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Objective: Over a decade ago, Jamison noted the lack of studies

that identify patient profiles or specific groups that might be best

suited for opioid treatment of chronic noncancer pain.

Methods: This paper reviews the studies that provide evidence

for individual differences in opioid analgesia for chronic

noncancer pain.

Results: What we have found is that few investigations have

addressed these important aspects of pain treatment. The most

consistent finding is that depression and anxiety are associated

with increased risk for drug abuse and decreased opioid efficacy.

Discussion: The question remains whether the psychologic

disorders antedated the pain condition or whether the experi-

ence of chronic pain exerts psychologic pressures that cause

changes in behavior and psychologic processes. Additionally,

the overall pattern suggests that younger age is predictive of

opioid abuse and greater opioid efficacy. We also present a brief

review of biologic mechanisms that support individual differ-

ences on opioid analgesia.
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Chronic noncancer pain (CNCP) is common in a
myriad of medical settings as it affects approximately

20% of the population and involves substantial costs to
individuals and society, including billions in lost work
days and healthcare expenses.1,2 As such, CNCP has
become a critical public health issue.2–5 CNCP occurs in
diverse ethnic/racial groups, affects both sexes and
represents heterogeneous pain states with varying degrees
of severity, distribution, and functional impact, and it can
be of nociceptive or neuropathic origin.5–9 The mechan-
isms involved in producing chronic pain are unclear, with
central sensitization, increased sensitivity at the level of
the spinal cord, and decreased functioning of normal

inhibitory pathways proposed as potential causal fac-
tors.10–12

In recent years, pain research focusing on these
underlying mechanisms has burgeoned with the hope of
offering insight for better clinical pain management.
Given the magnitude of the problem of CNCP and the
concurrent pressure on the medical professional to offer
effective treatments, it is imperative to consider what
empirical evidence might be available to identify pre-
dictive characteristics of the patient to enhance clinical
decision-making toward optimal outcomes, especially for
the use of opioids for CNCP. The original charges for this
invited review were to identify and organize evidence for
predictors of opioid efficacy for treatment of CNCP. We
hoped we could identify a set of empirically-based
decision rules that could guide clinical practice toward
more consistent positive outcomes. What we found was
surprising. Although there were no shortages of practice
guidelines, for whatever reason, we found insufficient
evidence to support any specific clinical recommenda-
tions. This paper reviews the few studies that provide
evidence for individual differences in opioid analgesia for
CNCP (Table 1). Following this, we present a brief review
of biologic mechanisms that support individual differ-
ences on opioid analgesia.

BIOPSYCHOSOCIAL ETIOLOGY
It has long been proposed that chronic pain be

viewed as a multidimensional problem with the currently
accepted theory being the biopsychosocial model.13–15

This model suggests dynamic interactions and reciprocal
relationships between biologic, psychologic, and social
factors. Consistent with this, there are a number of
individual-level psychologic and social predictors of pain
becoming chronic.16–18

Environmental factors, such as job satisfaction and
cultural background, have been reported as risk factors
for pain becoming chronic.3,5,19–21 Premorbid personality
and psychologic functioning (eg, psychologic stress,
somatization, catastrophizing cognition), as well as
traumatic past life events, have also been shown to be
risk factors for the development of chronic pain.22–25

Researchers have recently asserted that unmanaged
postoperative pain and increased central sensitization
place individuals at higher risk for long-term adverse
outcome and CNCP.26,27 Depending on the type of pain
condition, the epidemiology of chronic pain varies, but in
general, women report higher incidences of CNCP as doCopyright r 2008 by Lippincott Williams & Wilkins
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older adults, although the latter tend to report better
mental health compared with younger adults, who seem
to be more significantly impacted by CNCP.28,29

Whether these external factors predispose someone
to chronic pain or whether natural demographic factors
such as sex, age, and ethnicity impose additional
vulnerability in today’s healthcare system has yet to be
determined. It is likely that transition to CNCP is a
combination of factors that are dynamic, interrelated,
and with bidirectional influences, which move a person
from acute pain to a chronic pain situation. Nevertheless,
consistent with this biopsychosocial model, the impact of
chronic pain is broad and substantial, and necessitates
efficient assessment with the aim for effective treatment
and optimal outcome.

TREATMENT OPTIONS
Healthcare providers have a range of possible

options for the treatment of CNCP. Most notable
treatment options include physical, surgical, psychologic,
and pharmacologic factors and will be briefly discussed.
With regard to physical treatment, generally positive
outcomes have been reported. Options typically include
physical therapy and rehabilitation, but other physical
options can include acupuncture and electrical stimula-
tion (eg, transcutaneous electrical nerve stimulator).
Many of the gains are long-term, although rarely is such
treatment independent of other treatment modalities.
Next, surgical options can be minimally invasive or may
involve significant procedures with longer recovery times.
It is becoming increasingly common to conduct presurgi-
cal assessments to predict surgical outcomes. Addition-
ally, a majority of the time, surgical procedures are
followed by a combination of physical and pharmacolo-
gic treatment. Psychologic therapy is typically concomi-
tant with other physical, surgical, or pharmacologic
options and involves a plethora of modalities including
cognitive-behavioral and operant-behavioral ther-
apy.30–32 Pharmacologic treatment for CNCP seems to
be the most common modality and can include nonster-
oidal anti-inflammatory medications, tricyclic antidepres-
sants (TCAs), and opioid therapy.33–35 Evidence suggests
that combining these 4 aforementioned modalities, as is
typical in multidisciplinary pain programs, generates the
most positive outcomes.

Although overwhelmingly accepted as a treatment
for chronic cancer pain, opioid therapy for CNCP is
controversial33–36 because of the potential for tolerance
and opioid-induced hyperalgesia37 combined with con-
cerns about misuse/abuse and opioid dependence.38,39

Even with these potential drawbacks, opioid treatment is
frequently recommended for both chronic neuropathic
and nociceptive pain and use of opioids for CNCP has
increased significantly in recent years.40,41 Whereas some
physicians suggest that opioids should be considered only
when other treatments have failed, the ‘‘last resort’’
approach, others recommend opioid pain medications as
a first-line therapy.42–45

From a systematic review that included 11 rando-
mized and controlled trials on oral opioids in noncancer
pain using the World Health Organization criteria, Kalso
et al46 concluded that opioids provided pain relief for
both neuropathic and musculoskeletal pain. A more
inclusive review by Furlan et al47 also found that opioids
provided greater pain relief than placebo or other drugs,
but did not out perform the nonsteroidal anti-inflamma-
tory drug naproxen or the TCA nortriptyline on
functional outcomes. It is well recognized that patient
responses to opioids used for the treatment of chronic
pain can be highly variable, just as patients with chronic
pain are not a homogeneous group.

Although the mechanisms that underlie this varia-
bility are not well understood, a number of authors have
proposed preopioid administration screening guide-
lines.34,48–52 Likewise, in recent years practice guidelines
espoused by the Federation of State Medical Boards and
various medical organizations have asserted the impor-
tance and the need to adequately assess patients before
opioid administration.53–55 In fact, most practice guide-
lines discuss the important and inevitable risks of opioid
administration, which include unsatisfactory outcomes
such as side effects and drop-out/termination issue,
misuse and abuse, and tolerance/hyperalgesia.43,53 Con-
sistent with a biopsychosocial model, other potential
predictors for poor outcome include excessively high pain
ratings, history of drug or alcohol abuse or misuse,
psychiatric history, and poor psychosocial status that
could include depression, high emotionality, maladaptive
pain beliefs, ineffective coping, unstable social situation,
and inconsistent employment history. Unfortunately, few
references are provided to support this second group of
factors. In fact, although the need for assessments is
asserted, it is implied that these will incorporate biologic,
psychologic, and social factors along with issues of
quality of life and functional status. Although these
factors are touted as important, most preopioid admin-
istration instruments are aimed almost exclusively at
assessing the potential for aberrant behavior and addic-
tion.

In a comprehensive review of pretreatment assess-
ment strategies, Jamison50 noted the lack of studies that
identify patient profiles or specific groups that might be
best or least suited for opioid treatment of CNCP. He
also asserted the need to evaluate a multitude of factors in
considering opioid administration including: (1) pain
intensity, (2) functional capacity, (3) personality and
mood, (4) pain beliefs, (5) medication usage, (6) adverse
effects, (7) healthcare utilization, and (8) medical and
psychosocial history. That was over 10 years ago, and

TABLE 1. Empirically-based Risk Factors for Poor Outcome

Abuse and Misuse Adverse Events Pain Reduction and Relief

History of abuse Older age Depression/anxiety
Depression/anxiety Female sex Older age
Younger age White race Lower heat pain threshold
Pain at multiple sites Lower baseline pain
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despite the magnitude of untreated pain along with
mounting concerns about the use of opioids for CNCP, a
dearth of research still exits in this arena. This review
examines the empirical evidence for characteristics of
persons more or less likely to respond favorably to
opioids for CNCP and updates Jamison’s review.

The wide variability in treatment outcomes makes it
important to identify patient characteristics that are
associated with outcomes for various interventions, with
the eventual goal of tailoring pain treatments to
individual patients.

INDIVIDUAL DIFFERENCES IN OPIOID EFFICACY
To our knowledge, no single tool exists to assess or

predict characteristics or profiles for opioid efficacy.
Given the current evidence base, it seems as though the
consensus construct in most of the instruments is the
focus on potential for opioid misuse. It is important to
note that although prediction of opioid abuse is vitally
important, there may be a scientific and clinical myopia
by neglecting to work toward development of a tool for
predicting opioid efficacy, or at least in identifying more
sound evidence for characteristics that might predict
adequate outcome.

At the present time, what is predominant in the
literature are assessments that tend to identify negative
opioid ‘‘outcomes.’’ We address those below and we also
offer other realms of possibilities for consideration of
contributing factors influencing opioid treatment. It is
acknowledged that factors that influence prescribing
habits might be demonstrably different than the patient-
factors influencing opioid efficacy. We assert the need for
consideration of factors from both sides of the argument.
The primary benefit should be enhanced assurance for
successful treatment, and for patients in their quest for
pain relief, functional restoration, and improved quality
of life. On the other hand, it could potentially aid
clinicians in their prescribing practice related to legal/
regulatory protection. To that end, we address current
views of opioid outcomes and studies, albeit limited, that
have examined such factors.

Opioid Abuse as an Outcome
Although the incidence and prevalence of opioid

abuse and misuse in patients treated for chronic pain
differs depending on the definition and the patient-sample
studied,56,57 there is no disagreement that it occurs.40,58–61

Notably, several reports indicate that opioid abuse is a
key behavioral factor for which to be screened in
considering use of opioid treatment for CNCP.

As such, most instruments that purport to predict
the likelihood of opioid treatment success almost
exclusively focus on abuse and addiction as if to assume
that lack of opioid addiction indicates success. Few tools
assess the host of factors that might be related to opioid
success, and even less address the issues of pseudoaddic-
tion or other behavioral issues related to undermanage-
ment of pain.62 The limited literature available on these
data suggest that substance abuse of prescribed opioids in

pain patient populations may occur at comparable or
higher rates than in the general population, ranging from
3.2% to 18.9% on average.40,63 Yet, Fields64 argues that
it is highly unlikely that a pain patient would ‘‘slip into
addiction through medically justified prescriptions’’ but
the more likely scenario is that a patient’s propensity for
substance abuse antedated their contact with a pain
clinician. This begs the question of what patient
characteristics might be predictive of successful opioid
treatments, including decreased pain intensity, improved
quality of life, and increased functional restoration, but
the focus in the field as reflected in assessment tools seems
to have been more on the negative outcomes of opioid
therapy, namely addiction.

Opioid abuse itself, in its myriad manifestations, is
regarded as a poor outcome, and pain specialists as well
as primary care providers tend to consider that a sufficient
reason for cessation.65 There is extensive literature in
predicting abuse among nonpain patients.52 Although the
subject of another review in this series, we will present
several studies that have identified patient-level factors
predisposing CNCP patients to opioid misuse.

Reid et al66 performed a chart review of 98 patients
from 2 hospital-based primary clinics who received 6 or
more months of opioid prescriptions for CNCP during a
1-year period. Opioid abuse was defined as lost or stolen
opioid medications or prescriptions, documented use of
other sources to obtain opioid medications, or requests
for 2 or more early refills. Twenty-seven of these patients
(28%) met one or more of these criteria. The significant
predictors were a lifetime history of a substance use
disorder and younger age; depression approached statis-
tical significance, but there was no associations between
opioid abuse and race, sex, or pain duration. Although
retrospective information from charts is useful, predictors
were not specifically chosen with that research question in
mind and consequently, the results must be interpreted
with caution.

A 12-month prospective study of 196 CNCP
patients receiving opioid therapy at an academic pain
clinic provides stronger evidence.67 The authors report
good enrollment with 196 of 199 consecutive patients
starting the study and little attrition (4 patients were lost
to follow-up and 3 were transferred to a primary care
clinic). Abuse was prospectively monitored by review of
medications, review of outside medical records, commu-
nication with pharmacies and providers, and urine
toxicologic screenings. Opioid misuse occurred in 62
(32%) of the patients. The strongest predictors of misuse
were self-reported histories of previous alcohol or cocaine
abuse, or previous criminal drug or alcohol-related
convictions. Younger age was also predictive, but the
effect was not large. Sex, race, literacy, disability, and
measures of socioeconomic status were not associated
with misuse. There was not a consistent correlation
between pain scores and the risk of misuse.

Manchikanti et al68 reported a prospective study of
500 consecutive pain patients from an outpatient clinic
who were prescribed stable doses of opioids for CNCP.
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Patients were evaluated for psychopathology (ie, somato-
form disorder), depression, anxiety, opioid abuse, and
illicit drug use during regular pain management treat-
ment. Abuse was defined as a patient receiving controlled
substances from any source other than the prescribing
physician. They reported opioid abuse in 9% and illicit
drug use in 16% of the chronic pain patients. They also
found that substance abuse was significantly higher in
depressed compared with nondepressed patients (12% vs.
5%, respectively). Current illicit substance abuse was
higher in depressed women versus nondepressed women
and compared with depressed and nondepressed in men.
Additionally, current substance abuse was higher in men
with diagnosed somatization disorder than men without
the disorder. This recent study demonstrated that
psychologic features of depression and somatization
disorder might be predictors for substance abuse among
chronic pain patients. Notably, age, pain after accidents,
pain in multiple body regions, and history of illicit drug
use were also identified as risk factors.

Wasan et al69 examined the role of psychiatric
history and psychologic adjustment on drug abuse among
226 patients, recruited from 3 pain management centers,
who were taking opioids for CNCP. Groups were formed
based on low or high psychiatric morbidity according to
self-reported symptoms of anxiety and depression, history
of sexual or physical abuse, and psychologic adjustment.
A ‘‘drug misuse index’’ and urine toxicology were used as
outcomes. Wasan and colleagues found that patients with
high psychiatric morbidity showed more drug misuse
behavior and were likely to have positive urine sample.
Not all studies are conclusive as Chabal et al70 failed to
show an association between current opiate abuse and a
history of abuse, depression, and pain intensity among a
sample veterans receiving opioid therapy for chronic pain.

As noted above, several papers have recently
introduced screening instruments for assessing abuse
risk.70–74 These instruments have been designed generally
to screen patients but may not prove to be compre-
hensive enough to identify the relative salience of specific
factors that contribute to the etiology of opioid abuse
or more importantly, for opioid efficacy in CNCP
patients.71,72,74–79

Adverse Events as an Opioid Outcome
Adverse side-effects associated with opioid therapy

for CNCP are common and include respiratory depres-
sion, nausea, sedation, euphoria or dysphoria, constipa-
tion, and itching.47,48,80,81 The development of adverse
effects from opioids often hinders their use or prevents
dose escalation necessary to achieve adequate pain relief.
Consequently, because of intolerable effects that prevent
appropriate dosage, side effects can be defined as risk
factors for poor outcome from opioid therapy for CNCP.
A meta-analysis of 34 randomized trials for a range of
opioids has documented the prevalence of adverse events
as ranging from 25% to 100%, with one in 5 patients
discontinuing the trials because of adverse events.81

Another review of placebo trials that used the World

Health Organization’s ‘‘3 step ladder’’ for opioid admin-
istration in CNCP reported that 80% of patients reported
one or more adverse events.46 In that review of patients
on open label treatments, only 44% were still on opioids 7
to 24 months after initiation of opioid therapy.

Only one study was found that identified patient
level characteristics that increase the risk of development
of side effects for CNCP patients. Cepeda et al82

examined the effects of age, sex, and race on the incidence
of nausea/vomiting and respiratory depression. The data
come from a retrospective surveillance study where this
cohort of 8855 inpatients received parenteral opioids
(meperidine, morphine, or fentanyl). The participants
were not limited to CNCP patients, but were a mix of
patients with acute, chronic, or cancer pain. In the
statistical analysis, adjustments were made for other
medications with side-effect potential and opioid dosage.
The probability of nausea and vomiting decreased with
age, were lower in men than in women and were higher in
White patients than in Black patients. For respiratory
depression, older patients had increased risk but no
differences occurred for sex or race.

Pain Relief as an Opioid Outcome
It is generally understood that the goal of opioid

therapy is reduced pain and increased function. Most
studies that have examined opioid efficacy have been
initiated to validate pharmaceutical efficacy and have not
addressed patient-level factors that might contribute to
outcome. Likewise, studies that report general ‘‘pain
reduction’’ do not necessarily address whether there were
clinically significant reductions or, more importantly,
whether the patient would report it as ‘‘adequate pain
reduction.’’ However, in the past decade, trends for
assessing adequate relief have changed. For example,
although researchers might report a reduction of pain
from 6 out of 10 to 4.5 out of 10 as statistically significant,
it may not be clinically relevant. Simple numbers do not
tell us what factors contributed to outcomes. Farrar and
colleagues83 have distinguished ‘‘cut points’’ for clinical
significance, but it still leaves unanswered the questions
raised by Jamison and colleagues about whether, as a
discipline, pain researchers and clinicians might identify
patient characteristics or profiles that might predict better
or worse outcomes from opioid therapy, including
prediction of opioid efficacy.

Individual-level Predictors From Clinical Trials
We are able to identify only 2 studies that directly

test for patient characteristics of opioid outcome during
randomized trials. The primary purpose of the study by
Wasan et al84 was to test whether various levels of
psychopathology influenced the outcome of opioid
analgesia. These data came from 60 patients with chronic
low back pain that participated in a double blind,
placebo-controlled, randomized, crossover trial of intra-
venous morphine. Inclusion criteria included the require-
ment that patients were not taking long-acting oral or
intrathecal medication at baseline, had no history of
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opioid abuse, and reported an average pain intensity
rating of 4 on a 0 to 10 scale. The trial was preceded by a
2-week washout period for any short-acting opioids;
however, all other pain and psychiatric medications were
maintained throughout the study period of 2 to 3 weeks.
This was followed by a single injection of morphine
(0.075mg/kg ideal body weight) or saline placebo on
separate visits approximately 1 week apart. An active
placebo (ie, diazepam) was not used because of a possible
greater interaction with the affective components of pain
in the high or moderate group than in those with low
symptoms.

The patients received a psychiatric evaluation and
using a model for classifying the degree of psychopathol-
ogy from an aggregate measure of psychologic symptoms,
patients were classified as Low, Moderate, or High
negative affect. The High group had at least 2 of these
diagnoses: major depression, dysthymia, an anxiety
disorder, or a personality disorder; whereas the Low
group was low on most measures. Patients were recruited
until there were 20 in each group. The groups were the
same on all social and demographic variables with the
exception that a higher percentage of the Low group was
employed. In terms of other medications, significant
differences were found only for use of anticonvulsants.
With regard to potential confounding variables, the
groups differed on baseline pain ratings, disability, and
mobility, but not on McGill Pain Questionnaire (MPQ)
scores or neuropathic pain characteristics.

During the 3-hour postinjection observation period,
the patients rated pain and pain relief (0 to 10 scales)
every 20 minutes. Every 40 minutes patients completed
the short-form MPQ and the Neuropathic Pain Ques-
tionnaire, a measure designed to quantify neuropathic
pain symptoms. The key finding from this study is that
the High group reported substantially less analgesia from
morphine than the Low group. They also differed on
percentage change in pain among the 3 groups. When
adjusting for placebo effects, the Moderate group had
40% less analgesia and the High group had 63% less
analgesia than the Low group. When work status and
education level were considered, persons in the Low
group who were highly educated and employed had the
best analgesia, whereas those in the High group who were
poorly educated and unemployed had the least analgesic
effect. Sex of the patient, pain ratings, and expectations
for relief were not significant in the model.

Edwards et al85 demonstrated an association
between opioid efficacy and experimental basal heat pain
threshold with data collected as part of a randomized,
placebo-controlled, crossover trial of opioids and TCAs
in patients with chronic postherpetic neuralgia. Patients
with a history of substance abuse and pain intensity
ratings less than 4 on a 0 to 10 numeric rating scale were
excluded. Patients underwent 3 treatment periods in
random order: 1 with an opioid, 1 with a TCA, and 1
with a placebo. Each treatment period lasted approxi-
mately 8 weeks and had a titration, maintenance, and
taper phase. Doses were titrated to maximal relief or

intolerable side effects. Only 64 of 76 patients received
heat pain threshold assessment. Of those patients, 60
provided assessment results for 1 treatment period, 51
provided data for 2 treatments, and 40 provided data for
all 3 treatments with 55 receiving opioid treatment. The
pain outcomes were pain intensity (0 to 10) and pain relief
(0% to 100%) collected by twice-weekly telephone
interviews at the end of the maintenance period.

At baseline, heat pain threshold was assessed
contralateral to the affected site whereby 64% were
classified as having a thoracic or lumbosacral distribution
and 36% had a primarily trigeminal distribution. To
account for differences in sensitivity across body regions,
threshold scores were standardized within the 2 anatomic
regions to allow for across-site comparisons. Using
regression models that adjusted for differences in age,
sex, and baseline clinical pain, higher baseline heat pain
threshold was associated with larger pain reduction and
higher ratings of pain relief. Heat threshold was not
correlated with change in pain intensity for TCA or
placebo. Younger age and higher baseline pain intensity
were associated with greater reduction in pain intensity
and more pain relief after treatment with opioids. Sex
approached statistical significance as a predictor of pain
relief with women reporting marginally more pain relief
than men during the opioid phase. The authors acknowl-
edge several methodologic problems that included the
small sample size, issues associated with testing different
anatomic sites, and study attrition.

Individual-level Predictors in Nonclinical Trials
Although less methodologically rigorous, we pre-

sent data from 2 nonclinical trials that failed to find
patient-level predictors. Haythornthwaite et al86 exam-
ined predictors of pain relief among 19 patients receiving
long-acting oral opioids. Twelve patients that improved
by one or more points on a 0 to 6 pain rating scale were
defined as responders whereas the 7 patients that scored
within 1 unit were classified as nonresponders. No
differences were found for pain severity, duration, or
depression, although there would be little statistical
power for such a comparison. No group mean values
were reported. Limitations include that the data came
from a convenience sample from the clinic.

Portenoy et al35 examined the prevalence of break-
through pain for 228 patients with a mix of chronic
noncancer pain (52% reported low back pain). To be
eligible, patients were required to have had good pain
control for the previous 7 days. The patients participated
in a telephone interview survey using a breakthrough pain
assessment algorithm approximately 1 week after a clinic
visit. At that time, 168 (74%) reported having experienced
severe breakthrough pain episodes at least once since the
clinical visit. The 2 groups did not differ on age, sex,
baseline pain, or duration of pain.

Physician Prescriptive Practices
On the basis of a few studies that support patient-

level predictors of opioid outcome for CNCP patients, it
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seems as though most published guidelines for patient
selection are not based entirely on empirical data.
Nonetheless, below several studies are reviewed that
described characteristics of patients who were using
opioids and, therefore, these reports provide insight into
physician prescription practices retrospectively.

The first study to report on patient level predictors
of physicians’ decision to prescribe opioid prescriptions
for chronic pain consisted of a retrospective chart review
of 191 referrals to a tertiary pain clinic.87 Using a
regression model, Turk and Okifuji87 found that a
measure of observed pain behaviors predicted patients
who had been prescribed opioids. Additionally, univari-
ate analysis indicated opioid users were also more
depressed and reported greater physical disability but
did not differ on pain severity, pain duration, employment
status, or physical findings compared with nonopioid
users.

In a retrospective comparison of 243 chronic pain
patients referred to a tertiary pain clinic, Ciccone et al88

found that opioid users were more likely to be female,
reported greater than usual pain, had more pain
locations, and were more depressed and physically
disabled than nonopioid users. No differences were found
for age, race/ethnicity, or pain duration.

Fanciullo et al89 compared 867 patients who were
using opioids with 24,612 patients with pain of mixed
origin (ie, chronic and acute back pain) that were not all
using opioids, all of whom had been evaluated at specialty
spine centers across the United States. Those who
received opioids reported greater pain and physical
disability, and were more likely to be unemployed, use
tobacco, be obese, and have objective findings (eg,
radiation of pain, neurologic signs). No differences were
found for sex, age, education level, or compensation
status.

Other researchers revealed that patients with back
pain had similar pain scores whether or not they used
opioids, but they had more affective distress and self-
reported disability than patients who did not use
opioids.90 No differences were found for age, sex, or pain
duration. Breckenridge and Clark91 contrasted 100 US
veterans using opioids with 100 veterans using only
nonsteroidal anti-inflammatory drugs for chronic back
pain. Using data from a chart review, the groups did not
differ in pain intensity, sex, or body mass index, but age,
depression, personality disorder, and substance abuse
disorders were associated with opioid use.

Another study specifically tested whether opioid use
for chronic pain was associated with common psychiatric
disorders in the US general population.92 They found
diagnoses of depression, anxiety, or substance abuse
significantly increased the probability of having regularly
taken an opioid pain medication in the past year. A non-
US epidemiologic study of 1906 persons in Denmark with
CNCP determined that the 228 individuals who were on
opioid medication reported more severe pain, were less
likely to be employed, had reduced physical functioning,
and diminished quality of life.93 It can be seen that there

were few consistent patterns with the exception of opioid
users reporting greater disability, prior substance abuse,
and depression compared with nonopioid users. From the
available literature, there have been no consistent
differences reported for sex or pain duration. Some, but
not all, studies have found increased opioid use and
higher reported pain and only 1 of 4 studies showed an
age effect.

From the above literature, the overall pattern
reported would suggest that younger age is predictive of
opioid abuse and greater opioid efficacy. Females may
receive less relief than men (suggested by their self-
reported increased use); not one study has found males
using more opioids. Whether this is a reporting bias or a
true representation has yet to be fully determined. For the
most part, the literature reports that CNCP patients with
higher levels of depression and anxiety seem to be more
likely to use opioids, more likely to have issues of opioid
abuse, and decreased opioid efficacy. The question
remains whether the psychologic disorders antedated the
pain condition or whether the experience of chronic,
unrelenting or unmanaged pain exerts psychologic
pressures on individuals that is far above the norm and
subsequently causes changes in behavior and psychologic
processes. Although it is tempting to assume that the
aforementioned retrospective reports on opioid use and
abuse are consistent across all groups and pain condi-
tions, new areas of research may lend understanding to
potential physiologic, genetic, and pharmacogenetic
mechanisms that might influence opioid efficacy, side
effects, and propensity for opioid abuse. Moreover, new
research is unveiling novel understandings about psycho-
logic distress (ie, anxiety and depression), pleasure (eg,
leading to addiction), physiologic experience of pain, and
the mechanisms of actions and processing of opioids as
interrelated entities that potentially share common path-
ways with the particular influence of genetics and
ultimately effect pharmacologic processes.

MECHANISMS THAT SUPPORT INDIVIDUAL
DIFFERENCES IN OPIOID EFFICACY

The pain literature is replete with reporting associa-
tions between pain and mood, coping, and the psycho-
logic impact of chronic pain. In fact, the literature has
related psychologic components, the most notable being
depression and anxiety, as significant contributing factors
to an individual’s experience with pain.30–32,94 Studies
have related genetic factors to psychologic health.95

Moreover, recent evidence points to the critical role of
psychologic state in the development of chronic pain. For
example, Young Casey et al25 reported that traumatic life
events and depressed mood were the most predictive of
chronic pain and disability. These paths seem to suggest
strong associations with one’s psychologic status and
physiologic effects of pain. What is less clear are the
genetic associations, neuromechanisms, and shared sub-
strates of cognitive-affective responses to pain and their
potentially interactive relationship with opioid efficacy.
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Genetic Factors
Recent translational research has shown genetic

predispositions to be associated with increased pain
sensitivity, development of pain conditions and the link
with psychologic factors, genetics, and variations in
susceptibility to pain.96–98 How such genetic variations
might be related to opioid efficacy and related patient
characteristics have yet to be fully explicated. None-
theless, a recent example involves of catechol-O-methyl-
transferase (COMT), an enzyme that metabolizes
catecholamines and a key regulator of pain perception,
cognitive function, and affective mood. Diatchenko et al99

identified 3 genetic variants (haplotypes) of the COMT
gene that designated individuals as possessing low pain
sensitivity, average pain sensitivity, and high pain
sensitivity. Such haplotypes encompass 96% of the
human population, and 5 combinations of these haplo-
types were strongly associated with variations in the
sensitivity to experimental pain. How that relates to
clinical pain is that the presence of a single low pain
sensitivity haplotype diminished, by as much as 2.3 times,
the risk of developing the chronic pain condition of
temporomandibular joint disorder. Other investigators95

reported an interaction between pain catastrophizing and
COMT diplotype and how those factors collectively
influence preoperative pain ratings in individuals seeking
surgery for shoulder pain. Although the authors do not
address opioid efficacy or long-term treatment outcome,
this study suggests the potential value of assessing genetic
and psychologic factors in presurgical consideration and
how collectively, psychosocial and genetic contributions
might influence the pain experience.

Relating genetics with psychologic pathways as
potential mediators for medication efficacy and chronic
pain, Diatchenko et al100 demonstrated the first direct
evidence that low COMT activity leads to increased pain
sensitivity via a b(2/3)-adrenergic mechanism. Notably,
adrenergic receptor b(2) is a primary target for epinephr-
ine, and it has a vital role in mediating physiologic and
psychologic responses to environmental stressors. Func-
tional genetic variants of adrenergic receptor b(2)
contribute to the development of a common chronic pain
condition and is associated with increased levels of
psychologic distress and low blood pressure, factors that
are strongly influenced by the adrenergic system.98,100

These new discoveries are of considerable clinical
importance as they establish the link between pain,
psychologic distress, and potential targets and mediators
for medication efficacy.

Additional reports assert that idiopathic pain
disorders, such as temporomandibular joint disorder,
fibromyalgia syndrome, irritable bowel syndrome,
chronic headaches, interstitial cystitis, and chronic pelvic
pain among others, share common pathways of vulner-
ability including the associations with pain amplification
and psychologic distress.101–104 It is speculated that such
conditions are mediated by an individual’s genetic
variability and exposure to certain environmental stimuli
and events, thereby influencing the experience and the

perpetuation of CNCP.97,100 Studies have been conducted
to uncover evidence of the associations of genes and
patient-level psychologic characteristics with postopera-
tive outcome and chronic pain. Max et al105 examined
psychotropic efficacy among chronic pain patients,
including the disparate reasons why some patients
experience less efficacy to certain medications and what
genetic factors might explain this variation. Resistance to
medication efficacy might be because of the unique
neurochemical contribution to mood by afferent pain
projections through the spino-parabrachial-hypothala-
mic-amygdalar systems and respective projections. In
seeking to identify molecular mediators and genetic
contributors to medication efficacy among 280 patients
with sciatica owing to lumbar disc herniation, they found
no associations of postoperative mood with polymorph-
isms of COMT, serotonin transporter, and brain-derived
neurotrophic factor. However, exploratory examination
of 25 other genes showed pain-gene interactions on
postoperative mood with m-opioid receptors (MORs) for
short-term effects of acute pain on mood and the galanin-
2 receptor for effects of pain on mood 1 year after
surgery.

These new areas of discovery are of particular
relevance if simple genetic screening could be conducted
to offer prediction for which class of opioid to use that
would be most effective for a specific group or sex. Given
the nascent nature of this field, little is known about the
contributions of sex, race, ethnicity, and age. To date,
Diatchenko et al96,97,99 has demonstrated how genetics
can predict the likelihood of development of certain pain
conditions and the shared common pathways of vulner-
ability that include neuronal response to psychologic
distress. Max et al105 has shown the role of pain with
mood and psychotropic efficacy. Correspondingly, it is
likely that future research will uncover key genetic
contributors (such as haplotypes) that could identify
patient profiles for likelihood of success for specific
classes of drugs that could then guide treatment decision-
making for opioid therapy for CNCP.

Neural Links Between Pain, Mood, and Opioid
Efficacy

Wasan et al106 asserted the necessity of assessing
psychopathology in the context of opioid treatment.
Indeed, the literature seems to suggest that psychologic
factors may antedate CNCP. In the context of emerging
literature, what is important to consider are new findings
from neuroimaging studies that demonstrate the common
neural pathways of pain, mood, and reward/avoidant
‘‘centers’’ in the brain and the limited literature on how
those relate to opioid response.107,108 For example, it
has been shown that certain brain regions such as
the anterior cingulate cortex (ACC), insula, and dorso-
lateral prefrontal cortex process both pain and affect.109

Other researchers have shown that the ACC and insula
are laden with opioid receptors110 and these regions
have consistently shown abnormalities in patients with
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psychopathology such as depression,111,112 along with
changes in attention and cognition.113

One can postulate that patients with chronic pain
and psychopathology have altered opioid or other
analgesia mechanisms in the ACC, insula, and dorsolat-
eral prefrontal cortex compared with those with few
psychologic symptoms. Indeed, Brown et al114 reported a
model wherein psychologic measures and pain severity
are more predictive of decrements in cognitive function
than specific opioid preparations or daily opioid dose.
This further underscores the importance of assessing
psychologic health, an important predictor of cognitive
dysfunction, and a component in opioid management.
However, limited literature is available to explicate the
mechanisms accounting for the complex interplay of pain,
psychologic factors, and opioid efficacy.

Though speculative, it could be that efficacy and
response to opioids might change if the actual structure
and receptors to which opioids are targeted have been
altered owing to chronic pain or psychologic distress.
What is not speculative, but has been shown in the
literature, is the relationship between psychologic com-
ponents (ie, depression) and pain. In fact, investigators
have shown loss of gray matter and other neurobiologic
effects of chronic pain, including effects on emotional
processing and learning.115 These effects might be
important determinants of psychosocial factors related
to opioid efficacy but heretofore have not been sub-
stantiated in the literature.

Positron emission tomography studies have shown
modulation of neuronal activation associated with
various types and doses of opioids and findings have
revealed significant changes in cerebral blood flow,
especially for the ACC and orbitofrontal cortex. Those
changes have been associated with pain, modulation of
pain by hypnosis, and placebo analgesia.116–119

Recent studies in neuroimaging and basic science
have provided evidence as to possible underlying mechan-
isms of opioid efficacy and the complex interrelationships
with mood and pain. For example, Zhuo10 provides a
compelling model for understanding the role of genetics
and molecular basis for central plasticity of pain, long-
term potentiation, and also the role of the hippocampus,
amygdala, and ACC as they relate to central sensitization,
chronic pain, and pain-related emotional disorders. Novel
approaches to understanding and investigating such
signaling pathways related to ACC long-term potentia-
tion may help to identify novel drug targets for pain and
related psychologic disorders. Such work would also lend
insight into potential avenues for prospective studies to
identify patient profiles for opioid efficacy.

Leppa et al120 and others have used functional
magnetic resonance imaging to examine acute opioid
effects on brain and central nervous system functions.
Not too surprisingly, areas rich in receptors (such as
MOR) show strong activations, especially when indivi-
duals are administered a m-opioid agonist, whereas the
primary somatosensory cortex that has the lowest density
of MORs demonstrated negligible activation. Notably,

the cingulate (which is rich in opioidergic neurons),
orbitofrontal, posterior parietal, and insular cortices
along with the amygdala revealed activation which were
temporally related to most subjective ratings of sensation
that were strongest after drug administration. Impor-
tantly, such studies demonstrate the relationship between
pain and opioids since such areas belong to the neural
circuitry that modulates the affective experience of
sensory stimuli such as pain. Thus, the field of pharma-
cologic magnetic resonance imaging has emerged as a way
to investigate the combined effects of drug administra-
tion, cognitive tasks, and sensory stimulation.121 How-
ever, this nascent technique has been conducted primarily
among substance abusers and in addiction medicine122,123

and it has yet to be fully adopted in the pain field.
Nonetheless, findings from the pain community

coupled with literature from addiction medication lend
some speculation to the possibility of neurophysiologic
and genetic influences on opioid efficacy and psychologic
factors related to pain. Ballantyne and LaForge59 and
others107 have provided reviews on the complex interac-
tions between the facets of opioid actions (analgesia,
hyperalgesia, tolerance, dependence, addiction, etc) and
their role in chronic pain management. They report that
opioid addiction and tolerance arise from complex
adaptations within defined neurocircuitry. Such adapta-
tions do not occur simply owing to continued drug use
but as the interaction of the drug with genetic, environ-
mental, psychosocial, and behavioral factors among
others. These factors result in long-term adaptations in
various groups of neurons in the brain, which lends
explanation to the enduring nature of addiction and
repeated stimulation of reward circuitry.59 It is conceiv-
able that the same cascade influences opioid efficacy
among chronic pain patients and that psychologic
determinants that function along similar neural pathways
might simultaneously influence opioid response, pain, and
mood.

As such, underlying mechanisms further account for
response to opioids including change in gene transcription
as well as RNA and in protein processing and synaptic
structure.124–127 Gene expression or protein translation in
turn confers long-term alterations on behavior by causing
physical remodeling of the synapses and circuits.128,129

This complex network of interactions involves a multi-
tude of endogenous and exogenous factors including the
dynamic interaction of psychosocial, genetic, and drug
components. The role of the drug initiation (eg, stimulat-
ing the mesocorticolimbic reward circuitry, mode of
administration, maintenance) produces neuroadaptations
associated with lifelong cravings, and with anhedonic
state and reinforcement. Other genetic factors include
drug disposition of ‘‘pharmacokinetic genes’’ affecting
drug metabolism and transport as well as gene variation
affecting pharmacodynamics that influence pain and
analgesic responses, dependence, and addiction. All of
these factors collectively play a role to varying degrees in
their influence of the impact of opioids and factors related
to their effectiveness for pain relief.
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Such work could lend insight into potential avenues
for prospective studies to identify patient profiles for
opioid efficacy. Therefore, if these new areas of investiga-
tions are further validated through genetics and imaging,
these anatomic neuromechanisms could link opiate
efficacy to mood, especially depression, potentially
through depression’s common pathway with pain. More-
over, evidence from the pharmacology literature suggests
large variability in response to classes and doses of
medications, including opioids, and some of these
differences can be explained by genetic variations by sex
and ethnicity/race.130–133 As the field of pain genetics and
neuroimaging of pain and analgesia is burgeoning, it is
likely that pharmacogenetics will shed more light on the
mechanisms influencing differences in response to and
efficacy of opioids.

SUMMARY
This review was intended to examine the empirical

evidence for individual-level factors predicting positive
response and opioid efficacy among CNCP patients.
Apart from a few select empirical studies,50,84,85 limited
literature has been devoted to this important topic. What
is evident is a predominant focus in the literature on
retrospective accounts of psychologic factors related to
opioid abuse or dependence. Some articles see appro-
priate outcome measures as functional restoration,
decreased depression, and improved quality of life as
proxy measures for efficacy of opioid trials, with side
effects and opiophobia as the driving forces for attrition.
Yet, few studies actually address these dimensions in the
context of prediction of successful opioid therapy.

Over a decade ago, Jamison asserted the points to
evaluate when considering opioid therapy and main-
tenance (pain intensity, functional capacity, personality
and mood, pain beliefs, medication usage, adverse effects,
and healthcare utilization along with medical and
psychosocial history), but few investigations have taken
up the challenge to examine these biopsychosocial factors
prospectively. It would certainly behoove clinical deci-
sion-making to have predictive measures for opioid
prescribing, and it might offer more sound judgment for
opioid choice rather than relying primarily on clinical
lore. However, to date, addiction literature has domi-
nated the pain field. Moreover, given the advances in the
area of pain genetics and pharmacogenetics, the field of
pain management would be remiss if we fail to take into
consideration these growing areas of discovery. Surpris-
ingly, with regard to prediction of success for opioid
treatment or for evaluating patient profiles for opioid
efficacy, the field of pain management is woefully behind.
The few investigations that have addressed these im-
portant aspects of pain treatment have shed light on the
bidirectional multimodal, complex labyrinth of pain care
and the complexity of finding effective treatments within a
true biopsychosocial model. In this regard, there is a
clarion call for the scientific and clinical communities to
work collectively to advance its knowledge to be able to

adequately assess the value (or lack thereof) of opioids for
CNCP. The potential is enormous for improving predic-
tion of treatment outcomes for opioid efficacy for CNCP,
for the sake of patients but also as advancing science
demands it.
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