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Abstract
Today substance dependence is one of the major public health problems in the world with millions
of people abusing legal and illegal drugs. In addition, almost one-third of the world’s population
suffers with one or more infections. Both drugs of abuse and infections are associated with serious
medical and health consequences, some of which may be exacerbated by the occurrence of
pharmacokinetic and/or pharmacodynamic interactions between medications used in the treatment
of these conditions when they co-occur. This review briefly discusses issues surrounding clinical
management related to drug interactions experienced by substance abusing patients. The emphasis
of this paper is on the research needed to further study the extent, nature, and underlying molecular/
genetic mechanism(s) of interactions between drugs of abuse, medications used in the treatment of
drug addiction, and co-occurring infections.

Drug abuse and associated addiction/dependence and infections are two major health problems
in the world with an estimated 200 million people who abuse illegal drugs regularly,1 and an
estimated one-third of the global population of 6.7 billion living with one or more infections.
2 In the United States (US) alone, according to the 2007 National Survey on Drug Use and
Health,3 an estimated 19.9 million people over the age of 12 years are current users of an illicit
drug. An estimated 30–36 million people in the world are living with human immunodeficiency
virus (HIV) infection,2 about 200 million are infected with Hepatitis C virus (HCV), 1.2 billion
people are infected with tuberculosis (TB), and many more millions are infected with various
other bacterial and viral infections. An estimated 1 million people infected with HIV, and 4
million people infected with HCV live in the US alone.4 Both HIV and HCV are prevalent
among substance abusers. Injection drug use (IDU) directly and indirectly accounts for more
than one-third (36%) of acquired immunodeficiency syndrome (AIDS) cases.5 In 2008, CDC
reported that an estimated 23,364 AIDS diagnoses were made for IDUs during 1993; while an
estimated 7,153 AIDS diagnoses were made among IDUs in 2006.6 Further, an estimated 80–
90% of HIV positive injection drug users may also be infected with HCV.7 Other viral and
bacterial infections also have been reported in drug abusers including TB, sexually transmitted
infections (STIs), and streptococcal and staphylococcal infections (eg, often associated with
serious infections in this population including cellulitis and endocarditis).8 Social, economic,
and health costs to the society from substance abuse and infections are enormous. Legal and

Copyright © American Academy of Addiction Psychiatry
Address correspondence to Dr. Khalsa, Medical Consequences Division of Pharmacotherapies and Medical Consequences of Drug Abuse,
National Institute on Drug Abuse, 6001 Executive Blvd. Room 4137, Bethesda, MD 20892. jk98p@nih.gov.
Declaration of Interest
The authors report no conflict of interest. The authors alone are responsible for the content and writing of the paper.

NIH Public Access
Author Manuscript
Am J Addict. Author manuscript; available in PMC 2010 February 10.

Published in final edited form as:
Am J Addict. 2010 January 1; 19(1): 96. doi:10.1111/j.1521-0391.2009.00010.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



illegal substance abuse alone costs American society an estimated $534 billion dollars
annually,9 dwarfing costs of diabetes and cancer at an estimated $174 billion10 and $263
billion,11 respectively. The global cost of drug abuse would be even more staggering. Both
drugs of abuse and infections, such as HIV and HCV, affect almost every physiological/
biochemical system in the body. Therefore, adverse health effects related to drug interactions
either from the use of abused substances, interactions between therapeutic agents used to treat
these disorders, or adverse effects related to continued substance abuse and medications
prescribed to treat these conditions are possible. In this paper, we will touch briefly on examples
of the adverse effects related to such interactions. We will also suggest areas of research
investigation needed to better understand these adverse effects, how to predict and/or avoid
such events, and how to enhance the clinical care of patients who suffer with these diseases
and are, of necessity, exposed to multiple medications simultaneously.

DRUG INTERACTIONS
In 2008, the US Food and Drug Administration received 526,527 reports of adverse drug
reactions from pharmaceutical drug companies, pharmacists, treating/practicing individual
clinicians, and patients. Of these reports, 319,741 were classified as serious and 58,000 deaths
were reported.12 The Institute of Medicine reported in January 2000 that from 44,000 to 98,000
deaths occur from medical errors; of this total, an estimated 7,000 deaths occur due to adverse
drug reactions.13 But Lazarou et al.14 estimated that there were 2.2 million adverse drug
reactions causing 106,000 deaths in hospitalized patients annually, making it the fourth leading
cause of death in the US. Drug–drug interactions represent 3–5% of all in-hospital medical
errors.15

Such findings underscore the need to evaluate, pharmacokinetic (PK)/pharmacodynamic (PD)
interactions and, of particular importance, are interactions between medications used in the
treatment of drug addiction/dependence (eg, methadone, buprenorphine), infections (eg,
antiinfective or antiretroviral [ARV] medications), and mental disorders (eg, benzodiazepines).
Understanding the potential for such interactions is important to providing effective clinical
care to patients who suffer with these conditions. Failure to recognize the potential for drug
interactions or the interactions themselves as they occur in patients may lead to failure of the
intended pharmacological action of the drug(s) administered. Further, the individual may
experience adverse effects (several examples follow) that may cause harm or may result in
nonadherence to prescribed regimens resulting in poor clinical outcomes for the illnesses that
these medications were meant to treat. For example, in the case of HIV disease in opioid-
dependent individuals, opioids (methadone and buprenorphine) are known to be substrate of
cytochrome P450 3A4 metabolic enzymes; enzymes whose function can be significantly
affected by administration of some ARV medications. When this occurs, altered therapeutic
profiles, toxicities, and side effects have been observed.16 These interactions then may decrease
adherence to prescribed clinical regimens in patients with HIV/AIDS,17 leading to lack of
efficacy of HIV treatment, development of viral resistance to ARV therapies, and possibly to
an increase in drug and alcohol abuse.18

Examples of adverse interactions between the opioid therapy, methadone, and ARV have
accumulated in the literature over the past 12 years. A complete review of these interactions
is beyond the scope of this paper (and is provided in a review article in this issue of the American
Journal on Addictions; see McCance-Katz et al.). However, it is worth noting that awareness
of the importance of drug interactions between opioids and ARV was heightened when
zidovudine (ZDV), the first medication available to treat HIV/AIDS, was found to be associated
with adverse effects in patients receiving methadone maintenance therapy for opioid addiction.
Observations of symptoms that appeared to be those of opiate withdrawal including myalgias,
anxiety and depression, and insomnia were reported. However, methadone serum
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concentrations in these individuals were found to be therapeutic. A drug interaction study
between methadone and ZDV revealed that methadone decreased metabolism of ZDV through
inhibition of glucuronidation.19 Further drug interaction studies examining whether similar
interactions occurred with other opioids and opioid medications used to treat opioid
dependence showed that neither buprenorphine, l-acetylmethadol, or naltrexone were
associated with adverse interactions with ZDV.20 This was the first indication that it might be
possible to “match” treatments to patients requiring treatment with several drugs for multiple
diseases with the goals of enhancing their clinical outcomes and reducing the likelihood of
adverse drug interactions. These findings underlined the need to conduct drug-interaction
studies in humans, particularly since in vitro findings are often not predictive of clinical realities
in humans receiving multiple medications. An example of this can be demonstrated in findings
from the drug interaction study that examined methadone and lopinavir/ritonavir given
concomitantly. Although protease inhibitors have been reported to inhibit the function of CYP
450 3A4 in vitro, methadone-maintained individuals were shown to have significant decreases
in methadone serum concentrations when given therapeutic doses of this protease inhibitor
combination.21 Similarly, nelfinavir is a protease inhibitor used in treatment of HIV/AIDS
and reported to inhibit CYP 450 3A4, but which has been associated with reduced methadone
concentrations in humans and rarely, opiate withdrawal.22

An example of the potential for treatment-patient matching can be demonstrated in the adverse
drug interaction identified between methadone and efavirenz, a nonnucleoside reverse
transcriptase inhibitor frequently used in the treatment of HIV/AIDS. Efavirenz has been
associated with severe opiate withdrawal when given at therapeutic doses to methadone-
maintained individuals,23 but buprenorphine-treated, opioid-dependent patients did not
experience withdrawal when they were administered efavirenz over 15 days, despite a
significant decline in buprenorphine plasma concentrations.24 These findings point to the need
for additional research to identify mechanisms for drug interactions (or lack thereof). Whether
such differences in responses are related to potency of opioids, affinity of or dissociation from
opioid receptors, the presence (or lack of, as for methadone) of active opioid metabolites, the
metabolic pathways for these medications which are still being elucidated for opioids, or
genetic differences in hepatic metabolic enzyme activity is unknown at this time. Studies to
clarify the contributions of such factors to clinically observed effects are important to improved
patient care for these diseases.

Another area of concern in drug–drug interactions is with pharmacodynamic interactions that
can occur when several drugs having similar pharmacological effects, but acting by different
mechanisms (for example sedation that is associated with mu-opioid receptor occupancy and
that occurs through agonism of GABA-ergic receptors that increase chloride ion flux). A
significant concern arises with the coconsumption of opioids and benzodiazepines. Diazepam
has been shown to time-dependently increase sedation and decrease psychological
performance in both methadone and buprenorphine-treated patients independent of the opioid
dose.25

In vitro data can help to illuminate potential toxicities between medications not yet studied in
combination in humans. Amitriptyline, buprenorphine, methylene-dioxymethamphetamine
(MDMA), and zolpidem inhibit the N-demethylation of methadone.26 Amitriptyline is a strong
reversible inhibitor of CYP 3A4, while amitriptyline and MDMA are also inhibitors of CYP
2D6, and zolpidem is an inhibitor of CYP 3A4. Amitriptyline, MDMA, and zolpidem are likely
to inhibit metabolism of methadone and thereby increase its serum concentrations. Indeed, in
the article in this issue of the American Journal on Addictions, Maxwell and McCance-Katz
show epidemiological data linking toxicities and deaths to concomitant use of methadone or
buprenorphine and several of these drugs. Thus, the in vitro evidence of drug–drug interactions
will also help to improve patient care during opioid maintenance treatment.26
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Pharmacogenomics plays an important role in drug–drug interactions. Research investigations
in recent years have revealed the presence of a large number of single nucleotide
polymorphisms, many of which are responsible for changes in drug metabolizing enzyme
activity. Of the major cytochrome P450 enzymes involved in drug metabolism (CYP 450 1, 2,
and 3 families of enzymes), mutations in CYP 2D6 are the best studied.27 Genotype and enzyme
activity for CYP 2D6 have been linked to ethnicity ranging from no gene/no enzyme activity
in 6% of Caucasians to two copies of a fully active gene. Genotyping for CYP 2D6 enzyme
function can be undertaken with classification as poor, intermediate, extensive, and ultrarapid
metabolizers.28 Likewise for CYP 2B6, varying levels of enzyme activity have been identified
and are genetically mediated. Although a variety of SNPs have been identified in the CYP 3A4
family of enzymes, none have yet been associated with altered enzyme function.29 There are
clinical examples that make the point of the importance of pharmacogenomics in drug
metabolism and in drug–drug interactions. For example, certain genotypes of CYP 2D6 are
associated with low activity which has been found to predict poor analgesia with codeine
administration since CYP 2D6 must metabolize codeine to morphine, the analgesic in codeine
tablets.30 CYP 2B6 has been shown to have a higher activity enzyme form that more rapidly
metabolizes substrates of this enzyme. This was shown to be the case in a series of patients
who experienced toxicities associated with bupropion when it was rapidly converted to its
active and longer-acting metabolite hydroxybupropion.31 Conversely, a low activity form of
CYP2B6 has been associated with increased concentrations of efavirenz given at therapeutic
doses and resulting in efavirenz-associated neurotoxicity.32 Considering the complexities of
studying drug interactions while accounting for the genetic composition of individual patients
is important and is an area of much needed research in this field.

RESEARCH NEEDS
Table 1 shows identified areas of needed research. Understandings gained from these lines of
scientific investigation will help to provide the tools necessary for clinicians to render the best
possible care to patients with multiple, chronic, and sometimes life-threatening illnesses.
Knowing of the likelihood and expected responses to drugs administered simultaneously are
important to direct clinical care. However, understanding mechanisms of drug interactions as
well as genetics of drug interactions will help clinicians to predict who may be more susceptible
to adverse drug interactions and can provide guidance to medication selection in vulnerable
populations. Developing standards for determining when the risks of or adverse effects
associated with a drug interaction outweigh the benefits of treatment with the medications is
important to minimize the extent, severity, and consequences of these interactions.

In summary, the value of clinical awareness of the likelihood of and presence of drug
interactions cannot be underestimated. As has been demonstrated for several infectious
diseases that co-occur frequently with substance use disorders, drug interactions can lead to
multiple, severe consequences. These consequences include poor clinical outcomes for
affected individuals as well as increased risk of transmission of infectious diseases. Ongoing
research supported by the National Institutes of Health (NIH)33 and new NIH initiatives will,
over time, address important questions related to pharmacokinetic and pharmacodynamic
interactions between drugs leading to improved clinical care of those who suffer with these
chronic diseases.
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TABLE 1

Identified areas of needed research related to drug interactions

Drug interaction studies opioid therapies (methadone,
buprenorphine) and new ARV (eg, maraviroc,
etravirine) and medications currently in development

Studies designed to illuminate the role of hepatic enzymes
and/or P-glycoprotein in observed interactions

Neuroimaging studies to determine the mechanism for
lack of opiate withdrawal in buprenorphine-maintained
individuals versus methadone-maintained individuals
receiving medications that lower serum concentrations
of these opioids

Develop new or validate current in vitro/in vivo models to
study drug–drug interactions

Study of mechanisms of induction of drug-
metabolizing enzymes

Expand drug interaction studies to include other illicit
(cocaine, methamphetamine, cannabis, heroin) and licit
drugs (alcohol, nicotine products) with medications
frequently utilized by substance-abusing populations
(ARV, HCV medications, TB medications, psychotropics)

Studies of methodological issues in drug interactions
studies

Development of protocols for the management of drug
interactions

Study of genetic factors associated with drug
interactions

Design of simplified protocols for special populations that
may have difficulty with standard drug interaction
paradigms

Utilization of clinical trial networks to undertake
greater numbers of drug interaction studies

Study the impact of pharmacokinetic and
pharmacodynamic interactions on the therapeutic efficacy
of drugs; develop guidelines for cutoffs that would trigger
discontinuation of a drug and substitution of another

Am J Addict. Author manuscript; available in PMC 2010 February 10.


