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Abstract
Background—We examined the association between substance use (SU) disorder and mortality
among HIV-infected patients in a large, private medical care program.

Methods—In a retrospective cohort design, HIV-infected patients (≥14 years old) from a large
health plan (Northern California) were studied to examine mortality associated with diagnosis of
SU dependence or abuse over an 11-year period.

Results—At study entry or during follow-up, 2,279 (25%) of 9,178 HIV-infected patients had
received a diagnosis of SU disorder. Diagnoses were categorized as alcohol dependence/abuse
only, illicit drugs only, or both. Cause of death differed by the category of SU diagnosis. Mortality
rates ranged from 35.5 deaths per 1,000 person-years in patients with an SU disorder to 17.5
deaths among patients without an SU disorder. Regression results indicated mortality risk was
significantly higher in all categories of SU disorder compared to no SU diagnosis (hazard ratios
ranging from 1.65 to 1.67) after adjustment for SU treatment and confounders.

Conclusions—A diagnosis of SU dependence/abuse is associated with higher mortality among
HIV-infected patients for whom access to medical services is not a significant factor.
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Trends in survival after a diagnosis of human immunodeficiency virus-1 (HIV-1) infection
have been well documented. While the introduction of combination antiretroviral (ARV)
therapy (Detels et al., 1998; Hogg et al., 1999; Murphy et al., 2001) has resulted in a
substantial decrease in mortality for the HIV-infected population, vulnerable subgroups have
different survival patterns (Fonseca et al., 2007; Nash et al., 2005; Sackoff et al., 2006;
Woldemichael et al., 2009) and have experienced a smaller decline in death rates (Lucas et
al., 2006). Vulnerable patients include those with illicit drug or alcohol use problems, highly
prevalent among patients treated for HIV/AIDS (Conigliaro et al., 2004; Lucas et al., 2002).
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Several mortality studies have focused on survival trends among HIV-infected injection
drug users (IDUs) (Estrada, 2005; Garcia de la Hera et al., 2004; Goedert et al., 2001; Kohli
et al., 2005; Mocroft et al., 2004; Pezzotti et al., 1999; Poundstone et al., 2001; Wood et al.,
2008) or hard drug users (Thorpe et al., 2004), who may have been homeless (Pezzotti et al.,
1999) or receiving publicly funded medical care services (Muga et al., 2007; Pezzotti et al.,
1999). Few studies (Lucas et al., 2006; Walley et al., 2008) have examined survival patterns
for HIV-infected individuals who use alcohol or illicit drugs, but are generally not IDUs,
and have been diagnosed with substance use dependence or abuse from a private health plan.
With the advent of health insurance parity for substance use (SU) dependence and abuse and
given the larger context of health reform, it is important to investigate survival patterns of
HIV-infected individuals within a health plan with characteristics similar to those plans that
may result from health reform.

The current study examines survival patterns in a large cohort of HIV-infected patients who
are members of a privately insured, integrated health care system. The study compares
mortality in patients diagnosed with SU dependence or abuse to that in patients without SU
diagnoses.

METHODS
Study Population

We conducted a retrospective observational cohort study for years 1996 to 2005 among
HIV-infected patients who were members of the Kaiser Permanente Northern California
(KPNC) health plan. The KPNC is an integrated health care system with a membership of
3.5 million members, representing 34% of the insured population in Northern California.
HIV-infected patients are seen at medical centers throughout the KPNC 17-county
catchment region. The membership is representative of the Northern California population
with respect to race/ethnicity, gender, and socioeconomic status, except for some under-
representation of both extremes of the economic spectrum (Krieger, 1992).

The base study population consisted of 10,199 HIV-infected patients who received health
care at KPNC at some time between 1996 and 2005. The study sample included all HIV-
infected patients who were 14 years of age or older (n = 10,169) on or after January 1, 1996,
and had at least 6 months of membership during the first year of study observation (n =
9,245). Patients could enter the study until December 31, 2005. This resulted in a study
sample of 9,245 patients.

Data Sources
Since 1988, the KPNC Division of Research (DOR) has maintained a surveillance system of
patients who are HIV-1 seropositive, ascertained through monitoring electronic inpatient,
outpatient, laboratory testing, and pharmacy dispensing databases for sentinel indicators of
probable HIV infection. HIV-1 seropositivity then is confirmed through review of patient
medical records. Ascertainment of HIV-infected patients by the KPNC HIV registry has
been shown to be at least 95% complete. The HIV registry contains information on patient
demographics (e.g., sex, birth date, race/ethnicity), HIV transmission risk group (men who
have sex with men, injection drug use, heterosexual sex, other, unknown), dates of known
HIV infection, and AIDS diagnoses. KPNC also maintains complete and historical
electronic databases of patient demographics, hospital admission/discharge/transfer data,
prescription dispensing, outpatient visits, and laboratory tests results, including CD4 T-cell
counts and HIV-1 RNA levels. Chronic hepatitis B and C infections were ascertained from
laboratory testing results and by linkage to the KPNC Viral Hepatitis Registry. Chronic
hepatitis cases were defined by either repeated positive HBV surface antigen (e.g., HBsAg)

DeLorenze et al. Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



test results or by detectable virus through DNA testing. All treatment information on ARV
medications was obtained from the pharmacy dispensing database. Mortality information
including date and cause of death is obtained from hospitalization records, membership files,
California death certificates, and Social Security Administration databases.

Substance Use Dependence or Abuse Diagnosis and Treatment
A diagnosis of ICD-9 SU dependence or abuse can be made by the patient’s clinician in
primary care, substance use treatment, or psychiatry as a primary or secondary diagnosis
(Mertens et al., 2005; Ray et al., 2007). Diagnostic categories include all alcoholic
psychoses, drug psychoses, alcohol dependence syndrome, drug dependence (including
opioid, barbiturate, sedative/tranquilizer, cocaine, cannabis, amphetamine, and hallucinogen
dependence, but excluding tobacco dependence), alcohol abuse, cannabis abuse,
hallucinogen abuse, barbiturate abuse, sedative/tranquilizer abuse, opioid abuse, cocaine
abuse, and amphetamine abuse.

KPNC provides comprehensive outpatient SU services available to all members of the
health plan. Services include both day hospital and traditional outpatient programs (Weisner
et al., 2001), both of which include 8 weeks of individual group therapy, education, relapse
prevention, family therapy, with aftercare visits once a week for 10 months. Random drug
testing is conducted during treatment in both day hospital and outpatient settings. Clinical
staffs include licensed clinicians (social workers and psychologists), certified alcohol and
drug counselors, and medical staff (psychiatrists, internists, and nurses). In addition to these
primary services, ambulatory (and inpatient) detoxification and residential services are
available, as needed. A small proportion of patients engage in residential SU treatment,
conducted by contractual agreement with outside institutions. These data are available in the
KPNC referrals and claims databases.

Study Outcome—The primary outcome examined in this study was all-cause mortality,
with cohort follow-up through December 31, 2006.

Statistical Methods
The study analysis focused on diagnosis of SU dependence or abuse as the primary predictor
of interest. Patients with an SU diagnosis were further classified as either alcohol
dependence or abuse only, or drug use dependence or abuse only, or both. The distribution
of demographic, clinical, and behavioral characteristics was compared between patients with
and without an SU diagnosis using Pearson’s chi-square statistic. The distribution of cause
of death was examined by the type of SU diagnosis (alcohol dependence or abuse only,
illicit drug use dependence or abuse only, both alcohol and illicit drug use diagnoses, and no
SU diagnosis). Age-adjusted all-cause mortality rates and associated 95% confidence
intervals (CI) were calculated for each level of SU diagnosis using the direct method with
the 2000 U.S census as the standard population (Breslow and Day, 1987). Mortality hazard
ratios (HR) were estimated for each level of SU diagnosis using Cox proportional hazards
regression, with the occurrence of first SU diagnosis treated as a time-dependent covariate.
Model selection included covariates with univariate tests of association that were significant
at p < 0.25 as well as variables of known clinical importance including SU treatment (yes vs.
no). Potential confounders included age at entry into study, race/ethnicity, gender, HIV
transmission risk group, CD4 T-cell counts and HIV RNA levels and ARV treatment (naïve
or experienced) modeled as time-dependent covariates, years of known HIV infection, AIDS
diagnosis prior to entry into study, and chronic hepatitis B and C viral infections modeled as
time-dependent covariates. All data analyses were conducted using SAS software, version
9.1 (SAS, Inc., Cary, NC).
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RESULTS
The initial study sample included 9,245 HIV-infected patients. We excluded 67 patients who
had visited a SU treatment clinic but who lacked a SU diagnosis, yielding a final study
sample of 9,178 patients (patients are sometimes referred for assessment and do not receive
diagnoses). At study entry or during study follow-up, 2,279 (25%) of the 9,178 HIV-infected
patients were diagnosed with SU problems. Among these 2,279 patients, 23% were
diagnosed with alcohol problems only, 41% with illicit drug problems only, and 36% with
both alcohol and illicit drug problems. The most prevalent, individual SU diagnoses were
multiple drugs’ dependence/abuse (35%) and alcohol alone (33%). Less prevalent diagnoses
were cannabis (8%), amphetamines (8%), cocaine (4%), opioids (2%), and other drugs
(sedatives, hallucinogens, alcohol/drug psychoses) (10%). Approximately 47% of the 2,279
patients had received a single substance dependence/abuse diagnosis.

Patients with a SU diagnosis had distributions for gender, ARV therapy experience, AIDS
diagnosis, and time from known HIV infection to baseline, which were similar to patients
with no SU diagnosis (Table 1). Statistically significant testing results indicated that SU-
diagnosed patients were somewhat more likely to: be younger at baseline, be white, be IDU
or both IDUs and having sex with men, have higher (≥103.3) HIV RNA levels at baseline,
and be infected with hepatitis B or C virus, when compared to patients without a SU
diagnosis. Although the test result was statistically significant, the categories of CD4 T-
lymphocyte cell counts measured at baseline were still similar in distribution in both SU-
diagnosed patients and those without a SU diagnosis. Finding significant results for small
differences in distributions is likely the consequence of having a very large sample size in
this study. The majority of patients were 30 to 49 years of age at entry into the study, and
men represented 90% of patients in both groups. Of the 2,279 patients with a SU diagnosis,
35% received SU treatment.

Table 2 describes the distribution of cause of death by categories of SU diagnosis. The
majority of deaths in each type of SU diagnosis category were attributed to HIV/AIDS.
However, deaths in patients with a diagnosis of alcohol use dependence or abuse only were
less likely to have HIV/AIDS as a cause of death when compared to patients diagnosed with
illicit drug use dependence or abuse only, both alcohol and illicit drug use diagnoses, as well
as those without a SU diagnosis ( , p = 0.04). Other causes of death such as cancer
( , p = 0.21) and cardiovascular ( , p = 0.17) disease were not differentially
distributed across categories of SU diagnosis. Examining deaths from all causes, 620 deaths
occurred among patients without an SU problem diagnosis, yielding an age-adjusted death
rate of 17.5 per 1,000 person-years (Fig. 1). In comparison, patients diagnosed with alcohol
use dependence or abuse had an age-adjusted death rate of 34.1 per 1,000 person-years; age-
adjusted rates of similar magnitude were observed among patients diagnosed with illicit
drug use dependence or abuse only, and among patients diagnosed with both alcohol and
illicit drug use dependence or abuse. The age-adjusted death rate 95% CI for the 3 categories
of SU dependence or abuse diagnoses does not overlap with the CIs for patients without a
SU diagnosis.

Mortality HR comparing patients with a SU diagnosis to patients with no SU diagnosis was
estimated using Cox proportional hazards regression (Table 3). Patients with a diagnosis in
any of the 3 categories of alcohol only, drug only, and combined alcohol drug dependence or
abuse had a significantly elevated risk of dying when compared to patients without a SU
diagnosis, with unadjusted HR ranging from 2.02 to 2.21 (model 1). The HRs for each
category of SU dependence or abuse diagnoses were somewhat increased after adjustment
for substance dependence/abuse treatment (model 2); however, the 95% CIs of those HRs
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were in the same range as those estimated for model 1. Further adjustment for demographic
and clinical confounders somewhat diminished the magnitude of the HR for each SU
disorder diagnosis in comparison with no SU diagnosis; however, these estimates remained
statistically significant (model 3). While most of the potential confounders included in
model 3 were associated with time to death, subanalyses revealed that mostly the CD4 cell
counts at baseline were responsible for the attenuation of the HRs for patients with SU
dependence or abuse diagnoses. Additional analyses did not reveal any evidence of SU
diagnosis effect modification by other model covariates.

DISCUSSION
During 11 years of follow-up (1996 to 2006), we observed a higher mortality risk for HIV-
infected patients who were diagnosed with SU dependence or abuse in comparison with
HIV-infected patients without an SU diagnosis. This elevated risk was found in all
subcategories of SU dependence/abuse diagnosis, i.e., alcohol use only, illicit drug use only,
and combined alcohol and illicit drug use, and did not substantively vary across these
subcategories. That effect was not diminished by adjustment for SU treatment and remained
statistically significant even after adjustment for confounders such as age, race, immune
status, HIV viral load, history of ARV therapy use, hepatitis B or hepatitis C viral infection.
Receiving SU treatment was marginally associated with a lower risk of mortality in a
bivariate model that included SU diagnosis subcategories. However, SU treatment was not
statistically significant in the fully adjusted Cox model. Adjustment for immune status
through measurement of CD4 cell counts accounted for most of the attenuation in the SU
treatment effect. These differences in mortality risk occurred in a cohort of patients who
received comprehensive HIV/AIDS medical services that were administered largely by HIV/
AIDS care specialists in the KPNC fully integrated health plan. It is perhaps that patients
who accessed SU treatment did so after their dependence or abuse had become severe.
While that may have motivated them to seek SU treatment, it may have been too late to
reverse trends in outcomes, particularly because their mortality was often attributable to
alcohol-related health problems rather than HIV.

By comparison, in a study of HIV-infected intermittent and persistent users of illicit drugs
and alcohol in comparison to nonusers, Lucas et al. (2006) observed significantly increased
rates of opportunistic infections and decreased survival time among intermittent and
persistent users. HIV-infected patients from the HIV-Alcohol Longitudinal Cohort (HIV-
ALC) or the HIV-Longitudinal Interrelationships of Viruses and Ethanol cohort (HIV-
LIVE) who either had received a SU diagnosis or responded as heavy alcohol users
demonstrated that illicit drug use (heroin and/or cocaine) was associated with increased
mortality risk, while recent (previous 30 days) heavy alcohol use was not (Walley et al.,
2008). The Women’s Interagency HIV Study (WIHS) did not observe any increased
mortality risk associated with heavy alcohol consumption, crack, cocaine, or heroin use
(French et al., 2009). HIV-infected patients receiving a diagnosis of SU dependence/abuse
are more likely the most serious substance users in comparison with patients who self-report
substance use (no diagnoses), which is the measurement method in most studies of disease
outcomes among HIV-infected patients. This might account for a lack of consistency in
findings of association between SU and HIV-related outcomes.

Distribution of causes of death varied by SU diagnosis subcategory in our study. In
particular, patients diagnosed with alcohol dependence/abuse only were less likely to die of
HIV/AIDS compared with patients diagnosed in other subcategories. In the aforementioned
HIV-ALC/HIV-LIVE study, Walley and colleagues (2008) observed that >80% of deaths
were not HIV-related in an analysis of both short-term (within 6 months following study
interview) or long-term (1996 to 2005) mortality. Although the number of deaths was small,
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the alcohol disorder only group in our study appeared to have proportionately more deaths
owing to liver disease and infection, which may have been preventable and may have been
directly related to substance abuse. To address this problem, the best solution may be
integrating SU treatment with HIV/AIDS medical care, which has been shown to produce
beneficial results (Basu et al., 2006; Lum and Tulsky, 2006; Sullivan et al., 2006).

A limitation of our study may have been the differences in timing of the SU diagnoses.
Some patients in our sample may have received their SU diagnosis in the initial phase of SU
dependence or abuse, and other patients in a more advanced stage. Some substance users
may have met the criteria for an SU diagnosis without receiving a diagnosis. In addition,
some study subjects may have received informal SU services (e.g., Alcoholics Anonymous)
or self-pay services outside of the KPNC health plan, and our study does not have
information about those services. We did not control for number or type of HIV-related care/
treatment visits. While differential utilization of HIV/AIDS care may be associated with
HIV/AIDS disease progression, it is beyond the scope of the current study to investigate
how patterns of HIV/AIDS care affect mortality; however, we will be conducting a future
study that examines the potential associations of patterns of care with HIV-related adverse
outcomes.

Our study did not control for adherence to ARV regimens in the regression models. In our
study cohort, 35% of patients were ARV-naïve at entry into study. The majority of those
patients (>25% of all study subjects) remained ARV-naïve throughout study follow-up and
thus would be missing or excluded from a measurement of ARV adherence. However,
adherence is an important predictor of clinical outcomes among HIV-infected patients
receiving ARV therapy, and lack of adjustment for that covariate in the regression analysis
is a limitation of this study. We did not control for number of HIV-related opportunistic
infections in our modeling analyses; however, we did adjust for CD4 cell counts (time-
dependent covariate) throughout study follow-up, which can serve as a measure of HIV
disease progression and immune status. We were not able to control for level of comorbidity
(e.g., Charlson index) for other diseases and conditions at baseline, because many patients
had insufficient prior membership time.

This study is to our knowledge the first to examine mortality among HIV-infected patients
with private health insurance who received medical care in an integrated health plan and
were diagnosed with substance use dependence or abuse by a health care professional. Our
study comprised one of the largest clinical cohorts of HIV-infected patients in the United
States.

In conclusion, we observed that excess mortality does occur in HIV-infected patients
diagnosed with SU dependence or abuse for whom access to medical services and ability to
pay for care are not significant factors. The fact that excess mortality does exist for these
patients may indicate that even when HIV/AIDS and SU treatment care is available and
accessed, individuals with SU problems remain vulnerable to less-than-optimal outcomes—
often from non-HIV-related causes. Our study findings suggest that screening for alcohol
and drug problems during the initial phase of HIV/AIDS treatment (and throughout the
course of HIV/AIDS patient care) and providing SU treatment when SU problems are less
severe may prove beneficial and extend life for these vulnerable patients.
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Fig. 1.
Age-adjusted mortality rates and 95% confidence intervals by substance use diagnosis status
among KPNC HIV-infected patients, 1996 to 2006.
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Table 3

Mortality Hazard Ratios (HR) for SU Diagnosis Status via Cox Proportional Hazards Regression, Adjusted for
Potential Confounders, Among KPNC HIV-Infected Patients, 1996 to 2006

Characteristic

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

SU Dx

 None 1.00 1.00 1.00

 Alcohol only 2.21 (1.75, 2.78) 2.29 (1.81, 2.89) 1.65 (1.30, 2.09)

 Illicit drug only 2.10 (1.71, 2.57) 2.21 (1.79, 2.72) 1.67 (1.34, 2.09)

 Alcohol and illicit drug 2.02 (1.62, 2.51) 2.31 (1.79, 2.98) 1.67 (1.28, 2.19)

SU treatment

 No 1.00 1.00

 Yes 0.77 (0.58, 1.02) 1.06 (0.79, 1.41)

Age

 <30 years 1.00

 30 to 39 1.28 (0.91, 1.82)

 40 to 49 1.94 (1.37, 2.75)

 50 to 59 2.92 (2.02, 4.21)

 ≥60 6.25 (4.18, 9.36)

Race/ethnicity

 White 1.00

 Black 0.80 (0.67, 0.95)

 Hispanic 0.72 (0.57, 0.91)

 Other 1.05 (0.76, 1.44)

 Unknown 0.37 (0.16, 0.82)

Gender

 Male 1.00

 Female 0.86 (0.64, 1.14)

HIV risk transmission

 Heterosexual contact 1.00

 MSM 0.91 (0.72, 1.16)

 IDU 0.69 (0.47, 1.00)

 MSM and IDU 0.93 (0.62, 1.37)

 Coagulation disorder/transfusion 0.96 (0.63, 1.46)

 Unknown 1.15 (0.86, 1.53)

CD4 cell count at baseline

 ≥500 cells/μl 1.00

 350 to 499 1.59 (1.16, 2.19)

 201 to 349 2.26 (1.69, 3.03)

 100 to 200 5.34 (3.98, 7.17)

 <100 22.3 (16.9, 29.6)

 Unknown 0.64 (0.27, 1.51)
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Characteristic

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

HIV RNA level at baseline

 <102.7 1.00

 102.7 to <103.3 0.84 (0.61, 1.17)

 103.3 to <104.7 0.82 (0.67, 0.99)

 ≥104.7 1.25 (1.03, 1.52)

 Unknown 1.65 (1.26, 2.16)

Antiretroviral therapy

 Never 1.00

 HAART 0.56 (0.42, 0.74)

 Mono- or dual therapy 1.48 (1.13, 1.93)

 Past use 2.33 (1.81, 2.99)

AIDS diagnosis at baseline

 No 1.00

 Yes 1.34 (1.15, 1.55)

Hepatitis B infection

 No 1.00

 Yes 2.14 (1.72, 2.66)

Hepatitis C infection

 No 1.00

 Yes 1.62 (1.32, 1.99)

CI, confidence intervals; SU, substance use; MSM, men who have sex with men; IDU injection drug use; mono, single NRTI or NNRTI therapy;
dual, 2-drug (NRTI and/or NNRTI) therapy.
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