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Abstract

BACKGROUND—Pain catastrophizing is a maladaptive response to pain that amplifies chronic
pain intensity and distress. Few studies have examined how pain catastrophizing relates to opioid
prescription in outpatients with chronic pain.

METHODS—We conducted a retrospective observational study of the relationships between
opioid prescription, pain intensity, and pain catastrophizing in 1,794 adults (F=1129; 63%)
presenting for new evaluation at a large tertiary care pain treatment center. Data were sourced
primarily from an open-source, learning health system and pain registry, and secondarily from
manual review of electronic medical records. A binary opioid prescription variable (“yes/no™)
constituted the dependent variable; independent variables were age, sex, pain intensity, pain
catastrophizing, depression, and anxiety.

RESULTS—Most patients were prescribed at least one opioid medication (57%; n=1,020). A
significant interaction and main effects of pain intensity and pain catastrophizing on opioid
prescription were noted (p<0.04). Additive modeling revealed sex differences in the relationship
between pain catastrophizing, pain intensity and opioid prescription, such that opioid prescription
became more common at lower levels of pain catastrophizing for females than for males.

CONCLUSIONS—Results supported the conclusion that pain catastrophizing and sex moderate
the relationship between pain intensity and opioid prescription. While males and females had
similar pain catastrophizing scores, historically ‘subthreshold’ levels of pain catastrophizing were
significantly associated with opioid prescription only for females. Our findings suggest that pain
intensity and catastrophizing contribute to different patterns of opioid prescription for male and
female patients, highlighting a potential need for examination and intervention in future studies.
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1. Introduction

With up to 40% of the global population experiencing ongoing pain,-2 there is a need to
better understand the experience of pain and associated treatment patterns. Pain
catastrophizing®# -- a cascade of negative thoughts and emotions in response to actual or
anticipated pain — is a key factor in pain-related outcomes. In experimental and clinical
settings, pain catastrophizing is associated with amplified pain processing,>8 greater pain
intensity’ and greater disability.”:8 Pain catastrophizing may explain up to twenty percent of
the variance in chronic pain intensity, and thus may influence other pain treatments,
including opioid medications.

Pain catastrophizing has been identified as a risk factor for prescription opioid misuse in
patients with chronic pain generallyl® and among those with a history of substance use
disorder.1! Post-surgically, opioid use is commonly quantified either by dose or by time to
opioid cessation.12:13 Perioperative studies have yielded mixed findings for pain
catastrophizing, with some reporting a direct relationship with morphine dose delivered
either by patient controlled analgesia devices!# or by hospital staff, 15 while other studies
reported no association8 or an inverse association.1” Findings from a recent longitudinal
study of 145 musculoskeletal trauma surgery patients suggested that pain catastrophizing
predicted delayed opioid cessation after surgery.18 Using multivariate analyses, the authors
found that pain catastrophizing was the strongest predictor of post-surgical opioid use 1-2
months after surgery. After controlling for anxiety, depression, posttraumatic stress disorder
symptoms, and disability, pain catastrophizing accounted for 23% of the unique variance in
persistent post-surgical opioid use.

In the outpatient setting, catastrophizing has been associated with opioid craving?, long-
term opioid use in veterans,2 and opioid misuse.?! Given the positive associations found
between catastrophizing and the aforementioned opioid responses and behaviors, it would
follow that a similar association might exist for catastrophizing and receipt of opioid
prescription in a larger civilian chronic pain population. However, to our knowledge, this
latter relationship is unexplored. Characterization of the relationship between
catastrophizing and opioid prescription in a larger chronic pain sample could enhance
understanding and potentially reveal a therapeutic target for reducing need and use of
opioids in chronic pain outpatients.

Accordingly, the purpose of this study was to characterize the relationship between existing
opioid prescription and pain catastrophizing in a large sample of patients presenting for new
evaluation at a chronic pain clinic. It has been found that in individuals with chronic non-
cancer pain, the presence of co-morbid mental health diagnoses, particularly mood
disorders, predicts the likelihood of opioid prescription,2! the degree of opioid use,!! and the
likelihood of aberrant opioid use (e.g., opioid abuse or dependence).22 Consequently, we
sought to characterize the relationship between pain catastrophizing and opioid prescription
independent of the influences of these and other factors, including age,!! sex,23 and pain
intensity, 1624 known to be relevant to opioid use and pain catastrophizing, such as
symptoms of anxiety and depression.22 We aimed solely to identify any relationships
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between our variables of interest, in turn, allowing for future investigations to further explore
any clinically significant findings.

2. Materials and Methods

2.1. Design and setting

The current study utilized a retrospective, observational method to examine a large sample
of adult patients with chronic pain. Patients were seeking treatment at a large, urban, tertiary
academic pain treatment center located in the San Francisco Bay Area in the United States.
Data were extracted for patients with initial pain clinic visits between January 2014 and
April 2015. Study procedures, which involved exclusively retrospective review of clinical
data and therefore did not require informed consent from patients, were approved by the
Institutional Review Board (IRB) at Stanford University in Stanford, CA, USA.

2.2. Participants

All new patients who sought treatment at a tertiary academic outpatient pain management
center in the San Francisco Bay Area between the aforementioned dates were eligible to be
in the study. However, only those who had completed Pain-CHOIR in its entirety, 1794
patients, were included in the study.

2.3. Data collection

Data were collected using the Pain Collaborative Health Outcomes Information Registry
(Pain-CHOIR)?%:26 (http://snapl.stanford.edu/choir). Pain-CHOIR is a learning health
system that allows for deep phenotyping of patients while also identifying their treatment
needs and facilitating rapid delivery of specialized pain services. The patient reported
outcomes component of Pain-CHOIR is an electronic patient survey. For simplicity, the
survey alone will be referred to as Pain-CHOIR. Pain-CHOIR, administered to all patients in
the Stanford Pain Management Center, serves as a key component of the new patient
evaluation procedure. Five days prior to their scheduled new patient medical evaluation, all
patients receive an email with instructions to follow a link to register with the Pain-CHOIR
system and complete their new patient survey. Patients who do not complete their Pain-
CHOIR survey prior to their visit or lack the technologies (computer/smartphone, internet,
email address) needed to access the survey are asked to complete the surveys at clinic check-
in using a tablet computer provided by the clinic.

Data for the following measures were extracted from the initial Pain-CHOIR survey:
demographic variables (education, marital status, and race), the Pain Catastrophizing
Scale,2” average pain intensity, and the depression and anxiety item banks of the National
Institutes of Health Patient Reported Outcomes Measurement Information System.28 Other
demographic variables, such as date of birth (used to calculate age) and sex, were extracted
from Stanford Hospitals and Clinics electronic medical record system. Additionally, all
patients had accessible electronic medical records with physician notes that allowed for
manual retrospective chart review. Finally, all pain diagnostic information was attained by
collecting the International Classification of Diseases, Ninth Revision (ICD-9) billing codes
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assigned to each patient at initial clinic visit. The codes were reviewed and categorized
according to diagnoses relevant to the field.

2.3.1. Opioid Prescription—~Patients self-reported all current opioid prescription data,
either electronically via Pain-CHOIR or verbally to clinic staff during their medical visit.
For patients who verbally provided opioid medication information (n=711, 40%), opioid
data were extracted via retrospective chart review in a step-wise manner. Step 1 involved
recording current opioid medications for the initial clinic visit from physician documentation
(the clinical note) in the electronic medical record. If data were absent in step 1, step 2 was
employed, in which opioid data were extracted from the electronic medical record
medication list. Step 2 was employed for less than 10% of the manually extracted opioid
prescription data. Data collection screened for codeine, duragesic, hydrocodone,
hydromorphone, levorphanol, meperidine, methadone, morphine, oxycodone, oxymorphone,
tramadol, and suboxone. Active opioid prescription was recorded as a binary variable with 0
= no opioid prescriptions and 1 = any opioid prescription.

Midway through the study period, an opioid survey was included into Pain-CHOIR
containing the following item: “Are you currently taking any opioid medications (such as
Vicodin, Oxycontin, Oxycodone, Morphine, MS-Contin, Codeine, Actig, Duragesic,
Dilaudid, Demoral, Methadone, Percocet, Opana, Nucynta, Stadol, Ultram)?” The addition
of the opioid question rapidly identified patients with current opioid prescriptions, thereby
greatly facilitating data catchment. Thus, for 1083 patients, opioid prescription data were
electronically extracted directly from Pain-CHOIR.

2.3.2. Patient Reported Outcome Measures

PCS: Pain catastrophizing was measured with the Pain Catastrophizing Scale (PCS).2” The
PCS asks respondents to rate how frequently they respond to pain in a manner consistent
with each of the 13 statements presented (e.g., “It’s awful and | feel that it overwhelms
me.”). Each item is rated on a 5-point scale ranging from 0 (“not at all”’) to 4 (“always”). A
total PCS score is computed by summing the 13 items (range = 0 to 52) with higher scores
reflecting higher levels of catastrophizing. The PCS contains 3 subscales: rumination,
magnification, and feelings of helplessness. The PCS has been shown to have good internal
and cross-population psychometric consistency.2”-29-31 The coefficient alpha for the total
PCS is 0.87.27

Patient Reported Outcomes M easurement I nformation System (PROMIS) Depression
and Anxiety: Within Pain-CHOIR, PROMIS is delivered as a computer-based survey that
uses a computerized adaptive testing approach based on item response theory to allow for
item-level responses, greater precision achieved through lowered standard error and a
smaller set of questions3? that gauge a psychometric domain on a continuum?32 with reduced
sensitivity to population variability.34 The PROMIS Depression and Anxiety item banks
have demonstrated validity and consistency.3> PROMIS instruments quantify level of
symptoms, are normed on the US population, and are reported using t-scores with a mean of
50 and a standard deviation of 10.28
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Aver age pain intensity: Average pain intensity was measured using the numeric rating scale
which operates on a 0 to 10 scale with “0” being no pain and “10” being the worst pain
imaginable.36 Respondents were asked to consider the previous 7 days for rating their
average pain intensity. The numeric rating scale has been validated for specificity and use in
chronic pain research.

2.4, Statistical Analysis

In the statistical analysis of clinical trials and observational studies, valid characterizations
of effects are contingent on the accurate selection of the statistical model. In the field of pain
research, linear models are predominantly used. Linear models, including linear regression,
logistic regression, and semi-parametric methods such as Cox proportional hazard modeling,
assume that the effects of the covariates on the outcome variable are linear and equal across
the entire range of observed values. In situations where the phenomenon under question is in
fact non-linear, model mis-specification can lead to inaccurate estimates that can result in
erroneous statistical inferences via outliers or dilution of true effects. Consequently,
individual investigators may be misled into costly pursuits of inaccurate conclusions.
Scientifically, neglecting non-linearity may lead to inconsistent statistical estimates and
paradoxical bodies of literature. In some cases, non-linearity may be apparent visually
during data analysis and accounted for by the incorporation of polynomial covariate terms.
However, this is not always true, suggesting that this approach may not be sufficient for
detecting and addressing potentially non-linear relationships. Models involving binary
outcome variables may present particular difficulties in this regard.

To bypass normal distribution assumptions and account for non-linear relationships, we
employed both generalized linear model and generalized additive model. General linear
modeling is a flexible, linear statistical model that allows for the analysis of variables with
non-normal distributions using a link function. General linear model building was performed
using a logit link function for the binary outcome of “any opioids prescribed” with
covariates (x) of pain intensity, anxiety, depression, pain catastrophizing, pain intensity*pain
catastrophizing (interaction), age, and sex.

logit] P(Opioid)]|=Bo+01(x1)+P2(x2)+83(xs)

General additive modeling, a flexible non-linear model, was used to identify and
characterize the effect of potential, nonlinear prognostic factors on the binary outcome of
opioid prescription with smoothing spline curves to fully estimate nonlinear effects. Opioid
prescription was analyzed as a possible prognostic factor in the association between pain
intensity and pain catastrophizing, separately characterized by sex. Interaction terms (such
as pain intensity*pain catastrophizing) were used in moderation analyses, intended to
determine whether the prognostic value of predictors such as pain intensity and pain
catastrophizing in predicting opioid prescription were mutually dependent. In simpler terms,
this interaction term was intended to reflect whether the independent prognostic value of
pain intensity for opioid prescription was dependent on co-occurring pain catastrophizing
scores, and vice-versa.
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We also employed mediation analyses, an analytic approach designed to estimate the extent
to which a third variable (the “mediator”) explains or accounts for the relationship between
an independent and dependent variable. Given the known positive relationships between pain
intensity and pain catastrophizing and the inconsistent relationship between pain
catastrophizing and opioid use, one natural question that arose was whether the relationship
between pain intensity and opioid use was mediated by pain catastrophizing. To test this, we
used the causal mediation analysis framework from Imai et al for the whole sample and
separately for males and females.3” Analogous to mediation analysis using structural
equation modeling, this framework also relies on a series of regression models. It is able to
estimate the average causal mediated effect and average direct effect non-parametrically.

All statistical analyses were completed in SPSS© (SPSS 22) and R© (R-3.1.0) for Windows.
General additive models were estimated using the R package .mgcv. Significance was set at
p < 0.05 unless otherwise noted.

3.1. Sample demographic and diagnostic characteristics

Demographic characteristics for the 1794 patients included in this study are described in
Table 1. The study sample was predominantly white (n=1144, 67%), married (n=794; 54%),
female (n=1129, 63%) with at least some college education (n=1199; 83%). Mean age of the
sample was about 50 years (Table 2) with an age ranged of 18 to 94 (Table 1). In the current
study, pain diagnoses were separated into a series of categories, representing the broad
location and presumed etiology of pain complaints. Given that complete diagnostic
information was not available for the sample used in this study, pain diagnosis information
for all pain clinic patients presenting for an initial visit between January 2014 and May 2016
were analyzed to characterize the clinic overall. While 10,707 (28%) of the total number of
diagnoses were not pain related or listed, the most common diagnoses included headache
(9.2%), thoracolumbar pain (8.7%), musculoskeletal pain (7.6%), cardiac pain (5.3%), and
nerve pain (5.0%) (See Supplemental Digital Content 1, which lists the distribution of pain
diagnoses for the clinic). The total number of diagnoses exceeded the number of patients
visiting the clinic due to multiple diagnoses per patient per visit. Most patients had one
major pain diagnosis (46%) while close to 20% had two or more diagnoses.

3.2. Clinical measures by sex

Clinical measures are reported by sex in Table 2. Unpaired t-test results revealed a slight age
difference between males and females, with males having greater average age. As expected,
females had higher average pain intensity than males (p = 0.02). Despite higher pain
intensity in females, we found no difference in PCS scores by sex (p= 0.12). Although there
were no significant differences in depression between males and females, there was a
difference in anxiety between the sexes, with females reporting greater anxiety.

3.3. Clinical measures by opioid status

Means for age and psychometric variables are reported in Table 3. In the full sample, 57% (n
= 1,020) had one or more opioid prescriptions. Age was unrelated to opioid prescription. A
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similar proportion of males (58%, n = 387) and females (56%, n = 633) had opioid
prescription (p = 0.38). Overall, opioid prescription was associated with higher average pain
intensity (p < 0.001), PCS scores (p < 0.001), and depression (p = 0.04).

3.4. Opioid prescription as a function of pain intensity and pain catastrophizing

Given the significant differences in pain intensity and pain catastrophizing observed between
opioid prescription groups, we sought to attain a preliminary understanding of any
underlying relationships through a visual display — a density plot of patients by opioid
prescription status. Figure 1 displays a heat map of the density of patients according to
opioid status as a function of pain intensity and pain catastrophizing, with red representing
the greatest patient density. As seen by the concentration of yellow at the bottom left-hand
corner of the left graph, the density of patients with low levels of pain and catastrophizing in
those without opioid prescription is much higher than that of those with opioid prescription.
Those with opioid prescription have a more horizontal distribution of patients with a wider
range of pain catastrophizing. Also, there are a greater number of high patient-density
patches spread over a larger range of catastrophizing. The data display in Figure 1 allowed
us to visually detect emerging relationships between pain intensity and pain catastrophizing
in those without opioid prescription. However, the difference between the heat maps of the
two groups called for the further modeling of these variables.

3.5. Generalized linear modeling of the association between opioid prescription, average
pain intensity, and additional variables

We further investigated the differences in pain intensity and pain catastrophizing seen
between opioid users and non-users with a more sophisticated analysis, generalized linear
modeling. Table 4 shows the result of using generalized linear modeling, a more flexible
linear model, to show the association between opioid prescription, average pain intensity,
and additional study variables. As a base model, pain intensity showed a significant positive
association with opioid prescription. For every increase of one standard deviation away from
average pain intensity, the odds of having prescription opioids increased by 41%. Using pain
intensity with other variables showed no significant effects on opioid prescription. However,
upon modeling opioid prescription with pain intensity, pain catastrophizing, and their
interaction term, significant associations were found. Pain intensity and pain catastrophizing
independently yielded high odds ratios (1.66 and 1.56 respectively), but their interaction
term, which introduced a greater degree of symmetric flexibility to the model, yielded odds
ratios of about one (0.91 for PCS term, 0.98 for pain intensity term). Although the odds
ratios were close to one, the p-value of the interaction term was low (p = 0.005), indicating
the presence of some significant variable overlap that merited more nuanced analysis.

Although we had found no sex differences in catastrophizing or opioid prescription status in
our initial stages of analysis, differences in pain intensity between sexes prompted further
analyses. The generalized linear models revealed pain intensity to be the best predictor for
opioid prescription in both males and females. While the overall model showed sex
differences in the effect of pain catastrophizing on the prediction of opioid prescription, it
also revealed the interaction between pain catastrophizing and pain intensity to have
significant predictive effects in both sexes (p=0.039 in males, p=0.032 in females). Given
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that these relationships existed when analyzing the entire sample as well as when analyzing
the sample by sex, we next aimed to characterize the potential mediators underlying these
interactions.

3.6. Test of the moderating effect of opioid prescription on the relationship between pain
intensity and pain catastrophizing

Given the existence of a relationship between opioid prescription, pain intensity, and pain
catastrophizing, we examined potential mediators of these linear associations. As seen in
Table 5, the direct effect of pain intensity on opioid prescription was greater than the
mediated effect of PCS on the relationship between pain intensity and opioid prescription in
both sexes. The non-significant p-values indicated that PCS did not mediate, or explain, the
relationship between opioid prescription and pain intensity evidenced in the linear modeling
analysis. This lack of mediation suggested that pain catastrophizing had a moderating effect
on the relationship between pain intensity and opioid prescription. In other words, pain
catastrophizing strengthened, rather than explained, their linear relationship. Furthermore,
mediation analysis also revealed that sex serves as a moderating variable.

To further elucidate potential moderators of the relationship between sex, opioid
prescription, pain intensity, and pain catastrophizing, we employed general additive
modeling to visualize any complex non-linear relationships. Additive modeling p-values
revealed significant effects of opioid prescription on the relationship between pain intensity
and catastrophizing in the entire sample (p<0.001). However, a non-linear model as provided
by general additive modeling did not fit the interactions between pain intensity, pain
catastrophizing, and opioid prescription in females (p=0.005) as well as it did in men
(p<0.001). This reveals that the relationship between these variables may be different for
male and female patients, leading to the conclusion that sex moderates the relationship
between pain intensity, catastrophizing, and opioid prescription.

Figure 2 (green represents lower density of patients with opioid prescription, and red
represents high density of patients with opioid prescription) shows that, as expected, in both
males and females, low pain intensity and pain catastrophizing were associated with patients
without opioid prescription. However, moving past the lower left-hand corner of both graphs
in Figure 2, the graphs shows that in males, the greatest density of patients with opioid
prescription is found in those with high pain intensity and low pain catastrophizing.
Paradoxically, males with high pain intensities and high catastrophizing scores did 7ot seem
to have higher frequencies of opioid prescription. However, for females, opioid prescription
was associated with both high pain intensity as well as high pain catastrophizing. Overall,
there was a strong non-linear relationship between pain intensity, pain catastrophizing, and
opioid prescription in males, as seen by the horizontal gradations of increasing opioid
prescription upon increases in pain intensity. Given the increased density of females with
opioid prescription who have high pain intensities and high levels of catastrophizing, there
seems to be a more nuanced relationship between pain, pain catastrophizing, and opioid
prescription in this group. Figures 3 and 4 represent these sex-dependent relationships.
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Figure 3 reveals that males have a relatively flat association between opioid prescription and
pain intensity, the female data suggests an inflection point on the numeric rating scale that
emerges above pain intensity of 4 and persists until roughly pain intensity ratings of 7.

Figure 4 reveals that opioid prescription by sex diverges above scores of 10 on the Pain
Catastrophizing Scale and similarly persists until the severe range of catastrophizing is
reached, at which point the associations align for both sexes. Combined, Figures 3 and 4
suggest that sensory and psychological experience appear to associate more strongly with
opioid prescription at lower levels (intensities) for females than for males.

Finally, to address concerns about model flexibility and cross-validation of our findings, we
performed a bootstrapping on the general additive model fitting and the statistical inference
using 500 replicates. All of the smoothed term p-values in the bootstrap replicates were <
0.05. In fact, the largest (least significant) p-value was 0.0001. This suggests that the non-
linearity effect we described is highly robust.

4. Discussion

In this study, we characterized the relationship between opioid prescription, pain intensity,
and pain catastrophizing in 1794 patients with chronic pain seeking initial medical
evaluation at a multidisciplinary pain treatment center. Univariate analysis revealed that
active opioid prescription was significantly associated with greater pain catastrophizing and
higher pain intensity. Linear modeling revealed that: 1) pain intensity was directly and
significantly related to opioid prescription; 2) a significant interaction effect was found for
pain catastrophizing and pain intensity on opioid prescription; and 3) this interaction effect
remained significant yet differed by sex. Mediation analysis showed no mediating effects of
pain catastrophizing or sex. In turn, catastrophizing and sex demonstrated moderating roles
in the relationship between pain intensity and opioid prescription. Furthermore, additive
modeling showed nuanced non-linear relationships between the aforementioned variables in
both males and females. Pain catastrophizing had greater association with opioid
prescription in females. While we could not make causal inferences due to the cross-
sectional study design and opioid prescription being an outcome of previous clinic visit, nor
would we be able to make these inferences had we identified any significant mediated
effects in our analyses, our data reveal sex-based differences in the relationship between pain
intensity, pain catastrophizing, and opioid prescription, highlighting the impact that
catastrophizing may have in females with chronic pain.

Pain catastrophizing relates directly to pain intensity and serves to undermine pain treatment
efficacy.38 Similarly, pain intensity directly relates to opioid use.3%41 Here we show that
opioid prescription is associated with greater pain catastrophizing. Notably, our univariate
analysis of this large sample showed no significant sex differences in pain catastrophizing or
opioid prescription. Prior studies have shown inconsistent relationships between sex and
pain catastrophizing,*2-44 making it unclear whether or not these discrepancies are a result
of smaller sample sizes.39 Consistent with prior work, we found greater average pain
intensity for females.*®
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The sex- and opioid status-based differences in pain and catastrophizing called for linear
modeling to elucidate any underlying relationships between these variables. Our results
showed that pain intensity was highly associated with the likelihood of having prescription
opioids. However, adding pain catastrophizing and an interaction between catastrophizing
and pain intensity demonstrated the strongest linear association with opioid prescription.
Mediation analysis suggested that pain catastrophizing and sex served as moderating
variables, strengthening the existing relationship between pain intensity and opioid
prescription.

In addition to showing the moderating characteristics of pain catastrophizing and sex, we
used additive modeling to show the impact of pain catastrophizing on opioid prescription by
sex. For men, the greatest density of individuals with opioid prescription was co-located
with lower pain catastrophizing and higher pain intensity. In females, however, the greatest
density of those with opioid prescription was co-located with moderate to high pain
intensities and pain catastrophizing levels, suggesting that pain catastrophizing has a
stronger association with opioid prescription status. Given that opioids were prescribed prior
to the study, causal inferences are impossible, but future studies may employ prospective
designs to confirm that these associations hold at the point of opioid prescription.

Our findings suggest that even relatively low levels of negative cognitive and emotional
responses to pain may have a greater impact on opioid prescribing in females. Females may
be more likely to influence provider prescribing patterns through behavioral cues during the
medical visit; prior research has suggested females may engage in pain behavior for
extended periods of time*® and may appraise their pain as more threatening than males.*’
While treatment for catastrophizing is important for both sexes, the higher additive modeling
p-values found for females suggests that risks are occurring at lower levels of
catastrophizing for females than for males.

Additional studies are needed to replicate the associations we discovered. However, if
confirmed, these findings would hold specific clinical relevance. Often, a pain
catastrophizing scale score is considered clinically meaningful if it is near or over 30.2
However, given the moderating effect of pain catastrophizing and its possible predictive
value for opioid prescription, treatments for pain catastrophizing may hold specific
therapeutic value for females at levels considered clinically subthreshold for outpatients with
chronic pain (e.g., PCS <20). Others have recently demonstrated catastrophizing risk
inflection points occurring at similarly low levels of catastrophizing for outpatient pain
rehabilitation outcomes (PCS >14)*8 and postsurgical pain (PCS > 13)16, thereby suggesting
the need for continued examination of how the field defines threshold for risk and treatment
needs. We found no other studies to specifically report subthreshold associations with opioid
prescription and sex differences therein.

Strengths & Limitations

Our study design involved single time-point data collection, which allowed for descriptive
associations only, with no possibility for causal interpretations. Many of our variables,

including about 40% of our opioid use data, were collected directly from medical records.
For the 700 patients whose opioid use was collected manually from the electronic medical
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record, opioid dose was collected. After meticulous data cleaning and the calculation of
opioid dose in morphine equivalents, opioid dosing information from the electronic medical
records proved to be unreliable. Given that chart review was completed only for initial pain
clinic visits, and given that not all physicians asked for non-pain-related medications, the
accuracy of prescription and dosing of other medications, such as benzodiazepines, was also
unreliable. We therefore structured our study to describe associations with opioid
prescription and did not characterize relationships based on opioid dose or other
medications.

Due to the de-identified nature of the data extracted from Pain-CHOIR, we were unable to
attain the medical record numbers of all patients included in this study. For a third of the
sample, we were able to locate medical record numbers by identifying exact data matches
between our data set and that of Pain-CHOIR. Despite having only a small proportion of this
sample’s diagnostic codes, we believe that a comparison of these patients with the
distribution of the entire pain clinic population is sufficient in characterizing the population,
especially given that we did not use the diagnostic information for any significant analyses.

Despite the use of single time-point data, the electronic and easily-accessible nature of the
data allowed for the application of novel analytics on a large database, yielding more
nuanced characterizations of the population. In addition to mediation analysis, we employed
highly flexible, linear and non-linear models, which together, presented a novel battery of
rigorous statistical tests that allowed for optimal characterization of the data.

Future Directions

Although our results are informative, the nature of some variables merit closer investigation.
Given the limitation of using opioid prescription as a binary variable for measuring opioid
use, future investigations should include opioid dose and possibly more reliable methods of
opioid consumption quantification, such as a urine screen. Further investigation by pain
condition or of other drugs that have shown relevance to opioid use, such as
benzodiazepines, is also warranted.

Prospective, longitudinal studies are also needed to characterize patients at the point of
opioid prescription. Moreover, despite our use of several important covariates, our analysis
was not exhaustive. Consequently, there may be other variables (e.g., pain sensitivity, pain-
related disability, and pain interference) that are relevant to pain intensity, pain
catastrophizing, and opioid use.

As a learning health care system,2526 Pain-CHOIR allowed for an inclusive range of
pathology and patient characteristics that are not typical of most research studies or even
registries that tend to be disease-specific. As such, it necessarily included wide ranges of
patient characteristics and, more importantly, complex co-relative relationships across the
entire spectra of pathology. While traditional linear model based methods are valid and
appropriate in studies with traditional data ascertainment, in all-comer learning health
systems such as CHOIR, models with reduced restrictions about inter-variable relationships
should be more methodologically appropriate. In this work, we demonstrated that flexible
models, such as additive models, can elucidate non-linear relationships between several
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variables that are core to our field. In fact, these models suggest additional behavior-
changing threshold effects that would be obscured in traditional methods. While these
methods are technically not new and have been in use in other fields of science, they have
not seen wide utilization in the field of pain. Again, it is the all-encompassing nature of
CHOIR that enables methods like this. Reciprocally, CHOIR and its clinical and research
values are enabled by such methods.

Conclusions

This study utilized a large dataset of patients visiting a tertiary outpatient pain clinic. We
elucidated relationships between sex, pain catastrophizing, pain intensity, and opioid
prescription. Using an advanced analytic approach, we found a significant relationship
between pain intensity and opioid prescription and found that this relationship was
significantly stronger in females, especially those with high levels of pain catastrophizing.
Despite similar levels of catastrophizing and opioid prescription among males and females,
pain catastrophizing appears to have a stronger relationship with opioid status for females,
calling for future studies to investigate lower pain catastrophizing thresholds for females and
the potential impacts for reducing opioid prescription. These results emphasize the
importance of considering both obvious medical factors such as pain intensity and
psychological and demographic differences that may be salient predictors of the use of
prescription opioids.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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In a sample of tertiary care patients with chronic pain, the relationships between pain
intensity, pain catastrophizing, and opioid prescription vary significantly between males

and females.

Summary Statement
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Figure 1.
Heat map of distribution of patients in terms of pain catastrophizing and pain intensity, by

opioid prescription status. The color red represents the greatest patient density.
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Figure 2.
Non-linear relationship between pain intensity and pain catastrophizing, by sex.

Note: Points represent individual patients.
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8-10

Relationship between opioid prescription (Y axis; % sample prescribed any opioids) and

pain intensity quartile (X axis; 0-10 pain intensity ratings) by sex.
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Relationship between opioid prescription (Y axis; % of sample prescribed any opioids) and
quartiles of pain catastrophizing scores (X axis) by sex.
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Table 1

Sample demographic characteristics

Separated/divorced
Cohabitating
Widowed

Married

Never married

Variable n (%)
Sex
Female 1129 (63)
Male 665 (37)
Age
18-30 216 (12)
31-40 301 (17)
41-50 373 (21)
51-60 475 (26)
61-70 256 (14)
71-80+ 173 (10)

Marital Status *(19% of patients not included)

Education *(19% of patients not included)

No high school diploma 111 (8)
High school diploma or GED 143 (10)
Some university/Associate’s degree 534 (37)
Bachelor’s degree 343 (24)
Graduate degree 322 (22)
Unknown 4 (K1)

Race™$ (5% of patients not included)

American Indian or Alaska Native 7 (K1)

Asian 117 (7)
Black or African American 51 (3)
Native Hawaiian/Pacific Islander 16 (1)
White 1144 (67)
Other 311 (18)
Patient declined to answer 34(2)
Unknown 31(2)

225 (16)
104 (7)
49 (3)
794 (54)
288 (20)

*
Not all patients included due to incomplete surveys.

Page 21

§Due to limitations of the electronic medical records used, ethnicity data were unreliable and not reported. Hispanic is subsumed either in “White”

or “Other”.
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Clinical measures by sex

Male
Age 51 (15)
Average Pain Intensity (NRS) 6 (2)
PCS 21 (13)
Depression 57 (10)
Anxiety 58 (10)

Female

49 (15)
62"
20 (13)
58 (9)
59 (9)©

Scores are presented as mean (standard deviation).

Note: Stars denote significant sex differences on a variable:

*
p<0.05
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Table 3
Clinical measures by opioid status

Full Sample No Opioids Opioids
Age 50 (15) 49 (16) 50 (15)
Average Pain Intensity 6 (2) 5(2) 6(2) el
PCS 20 (13) 19 (13) 21.(13)™*
Depression 58 (9) 57 (9) 58 (10)
Anxiety 58 (10) 58 (10) 59 (9)

Scores are presented as mean (standard deviation).

Note: Stars denote significant differences between opioid and non-opioid groups:

*
p<0.05

Aok
p<0.001
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