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From the onset of the HIV/AIDS epidemic, the use of licit and illicit drugs has been investigated for its

potential impact on HIV disease progression. Findings from a large number of laboratory-based studies indicate

that drug abuse may exacerbate HIV disease progression; however, epidemiological studies have shown mixed

results. This article presents a review of findings from both laboratory-based and epidemiologic investigations.

In addition, we provide a careful evaluation of methodological strengths and limitations inherent to both

study designs in order to provide a more nuanced understanding of how these findings may complement one

another.

From the onset of the HIV/AIDS epidemic, the impact
of licit and illicit drug use on HIV disease progression
has been a focus of investigation. Initial research in-
vestigated the link between the use of amyl nitrates, or
“poppers,” to enhance sexual pleasure, and behaviors
associated with the use of these drugs and HIV infection
[1, 2]. Following identification of HIV as the etiologic
agent of AIDS, AIDS-related research shifted toward
understanding differences in the AIDS incubation pe-
riods and whether drug use influenced progression to
AIDS or survival. These epidemiological inquires were
supported by evidence from laboratory studies sug-
gesting that certain drugs of abuse had immunosup-
pressive properties in vivo , and thus, could theoretically
hasten progression to AIDS among illicit drug users.
With the availability of potent antiretroviral therapies,
such as HAART, questions regarding equal access, ad-
herence, and development of resistance to HAART
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among illicit drug users were examined, as well as
whether the concomitant use of drugs of abuse (e.g.,
heroin, cocaine, crack cocaine, marijuana, and alcohol)
or drugs for treatment of drug abuse (methadone) and
HAART could produce negative side effects. (Hereafter,
the phrase “drug use” refers to both these categories of
drugs.)

Laboratory studies examining the relationship be-
tween drug use and HIV disease progression suggest
that distinct patterns or types of drug use affect im-
munologic components that, in turn, influence HIV
disease progression. These studies have included in vi-
tro and animal model experiments in which researchers
were able to manipulate key drug-use and disease pa-
rameters to examine the discrete influences of individ-
ual drugs on HIV infection and its progression.
Epidemiologic investigations have attempted to ap-
proximate laboratory findings; yet because of the long
incubation period for clinical AIDS, these analyses used
various intermediate outcome measures, such as CD4"*
T cell decline, functional immune markers, HIV load,
constitutional symptoms of HIV infection, and neu-
rological manifestations of HIV infection. Given the
limitations inherent in conducting observational re-
search, these studies were not always able to demon-
strate in the more complex, human, homeostatic
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environment those results found in controlled laboratory set-
tings. In fact, results from epidemiological studies suggest that
the effects of drug use on HIV infection may be harmful or
protective, and, in some cases, equivocal [3].

The purpose of this report is to provide an overview of
laboratory and epidemiologic studies that examined the effects
of drug use on HIV disease progression. An examination of
the key aspects of the various study designs may shed light on
the differences in the findings of laboratory-based and epide-
miological investigations. We begin with a summary of labo-
ratory studies, organized by individual drugs of abuse, followed
by a review of epidemiologic evidence organized by outcome
of interest. We conclude with a discussion of the strengths and
methodological limitations of each study design as well as rec-
ommendations for future investigations.

IN VITRO AND ANIMAL STUDIES

A number of laboratory studies have observed the effects of
licit and illicit drug use on cellular functioning, immune al-
terations, and viral replication. These studies not only examined
the effects of individual drugs, but also mimicked acute onset
of drug use and withdrawal-like symptoms under conditions
simulating recent HIV seroconversion. Consequently, results
from these studies have provided information on possible
mechanisms through which drug use may influence HIV disease
progression.

Heroin and opiates. The influence of heroin and other
opiate-derived substances on immune system functioning are
well documented [3]. This class of drugs adversely affects sev-
eral integral immune processes, including the proper function-
ing of T and B lymphocytes [4-7], the production of antibodies
[8], and the cytotoxicity of natural killer (NK) cells [9, 10].
Heroin use may also induce apoptosis of macrophages [11],
stimulate increases in serum immunoglobulin levels [12, 13],
and cause DNA damage to peripheral lymphocytes [14]. Cer-
tain leukocytes express u, 6, and « opioid receptors that facilitate
binding of opiate molecules to these immune cells [15-17].
Interestingly, the ability to bind to these receptors can produce
opposing effects on HIV expression. For example, u receptor
activation stimulates HIV expression in monocytic cells [18],
whereas « receptor activation inhibits HIV expression in these
cells [19, 20]. Opiate effects may also be mediated through
secondary alterations to neural pathways, such that the impact
of opiates in vivo may be mediated through direct and indirect
impact on the immune system [21]. Finally, morphine has also
been shown to activate latent HIV infection in neuroblastoma
cell cultures; this is an important finding because human tissue
that can host latent HIV, such as the brain, may be irreparably
damaged among opiate users [22].

Animal studies provide a unique perspective on the in vivo
effects of opiates on host immune functioning and HIV disease

progression. A study by Donahoe et al. [23] found continuous
opiate administration retarded the progression of simian im-
munodeficiency virus disease, but Chuang et al. [24] noted
greater simian immunodeficiency virus disease progression af-
ter opiate injection. These contradictory results were attributed
to differences between the 2 study designs [3]. First, the Don-
ahoe study used a less virulent strain of simian immunodefi-
ciency virus (smm?9) than the strain used in the Chuang model
(mac239). Second, compared with the Donahoe model, the
Chuang study administered about one-half the amount of opi-
ate per injection cycle, thereby creating withdrawal-like con-
ditions. This is an important distinction because structured
opiate withdrawal resulting from reduced frequency or disrup-
tion of continuous opiate injection may affect the proper func-
tioning of both immune and viral activities. Similarly, a struc-
tured discontinuation of opiate administration in the Donahoe
model also precipitated increases in the number of circulating
T cells infected with simian immunodeficiency virus.

It appears that continuous opiate exposure may assist in
balancing circulating levels of naive and activated T cells,
whereas the stress associated with irregular patterns of drug
administration fosters imbalances in immune cell levels [3, 25].
Further evidence supporting this hypothesis was presented by
Veyries et al. [26], who found daily morphine administration
to mice did not exacerbate infection with Friend murine leu-
kemia virus (FMLV). However, this protective effect was at-
tenuated during discontinuation of morphine administration,
and actually led to increased viral load. Other studies also re-
ported increased immunosuppression in animal models after
a structured withdrawal from or intermittent administration of
opiates [27, 28].

Cocaine, crack cocaine, and other stimulants. As reviewed
by Baldwin et al. [29], cocaine disrupts immune functioning
by modulating the distribution of lymphocytes, including neu-
trophils, NK cells, helper T cells, CD4" T cells, and cytotoxic
T cells. In vitro studies have reported increased HIV replication
in PBMCs treated with cocaine, compared with untreated
PBMC cultures [30, 31], and recently, mouse models used to
examine the effects of cocaine on HIV showed significant in-
creases in circulating HIV load [32]. Of note are in vitro in-
vestigations of alveolar macrophages (the main class of leu-
kocyte responsible for phagocytosis of bacteria in the lungs)
from nonsmoking individuals, compared with alveolar mac-
rophages obtained from active tobacco, marijuana, and cocaine
smokers [29]. Alveolar macrophages obtained from individuals
who smoked marijuana or cocaine exclusively and did not re-
port injecting drugs were less able to eliminate Staphylococcus
aureus bacteria and to suppress growth of tumor cells, com-
pared with alveolar macrophages from nonsmokers [33]. Co-
caine and crack cocaine smoke may also be directly associated
with respiratory AIDS conditions, either directly, by its effect
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on the lungs of individuals who smoke, or indirectly, by its
association with other contaminants that, in combination, pro-
duce worse outcomes.

Marijuana. §°-Tetrahydrocannabinol (THC) is a lipophilic
compound found in marijuana plants and is responsible for
producing the major psychoactive effects associated with mar-
ijjuana use [34]. For example, when certain cell types, such as
alveolar macrophages, are exposed to THC in high concentra-
tions, THC can disrupt cellular membrane activities that reg-
ulate antiviral and antibacterial functions [35-38]. Recent re-
search also indicates that the mechanism for THC expression
may be the binding of THC to cannaboid receptors (CB1 and
CB2) on immune cells that express these receptors [39]. Early
studies examining the effect of THC on viral and bacterial
infections involved animal models of mice and swine [35, 36,
40]. These studies reported greater immunosuppression among
mice and swine infected with herpes simplex virus and exposed
to THC [40]. In addition, exposure to THC may also alter host
resistance to retroviruses such as FMLV. In 1991, Specter et al.
[41] noted decreased lymphocyte activity and NK cell cytotox-
icity in mice that were infected with FMLV and then exposed
to THC 2 to 4 weeks later.

Alcohol.  The principal component of alcohol, ethanol, is
water soluble and, to some degree, fat soluble; as a result, eth-
anol can cross cell membranes and alter immune responsiveness
and host resistance to infection. In vitro studies and experi-
mental animal models have shown that ethanol intake increases
susceptibility to HIV infection by suppressing proper lympho-
cyte response to HIV [42, 43]. Bagasra et al. [44] reported
increased viral replication in cultures of HIV-infected PBMCs
obtained from subjects exposed to alcohol for 3 days, compared
with those from individuals who did not consume alcohol.
Furthermore, several animal models used to examine the im-
pact of chronic alcohol consumption on retroviral infections
in mice have also shown an immunosuppressive effect after
alcohol administration [45, 46].

EVIDENCE FROM EPIDEMIOLOGICAL STUDIES

Early epidemiologic investigations of HIV-seropositive individ-
uals who are also injection drug users (IDUs) suggested that
drug use could hasten progression to AIDS [47]. In conjunction
with earlier laboratory research, these results prompted further
epidemiologic investigation. Consequently, epidemiologic stud-
ies sought to examine various aspects of drug use, intermediate
markers of disease progression, and different stages of HIV
disease. To date, results from large cohort studies of HIV-se-
ropositive individuals in the United States and in Europe pre-
sent mixed findings on the effects of drug use and HIV disease
progression as measured by immunologic status, viral repli-
cation, and time to AIDS and death among drug users.

Immunologic Progression

Injection drug use. Data from the ALIVE study [48, 49] com-
paring T cell decreases between IDUs with seroprevalent in-
fection and IDUs with recent seroconversion found the median
rate of decrease in absolute numbers (and percentages) of CD4"
cells among those with seroprevalent infection was 8 cells/mm’
(0%) per 6 months, with a median follow-up of 18 months,
compared with 55 cells/mm?® (1.9%) per 6 months for individ-
uals with recent seroconversion, with a median follow-up of
12 months [50]. This rate of decline did not differ by IDU
status at baseline (active vs. inactive IDU), and was gradual,
and not attributable to use of antiretroviral therapy. A subse-
quent investigation comparing HIV-seropositive IDUs and men
who have sex with men (MSMs) reported a slightly lower, but
not statistically different, rate of CD4" cell decline among IDUs
[51]. This difference was thought to be related to the longer
duration of HIV infection among MSMs. A study by Pezzotti
et al. [52] examined CD4" cell decline among individuals with
recent seroconversion with longer follow-up and found a con-
tinued pattern of no difference according to IDU status (active
or inactive IDU) and according to exposure risk group (in-
cluding IDUs, MSMs, and persons infected via heterosexual
contact).

Drug use patterns. The Donahoe model suggests that by
maintaining an opiate dependency, withdrawal and its negative
side effects are avoidable, and, in the long term, may help to
retard progression to AIDS. Conversely, a poorly maintained
dependency increases withdrawal stresses and may hasten pro-
gression to AIDS. Recognizing that differential drug use pat-
terns play a role in HIV disease progression, Lyles et al. [53]
examined the impact of episodes of withdrawal, frequency of
drug use, binge use, and overdose on CD4" cell decline between
consecutive visits. Unlike analysis of laboratory findings, this
analysis indicated that different patterns of drug use had no
effect on CD4" cell decline observed over 6-month intervals.
Inferences from this analysis are limited, given that the HIV-
seropositive drug users in the cohort were all IDUs with a
history of polydrug use and had seroprevalent HIV infection,
which may bias estimates of progression to AIDS [54] unless
analytic techniques, such as adjusting for CD4" to control for
the duration of infection, are applied [55].

Drug type. Krol et al. [56] attempted to mimic laboratory
findings by examining the effect of use of specific drug types
on CD4" cell decline among IDUs with recent HIV serocon-
version. Their findings suggested that in a modest subset of
subjects, including heroin-only users, heroin use was associated
with more rapid CD4" T cell decline than among cocaine or
polydrug users; however, this effect was transient. Given that
the mode of heroin use was injection, the investigators noted
that injection itself or behaviors associated with injection of
drugs, such as needle sharing, could offset the risk of immu-
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nologic decline associated with the specific drug used. None-
theless, by focusing on recency of drug use and recency of HIV
infection, these investigators were able to examine the impact
of drug use on HIV disease progression in a manner that may
reconcile differences between in vitro and cohort studies.

Incubation Period for AIDS

As early as 1990, Weber et al. [57] reported a higher relative
risk of progression to AIDS among persistent IDUs (RR, 1.78;
95% CI, 1.20— 2.67) compared with former IDUs; later studies
suggested that progression to AIDS did not differ according to
continued drug use status [58, 59] or frequency of injection
drug use [60]. A study of IDUs in Amsterdam found that IDUs
who reported more instances of borrowing used injecting
equipment (>99 times and 10-99 times) between 1980 and the
baseline interview had lower relative hazards of progression to
AIDS (RH, 0.44; 95% CI, 0.22-0.88 and RH, 0.19; 95% CI,
0.03-0.37, respectively) than did those who reported fewer in-
stances of borrowing used injection equipment (<10 times)
[61]. Rather than suggesting that these findings advocated the
borrowing of injection equipment, the investigators theorized
that IDUs’ behaviors may offset risk for HIV disease progression
posed by injection drug use itself. Specifically, these findings
suggested that needle sharing may increase alloantigenic stim-
ulation, and hence, heighten a tolerance response to needle
sharing that could, in turn, affect host response to HIV disease
progression [3].

Studies that have investigated drug use by route of admin-
istration have found significant differences in the spectrum of
AIDS-defining illnesses reported among noninjection drug
users (NIDUs) and those reported among IDUs. In a case-
control study comparing HIV-seropositive drug users with bac-
terial pneumonia with those without bacterial pneumonia,
Caiaffa et al. [62] found self-reported smoking of illicit drugs,
including marijuana, cocaine, or crack, was the only behavioral
factor significantly associated with reports of bacterial pneu-
monia as an AIDS-defining illness (OR, 2.24; 95% CI, 1.03—
4.89). In addition, a study of HIV disease progression among
IDUs recruited from a methadone maintenance program noted
a significant association between cocaine and/or crack cocaine
smoking and reports of pulmonary AIDS illnesses, such as tu-
berculosis [63]. These findings are consistent with in vitro stud-
ies indicating decreased alveolar function in individuals who
reported exclusively smoking cocaine and/or crack cocaine.

Mortality

Analysis of mortality risk according to cause of death indicates
that IDUs have a substantially higher pre-AIDS mortality re-
lated to overdose, suicide or homicide, and accidents, compared
with other exposure risk groups [64—66]. In a study by Hendriks
et al. [67], IDUs were more likely to progress from serocon-

version to death, compared with MSMs; however, examination
of mortality among those who survived long enough to develop
an AIDS-defining illness shows no differences in survival be-
tween IDUs and MSMs. This lack of difference in survival
between exposure risk groups has also been reported in other
studies [68, 69].

Drug Use and HIV Disease Progression in the HAART Era

As the availability and use of potent antiretroviral therapy in-
creases, attention has recently been directed toward identifying
and understanding potential interactions or toxicities arising
from the concomitant use of methadone, an opiate used to
treat heroin dependence, and antiretroviral medications [70].
These studies have examined antiretroviral therapy by specific
class of HIV medication because of the different effects that
the different classes may have on the metabolic pathway of
methadone [70]. Specifically, methadone is metabolized by the
cytochrome P450 system and is excreted via urine or bile. Drugs
that act as inducers of this system cause faster metabolism of
methadone, and drugs that act as inhibitors of this system
prevent proper methadone metabolism [70].

Nucleoside reverse-transcriptase inhibitors (NRTIs) do not
impact the cytochrome P450 system, so studies focusing on
interactions between NRTIs and methadone have not found
clinically significant effects of these medications on methadone
levels [71-73]. The most important interactions are those re-
lated to nonnucleoside reverse-transcriptase inhibitors
(NNRTIs) and protease inhibitors. One study found that both
efavirenz and nevirapine were potent inducers of P450 enzymes
and decreased methadone levels by 43% and 46%, respectively
[74, 75]. Decreased levels of methadone can lead to opiate
withdrawal and reduce efficacy of antiretroviral treatments if
medication regimens are not adhered to, and subsequently in-
crease the risk for antiretroviral resistance. Use of amprenavir,
nelfinavir, or lopinavir-ritonavir has shown significant decreases
in methadone levels among individuals using methadone.
Whereas amprenavir use may result in mild symptoms of opiate
withdrawal, nelfinavir use is not associated with opiate with-
drawal symptoms because of the lack of effect on free, rather
than total, methadone levels [76, 77]. Use of the lopinavir-
ritonavir combination was associated with significant reduc-
tions in methadone levels and increased reporting of opiate
withdrawal symptoms [78]. This was shown to be due to the
lopinavir, which acts as a potent inducer of methadone me-
tabolism; use of ritonavir alone had no significant effect on
methadone metabolism. A recent study also indicates a lack of
pharmacokinetic interaction between atazanavir and metha-
done [79].

Epidemiologic studies examining the relationship between
drug use and HIV disease progression among patients starting
HAART show mixed results [80-83]. Findings from the
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EuroSIDA [80] and Swiss HIV Cohort studies [81] indicate no
significant difference in HIV disease progression among IDUs,
compared with MSMs or heterosexually active individuals re-
ceiving HAART. However, a study restricted to IDUs reported
lower HAART-induced viral load suppression among active
IDUs, compared with former users and nonusers (0.8 log,,
copies/mL vs. 1.6 log,, copies/mL in former users and 1.7 log,,
copies/mL in nonusers) [82]. These findings were significantly
associated with lack of use of and adherence to HAART among
active IDUs, compared with former users and nonusers (34%
vs. 17% in former users and 24% in nonusers) [82]. Regarding
mortality, Poundstone et al. [83] found that disease-free sur-
vival among IDUs, compared with NIDUs, was lower in the
HAART era than in the era before the advent of HAART [83].
These findings raise the question of whether higher mortality
rates among drug users are the result of access [84] and ad-
herence [85] to HAART, rather than effects of the drug use per
se. In a recent report, dramatic improvement in survival was
identified in IDUs in analyses of data from before and from
after 1996 [86]; the implications of these findings are that treat-
ment can be effective in persons who have used illicit drugs
and that the decision to offer antiretroviral therapy should not
be based on prior drug use status.

Neurological OQutcomes

In addition to affecting immune system activity, drugs of abuse
are also able to target cells of the nervous system and exacerbate
neurological dysfunction in drug users. Analyses that included
neurological examination and longitudinal neuropsychological
testing of HIV-seropositive and HIV-seronegative IDUs found
no differences in outcomes of neuropsychological test batteries,
after accounting for age and education [87-90]. However, these
studies involved only asymptomatic HIV-infected individuals
and could not examine the neuropsychological effects of drug
use on late-stage HIV infections. One such report that supports
this hypothesis is from the Edinburgh cohort [91], which is
comprised predominantly of heroin users and initiated during
the onset of the HIV epidemic. Among cohort members whose
deaths were caused by HIV-related conditions, autopsies re-
vealed that opiate users were significantly more likely to have
had HIV encephalitis, compared with MSMs. Further research
is required to determine whether these effects are attributed to
the direct effects of drug use or the additional indirect effects
of access to both drug treatment and antiretroviral therapy.

METHODOLOGICAL ISSUES IN
EPIDEMIOLOGIC STUDIES

Although epidemiological research suggests that the impact of
drug use on HIV disease progression is mixed, an evaluation
of study methodologies may shed light on how these results
complement those of laboratory studies. First, the use of MSMs

as an external comparison group to IDUs is problematic be-
cause differences between these groups in the risk factors for
HIV disease progression may offset the risk associated with
drug use alone. Specifically, MSMs tend to be white, of higher
socioeconomic status, report higher rates of sexually transmit-
ted infections, and have higher frequency of noninjection drug
usage (e.g., inhaling amyl nitrates, smoking marijuana, and
inhaling cocaine), whereas IDUs tend to be predominantly Af-
rican American, of lower socioeconomic status, and report
higher levels of cutaneous or bacterial infection that may act
as cofactors in HIV disease progression. Second, IDUs are more
likely to experience non—AIDS-related mortality from overdose,
violence (i.e., homicide and suicide), and accidents, and in
many cases, these deaths may occur prior to an AIDS diagnosis.
In addition, higher morbidity among IDUs may also preclude
enrollment of IDUs who are more ill in research studies. Con-
sequently, IDUs who do participate in epidemiologic studies
may be healthier or better able to manage their drug use, and
thus, progress to AIDS or death less rapidly. These selection
biases are difficult to avoid, but must be sufficiently addressed
to prevent incorrect conclusions. Finally, IDUs are often re-
cruited from methadone maintenance programs, drug detox-
ification programs, or other clinical settings [63, 92, 93] and
may be at various stages of drug use.

Measurement of drug use requires greater refinement to fully
capture the spectrum of drug use behaviors. Detailed infor-
mation is required on different means of administration (e.g.,
sniffing, snorting, and smoking), especially given the increasing
number of findings from both in vitro and epidemiologic stud-
ies indicating a greater propensity for respiratory AIDS infec-
tions among individuals who report smoking cocaine or crack
cocaine. Data on use of specific drugs would allow for greater
ability to understand the individual impact of each type of drug,
as well as approximate results obtained from in vitro and animal
model experiments. The inclusion and identification of indi-
viduals at different stages of drug use (i.e., those who recently
initiated taking drugs and inconsistent and chronic users) in
cohort studies of drug users may also improve our understand-
ing of drug effects on HIV disease progression.

Additionally, the inclusion of participants with seroprevalent
HIV infection presents a significant limitation to many epi-
demiologic investigations. Individuals enrolled in cohort stud-
ies of HIV infection are often unaware of the date that they
acquired HIV infection; consequently, the time of seroconver-
sion is also unknown. In these situations, accurate information
regarding duration of infection is largely unavailable or based
on best-guess estimates derived from an individual’s recall of
their first positive HIV serum test result. As most in vitro and
animal model studies report on the impact of drug use on
seroincident HIV infection, duration of drug use can be eval-
uated for its long-term effect on HIV disease progression, even
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though duration of infection may act as a confounder in ep-
idemiologic studies and bias estimates of effect.

CONCLUSIONS AND FUTURE DIRECTIONS

Although laboratory studies have been critical in isolating po-
tential pathways by which drug use may impact immunologic
and virologic outcomes, epidemiologic studies have attempted
to translate these findings into larger, biologically complex, and
clinically relevant systems. Consequently, neither the laboratory
nor epidemiologic study designs may be wholly discounted or,
alternatively, considered as a gold standard. Rather, this over-
view indicates that these 2 types of studies provide comple-
mentary information and should draw from one another to
move research in this field forward.

Taken together, findings from laboratory and epidemiologic
studies indicate that the relationship between drug use and HIV
disease progression may be mediated by several key factors,
including immunologic and virologic conditions affecting host
susceptibility, underlying comorbidities among drug users, use
of antiretroviral therapy, and viral strain, as well as pharma-
codynamic aspects of drug use, such as the pattern and type
of drug administration and the route of administration. Current
research also indicates that few eligible IDUs in the United
States are receiving antiretroviral medication, despite indication
for treatment [84]. Consequently, a better understanding of the
effects of drug use on access to, utilization of, and adherence
to antiretroviral medication is warranted, because it is unclear
whether these differences are due to structural barriers (reluc-
tance of clinicians), personal barriers (avoidance of care until
symptoms become manifest), or both. As access to antiretro-
viral therapy has improved, attention has shifted toward un-
derstanding those factors associated with suboptimal adherence
to therapy and development of infection resistant to antiret-
rovirals. In addition, the impact of the use of illicit drugs such
as heroin and cocaine on the brain in late-stage HIV infection
has received limited attention, and research to address this issue
is urgently needed. In summary, information gathered from
both laboratory and epidemiological studies should be used to
inform future research. Specifically, the development of in vitro
study conditions and animal models that more closely ap-
proximate real-world HIV infection and disease progression in
humans are necessary. At the same time, epidemiological stud-
ies need to explore the effects of different characteristics of
drug use and drug users to refine the understanding of the role
of use of specific drugs in modulating HIV disease progression.
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