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Abstract Addiction to opioid analgesics is an important and
yet underinvestigated clinical issue, which has substantial
implications in opioid therapy for chronic pain management.
Problematic opioid use, including compulsive opioid seeking
and addiction, arises in some fraction of opioid-treated
chronic pain patients. The connection between chronic pain
and opioid addiction is a complex interplay between
psychological, epidemiological, and neurobiological factors.
Herein, we explore this critical relationship.
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Introduction

Chronic pain in the general population is highly prevalent
and significantly impacts quality of life [1, 2]. Chronic
pain is a major burden on patients, physicians, and society.
For back pain alone, total health care expenditures in 2004
and 2005 were estimated at 85 to 100 billion dollars,
respectively [3]. Opioids are among the most potent
analgesics available and are the cornerstone of treatment
for moderate to severe pain associated with cancer [4].
Opioids also have a recognized role in chronic noncancer pain
and can decrease pain and improve function in some patients
[5, 6]. Opioid therapy in chronic noncancer pain, however,

remains controversial [7, 8]. Opioids are far from benign
medications, and their long-term use is associated with
significant side effects, including tolerance, hyperalgesia, and
addiction [8-10]. Problematic opioid use, including compul-
sive opioid seeking and addiction, arises in some fraction of
opioid-treated chronic pain patients. Herein we review the
literature relevant to chronic pain and opioid addiction
published over recent years. Moreover, we provide some
discussion on preclinical evidence for possible mechanistic
interactions between pain and addiction.

Overview

Fishbain and colleagues [11••] performed a structured
evidence-based review on the development of abuse/
addiction and aberrant drug-related behaviors (ADRBs)
in chronic pain patients (CPPs) with nonmalignant pain on
exposure to chronic opioid analgesic therapy. The objec-
tive of this review was to determine the percentage of
CPPs who develop abuse/addiction and/or ADRBs on
chronic opioid analgesic therapy. Sixty-seven studies were
reviewed in detail and assigned to one of three subgroups
depending on whether they reported 1) percentages of
CPPs developing abuse/addiction, 2) developing ADRBs,
or 3) percentages diagnosed with alcohol/illicit drug use as
determined by urine toxicology. The analysis for each of
the three groups was further analyzed into those patients
who were preselected for no previous history of abuse or
addiction.

For the abuse/addiction grouping, there were 24 studies
(2507 CPPs) with a calculated abuse/addiction rate of
3.27%. Within this grouping for those studies that had
preselected CPPs for no previous or current history of
abuse/addiction, the percentage of abuse/addiction was
calculated at 0.19%. For the ADRB grouping, there were
17 studies (2466 CPPs) and a calculated ADRB rate of
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11.5%. Within this grouping for preselected CPPs, the
percentage of ADRBs was calculated at 0.59%. In the urine
toxicology grouping, there were five studies (15,442 CPPs),
and 20.4% of the CPPs had no prescribed opioid in urine
and/or a nonprescribed opioid in urine. For five studies
(1965 CPPs), illicit drugs were found in 14.5%. This study
indicates that only a small percentage of patients will
develop abuse/addiction, and that this percentage can be
substantially less if patients are preselected for no previous
history of abuse or addiction. Although addiction is a real and
potential risk of opioid therapy, these data suggest that only
0.19% of patients with no prior history of abuse or addiction
will actually become addicted. The far greater risk of
addiction, roughly 17 times greater, lies in those patients with
a prior history of abuse and addiction. It seems prudent,
therefore, to carefully screen patients prior to initiating opioid
therapy. A thorough screening algorithm is tantamount to
managing risk. Nonetheless, more epidemiological studies are
required to assess the long-term adverse consequence of
opioid therapy, including opioid addiction.

Clinical Factors Associated with Prescription Opioid
Abuse

Sex Differences

Back and colleagues [12] examined the sex differences in
specific types of aberrant behaviors associated with opioid
therapy. While not specifically addressing addiction per se,
this study is important as aberrant behaviors may indicate
an increased risk for abuse, dependence, and addiction, and
individuals who abuse prescription opioids typically have
high rates of other substance use disorders [13]. In this
study, 121 CPPs on opioid therapy completed an anonymous
battery of self-report assessments regarding aberrant behaviors
associated with their opioid treatment, including actions such
as selling prescriptions, forging prescriptions, using alternative
routes of administration, and concomitant illicit substance use.
The study found women were significantly more likely than
men to hoard unused medication (67.6% vs 47.7%) and to use
additional medications to enhance the effectiveness of pain
medication (38.8% vs 20.0%). Additionally, a trend toward
men using alternative routes of administration (eg, crushing
and snorting pills) more often than women was observed
(8.9% vs 1.5%). Among men, high rates of aberrant
prescription use behaviors were associated with current
alcohol use and the use of oxycodone and morphine; among
women, use of hydrocodone was associated with high rates of
aberrant prescription use behaviors. This study appears to
indicate that some aberrant prescription use behaviors may
differ by sex. Further study in this area is warranted, as there
are potentially important implications for risk stratification.

Source of Opioids

In a retrospective analysis of opioid detoxification admis-
sions for opioid addiction in Toronto, Canada, Sproule et al.
[14] found that the opioids were primarily obtained from
three different sources. In 37% of the admissions for
addiction, the source of the opioid was from a doctor’s
prescription. In contrast, the street was the source 21% of the
time, and a combination of the street and the doctor’s
prescription was the source 37% of the time. There were 571
opioid detoxification admissions during the 5-year study
period. The number of admissions increased steadily over the
5 years studied; in particular, the number of admissions
related to controlled-release oxycodone increased substan-
tially (3.8%, 8.3%, 20.8%, 30.6%, and 55.4% of the total
opioid admissions in 2000 to 2004, respectively). In
addition, the daily doses of controlled-release oxycodone
were higher (mean 398 mg) than for the other prescription
opioid products (mean 101–159 mg, oxycodone equiva-
lents), and the duration of use of the controlled-release
oxycodone was shorter (mean 2.2 years compared with
means of 5 to 6 years for other opioids). Clearly, controlled-
release oxycodone formulations are a significant and
increasing source of opioid addiction. Additionally, in this
study, legitimate physician prescriptions occupied a large
percentage of patients admitted with addiction. This is
further evidence that physicians have a duty to responsibly
prescribe opioid medications with the ultimate goal of
maximizing benefits while minimizing potential harms.

Interactions Between Pain and Opioid Addiction

In a recent review by Rosenblum et al. [15], the complex
issues at the interface between opioid analgesia and abuse
are explored. The authors indicate that concerns that
addiction is a frequent iatrogenic consequence of the
medical use of opioids may partially be attributed to
confusion over terminology, as well as a failure to
recognize that both addiction and chronic pain have a
multifactorial etiology. They also reiterate points made in a
previous review that the distinction between physical
dependence and addiction is not always made clear in the
pain literature and this lack of distinction obfuscates the
issue [16]. The authors also state that the prevalence of
addictive disorders among CPPs is difficult to determine, as
estimates from previous studies vary widely: from 3.2% to
18.9% in one study [17], 32.8% in another study [18], and
43% to 45% in others [19, 20]. They do, however, indicate
that pain and addiction are not mutually exclusive, and that
some patients who are treated for pain develop severe
behavioral disturbances indicative of a comorbid addictive
disorder.
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Searching for Cellular Mechanisms of Interactions
Between Pain and Opioid Addiction

Although the cellular mechanisms of opioid addiction
might be similar regardless of whether opioids are
prescribed for a legitimate medical use or obtained as illicit
drug, addiction to opioid analgesics in the setting of pain
management raises an intriguing and clinically challeng-
ing issue: could interactions occur between the opioid
rewarding effect and a painful condition for which the
treatment with opioid analgesics is intended? Specifical-
ly, could a painful condition enhance the opioid reward-
ing effect despite the fact that opioid analgesics are used
for a legitimate medical purpose? At the cellular level,
could similar cellular substrates (eg, glial activation) be
recruited in brain regions implicated in both pain and
opioid addiction, leading to a cross-talk between the
mechanisms of opioid addiction and pain? At the system
level, could this cross-talk influence the opioid rewarding
effect in the setting of opioid therapy for pain management?
To date, only a limited number of preclinical studies on this
particular topic exist. The following section focuses on the
possible role for central glial activation in the interaction
between pain and opioid addiction.

Glial Activation Following Opioid Exposure
and Nociception

A considerable number of animal studies have demonstrated a
critical role for central glial activation and subsequent increases
in proinflammatory cytokines such as interleukin (IL)-6 and
tumor necrosis factor (TNF)-α in the cellular mechanisms of
pathological pain and opioid tolerance [21-24]. More recently,
opioid exposure has also been shown to induce glial activation
in the rat’s brainstem, including the locus coeruleus [25].
Moreover, peripheral nociceptive input produced astrogliosis
in the rat’s cingular cortex [26], and intrahippocampal
administration of lipopolysaccharide (LPS) induced microglial
activation [27]. Of interest is that morphine-induced glial
activation appears to be enhanced in the presence of a
pathological pain condition and contributes to morphine
tolerance [28]. At the cellular level, activation of mitogen-
activated protein kinases (MAPKs) by opioids, particularly
p38 MAPK in microglia, is critically associated with glial
activation [29-32]. Collectively, these data indicate that glial
activation can be induced in the central nervous system
following both nociception and opioid exposure.

Implication of Glial Activation in the Mechanisms
of Substance Abuse

Several studies have shown that glial activation may play
an important role in the interaction between substance

abuse and HIV infection [33-35]. In addition, the expres-
sion of astrocytes was substantially increased in the
prefrontal cortex and the shell and core compartments of
NAc (nucleus accumbens) following withdrawal from
cocaine administration [36]. Administration of cocaine also
modulated the μ-opioid receptor expression in primary
cortical astrocytes [37]. A recent study has shown that
exposure to morphine or methamphetamine upregulated the
expression of astrocytes in NAc, which contributed to the
enhanced rewarding property of both morphine and
methamphetamine in mice [26]. These studies suggest that
glial activation may have a broad role in the cellular
mechanisms of substance abuse and that certain brain
regions such as NAc may be critical to the role of glial
regulation in substance abuse [38]. Future preclinical
studies are likely to provide new insights into the cellular
mechanisms of interactions between pain and opioid
addiction.

Risk Assessment and Monitoring

The concepts of risk assessment and monitoring of long-
term opioid therapy are explored in a review article by
Passik [39]. The spectrum of aberrant drug-taking behav-
iors, ranging from those less suggestive of addiction (ie,
drug hoarding) to those that are more suggestive of
addiction (ie, injecting oral formulations), is explored in
the context of risk stratification. The stated objective is to
identify the likelihood that a patient will exhibit aberrant
behaviors once opioid therapy has been prescribed so that
appropriate safeguards can be put in place. A universal
precautions approach is advised, beginning with a thorough
risk assessment for every patient who is to be prescribed
opioid therapy. The extent and depth of monitoring of each
patient maintained on opioids are guided by the risk
assessment. Those patients at greatest risk receive the most
structured monitoring, including such measures as more
frequent follow-up visits, fewer pills per prescription, and
urine drug testing. Regardless of perceived risk, the author
states each patient’s ongoing assessment should involve the
4 A’s of pain treatment: Analgesia, Activities of daily
living, Adverse events, and Aberrant drug-taking behavior.

Updated clinical guidelines for the use of chronic opioid
therapy in chronic noncancer pain have been published
[40••]. These recent guidelines have re-emphasized the
need to structure and monitor therapy in a manner that both
optimizes the therapy and mitigates the risks associated
with abuse and addiction. A trial of chronic opioid therapy
for chronic noncancer pain should be considered only after
the potential benefits are likely to outweigh risks, and there
is no alternative therapy that is likely to pose as favorable a
balance of benefit to harm. Also, citing numerous studies,
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the panel suggests that the factor that appears to be most
strongly predictive of drug abuse, misuse, addiction, etc.
after initiating chronic opioid therapy is a personal family
history of alcohol or drug abuse.

Conclusions

Addiction to opioid analgesics is an important and yet
underinvestigated clinical issue, which has substantial impli-
cations in opioid therapy for chronic pain management.
Besides using psychological and epidemiological approaches,
understanding the neurobiological basis of the interaction
between pain and the opioid rewarding effect may lead to the
development of new pharmacological tools that could
improve the clinical outcome of opioid therapy. On the other
hand, tools used to strengthen risk management and monitor-
ing would improve the clinical utility of opioid therapy while
minimizing potential side effects and long-term adverse
consequences, including opioid addiction.

Disclosure No potential conflicts of interest relevant to this article
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