. Recent alcohol treatment services utilization among HIV-infected women
with hazardous drinking
Formal
Informal
sources of
sources of
All
care
care only
(n=474)
(n=65)
(n=25)
Type of alcohol treatment services
%
%
%
a
Any alcohol treatment service
19.0
Formal sources of care (inpatient
13.7
100.0
0.0
detox or outpatient alcohol
treatment)b
Informal sources of care only (AA,
5.3
0.0
100.0
halfway houses, etc)
Inpatient alcohol detoxification

9.9

72.3 c

0.0

Outpatient alcohol treatment program 7.0
50.8
0.0
Alcoholic Anonymous (AA)
12.9
61.5
84.0
Other (halfway houses, etc.)
4.2
20.0
28.0
a
Any alcohol treatment used in the past 6 months includes uptake of any formal
(inpatient detoxification, outpatient alcohol treatment, etc.) or informal sources of care
for alcohol problems (Alcoholic Anonymous, halfway house, etc.). b Irrespective of
whether also used any informal sources of care. c Do not add up to 100% because
some women used multiple sources of treatment
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Table 3-3. Correlates of using any alcohol treatment among HIV-positive WIHS women with hazardous drinking
(n=474)
Bivariate analyses
Multivariable analyses
Treated
Untreated
(n=90)
(n=384)
Characteristics
%
%
OR
95% CI
P value AOR 95% CI
P value
Predisposing
Age (years)
18-35
21.6
78.4
1.54 0.85 – 2.81 0.157
1.66 0.88 – 3.13
0.117
36-42
19.9
80.1
1.39 0.78 – 2.48 0.270
1.44 0.78 – 2.65
0.242
43+
15.2
84.8
1.00
1.00
Race/ethnicity
Black non-Hispanic
17.8
82.2
0.73 0.39 – 1.37 0.331
0.64 0.33 – 1.26
0.199
Hispanic any race
20.2
79.8
0.86 0.39 – 1.87 0.699
0.86 0.37 – 2.00
0.730
White non-Hispanic/other
22.9
77.1
1.00
1.00
Education
<=High school
19.2
80.8
1.07 0.62 – 1.86 0.806
>=College
18.2
81.8
1.00
Marital status
Married/cohabitating
17.3
82.7
0.87 0.52 – 1.47 0.605
Single/never married
19.3
80.7
1.00
Enabling
Income
<=12K
>12K
Employment
No
Yes
Any health insurance
Yes
No

22.0
9.2

78.0
90.8

2.79
1.00

1.43 – 5.48

0.003

2.61
1.00

1.23 – 5.56

0.014

20.7
8.8

79.3
91.2

2.70
1.00

1.13 – 6.46

0.025

0.55
1.00

0.22 – 1.35

0.188

18.3
21.0

81.7
79.0

0.84
1.00

0.50 – 1.42

0.508
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Table 3-3.

Continued
Bivariate analyses

Characteristics
Social support
Yes
No
Need
Number of drinks per week
36+
16-35
12-15
Depression (CES-D>=16)
Yes
No
Any drug use
Yes
No
Quality of life (mean, SD)

Multivariable analyses

Treated
(n=90)
%

Untreated
(n=384)
%

OR

95% CI

P value AOR

95% CI

P value

21.1
15.2

78.9
84.8

1.49
1.00

0.90 – 2.46

0.123

1.78
1.00

1.03 – 3.08

0.039

28.8
19.9
8.2

71.2
80.1
91.8

4.54
2.79
1.00

2.11 – 9.76
1.36 – 5.72

0.005
<0.001

4.16
2.96
1.00

1.92 – 9.05
1.44 – 6.09

<0.001
0.003

18.2
20.0

81.8
80.0

0.89
1.00

0.54 – 1.47

0.646

22.9
9.0
57.4
(20.9)

77.1
91.0
58.2
(20.2)

3.00
1.00

1.58 – 5.72

0.001

2.74
1.00

1.42 – 5.29

0.003

0.732

HCV
Yes
20.4
79.6
1.25 0.77 – 2.01
No
17.0
83.0
1.00
Undetected HIV viral load
Yes
21.9
78.1
1.16 0.53 – 2.53
No
19.5
80.5
1.00
AOR: Adjusted Odds Ratio; 95% CI: 95% Confidence Interval
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0.368

0.709

CHAPTER 4
RECEIVING ALCOHOL TREATMENT IS ASSOCIATED WITH LESS ALCOHOL USE
AMONG HIV-POSITIVE WOMEN WITH HAZARDOUS DRINKING
Introduction
In the United States, women account for one quarter of people living with HIV
and one fifth of new diagnoses of HIV infection (Center for Disease Control and
Prevention, 2014). Women of color are disproportionately affected by the HIV epidemic.
African American women who comprise 12% of female population in the US account for
nearly two thirds (64%) of all new HIV infections in women (Centers for Disease Control
and Prevention, 2013). HIV epidemic has increasingly expanded to women, and there is
increasing need to address modifiable behavior attributable to excessive comorbidities
and mortality among women with HIV infection (Neblett et al., 2011).
Hazardous alcohol use is one such modifiable behavioral factor. Alcohol use is
common among HIV-positive women with the prevalence of hazardous drinking ranging
from 14% to 24% (Cook et al., 2009). Hazardous drinking is defined as a pattern of
alcohol use associated with increased risk of alcohol-related and other health issues but
may not be necessarily classified as alcohol use disorders (Willenbring et al., 2009).
Epidemiological research among people with HIV infection has consistently suggested
that hazardous drinking is related with decreased engagement to HIV care and retention
in care (Chander et al., 2006; Cunningham et al., 2007), suboptimal adherence to ART
(S. Braithwaite et al., 2005; Chander et al., 2006; Hendershot et al., 2009), and
increased risk of cirrhosis and hepatocellular carcinoma among those with hepatitis B or
C co-infection (Cohen et al., 2002; Joshi et al., 2011). In addition, hazardous drinking is
linked to poor virologic and immunologic responses to ART (Wu et al., 2011) as well as
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greater risk of engaging in unprotected sex, anal sex, and having multiple sex partners
(Hutton et al., 2012), which may place individuals at increased risk for transmitting HIV.
Treatment to reduce alcohol use may result in substantial benefits to health and
well-being of HIV patients with hazardous drinking. However, information is limited on
alcohol treatment effect in this population. Only a few studies have assessed alcohol
treatment effect among HIV-infected individuals and they have been generally limited by
small sample size or enrollment from a single setting (Hasin et al., 2013; Parsons et al.,
2007; Samet et al., 2005; Velasquez et al., 2009). Moreover, these studies have only
focused on either men-exclusive or men-dominant samples (>75%), yielding findings
less applicable to women with HIV infection. To improve the understanding of alcohol
treatment effect on HIV-infected women, the present study used data obtained from a
large, multicenter cohort of HIV-infected women to assess the association between
engaging in any alcohol treatment, irrespective of treatment modality, and drinking
outcomes (no unhealthy drinking and abstinence) in the next 6 months. Using data from
the multicenter cohort tends to improve the generalizability of our findings. Furthermore,
these data are generated from the study cohort not originally designed to assess
alcohol treatment. This may help reduce strong “placebo effect” that have been a
serious issue in many clinical trials of alcohol treatment (Litten et al., 2013). We
hypothesized that receipt of alcohol treatment would be positively related with achieving
no unhealthy drinking and abstinence among HIV-positive women with hazardous
drinking.
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Method
Study Sample
The parent cohort of the present study was the Women’s Interagency HIV Study
(WIHS), the largest, ongoing, prospective cohort study of HIV disease in U.S. women.
Women participating WIHS were recruited from 6 study sites across the US via various
recruitment settings, such as HIV primary care clinics, HIV testing sites, hospital-based
program, community outreach programs and research programs. More details of study
design of WIHS can been seen elsewhere (Bacon et al., 2005; Barkan et al., 1998).
Every 6 months, women came to WIHS sites to complete a structured questionnaire,
receive physical examinations, and provide blood and specimens for repositories and
lab tests. Information was obtained biannually on sociodemograhpics, overall health
status, antiretroviral therapies, drug and alcohol use, sexual behaviors, health care
utilization, and psychological status.
The current study used WIHS data from 1994 to 2002 because alcohol treatment
utilization was only assessed during this period. Similar to the definition employed in
Chapter 3, hazardous drinking was defined if the self-report weekly drinking amounts
exceeded 12 drinks per week (Gordon et al., 2001; Parsons et al., 2007). In the
absence of a formal AUD diagnosis in WIHS, using a relatively higher criterion than the
NIAAA threshold (>7drinks per week or >3 drinks per day for women) enhanced the
specificity to better identify women who experienced alcohol-related negative
consequences and who were more likely to need alcohol treatment.
To assess if alcohol use declined after receiving treatment, we only targeted
hazardous drinking visits (Figure 4-1). We only included hazardous drinking visits
without any alcohol treatment reported in the past 6 months as the baseline (t0) to
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ensure no carry-on influence from any pre-existing and/or concomitant alcohol
treatment. We then obtained alcohol treatment status at the visit (t1) next to the
hazardous drinking visit to ensure that treatment occurred after the presence of
hazardous drinking. Finally, we assessed the drinking outcomes at the visits (t2) next to
the treatment visit to ensure outcome occurred after the treatment was initiated. This
design set up a “condition-treatment-outcome” scenario using the existing cohort data to
provide clear temporality for our analysis of alcohol treatment effect. We also excluded
observations in which women initiated alcohol treatment within the 6 months before t2.
Written informed consent was obtained for all women participating in WIHS and the
institutional review board of the University of Florida approved this analysis of existing
WIHS data.
Dependent Variables
Dependent variables were two dichotomous drinking variables reported at t2: no
unhealthy drinking in the past 6 months (yes/no) and achieving abstinence from alcohol
in the past 6 months (yes/no). To demonstrate meaningful improvement in drinking
outcomes, we used lower cut-offs to define unhealthy drinking: >7 drinks per week or >3
drinks per day (Willenbring et al., 2009). No unhealthy drinking could include both
moderate/light drinking and abstinence. Abstinence was classified if no alcohol use was
reported in the past 6 months.
Primary Independent Variables
The primary independent variable of interest was engagement in any alcohol
treatment during the 6 months prior to t1, irrespective of treatment modality. Positive
response was based on a single question asked in WIHS: “Since your last visit/during
the past 6 months, have you been in an alcohol treatment program? I am interested in
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any alcohol treatment programs you may have been in, including inpatient and/or
outpatient alcohol detoxification, halfway houses, Alcoholics Anonymous, and/or other
alcohol treatment programs”.
Other Covariates
In addition to age and race, we included covariates associated with receipt of
alcohol treatment to control for potential confounding. As shown in Chapter 3, these
variables included income, social support, levels of alcohol consumption, and illicit drug
use. Having social support was determined by positive responses to all three dummy
variables: whether receiving any help (yes/no); whether receiving encouragement from
family members and/or friends (yes/no); and whether family members and/or friends
understood participants’ concerns since the last visit (yes/no). Use of any illicit drugs
was defined as using marijuana, cocaine, “crack” or freebase cocaine, heroin,
methadone, and other drugs in the past 6 months. We also included HCV status for our
analysis. Awareness of HCV is associated with reduction in drinking among individuals
co-infected with HIV, and thus may confound the assessment of alcohol treatment effect
(Tsui et al., 2007). HCV status was determined by testing antibody by secondgeneration or third-generation enzyme linked immunoassay (Ortho-Diagnostic Systems,
Rochester, New York, USA), testing HCV-RNA by HCV-branched DNA (Quantiplex 2.0
branched chain DNA-enhanced label amplification assay; Bayer-Versant Diagnostics,
formerly Chiron Diagnostics, Emeryville, California, USA) and by reverse transcriptase
polymerase chain reaction (COBAS Amplicor HCV Detection Kit, Roche Diagnostic
Systems, Pleasanton, California, USA).
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Statistical Analysis
We performed multivariable longitudinal regression to examine the association of
alcohol treatment (t1) with no unhealthy drinking (t2). Because each eligible subject may
contribute multiple observations for our analysis, generalized estimation equation (GEE)
was fit to adjust for correlations between these observations over time. Huber-White
sandwich estimator was specified to provide robust standard error estimates (Ballinger,
2004; Fitzmaurice et al., 2012; Zeger et al., 1988). For this model, we adjusted for a
series of covariates at t0, including age, race, income, social support, levels of alcohol
consumption, illicit drug use, and HCV status. Except race, all other covariates were
time-varying. Same multivariable longitudinal model was fit for abstinence as the
outcome. We imputed missing drinking data at t2 with the next visit data if available, and
imputed missing data at t0 with the prior visit data if available. After imputation, 5.8% of
observations were missing for one covariate or more. All analyses were conducted
using SAS statistical package, version 9.4 (Cary, North Carolina, USA).
Results
Through 1994 to 2002, we identified a total of 343 eligible women with hazardous
drinking who contributed a total of 865 observations for analysis. Among these women,
39.7% had 1 observation, 40.4% had 2 to 5 observations, and 19.9% had more than 5
observations. Table 4-1 shows the characteristics of these HIV-infected women at their
1st hazardous drinking visit: mean age was 39.1 years old (SD=7.3 years); the majority
of the sample was Black (69.4%); more than two thirds (70%) reported having an
average household income of no more than $12,000; approximately 60% reported
having social supported in the past 6 months; one fifth (18.4%) had at least 36 drinks
per week during the past 6 months and the median level was 21 drinks per week (IQR:
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15-31.5 drinks/week); 68.8% reported illicit drug use; more than half was co-infected
with HCV (59.6%).
Table 4-2 shows the findings from the multivariable longitudinal models. We
found receiving any alcohol treatment was independently associated with having no
unhealthy drinking in the next 6 months (odds ratio [OR] =1.58, 95% confidence interval
[95% CI] = 1.05 – 2.37) controlling for age, race, income, social support, levels of
alcohol consumption, illicit drug use and HCV+. Similarly, we found receiving any
alcohol treatment was independently associated with achieving abstinence in the next 6
months (OR = 2.29, 95% CI = 1.36 – 3.86) after adjusting for covariates. The presence
of any illicit drug use was negatively associated with achieving abstinence (OR = 0.46,
95% CI = 0.31 – 0.68) while the awareness of HCV status was associated with
increased odds of achieving abstinence (OR= 1.75, 95% CI=1.04 – 2.95).
Discussion
Using a cohort of HIV-positive women with hazardous drinking, we found that
receipt of alcohol treatment was associated with increased odds of achieving no
unhealthy drinking and abstinence, respectively. These findings supported our
hypothesis that engaging in alcohol treatment may improve drinking outcomes among
women with HIV infection.
Studies in the general population have consistently suggested that participation
in alcohol treatment services is associated with improved outcomes in people with
drinking problems (Dawson et al., 2006; Moos and Moos, 2006, 2004; Timko et al.,
2006; Ye and Kaskutas, 2009). Our findings in a cohort of HIV-positive women with
hazardous drinking appear to be consistent with these studies as well as findings from
some prior research on HIV patients (Hasin et al., 2013; Velasquez et al., 2009). A
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study of 253 HIV-infected men who have sex with men with alcohol use disorders found
that alcohol intervention resulted in reduction in both the number of drinking days and
the number of heavy drinking days over a 12-month follow-up (Velasquez et al., 2009).
A recent study based on 258 HIV-infected individuals with recent hazardous drinking
suggested that alcohol treatment, such as motivational interviewing (MI), had an effect
on reducing the number of drinks on drink days although such effects seemed to be
modest and could be modified by the presence of alcohol dependence (Hasin et al.,
2013). In contrast, based on a sample of 151 HIV primary care patients with lifetime
history of AUD, researchers found no significant alcohol treatment effect on reduction in
drinking at both 6-month and 12-month follow-up (Samet et al., 2005). However, only
30% of the whole sample actively engaged in hazardous drinking at the beginning of
this study, and more than 60% were in some substance abuse treatment program in the
6 months prior to the enrollment. These may result in substantial ceiling effect in this
study– the potential to demonstrate meaningful improvement relied on only 45 subjects
who reported baseline hazardous drinking. In contrast, the present study only focused
on visits in which women reported recent hazardous drinking (in the past 6 months) and
excluded those with concurrent or prior involvement in any alcohol treatment.
Hazardous alcohol consumption has been widely documented as an important
behavioral barrier to optimal HIV-related outcomes, such as good adherence to
antiretroviral therapies (>=95%) and sustained HIV viral load suppression (Chander et
al., 2006; Wu et al., 2011). Reduction in drinking may have important health implications
to HIV patients. However, research data are lacking for direct measure of any effect of
alcohol treatment on any measurable improvement for HIV outcomes among HIV-
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infected individuals with drinking problems. Our findings of alcohol treatment effect on
drinking outcome warrant future study to assess whether receipt of any alcohol
treatment has any effect on HIV outcomes, such as medication adherence, viral
suppression or survival.
This study has several limitations. First, alcohol treatment utilization was
obtained by self-report questions with unknown validity and reliability, which can be
improved in future studies using insurance claim records or hospital discharge data.
However, solely relying on administrative data may limit our ability to identify many
therapeutic options for alcohol use disorders that are provided outside general medical
care, like mutual-help programs which are the most commonly used alcohol treatment
services (Cohen et al., 2007).
Second, we grouped alcohol treatment into one single dichotomous variable,
assuming equivalent effects across different treatments. However, prior studies have
suggested different treatment modalities may have different efficacy on patients with
different levels of severities (Dawson et al., 2012). Per Chapter 3 findings, multipletreatment utilization was prevalent in this sample, resulting in insufficient statistical
power examining effect of individual treatment modality.
Third, our results may be subject to unobserved variable bias. For instance,
women participating in alcohol treatment programs may be highly-motivated to change
their drinking behavior, and therefore more likely to reduce or stop alcohol consumption.
Without such data in WIHS, we are unable to examine their influence on alcohol
treatment effect. Future randomized controlled trials may provide more conclusive
evidence regarding effect of alcohol treatment among HIV-infected women.
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Last but not least, our results may not be generalizable to all HIV-positive women
with hazardous drinking because WIHS is a convenient sample of HIV-infected women.
However, WIHS is intended to be representative of women with HIV infection in US
(Bacon et al., 2005).
Despite above limitations, our study provides promising evidence suggesting
engaging in alcohol treatment among women with HIV infection who have hazardous
drinking was associated with less unhealthy drinking and increased abstinence.
Considering high prevalence of hazardous drinking among women with HIV infection,
improved screening of hazardous alcohol use and increased efforts to enhance
utilization of alcohol treatment may reduce complications caused by hazardous drinking
and maximize benefits from ART to this population.
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Table 4-1. Characteristics of 343 HIV-positive WIHS women with recent hazardous
drinking a
N=343
Characteristics
Age (mean, SD)
39.1 (7.3)
Black (%)
69.4
Income (%)
<=12K
70.0
>12K
30.0
Social support (%)
59.6
Number of drinks per week (%)
12-15
27.4
16-35
54.2
36+
18.4
Any drug use (%)
68.4
HCV+ (%)
59.6
a
st
Characteristics on the 1 hazardous drinking visit
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Table 4-2. The association of alcohol treatment with no unhealthy drinking and abstinence among HIV-infected women
with hazardous drinking
No unhealthy drinking a
Abstinence
AOR
95% CI
P value
AOR
95% CI
P value
Alcohol treatment
Yes
1.58 1.05 – 2.37
0.03
2.29
1.36 – 3.86
<0.01
No
1.00
1.00
Age (every 5 years)
0.98 0.86 – 1.11
0.76
1.13
0.92 – 1.40
0.25
Black vs. others
1.14 0.78 – 1.69
0.50
1.68
0.84 – 3.36
0.14
Number of drinks per week
12-15
1.41 0.98 – 2.04
0.07
0.91
0.51 – 1.64
0.76
16-35
1.03 0.75 – 1.40
0.87
0.98
0.63 – 1.52
0.94
36+
1.00
1.00
Income
<=12K
0.95 0.70 – 1.29
0.74
0.87
0.48 – 1.60
0.66
>12K
1.00
1.00
Social support
Yes
0.86 0.66 – 1.10
0.23
0.90
0.68 – 1.21
0.49
No
1.00
1.00
Any drug use
Yes
0.75 0.54 – 1.04
0.09
0.46
0.31 – 0.68
<0.01
No
1.00
1.00
HCV
Yes
0.90 0.60 – 1.34
0.59
1.75
1.04 – 2.95
0.04
No
1.00
1.00
a
AOR: Adjusted Odds Ratio; 95% CI: 95% Confidence Interval; no unhealthy drinking includes moderate/light drinking as
well as abstinence
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Figure 4-1. Diagram for “condition-treatment-outcome” scenario for each hazardous
drinking visit
T0 represents hazardous drinking visits in which women receive no alcohol treatment in
the past 6 months; t1 represents visit next to t0 where treatment status is obtained for
the past 6 months; t2 represents the visit next to t1 in which drinking outcomes are
reported for the past 6 months.
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CHAPTER 5
ESTIMATING SURVIVAL IMPACT OF HAZARDOUS DRINKING AND ALCOHOL
TREATMENT USE AMONG PEOPLE WITH HIV INFECTION
Introduction
Advances in antiretroviral therapy (ART) significantly prolonged the survival of
people with HIV infection, shifting HIV from a progressive illness with a uniformly fatal
outcome into a manageable chronic condition (Maartens et al., 2014; Volberding and
Deeks, 2010). Although AIDS-related conditions remain the most common cause of
deaths, population of HIV-infected individuals is aging and facing increased risks of
complications and mortality not directly attributable to HIV (Neblett et al., 2011; Samji et
al., 2013; Smith et al., 2014; Wada et al., 2014; Weber et al., 2013). Thus, to identify
and address modifiable behavioral factors that affect HIV diseases progression,
comorbidities, and overall survival becomes increasing important for the delivery of high
quality HIV care in the modern ART era (Aberg et al., 2014).
Hazardous alcohol use is one such modifiable risk behavior. Hazardous alcohol
use is often defined as >14 drinks per week or >4 drinks per day for men, and >7 drinks
per week or >3 drinks per day for women (Willenbring et al., 2009). Alcohol use is
common among people living with HIV. The prevalence of hazardous alcohol
consumption ranges from 8% to 44% among the HIV patients (Chander et al., 2006;
Cook et al., 2009; Stein et al., 2005; Tucker et al., 2003). Research has suggested that
hazardous drinking is related with decreased engagement and retention in HIV care
(Chander et al., 2006; Cunningham et al., 2007). It also impedes achieving optimal
adherence to ART (S. Braithwaite et al., 2005; Chander et al., 2006; Hendershot et al.,
2009), resulting in poor virologic responses and more rapid progression to advanced
stage (Wu et al., 2011). Moreover, liver disease is common in HIV-infected individuals
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because of high levels of co-infection with viral hepatitis and hepatotoxicity of some HIV
medications (Joshi et al., 2011). Chronic excessive alcohol consumption damages liver
tissue, affects liver function, and lead to increased risk of cirrhosis and hepatocellular
carcinoma (McGinnis et al., 2006). Heavy drinking also influences cognition function,
and is associated with a variety of adverse social, legal, psychological or non-medical
consequences (Friedmann et al., 2001).
Few studies have examined the relationship between hazardous alcohol
consumption and survival in the HIV-infected population (Braithwaite et al., 2005; Cohen
et al., 2002; Neblett et al., 2011). The first goal of this study was to develop a computer
simulation model to quantify the impact of hazardous drinking in terms of years of
survival among individuals with HIV infection. This simulation model differed from
previously published work (Braithwaite et al., 2005) because it specifically modeled the
dynamics of hazardous drinking behavior and its effect on both AIDS-related and nonAIDS-related deaths.
Studies in the general population have suggested that receipt of alcohol
treatment had been associated with improved drinking outcome (Dawson et al., 2006;
Moos and Moos, 2006, 2004; Timko et al., 2006; Ye and Kaskutas, 2009). Some
studies focusing on the HIV-infected population have also suggested the effect of
alcohol treatment on reducing number of drinks and drinking days over 60 days up to
12-month (Hasin et al., 2013; Velasquez et al., 2009). Our study described in Chapter 4
further provides evidence suggesting protective effect of receiving alcohol treatment.
Given the high prevalence of hazardous alcohol consumption among HIV patients,
treatment to reduce hazardous drinking may have the potential to improve health and

62

extend life. Primary data analyses lack sufficient statistical power to investigate this
relationship because deaths have become increasingly rare events with modern
therapies, and few prospective cohorts have the measure of alcohol treatment
utilization. Therefore, the second purpose of the study was to estimate potential survival
impact of receiving alcohol treatment among HIV-infected hazardous drinkers.
Moreover, we specifically explored the association of important treatment
characteristics, utilization rate and relapse prevention, with survival endpoints. Our
results may provide important information to health policy makers and HIV caregivers
on planning and development of effective treatment strategies to address hazardous
drinking among HIV patients.
Method
Model Overview
We developed a computer simulation model to estimate the effect of hazardous
drinking and alcohol treatment use on life expectancy among HIV-infected people. Our
model was an individual-based, Monte Carlo simulation model using Microsoft Excel
version 2010 (Microsoft, Redmond, WA) and Crystal Ball 11.2 (Oracle, Redwood City,
CA). The model evaluated a cohort of 20,000 antiretroviral – naïve individuals with
newly diagnosed HIV infection. Individuals entered the model with an mean age of 35
years, initial median CD4 counts of 364 cells/µL and a median HIV viral load of 13,000
copies/ml (Govender et al., 2014). We used a lifetime horizon to project survival. The
length of each time cycle was three months, according to the guideline-recommended
frequency of monitoring of CD4 and viral load (DHHS, 2013). Each patient proceeded
through the model with a distinct clinical trajectory, mirroring the variability and
heterogeneity that are present in actual HIV population. Patients were at risk for a
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variety of clinical events, such as failure of a regimen, viral rebound, CD4 counts
decline, and death. In the next sections, we described how the base model portrayed
the HIV disease progression with the administration of HAART. Based on the validated
base model, we, later, described how we incorporated the components of hazardous
drinking, alcohol treatment, and analysis performed to examine their influence on
survival.
HIV Disease Progression
Table 5-1 summarizes the values of key input parameters and their
corresponding sources. We assumed the HAART regimen initiated at the start of the
simulation based on the most recent guideline recommended use of ART for all HIVinfected adults after diagnosis (DHHS, 2013). We modeled a maximum of four HAART
regimens (80% successful rate to achieve viral suppression if initiated) followed by a
salvage regimen (Prabhu et al., 2011). Successful treatment regimen was associated
with suppressed viral replication, recovery of CD4 cell counts, and prolonged life years
(Maartens et al., 2014). Once successfully suppressed, HIV viral load remained
constant at 48 copies/ml and CD4 began to increase (Kieffer et al., 2004). CD4 counts
were assumed to increase at the highest rates during the first 2 quarters following the
successful regimen (68 cells/ µL/quarter), at a slower rate from 3rd to 12th quarter, and at
0 thereafter (Gras et al., 2007). The maximum level of CD4 recovered was based on the
baseline CD4. For instance, a patient whose initial CD4 counts was between 50 cells/
µL and 200 cells/ µL could return to a maximum of 410 cells/ µL if viral suppression
sustained.
We obtained the probability of viral rebound for the first round of HAART regimen
based on a Swiss HIV Cohort Study of 1,866 patients (Vo et al., 2008) , and we
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assumed patients with each subsequent regimen would have increased rebound risk
(Prabhu et al., 2011). We converted annual rebound risk reported into quarterly
probabilities by assuming the transitional rates were constant over time and the
probabilities could be modeled by an exponential distribution

, where

p was the probability and r was the transitional rate (Briggs 2006). Similarly, all
probabilities or risk obtained in other time frames were converted into quarterly
transitional probability.
When a treatment regimen ceased to be effective, viral load rebounded and CD4
counts began to decline (Sanders et al., 2005). Upon exhaustion of all four suppressive
regimens, a salvage regimen or non-suppressive therapy was used so that the viral
replication was no longer suppressed and CD4 counts continued to decline. We
assumed that CD4 decrement rate was greater at a higher HIV viral load according to
results reported by Mellors et al (Mellors et al., 1997).
We used risk of AIDS-related mortality and non-AIDS-related morality reported
among 3545 HIV-infected individuals in Collaborations in HIV Outcomes Research-US
(CHORUS) (S. Braithwaite et al., 2005). The Risk of deaths attributable to AIDS was a
function of age, CD4 count, and viral load (Table 5-2). Given limited death data, we
assumed that the risk of AIDS-related deaths for patients whose age > 60 equaled to
that of those age 50-59. Non-AIDS-related mortality risk varied by different age groups
and disease categories. We considered top 4 leading causes of non-AIDS-related
deaths commonly reported among HIV-infected people: cardiovascular conditions, nonAIDS cancers, liver diseases, and others (Smith et al., 2014). For each non-AIDS
cause of death, we made a conservative assumption for HIV-infected people by
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assuming their mortality risks in age groups 70-79, 80-89, 90-99, and 100+ were the
same with those in the general population (Murphy et al., 2013).
Before adding the components of hazardous drinking and alcohol treatment, we
tested the model sensitivity to key survival predictors by comparing mean survival years
from 6 combinations of baseline age, CD4 counts, and viral loads. In addition, we
checked the model validity by comparing our estimates of survival for general HIV
patients at age 20 and age 35 with findings reported by the largest published analysis of
mortality in the era of current therapies – the Antiretroviral Treatment Cohort
Collaboration (ART-CC), consisted of 14 cohorts and 18,587 patients initiating therapy
(Antiretroviral Therapy Cohort Collaboration, 2008).
Modeling Hazardous Drinking and Alcohol Treatment
To estimate potential influence on survival, we assumed hazardous drinking had
impacts on both AIDS-related deaths and non-AIDS-related deaths (Figure 5-1). The
former pathway was mediated through hazardous drinking’s influences on viral
suppression. According to the study based on 1711 HIV-positive individuals in
treatment, researchers found that hazardous drinking was associated with decreased
odds of achieving viral suppression compared with moderate drinkers and non-drinkers
(Chander et al., 2006). We obtained the probability of hazardous drinking status by the
following two formulas (Briggs et al., 2006):

(5-1)
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denotes odds ratio of viral suppression by hazardous drinking status;
denotes the quarterly probability of achieving viral suppression among
hazardous drinkers, and

denotes the quarterly probability of viral rebound.
(5-2)

denotes rebound risk among general HIV-infected
individuals,

represents the prevalence of hazardous drinking among HIV-

infected individuals and we assumed

for the computation of

.

Hazardous alcohol consumption has been found to be associated with non-HIVrelated deaths (e.g., liver diseases, alcohol-related cancers) (Joshi et al., 2011; Kushi et
al., 2006). We modeled the impact of hazardous drinking on non-HIV-related deaths by
using data of relative risks reported from a nationwide prospective mortality study with
490,000 people (Thun et al., 1997). The risk of non-AIDS-related deaths by hazardous
drinking status was obtained by formulas described below (Clarke et al., 2010). Table 52 shows the resulting mortality risk for non-AIDS causes by hazardous drinking status.
Taking death risk by liver diseases as an example:

(5-3)
denotes quarterly mortality risk by liver diseases in general HIVinfected individuals;

denotes the quarterly mortality risk by liver diseases

among hazardous drinkers
(5-4)
denotes relative risk of deaths of liver diseases by hazardous drinking
status.
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It is essential to include the dynamic nature of hazardous drinking behavior for
estimating impact on survival (Hahn and Samet, 2010). In this model, hazardous
drinking was measured by a time-varying dichotomous variable updated every 3
months. We used WIHS data to estimate the occurrence of hazardous drinking. Based
on data of 474 hazardous drinkers identified in Chapter 3, the estimated quarterly
probabilities of discontinuing hazardous drinking were 40% for those receiving alcohol
treatment, and 31% for those receiving no treatment. Further focusing on those
discontinued hazardous drinking we calculated the quarterly relapse rate (probability for
relapsing to hazardous drinking) for those who were in alcohol treatment (7%) and for
those without alcohol treatment (11%). We assumed the relapse rate (7%) for
successful treatment (remission of hazardous drinking) lasting for a year and then
returned to same relapse rate (11%) for those who previously recovered without the
assistance of treatment.
To estimate survival impact of hazardous drinking, we compared the mean
survival years by whether hazardous drinking was present or not. To estimate survival
impact of alcohol treatment, we first assumed a 10% quarterly utilization rate or a 10%
probability of receiving any alcohol treatment. This probability was derived from the
Chapter 3 finding that recent alcohol treatment use was reported among 19% of those
with recent hazardous drinking. Then we compared the result with that estimated when
no treatment was present.
We conducted sensitivity analyses to evaluate the impact of key treatment
characteristics on survival years. Firstly, we examined influences of varying probabilities
of receiving treatment (from 0% to 80%) on survival. Secondly, we projected treatment
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effect on survival by assuming that no treatment effect on subsequent relapse. Finally,
we simulated the survival years based on a hypothetical treatment, given the
effectiveness of which were two times greater than the current treatment: following the
treatment, twice the chance of achieving non-hazardous drinking in the next quarter
(40%->80%), and half the chance of relapsing to hazardous drinking (7%->3.5%) for the
next 4 quarters following the treatment.
Results
HIV Progression Model
The results from the HIV progression model suggested that the estimated mean
survival depended on age, baseline viral load and CD4 count in each age stratum (table
3). For 20-year-old patients with 800 cells/µL CD4 count, and 500 copies/ml viral loads,
the mean survival were 45.45 years. In contrast, for patients at age 50 with the same
baseline CD4 count and viral load, the mean survival were 26.27 years. Generally, the
estimated mean survival increased with higher CD4 counts and decreased with higher
viral loads.
The projected percentage of non-AIDS deaths increased with age and varied
substantially with baseline CD4 counts and viral load (Table 5-3). In general, patients
with less advanced stage of HIV disease (lower viral load and higher CD4 counts) were
projected to have higher risk of non-AIDS-related deaths. For patients at age 20, the
proportion probability of non-AIDS-related deaths was 51% among those with favorable
prognostic indicators (e.g., CD4 count of 800 cells/µL, and viral loads of 500 copies/ml).
In contrast, this proportion reduced to only 32% among those with CD4 count of 150
cells/µL and viral loads of 100000 copies/ml. For age 50, the majority of deaths (>70%)
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were attributable to non-AIDS-related causes regardless of baseline HIV prognostic
factors.
Based on a cohort of individuals with age, CD4 counts, and viral load obtained
from typical newly-diagnosed HIV patients (Govender et al., 2014) , the projected mean
survival was 41.01 years at age 20, and 33.62 years at age 35. Both were no more than
+/- 2 years compared to estimates from ART-CC for the same ages (Antiretroviral
Therapy Cohort Collaboration, 2008) (Figure 5-2), demonstrating the ability of our base
model in projecting survival of general HIV-infected individuals.
Survival Impact of Hazardous Dinking and Alcohol Treatment
The projected mean survival years for a newly-diagnosed HIV patient were 34.62
years in the absence of hazardous drinking and 32.97 years in the presence of
hazardous drinking but no alcohol treatment, suggesting hazardous drinking
independently resulted in an average of 1.65 years reduction in projected survival. In
the presence of alcohol treatment with a 10% quarterly chance of utilization, the
projected mean survival was 33.15 years, indicating an average of 0.18 years gained by
utilization of alcohol treatment.
Increasing the utilization rate, or the chance of receiving any alcohol treatment,
was associated with better survival outcome (Figure 5-3). For example, if the chance of
getting any alcohol treatment per quarter increased to 20%, death was delayed by 0.31
years, suggesting a 72% increase compared to the 10% utilization rate (Table 5-4).
However, the trend of increasing survival years gradually leveled off with increasing
utilization rate and plateaued at around 0.68 years, accounting for 41.2% of overall loss
in survival due to hazardous drinking. This also represented the maximum level of
improvement in survival years by increasing the chance of using treatment up to 80%
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given the default treatment effect. Figure 5-4 shows the trend of marginal survival years
by increasing the chance of receiving treatment. The marginal survival years decreased
sharply from 0.18 years at 10% chance to around 0.08 years at 30% chance.
Continuing decrease in marginal gain was observed by increasing the chance of
utilization.
Increasing the chance of receiving any alcohol treatment was associated with
increasing survival without considering treatment effect on relapse prevention (Table 55). However, life years saved in this case declined greatly. For example, at the
utilization chance of 20%, the survival increase was 0.10 years, accounting for only
32.3% of that when treatment effect of relapse prevention was considered (0.31 years).
Doubling the treatment effect resulted in substantial increases in survival years
across all utilization chance (Figure 5-5). Given a 10% chance of receiving alcohol
treatment, the survival years gained was 0.42 years which was 2.4 times as great as
that gained without doubling the treatment effect (Table 5-4). Almost one year life year
(0.9 years) saved was observed when the chance of receiving treatment increased to
30%. Similarly, the marginal survival years gained decreased as the chance of receiving
treatment increased (Figure 5-6).
Discussion
Our simulation model suggested that hazardous drinking among HIV-infected
individuals resulted in decreased survival but receiving alcohol treatment could avert
this process. We found that hazardous drinking among HIV patients resulted in an
average of 1.65 years reduction in mean survival years. The presence of alcohol
treatment showed modest survival benefits, although our sensitivity analyses suggested
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that both the chance of receiving alcohol treatment and treatment effect may play
important roles in determining the treatment impact on survival.
Our estimate of decrement in survival due to hazardous drinking was lower than
estimates from previous studies. In a study projecting alcohol use and survival in HIV
patients, researchers found that daily hazardous drinkers was 4 – 6.4 years shorter in
overall life expectancy compared with abstainers (Braithwaite et al., 2005). Our
estimates favoring a small survival impact may reflect that fact that our model allows the
changing drinking behavior over time. Rather than assuming a consistent drinking
behavior such as hazardous drinking every day, we considered the case that hazardous
drinkers can resolve by themselves from heavy drinking (Sobell et al., 2000, 1996,
1993) and have certain chance to relapse to hazardous drinking again in the future
(Booth et al., 2001; Dawson et al., 2006; Moos and Moos, 2006). We applied the
probability of relapse obtained from the WIHS data, which was 11.4 % per quarter, or
38.4% per year. This means that it takes an average of 2.6 years for a self-resolved
hazardous drinker to experience another episode of hazardous drinking. Our data on
relapse and natural recovery all came from the longitudinal cohort of HIV patients,
representing the better representation of “real-world” case compared with assuming
only unchanged drinking patterns. Also, if consistent life-long hazardous drinking was
considered in our model, the estimated mean survival reduction was 5.0 years which
was close to estimates of daily hazardous drinkers mentioned above.
Significant underutilization of alcohol treatment among people with drinking
problems has been consistently reported in previous literature (Cohen et al., 2007; Ilgen
et al., 2011). Our sensitivity analyses tested the association between changing
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utilization rate and survival. Our findings support their positive relationship although the
strengths of the association are strongly contingent on the treatment effect. For
instance, our estimate of survival years gained at the 30% of utilization rate was a half
year in base case and was almost one year if the treatment effect was doubled. In
addition, our results suggest survival increase is not completely linear with increasing
utilization rate. The marginal gain for every 10% increase in utilization rate gradually
declined and remained flat after approaching 30%, suggesting a potential optimal point
to reach for any new intervention or public health strategy encouraging access and
utilization of alcohol treatment.
Our data suggest any potential survival impact of alcohol treatment, if
measurable, is strongly dependent on helping patients maintain recovery while in
remission. Without considering treatment effect on relapse prevention, our model
indicates that the treatment impact on survival is small even when the utilization rate is
high. These findings suggest the critical role of relapse prevention in the development
and evaluation of alcohol treatment. Psychosocial therapies, including some self-help
programs, brief interventions, motivational interviewing (MI), and cognitive behavioral
therapy (CBT), have shown certain effectiveness on reducing drinking and maintain
sober among patients with low-dependent on alcohol (O’Donnell et al., 2014; Ouimette
et al., 1999). Several medications have also been demonstrated to be effective on
relapse prevention among individuals with alcohol dependence (Anton et al., 2003;
Maisel et al., 2013; Mason et al., 2014; Spanagel et al., 2014). Although few has been
investigated in the HIV-infected population, early and timely provision of these treatment
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to HIV-infected individuals with the history of drinking problem or in remission but at
high risk of relapse may demonstrate benefits in the long-term.
There are several limitations that should be considered. The main limitation of
this study is related to those inherent in any simulation study. Our model, like any
model, is at best an approximation of the reality and the effect of any misspecification
could be amplified due to the extremely long simulation period (Briggs et al., 2006;
Clarke et al., 2010). Due to the lack of data on alcohol treatment among men with HIV
infection, we used the data from a cohort of HIV-infected women to derive information
for drinking patterns and treatment effect. Men are generally more likely to drink, drink
heavily, and engage in alcohol-specific treatment than women (Cohen et al., 2007). If
similar gender differences were observed in the HIV-infected population, our estimates
on survival impact of both hazardous drinking as well as alcohol treatment tend to be
underestimated. In addition as discussed above, our model assumed that hazardous
drinkers who were newly diagnosed would be linked to care immediately, and to initiate
HAART to the same degree as those without hazardous drinking. This assumption may
be too strong given previous studies suggest hazardous drinkers are less likely to
engage and remain in HIV care (Chander et al., 2006; Cunningham et al., 2007),
resulting in potential underestimated survival impact of hazardous drinking. Finally, we
modeled the survival impact of the general alcohol treatment without distinguishing
individual treatment modality patients may encounter. Different types of treatment have
different efficacy and different mechanism of effect. For example, Naltrexone can be
used for AUD patients with concurrent alcohol use to reduce craving but acamprosate
are generally used to prevent relapse after detoxification is completed or abstinence
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from alcohol has already been achieved (Maisel et al., 2013). Although modeling
specific type of treatment is beyond the scope of this study, future research can update
the current model with data from high-quality randomized trial to provide projection of
long-term impact for any particular treatment.
In summary, hazardous drinking leads to considerable negative implications on
survival of HIV-infected individuals. Receipt of alcohol treatment has the potential to
avert this process to some degree which depends greatly on the chance of treatment
entry and treatment effect. Greater efforts are needed to improve the delivery of alcohol
treatment services and the development of new interventions more potent because of
their potential survival benefits for HIV-infected individuals with hazardous drinking.
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Table 5-1.

Summary of input parameters

Variable
CD4 cell count when diagnosed (cells/µL)
HIV viral load at diagnosis (log10 copies/ml)
CD4 cell count decline (cells/µL/quarter) as a function of HIV
viral load stratum (log10 copies/ml)
≤ 2.7
2.7 – 3.3
3.3 – 4.0
4.0 – 4.6

Base Case
364
4.1

Range
238 - 542
3.1 – 5

9.1
11.2
13.8
16.2

7.6 – 10.6
9.8 – 12.6
12.7 – 14.9
14.9 - 17.3

≥ 4.6
Suppressed HIV viral load (log10 copies/ml)
Rebound HIV viral load (log10 copies/ml)
Maximum number of HAART regimens
HIV viral load at salvage regimen
Probability of virologic suppression in HAART regimens 1 – 4

19.1
1.7
4.4
4
4.9
0.80

17.6 - 20.7
1.0– 2.7
3.6 – 4.6

Quarterly increase in CD4 cell count during HIV viral load
suppression (cells/µL/quarter)
Quarters 1 – 2
Quarters 3 – 12
Quarters 12+
Maximum CD4 cell count achieved based on CD4 cell count at
initiation of HAART (cells/µL)
< 50
50 – 200
201 – 350
351 - 500
> 500
Quarterly probability of HIV viral load rebound % for general
HIV-infected individuals
Regimen1
Regimen2
Regimen3
Regimen4

3.1 – 5.8

Source
(Govender et al., 2014)
(Govender et al., 2014)
(Mellors et al., 1997)

(Kieffer et al., 2004)
(Sanders et al., 2005)
(Prabhu et al., 2011)
(Sanders et al., 2005)
(Farnham et al., 2012;
Prabhu et al., 2011)
(Gras et al., 2007)

68
40
0
(Gras et al., 2007)
410
548
660
780
870
(Vo et al., 2008);
(Prabhu et al., 2011)
0.0190
0.0225
0.0268
0.0320
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Table 5-1. Continued
Variable
Quarterly probability of HIV viral load rebound % for HIVinfected individuals without hazardous drinking (HD a)

Base Case

Range

Regimen1
Regimen2
Regimen3
Regimen4
Quarterly probability of HIV viral load rebound % for HIVinfected hazardous drinkers

0.0179
0.0212
0.0252
0.0301

0.0166 – 0.0190
0.0196 – 0.0225
0.0234 – 0.0268
0.0280 – 0.0320

Regimen1
Regimen2
Regimen3
Regimen4
Relative risk of deaths for non-HIV-conditions (HD vs. NHD b)
Cardiovascular conditions
Non-AIDS Cancers
Liver diseases
Other causes
Quarterly probability of achieving NHD
Treated
Untreated
Quarterly relapse to HD
Treated
Untreated
Alcohol treatment utilization

0.0237
0.0278
0.0333
0.0397

0.0190 – 0.0288
0.0225 – 0.0340
0.0268 – 0.0404
0.0320 – 0.0481

0.9
1.13
4.00
1.2

0.8401 – 1.0924
1.1275 – 1.1428
3.0265 – 4.4429
0.9701 – 1.5041

a

Source
(Chander 2006);
(Vo et al., 2008);
(Prabhu et al., 2011)

(Chander 2006);
(Vo et al., 2008);
(Prabhu et al., 2011)

(Thun et al., 1997)

The WIHS
0.40
0.31
The WIHS
0.07
0.11
0.10

HD: hazardous drinking; a NHD: no hazardous drinking
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Table 5-2.

Quarterly probability of deaths by age, CD4 count, viral load, and hazardous drinking a

Age
20-29
30-39
Probability of death attributable to AIDS
Viral load b CD4
<4.47
0-49
0.010721 0.010721
50-199
0.000750 0.000750
200-349
0.000275 0.000275
350-499
0.000100 0.000100
500+
0.000025 0.000025
>4.47
0-49
0.021509 0.021509
50-199
0.001503 0.001503
200-349
0.000525 0.000525
350-499
0.000200 0.000200
500+
0.000050 0.000050

40-49

50-59

60-69

70-79

80-89

90-99

100+

0.024189
0.001679
0.000601
0.000225
0.000050
0.049623
0.003316
0.001177
0.000450
0.000125

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000651
0.000175

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000650
0.000175

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000650
0.000175

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000650
0.000175

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000650
0.000175

0.035858
0.002459
0.000876
0.000325
0.000100
0.075156
0.004860
0.001704
0.000650
0.000175

Probability of death attributable to non-AIDS causes
Overall
Cardio
0.000050 0.000170 0.000214 0.000578 0.001311 0.001705 0.004807 0.013221 0.220000
Cancer
0.000027 0.000093 0.000117 0.000315 0.000715 0.000929 0.002622 0.007211 0.120000
Liver
0.000050 0.000170 0.000214 0.000578 0.001311 0.001705 0.004806 0.013221 0.220000
Other
0.000100 0.000341 0.000429 0.001157 0.002628 0.003409 0.009613 0.026442 0.440000
c
NHD
Cardio
0.000051 0.000174 0.000219 0.000589 0.001338 0.001739 0.004904 0.013491 0.224489
Cancer
0.000026 0.000096 0.000114 0.000307 0.000696 0.000906 0.002555 0.007029 0.116959
Liver
0.000031 0.000106 0.000134 0.000361 0.000819 0.001065 0.003004 0.008263 0.137500
Other
0.000097 0.000328 0.000412 0.001112 0.002527 0.003278 0.009243 0.025425 0.423077
HD d
Cardio
0.000046 0.000156 0.000197 0.000530 0.001204 0.001565 0.004414 0.012142 0.202041
Cancer
0.000030 0.000102 0.000129 0.000347 0.000787 0.001024 0.002887 0.007942 0.132164
Liver
0.000125 0.000426 0.000536 0.001445 0.003279 0.004262 0.012016 0.033053 0.550000
Other
0.000115 0.000393 0.000495 0.001335 0.003033 0.003934 0.011092 0.030510 0.507692
a
Death risk above are quarterly probabilities and obtained from (Braithwaite et al., 2005); b Viral load is termed as log10 copies; c
NHD denotes no hazardous drinking; d HD denotes hazardous drinking; c
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Table 5-3.
Age
(years)
20
35
50

Estimates of mean survival and percentage of non-AIDS causes of deaths

CD4 count
(cells/µL)
800
150
800
150
800
150

Viral load
(copies/ml)
500
100000
500
100000
500
100000

Mean Survival
(years)
45.45
38.47
36.56
31.96
26.27
23.88

79

Percentage of non-AIDS
causes (%)
51
32
72
50
89
71

Table 5-4.
Utilization
rate
0%
10%
20%
30%
40%
50%
60%
70%
80%

Survival years estimated by increasing the chance of receiving any alcohol treatment
Receiving alcohol treatment
Doubling alcohol treatment effect a
Survival
Survival years
Survival
Survival years
Difference between survival years
years
saved
years
saved
saved
32.97
0.00
32.97
0.00
0.00
33.15
0.18
33.39
0.42
0.24
33.28
0.31
33.74
0.77
0.46
33.36
0.38
33.87
0.90
0.52
33.43
0.46
34.02
1.08
0.59
33.49
0.52
34.12
1.15
0.62
33.56
0.58
34.21
1.23
0.65
33.61
0.64
34.21
1.24
0.60
33.65
0.68
34.22
1.24
0.56

a

Doubling alcohol treatment effect means twice the chance of reducing hazardous drinking (40% to 80%) and half the chance of
relapse (7% to 3.5%)
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Table 5-5.

Survival years without incorporating of treatment effect on relapse prevention
Receiving alcohol treatment
No effect on relapse prevention
Utilization rate
Survival
Survival years saved Survival
Survival years
years
years
saved
0%
32.97
0.00
32.97
0.00
20%
33.28
0.31
33.07
0.10
40%
33.43
0.46
33.14
0.17
60%
33.56
0.58
33.17
0.20
80%
33.65
0.68
33.22
0.25
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Difference between
survival years saved
0.00
0.21
0.29
0.39
0.43

Figure 5-1. Impact of alcohol treatment on both AIDS-related and non-AIDS-related
mortality
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Figure 5-2. Estimated mean survival years at age 20 and 35 (gray bar) from base
model, and estimates of same ages from the Antiretroviral Treatment Cohort
Collaboration (ART-CC)
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Figure 5-3.

Trend of survival years depending on utilization rate of alcohol treatment
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Figure 5-4.

Marginal survival years by increasing the utilization rate
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Figure 5-5.

Trends of survival years by doubling alcohol treatment effect
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Figure 5-6.

Marginal survival years by doubling alcohol treatment effect
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CHAPTER 5
CONCLUSIONS
Summary
The overarching aim of this dissertation project was to improve the
understanding of alcohol treatment use among HIV-infected individuals with hazardous
drinking. We conducted 3 different types of studies to help better address this goal. In
the first study, we focused on the utilization. Using data from a large cohort of HIVinfected women in the US, we first described the utilization of alcohol treatment among
those with hazardous drinking, and then we identified factors correlated with the
utilization under the framework of the Andersen’s behavioral model (Andersen, 1995).
The second study focused on examining alcohol treatment effect on drinking outcomes
(achieving no unhealthy drinking and abstinent). The third study made an attempt to
project potential survival implication of hazardous drinking and alcohol treatment use
among HIV-infected people. The individual-based, Monte Carlo simulation model was
built considering administration of HAART, dynamics of hazardous drinking, and alcohol
treatment utilization. In the rest of this section, I will summarize the major findings of
above 3 studies, the overall strengths and weakness, and implications for future studies
and public health policy.
Study 1 Utilization of Alcohol Treatment
We hypothesized that utilization of alcohol treatment was low among women with
HIV infection. Our finding is supporting this hypothesis: among 474 HIV-positive women
identified in WIHS who reported hazardous drinking in the past 6 months, one in five
recently engaged in any alcohol treatment. The rate of alcohol treatment use found in
our study is generally consistent with many community studies. The 2002 National
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Survey on Drug Use and Health (DSDUH) found that among individuals with combined
AUD or SUD, the prevalence of past-year treatment utilization for substance use
disorders (SUD) was 22.1% (Mojtabai, 2005). In another study on low-socioeconomic
class women with substance use problems, the rates of past-year substance abuse
treatment could be as high as 44.0% (Hansen et al., 2004; Rosen et al., 2004). Mojtabai
suggest that high levels of utilization of alcohol or substance abuse treatments may
suggest more severe issues of AUD or SUD (Mojtabai, 2005).
The second hypothesis of this study was that enabling and need factors may play
important roles determining the utilization of alcohol treatment. This hypothesis is
strongly supported by our results. First, we found no association of predisposing factors
with alcohol treatment utilization. This finding is expected because results of previous
studies are mixed on the association of age with alcohol treatment-seeking (Cohen et
al., 2007; Grella et al., 1999; Ilgen et al., 2011; S and Bowe, 2008; Tighe and Saxe,
2006; Weisner et al., 2002). In terms of race/ethnicity, our finding is consistent with prior
work in which no racial difference is generally found in terms of receiving any alcohol
treatment (Hatzenbuehler et al., 2008).
Second, we found that a mixture of enabling (income and social support) and
need factors (drinking levels and drug use) were associated with the utilization of
alcohol treatment. The finding of the negative association of income with alcohol
treatment utilization was generally consistent with prior observations among non-HIVinfected individuals with AUD (Cohen et al., 2007; Ilgen et al., 2011; Mojtabai, 2005).
Individuals with low socio-economic classes are over-represented in the criminal justice
which has traditionally been closely associated with alcohol and substance abuse
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treatment (Weisner and Schmidt, 1995). In addition, the availability of public
entitlements has resulted in many Individuals of low socio-economic status seeking
substance abuse treatments. For example, the most common form of treatment
reported in the Chapter 3 was participation in Alcoholic Anonymous, which is available
at no cost.
We found greater odds of receiving alcohol treatment among HIV-infected
women with social support. Emotional support obtained from families and friends may
help HIV-infected women overcome significant social stigma associated with the alcohol
abuse and HIV infection and motivate care seeking to address both conditions. Also,
vital ancillary services provided by women’s social networks, such as childcare,
transportation, or important family services, may alleviate life stressors, enhancing
access to alcohol treatment for many HIV-infected women with AUD. The lack of
adequate supporting system has contributed substantially to the low rates of alcohol
treatment uptake (Ilgen et al., 2011). Future alcohol treatment programs focusing on
HIV-infected women may consider the integration of specific social support strategies to
facilitate care access and quality of care.
This positive association between recent illicit drug use and utilization of alcohol
treatment is consistent with prior research (Cohen et al., 2007; Dawson et al., 2012;
Hasin, 1994; Kessler RC et al., 2001; Mojtabai et al., 2002). Cohen and colleagues
(2007) suggested that drug use disorders were the comorbid psychiatric disorders that
had the strongest influence on alcohol treatment utilization. In the current study,
concurrent drug use was reported by more than two thirds of the sample. Additive
distress experienced by HIV-positive women may increase their motivation to seek care
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for drinking problems. It is also possible that HIV-positive women who acknowledge
recent drug use may be mandated by criminal justice systems to receive treatment for
substance use in general, including their alcohol abuse; they may also be more likely to
come to the attention of care providers and receive referrals to alcohol treatment.
Study 2 Alcohol Treatment and Drinking Outcomes
In this study, we hypothesized the positive association between receipt of alcohol
treatment and achieving better drinking outcomes, such as no unhealthy drinking, and
abstinence. In a large cohort of HIV-positive women with hazardous drinking, we found
that receipt of alcohol treatment was associated with increased odds of achieving no
unhealthy drinking and abstinence, respectively. These findings support our hypothesis
that engaging in alcohol treatment may improve drinking outcomes among women with
HIV infection.
Our findings of alcohol treatment effect in HIV-positive women appear to be
consistent with prior research conducted among individuals with HIV infection (Hasin et
al., 2013; Velasquez et al., 2009). Reduction in drinking may have important health
implications to HIV patients. However, research data are lacking for direct effect of
alcohol treatment on any measurable improvement for HIV outcomes among HIVinfected individuals with drinking problems. Our findings of alcohol treatment effect on
drinking outcome warrant future study to assess whether receipt of any alcohol
treatment has any effect on HIV outcomes, such as medication adherence, viral
suppression or survival.
Study 3 Survival Impact of Hazardous Drinking and Alcohol Treatment
We hypothesized that hazardous drinking was associated with substantial
reduction in the survival of HIV-infected individuals. We found that hazardous drinking
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among HIV-positive patients resulted in an average of 1.65 years reduction in survival
years, supporting this hypothesis. Our estimate of the decrement in survival due to
hazardous drinking was lower than estimates from previous studies. In a study
projecting alcohol use and survival in HIV patients, researchers found that daily
hazardous drinkers was 4 – 6.4 years shorter in overall life expectancy compared with
abstainers (Braithwaite et al., 2005). Our estimates favoring a small survival impact may
reflect our modeling of the dynamic of drinking patterns. Rather than assuming
consistent drinking behavior such as hazardous drinking every day, we considered the
reality that many hazardous drinkers could resolve by themselves from heavy drinking
(Sobell et al., 2000, 1996, 1993) and had certain chance to relapse to hazardous
drinking in the future (Booth et al., 2001; Dawson et al., 2006; Moos and Moos, 2006). If
life-long hazardous drinking was considered in our model, the estimated survival
reduction was 5.0 years which was close to previous study assuming daily hazardous
drinking.
The second hypothesis for this study was that utilization of alcohol treatment
would result in improvement in survival among HIV-infected individuals with hazardous
drinking. The results of our simulation model provide certain evidence supporting this
hypothesis, but the effect size is modest and appears to vary substantially according to
treatment characteristics such as the chance of receiving treatment and treatment
effect. For example, if the chance of getting any alcohol treatment per quarter increased
to 20%, death was delayed by 0.31 years, suggesting a 72% increase compared with
that from the 10% chance. Additionally, if treatment effect doubles (doubling the chance
of ceasing hazardous drinking in the next quarter post a hazardous drinking episode,
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and reducing the future chance of relapse by half), our estimate of survival years gained
at the 30% utilization chance was almost one year.
Strengths and Limitations
These three studies have several “firsts”. First, our study is the first study
examining the utilization of alcohol treatment among HIV-infected women with
hazardous drinking. We also provided the profile of those who received treatment and
those who did not. Second, we are the first study examining the effect of alcohol
treatment on drinking outcomes using a large, multicenter cohort of HIV-positive
women, adding to the literature about alcohol effect among HIV-infected individuals.
Finally, the computer model we built is the first assessing the potential survival impact of
alcohol treatment among HIV-infected individuals with hazardous drinking, providing
important information for understanding long-term alcohol treatment effect.
At the same time, several limitations are worth noting. First, our data on alcohol
treatment use from WIHS are relative old, although information on alcohol treatment
utilization among such a large cohort of HIV patients is extremely rare. Despite
increasing understanding of AUD as a chronic condition, the landscape of alcohol
treatments has been relatively stable in the past two decades except that
pharmacotherapies have begun to play a more important role in the management of
alcoholics (Friedmann, 2013; Room et al., 2005). Future research on alcohol treatment
utilization among HIV-infected individuals should include specific questions assessing
the access and utilization of pharmacotherapies (e.g., naltrexone, acamprosate,
disulfiram, gabapentin). Second, the formal diagnosis of AUD is lacking for our sample.
However, quantity and frequency questions of alcohol consumption have been widely
used to identify people with drinking problems (Canagasaby and Vinson, 2005; Chung
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et al., 2012; Dawson et al., 2005; Rubinsky et al., 2013; Willenbring et al., 2009). In
addition, we chose a higher cut-off point to define hazardous drinking, resulting in higher
specificity in identifying subjects in need of treatment. Third, we did not distinguish
specific treatment modality when assessing determinants of treatment utilization and
when examining treatment effect. Use of multiple treatment types was prevalent in our
study sample and thus, the limited sample size precluded our ability to examine
individual treatment. Fourth, our simulation model, like any model, is at best an
approximation of the reality (Briggs et al., 2006; Clarke et al., 2010). Due to the limited
data on alcohol treatment among men with HIV infection, we used the data obtained
from a large cohort of HIV-infected women to populate our model. Men are generally
more likely to drink heavily and to engage in alcohol-specific treatment then women with
drinking problems (Cohen et al., 2007), and therefore, our estimates on survival impact
of both hazardous drinking as well as alcohol treatment tend to be underestimated.
Implications for Public Health and Future research
Despite above limitations, results from these three studies have important
implications. Study 1 found low rate of alcohol treatment utilization among HIV-infected
women with hazardous drinking, suggesting more efforts to enhance utilization.
Findings of study 1 also provide a unique profile of HIV-infected women with hazardous
drinking who received alcohol treatments and those who did not. For those who engage
in care for AUD, continuing monitor is needed to ensure that drinking outcomes have
been improved and sustained. For those who haven’t engaged in care yet, additional
efforts for education, information, and encouragement of care-seeking are necessary.
Because this study is exclusive to women, future study can be expanded to men to
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investigate if levels of utilization and characteristics associated with utilization differ by
gender.
Our second study provides promising evidence supporting alcohol treatment
effect on improving drinking outcomes among women with HIV infection. Hazardous
drinking is common among women with HIV infection. Improved screening and referral
to treatment program may have profound implications on their overall health and wellbeing. Future research can focus on men or consider using mixed gender population to
investigate potential gender difference in treatment effect at different settings. Also, the
large sample data are needed for comparative effectiveness studies focusing on
marginal effect of different treatment modalities.
Our third study has at least two important public health implications. First, our
estimated survival impact of current alcohol treatment is modest among HIV-infected
individuals, suggesting much room needs to be done to improve the current treatment
delivery and effectiveness. Second, our results suggest increasing the utilization rate to
20% or 30% would bring a relatively large marginal gain in survival, suggesting a
possible target point for improving alcohol treatment delivery to HIV-infected population.
Future research based on this model can be easily adapted to examine survival impact
of specific type of alcohol treatment, such as medications, and to perform comparative
effectiveness analysis. More importantly, when costs data for treatment are available, a
formal cost-effectiveness analysis can be conducted to generate data relevant to the
public health decision makers regarding the care planning to HIV-infected individuals
with drinking problems.
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