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D ESPITE the controversies regarding their effective-
ness in chronic noncancer pain,1 opioids are fre-

quently prescribed for chronic low back pain (CLBP), a 
condition which affects 50 million adults in the United 
States.2 In a recent study of 1,860 patients with CLBP from 
clinics across the United States, 52% were prescribed opi-
oids.3 Although clinicians report significant interindividual 
differences in opioid analgesia, there is a dearth of studies 
comparing whether certain patient subgroups are more or 
less likely to have significant pain improvement, side effects, 
and/or increased rates of opioid misuse.4

Although no such prospective studies of oral opioids 
have been conducted, using an intravenous opioid admin-
istration study design5 and in a post hoc analysis of an oral 
opioid randomized controlled trial,6 we have shown that 
CLBP patients with high levels of comorbid negative affect 
(NA) have 40% diminished opioid analgesia compared with 
CLBP patients with low levels of NA. NA is a cluster of 
related, concurrent negative emotions and thoughts (such 

as high levels of depression, anxiety, and pain catastroph-
izing), which can occur in response to chronic pain.7 These 
psychologic conditions, despite their distinct features, may 

What We Already Know about This Topic

•	 Negative affect, a constellation of anxiety, depression, and 
catastrophizing cognitive style, is associated in chronic pain 
patients with poor analgesic response to opioids and with opi-
oid misuse, but prospective studies have not been performed 
to confirm this association

What This Article Tells Us That Is New

•	 In 81 patients with chronic low back pain prospectively studied 
for 6½ months with placebo followed by opioids, those with 
high negative affect were prescribed larger average daily doses 
of opioids, had less improvement in pain, and had a greater rate 
of opioid misuse than those with low negative affect

•	 These prospective data support previous cross-sectional data 
to suggest that negative affect presents an important risk fac-
tor in inadequate analgesia from opioids and opioid misuse
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ABSTRACT

Background: Opioids are frequently prescribed for chronic low back pain (CLBP), but there are little prospective data 
on which patient subgroups may benefit. Psychiatric comorbidity, such as high levels of depression and anxiety symptoms 
(termed comorbid negative affect [NA]), is a common presentation and may predict diminished opioid analgesia and/or 
increased opioid misuse.
Methods: The authors conducted a 6½-month prospective cohort study of oral opioid therapy, with an active drug/placebo 
run-in period, in 81 CLBP patients with low, moderate, and high levels of NA. Treatment included an opioid titration phase 
with a prescribing physician blinded to NA group assignment and a 4-month continuation phase, during which subjects 
recorded daily pain levels using an electronic diary. The primary outcome was the percent improvement in average daily pain, 
summarized weekly.
Results: There was an overall 25% dropout rate. Despite the high NA group being prescribed a higher average daily dose 
of morphine equivalents, linear mixed model analysis revealed that the 24 study completers in each of the high NA and 
low NA groups had an average 21 versus 39% improvement in pain, respectively (P < 0.01). The high NA group also 
had a significantly greater rate of opioid misuse (39 vs. 8%, P < 0.05) and significantly more and intense opioid side 
effects (P < 0.01).
Conclusions: These results indicate that the benefit and risk considerations in CLBP patients with high NA versus low NA 
are distinctly different. Thus, NA is an important phenotypic variable to characterize at baseline, before deciding whether to 
prescribe opioids for CLBP. (Anesthesiology 2015; 123:861-72)
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be grouped, because depression, anxiety, and catastrophizing 
are highly comorbid among patients with chronic pain, with 
correlations of 0.60 to 080, which points to an underlying 
construct of NA.8–13

High levels of NA are the most frequent presenting symp-
toms of a comorbid major depression or anxiety disorder, 
which afflict 30 to 50% of patients with CLBP receiving 
medical care.14,15 Given the phenomenology of depression–
anxiety spectrum disorders, focusing on the sum total of 
NA symptoms as an indicator of significant psychopathol-
ogy is endorsed by the National Institutes of Mental Health 
Research Domain Criteria initiative, which identifies “NA” 
as one of the five primary neurobiologic domains of mental 
illness.16,17 Our group and others also have shown in large 
cohorts with chronic musculoskeletal pain that high levels of 
depression and anxiety most frequently co-occur and is the 
most common clinical presentation of NA symptoms.11,13 
High levels of NA afflict at least 40% of CLBP patients14 
and are associated with higher levels of pain, poor function-
ing, and worse treatment outcomes, such as with spine sur-
gery, nerve blocks, physical therapy, or opioids.5,6,18–24

The prevalent subgroup of CLBP patients with high NA 
is prescribed opioids at an even greater rate, in part because 
of their treatment resistance.25–27 High NA in CLBP 
patients is also associated with greater opioid misuse,4 with 
rates ranging from 50 to 60%,28,29 and heightened crav-
ing for opioids;30,31 although these studies are retrospec-
tive, cross-sectional, or from insurance claims databases. 
Consensus-based recommendations from the Food and 
Drug Administration define opioid misuse as, “the tak-
ing of medication with a therapeutic intent in a manner 
other than as prescribed,”32 which includes using opioids 
at higher doses and/or frequency than prescribed, obtain-
ing opioids from multiple providers to improve pain, and/
or concurrent use of illegal drugs. In our previous studies, 
pain intensity level was not a predictor of prescription opi-
oid misuse.33,34 Rather, high NA was the most prevalent 
and powerful risk factor.28,35

Hence, it is important to understand prospectively and 
longitudinally whether high NA (an indicator of psychiatric 
comorbidity) is associated with treatment failure in CLBP 
patients initiating treatment with opioids. We hypothesized 
that in the treatment of CLBP, patients with high NA would 
have diminished opioid analgesia and greater rates of opioid 
misuse compared with CLBP patients with low NA.

Materials and Methods

Study Design and Population
This was a 6½-month prospective cohort study of oral opi-
oid therapy, conducted from 2009 to 2012, with an active 
drug/placebo run-in period, in CLBP patients with low, 
moderate, and high levels of NA (ClinicalTrials.gov Identi-
fier: NCT01502644). Inclusion criteria were (1) age ranging 
from 21 to 75 yr; (2) CLBP of at least 6 months duration 

with an average pain score of more than 3/10 (established 
with a 1-week baseline pain observation period, using daily, 
electronic pain ratings); (3) low back pain (LBP) meeting 
Quebec Task Force Criteria for Grades I to III (LBP only to 
LBP with intermittent radicular pain [not constant or daily] 
and no neurologic signs);36 (4) no back surgery within the 
past year; (5) having degenerative disc disease as a compo-
nent of a pain syndrome of mixed etiology, confirmed by 
history, examination, and a previous lumbar magnetic reso-
nance imaging; (6) no opioid use or use of short-acting opi-
oids only, and less than 90 mg/day in morphine equivalents 
and those subjects taking opioids must also have agreed to a 
2-week opioid washout period before beginning medication; 
(7) no pregnancy or intent to become pregnant during the 
study period; (8) no intent to begin new pain or psychiat-
ric treatments during the study (such as pain medication, 
nerve blocks, physical therapy, or psychiatric medication) or 
increase in any current medications; (9) no current, active 
substance use disorder and no history of an opioid substance 
use disorder (assessed with the Mini International Neuropsy-
chiatric Interview);37 and (10) no active suicidality or psy-
chosis (assessed by the Mini International Neuropsychiatric 
Interview as well).

Eligibility was determined by investigator (A.D.W.) 
at the first visit through a review of a history and physical 
examination and magnetic resonance imaging findings con-
firming the presence of degenerative disc disease. Patients 
were included if this evaluation found that there was at least 
one degenerated, herniated, or torn lumbar disc with either 
a minimum grade III disc degeneration,38 abnormal mor-
phology,39 or a hyperintense zone.40 These inclusion crite-
ria, used by the authors in the previous studies,5,41,42 narrow 
the heterogeneity of CLBP phenotypes by including those 
with the commonly presenting mixed syndrome of LBP with 
underlying degenerated discs, and possibly spinal stenosis or 
facet disease, and excluding those with pain due to purely 
nonspecific or myofascial causes.

Subject Enrollment
Institutional review board–approved procedures were used 
(Brigham and Women’s Hospital, Boston, Massachusetts). 
Volunteers were recruited from the Pain Medicine and Phys-
iatry Spine clinics of Brigham and Women’s Hospital. In 
addition, the hospital’s research database of patients with 
CLBP International Classification of Diseases, ninth revi-
sion diagnosis codes was queried to generate lists of potential 
subjects, and their corresponding treating providers. Letters 
were sent to those providers requesting permission to contact 
their specific patients. On approval from providers, infor-
mational letters about the study were sent to these potential 
subjects. After telephone and medical record prescreening, 
subjects were enrolled at visit 1 and signed written informed 
consent. The consent document included opioid therapy 
instructions regarding the appropriate use of prescription 
opioids.
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Visit 1
The lead investigator (A.D.W.) confirmed subject eligibility, 
and subjects completed baseline self-report questionnaires, 
along with a history and physical examination. The primary 
predictor was the likely presence or absence of psychiat-
ric comorbidity. This was determined by the levels of NA 
symptoms within the past week, which were assigned as low, 
moderate, or a high level to each subject by the combined 
depression and anxiety subscale scores of the Hospital Anxi-
ety and Depression Scale (HADS) total score.43 We have 
used the HADS total score as an operational measure of 
NA and a grouping variable in previous CLBP treatment 
outcome studies.23 The HADS does not include somatic 
items that may be attributable to medical illness, and thus, 
it is more appropriate for screening in chronic pain.43 High 
NA was defined as more than 8 on both the depression 
and the anxiety subscales, Low NA was less than 6 on each 
subscale, and moderate NA was all other scores in between 
these cutoffs.44 In CLBP specifically, scores meeting high 
NA criteria are highly correlated with a patient having a 
comorbid major depression or generalized anxiety disorder, 
and those meeting low NA criterion are highly unlikely to 
have psychiatric comorbidity.43,44 Recent reviews have con-
cluded that the HADS functions best as a unidimensional 
measure of NA, while retaining excellent psychiatric case-
finding ability.45,46

Other baseline measures included the Brief Pain Inven-
tory (BPI; for 24-h pain and pain interference levels),47 the 
Oswestry Disability Index (for self-reported function),48 the 
Neuropathic Pain Questionnaire Short Form (for symptoms 
of burning, shooting, and sensitivity to touch),49 the Neu-
roticism Subscale of the NEO personality inventory,50 the 
Pain Catastrophizing Scale,51 and the Screener and Opioid 
Assessment for Patients with Pain, revised (SOAPP, for esti-
mating the risk of opioid misuse).33 These measures were 
chosen to conform to the Initiative on Methods, Measure-
ments, and Pain Assessment in Clinical Trials Group recom-
mendations for analgesic clinical studies.52

During visit 1, a urine drug test (UDT) was collected to 
confirm that subjects were not taking opioids and not using 
illegal drugs. For those subjects prescribed opioids before 
enrollment, they underwent a 2-week weaning period and 
remained off of opioids for at least 7 days before beginning 
medication at visit 2 (a period similar to other studies).53 
Compliance with the wean was confirmed with a UDT at 
visit 2.

Baseline Pain Observation Period
In between visits 1 and 2, subjects rated their average pain 
level (0 to 10) over the past 24 h (question 5 of the BPI) 
each day for 7 days using an electronic diary, triggered by an 
alarm. These data were inspected and downloaded at visit 2 
and were averaged to determine the mean level of baseline 
pain for each subject. Subjects had to provide data for at least 
4 of 7 days to continue in the study.

Visit 2
Subjects completed the HADS again to establish the sta-
bility of the self-reported NA symptoms and to continue 
so that they could not have fallen out of the group (low, 
moderate, or high NA) to which they were assigned (no 
subjects changed group). UDT results were reviewed, and 
a psychiatrist administered a structured psychiatric inter-
view to determine any Diagnostic and Statistical Manual-
IV Axis 1 diagnosis, including a current substance use 
disorder.37

Active Drug/Placebo Run-in
During visit 2, subjects could choose to be prescribed mor-
phine or oxycodone based on any previous experience with 
these drugs. In a double-blinded, randomized order, subjects 
then received either placebo or morphine/oxycodone 1 to 
2 tablets up to three times a day as needed for 1 week each 
(crossover), dispensed by the hospital research pharmacy  
(all pills looked identical). The hospital research phar-
macy followed up block randomization in groups of eight 
and maintained the double blind until the conclusion of 
the study. The doses for morphine were immediate-release 
tablets of 15 to 30 mg and for oxycodone were 5 to 10 mg 
three times daily as needed for pain. Subjects completed the 
electronic diary daily for the average pain rating as well as 
noting the number of medication doses they took each day. 
The run-in period allowed subjects to acclimate to opioid 
medication and to become familiar with the daily pain rating 
procedures. It also could clarify the role of placebo responses 
in predicting opioid analgesia. Subjects continued complet-
ing the electronic diaries daily in all remaining phases of the 
study, which were inspected at each study visit.

Opioid Treatment Periods
Visits 3 to 6, Titration of Opioids (Weeks 1 to 3).  This open-
label portion of the trial was conducted by a pain medicine 
physician–investigator (E.M.) blinded to group assignment 
who used a standardized titration schedule for morphine 
or oxycodone over a 3-week period. If a subject could not 
tolerate morphine or oxycodone during the run-in period 
(assessed at the weekly study visits), the blind was broken 
and they were allowed to switch to the other opioid for the 
rest of the study. The average pain intensity target was less 
than 4 of 10, and dosing was individually adjusted each week 
to maximize pain relief with acceptable side effects according 
to subject tolerability. At each weekly visit, the subject com-
pleted the BPI and a medication log (inspected by the study 
physician). In discussion with the subject, the dosing was 
adjusted using standardized parameters for long-acting and 
breakthrough medication for morphine or oxycodone. At 
the end of the titration period, the maximum allowable daily 
dose in morphine equivalents was 30 and 60 mg of short- 
and long-acting medication, respectively, three times a day 
(270 mg, no subjects reached the maximum possible dose).
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Visits 7 to 10, Opioid Continuation Period (Weeks 4 to 20).  
Subjects remained at their individualized dose throughout 
this period, except that doses could be reduced (e.g., because 
of side effects). They received monthly prescriptions for the 
short- and long-acting opioids at monthly visits. They met 
with a study physician and completed questionnaires at each 
visit (including global impression of change ratings and an 
opioid side effects checklist used in our previous studies).54  
In addition, at 2 and 4 months into the continuation period, 
opioid adherence measures were collected: the Current Opi-
oid Misuse Measure (for self-reported misuse, score >13 
highly predicts misuse using revised criteria),55 the Addic-
tion Behaviors Checklist (for physician-rated misuse assess-
ment, positive score >2),56 and a UDT. Subjects found 
misusing were continued in the study. We asked that subjects 
not begin any new pain or psychiatric treatments during the 
study, and we tracked this issue at monthly visits.

Opioid Tapering (Visits 11 to 13, Weeks 21 to 24)
Subjects returned for weekly visits during this period, and 
the individualized opioid dose was decreased by approxi-
mately 25% each week. Subjects were off of opioids by the 
end of the study.

Statistical Methods
Sample size calculations were based on a power of 0.80 and 
a 5% significance level using a two-tailed t test to test the 
hypothesis that opioids confer diminished analgesia in the 
high NA versus in the low NA group. The primary outcome 
measure was the percent improvement in average daily pain 
during the opioid continuation period (measured with daily 
pain ratings on the electronic diary and calculated on a 
weekly basis), in comparison with the average baseline pain 
level. Based on our previous data from intravenous mor-
phine administration in CLBP patients with low NA versus 
high NA,5 20 subjects each were needed in the low and high 
groups to find a 33% difference in average percent improve-
ment in pain between groups. The primary comparisons of 
interest were the outcomes differences between the low and 
the high groups. Target study completer rates in these groups 
were 24 subjects/group so that we would be adequately pow-
ered using multiple comparison corrections to examine our 
main secondary outcome of interest, the rates of drug misuse 
between groups. Those in the moderate group continued in 
all phases of the study, because little is known about their 
opioid analgesic outcomes as well, and their data are pre-
sented for descriptive purposes only. Data from the moderate 
group were also included in multiple secondary “sensitivity 
analyses” to further interrogate our findings.

Statistical analyses were based on a “modified intent-
to-treat principle,” such that subjects had to complete at 
least 50% of the opioid treatment period to have their data 
included for analysis. Otherwise, they were termed a “drop-
out,” and these data were not included. Sources of missing 
data that were tracked include subject dropout, subjects 

missing study visits, or subjects not completing the elec-
tronic diaries at home. We also inspected the case report 
forms to understand whether there was any pattern to the 
missing data. For the primary outcome measure, we used 
linear mixed modeling (LMM) in SPSS version 22 (SPSS 
Inc., USA) to compare the low NA versus high NA groups 
over time. LMM “borrows” information pertaining to the 
relationship between the weekly outcomes, such that sub-
jects missing some weekly data (but not all) can still be used 
for analyses. Generally, in longitudinal trials, this approach 
allows for inclusion in the analysis of the majority of subjects 
with any missing data.57 For the LMM model, group, group 
× week, average baseline pain, and opioid use at baseline (yes/
no) were entered as fixed effects using an autoregressive cova-
riance structure. Subject, intercept, and week were entered 
as random effects, using a compound symmetry covari-
ance structure. This approach controls for possible differ-
ences in baseline pain level and opioid use between subjects.  
To further address the possible impacts of missing data (those 
who completed at least 50% but not 100% of the opioid 
treatment period), we imputed data using Last Observation 
Carried Forward (LOCF) and Baseline Observation Carried 
Forward (BOCF) methods as part of a secondary, sensitivity 
analysis. For LOCF, we used the percent improvement in 
pain for the last week the subject was in the trial during the 
opioid continuation period and the first week of this period 
for the BOCF value.

For the secondary outcome of rates of opioid misuse 
between groups, similar to our previous studies,58,59 we deter-
mined the Drug Misuse Index (DMI) at 2 and 4 months 
into the opioid continuation period. The DMI triangulates 
three domains (patient self-report [Current Opioid Misuse 
Measure], provider assessment of misuse [Addiction Behav-
iors Checklist], and UDT results) to determine adherence 
to opioids (adherence vs. misuse, a categorical outcome).  
A positive DMI is a positive finding of misuse on any of these 
three measures. Of note, positive misuse at 2 and 4 months 
was counted as one episode of misuse. Chi-square test was 
used to analyze the relationship between group and opioid 
misuse. Comparisons of demographics, pain history data, 
baseline questionnaires, and additional secondary outcome 
measures in relation to group were analyzed using Pearson 
correlations, Chi-square test, and ANOVA, depending on 
whether the variables were ordinal or numerical. Furthermore, 
sensitivity analyses using analysis of covariance (ANCOVA) 
were conducted to test whether any baseline variables were 
significant univariate or covariate predictors when added to 
the group of total average percent improvement in pain dur-
ing the opioid continuation period. We also analyzed HADS 
scores as a continuous predictor of pain treatment outcomes.

Results
Figure  1 displays the study flow diagram. After assessing 
the eligibility in 298 volunteers, 81 subjects enrolled in the 
study and 72 received medication during the run-in and/or 
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opioid treatment phases. In these 72 subjects, there were 20, 
30, and 25% rates of dropout/study withdrawal in the low, 
moderate, and high NA groups, respectively. The majority 
of these dropouts were due to side effects of opioid medica-
tion. Consequently, data analysis included 24 subjects each 
in the low and high groups and 7 in the moderate group. 
There were no significant differences in average age, gender 

distribution, average baseline pain level, and duration of 
pain between those who dropped out and those who com-
pleted the study. Among the 55 subjects with data suitable 
for analysis following a modified intent-to-treat principle: 
10 of 55 finished at least half, but not the entire opioid 
continuation period, the distribution of these subjects was 
not skewed between NA groups (4 each in the low and high 

Enrolled at Visit 1 after pre-screening 
(n=81)

Withdrawn after Visit 1 (n=9)
♦ Illegal drugs in urine drug test (n=1)
♦ History of opioid substance  use 

disorder (n=2)
♦ Declined to participate further (n=6)

Analyzed (n=24)

Drop out due to 
side effects (n=6)

Low group
(n=30)

Drop out due to side 
effects (n=7)

Withdrawn for illegal 
drugs in UDT (n=1)

Allocation

Analysis

Follow-Up

Assigned to NA groups
(n=72)

Enrollment

Moderate group
(n=10)

High group
(n=32)

Drop out due to side 
effects (n=2)

Withdrawn for illegal 
drugs in UDT (n=1)

Analyzed (n=7) Analyzed (n=24)

Assessed for eligibility
(n=298)

Excluded (n=217)
♦ Not meeting inclusion criteria (n=184)
♦ Declined to participate (n=33 )

Fig. 1. Study flow diagram: This follows Consolidated Standards of Reporting Trials (CONSORT) guidelines for randomized and 
observational cohort studies. Note that 76% of subjects who began medication treatment completed the study. NA = negative 
affect; UDT = urine drug test.
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groups and 2 in the moderate group), and no pattern to the 
missing data were found.

Table 1 displays the baseline characteristics of the three 
NA groups, with the moderate group being included for 
descriptive purposes only. The low and high groups were 
similar on average age, gender, and marital status distri-
butions. The high NA group had a significantly lower 
percentage of those working. Average baseline pain, the 
duration of pain, and the percentages taking opioids or 
having intermittent radicular and other neuropathic pain 
complaints were similar between groups. Those on opioids 
before enrollment were taking an average of 28 mg of mor-
phine equivalents per day (range, 5 to 80 mg). The aver-
age baseline pain levels just before treatment and after any 
wean were not significantly different between those taking 
or not taking opioids at baseline. Although the low NA 
group tended to have intermittent radicular pain more fre-
quently, the high NA group tended to have a more fre-
quent composite presentation of neuropathic symptoms. 
The high NA group did report significantly greater pain 
interference, more disability, and were at a higher risk of 
opioid misuse. The high group also tended to have a more 

frequent history of substance abuse. Every subject in the 
high group had a psychiatric diagnosis of some type of 
an affective disorder (table  1, psychiatric diagnoses). The 
group of subjects with major depression is mainly com-
posed of those with major depression with anxious features 
(90% of cases). The high NA group also had significantly 
greater pain catastrophizing and neuroticism scores, which 
were significantly correlated with total HADS scores (Pear-
son correlation coefficients 0.58 and 0.66, respectively,  
P < 0.01 for both).

For the run-in period, table 2 displays the means of the 
percent improvement in pain per group for the active and 
placebo weeks. The high NA group had less analgesia with 
active drug or placebo than the low NA group, and there 
was a significant difference between groups for placebo anal-
gesia (P = 0.025). During the run-in period, those in the 
low group used an average of 64 mg/day of oral morphine 
equivalents, whereas the high group used 75 mg/day (non-
significant difference).

During the opioid titration phase, the high group was 
titrated to a higher average daily amount of morphine 
equivalents (94.7 vs. 75.6 mg). For the continuation phase, 

Table 1.  Demographics and Baseline Pain History

Variable

Psychiatric Group
P Value (Low NA vs. 

High NA)Low NA (n = 24) Moderate NA (n = 7) High NA (n = 24)

Age, mean (yr) 55 54 49 0.08
Gender (% female) 67 43 58 0.38
Work status (% working) 42 29 12 0.03
Marital status (% married) 54 57 58 0.6
Taking opioids at baseline (% yes) 33 14 42 0.38
Baseline pain (mean, 0–10) 7.1 6.6 7.5 0.39
Pain duration (mean, yr) 7.3 12.4 8 0.72
Radicular pain (% yes)* 75 57 54 0.31
Neuropathic pain (% yes)† 58 71 81 0.09
Pain interference (mean, 0–10)‡ 5.6 6.6 7.5 0.002
Function (% disability)§ 35.6 40.1 50.3 0.007
Opioid misuse risk score (mean, 0–96)║ 10.7 14.7 24 0.0001
Substance abuse history (% yes) 12 14 21 0.35
Comorbid major depression (% yes)# 4 0 67 0.0001
 � Generalized anxiety disorder (% yes) 4 14 8 0.64
 � Posttraumatic stress disorder (% yes) 0 0 21 0.018
 � Obsessive-compulsive disorder (% yes) 0 0 8 0.61
 � Panic disorder (% yes) 0 0 8 0.61
 � Bipolar disorder (% yes) 0 0 8 0.61
 � Dysthymia (% yes) 0 0 46 0.001
 � Adjustment disorder (% yes) 0 29 12 0.2
Depression symptoms (mean, 0–21)** 4 7.5 11.7 0.0001
Anxiety symptoms (mean, 0–21)†† 4.7 9.5 12.7 0.0001
Pain catastrophizing (mean, 0–52)‡‡ 20.9 33 32.7 0.0001
Neuroticism (mean, T score)§§ 42.4 44.9 60 0.0001

* Intermittent only per history (not constant or daily). † Composite measure of burning, shooting, and sensitivity to touch symptoms, assessed with the 
Neuropathic Pain Questionnaire. ‡ Average of the pain interference items on the Brief Pain Inventory. § Oswestry Disability Index. ║ Screener for Opioid 
Assessment in Patients with Pain, Revised. Score >17 predicts a high likelihood of future opioid misuse. # Results of the mini-international neuropsychiatric 
interview (MINI). ** Depression subscale of the Hospital Anxiety and Depression Scale (HADS). †† Anxiety subscale of the HADS. ‡‡ Pain catastrophizing 
scale. §§ Neuroticism subscale of the NEO Personality Inventory “T” scores above 60 ≥85th percentile for neuroticism (NEO-FFI-Personality Inventory, 
Costa P, 1985).
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figure  2 displays the group differences in average percent 
improvement in pain by week and the estimated means for 
each group from the LMM analysis. The high group had sig-
nificantly less average percentage improvement in pain (20.6 
vs. 38.6%, P = 0.01, F = 6.5, the 95% CI for the differ-
ences in mean analgesia between groups = 3.7 to 32.2). The 
moderate group had an average 30% improvement in pain 
during the continuation phase. Those with missing data in 
the low group had an average of 41.9% improvement in pain  
(n = 4), whereas those in the high group with missing data 
had an average 14.9% improvement in pain (n = 4).

For the secondary outcomes (table 2), the low NA group 
reported: (1) significantly greater change in pain interference 
(items 9A to G of the BPI, which includes general activity, 
walking, work, sleep, and social relations, P = 0.0001); (2) 
“much improved” global impression of change versus “mini-
mally improved” in the high NA group, P = 0.026; and (3) 
lower total number of opioid side effects (P = 0.0001) and a 
lower intensity of side effects (P = 0.0001). Within the low 
and high groups, those on opioids at baseline did report a 
lower total number of side effects (P = 0.001). There were 
no differences in either group in self-reported changes in 
physical function. Both groups reported similar degrees of 
improvements in NA during the course of the study. The 
high NA group had a significantly greater rate of opioid mis-
use (39.1 vs. 8.3%, P = 0.013) and significantly more craving 
for opioids than the low NA group (item 11 of the SOAPP, 
revised, P = 0.041).

Sensitivity Analyses
First, total scores on the HADS in all subjects (low, moder-
ate, and high groups, n = 55) were treated as a continuous 
predictor of average weekly percent improvement in pain 
during the opioid continuation period (outcome). Linear 

regression indicated that HADS score accounted for 15% 
of the variance in analgesic outcomes, such that a higher 
HADS score was associated with less improvement in pain 
with opioid treatment (R2 = 0.15; std β = −0.38, P = 0.005). 
This result is consistent with the LMM results in the low and 
high groups.

Next, Pearson correlation coefficients between analgesia 
for the active and placebo run-in periods versus analgesia for 
the opioid continuation period (average percent improve-
ment in pain) were 0.60 and 0.75, respectively (P < 0.01 for 
both). An analysis of partial correlation coefficients revealed 
that these correlations were not significantly different within 
psychiatric groups. In other words, regardless of NA group 
assignment, pain improvements during either the active or 
the placebo run-in weeks were significant predictors of sub-
sequent opioid analgesia. Furthermore, six subjects in the 
low NA group had more than 20% pain improvement dur-
ing the placebo run-in week and a corresponding average 
49.7% improvement in pain in the continuation period (vs. 
the 37.8% low group mean). This indicates that those six 
subjects with low NA who had heightened placebo analgesia 
were not the drivers of the robust analgesic responses for the 
group as a whole.

Using ANOVA, table 3 displays the analysis of baseline 
pain history and demographic variables that were significant 
univariate predictors of analgesia during the continuation 
period (average percent improvement in pain), such as age, 
gender, working status, baseline pain, intermittent radicular 
pain, the composite neuropathic pain score, opioid misuse 
risk score (SOAPP scores), and the levels of pain catastro-
phizing or neuroticism. Baseline pain interference scores, 
SOAPP scores, and taking opioids before study entry were 
significant predictors (P < 0.05 for both). In addition, opioid 
dose during the study and the specific psychiatric diagnosis 

Table 2.  Secondary Outcomes

Variable

Psychiatric Group

Low NA (n = 24) Moderate NA (n = 7) High NA (n = 24)

Active drug run-in period analgesia (mean, % 
improvement in pain)

18.3 (±29.2)* 26.4 (±39.9) 6.8 (±14.2)

Placebo run-in period analgesia (mean, % 
improvement in pain)

14.9 (±29.1) 11.1 (±14.7) −1.9 (±15.3); P = 0.025†

Changes from beginning of study to end of continuation phase
 � Maintenance opioid dose (mean, mg daily 

morphine equivalents)
75.6 (±44.6) 72.2 (±52.9) 94.7 (±47.8)

 � Negative affect (% change)‡ 27.5 (±45.6) 4.2 (±24.6) 31.1 (±27.1)
 � Pain interference (% change)§ 39.5 (±42.7) 30.4 (±25.7) 20.2 (±27.6); P = 0.0001
 � Function (% change disability score)║ 1 (±12.2) 4.0 (±8.6) 5.8 (±15.1)
 � Patient global impression of change (median 

distribution of seven categories)#
Much improved Much improved Minimally improved; P = 0.026

 � Drug Misuse Index (% positive) 8.3 14.3 39.1; P = 0.013
 � Opioid side effects (mean total, 0–18)** 4.1 (±3.8) 4.7 (±.6) 7.0 (±5.2); P = 0.0001
 � Opioid side effects (mean intensity, 0–10)** 1.8 (±1.6) 2.3 (±2.0) 3.1 (±2.0); P = 0.0001

* ±SD. † P values are comparisons of low vs. high. ‡ Measured with monthly administration of the Hospital Anxiety and Depression Scale. § Measured by 
averaging the pain interference items on the Brief Pain Inventory collected monthly. ║ Measured by averaging the Oswestry Disability Index Score collected 
monthly. # Measured by averaging the impression of change ratings collected monthly. ** Measured by the Opioid Side Effects Checklist collected monthly.
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were tested and neither were significant predictors of analge-
sia. Next, pain interference, SOAPP score, and opioid status 
at baseline were continued to the next stage of modeling and 
entered into separate ANCOVA models with group to test 
main and interaction effects that may predict analgesia dur-
ing the continuation period. Pain interference and SOAPP 
score were not significant main or interaction effects.

However, opioid use at baseline was a significant con-
founder to analgesic responses in the low NA group only. 
In the low group, the 33% of subjects on opioids at baseline 
had an average 22% improvement in pain during the opioid 
continuation period, whereas those not on opioids in this 
group had 48% improvement. In the high group, those on 
opioids before study had an average of 20% improvement 
in pain, whereas those not on opioids had 19% improve-
ment. In an ANCOVA model with group, baseline opioid 

status, and group × opioids as predictors and average percent 
improvement in pain during the continuation period as the 
outcome, only group (F = 5.35, P = 0.026) and the interac-
tion term (group × opioids, F = 5.34, P = 0.026) were sig-
nificant (R2 for the model = 0.29). In addition, the adjusted 
means of percent improvement in pain in each group was 
decreased by approximately 10% in the low group, but not 
in the high group, compared with an ANOVA model with 
group as the only predictor. These analyses indicate that 
opioid use at baseline affects analgesia responses in the low 
group only and that NA group still remains a significant pre-
dictor of analgesia.

In terms of missing data in the eight subjects who did 
not complete the entire opioid continuation period, impu-
tation using LOCF into the LMM model resulted in the 
high group having 20.5% average percentage improvement 

Fig. 2. Percent change in pain by week and by group: These curves depict the average percent improvement in pain per group 
for each week of the trial. Weeks 1 to 3 are the titration weeks, and the end of week 3 through week 19 is the continuation 
(maintenance) period. Note that there are only seven subjects in moderate group and that the primary comparison is between 
the low versus high negative affect groups.
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in pain during the opioid continuation period versus 39.8% 
in the low group (P = 0.01, F = 7.4, the 95% CI for the dif-
ferences in mean analgesia between groups = 5.0 to 33.6). 
For BOCF, the high group had 20.1 versus 40.1% average 
percentage improvement in pain in the low group (P = 0.01, 
F = 7.8, the 95% CI for the differences in mean analgesia 
between groups = 5.6 to 34.3). Both imputation methods 
resulted in model estimates of analgesia between groups that 
were highly similar to the model without imputation.

Discussion
In this prospective cohort study of patients with CLBP, we 
found that psychiatric comorbidity (specifically, high NA) 
was a significant predictor of poor opioid treatment out-
comes compared with CLBP patients with low NA, includ-
ing almost 50% less improvement in pain, increased side 
effects, and 75% more opioid misuse. Subjects were carefully 
phenotyped to have the commonly presenting mixed CLBP 
syndrome of disc disease, facet, stenosis, and/or neurofo-
raminal components possibly contributing to their chronic 
pain. They were also phenotyped psychiatrically to fall into 
distinct groups of low, moderate, and high levels of NA (and 
no active substance use disorder), with corresponding higher 
rates of psychiatric comorbidity and higher levels of pain 
catastrophizing, and neuroticism in the high NA group. As 
a result, the low and high groups had a similar underlying 
pain condition and only differed significantly on their psy-
chologic characteristics.

Despite being prescribed a higher daily dose of opioid 
compared with the low NA group, patients in the high NA 
group experienced almost 50% less improvement in pain 
during the opioid continuation phase of the study (20.6 
vs. 38.6% improvement) and tended to have tolerance 

(diminishing analgesia over time). Interestingly, the high 
NA group reported a greater benefit to their mood (31% 
improvement in NA symptoms) than to their pain (19%). 
However, the improvement in mood is far less than the 50% 
improvement in symptoms benchmark used to determine 
effective treatments for NA.60 Our findings do not sug-
gest that opioids are a potential treatment for high NA or 
depression or anxiety disorders. Although we have shown 
previously that patients with chronic pain prescribed opioids 
tend to self-medicate anxious and depressive feelings with 
opioids,30 we are unaware of any studies that have examined 
specifically whether CLBP patients with depression or anxi-
ety disorders prescribed opioids obtain differential effects on 
their mood versus pain.

Regarding other secondary outcomes, the high NA group 
rated opioids as less beneficial to them compared with the 
low NA group and reported less improvement in pain inter-
ference, with a corresponding greater incidence and intensity 
of opioid side effects. Furthermore, the high NA group had 
significantly more opioid misuse and reported more crav-
ings for prescription opioids. We have shown that craving 
for prescription opioids is a risk factor predicting misuse and 
a potential psychologic mechanism by which high NA may 
lead to prescription opioid misuse.31,59

Interrogation of our findings through sensitivity analyses 
revealed that they are robust. The active/placebo run-in period 
analysis addresses the issue that differences in placebo versus 
active drug responses between groups might explain our find-
ings. This unique crossover/cohort hybrid study provides a 
methodology for examining placebo responses in an otherwise 
uncontrolled study, with the understanding that a brief pla-
cebo run-in period is not equivalent to an efficacy study with 
a true “placebo arm.” In terms of other possible confounders, 

Table 3.  Univariate Analysis of Baseline Predictors of Pain Improvement*

Variable (Units) R2 F Significance

Age (yr) 0.005 0.26 0.61
Gender (female and male) 0.001 0.06 0.82
Work status (yes, no, and retired) 0.014 0.23 0.87
Marital status (yes and no) 0.001 0.07 0.8
Taking opioids at baseline (yes and no) 0.09 4.7 0.04†
Baseline pain (0–10) 0 0.01 0.91
Pain duration (yr) 0.01 0.57 0.46
Radicular pain (yes and no)‡ 0.009 0.24 0.79
Neuropathic pain (yes and no)§ 0.04 0.94 0.4
Pain interference (0–10)║ 0.12 7.2 0.01†
Function (0–100%)# 0.003 0.16 0.67
Opioid misuse risk score (0–96)** 0.17 9.9 0.003†
Substance abuse history (yes and no) 0.015 0.78 0.38
Pain catastrophizing (0–52)†† 0.05 0.12 0.74
Neuroticism (T score)‡‡ 0.02 1.2 0.28

* Average weekly percent improvement in pain during the opioid continuation period. † Continued to analysis of covariance stage of testing. ‡ Intermittent 
only per history (not constant or daily). § Composite measure of burning, shooting, and sensitivity to touch symptoms, assessed with the Neuropathic Pain 
Questionnaire. ║ Average of the pain interference items on the Brief Pain Inventory. # Oswestry Disability Index. ** Screener for Opioid Assessment in Patients 
with Pain, Revised. Score >14 predicts a high likelihood of future opioid misuse. †† Pain Catastrophizing Scale. ‡‡ Neuroticism Subscale of the NEO Person-
ality Inventory “T” scores above 60 ≥85th percentile for neuroticism (NEO-FFI-Personality Inventory, Costa P, 1985). 
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the ANCOVA analyses only uncovered previous opioid use 
as a significant covariate, which affected the low NA group 
only. NA group remained a significant predictor of opioid 
analgesia. Perhaps the reason why the risk of opioid misuse 
at baseline (increased SOAPP scores in the high NA group) 
was only a significant univariate predictor was that there are 
several items regarding mood symptoms on the SOAPP. Thus, 
the SOAPP and HADS questionnaires do not form entirely 
separate constructs and share a significant overlapping vari-
ance. Given the baseline differences in pain catastrophizing 
and neuroticism between groups, it was surprising that neither 
of these were significant univariate or multivariate predictors 
of average pain improvement during the continuation phase. 
Our data and analysis indicate that if symptoms of depression 
and anxiety are controlled for, neither pain catastrophizing 
nor neuroticism are constructs predicting independently the 
responses to opioid therapy. These results, as well as numer-
ous other published studies from our group,5,6,11,23,31 highlight 
the importance of NA being a strong, independent predictor 
of pain treatment responses. In addition, although catastro-
phizing and neuroticism are powerful predictors in patients 
with chronic pain of the levels of pain and function,19,61 fewer 
studies have prospectively examined these as predictors of out-
comes for specific pain treatments. One of the relevant studies 
is by Smeets et al.62 who compared physical therapist–directed 
exercise or advice-based treatment for LBP, and they also 
found that pain catastrophizing levels did not predict clinical 
treatment responses.

Our results indicate that the outcomes of opioid ther-
apy in CLBP patients with a high or low degree of psy-
chiatric comorbidity (as categorized by levels of NA) are 
distinctly different, with less benefit, more side effects, 
and greater risks in patients with high levels of NA. This 
prospective longitudinal study confirms findings from 
retrospective and cross-sectional studies by our group and 
others. Moreover, the 5-month opioid treatment period 
in this study is substantially longer than the majority 
of oral opioid studies in CLBP, which typically average 
3 months in length.63,64 This longer treatment period 
enabled a better study of longitudinal issues, such as the 
development of tolerance and opioid misuse, which can-
not be well studied in the shorter trials. Our findings 
address the controversy over long-term opioid prescrib-
ing for CLBP through showing prospectively that there 
may be subgroups who can potentially do well on this 
therapy long-term and a distinct subgroup with psychiat-
ric comorbidity who tends to do poorly.

Our data suggest that in deciding to prescribe opioids, it 
is prudent to assess for psychiatric comorbidity and, more 
specifically, high levels of NA. We have now demonstrated 
in 3 studies, each with a different study design and totaling 
more than 250 subjects,5,6 that comorbid high NA predicts 
poor opioid treatment outcomes in patients with CLBP.

Rather than refusing to prescribe opioids for this sub-
group, we suggest that comorbid high NA be identified 

and treated early in the course of CLBP and preferably 
even before LBP becomes chronic. Large randomized con-
trolled trials testing a variety of NA treatments, such as 
antidepressant medications,60 cognitive behavioral ther-
apy,65 or fear of movement physical therapy,66 have each 
shown efficacy for improving LBP, function, and mood. 
One implication of this work is that if high NA is iden-
tified and treated early in the course of LBP, one could 
prevent this vulnerable subgroup from being prescribed 
opioids if pain and function were improved through NA 
treatment. Furthermore, for those prescribed opioids, suc-
cessful treatment of NA may improve opioid analgesia and 
reduce the chances of opioid misuse. These suppositions 
merit further testing in clinical studies.

There are a number of important limitations to con-
sider in our study. First, although analgesia from opioids 
was lower in the high NA group, these participants may 
still have felt that the therapy was beneficial to them 
because of possible nonanalgesic opioid effects and may 
have wished it to continue. Second, this study does not 
explore what effect the chronicity of high NA (from 
months to years in duration) has on opioid analgesia. 
Although our results are statistically significant, one could 
argue that the sample size is too small to be a definitive, 
confirmatory trial.

In summary, high NA predicts poor opioid treatment 
outcomes in CLBP. This finding provides an impetus for 
conducting further studies of patients with CLBP and high 
NA to improve opioid analgesia in this population and to 
reduce or prevent opioid misuse.
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