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ABSTRACT

MEGHAN KUSPER WALLY. Factors Influencing Clinician Decision Making Regarding
Opioid Prescribing and Pain Management.
(Under the direction of DR. MICHAEL E. THOMPSON)

Opioid overdose deaths have increased substantially over the past fifteen years. However,
the position and beliefs of the medical community regarding opioids over time has not been
described. Despite the proliferation of guidelines, interventions, and policies aimed at the
medical community, the extent to which these actions have impacted clinical decision making
and prescribing behavior has not been rigorously studied, accounting for simultaneous
interventions and the nested structure of healthcare delivery systems. To address this gap, |
characterized the experience of the medical community and measured the multi-level factors
influencing opioid prescribing within the context of legislation and clinical decision support
interventions. A content analysis of letters to the editor in the Journal of the American Medical
Association between 2008 and 2018 demonstrated physicians overall valued balance between
pain management and adverse effects of opioid prescribing. Physicians took ownership of their
role in the epidemic, but called upon the government and community to help take action to
address the issue. | found environmental context and resources to be a relevant theme. These
findings framed and grounded my subsequent quantitative analyses. Among patients with an
acute musculoskeletal injury in a large healthcare system (n=12,918), | found there was a 17.7%
increase in prescriptions written for 7 days or less after the STOP Act was implemented
(p<0.001), even after adjusting for the existing trend with an interrupted time series design. After
implementation of the STOP Act, opioids were prescribed for less than 7 days in 77.1% of

encounters, with 30% of variation accounted for by physician and another 9% by facility. I also



assessed the impact of a clinical decision support on safe opioid prescribing, operationalized as a
composite score of several behaviors in response to the intervention (e.g., prescribing naloxone,
initiating a pain agreement). This intervention had a statistically significant but small impact on
the percent of patients with chronic musculoskeletal conditions (n=1,290,746) receiving an
opioid, with the percent being 1.6% lower than before the intervention. There was not a change
in the average dose of opioid prescriptions associated with the intervention. Overall, the median
safe opioid prescribing score in the post-intervention period was 77.1%, with 24% of the
variation accounted for by practice site. Collectively, this research and resulting manuscripts
present a sophisticated and nuanced understanding of the multi-level factors which influence
guideline-concordant opioid prescribing. These data can be used to design and tailor additional
interventions for populations where adherence to guidelines is low. The findings also
demonstrate the necessity for more advanced modeling to account for the nested organization of
healthcare delivery and team-based nature of clinical care, as well as rigorous research to explore
the effect of interventions across sectors happening simultaneously to efficiently guide decision

making and policy.
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CHAPTER 1: INTRODUCTION

Opioid Prescribing

Mortality from drug overdoses in the United States has tripled in the past fifteen years,
with over 180,000 people dying from prescription drug overdoses each year.1? This epidemic has
had a tremendous impact on the country, with opioid-related deaths contributing to a dramatic
decline of 0.21 years in average life expectancy among Americans from 2014 to 2015.2 Opioid
overdose deaths and opioid prescribing rates are correlated. As the medical community
prioritized and focused on treating patient pain, opioid prescriptions increased considerably from
2006 until 2012,* while reported pain did not decrease.®

Clinical Decision Making and Clinical Practice Guidelines

Clinical decision-making is a complex process which involves synthesizing biomedical
knowledge, weighing probabilities, balancing risk and benefit, and drawing upon intuition and
personal experience.® To guide clinical decision-making, the federal government has invested
significantly in comparative effectiveness research.” Clinical practice guidelines (CPGs) are
recommendations intended to guide clinicians and patient decisions in specific clinical
circumstances, based upon a systematic review of scientific evidence.”® CPGs often rely on
comparative effectiveness research and other scientific evidence, and therefore, should lead to
change in clinical practice to favor the more efficacious, beneficial, or cost-effective treatment.
While the recommendations included in CPGs should ease the clinical decision-making process,
the literature supports the concept of a “research-practice gap”, indicating that clinicians do not
consistently make treatment decisions based upon current evidence or CPGs.® In fact, U.S. adults
receive less than 55% of recommended care.*° Individual clinician decision-making is proposed

as a reason for the lack of uptake of CPGs;!! therefore, the overwhelming majority of



interventions thus far to increase adherence to CPGs has focused on changing individual
clinician behavior.? These interventions include clinical decision support, continuing education,
and audits or dashboards. Some clinical decision support interventions have demonstrated
efficacy,>2° while others have null mixed results.?*"? Continuing education has a strong
evidence base in general,?® and the existing literature does demonstrate an impact on opioid
prescribing outcomes, especially when combined with decision support or legislation.?”? Audit
and feedback techniques as well as dashboards have also been successful at influencing opioid
prescribing outcomes through peer comparison,*3:18:19:29:30

The Centers for Disease Control and Prevention (CDC) released a CPG in 2016 for
opioid prescribing for chronic pain.3! The guideline provides information regarding:
“determining when to initiate or continue opioids for chronic pain; opioid selection, dosage,
duration, follow-up, and discontinuation; and assessing risk and addressing harms of opioid
use”.3! One study did find a significant decrease in high dosage prescriptions, overlapping opioid
and benzodiazepine prescriptions, and overall opioid prescribing rate upon release of the
guideline across the United States.®? Guideline concordant opioid prescribing also improved in
the emergency department setting of an academic medical center following the release of the
guideline.® Still, less than 70% of physicians at an academic medical center were aware of these
guidelines in 2018.%*

In addition to CPGs, federal and state governments have used policy to address the
crisis.® Federal agencies who have enacted policies to regulate opioids include the Food and
Drug Administration (FDA), the Drug Enforcement Agency (DEA), and the Department of
Justice. These agencies have made progress to address pill mills and implement prescription drug

monitoring programs (PDMPs). The FDA has added warnings on drug labels and played a role in



approving new medications. At the local level, states have required physician education,
mandated review of PDMPs, and created standing orders for naloxone to allow access without a
prescription. Currently, states are in the process of litigation against pharmaceutical companies
for their role in the epidemic.

Theoretical Framework

While clinical information contributes to clinical decision-making, numerous nonclinical
factors also influence decision-making. In general, nonclinical factors may include patient
characteristics, clinician characteristics, and systematic factors.®3¢-38 Hajjaj et al. described
patient characteristics, such as demographics and socioeconomic status, current quality of life,
and expectations and preferences, as influencing clinical decisions.® Physician characteristics,
including interaction with the professional community, personality type, demographics, and
relationships with consulting physicians, also influence decisions.®*’

Literature assessing physician knowledge of appropriate opioid prescribing, opioid
clinical practice guidelines, and/or opioid regulations is sparse. Less than half of orthopaedic
residency programs require education on opioids and up to 90% of residents do not receive
formal training;3%4° however, simple educational programs have been found effective at
improving opioid prescribing practices.3>4%42 Qualitative research has also highlighted the lack
of formal education and lack of awareness of the long-term consequences of opioids among
orthopaedic surgeons.*

In comparison to individual clinician knowledge, environmental context and resources
highlights external factors which can influence physician behavior. Some factors include the type
of practice, physician organization, geographical location, resources of the practice or

community, management policies, treatment cost, reimbursement, interactions with



pharmaceutical companies, the market environment, and public policy.®*’ Reschovsky et al.
described the potential tension between acting in the patient’s best interest and the conscious or
unconscious influence of organizational structure and policies on their treatment decisions.®” For
example, high patient volume and short visits may force the clinician to rely on oversimplified
heuristics.3” Market forces have the potential to alter decision-making if physicians are pressured
to make decisions which retain patients and maintain high patient satisfaction.®” Current
knowledge of nonclinical influences on pain management or opioid prescribing is limited and
almost entirely focused on patient characteristics and behaviors, clinician characteristics, or
patient-provider communication.**’ However, a qualitative study of emergency physicians
found that practice environment was one of the top three factors influencing their opioid
prescribing decisions.*®

Because clinical decision-making is a complex process influenced by a myriad of factors,
a conceptual or theoretical framework is useful when studying physician behavior in response to
clinical practice guidelines. However, of published studies describing CPG implementation or
evaluation, less than half are based on theory.*® The most commonly applied theories are the
Theory of Planned Behavior (38%) and the Theoretical Domains Framework (24%).4°

The Theoretical Domains Framework (TDF) was developed by Michie et al. to outline
important theoretical constructs for studying the implementation of CPGs and developing
effective implementation strategies for clinical practice change.>® Drawing from motivational,
action, and organizational theories, Michie et al. identified relevant theories and constructs and
simplified them into theoretical domains.° After rigorous content validation and revision, these
domains include: “1) knowledge; 2) skills; 3) social/professional role and identity; 4) beliefs

about capabilities; 5) optimism; 6) beliefs about consequences; 7) reinforcement; 8) intentions;



9) goals; 10) memory, attention and decision processes; 11) environmental context and
resources; 12) social influences; 13) emotion; and 14) behavioral regulation”.>! Each of these
domains has multiple component constructs which can influence clinical decision making. For
example, beliefs about capabilities includes constructs such as self-efficacy, self-esteem,
perceived competence, empowerment, and control. In the context of opioid prescribing, lack of
confidence in alternative pain management strategies is an example of a belief about capability.
The social influences domain includes constructs such as social support, group conformity, social
pressure, social comparison, and organizational commitment. A resident physician may feel
follow the same treatment plan as a trusted senior mentor, for example. The TDF was designed
to be very practical; therefore, it is most useful to apply the framework to a specific clinical
topic, such as the CDC CPG.
Significance

The culture of medicine has largely shifted from clinical intuition and experience toward
evidence-based medicine (EBM) and CPGs.® However, the uptake of EBM and CPGs is not
widespread.®® Without studying the factors influencing clinical decision making regarding
clinical practice guidelines, CPGs and comparative effectiveness research are limited in their
ability to effect change. Initiatives to change physician behavior are not typically theory-driven,
and there is a lack of a theoretical knowledge base for understanding physician behavior
altogether.5253

Clinical practice is a team-based effort which occurs within a larger organizational
setting. Advanced care practitioners and nurses support physicians in their practice and often
carry out the treatment recommended by the physician. In addition, many medical conditions

require multidisciplinary coordination between general practitioners and specialists. Finally,



most clinicians work within large, complex healthcare systems which have their own
organizational culture, policies, and procedures which can impact clinical decisions. Ignoring the
context in which physician clinical decision-making occurs limits the applicability of findings.

The pace of research has increased in the past few decades, making it very difficult for
clinicians to learn and apply new findings and evidence.>* Therefore, CPGs are critical tools for
clinicians to make sense of the abundance of literature and change their practice accordingly.
However, CPGs are often not implemented,®° despite the prevalence of interventions targeting
individual clinicians.

By understanding the factors influencing clinical decisions, it is more likely that we can
successfully improve adherence to and use of CPGs and bridge the gap between research and
practice. Without such scientific inquiry, CPGs and comparative effectiveness research are
limited in their ability to effect clinician behavior change and improve healthcare delivery. This
study is significant because it illuminates factors both within and beyond the individual clinician
that impact CPG adherence, informing modification of clinicians, teams, systems, and structures
to promote guideline-concordant care, ultimately improving patient outcomes.

In summary, the extent to which guidelines and policies have influenced clinical decision
making regarding opioid prescribing remains largely unknown. The impact of a clinical decision
support intervention to operationalize and implement these guidelines on an organizational scale
has not been described or evaluated. Within the context of clinical decision support and
legislation, thoroughly understanding the multi-level factors influencing prescribing decisions
rather than focusing solely on individual clinicians is necessary. Finally, thorough theoretical

knowledge for understanding physician behavior in this context is lacking.



Researcher Statement

| am a researcher trained in public health who studies healthcare delivery and patient
outcomes. My primary interest is in understanding the clinical decision-making process in the
context of the patient-provider relationship and the larger organizational structure and culture of
healthcare systems. A significant focus of my research so far has been clinical decision support
for clinicians and guideline implementation surrounding opioid prescribing. | have prior working
experience as a nurse assistant and am currently employed by a healthcare system in orthopaedic
surgery. Because | work in the healthcare setting, | have an emic perspective regarding the
research question.> Finally, | approach research with the goal to produce practical knowledge
which can be used to change and improve healthcare. Therefore, | aim to identify barriers and
facilitators of implementation of CPGs, which influenced my choice of theoretical framework
and methodology.

Dissertation Research

The proposed research addresses gaps in knowledge regarding the physician experience
of the opioid epidemic and associated legislation, regulations, and interventions. It also provides
a sophisticated understanding of the multi-level factors which influence opioid prescribing in
accordance with CPGs in the context of legislation and clinical decision support interventions.

| conducted a mixed-methods study to gain a rich understanding of factors influencing
clinical decision making regarding opioid prescribing. The first study, entitled “Physician
Experience of The Opioid Crisis: A Content Analysis of Letters to the Editor”, was a qualitative
content analysis of letters to the editor in academic medical journals on opioid prescribing. It
addressed the following research questions, 1) “Which positions regarding the opioid epidemic
are prevalent among the medical community”?; 2) “To what extent is there a professional

consensus on these positions?”; and 3) “How has professional discourse changed over time?” |



analyzed letters to the editor from a prominent academic medical journal over the past ten years
related to opioids. | used provisional codes based on the Theoretical Domains Framework as well
as themes which emerged during data analysis. | selected Social Science & Medicine as the target
journal for this manuscript. This journal aims to publish social science research that is relevant to
healthcare, clinical practice, and health policy. The journal also published a similar content
analysis of Letters to the Editor regarding Medicaid expansion. A summary of requirements for
each of my selected target journals is included in Table 1A.

TABLE 1A. MANUSCRIPT REQUIREMENTS FOR SELECTED TARGET JOURNALS

Social Science &
Medicine

Journal of Orthopaedic
Trauma

The Journal of Bone
and Joint Surgery

Word Count

9000 including abstract,
tables, figures, and

3000 excluding abstract
and references

3000 including abstract,
excluding references

Patients/Participants,
Intervention, Main
Outcome
Measurements, Results,
Conclusions, Level of
Evidence

references and figure legends
Abstract Word Count 300 250 325
Abstract Headings Not specified Obijectives, Design, Background, Methods,
Setting, Results, Conclusions,

Level of Evidence

Manuscript Text

Introduction, Materials

Introduction, Materials

Introduction, Materials

Figures

Sections and Methods, Results, and Methods, Results, and Methods, Source of
Conclusions Discussion Funding, Results,
Discussion
Number of Tables and Not specified Not specified Not specified

Reference Style

No specified style
required at submission
stage. Use of DO is
highly encouraged.

American Medical
Association, 101
edition

Numbered
consecutively in order
they appear in text
For more than 3
authors, name first
three, then use et al.

PubMed/Index Medicus
format

Other

Must provide 3
potential reviewers

$250 submission fee
Limit of 6 authors




The remaining two studies utilized an existing dataset of opioid prescriptions at a large
healthcare system and the data associated with the launch of a prospective clinical decision
support intervention.

The second study, entitled “Opioid Prescribing for Acute and Post-Surgical
Musculoskeletal Pain: The Effect of the Strengthen Opioid Misuse Prevention (STOP) Act”,
addressed the research questions: 1) “Was implementation of the STOP Act associated with an
increase in the percent of prescriptions written for 7 days or less among patients with acute or
post-surgical musculoskeletal conditions?”, and 2) “Which patient, prescriber, and facility
characteristics are associated with adherence with STOP Act legislation?”. I conducted an
interrupted time series analysis to answer the first research question. To address the second
research question, | applied a hierarchical logistic regression model to predict the odds of
prescriptions of 7 days or less. This manuscript focuses on musculoskeletal clinicians treating
acute injuries, so | selected the Journal of Orthopaedic Trauma as the target journal. This journal
focuses on hard and soft tissue trauma and musculoskeletal injuries, and the target audience is
musculoskeletal clinicians and healthcare administrators.

The third study, entitled “Opioid Prescribing for Chronic Musculoskeletal Conditions:
Trends over Time and Implementation of Safe Opioid Prescribing Practices”, addressed the
following research questions: 1) “Was implementation of a clinical decision support intervention
associated with a decrease in the percent of chronic musculoskeletal pain patients receiving
opioid prescriptions and/or average dose?” and 2) “Which prescriber and facility characteristics
are associated with adherence with implementation of safe opioid prescribing practices”? 1
conducted an interrupted time series analysis to answer the first research question. To address the

second research question, | applied a hierarchical linear regression model to predict safe opioid
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prescribing as measured by a composite score of five behaviors included in the CDC CPG. This
manuscript focuses on clinicians treating common chronic musculoskeletal conditions, so |
selected the Journal of Bone & Joint Surgery as the target journal. This journal’s mission is to
improve musculoskeletal health by providing information for clinicians, researchers, and
orthopaedic care teams. It is a commonly read journal for orthopaedic surgeons of all
subspecialties.

The results of this research can be integrated to inform future interventions to address
opioid safety. The qualitative results can inform the development of policies and programs which
are most likely to be successful at effecting guideline-concordant opioid prescribing. The results
will determine the impact of local legislation and illuminate multilevel factors that impact
adherence to opioid prescribing legislation. This information can inform interventions for
clinicians, teams, systems, and/or structures to promote adherence and optimize the impact of
legislation. This research determined the impact of a clinical decision support intervention and
identify factors that impact safe opioid prescribing behaviors. These results can be used to
modify and iteratively improve the existing intervention as well as inform dissemination efforts

to other healthcare systems.



CHAPTER 2: PHYSICIAN EXPERIENCE OF THE OPIOID CRISIS: A CONTENT
ANALYSIS OF LETTERS TO THE EDITOR
Introduction

Drug overdose deaths are a significant cause of death in the United States, with over
70,000 deaths in 2019.* An opioid was involved in over two-thirds of these deaths.? However, in
recent years, most opioid-related deaths have resulted from illicit and synthetic opioids rather
than prescription opioids. Furthermore, there was a 2.0% decrease in opioid overdose deaths in
the US from 2017 to 2018 and a 13.5% decrease in prescription opioid deaths specifically.?
However, overdose death rates including synthetic opioids increased by 10% and account for
almost three-fourths of opioid deaths.™* Despite encouraging trends, provisional data from 2020
indicate a historic 30% increase in drug overdose deaths, with over 93,000 people dying.*

Multiple efforts have been employed to address this crisis. For example, changes have
been made to law enforcement, drug policies, educational programs, and harm reduction and
substance use treatment programming. Many efforts have also focused on prescribing practices
of physicians. Some of these include the development of prescription drug monitoring programs,
legislation regarding the dose or duration of prescriptions allowed, clinical practice guidelines,
and even criminal charges against doctors accused of inappropriate prescribing.>” The
concurrent decrease in prescription opioid deaths and increase in illicit opioid deaths suggests
that interventions targeting the healthcare community and prescribers have been successful .2
However, there is a paucity of evidence about the physician experience of this epidemic over
time.

Developing policies and programs which are most likely to be successful for effecting

and maintaining guideline-concordant and evidence-based opioid prescribing requires knowledge
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about the physician experience of this epidemic. For example, addressing prescriber concerns
and respecting their professional role and expertise is a critical step in effective program or
policy development. As an exploratory first step, | conducted a qualitative analysis of letters
published in the Journal of the American Medical Association (JAMA). The purpose of this study
was to describe the public discourse around opioids among the medical community during the
peak of the opioid epidemic. I also explored which theoretical domains might be relevant to
opioid prescribing. My research questions were: 1) “Which positions regarding the opioid
epidemic are prevalent among the medical community?”; 2) “To what extent is there a
professional consensus on these positions?”; and 3) “How has professional discourse changed
over time?”’

Conceptual Framework

The Theoretical Domains Framework (TDF) is based on a large body of literature on
behavior change in social and behavioral sciences®*2 and includes 14 domains. I chose this
guiding framework because opioid prescribing should be evidence-based, clinical practice
guidelines for opioid prescribing exist, and the opioid epidemic has led to a proliferation of rules
and regulations on physicians to effect clinical practice change.

Several studies specifically used the TDF to identify factors influencing prescribing
behaviors among surgical oncologists using physician interviews. They found five TDF domains
to be particularly relevant to opioid prescribing: environmental context and resources, social
influences, beliefs about consequences, social/professional role and identity, and goals.*®
Another study found knowledge, environmental context and resources, and professional
role/identity to be most applicable regarding the management of postoperative pain among
surgeons and primary care physicians.** Unrelated to the TDF, a recent qualitative evidence

synthesis of studies exploring healthcare professionals’ experience of treating adults with chronic
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non-cancer pain (n=17) and identified six overarching themes, including ‘Should I, shouldn’t 1?’,
‘Pain is Pain’, “Walking a Fine Line’, ‘Social guardianship’, ‘Moral boundary work’, and
‘Regulations and Guidelines’. Overall, their conceptual model illustrates a balance between the
decision to prescribe (‘Pain is Pain’) and not to prescribe (‘Social Guardianship’), with the other
factors tipping the scale in one direction or the other.%®

While previous qualitative research has assessed the beliefs, attitudes, and experience of
individual physicians in relation to opioids'®*®, no studies have assessed the professional
discourse through a review of letters published in prestigious medical journals. However, content
analysis of letters to the editor has been used to assess physicians’ and the lay public’s opinions
regarding Medicaid expansion as well as academic discourse surrounding research on
firearms.2"1® Assessing the public discourse among physicians can supplement existing research
on individual clinician experiences by providing an understanding of the larger context of the
medical community as a whole, including relevant theoretical domains.

Methods

As the purpose of this study was exploratory, a qualitative design was a useful and
appropriate approach to learn about the public discourse around opioids among the medical
community during the peak of the opioid epidemic. To explore the research questions, |
conducted a systematic search for letters to the editor published in JAMA. | chose this journal
because it has a large readership across medical specialties, is associated with a medical
professional society that sets norms and protocols, and is among the top tier of medical journals
by impact factor.!® | conducted content analysis of these letters to the editor to describe the
prevalent positions on the opioid epidemic, the degree of professional consensus, and whether

discourse changed over time. These letters are important because they have the ability to shape



14

opinion in the larger medical field. This methodology allows for an analysis of trends over time
as the climate around this topic has changed over the past decade. Finally, letters to the editor
published in academic journals have been reviewed by editorial boards, indicating these opinions
are at least important enough or widespread enough to be printed.
Data Collection

| used the following search term in PubMed to identify the letters: (((opioid) AND
"jama"[Journal])) AND letter [Publication Type]. I limited the letters to 10 years (2008-2018),
which represented the peak of the opioid crisis in the United States (n=146). | eliminated articles
which did not discuss issues of addiction, opioid misuse, dependence, or persistent use. | also
eliminated articles which were scientific critiques in response to published research articles.
First, | screened abstracts to determine eligibility. After screening abstracts, | excluded 54
articles. Then, I reviewed the full text of the remaining 92 articles. Ultimately, I included 39
letters (10 original letters and 29 responses).
Data Analysis

| coded each letter to the editor by hand. | used the process of abduction? by
incorporating both theory-informed a priori codes as well as themes which emerged from the
data. First cycle coding included provisional, a priori codes?! for each domain of the Theoretical
Domains Framework (e.g., beliefs about capabilities, environmental context and resources). The
Theoretical Domains Framework was developed by Michie et al. to outline important theoretical
constructs for studying the implementation of evidence-based medical practice and developing
strategies for effective implementation of clinical practice change.'> However, the only domain
that was frequently present (in more than 3 letters) was environmental context and resources.

Therefore, this paper focuses on the codes identified through first cycle open coding.
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| also used a combination of in vivo and open coding techniques.?* These codes emerged
from the data during the coding process. | performed sequential data analysis?, in which my
analysis plan emerged and evolved as | coded the data, revised my codebook, and recoded the
data (See Appendix 2A for final codebook). Finally, | maintained a record of all raw data,
memos, codebook versions, study procedures, and a reflexive journal to facilitate an inquiry
audit and optimal rigor.?? Thorough documentation of the research process and the data which
led to my findings builds dependability and confirmability.??

During the first round of coding?, three overall positions emerged across the letters: 1)
authors advocating for limiting the use of opioids, given the consequences of addiction and
overdose (“opioid averse”); 2) authors warning that a drastic change in opioid prescribing may
result in insufficient treatment for and stigma toward chronic pain patients (“opioid defense”);
and 3) authors cautioning that a “balanced” approach between these two extremes is needed
(“balanced”). However, some letters presented facts without any text supporting one of the
viewpoints above. These letters were coded as “neutral”. I used these codes to categorize the
position of each letter and response according to these categories. Each letter was coded as only
one of these four categories. For example, a letter categorized as “opioid averse” may also have
included language regarding “balance”.

In addition, during first cycle coding, | found consistent themes of blame and
responsibility throughout all the letters. | defined blame as “text which explains how an entity or
event contributed to the opioid epidemic”, and was framed as past events, while responsibility
was defined as “text which calls for a certain group to take action to address the opioid
epidemic.” In a subsequent round of coding, I further categorized “blame” and “responsibility”

to describe the groups who were being blamed or called upon for action: physicians/clinicians,
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regulatory agencies, the pharmaceutical industry, government, the healthcare sector, community,
and graduate medical education. | coded these themes line by line; each letter could have
multiple themes. For analysis, | condensed each theme to indicate whether that letter included
that theme or not. For example, if a letter included the “blame-physicians/clinicians” theme four
times or if it only included that theme once, I counted it as “yes”. Similarly, a letter could include
multiple themes (e.g., blame-physicians/clinicians, responsibility-physicians/clinicians, and
blame-regulatory agencies). A colleague (TS) reviewed all of the letters. We discussed the
coding framework and found that the themes identified in the codebook (Appendix 2A)
adequately captured the professional understanding of and response to critical issues related to
prescribing opioids. Categorizing a given letter as falling into either the opioid adverse, defense,
or balanced category was straightforward. Determining specific targets for blame and
responsibility was also straightforward.

To assess patterns in the positions as well as the themes of blame and responsibility, |
also included structural coding®* with objective information about each letter, including the year
of publication, the length of the letter, and the training of the author (e.g.., MD, PhD, MPH). If
authors had multiple degrees or medical specialties, I included them in multiple categories. |
employed internet searches to obtain additional information about the authors, including the
institution where they practice, their geographic location (state), and their medical specialty.
These data facilitated the comparison of responses across and between groups. Inclusion of the
date of publication allowed me to answer the third research question regarding change over time.
When coding the responses to the original letter, | categorized the tone and purpose of the
response (i.e., agree, disagree) to enable analysis of the second research question regarding

consensus.
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Results

| identified ten letters, each with at least one response. | also included letters written in
response to the CDC Guidelines, even though the original paper was not included because it was
not a letter.>®3 Thus, I included 11 “units”. Appendix 2B depicts a profile matrix with
information about each letter and its associated responses.? Table 2A summarizes the
characteristics of the letters and authors. While most of the original letters included multiple
authors, half of the responses only included one author. The majority of letters included at least
one physician, but all of the original letters included a physician. Among all letters, internal
medicine and emergency medicine were the most prevalent medical specialties. The original
authors uniquely represented addiction medicine and rheumatology, while the responses
uniquely represented anesthesiology, family medicine, physiatry, pain, and oncology. Half of the
original letters were authors from government agencies, while the majority of responses were
from hospitals/healthcare systems and medical schools or other universities. Most authors were
from the Northeastern United States, but there was more diversity among the responses.
Research Question 1

| also used a profile matrix to depict the author characteristics along with their position
on opioid prescribing (Table 2B).2* Overall, 7 (18%) of letters were “opioid averse”; 13 (33%)
were “balanced”; 1 (3%) was “opioid defense”, and many (46%) were neutral. The “opioid
averse” letters were often original letters, while the “balanced” letters were often the responses to
the original authors. The sole “opioid defense” letter was a response written by one author. The
only letters that did not include a physician were the neutral ones. The letters written by pain or
oncology specialists were never “opioid averse”. The patterns by specialty were fairly similar

between “opioid averse” and “balanced”. Most of the “opioid averse” authors were affiliated
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with a university, while the “balanced” authors represented a more diverse group. No pattern by

region emerged across the positions.

TABLE 2A. PROFILE MATRIX OF LETTERS, BY LETTER TYPE

Original Letters Only
N=10

Responses Only,
Excluding Responses
by Original Authors
N=18

All Letters,
Excluding
Responses by
Original Authors
N=28

N (%) N (%) N (%)
Number of Authors
1 1 (10.0%) 9 (50.0%) 10 (35.7%)
2 5 (50.0%) 6 (33.3%) 11 (39.3%)
>3 4 (40.0%) 3 (16.7%) 7 (25.0%)

At least one author with
MD/DO

10 (100.0%)

15 (83.3%)

25 (89.3%)

Medical Specialty*

Emergency Medicine 3 (30.0%) 5(27.8%) 8 (28.6%)
Psychiatry 2 (20.0%) 2 (11.1%) 4 (14.3%)
Internal Medicine 6 (60.0%) 3 (16.7%) 9 (32.1%)
Pediatrics 2 (20.0%) 4 (22.2%) 6 (21.4%)
Anesthesiology 0 (0.0%) 2 (11.1%) 2 (7.1%)
Addiction Medicine 2 (20.0%) 0 (0.0%) 2 (7.1%)
Family Medicine 0 (0.0%) 1 (5.6%) 1 (3.6%)
Physiatry 0 (0.0%) 1 (5.6%) 1 (3.6%)
Pain 0 (0.0%) 3 (16.7%) 3 (10.7%)
Oncology 0 (0.0%) 1 (5.6%) 1 (3.6%)
Rheumatology 1 (10.0%) 0 (0.0%) 1 (3.6%)
Institution Type**

Government Agency 5 (50.0%) 1 (5.6%) 6 (21.4%)
Medical School 2 (20.0%) 4 (22.2%) 6 (21.4%)
Hospital 1 (10.0%) 6 (33.3%) 7 (25.0%)
Accrediting Agency 1 (10.0%) 1 (5.6%) 2 (7.1%)
University 1 (10.0%) 5 (27.8%) 6 (21.4%)
Pharmaceutical Company 0 (0.0%) 1 (5.6%) 1 (3.6%)
Region

Midwest 1 (10.0%) 3 (16.7%) 4 (14.3%)
Northeast 7 (70.0%) 8 (44.4%) 15 (53.6%)
Southeast 1 (10.0%) 0 (0.0%) 1 (3.6%)
Southwest 0 (0.0%) 1 (5.6%) 1 (3.6%)
West 0 (0.0%) 1 (5.6%) 1 (3.6%)
Mix 1 (10.0%) 4 (22.2%) 5 (17.9%)
Canada 0 (0.0%) 1 (5.6%) 1 (3.6%)

*These percentages do not add up to 100% because some letters did not include physicians, and some letters

included multiple physicians.

**One affiliation was selected for each letter. If authors were from multiple institutions, the first in this list was

assigned.



TABLE 2B. PROFILE MATRIX OF LETTERS, BY POSITION

Opioid Averse Balanced Opioid Neutral
N=7 N=13 Defense N=18
N=1
N (%) N (%) N (%)
Letter Type
Original 4 (57.1%) 4 (30.8%) 0 (0.0%) 2 (11.1%)
Response 2 (28.6%) 3(23.1%) 1 (100.0%) 12 (66.7%)
Response by Original 1 (14.3%) 6 (46.2%) 0 (0.0%) 4 (22.2%)
Author
Number of Authors
1 1 (14.3%) 3(23.1%) 1 (100.0%) 6 (33.3%)
2 4 (57.1%) 6 (46.2%) 0 (0.0%) 6 (33.3%)
>3 2 (28.6%) 4 (30.8%) 0 (0.0%) 6 (33.3%)

At least one author with

MD/DO 7 (100.0%) 13 (100.0%) 1 (100.0%) 15 (83.3%)
Medical Specialty*

Emergency Medicine 2 (28.6%) 4 (30.8%) 0 (0.0%) 5(27.8%)
Psychiatry 2 (28.6%) 2 (15.4%) 0 (0.0%) 2 (11.1%)
Internal Medicine 5 (71.4%) 4 (30.8%) 0 (0.0%) 7 (38.9%)
Pediatrics 1 (14.3%) 1(7.7%) 0 (0.0%) 6 (33.3%)
Anesthesiology 1 (14.3%) 1(7.7%) 0 (0.0%) 0 (0.0%)
Addiction Medicine 2 (28.6%) 1(7.7%) 0 (0.0%) 1 (5.6%)
Family Medicine 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
Physiatry 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
Pain 0 (0.0%) 1(7.7%) 1 (100.0%) 1 (5.6%)
Oncology 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)
Rheumatology 0 (0.0%) 1 (7.7%) 0 (0.0%) 1 (5.6%)
Institution Type**

Government Agency 2 (28.6%) 4 (30.8%) 0 (0.0%) 6 (33.3%)
Medical School 1 (14.3%) 2 (15.4%) 0 (0.0%) 5 (27.8%)
Hospital 1 (14.3%) 4 (30.8%) 1 (100.0%) 2 (11.1%)
Accrediting Agency 0 (0.0%) 2 (15.4%) 0 (0.0%) 1 (5.6%)
University 3 (42.9%) 1(7.7%) 0 (0.0%) 3 (16.7%)
Pharmaceutical Company | 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
Region

Midwest 0 (0.0%) 2 (15.4%) 0 (0.0%) 3 (16.7%)
Northeast 5 (71.4%) 7 (53.8%) 1 (100.0%) 7 (38.9%)
Southeast 1 (14.3%) 0 (0.0%) 0 (0.0%) 2 (11.1%)
Southwest 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%)
West 0 (0.0%) 1(7.7%) 0 (0.0%) 0 (0.0%)
Mix 1 (14.3%) 1(7.7%) 0 (0.0%) 4 (22.2%)
Canada 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%)

19

*Percentages do not equal 100% because some letters did not include physicians, and some letters included multiple

physicians.

**One affiliation was selected for each letter. If authors were from multiple institutions, the first in this list was

assigned.
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Figure 2A depicts the attribution of blame and responsibility across the original letters.
Overall, the authors placed the most blame upon physicians for overprescribing. Almost half of
letters also attributed blame to regulatory agencies, most notably, the Joint Commission. To
illustrate the confluence of these issues, VVolkow (Letter 4, Appendix 2B) said:

...1t 1s also likely that part of this increased abuse is due to much greater access to and

availability of opioid analgesics. This is likely to reflect more aggressive management of

noncancer pain, facilitated in part by the “regulatory” mandate from the Joint

Commission to screen and manage pain, but also by the lingering concerns regarding the

safety of nonopioid analgesics...>
Dowell (Letter 1, Appendix 2B) similarly said:

The increase in prescribing occurred in the context of a greater emphasis on treating pain

following the efforts by the American Pain Society, the Veterans Health Administration,

the Joint Commission and others to increase recognition and management of pain, as well

as advocacy by pain societies urging physicians to use opioid more readily for patients

with chronic noncancer pain.?
While the authors did take on responsibility as physicians in 60% of the letters, they also
commonly urged the government and community to take action. Authors occasionally called for
physicians to change prescribing patterns, but also highlighted the role of physicians in advocacy
and reducing stigma. Olsen (Letter 11, Appendix 2B) argued, “Health care practitioners can
counter stigma by adopting accurate, nonjudgmental language to describe this disorder, those it
affects, and its therapy with medications.”®* The authors supported government action in the
areas of increasing regulation on prescribing, implementing prescription drug monitoring

programs, funding research, expanding access to treatment, and collaborating with law
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enforcement to address the illicit drug supply. At the community level, authors advocated for
harm reduction programs, advocacy for access to treatment, and improved awareness of and
responsibility for safe opioid use, storage, overdose prevention, and disposal. A summary matrix

with more detailed information for each theme is provided in Appendix 2C.

Physicians/Clinicians
Regulatory Agencies

Pharmaceutical Industry

Government | —
(I

Healthcare Sector
Community

Graduate Medical Education

Percent of Original Letters

® Responsibility = Blame

FIGURE 2A. ATTRIBUTIONS OF BLAME AND RESPONSIBILITY AMONG ORIGINAL
LETTERS TO THE EDITOR

Research Question 2

Most of the 18 response letters (excluding those by the original authors) disagreed with
the original authors (n=9, 50%). An additional 2 (11%) warned about potential unintended
consequences. The remainder agreed with the original author but wished to provide additional
information, such as describing another study or issue to consider (n=7, 38.9%). Of the 10
original letters, only two received all responses that agreed with the authors. These original
letters provided information about PDMPs?® and described the stigma associated with opioid use
disorder and treatment with medications.®* An additional two letters received responses that
warned of potential unintended consequences regarding privacy and PDMPs®* and the lack of

rigorous evidence that naloxone distribution is associated with reduced morbidity and
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mortality.> Four original articles engendered only responses that were in disagreement, while the
remaining three had a mix of responses. The original letters receiving only dissenting opinions
were written to argue for more cautious prescribing,? review the history of the Joint
Commission’s role in pain management and opioids*!, defend the FDA’s recent actions
regarding opioids*, and provide information about PDMPs.>* Three of the nine disagreeing
letters were solely disagreeing about the original author’s interpretation of the evidence in the
literature, but not the author’s stance, per se. Of the remaining six letters, half were criticizing the
Joint Commission and FDA for their roles in the opioid epidemic.*244 Chhabra (Letter 5,
Appendix 2B) concluded, “The Joint Commission did not follow the principles of evidence-
based medicine in enacting its pain management guidelines and did little to prevent or decrease
opioid use once the epidemic became apparent.”*? Regarding the FDA, Busch (Letter 6,
Appendix 2B) said, “I believe the FDA must redirect itself away from its usual criteria and
toward actions that can truly make a difference in bringing the opioid epidemic to an end.”*® One
article defended the Accreditation Council for Continuing Medical Education’s (ACCME)
commitment to unbiased continuing medical education, even when funded by the pharmaceutical
industry.®® One response critiqued the approach to reduce opioid prescribing (Letter 1, Appendix
2B), stating, “Patients with severe chronic pain have few options, and some are risky as well”.2®
Another response was pessimistic that any efforts by clinicians would deter patients who are
addicted to opioids (Letter 4, Appendix 2B), saying “Criminal behavior is something that
physicians should be prepared to recognize and deal with effectively to avoid the legal and moral
problems associated with prescription drug abuse”.%’

The original authors wrote responses in each case. In 7 of the 11 responses by original

authors, the authors maintained their original stance or wrote a neutral response letter. In each of
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these cases, their original letters were either “balanced” or neutral. Of the four original letters
that were “opioid averse”, three of these authors wrote responses that were either “balanced” or
neutral, while one maintained an “opioid averse” tone.
Research Question 3

Figure 2B depicts the positions of all the letters over time. Based on this sample of letters,
the early letters tended to be predominantly neutral or “balanced”. Between 2014-2016, the
letters were generally fact-based and did not portray any of the positions. After 2016, the
discussion turned more toward “opioid averse”. While there was only one “opioid defense”
letter, it was early in the time period (2013). Beyond the change in position during the time
period, the recommendations in the original letters changed over time. During the 2011-2012
time period, authors were discussing physician-focused action (e.g., PDMPs, clinician training,
guidelines, physician education). In 2013-2014, the focus shifted away from physicians (e.g.,
regulations, access to treatment, development of abuse-deterrent medications). However, this
time frame still included discussion of physicians’ role in prescribing as well as stigma. The
letters in 2017 focused entirely on recommendations beyond physicians (e.g., supply chain, law
enforcement, harm reduction programs, labeling changes, and improving coverage of nonopioid
and nonpharmacological treatments). The same colleague who initially reviewed the letters for
the major themes reread all of the letters again to assess patterns in the discourse used and

changing professional consensus and independently verified my assessment.
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FIGURE 2B. POSITIONS OF LETTERS TO THE EDITOR OVER TIME, ALL LETTERS

Conclusions

A review of letters in JAMA between 2011 and 2018 helps summarize the discourse
around opioids among the medical community during the peak of the opioid epidemic. The
majority of letters were either advocating for a balanced approach between mitigating risk of
addiction and appropriately treating pain or neutrally written, to solely provide facts. Therefore,
physicians seem to acknowledge the risks associated with opioids, while maintaining that the
benefits do outweigh these risks for certain patients or scenarios. Using semi-structured
individual interviews with family physicians, Desveaux et al. identified a similar “tension”
between providing pain relief and avoiding adverse consequences, including addiction and
overdose, and attributed this tension to the physician’s identity and role to do what is best for
patients.'® In synthesizing the published qualitative research on the experience of prescribing
opioids, Toye et al. identified a similar overarching theme, which she described as “walking a
fine line”, between the physician’s role to relieve pain (“pain is pain”) and their professional

responsibility to protect society from the opioid epidemic as well as adhere to the new social
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norm of limiting opioid prescribing (*“social guardianship”).!® These studies included practicing
physicians. The parallel conversation playing out in letters to the editor confirms the unique
position of physicians within the context of the opioid epidemic. Without additional research, it’s
unknown whether the letters are a reflection of practicing physicians’ collective experiences, or
if the letters shaped the social norms of the discipline.

Despite the authors’ stance, discourse revolved around describing what led to an increase
in opioid deaths (“blame”) and strategies to reduce the morbidity and mortality associated with
the current opioid crisis (“responsibility”). All original letters included at least one of these
themes. Physicians did acknowledge their role in the epidemic, attributing blame to physicians
more often than any other group. However, they simultaneously called upon their fellow
clinicians and other groups to take steps to mitigate the crisis. Notably, many letters placed
responsibility on the government and community. Over time, recommendations moved from
changing physician behavior toward policy recommendations. While many TDF domains were
present in the letters, the only domain mentioned in over a third of the letters was environmental
context and resources, which is consistent with advocacy for other groups to act to change the
situation. Prior research has also documented the importance of this domain in the context of
opioid prescribing. Desveaux et al. mentioned poor access to mental health/addiction treatment
and alternatives to opioids as environmental barriers.*® Klueh et al. also noted the lack of access
to pain specialists as a common challenge falling under environmental context and resources, in
addition to barriers such as lack of time.** Similarly, Lee et al. identified resources and
organizational culture and climate as relevant issues within this domain.™®

Most letters were in the “neutral” or “balanced” categories, demonstrating a consensus as

far as position on the opioid epidemic. While the original articles did include many who were
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“opioid averse”, most of these authors wrote responses that were “balanced” or “neutral” after
reading the responses to their original letters. The lack of “opioid defense” letters is surprising
and might be a result of the time period or the journal selected. The one “opioid defense” article
was written early in the time period. Over time, the social norm might have sufficiently shifted
away from frequent opioid prescribing (as described by Desveaux et al.'®) such that physicians
who disagreed with the letters did not feel comfortable writing a response. The number of
“opioid averse” letters did increase at the end of the time period. However, the lack of letters
refuting the “opioid averse” letters may indicate a bias by JAMA. Journals in the pain and
palliative medicine specialties have published editorials claiming the pendulum has swung too
far, which may be due to their specialties.®#% However, the New England Journal of Medicine
also published a similar commentary in 2018 warning about unintended consequences of overly
restricting opioid prescribing.%

Two original letters were written by physicians on behalf of the Joint Commission and
the Food and Drug Administration to describe their actions regarding opioids. All letters written
in response to these two articles criticized the agencies for downplaying their role in the
epidemic and their limited actions taken to mitigate it. The number of times the Joint
Commission and FDA were mentioned in the original letters as either causing the epidemic or
needing to take steps to address it, combined with the harsh responses to these letters,
demonstrates a professional consensus in the medical community that these two agencies created
an environment which promoted overprescribing and the subsequent rise in overdose deaths.

Otherwise, much of the disagreement between authors was due to interpretation of the
medical literature. For example, responses pointed out that the authors omitted a certain study or

failed to adequately present nuanced details about the underlying studies. It seems physicians are
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susceptible to confirmation bias, selecting literature to support their beliefs and discounting
evidence which does not support their beliefs. The role of identity, social influences, and
decision processes on the formation of different beliefs when presented with the same literature
would add to the understanding of physician behavior.

The findings from this study are limited to the views of the authors published in JAMA
during the defined time period. However, describing the viewpoints published in this journal are
likely sufficient to adequately describe the views of leaders in the field. However, this approach
may present a skewed sample of more academic physicians and fewer community practice
physicians. Since this sampling strategy focuses on the physician experience, it might not be
generalizable to other healthcare professionals such as nurse practitioners, physician assistants,
Or nurses.

Future research might analyze letters from a variety of journals across medical specialties
to assess any differences across groups, particularly since this study did not find much variation
in overall tone. This study also adds to the existing qualitative research from physician
interviews, which describe individual opinions or experiences. These letters were not published
anonymously and had the goal of shaping physician opinions. However, my results were very
similar to those in the scant existing literature. It is clear that physicians recognize their role in
both contributing to and solving the opioid crisis, yet they feel the environmental context must
also change in order to optimize outcomes. Therefore, rigorous research exploring the effect of
interventions across sectors (e.g., government, healthcare, law enforcement) is needed to guide
decision making and policy. Finally, research should continue to assess both the outcomes of
opioid overdose as well as pain management to ensure the medical community does not lose

sight of the “balance” to which they aspire.
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Appendix 2A: Codebook

Code

| Definition

| Example(s)

Position on Opioid E

idemic

“Opioid averse”

Authors advocating
for limiting the use
of opioids, given the
consequences of
addiction and
overdose.

“When risks outweigh benefits, as will often
be the case for chronic pain, opioid use
should be avoided in favor of other
treatments.”°

“Unless clinicians improve prescribing of
opiates, more people will become addicted,
and the crisis is likely to continue.”®*

“Opioid defense”

Authors warning
that a drastic change
in opioid
prescribing may
result in insufficient
treatment for and
stigma toward
chronic pain
patients.

“Even though there are risks and benefits of
long-term opioid therapy, shifting the focus
from opioid-related deaths to limited
prescribing of these drugs neither protects
patients nor helps clinicians manage patients
with chronic pain.”?®

“Balanced”

Authors cautioning
that a “balanced”
approach between
these two extremes
is needed.

“A balanced approach to these drugs is
needed that minimizes risk though cautious
patient selection and safer prescribing,
without denying care to those who might
benefit.”?’

“...it is by well-crafted, multifaceted public
health approaches involving prescribers and
the public that prescription opioid-related
morbidity and mortality can be curtailed
while preserving access to medically
indicated opioid therapy.”*®

Neutral

Authors presenting
simple facts without
any text supporting
one of the
viewpoints above.

No text which falls
into any of the 3
categories above.

N/A
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Code | Definition | Example(s)
Blame
Blame — “Signals appeared suggesting that some

Physicians/Clinicians

Blame — Regulatory
Agencies

Blame —
Pharmaceutical
Industry

Text which explains
how an entity or
event contributed to

Blame — Government

the opioid epidemic.
Text which focuses
on events that
happened in the
past.

Blame — Healthcare
Sector

Blame — Community

clinicians had become overzealous in
treating pain.”*!

“The Joint Commission did not follow
evidence-based medicine in enacting its pain
management guidelines and did little to
prevent or decrease opioid use once the
epidemic became apparent.”*?

“Even though it is well known that
prescription opioid use can lead to addiction
or overdose, some opioid manufacturers and
pain specialists suggest that few patients are
susceptible to these risks.”%

“Fourth, the criminal justice system often
fails to defer to medical judgement in the
treatment of opioid use
disorders...Physicians working in jails and
prisons are seldom allowed to prescribe
buprenorphine or methadone.”®!

“Health care organizations implemented
treatment policies and algorithms based on
patients’ responses to numerical pain
scales.”*

“....health care practitioners, family
members, and the public may attribute the
signs and symptoms of these nonopioid
disorders to methadone and buprenorphine,
adding to the stigma.”®
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Responsibility

Responsibility —
Physicians/Clinicians

Responsibility —
Regulatory Agencies

Responsibility —
Pharmaceutical
Industry

Responsibility —
Government

Responsibility —
Healthcare Sector

Responsibility —
Community

Responsibility —
Graduate Medical
Education

Text which calls for
a certain group to
take action to
address the opioid
epidemic. Text
which focuses on
actions that should
happen in the future.

“Reducing inappropriate opioid prescribing
will likely have an important role in
addressing illicit opioid use.””*

“The US Food and Drug Administration
(FDA) should revise opioid labels to be
consistent with the CDC
recommendation.”3?

“Consider removing ultra-high-dosage-unit
opioid analgesics from the market.”%?

“Federal funding is needed ... because
naloxone is an off-patent, generic
medication not widely considered to be a
promising investment by major
pharmaceutical companies.”>*

“Increase insurance coverage of and access
to non-opioid and nonpharmacological
management of pain.”%?

“Patients and the general public must also
become more aware and responsible for the
use, storage, and disposal of opioid
analgesics, because access to unused left-
over medications ahs been reported as the
main source for diversion among youth.”%®

“The first general suggestion is to enhance
and update clinical teaching and training
practices ... in the areas of pain
management, opioid pharmacology, and
abuse/addiction ...”%®
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Appendix 2C: Matrix of Blame and Responsibility Among Original Letters

Blame Responsibility
Physicians/ -Increased/over-prescribing (n=8) | -Follow or create guidelines/change prescribing (n=2)
Clinicians -Concerns about safety of -Advocacy for prescription drug monitoring programs
nonopioid analgesics (n=1) (n=1)
-Prescribing for patient -Co-prescribe naloxone (n=1)
satisfaction scores (n=1) -Balance expected benefits and risks of opioids (n=2)
-Pain societies advocating for -Adopt accurate and nonjudgmental language regarding
treating chronic noncancer pain opioid use disorder and treatment (n=1)
with opioids while minimizing
risks (n=1)
-Stigma toward patients using
medications for treatment of
opioid use disorder (n=3)
Government -Increased emphasis on treating -Increased regulation on prescribing (i.e., mandated PDMP
pain (Veterans Health checks) (n=2)
Administration (n=1) -Prescription drug monitoring programs (n=2)
-Criminal justice system does not | -Interstate collaborations for prescription drug monitoring
support medication-assisted programs (n=1)
treatment (n=1) -Funding for research in overdose prevention (n=1)
-Laws to protect clinicians and public prescribing or
administering naloxone (n=1)
-Standardize legislation and regulation to apply to all
opioid medications (n=1)
-Expand access to treatment (i.e., criminal justice system,
FQHCs) (n=2)
-Interrupt supply of illicit opioids, surveillance efforts
crossing public health and law enforcement (n=2)
-Support harm reduction (e.g., syringes and naloxone)
(n=1)
-Revise privacy laws to support access to substance use
treatment in regular medical record (n=1)
Regulatory -Role of Joint Commission -FDA: revise existing labeling and limit marketing (n=2)
Agencies mandate (n=3) -FDA: approve intranasal naloxone formulations (n=1)

-FDA continues to approve new
opioid medications (n=1)

-FDA: approve over the counter naloxone (n=1)
-FDA: increase supply of naloxone (n=1)

Pharmaceutical

-Reformulation of opioids as

- Unbiased education (for patients and prescribers) (n=1)

Industry extended-release (n=1) -Remove high dose opioids from market (n=1)

-Promote concept that few

patients susceptible to addiction

or overdose (n=1)
Graduate -Education regarding pain, opioids, and addiction (n=1)
Medical -Training to screen for opioid use and overdose risk (n=1)
Education
Community -Oppose treatment centers in -Be aware of and responsible for safe use, storage,

neighborhood (n=1)

-Support groups such as
Narcotics Anonymous exclude
people using methadone or
buprenorphine (n=1)

-Language to speak about people
with opioid use disorder
perpetuates stigma (n=1)

overdose, and disposal (n=3)

-Advocacy for prescription drug monitoring programs
(n=1)

-Harm reduction programs (syringe exchange, first
responders trained to administer naloxone) (n=1)
-Support broad access to treatment (n=1)
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Blame

Responsibility

Healthcare
Sector

-Insurers set limits on duration of
medications to treat opioid use
disorder (n=1)

-Disconnect between opioid use
disorder treatment and other
healthcare (n=1)

-Implementation of algorithms for
pain medications based on
numeric pain rating (n=1)

-Treatment facilities (n=2)

-Insurers to cover naloxone and reimburse for overdose
prevention education by clinicians (n=1)

-Insurers to cover nonopioid and nonpharmaceutical
treatments (n=1)




CHAPTER 3: OPIOID PRESCRIBING FOR ACUTE AND POST-SURGICAL
MUSCULOSKELETAL PAIN: THE EFFECT OF THE STOP ACT
Introduction

Musculoskeletal injuries, including sprains, strains, and fractures are common, with over
6.8 million injury episodes in the United States annually.* Most of these injuries are among
people ages 18-64, which has a significant impact on the workforce. Furthermore, pain caused by
musculoskeletal injuries and conditions is a common reason for opioid prescribing.
Musculoskeletal pain can be either chronic or acute. Since acute musculoskeletal injuries can
progress to chronic pain or chronic opioid use, judicious pain management in the acute setting is
important.23 Family medicine physicians prescribe the most opioids. While orthopaedic surgeons
only represent 2.5% of physicians, they are prescribing 7.7% of prescriptions.* Therefore,
understanding opioid prescribing among musculoskeletal clinicians is important. Opioids are
commonly prescribed to musculoskeletal patients, yet the amount prescribed seems to vary by
prescriber and facility characteristics.

In 2018, North Carolina implemented legislation called the Strengthen Opioid Misuse
Prevention (STOP) Act. The STOP Act was enacted to decrease the supply of opioids in the
community, prevent “doctor shopping”, and prevent inappropriate prescribing by requiring
clinicians to use available tools and resources.® The STOP Act has many provisions, but one is
specifically applicable to opioid prescribing for acute and post-surgical pain. Acute pain is
defined as pain resulting from any cause which the clinicians expect to last for less than three
months. In this case, the STOP Act requires prescribers to prescribe no more than a five-day
supply of opioids. If the patient has had a surgical procedure, the prescription cannot exceed

seven days.
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This study addressed the following research questions: 1) “Was implementation of the
STOP Act associated with an increase in the percent of prescriptions written for 7 days or less
among patients with acute or post-surgical musculoskeletal conditions?”, and 2) “Which patient,
prescriber, and facility characteristics are associated with adherence with STOP Act legislation?”

Review of the Literature

Frequent over-prescribing following orthopaedic surgery has been consistently
demonstrated in the literature.®'! Over-prescribing can contribute to nonmedical use or
diversion through the accumulation of unused pills in the community. Some literature has also
documented differences in opioid prescribing by type of hospital, with teaching hospitals
prescribing more than community hospitals.*? Other studies have found residents prescribe
higher quantities than attending surgeons or surgeons with more experience.**!® Opioid
prescribing also varies by gender of the prescriber and geographic region.*>16

Several studies assessed factors in general that influence opioid prescribing among
musculoskeletal providers. Studies including residents found they commonly report the
attending’s preference as the most influential factor influencing their opioid prescribing
behavior.'*7 Other studies identified patient satisfaction and concern that patients will run out of
pills as important considerations.*1"18 Interestingly, evidence from the literature was not a
commonly reported factor influencing prescribing.!” In a qualitative study, lack of electronic
prescribing, issues with coordinating treatment among cross-covering physicians, lack of time to
educate patients, and barriers to the use of nonnarcotic pain medications emerged as the
predominant barriers to guideline-concordant opioid prescribing among surgeons.*®

While only ten states had opioid limitation laws in 2016, this type of legislation quickly

proliferated, with 39 states having such laws by the end of 2019.2° A systematic review of studies
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assessing the impact of legislation on opioid prescribing found the strength of the evidence to be
low. Overall, policies seem to be associated with a reduction in opioid prescribing and overdose,
but not a reduction in opioid misuse.?! Recent research has assessed the influence of state
policies focused on a limit on opioid dose,???® mandatory registration for or review of the
prescription drug monitoring program,?#?°> mandatory review of opioid use history and signed
consent forms for opioid therapy,?® specific requirements for prescribing lasting more than 3
months,?’ or coprescription of naloxone.?®

Many states have legislation in effect to restrict the duration or dose of opioid
prescriptions. In an analysis of postoperative prescribing in Massachusetts and Connecticut,
legislation was associated with a decrease in opioid dose and duration in Massachusetts but not
Connecticut. This difference highlights the importance of studying and understanding the local
context and multilevel factors which impact prescribing decisions.?® One study compared New
Jersey, where a state prescribing limit and electronic medical record alert were implemented in
conjunction, to Pennsylvania as a control and found a 22% greater decrease in opioid dose in
New Jersey as compared to Pennsylvania; it is unknown whether the decrease was associated
with the legislation or the alert.®® The New Jersey legislation was associated with a reduction in
MME among patients with arthroscopic rotator cuff repair.3! Florida implemented a duration
limit for acute pain; this legislation has been effective at reducing opioid dose and days’ supply
of opioids, including among orthopaedic surgeons.334

One study assessed the impact of North Carolina’s STOP Act on opioid prescribing at an
orthopaedic surgery department at an academic medical center. This study compared the year
prior to implementation of the STOP Act to the first year the STOP Act was in effect and

included data from 49 prescribers. The authors found a 35% reduction in morphine milligram
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equivalents prescribed per prescriber between 2017 and 2018 (p = 0.0003).%> Another study of
opioid prescribing after elective orthopaedic surgery at an academic medical center found
prescriptions were 3 times as likely to be less than 7 days in 2018 and 3.5 times less likely in
2019 as compared to 2017 (pre-STOP Act). However, these studies are highly susceptible to bias
based on other interventions or changes at the same time. Furthermore, one would expect
academic medical centers to be the most responsive to new literature and legislation. Finally,
both of these studies included elective orthopaedic surgery and postoperative patients. Among
orthopaedic trauma patients, trends in opioid dose and duration have been shown to decrease
from 2012 to 2017, so studies assessing legislation must account for these baseline trends.*® No
study has assessed the impact of STOP Act on acute musculoskeletal injury, including
nonoperative encounters.

The present study addressed these limitations by including prescribers from a large
healthcare system of over 12 hospitals and 900 care locations for a broad range of
musculoskeletal injuries. It also used an interrupted time series analysis to account for the trend
preceding the implementation of the STOP Act. Finally, this study used duration of prescription
as the outcome to be consistent with the behavior the legislation targets.

Methods
Study Design

| conducted an interrupted time series analysis to assess trends over time from 2016-2020
and the change in trend associated with implementation of the STOP Act on January 1, 2018, for
the percentage of prescriptions written for seven days or less.

| conducted a case control study to assess the association between patient, prescriber, and

facility characteristics and prescribing opioids for seven days or less.
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Study Population

The target population was patients presenting to a large healthcare system in North
Carolina between 2016 and 2020 with a diagnosis of an acute musculoskeletal injury (See
Appendix 3A for list of included ICD-10 codes) and the clinicians treating them. In general, |
included the ICD-10 diagnosis codes beginning with the letter “S” because they represent
injuries. | excluded codes for injuries to internal organs as they are not related to the
musculoskeletal system. Similarly, | excluded crushing injuries or traumatic amputations of the
head, thorax, and abdomen. | did include crushing injuries and traumatic amputations of
extremities. Remaining codes included fractures, sprains, and dislocations.

Inclusion and Exclusion Criteria. For this analysis, | only included facilities located in
North Carolina. I included only one encounter for each patient in the analysis. The dataset was
first restricted to exclude diagnosis codes for “sequelae” or “subsequent encounters”. Then, I
selected the first encounter for each patient that either had an attending clinician specializing in
musculoskeletal care (defined as orthopaedic surgery or sports medicine) or presented to a
musculoskeletal specialty clinic to describe the prescribing behaviors of musculoskeletal
clinicians. At this point, I excluded encounters at facilities in South Carolina. If records were
missing information on duration or duration could not be calculated as described below, |
removed them from the study. Finally, prescriptions that were not ultimately ordered due to the
clinical decision support intervention were removed (Table 3A).

Data Collection

This healthcare system has collected all opioid and benzodiazepine prescriptions written
in its electronic health record since 2015 through a system called Prescription Reporting with

Immediate Medication Utilization Mapping (PRIMUM).3” The PRIMUM Platform includes
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several clinical decision support interventions to address controlled substance prescribing;
however, no intervention component directly addresses the STOP Act or duration of
prescriptions.

The case list of patient encounters for musculoskeletal injuries from 2016-2020 as
described above was merged with the PRIMUM database to collect patient risk factors for opioid
misuse, prescriber information, and facility information. While PRIMUM collects data on
opioids and benzodiazepines, this analysis included only opioid prescriptions.

Variables

Outcome. The main outcome is the duration of opioid prescription. This outcome was
dichotomized as either less than or equal to 7 days (i.e., in accordance with STOP Act
legislation) or more than 7 days. In some cases, the prescriber did not specify duration in the
prescription details. In these cases, | used the prescribed frequency and the prescribed number of
pills to calculate the expected duration. For patients who were prescribed multiple opioids at the
encounter, if any of the prescriptions was written for more than 7 days, | considered that
encounter to be more than 7 days. If all were for 7 days or less, | considered that encounter to be
less than 7 days.

Independent Variable. The independent variable was the implementation of STOP Act.
This is a time-related variable. Therefore, | considered data prior to January 1, 2018, “pre-STOP
Act” and data on or after January 1, 2018, “post-STOP Act”.

Covariates. | included covariates at the patient, prescriber, and facility levels in the
hierarchical model. Patient demographics, including gender, race, age, average income of their
zip code, diagnosis, and visit type were included as patient-related covariates. The number of

opioid prescriptions, the number of encounters the patient had for the indicated injury before
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their first musculoskeletal visit, and whether the patient had an inpatient or outpatient
orthopaedic surgery were also included. Finally, I included patient risk factors for opioid misuse,
as defined by PRIMUM, as patient-related covariates. These factors included: 1) “Early refill”
(>50% of previous prescription remaining; 2) 3 or more prescriptions in the past 30 days; 3) two
or more onsite administrations of opioids or benzodiazepines in a hospital or emergency
department within the past 30 days; 4) history of opioid or benzodiazepine overdose; and 5)
history of positive toxicology screen (cocaine, marijuana, or blood alcohol) in the EMR. |
included specialty, degree, and whether the attending was a trainee (resident or fellow) as
attending-level covariates. Finally, I included the type of facility and whether the facility was a
musculoskeletal facility as facility-level covariates.
Data Analysis

Research Question 1. | plotted the percentage of prescriptions written for 7 days or less
by month from 2016-2020 as a line graph. 1 used an interrupted time series analysis to determine
if there was a statistically significant change in the percentage of prescriptions written for 7 days
or less after implementation of the STOP Act (2018-2020) as compared to pre-STOP Act (2016-
2017). In addition, this analysis assessed whether the slope changed between the pre-STOP Act
and post-STOP Act time periods. A level change indicates the immediate effect of the STOP Act
on duration, while a change in slope indicates a sustained effect over time. Linear regression was
used applying the formula below.

y=a+ BT + B, X + [3XT + ¢

where y=percentage of prescriptions written for 7 days or less (independent variable),

a = intercept,

B = coefficient,
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¢ =residual (error),

T = time (months numbered sequentially from 1 (January 2016) to 60 (December 2020),

X = study phase (0 = pre-STOP Act, 2016-2017; 1 = post-STOP Act, 2018-2020),

XT = the number of months after implementation of STOP Act
Because chronological data is subject to autocorrelation, | assessed residual autocorrelations to
determine the optimal lag order. Newey-West autocorrelation adjusted standard errors with linear
regression was used for the final analysis with a lag order of 1.

Research Question 2. | restricted the dataset to the time period after implementation of
the STOP Act for this analysis (2018-2020). | excluded records that were missing any variable
included in the hierarchical model. Descriptive statistics were used to characterize patient
demographics, patient risk factors, prescriber characteristics, and facility characteristics. |
compared rates of prescriptions less than or equal to 7 days by patient, prescriber, and facility
characteristics using chi-square tests. I also used logistic regression to model the odds of
receiving a prescription of 7 days or less at the patient level.

| utilized a three-level hierarchical logistic regression model to predict odds of
prescription of 7 days or less, accounting for fixed and random effects at the patient, prescriber,
and facility levels. | assessed model fit and selected the most appropriate model for interpretation
and application using the Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) values.

Results

Table 3A displays the results of applying the inclusion and exclusion criteria to the
dataset. In summary, I included 14,770 prescriptions in the interrupted time series analysis and

6,849 encounters in the hierarchical logistic regression analysis.
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TABLE 3A. PATIENT SELECTION

Patient Selection Patients

Encounters (N) Prescriptions

(N) (N)

Raw Data 332,647 208,265 --
Removed subsequent encounters 304,971 203,904 --
Restricted to patients who presented to 66,910 41,421 --
MSK clinic/MSK specialty, selected first
MSK visit per patient
Removed patients with first MSK visit in 35,204 35,204 --
SC
Restricted to patients prescribed opioid at 12,918 12,918 --
first MSK visit
Removed prescriptions not ultimately 12,918 12,918 14,770
ordered?
Restricted to after STOP Act” 6,849 6,849 --

8Used for time series analysis
bUsed for hierarchical logistic regression model

Figure 3A displays the percentage of prescriptions written for seven days or less over
time, with the implementation of the STOP Act depicted by a vertical line. The statistical test for
white noise determined that these time series data are autocorrelated (p<0.001). Figure 3B
displays the autocorrelation functions for the time series model. Based on these results, | selected
a lag order of 1. Table 3B depicts the final regression model after applying the Newey-West
autocorrelation adjusted standard errors with linear regression. The pre-intervention trend was
statistically significant before the implementation of STOP Act, with rates of prescriptions for 7
days or less increasing by 1.1% per month (B1, trend pre-intervention). After controlling for this
trend, the level change following implementation of the STOP Act was statistically significant
(p<0.001), with rates increasing by 17.7% between the pre- and post-intervention periods (f32,
change in level post-intervention). The post-intervention trend differed significantly from the

pre-intervention period (B3, change in trend post-intervention, p=0.044). The post-intervention
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slope was also significant (p<0.0001), with rates continuing to increase by approximately 0.6%
per month (B1+ Ba).

Because the increase also seemed to align with when the STOP Act was signed into law,
an identical model was run using that time point, rather than the time point when the STOP Act
was implemented (Table 3B). The trend prior to signing of STOP Act is significant, with rates of
prescriptions for 7 days or less increasing by 0.6% per month (B1, trend pre-intervention). After
controlling for this trend, the level change following signing of the STOP Act was significant
(p=0.004), with rates increasing by 15.4% between the pre- and post-intervention periods (f32,
change in level post-intervention). The post-intervention trend did not differ from the pre-
intervention period (B3, change in trend post-intervention, p=0.101). The post-intervention slope

was significant (p<0.0001), with rates continuing to increase by approximately 1.0% per month
(B1+ Ba).
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FIGURE 3A. PERCENTAGE OF PRESCRIPTIONS WRITTEN FOR SEVEN DAYS OR
LESS OVER TIME

Note: The vertical line indicates when the STOP Act was implemented. The dashed vertical line
represents when STOP Act was signed into law.
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FIGURE 3B. AUTOCORRELATION FUNCTIONS OF THE TIME SERIES MODEL

Table 3C displays the results of the bivariate analysis comparing whether patients were
prescribed 7 days or less of opioids by patient, prescriber, and facility characteristics. Overall,
77.1% of encounters included a prescription for 7 days or less. The patient population was 50.5%
male, and the majority were between ages 18-64 (72.0%) and White (80.1%). Most patients
(61.0%) lived in a zip code where the average income was $25,000-$49,999. The most common
PRIMUM risk factor present was early refill (6.8%), and the least common was a history of
overdose (0.4%). The knee (37.5%) and shoulder (21.6%) were the most commonly injured body
regions, while the abdomen and neck were the least commonly injured (both 0.4%). Sprain was
the most common injury (58.1%), and crushing injuries were the least common (1.0%). The
majority of encounters were outpatient visits (74.7%). Combined, inpatient and outpatient

surgeries represented 72.8% of encounters. Many patients did not have a previous visit for the



injury before presenting to a musculoskeletal (MSK) clinician or facility (79.8%). Most

encounters were with an orthopaedic surgery clinician (96.6%), were not with a trainee (99.6%),

and were with physicians (97.0%). Most visits were at a hospital (80.0%), and most were not at

an MSK-specific facility (84.2%).

TABLE 3B. INTERPRETATION OF REGRESSION COEFFICIENTS, INTERRUPTED TIME

SERIES
Parameter Estimate | Standard p-value Interpretation
Error

STOP Act Implemented

Bo 0.218 0.018 <0.0001 | Intercept

B1 0.011 0.002 <0.0001 | Trend Pre-STOP
Act

B2 0.177 0.045 0.0002 | Change in Level
Post-STOP Act

B3 -0.005 0.002 0.0440 | Change in Trend
Post-STOP Act

B1+ B3 0.006 - <0.0001 | Trend Post-STOP
Act

STOP Act Signed into Law

Bo 0.262 0.015 <0.0001 | Intercept

B1 0.006 0.002 0.0017 | Trend Pre-STOP
Act Signed

B2 0.154 0.041 0.0004 | Change in Level
Post-STOP Act
Signed

Bs 0.004 0.002 0.1010 | Change in Trend
Post-STOP Act
Signed

B+ B3 0.010 - <0.0001 | Trend Post-STOP
Act Signed




TABLE 3C. BIVARIATE ANALYSES COMPARING WHETHER PATIENTS WERE
PRESCRIBED <7 DAYS OR >7 DAYS OF OPIOIDS

Prescription 7 Prescription All Patients P-value

Days or Less More than 7 N (%)

N (%0) Days

5277 (77.1%) N (%0)

1572 (23.0%)

Patient Characteristics
Gender
Male 2689 (77.8%) 769 (22.2%) | 3458 (50.5%) | 0.16
Female 2588 (49.0%) 803 (23.7%) | 3391 (49.5%)
Age
<18 336 (79.4%) 87 (20.6%) 423 (6.2%) | 0.09
18-64 3763 (76.4%) 1165 (23.6%) | 4928 (72.0%)
>65 1178 (78.6%) 320 (21.4%) | 1498 (21.9%)
Race (n=228 missing)
Black 874 (77.5%) 254 (22.5%) | 1128 (17.0%) | 0.72
White 4071 (76.7%) 1234 (23.3%) | 5305 (80.1%)
Other 141 (75.0%) 47 (25.0%) 188 (2.8%)
Average Income of Patient Zip
Code (n=232 missing)
$25,000-$49,999 3193 (79.2%) 841 (20.9%) | 4034 (61.0%) | <0.0001
$50,000-$74,999 854 (74.3%) 296 (25.7%) | 1150 (17.4%)
$75,000-$99,999 631 (73.8%) 224 (26.2%) 855 (12.9%)
$100,000 or more 420 (72.7%) 158 (27.3%) 578 (8.7%)
PRIMUM Risk Factors*
Onsite Narcotic Administration 52 (68.4%) 24 (31.6%) 76 (1.1%) 0.08
History of Overdose 17 (65.4%) 9 (34.6%) 26 (0.4%) | 0.16
Positive toxicology 256 (73.4%) 93 (26.7%) 349 (5.1%) | 0.10
3+ Prescriptions 88 (66.7%) 44 (33.3%) 132 (1.9%) | 0.006
Early refill 364 (78.6%) 99 (21.4%) 463 (6.8%) | 0.42
Body Region*
Abdomen 18 (69.2%) 8 (30.8%) 26 (0.4%) | 0.35
Ankle 997 (79.2%) 262 (20.8%) | 1259 (18.4%) | 0.05
Elbow 444 (81.5%) 101 (18.5%) 545 (8.0%) | 0.01
Head 44 (86.3%) 7 (13.7%) 51 (0.7%) | 0.13
Hip 627 (83.7%) 122 (16.3%) 749 (10.9%) | <0.0001
Knee 1960 (76.3%) 609 (23.7%) | 2569 (37.5%) | 0.26
Neck 23 (76.7%) 7 (23.3%) 30 (0.4%) | 0.99
Shoulder 1048 (71.0%) 429 (29.1%) | 1477 (21.6%) | <0.0001
Thorax 92 (77.3%) 27 (22.7%) 119 (1.7%) | 0.99
Wrist 231 (89.9%) 26 (10.1%) 257 (3.8%) | <0.0001
Injury Type*
Crushing 62 (88.6%) 8 (11.4%) 70 (1.0%) | 0.02
Dislocation 714 (78.2%) 199 (21.8%) 913 (13.3%) | 0.40
Fracture 1578 (77.5%) 458 (22.5%) | 2036 (29.7%) | 0.57
Sprain 3027 (76.0%) 955 (24.0%) | 3982 (58.1%) | 0.02
Traumatic Amputation 176 (92.2%) 15 (7.9%) 191 (2.8%) | <0.0001
Visit Type
ED/Urgent Care 457 (81.9%) 101 (18.1%) 558 (8.2%) | <0.001
Inpatient 835 (80.8%) 198 (19.2%) | 1033 (15.1%)
Outpatient 3934 (77.0%) 1178 (23.0%) | 5112 (74.7%)
Other 51 (34.9%) 95 (65.1%) 146 (2.1%)
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TABLE 3C CONTINUED. BIVARIATE ANALYSES COMPARING WHETHER PATIENTS
WERE PRESCRIBED <7 DAYS OR >7 DAYS OF OPIOIDS

Number of Opioid

Prescriptions

One 4763 (78.0%) 1347 (22.1%) | 6110 (89.2%) | <0.0001
More than one 514 (69.6%) 225 (30.5%) 739 (10.8%)

Surgery

No 1303 (70.0%) 558 (30.0%) | 1861 (27.2%) | <0.0001
Yes, Outpatient 3171 (79.4%) 822 (20.6%) | 3993 (58.3%)

Yes, Inpatient 803 (80.7%) 192 (19.3%) 995 (14.5%)

Number of Visits for Injury

Prior to First MSK Visit

None 4231 (77.4%) 1234 (22.6%) | 5465 (79.8%) | 0.12

1 914 (76.2%) 285 (23.8%) | 1199 (17.5%)

>1 132 (71.4%) 53 (28.7%) 53 (28.7%)
Attending Characteristics

Specialty

Orthopaedic Surgery 5147 (77.8%) 1467 (22.2%) | 6614 (96.6%) | <0.0001
Sports Medicine 130 (55.3%) 105 (44.7%) 235 (3.4%)

Trainee

Yes 23 (92.0%) 2 (8.0%) 25 (0.4%) | 0.09
No 5254 (77.0%) 1570 (23.0%) | 6824 (99.6%)

Degree

MD/DO 5136 (77.3%) 1510 (22.7%) | 6646 (97.0%) | 0.01
PA/NP 141 (69.5%) 62 (30.5%) 203 (3.0%)

Facility Characteristics

Type

Hospital 4291 (78.2%) 1197 (21.8%) | 5488 (80.1%) | <0.0001
Clinic 986 (72.5%) 375 (27.6%) | 1361 (19.9%)

MSK Site

Yes 739 (68.4%) 342 (31.6%) | 1081 (15.8%) | <0.0001
No 4538 (78.7%) 1230 (21.3%) | 5768 (84.2%)

*Not mutually exclusive categories
Bold p-values indicate predictors significant at p<0.2 level

| included the variables that were significant at the p<0.2 level in a logistic regression
model presented in Table 3D. Using these same variables, the model building process proceeded
as shown in Table 3E. Inclusion of random slopes at the patient-level for each patient-level
covariate was too complex of a model; therefore, | fit models including each patient-level
covariate as a random slope individually. The only patient level covariate which was statistically
significant as a random slope was whether the patient’s encounter was for a shoulder diagnosis.

Therefore, Model 3 only included shoulder diagnosis as random slope. Shoulder encounter was



only significant at the attending level; therefore, | removed the random slope by facility
parameter from subsequent models. Similarly, the attending-level random slopes were not
statistically significant in Model 5; therefore, | dropped them from Model 6. In addition, the
inclusion of attending-level random slopes in Model 5 did not produce sufficient variation to
calculate standard errors, further justifying the exclusion of these parameters from the
subsequent model. Based on the AICs in Table 3E, Model 6 was considered the best-fitting
model. While the AIC and BIC were slightly higher in Model 6 as compared to Models 4-5, the
difference was not substantial. Thus, | selected Model 6 to align with the conceptual model of
important covariates at patient, prescriber, and facility levels. Odds ratios and 95% confidence

intervals for Model 6 are presented in Table 3F.
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TABLE 3D. LOGISTIC REGRESSION, ODDS OF RECEIVING PRESCRIPTION <7 DAYS

| OR | 95% ClI
Patient Characteristics
Gender
Male Reference Reference
Female 0.93 0.83, 1.05
Age
<18 1.06 0.81,1.37
18-64 Reference Reference
>65 1.14 0.98, 1.32
Average Income of Patient Zip Code (n=232 missing)
$25,000-$49,999 1.44 1.17,1.77
$50,000-$74,999 1.10 0.87,1.40
$75,000-$99,999 1.05 0.82,1.34
$100,000 or more Reference Reference
PRIMUM Risk Factors*
Onsite Narcotic Administration 0.61 0.36, 1.02
History of Overdose 0.54 0.23, 1.27
Positive toxicology 0.85 0.65,1.11
3+ Prescriptions 0.93 0.62, 1.39
Body Region*
Ankle 1.22 1.02,1.46
Elbow 1.46 1.13,1.90
Head 1.60 0.70, 3.62
Hip 1.62 1.28,2.05
Shoulder 0.77 0.66, 0.91
Wrist 1.56 0.90,2.71
Injury Type*
Crushing 1.86 0.86, 4.01
Sprain 1.01 0.85,1.19
Traumatic Amputation 2.33 1.17, 4.60
Visit Type
ED/Urgent Care 2.73 1.44,5.15
Inpatient 3.33 1.15,9.70
Outpatient Reference Reference
Other 0.35 0.18, 0.68
Number of Opioid Prescriptions
One Reference Reference
More than one 0.54 0.45, 0.66
Surgery
No Reference Reference
Yes, Outpatient 2.36 1.31,4.26
Yes, Inpatient 0.76 0.31,1.87
Number of Visits for Injury Prior to First MSK Visit
None Reference Reference
1 0.99 0.84,1.18
>1 0.77 0.54,1.09
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TABLE 3D CONTINUED. LOGISTIC REGRESSION, ODDS OF RECEIVING
PRESCRIPTION <7 DAYS

| OR | 95% ClI
Attending Characteristics
Specialty
Orthopaedic Surgery Reference Reference
Sports Medicine 0.47 0.34, 0.65
Trainee
Yes 3.93 0.91, 17.02
No Reference Reference
Degree
MD/DO Reference Reference
PA/NP 1.00 0.70, 1.42
Facility Characteristics
Type
Hospital Reference Reference
Clinic 2.15 1.47,3.16
MSK Site
Yes Reference Reference
No 1.28 0.62, 2.61

*Categories are not mutually exclusive. “No” is reference group for each.
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TABLE 3E. ESTIMATES FOR THREE-LEVEL GENERALIZED LINEAR DICHOTOMOUS

MODELS OF PRESCRIPTION <7 DAY'S (N=6,849)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 62
Model Description No Model 1 + Model 2 + Model 3 + Model 4 + Model 5 +
predictors | Patient level random Attending Random Facility
, just fixed effects slopes for level fixed slopes for Level fixed
random patient level | effects Attending effect
effects for predictors level
intercept predictors
Fixed Effects
Intercept 1.44 (0.19) 1.45(0.28) 1.45 (0.28) 1.69 (0.31) 1.69 (0) 1.63(0.71)
Estimate (standard
error)
Gender
Male - - - - -
Female -0.13 (0.08) -0.12 (0.08) -0.13 (0.08) -0.13 (0.001) | -0.13(0.08)
Age
<18 0.03 (0.18) 0.05 (0.18) 0.05 (0.18) 0.05 (0) 0.05 (0.18)
18-64 - - - - -
>65 0.01 (0.09) 0.02 (0.10) 0.02 (0.10) 0.02 (0.003) | 0.02(0.10)
Average Income of
Patient Zip Code
$25,000-$49,999 0.09 (0.14) 0.10 (0.14) 0.09 (0.14) 0.09 (0) 0.09 (0.14)
$50,000-$74,999 -0.0003 (0.15) 0.01 (0.16) 0.01 (0.16) 0.01 (0.02) 0.01 (0.16)
$75,000-$99,999 -0.001 (0.16) 0.01 (0.16) 0.005 (0.16) 0.005 (0) 0.01 (0.16)
$100,000 or more -- - - - -
PRIMUM Risk
Factors*
Onsite Narcotic -0.86 (0.31) -0.86 (0.31) -0.87 (0.31) -0.87 (0) -0.87 (0.31)
Administration
History of Overdose -0.37 (0.51) -0.41 (0.51) -0.42(0.51) -0.42 (0) -0.42 (0.51)
Positive toxicology -0.32(0.16) | -0.31(0.16) -0.31 (0.16) -0.31(0) -0.31 (0.16)
3+ Prescriptions -0.11(0.25) | -0.12 (0.25) -0.11 (0.29) -0.11 (0) -0.10 (0.25)
Body Region*
Ankle 0.01 (0.15) 0.02 (0.15) 0.04 (0.15) 0.04 (0) 0.04 (0.15)
Elbow 0.18 (0.17) 0.18 (0.18) 0.17 (0.18) 0.17 (0) 0.17 (0.18)
Head -0.12 (0.49) -0.13 (0.49) -0.12 (0.49) 0.12 (0) -0.12 (0.49)
Hip 0.02 (0.17) 0.02 (0.17) 0.01(0.17) 0.02 (0.004) | 0.01(0.17)
Shoulder -0.27 (0.11) | -0.27 (0.14) -0.28 (0.14) -0.28 (0) -0.28 (0.14)
Wrist 0.25 (0.35) 0.26 (0.36) 0.25 (0.36) 0.25 (0) 0.26 (0.36)
Injury Type*
Crushing 0.23 (0.44) 0.20 (0.44) 0.20 (0.44) 0.20 (0) 0.20 (0.44)
Sprain -0.03(0.11) | -0.05(0.11) -0.04 (0.11) -0.04 (0) -0.05 (0.11)
Traumatic Amputation 0.71 (0.39) 0.73 (0.40) 0.72 (0.40) 0.72 (0) 0.72 (0.40)
Visit Type
ED/Urgent Care 0.38 (0.29) 0.38 (0.29) 0.21 (0.30) 0.19 (0) 0.02 (0.44)
Inpatient -0.33 (0.59) -0.36 (0.59) -0.52 (0.60) -0.54 (0.001) | -0.71(0.68)
Outpatient - -- - -- --
Other 0.63 (0.37) 0.65 (0.38) 0.50 (0.38) 0.49 (0) 0.33 (0.48)
Number of Opioid
Prescriptions
One - - - - -
More than one -0.74 (0.12) -0.72 (0.12) -0.72 (0.12) -0.72 (0) -0.72 (0.12)
Surgery
No - - - - -
Yes, Outpatient 0.55 (0.26) 0.57 (0.26) 0.39 (0.28) 0.38 (0) 0.21 (0.41)
Yes, Inpatient 0.50 (0.53) 0.52 (0.54) 0.51 (0.54) 0.52 (0) 0.51 (0.54)
Number of Visits for
Injury Prior to First
MSK Visit
None - - - - -
1 -0.06 (0.10) -0.05 (0.10) -0.05 (0.10) -0.05 (0) -0.05 (0.10)
>1 -0.36 (0.21) -0.37 (0.21) -0.39 (0.21) -0.39 (0) -0.38 (0.21)




TABLE 3E CONTINUED. ESTIMATES FOR THREE-LEVEL GENERALIZED LINEAR
DICHOTOMOUS MODELS OF PRESCRIPTION <7 DAYS (N=6,849)

Model 1 Model 2 Model 3 Model 4 | Model 5 Model 62
Model Description No Model 1 + Model 2 + Model 3 + | Model 4 + Model 5 +
predictors Patient level random Attending | Random Facility
, just fixed effects slopes for level fixed | slopes for Level fixed
random patient level effects | Attending effect
effects for predictors level
intercept predictors
Trainee
Yes 0.89 (1.11) 0.89 (0) 0.92 (1.11)
No -- - -
Degree
MD/DO -- - -
PA/NP 0.38 (0.45) 0.40 (0) 0.44 (0.46)
Facility Type
Hospital -
Clinic -0.05 (0.61)
MSK Site
Yes --
No 0.29 (0.74)
Error Variance
Level-2 (Attending)
Intercept 1.63(0.28) 1.77 (0.30) 1.70 (0.31) 1.68 (0.30) 1.65 (0) 1.68 (0.30)
Level-3 (Facility) 0.50 (0.28) 0.30 (0.21) 0.30 (0.21) 0.22 (0.16) 0(0) 0.22 (0.16)
Intercept
Random Effects
Shoulder attending 0.17 (0.10) 0.19 (0.08) 0.19 (0) 0.19 (0.08)
Shoulde_rsne ) 0.01 (0.05)
Attending Specialtysie 0.25 (0)
Traineesie 0 (0)
Attending Typesite 0(0)
Model Fit
AIC 5581.76 5360.60 5349.67 5344.89 5344.26 5348.52
BIC 5586.43 5407.26 5399.44 5397.77 5397.14 5404.51

Note: Bold indicates p<0.05; 1CCattending = 0.3011; ICCracility = 0.0923; Values based on SAS PROC
GLIMMIX. Estimation Model = Laplace. Parameter estimates are shown with standard errors in
parentheses.

aBest fitting model

Overall, the probability of a typical attending at a typical site prescribing an opioid for 7
days or less is 80.8%. Based on the ICC calculations, 30.1% of the variance in prescription
duration is accounted for by attending, with another 9.2% accounted for by site. Thus,
approximately 61% remains to be accounted for by patient factors. Patients with more than two
onsite narcotic administrations within the past 30 days were had 77% lower odds of receiving a
prescription for less than 7 days as compared to those without that risk factor (95% CI: 0.23,

0.77). Patients presenting with a shoulder condition had 24% lower odds of receiving a

60
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prescription for less than 7 days as compared to those without a shoulder condition (95% ClI:
0.57, 0.995). Patients with more than one opioid prescribed had 62% lower odds of receiving a
prescription less than 7 days (95% CI: 0.38, 0.62). Similarly, patients with a sports medicine
attending had 66% lower odds of a prescription less than 7 days as compared to those with
orthopaedic surgery attendings (95% CI: 0.13, 0.85).

TABLE 3F. ODDS RATIOS FOR THREE-LEVEL GENERALIZED LINEAR

DICHOTOMOUS MODELS OF PRESCRIPTION <7 DAY'S (N=6,849), BASED ON MODEL
6

OR 95% CI
Gender
Male -- --
Female 0.88 0.76, 1.03
Age
<18 1.05 0.68, 1.61
18-64 -- --
>65 1.02 0.81,1.29
Average Income of Patient Zip
Code
$25,000-$49,999 1.10 0.75, 1.60
$50,000-$74,999 1.01 0.67,1.52
$75,000-$99,999 1.01 0.65, 1.55
$100,000 or more - -
PRIMUM Risk Factors*
Onsite Narcotic Administration 0.42 0.23,0.77
History of Overdose 0.66 0.24,1.79
Positive toxicology 0.73 0.54,1.01
3+ Prescriptions 0.90 0.55, 1.48
Body Region*
Ankle 1.04 0.78,1.41
Elbow 1.19 0.84, 1.67
Head 0.89 0.34,2.32
Hip 1.02 0.73,1.42
Shoulder 0.76 0.57, 0.995
Wrist 1.29 0.64, 2.61
Injury Type*
Crushing 1.22 0.51, 2.92
Sprain 0.96 0.77,1.18
Traumatic Amputation 2.06 0.94, 4.48




TABLE 3F CONTINUED. ODDS RATIOS FOR THREE-LEVEL GENERALIZED LINEAR
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DICHOTOMOUS MODELS OF PRESCRIPTION <7 DAY'S (N=6,849), BASED ON MODEL

6

OR 95% ClI
Visit Type
ED/Urgent Care 1.02 0.32, 3.23
Inpatient 0.49 0.08, 2.94
Outpatient -- --
Other 1.38 0.39, 4.87
Number of Opioid Prescriptions
One -- --
More than one 0.49 0.38, 0.62
Surgery
No - -
Yes, Outpatient 1.23 0.46, 3.31
Yes, Inpatient 1.67 0.46, 6.02
Number of Visits for Injury
Prior to First MSK Visit
None - -
1 0.95 0.74,1.21
>1 0.45 0.41,1.13
Specialty
Orthopaedic Surgery -- --
Sports Medicine 0.34 0.13,0.85
Trainee
Yes - -
No 2.50 0.28,21.10
Degree
MD/DO - -
PA/NP 1.56 0.63, 3.83
Facility Type
Hospital -- --
Clinic 0.96 0.29,3.19
MSK Site
Yes -- --
No 1.34 0.31,5.72

Discussion

Overall, the STOP Act had a statistically significant influence on the percentage of

prescriptions written for 7 days or less over time. Specifically, there was a 17.7% increase in

prescriptions written for 7 days or less after the STOP Act as compared to before (p<0.001). This

increase was statistically significant even after adjusting for the significant trend which existed
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before implementation of STOP Act. Furthermore, rates continued to increase after STOP Act
throughout the study period by approximately 0.6% per month. These data also demonstrate a
substantial and similar effect when modeling when the STOP Act was signed into law, indicating
that clinicians began to change behavior upon the announcement, even up to six months before
the legislation would take effect. These results indicate that it may not be necessary to dedicate
significant resources into surveillance of physician behavior or enforcement of legislation, at
least in this group of clinicians.

There are two studies published on the effect of the STOP Act on musculoskeletal
clinicians. Both specifically focused on opioid dosing rather than duration of opioid prescription,
which is not consistent with the behavior the legislation targets. However, one study found that
an orthopaedic surgery department at an academic medical center had a 35% reduction in dosage
between 2017 and 2018.%° The other did find prescriptions were three times as likely to be for 7-
days or less after the legislation.*® The simple pre-post design did not allow the researchers to
isolate the unique impact of the STOP Act in the same way an interrupted time series allows;
however, our results are consistent that musculoskeletal clinicians seem to have responded to the
legislation. A study assessing the influence of the STOP Act on opioid prescription duration in
the emergency department found a 3.3% decrease in opioids prescribed for more than 5 days
associated with the STOP Act, which is much lower than the effect identified in the present
study, despite controlling for pre-intervention trends.®® Another study found a decrease in opioid
deaths in the year following STOP Act in North Carolina using an interrupted time series design,
indicating the legislation had a downstream effect beyond the prescription duration.*® Finally, an
interrupted time series from 2006 to 2018 in North Carolina found that days’ supply was not

impacted by prior interventions, including the launch of a prescription drug monitoring program
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and a state medical board initiative; however, days supply did decrease after the STOP Act
legislation.

An interrupted time series analysis of legislation limiting duration of postoperative opioid
prescribing in Massachusetts and Connecticut found implementation was associated with a 0.4
day reduction in prescription duration and a 5.9% decrease in the percentage of prescriptions
written for more than 7 days in Massachusetts.?® It seems the 17% change in the proportion of
prescriptions adhering to the duration limits in the present study is far larger than the change seen
in Massachusetts. The study found no change in Connecticut. However, these were among all
postoperative patients and not limited to musculoskeletal pain. It could be that differences among
the specific legislation or states account for this difference or that musculoskeletal clinicians are
more receptive to the influence of legislation.

After implementation of STOP Act, opioids were prescribed for less than 7 days in 77.1%
of encounters. Accounting for the hierarchical nesting of patients, prescribers, and site, the
probability of a typical attending at a typical site prescribing an opioid for 7 days or less was
80.8%. A considerable amount of variation existed by attending (30%) and site (9%); however,
that left approximately 60% of the variance to be explained by other factors. The model found
three patient level covariates associated with statistically significant reduced odds of receiving a
prescription for 7 days or less: 1) having 2 or more Emergency Department (ED) or inpatient
encounters with onsite narcotic administration within the previous 30 days; 2) having a shoulder
injury; and 3) being prescribed more than one opioid. Patients receiving more than one opioid
and those that had received opioids at the hospital or ED twice in the month before likely
represent patients who have either a more severe injury or other complex medical histories.

Interestingly, while shoulder injury was a significant patient-level covariate, the random slope of
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shoulder injury by attending was also statistically significant. This finding means that the
influence of shoulder injury on the opioid prescription duration differed significantly by
attending. It might be that attendings who treat shoulder injuries often have different prescribing
practices than those who treat shoulder injuries infrequently. One study in the literature assessed
the number of opioid pills consumed by patients following upper-extremity surgical procedures
and found that patients undergoing shoulder procedures required the highest number of pills
(mean of 22) as compared to patients with wrist, hand, forearm, or elbow procedures.’ Therefore,
my results that shoulder injuries were less likely to result in short prescriptions is consistent with
this finding. Still, the study concluded that opioids were being prescribed at rates three times
higher than patients needed.

The only attending level covariate which was statistically significant was specialty, with
sports medicine clinicians adhering to duration limits less frequently than orthopaedic surgeons.
This variation could be due to a difference in training, culture, or patient population. While no
study was identified in the literature comparing opioid prescribing between orthopaedic surgeons
and sports medicine clinicians, the sports medicine literature documents similar overprescribing
of opioids as the orthopaedic surgery literature.** Furthermore, one study did find differences in

the effect of legislation by specialty.

One limitation of this analysis is using diagnosis codes to identify injuries since some of
these diagnoses could have been used for some patients with chronic conditions or sequelae
associated with an acute injury. These patients would not be within the scope of the STOP Act
legislation. However, the fact that most of the patients in the study did not have a visit for the
diagnosis prior to the first visit with an MSK clinician, this patient group likely represents acute

injuries. Similarly, I am unable to know for certain that the opioid was prescribed for the
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musculoskeletal injury. Limiting to encounters with a musculoskeletal clinician as attending
should limit the number of opioids prescribed for other reasons. Another significant limitation is
that the prescriber may be a different person from the attending clinician. Attending specialty
was the only variable available to restrict the patient group to those presenting to a MSK
clinician; however, sometimes the prescriber was a different person than the attending (typically
a resident physician or advanced care provider working with the attending). In this analysis, the
prescriptions are attributed to the attending, assuming that the attending is the clinician
responsible for the care of the patient, including medication prescribing. Finally, while the model
identified a significant influence of both attending and site, as well as several important patient,
attending, and facility variables, the model could likely be improved by the addition of variable
which were not available for this analysis (i.e., patient health insurer, physician demographics,
the interaction of physician and patient demographics, and whether the attending was employed
by the healthcare organization or by an outside private practice).

The interrupted time series design, correcting for autocorrelation, is a very rigorous
design for studying large scale interventions. These data demonstrated a significant increase in
percent of prescriptions written for 7 days or less prior to the implementation of STOP Act.
Without controlling for that trend, it would be difficult to determine the unique impact of the
legislation. Similarly, the multilevel model is a more robust design to determine the influence of
patient, prescriber, and facility characteristics on opioid prescribing. The fact that many of the
statistically significant associations in the bivariate and logistic regression model were attenuated
or no longer significant in the multilevel model demonstrates the necessity for more advanced
modeling to account for the nested organization of healthcare delivery. Finally, this study used a

large sample of musculoskeletal patients and their clinicians to assess the impact of legislation on



67

prescriber behavior. These results are likely generalizable to a broad range of musculoskeletal
clinicians, at least in the United States.

These results demonstrate significant potential for legislation to effect physician behavior
change and potentially patient safety. Future research can build on these results to obtain a richer
and more comprehensive understanding of physician behavior in response to legislation.
Additional data could be used to enhance the model to obtain a better fit, and interaction terms
could be explored to understand how different covariates interact to influence opioid prescribing.
These data can be used to identify prescribers who routinely adhere to duration limits (and those
that do not) for purposive sampling in a subsequent qualitative study to identify additional targets
for intervention. For example, a qualitative study could be designed to understand the uniqueness
or complexity of shoulder injuries, based on the findings of this study.

Next steps could also include replicating this study with non-musculoskeletal clinicians
to determine whether the impact of legislation is different for other clinicians (i.e., family
practice or emergency medicine) treating these same injuries. This study could also be explored
for other non-musculoskeletal acute pain conditions, such as headaches. While this study focused
on acute injuries, the STOP Act applies to all postoperative patients as well. The impact on
prescribing after other orthopaedic procedures, such as total joint replacement, as well as
common non-orthopaedic surgical populations, such as cesarean section or cardiovascular
procedures, should be assessed. Finally, the impact of STOP Act implementation, and the
associated decrease in duration of opioid prescriptions, on patient outcomes, to include chronic
opioid use, pain, and community levels of opioid use disorder and overdose, should be assessed

to ensure the legislation is having the intended effect.
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The results of this study can also be used to guide future legislation and the delegation of
resources. Signing the STOP Act into law changed prescriber behavior significantly without
additional surveillance or enforcement, before the legislation officially went into effect.
Hospitals could also use this information to tailor additional interventions for patient populations
or prescribers where adherence to duration limits were lower (i.e., shoulder injury, sport

medicine).



10.

11.

69

References

United States Bone and Joint Decade: The Burden of Musculoskeletal Diseases in the
United States. Rosemont, IL: American Academy of Orthopaedic Surgeons;2008.

Orfield NJ, Gaddis A, Russell KB, Hartman DW, Apel PJ, Mierisch C. New Long-Term
Opioid Prescription-Filling Behavior Arising in the 15 Months After Orthopaedic
Surgery. The Journal of bone and joint surgery American volume. 2019.

Young JC, Dasgupta N, Chidgey BA, Jonsson Funk M. Postsurgical Opioid Prescriptions
and Risk of Long-term Use: An Observational Cohort Study Across the United States.
Annals of surgery. 2021;273(4):743-750.

Volkow ND, McLellan TA, Cotto JH, Karithanom M, Weiss SR. Characteristics of
opioid prescriptions in 2009. Jama. 2011;305(13):1299-1301.

Strengthening Opioid Mlsuse Prevention (STOP) Act of 2017, NC GS § 90-106,
2017(2017).

Bicket MC, Long JJ, Pronovost PJ, Alexander GC, Wu CL. Prescription Opioid
Analgesics Commonly Unused After Surgery: A Systematic Review. JAMA surgery.
2017;152(11):1066-1071.

Kim N, Matzon JL, Abboudi J, et al. A Prospective Evaluation of Opioid Utilization
After Upper-Extremity Surgical Procedures: Identifying Consumption Patterns and
Determining Prescribing Guidelines. The Journal of bone and joint surgery American
volume. 2016;98(20):e89.

Bhashyam AR, Keyser C, Miller CP, et al. Prospective Evaluation of Opioid Use After
Adoption of a Prescribing Guideline for Outpatient Foot and Ankle Surgery. Foot &
ankle international. 2019;40(11):1260-1266.

Gardner V, Gazzaniga D, Shepard M, et al. Monitoring Postoperative Opioid Use
Following Simple Arthroscopic Meniscectomy: A Performance-Improvement Strategy
for Prescribing Recommendations and Community Safety. JB & JS open access.
2018;3(4):e0033.

Sabatino MJ, Kunkel ST, Ramkumar DB, Keeney BJ, Jevsevar DS. Excess Opioid
Medication and Variation in Prescribing Patterns Following Common Orthopaedic
Procedures. The Journal of bone and joint surgery American volume. 2018;100(3):180-
188.

Saini S, McDonald EL, Shakked R, et al. Prospective Evaluation of Utilization Patterns
and Prescribing Guidelines of Opioid Consumption Following Orthopedic Foot and
Ankle Surgery. Foot & ankle international. 2018;39(11):1257-1265.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

70

Cron DC, Hwang C, Hu HM, et al. A statewide comparison of opioid prescribing in
teaching versus nonteaching hospitals. Surgery. 2019;165(4):825-831.

Gaspar MP, Pflug EM, Adams AJ, et al. Self-Reported Postoperative Opioid-Prescribing
Practices Following Commonly Performed Orthopaedic Hand and Wrist Surgical
Procedures: A Nationwide Survey Comparing Attending Surgeons and Trainees. The
Journal of bone and joint surgery American volume. 2018;100(19):e127.

Kattail D, Hsu A, Yaster M, et al. Attitudes and self-reported practices of orthopedic
providers regarding prescription opioid use. J Opioid Manag. 2019;15(3):213-228.

Linnaus ME, Sheaffer WW, Ali-Mucheru MN, Velazco CS, Neville M, Gray RJ. The
Opioid Crisis and Surgeons: National Survey of Prescribing Patterns and the Influence of
Motivators, Experience, and Gender. American journal of surgery. 2019;217(6):1116-
1120.

Raneses E, Secrist ES, Freedman KB, Sohn DH, Fleeter TB, Aland CM. Opioid
Prescribing Practices of Orthopaedic Surgeons: Results of a National Survey. The
Journal of the American Academy of Orthopaedic Surgeons. 2019;27(4):e166-e172.

Chiu AS, Healy JM, DeWane MP, Longo WE, Yoo PS. Trainees as Agents of Change in
the Opioid Epidemic: Optimizing the Opioid Prescription Practices of Surgical Residents.
Journal of surgical education. 2018;75(1):65-71.

Kopp JA, Anderson AB, Dickens JF, et al. Orthopedic Surgeon Decision-Making
Processes for Postsurgical Opioid Prescribing. Military medicine. 2019;185(3-4):e383-
e388.

Sceats LA, Ayakta N, Merrell SB, Kin C. Drivers, Beliefs, and Barriers Surrounding
Surgical Opioid Prescribing: A Qualitative Study of Surgeons' Opioid Prescribing Habits.
The Journal of surgical research. 2020;247:86-94.

Davis CS, Lieberman AJ. Laws limiting prescribing and dispensing of opioids in the
United States, 1989-2019. Addiction. 2021;116(7):1817-1827.

Beaudoin FL, Banerjee GN, Mello MJ. State-level and system-level opioid prescribing
policies: The impact on provider practices and overdose deaths, a systematic review. J
Opioid Manag. 2016;12(2):109-118.

Reid DBC, Shapiro B, Shah KN, et al. Has a Prescription-limiting Law in Rhode Island
Helped to Reduce Opioid Use After Total Joint Arthroplasty? Clinical orthopaedics and
related research. 2020;478(2):205-215.

Heins SE, Castillo RC. Changes in Opioid Prescribing Following the Implementation of
State Policies Limiting Morphine Equivalent Daily Dose in a Commercially Insured
Population. Med Care. 2021;59(9):801-807.



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

71

Castillo-Carniglia A, Gonzalez-Santa Cruz A, Cerda M, et al. Changes in opioid
prescribing after implementation of mandatory registration and proactive reports within
California's prescription drug monitoring program. Drug Alcohol Depend.
2021;218:108405.

Danovich D, Greenstein J, Chacko J, et al. Effect of New York State Electronic
Prescribing Mandate on Opioid Prescribing Patterns. The Journal of emergency medicine.
2019;57(2):156-161.

Xie Y, Joseph AW, Rudy SF, et al. Change in Postoperative Opioid Prescribing Patterns
for Oculoplastic and Orbital Procedures Associated With State Opioid Legislation. JAMA
ophthalmology. 2021;139(2):157-162.

Al Achkar M, Grannis S, Revere D, MacKie P, Howard M, Gupta S. The effects of state
rules on opioid prescribing in Indiana. BMC Health Serv Res. 2018;18(1):29.

Benfield CP, Doe KK, Protzuk OA, Thacker LR, Golladay GJ. Effect of State Legislation
on Discharge Opioid Prescriptions After Total Hip and Knee Arthroplasties. Arthroplasty
today. 2020;6(4):856-859.

Agarwal S, Bryan JD, Hu HM, et al. Association of State Opioid Duration Limits With
Postoperative Opioid Prescribing. JAMA network open. 2019;2(12):e1918361.

Lowenstein M, Hossain E, Yang W, et al. Impact of a State Opioid Prescribing Limit and
Electronic Medical Record Alert on Opioid Prescriptions: a Difference-in-Differences
Analysis. J Gen Intern Med. 2020;35(3):662-671.

McDowell CM, Bradian AK, Cheesman QT, et al. The Effect of State Legislation on
Opioid Prescriptions Following Arthroscopic Rotator Cuff Repair. Orthopedics.
2021;44(1):e80-e84.

Potnuru P, Dudaryk R, Gebhard RE, et al. Opioid prescriptions for acute pain after
outpatient surgery at a large public university-affiliated hospital: Impact of state
legislation in Florida. Surgery. 2019;166(3):375-379.

Valdes IL, Possinger MC, Hincapie-Castillo JM, et al. Changes in Prescribing by
Provider Type Following a State Prescription Opioid Restriction Law. J Gen Intern Med.
2021.

Sabesan VJ, Echeverry N, Dalton C, Grunhut J, Lavin A, Chatha K. The impact of state-
mandated opioid prescribing restrictions on prescribing patterns surrounding reverse total
shoulder arthroplasty. JSES international. 2021;5(4):663-666.

Aran F, Wang KY, Rosas S, Danelson KA, Emory CL. The Effect of the Strengthen
Opioid Misuse Prevention Act on Opiate Prescription Practices Within the Orthopaedic
Surgery Department of an Academic Medical Center. J Am Acad Orthop Surg Glob Res
Rev. 2020;4(3):220.00006.



36.

37.

38.

39.

40.

41.

72

Flanagan CD, Joseph NM, Benedick A, Vallier HA. Five-year Trends in Opioid
Prescribing Following Orthopaedic Trauma. J Am Acad Orthop Surg Glob Res Rev.
2020;4(8):20.00134.

Seymour R, Leas D, Wally M, Hsu J, PRIMUM Group. Prescription reporting with
immediate medication utilization mapping (PRIMUM): development of an alert to
improve narcotic prescribing. BMC Med Inform Decis Mak. 2016;16:111.

Cunningham DJ, George SZ, Lewis BD. The Impact of State Level Public Policy,
Prescriber Education, and Patient Factors on Opioid Prescribing in Elective Orthopedic
Surgery: Findings From a Tertiary, Academic Setting. Mayo Clinic proceedings
Innovations, quality & outcomes. 2021;5(1):23-34.

Perry WM, Agala CB, Agala EM. Evaluation of a state law on opioid-prescribing
behaviour and the void affecting codeine-containing antitussive syrup. Emergency
medicine journal : EMJ. 2020.

Hughes P, Denslow S, Ostrach B, Fusco C, Tak C. Exploration of the STOP Act and
Opioid Deaths in North Carolina, 2010-2018. Am J Public Health. 2020;110(10):1573-
1577.

Sheth U, Mehta M, Huyke F, Terry MA, Tjong VK. Opioid Use After Common Sports
Medicine Procedures: A Systematic Review. Sports health. 2020;12(3):225-233.



Appendix 3A: Musculoskeletal Conditions and Injuries Included in Study

Diagnosis Description Parent Category
Code
S02 Fracture of skull and facial bones Injuries to the head
S03 Dislocation and sprain of joints and ligaments | Injuries to the head
of head
S12 fracture of the cervical vertebra and other Injuries to the neck
parts of neck
S13 Dislocation and sprain of joints and ligaments | Injuries to the neck
at neck level
S22 Fracture of rib(s), sternum and thoracic spine | Injuries to the thorax
S23 Dislocation and sprain of joints and ligaments | Injuries to the thorax
of thorax
S33 Dislocation and sprain of joints and ligaments | Injuries to the abdomen, lower back, lumbar spine,
of lumbar spine and pelvis pelvis and external genitals
S42 Fracture of shoulder and upper arm Injuries to the shoulder and upper arm
S43 Dislocation and sprain of joints and ligaments | Injuries to the shoulder and upper arm
of shoulder girdle
S47 Crushing injury of shoulder and upper arm Injuries to the shoulder and upper arm
S48 Traumatic amputation of shoulder and upper | Injuries to the shoulder and upper arm
arm
S52 Fracture of forearm Injuries to the elbow and forearm
S53 Dislocation and sprain of joints and ligaments | Injuries to the elbow and forearm
of elbow
S57 Crushing injury of elbow and forearm Injuries to the elbow and forearm
S58 Traumatic amputation of elbow and forearm Injuries to the elbow and forearm
S62 Fracture at wrist and hand level Injuries to the wrist, hand and fingers
S63 Dislocation and sprain of joints and ligaments | Injuries to the wrist, hand and fingers
at wrist and hand level
S67 Crushing injury of wrist, hand and fingers Injuries to the wrist, hand and fingers
S68 Traumatic amputation of wrist, hand, and Injuries to the wrist, hand and fingers
fingers
S72 Fracture of femur Injuries to the hip and thigh
S73 Dislocation and sprain of joint and ligaments | Injuries to the hip and thigh
of hip
S77 Crushing injury of hip and thigh Injuries to the hip and thigh
S78 Traumatic amputation of hip and thigh Injuries to the hip and thigh
S82 Fracture of lower leg, including ankle Injuries to the knee and lower leg
S83 Dislocation and sprain of joints and ligaments | Injuries to the knee and lower leg
of knee
S87 Crushing injury of lower leg Injuries to the knee and lower leg
S88 Traumatic amputation of lower leg Injuries to the knee and lower leg
S92 Fracture of foot and toe, except ankle Injuries to the ankle and foot
S93 Dislocation and sprain of joints and ligaments | Injuries to the ankle and foot
at ankle, foot and toe level
S97 Crushing injury of ankle and foot Injuries to the ankle and foot
S98 Traumatic amputation of ankle and foot Injuries to the ankle and foot
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CHAPTER 4: OPIOID PRESCRIBING FOR CHRONIC MUSCULOSKELETAL
CONDITIONS: TRENDS OVER TIME AND IMPLEMENTATION OF SAFE OPIOID
PRESCRIBING PRACTICES
Introduction

The opioid epidemic began in the 1990s with a rise in prescription of opioids for pain
management.! The yearly number of overdose deaths remains at a four-fold increase as
compared to 1999.% At the same time, millions of Americans suffer from chronic pain, and
clinicians face challenges in addressing their pain while optimizing patient safety and
minimizing community supply in the context of the drug use and overdose epidemic.?

Chronic pain is defined as pain lasting longer than three months or past the time of
normal tissue healing. While medical conditions, injuries, or medical procedures can lead to the
development of chronic pain, sometimes the cause is unidentifiable.* By this definition,
approximately 15% of adults have chronic pain, with 11% reporting daily pain.>® Common
conditions causing chronic pain are largely musculoskeletal (i.e., arthritis and back or neck
problems), although headaches are another common cause.” While short-term opioid therapy for
noncancer pain lasting less than 12 weeks has demonstrated efficacy, the long-term benefits of
opioids for chronic pain are unclear.® Because having any prescription for an opioid increases the
risk of overdose and opioid use disorder, prescribing these medications without clear evidence of
benefit is unwarranted.®!! The rate of death from overdose for patients prescribed opioids is 1 in
550. Among those receiving high dose opioids (defined as more than 200 Morphine Milligram
Equivalents (MME)), which is common for patients on chronic opioid therapy, the mortality rate
is 1 in 32 patients.'? The rate of overdose also has a positive dose-response relationship, with

odds of overdose increasing over 19 MME/day (OR = 1.32), over 50 MME/day (OR = 1.92),
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over 100 MME/day (OR = 2.04), and over 200 MME/day (OR=2.88).12 These rates highlight the
importance of guiding clinicians regarding pain management and safe opioid prescribing.

The Centers for Disease Control and Prevention (CDC) released a clinical practice
guideline for prescribing opioids for chronic pain in 2016.1* The CDC guideline provides
recommendations regarding 1) determining when it is appropriate to start or continue opioid
therapy for chronic pain; 2) selecting the appropriate medication, dose, duration, follow-up, and
discontinuation; and 3) evaluating risk for opioid-related harms and mitigating this risk.
Appendix 4A lists each of the recommendations included in this guideline. Many healthcare
systems have created clinical decision support tools to implement this CPG into clinical practice.
Two studies have found that the release of this guideline was associated with a decrease in
prescribing rate, high dose prescriptions, co-prescription of opioids and benzodiazepines, days’
supply of opioids and lower odds of receiving a high dose opioid nationwide!*; the effect of the
guideline on specific groups of prescribers or patients, as well as the influence of simultaneous
local, healthcare system-specific interventions, such as policy or clinical decision support
interventions is unknown.

Maximizing the utility of the current proliferation of research in both clinical decision
support and interventions is critical to influencing opioid prescribing. ldentifying strategies that
are successful in addition to issues related to the implementation and dissemination of these
interventions can guide future research, opportunities for tailoring or targeting interventions, and
resource allocation.

This study addressed the following research questions: 1) “Was implementation of a
clinical decision support intervention associated with a decrease in the percent of chronic

musculoskeletal pain patients receiving opioid prescriptions and/or opioid dose?”, and 2) “Which
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prescriber and facility characteristics are associated with adherence with safe opioid prescribing
practices in response to a clinical decision support intervention?”

Review of the Literature
Clinical Decision Support

Researchers, clinicians, and healthcare administrators are developing, implementing, and
testing interventions to reduce inappropriate prescribing. Clinical informatics system strategies
are an important focus area as electronic health records reach saturation. Healthcare systems
have implemented and evaluated a variety of electronic interventions, including power
plans/order sets,'’-1° dashboards,?*-?? risk assessment/screening,??° alerts,?6-? changes to default
prescription details?®3!, integration of PDMP within the EMR®2, and other decision
support.?23334 Many studies of clinical decision support interventions for opioid prescribing
focus on patients in the emergency department (ED)'%2>2831 while others are broadly
implemented in large healthcare systems?!22 or specific specialties.’*834 Most studies found the
interventions to be effective?0-232526:3334 or had mixed results®®3%32, having an effect on some
outcomes but not all 17:18.24.27.28

Alerts were first used to reduce adverse drug events by warning of contraindications or
allergies to medications.®" Since then, healthcare teams have used alerts to address varied
clinical decisions, including opioid prescribing. Gugelmann et al. created an alert that “popped
up” at the time of prescribing to alert the prescriber to screen for the following risk factors:
psychiatric illness, chronic pain, substance abuse, and age younger than 65.2 The alert also
prompted the prescriber to consider non-opioid medications and non-pharmaceutical remedies.
The alert did result in statistically significant decreased opioid prescribing, but this alert triggered
for every opioid prescription rather than just for patients meeting the risk factors, which could

contribute to “alert fatigue”. Other alerts only trigger for patients meeting defined criteria. For
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example, an alert in the emergency department setting informs other ED prescribers that the
patient had either 1) already been referred to an outpatient pain management program?’ or 2) had
an existing Opioid Care Plan on record.?® Results were mixed for these studies, but did have a
statistically significant effect on MME prescribed,?® number of prescriptions filled,?” and number
of prescribers per patient.?” However, no study has assessed the effectiveness of alerts for opioid
prescribing among patients with musculoskeletal conditions specifically; nor have researchers
rigorously attempted to determine the specific patient, clinician, and/or healthcare facility
characteristics that affect response to and efficacy of clinical decision support interventions such
as alerts.
Opioid Dosage

The risk of opioid use disorder and overdose increases with opioid dosage, while pain
typically does not improve at higher doses. Opioid dose is typically measured using morphine
milligram equivalents (MME) to allow for direct comparison of dose across different opioid
medications. One study found 6.1% of patients with high dose chronic therapy (defined as >120
MME/day) opioid abuse or dependence as compared to only 0.7% among patients with lower
doses (<36 MME).® Two studies have found a dose-response relationship between opioid dose
and overdose rate, with risk of death increasing by 32% for patients receiving 20-49 MME/day
and increasing as much as 288% for patients receiving >200 MME/day.*>3® While no clear
threshold delineates a point at which the risk of adverse outcomes is eliminated, the CDC
Guideline advocates for prescribers to use caution for doses exceeding 50 MME/day and to avoid

exceeding 90 MME/day.*
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Naloxone

Naloxone is a medication that can reverse respiratory depression and overdose associated
with opioid use. The efficacy of prescribing naloxone on overdose death rates is not well studied,;
however, experts agree that prescribing naloxone when patients have risk factors that increase
their chance of overdose is justified.!* The CDC Guideline suggests prescribing naloxone to
patients with a history of overdose, a history of substance use disorder, opioid dose exceeding 50
MME/day, or concurrent benzodiazepine use.*
Risk Mitigation and Pain Agreements

Checking prescription drug monitoring programs (PDMPSs), using urine drug testing, and
implementing pain agreements are common techniques promoted to decrease the risk of adverse
outcomes associated with opioids. However, clinicians do not commonly use pain agreements,
and their efficacy is not well-studied.*®*3 One systematic review of 11 studies found most studies
assessing the effectiveness of pain agreements was low quality evidence. Of the higher-quality
studies, treatment agreements were associated with a 7-23% reduction in opioid misuse.** The
CDC Guideline, therefore, does not specifically recommend their use. The guideline does
recommend establishing treatment goals, discussing risks and benefits of opioids, and the patient
and clinician responsibilities for managing therapy.* These activities may be operationalized and
standardized through a pain agreement.
Co-Prescribed Sedating Medications

The CDC Guideline recommends avoiding co-prescribing opioids and benzodiazepines
because they both can decrease respiration as central nervous system depressants.’* Use of both
of these medications concurrently increases the risk of overdose. One study found the risk of

overdose death increased four times for patients on opioid therapy with a concurrent
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benzodiazepine prescription.*® Management of patients requiring both of these medications is
complex and should involve pharmacists and/or pain specialists to ensure patient safety.
Extended Release Opioids

The U.S. Food and Drug Administration has warned of serious risks associated with
extended release opioids (i.e., methadone, transdermal fentanyl, and extended-release oxycode).
The label for these medications recommends they only be used for pain requiring around-the-
clock opioids and when other treatments (e.g., nonopioid analgesics or immediate-release
opioids) are ineffective.*® The CDC Guideline, therefore, recommends that patients initiating
opioid therapy begin with an immediate-release opioid.**
Pain Management for Chronic Musculoskeletal Pain

Musculoskeletal diseases affect approximately half of U.S. adults and up to three-quarters
of U.S. adults over the age of 64.> Worldwide, low back pain is the leading cause of disability,
contributing to the global burden of disease with 57.6 million years lived with disability.*’
Musculoskeletal disorders overall (e.g., rheumatoid arthritis, osteoarthritis, low back pain, neck
pain, gout) contribute significantly to the burden of disease. Globally, 1.3 billion people are
living with one of these conditions, contributing to 138 million years lived with disability. This
prevalence outnumbers all communicable, maternal, neonatal, and nutritional disorders, and
injuries combined. Musculoskeletal conditions are responsible for over 20% of years lived with
disability of all noncommunicable diseases, outnumbering the burden from cancer,
cardiovascular disease, chronic respiratory diseases, liver diseases, digestive diseases,
neurological disorders, and diabetes/endocrine diseases. Only mental and substance use disorders
have a similar impact on the health of the global population, affecting 1.1 billion and

contributing to 150 million years lived with disability. Globally, back pain is the leading cause of
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years lived with disability, while neck pain and other musculoskeletal conditions are also in the
top ten. Among high income countries, back pain, neck pain, other musculoskeletal conditions,
and osteoarthritis are in the top ten. At the same time, opioids are the eighth leading cause of
years lived with disability in the United States. Therefore, clinicians are faced with a large
population of patients suffering from chronic pain associated with musculoskeletal conditions
and a simultaneous epidemic of opioid use disorder.

The literature, however, does not support significant improvement in pain or function
among patients with osteoarthritis on chronic opioid therapy as compared to nonopioid
analgesics.*® In 2017, the American Academy of Orthopaedic Surgeons (AAOS) released a
clinical practice guideline recommending against the use of opioid analgesics to treat
osteoarthritis.*> Another AAOS guideline on nonsurgical management of osteoarthritis promotes
low-impact exercise but not opioid medications.* Still, one study found that approximately 27%
of encounters for patients with osteoarthritis in a large healthcare system were prescribed an
opioid.>* While opioids may have short term efficacy for chronic back pain, the long-term
effectiveness and the impact on function are unknown and complicated by drug tolerance and
hyperalgesia.>? No trials have exceeded four months, and most have high dropout rates. A recent
systematic review for opioids for back pain found opioids may provide pain relief for 4-15
weeks, as no studies exceeded 15 weeks of follow-up.5® This same review found no reduction in
disability compared to placebo. One study found internal medicine physicians who scored higher
on board examinations were less likely to prescribe opioids for back pain as compared to those
with lower scores.>

While the benefits of chronic opioid therapy in these patient populations are unclear,

adverse effects include dependence on opioids after arthroplasty, inadequate analgesia following
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arthroplasty, poor surgical outcomes, hypogonadism, androgen insufficiency, constipation, and
decreased pain tolerance.>*%?

This study adds to the literature by using rigorous study designs to determine the impact
of a clinical decision support tool designed to improve adherence to the CDC Guideline as well
as quantifying physician compliance with the guideline using a novel measure. Furthermore, it
assesses the influence of prescriber and facility factors on guideline concordant physician

behavior.

Methods
Study Design

| conducted an interrupted time series analysis to assess trends over time from 2016-2020
and the change in trend associated with the implementation of a clinical decision support toolKkit
to operationalize the CDC Guideline for prescribing opioids for chronic pain in October of 2017
for the percentage of patients receiving an opioid and the average opioid dose for patients who
do receive an opioid.

| conducted a case control study to assess the association between prescriber and facility
characteristics and safe opioid prescribing practices, including: 1) prescribing naloxone for
patients at high risk; 2) initiating a pain agreement for patients on chronic opioid therapy; 3)
prescribing < 90 MMEs; 4) cancelling an extended release opioid for an opioid naive patient; and
5) avoiding co-prescribed sedative medications.

Study Population

The target population was patients presenting to a large healthcare system between 2016
and 2020 with a diagnosis of a chronic musculoskeletal condition (See Appendix 4B for a list of
included 1ICD-10 codes) and the clinicians treating them. | included arthropathies, to include

inflammatory arthropathy and degenerative arthropathy (osteoarthristis), as well as chronic
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conditions of the spine, to include deforming dorsopathies, spondylopathies, and other
dorsopathies. | chose these diagnoses because they are common, chronic, and painful
musculoskeletal conditions in which the evidence for efficacy of long-term opioid therapy is
lacking.

Inclusion/Exclusion Criteria. For this analysis, | removed records which were missing
facility name. To exclude postoperative prescriptions, this analysis was limited to encounters in
the ambulatory setting. Furthermore, once a patient had an inpatient visit with an orthopaedic
surgery attending, |1 removed subsequent ambulatory visits for that patient. | did this to limit the
focus to patients with the condition who had not received an operation to attempt to improve the
condition. For example, including patients with osteoarthritis after joint replacement would
underestimate opioid prescribing as many patients no longer require opioids after joint
replacement. | also chose to limit to the ambulatory setting to capture clinicians employed by the
healthcare system. Including inpatient or emergency department visits might capture patients
who then follow up at practices outside of the healthcare system, which would also
underestimate opioid prescribing as the database would not capture any opioids they received
outside the healthcare system. | removed encounters at urgent care locations as well as
encounters at an oncology clinic or with an oncology clinician.

To assess opioid dosage, | limited to encounters with an opioid prescription completed and
removed records which were missing information necessary to calculate MME.
Data Collection

This healthcare system has collected all opioid and benzodiazepine prescriptions written

in their electronic medical record (EMR) since 2015 through a system called Prescription

Reporting with Immediate Medication Utilization Mapping (PRIMUM).% The PRIMUM
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Platform includes several clinical decision support interventions to address controlled substance
prescribing and operationalize the CDC Guideline for Chronic Pain (Appendix 4A). Related to
this study, PRIMUM included the following five interventions:

Original PRIMUM alert: This alert notifies the prescriber in real time of the presence of

potential risk factors for abuse, misuse, and diversion of prescription opioids. The
PRIMUM alert includes eight patient risk factors: 1) “Early refill” (>50% of previous
prescription remaining); 2) 3 or more prescriptions in the past 30 days; 3) two or more
onsite administrations of opioids or benzodiazepines in a hospital or emergency
department within the past 30 days; 4) history of opioid or benzodiazepine overdose; 5)
history of positive toxicology screen (cocaine, marijuana, or blood alcohol) in the EMR;
6) initiating an opioid prescription for a patient with a current benzodiazepine
prescription; and 7) initiating a benzodiazepine prescription for a patient with a current
opioid prescription. Prescribers have the option to cancel the prescription, proceed with
the current prescription, or make changes based on the alert. See Figure 4C.1 for an

example of this alert.

Extended Release alert: This alert triggers when a prescriber initiates an extended-release
opioid for an opioid naive patient (Figure 4C.2). Prescribers can either continue or cancel
the prescription.

Pain Agreement alert: This alert suggests completion of a standardized pain agreement

for patients who have exceeded 90 days of continuous opioid therapy (Figure 4C.3).
Prescribers can either click to launch the pain agreement or continue without starting a

pain agreement.
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Naloxone alert: This alert suggests a naloxone prescription for patients at high risk of

overdose, including patients receiving high dose opioids (greater than 50 morphine
milligram equivalent), receiving concurrent benzodiazepine and opioid prescriptions, or
with a history of opioid or benzodiazepine overdose (Figure 4C.4).

Controlled Substance Review Component: A page in the EMR was created to display all

controlled substance information, including prescriptions and on-site administrations, as

well as all risk factors in the PRIMUM alert “on demand”. This means a prescriber can

proactively access this page before initiating a prescription. In addition, this page displays

the patient’s opioid dose in MME. If the patient has an MME greater than or equal to 90,

the text displays in red, indicating high risk.

The case list of patient encounters for musculoskeletal conditions from 2016-2020 as
described above was linked to the PRIMUM database to collect prescriber information,
prescription information, and prescriber response to each alert. While PRIMUM collects data on
opioids and benzodiazepines, | limited my analysis to opioid prescriptions.

Variables

Outcome. The main outcome is safe opioid prescribing practices. This outcome is a
composite score of the frequency at which a prescriber does the following behaviors in response
to the clinical decision support intervention: 1) cancels a prescription when alerted that he/she is
going to prescribe an opioid when the patient is already prescribed a benzodiazepine; 2) initiates
a pain agreement when prompted that a patient has reached over 90 days of continuous opioid
therapy; 3) prescribes naloxone when alerted that the patient is at high risk for overdose; 4)
cancels a prescription for an extended release opioid when alerted that patient is opioid naive;

and 5) prescribes opioids less than 90 MME. A weighted percentage will be calculated,



85

according to the formula below, to obtain the composite score, which will be a percentage

ranging from 0 to 100. The score will be calculated for each unique prescriber.

(Ecoprescribe*pcancelled)+(E90 day*pagreement)+(Ehigh risk*pnaloxone)+(EER *Dcancelled)t (Nrx*D<90MME)

(EcoprescribetEoo daytEnigh risk t EER+Nrx)
where Ecoprescribe 1S the number of encounters in which the prescriber received the
coprescription alert and peancelied 1S the proportion of those encounters in which the
prescriber cancelled the prescription,
where Ego day IS the number of encounters in which the prescriber received the 90-day
alert and pagreement IS the proportion of those encounters in which the prescriber initiated a
pain agreement,
where Enighrisk 1S the number of encounters in which the prescriber received the high risk
of overdose alert and pnaioxone 1S the proportion of those encounters in which the prescriber
prescribed naloxone,
where Eer is the number of encounters in which the prescriber received the extended
release alert and peancelied IS the proportion of those encounters in which the prescriber
cancelled the extended release opioid,
where Nix is the number of opioid prescriptions written by the prescriber and p<somme iS
the proportion of those prescriptions that are less than or equal to 90 MME.
| chose this weighted average because, while all of these behaviors are recommended by clinical
practice guidelines, not all apply to every opioid prescribing encounter. For example, only some
patients are eligible for pain agreements or naloxone. Some prescribers may only get these alerts

a few times despite prescribing opioids often. The weighting prevents a small number of
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encounters in any one category from leading to an over- or under-representation of the
prescriber’s overall opioid safety behavior.

Independent Variable. The independent variable is implementation of the clinical
decision support toolkit in October of 2017. This is a time-related variable, therefore, |
considered data prior to October 2017 “pre-implementation” and data on or after October 2017
“post-implementation”.

Covariates. | included covariates at the prescriber and facility levels in the hierarchical
model. The number of patients prescribed an opioid, the number of opioid prescribing
encounters, specialty and type of prescriber were included as prescriber-level covariates. In
addition, | summed up the following patient-level variables to the prescriber level to provide an
indication of case mix: diagnosis, gender, age, race. For example, the percent of female patients
was calculated for each prescriber. Finally, | included the type of facility (large practice with
many different clinics vs. Single clinics) and whether the facility specialized in musculoskeletal
conditions of interest (defined as orthopaedic surgery, neurosurgery, or rheumatology) as
facility-level covariates.

Data Analysis

Research Question 1. | plotted the rate of opioid prescribing by month from 2016-2020
as a line graph. 1 applied the same methodology for average MME of opioid prescriptions over
the same time period.

| used an interrupted time series analysis to determine if the percentage receiving an
opioid prescription or the average MME after implementation of the clinical decision support
interventions (October 2017-December 2020) experienced a statistically significant change as

compared to baseline (January 2016-September 2017). In addition, this analysis assessed
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whether the slope changed between the baseline intervention time periods. A level change
indicates immediate effect of the intervention on opioid prescribing and/or dosage, while a
change in slope indicates a sustained effect over time. Linear regression was used applying the
formula below.

y=a+ BT + B,X + [3XT + ¢

where y=percentage of patients receiving an opioid prescription OR average MME of

opioid prescriptions;

o = intercept,

B = coefficient,

€ = residual (error),

T = time (months numbered sequentially from 1 (January 2016) to 60 (December 2020),

X = study phase (0 = baseline, January 2016-September 2017; 1 = intervention, October

2018-December 2020),

XT = the number of months after implementation of intervention
Because chronological data is subject to autocorrelation, | assessed residual autocorrelations to
determine the optimal lag order. Newey-West autocorrelation adjusted standard errors with linear
regression was used for the final analysis with a lag order of 1.

Research Question 2. | included all encounters for the population described above in
which an opioid prescription was initiated between October 2017 and December 2020. | removed
prescribers who prescribed an opioid to less than 10 patients during the study period. For
prescribers who practice at multiple locations, | assigned them to the practice from which they
wrote the most prescriptions. In one case, a prescriber wrote equal number of prescriptions from

multiple sites; | selected the first site alphabetically. Descriptive statistics were used to
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characterize prescriber characteristics and facility characteristics. | compared median composite
safe opioid prescribing score by prescriber and facility characteristics using Kruskal--Wallis H
tests for categorical variables and Spearman’s rho for continuous variables. I also used a multiple
linear regression model to predict safe opioid prescribing score. | utilized a two-level hierarchical
linear regression model to predict safe opioid prescribing, accounting for fixed and random
effects at the prescriber and facility levels. | assessed model fit and selected the most appropriate
model for interpretation and application using AIC and BIC values.

Results

Table 4A displays the results of applying the inclusion and exclusion criteria to the
dataset. In summary, | included 1,289,697 encounters in the time series assessing whether an
opioid is prescribed, 154,299 encounters in the time series assessing MME, and 606 prescribers
in the hierarchical linear regression analysis.

Figure 4A displays the percentage of encounters resulting in an opioid prescription, with
the implementation of the clinical decision support intervention depicted by a vertical line. The
statistical test for white noise determined that these time series data are autocorrelated (p<0.001).
Figure 4B displays the autocorrelation functions for the time series model. Based on these
results, | selected a lag order of 1. Table 4B depicts the final regression model after applying the
Newey-West autocorrelation adjusted standard errors with linear regression. The pre-intervention
trend was statistically significant before the implementation of clinical decision support
intervention, with rates of opioid prescriptions decreasing by 0.2% per month (B, trend pre-
intervention). After controlling for this trend, the level change following implementation of the
intervention was statistically significant (p<0.001), with rates decreasing by 1.6% between the
pre- and post-intervention periods (B2, level change post-intervention). The post-intervention

trend differed significantly from the pre-intervention period (B3, change in trend post-



intervention, p=0.044). The post-intervention slope was also significant (p<0.0001), with rates

continuing to decrease by approximately 0.1% per month (B1 + B3).

TABLE 4A. PRESCRIBER SELECTION

patients®

Step Encounters | Patients | Prescribers
Raw Data 2,990,836 | 692,435 --
Removed records with missing site 2,987,863 | 690,423 --
Remove encounters for patients that happened 2,767,574 | 669,792 --
AFTER a inpatient visit with ortho attending

OR any visit to a hospital with ortho attending

(assuming that’s a surgery)

Limited to Ambulatory 1,368,613 | 412,073 --
Removed Urgent Care 1,290,746 | 370,183 --
Removed cancer (by specialty and location) 2 1,289,697 | 369,877 --
Limited to Encounters with completed Opioid 154,417 | 62,419 --
Prescription

Removed missing MME® 154,299 | 62,375 --
Expanded to add encounters with opioid 155,703 | 62,692 --
initiated

Limit to October 2017-December 2020 81,867 | 36,634 1,368
Limit to prescribers with at least 10 opioid -- -- 606

8Used for time series analysis with outcome of whether patient was prescribed an opioid
bUsed for time series analysis with outcome of MME

¢Used for multilevel model

89
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TABLE 4B. INTERPRETATION OF REGRESSION COEFFICIENTS, INTERRUPTED TIME
SERIES, ENCOUNTERS RESULTING IN OPIOID PRESCRIPTION

Parameter Estimate | Standard p-value Interpretation
Error

Bo 0.175 0.003 <0.0001 | Intercept

B1 -0.002 0.000 <0.0001 | Trend Pre-
Intervention

B2 -0.016 0.004 0.0002 | Change in Level
Post-Intervention

Bs 0.001 0.000 <0.0001 | Change in Trend
Post-Intervention

B1+Ps -0.001 - <0.0001 | Trend Post-
Intervention

Figure 4C displays the average MME of opioid prescriptions over time, with the
implementation of the clinical decision support intervention depicted by a vertical line. The
statistical test for white noise determined that these time series data are autocorrelated (p<0.001).
Figure 4D displays the autocorrelation functions for the time series model. Based on these
results, | selected a lag order of 1. Table 4C depicts the final regression model after applying the
Newey-West autocorrelation adjusted standard errors with linear regression. The pre-intervention
trend was not statistically significant before the implementation of clinical decision support
intervention, with average MME decreasing by less than 1 MME per month (b1). The level
change following implementation of the intervention was not statistically significant either
(p<0.001), with average MME increasing by less than 1 MME between the pre- and post-
intervention periods. The post-intervention trend did not differ significantly from the pre-
intervention period (b3, p=0.279). The post-intervention slope was significant (p<0.0001), with

rates continuing to decrease by 0.16 MME per month (b1+b3).
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TABLE 4C. INTERPRETATION OF REGRESSION COEFFICIENTS, INTERRUPTED TIME

SERIES, AVERAGE MME

Parameter Estimate | Standard p-value Interpretation
Error

Bo 59.779 1.069 <0.0001 | Intercept

B1 -0.074 0.071 0.298 | Trend Pre-
Intervention

B2 0.479 1.046 0.649 | Change in Level
Post-Intervention

B3 -0.087 0.080 0.279 | Change in Trend
Post-Intervention

B+ B3 -0.161 - <0.0001 | Trend Post-
Intervention

Table 4D displays the results of the bivariate analyses assessing the association between
prescriber and facility characteristics and the safe opioid prescribing score. Overall, the mean
safe opioid prescribing score was 74.4%, and the median was 77.1%. The prescriber population
was mostly physicians (73.1%), and the majority were family practice or internal medicine
clinicians (86.1%). These prescribers prescribed opioids mostly to patients ages 18-64 (median
59.3% of patients), white patients (median 83.3% of patients), and female patients (median
60.6% of patients).The most common diagnosis among encounters with an opioid prescription
was “other dorsopathies”. This diagnosis represented a median of 74.1% of opioid encounters for
this group of prescribers. In contrast, the other diagnoses made up a small proportion of opioid
prescribing encounters. The median number of patients prescribers gave an opioid prescription to
for the included diagnoses during the study period was 42. About half of these prescribers
practice at a large, multisite practice (52.5%), and very few (10.6%) practice at a clinic

specializing in musculoskeletal conditions.



TABLE 4D. BIVARIATE ANALYSES COMPARING PRESCRIBER AND FACILITY
CHARACTERISTICS AND SAFE OPIOID PRESCRIBING SCORE

Sample Safe Opioid Prescribing p-value
n (%) Score
Median (Q1,Q3) Median (Q1,Q3);
(n=606) Spearman correlation
coefficient
Prescriber Characteristics
Prescriber Type
Physician 443 (73.1%) 80.8 (73.3, 87.5) <0.0001
Advanced Practice Provider 163 (26.9%) 75.7 (64.2, 83.3)
Specialty
Family Practice/Internal 522 (86.1%) 76.4 (66.0, 84.6) 0.1240
Medicine
MSK 65 (10.7%) 78.6 (73.5, 85.5)
Other 19 (3.1%) 77.8(71.9,92.3)
Case Mix — Age
Percent Patients <18 0(0,0) -0.035 0.3929
Percent Patients 18-64 59.3 (48.4, 70.5) 0.245 <0.0001
Percent Patients >65 40.7 (29.5, 51.6) -0.244 <0.0001
Case Mix — Race
Percent Patients White 83.3(71.8,91.4) -0.269 <0.0001
Percent Patients Black 14.8 (7.1, 24.1) 0.255 <0.0001
Percent Patients Other 0(0,2.3) 0.021 0.6099
Case Mix — Gender
Percent Patients Female 60.6 (51.8, 71.0) 0.115 0.0045
Case Mix — Diagnosis
Percent Encounters Dorsopathy 0(0,1.5) -0.133 0.0011
Percent Encounters
Inflammatory Polyarthropathy 6.8 (3.6, 11.1) -0.058 0.1539
Percent Encounters
Osteoarthritis
Percent Encounters Other 18.5 (9.4, 30.7) -0.045 0.2650
Dorsopathy
Percent Encounters 74.1 (58.8, 83.3) 0.037 0.3580
Spondylopathy
5.7 (2.0, 11.1) -0.113 0.0054

Number of Patients 42.0 (20.0, 88.0) -0.408 <0.0001
Facility Characteristics
Large, Multisite Practice
Yes 318 (52.5%) 78.6 (69.3, 86.7) <0.0001
No 288 (47.5%) 75.0 (63.9, 82.6)
MSK Specialty Clinic
Yes 64 (10.6%) 78.6 (73.6, 85.5) 0.1201
No 542 (89.4%) 76.9 (66.1, 84.6)
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| included the variables that were significant at the p<0.2 level in a multivariable linear
regression model presented in Table 4E. Furthermore, | excluded number of encounters because
it was highly correlated with number of patients. | chose number of patients because the R? value
was higher including number of patients as compared to including number of encounters.
Similarly, because the age and race variables were highly correlated with each other, | only
included the percent of patients age 18-64 and the percent of patients who were white in the
model. Using these same variables, the model building process proceeded as shown in Table 4F.
Inclusion of random slopes for each of the prescriber-level covariates produced too complex of a
model; therefore, | fit models including each prescriber-level covariate as a random slope
individually. The only prescriber-level covariates which were statistically significant as a random
slope were the percent of patients who were white and the number of patients. By including both
of these in the model, the percent of patients who were white was no longer statistically
significant, and the model fit did not improve by including it. Therefore, Model 3 only includes
the number of patients as a random slope. While the BIC was slightly higher for Model 4 as
compared to Model 3, the difference was not substantial. Thus, | selected Model 4 to align with

the conceptual model of important covariates at both the prescriber and facility levels.



TABLE 4E. MULTIVARIABLE LINEAR REGRESSION, SAFE OPIOID PRESCRIBING

SCORE
Estimate | p-value

Intercept 86.1 <0.001
Prescriber Characteristics
Prescriber Type
Physician -- --
Advanced Practice Provider 4.70 0.0002
Specialty
Family Practice/Internal Medicine -- --
MSK 2.59 0.5355
Other 0.13 0.9649
Case Mix — Age
Percent Patients 18-64 0.09 0.0060
Case Mix — Race
Percent Patients White -0.16 | <0.0001
Case Mix — Gender
Percent Patients Female 0.05 0.2482
Case Mix — Diagnosis
Percent Encounters Dorsopathy -0.22 0.3035
Percent Encounters Inflammatory Polyarthropathy -0.04 0.3654
Percent Encounters Spondylopathy 0.05 0.4660
Number of Patients -0.08 | <0.0001
Facility Characteristics
Large, Multisite Practice
Yes 2.77 0.0113
No -- --
MSK Specialty Clinic
Yes 1.87 0.6465

No

96
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TABLE 4F. ESTIMATES FOR TWO-LEVEL LINEAR MIXED EFFECTS MODELS OF
SAFE OPIOID PRESCRIBING SCORE (N=606)

Model 1 Model 2 Model 3 Model 42
Model Description No predictors, Model 1 + Prescriber Model 2 + random | Model 3 + Facility
just random level fixed effects slopes for level fixed effects
effects for prescriber level
intercept predictors
Fixed Effects
Intercept 73.26 (1.12) 83.52 (4.84) 84.57 (4.71) 83.97 (4.72)
Estimate (standard error)
Prescriber Type
Physician -- -- --
Advanced Practice Provider 2.96 (1.21) 2.82 (1.18) 2.92 (1.19)
Specialty
Family Practice/Internal -- --
Medicine
MSK 2.08 (2.93) 0.77 (2.81) 2.39 (3.80)
Other -1.70 (2.97) -1.64 (2.89) -1.20 (2.90)
Case Mix — Age
Percent Patients 18-64 0.08 (0.03) 0.08 (0.03) 0.08 (0.03)
Case Mix — Race
Percent Patients White -0.17 (0.03) -0.16 (0.03) -0.17 (0.03)
Case Mix — Gender
Percent Patients Female 0.05 (0.04) 0.05 (0.04) 0.04 (0.04)
Case Mix — Diagnosis
Percent Encounters Dorsopathy -0.13 (0.20) -0.15 (0.19) -0.13 (0.19)
Percent Encounters
Inflammatory Polyarthropathy 0.01 (0.06) 0.03 (0.05) 0.03 (0.05)
Percent Encounters
Spondylopathy 0.08 (0.06) 0.05 (0.06) 0.06 (0.06)
Number of Patients -0.10 (0.01) -0.11 (0.01) -0.11 (0.01)
Large, Multisite Practice
Yes 3.75 (1.87)
No -
MSK Specialty Clinic
Yes -4.65 (4.51)
No
Error Variance
Level-2 (Attending) Intercept
54.60 (16.34) 39.58 (11.36) 27.87 (10.53) 25.62 (9.74)
Random Effects
Number of Patientssie 0.002 (0.001) 0.002 (0.001)
Model Fit
AlIC 4938.5 4759.4 4747.8 4747.1
BIC 4945.6 4790.2 4781.0 4785.0

Note: Bold indicates p<0.05; ICCsite = 0.2354; Values based on SAS PROC MIXED
Maximum Likelihood. Parameter estimates are shown with standard errors in parentheses.

@ Best fitting model

. Estimation Model =

Based on the intraclass correlation coefficient (ICC) calculation, 23.5% of the variance in

safe opioid prescribing score is accounted for by site. Thus, approximately 76.5% remains to be

accounted for by prescriber factors. Advanced practice providers were associated with an

increase in opioid prescribing score of 2.92 percentage points. As percentage of patients age 18-
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64 increases, safe opioid prescribing score also increases. On the other hand, as the percent of
white patients increases, and as the number of patients prescribed opioids increases, safe opioid
prescribing score decreases. At the facility level, large, multisite practices were associated with
an increase in safe opioid prescribing score of 3.75 percentage points.
Discussion

Overall, the implementation of a clinical decision support platform to operationalize the
CDC Guideline for Prescribing Opioids for Chronic Pain had a statistically significant influence
on the percentage of encounters resulting in an opioid prescription. However, the influence was
small. The percent of encounters resulting in an opioid prescription after the intervention was
implemented was 1.6% lower than it was prior to the intervention (p=0.0002). The significant
trends before and after the intervention indicate a gradual reduction over time. This reduction is
most likely due to other factors, such as increased awareness of the harmful effects of opioids,
increased oversight of opioid prescriptions by the healthcare system, changes in legislation,
and/or changes in patient preferences. The small effect of this intervention is not surprising, as
the intervention was aimed toward prescribing opioids safely rather than preventing opioid
prescriptions. However, the trend is encouraging, showing that while almost 18% of patients
received an opioid at the beginning of the study period, only approximately 8% received opioids
at the end of the study period. In comparison, patients with osteoarthritis reportedly receive
opioids 27% of the time — a rate higher than any time point in the present study.>? These results
align with recommendations that opioids are typically not necessary for these chronic
musculoskeletal conditions.

The average MME was approximately 50-60 throughout the study period, which is a dose

which aligns with the CDC Guideline recommendation of less than 90 MME. The intervention
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was not associated with a change in the average MME of prescriptions. The slope of average
MME did decline significantly after the intervention (p<0.0001), with MME declining by 0.16
MME per month. This difference is unlikely to be clinically significant but could be due to a
reduction in very high dose opioid prescriptions. An interrupted time series analysis of
nationwide data did find a downward trend in high dose prescriptions as well as overall opioid
prescribing rate prior to the release of the CDC guideline, but an even greater decrease following
the guideline release.® To determine the impact on high dose prescriptions, future studies may
assess the percent of opioids >90 MME over time in this specific population rather than average
MME. As there was no statistically significant level change post-intervention, | cannot attribute
this trend to the clinical decision support intervention.

Previous studies conducted in the emergency department have found significant effects of
clinical decision support interventions on whether patients received opioids and MME. However,
one of the studies did not account for ongoing trends during the study period, other than
conducting the intervention at two separate hospitals at different times (a few months apart).2
This study design could miss the impact of long-term trends. The other study was a randomized
controlled trial, which would control for trends outside the intervention. However, it was
conducted with very few patients (n=40) who were diagnosed with opioid use disorder. An
intervention in Louisiana found no reduction in MME after implementation of a clinical decision
support intervention, but did find an increase in use of urine drug screens and naloxone
prescriptions.®* In summary, each clinical decision support intervention is unique in its design,
making it challenging to synthesize the literature. Therefore, research which aims at rigorously

testing a specific intervention and disseminating interventions deemed efficacious should be an
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area of focus for researchers, healthcare administrators, electronic medical record vendors, and
government agencies funding research in this space.

Using the safe opioid prescribing composite score, the median score for prescribers
treating at least 10 patients in the post-intervention period was 77.1%. A considerable amount of
variation in this score was accounted for by practice site (23.5%). Another study using a mixed
effects model accounting for clustering of patients within practices found a significant amount of
variation in multiple opioid prescribing practices explained by practice.®® The hierarchical
model identified two prescriber-level factors associated with a higher safe opioid prescribing
score: the percent of patients ages 18-64 and the prescriber being an advanced practice provider.
Two studies in the literature indicate that advanced practice providers prescribe higher MMESs
and have more outliers prescribing high-frequency or high-dose opioids as compared to
physicians.%¢” However, neither of these studies was conducted in the context of a clinical
decision support intervention. Advanced practice providers may change their behavior in
response to clinical decision support tools. On the other hand, two prescriber-level factors were
associated with a lower safe opioid prescribing score: the percent of patients who are white and
the total number of patients to whom that clinician prescribed an opioid. The literature
consistently demonstrates that white patients are more likely to receive opioids as compared with
black patients.%8-"® Additionally, one study did find that black patients were more likely to
receive guideline-concordant care (i.e., urine drug testing, regular office visits, restricted early
refills) as compared to white patients’®, which aligns with the findings in this study. Clinicians
who prescribe to more patients may have a patient population that is more likely to require
opioids or they may be treating patients who were referred to them and already established on

opioids. On the other hand, since opioids are not generally recommended for this patient
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population, clinicians who are prescribing to a lot of patients may be less aware of current
practice guidelines and evidence. Future research could explore these hypotheses. The effect of
the number of patients may also be due to the formula for calculating the safe opioid prescribing
score. Clinicians who prescribe to more patients have more opportunities to not adhere to
guidelines, producing a lower score. Prescribers with fewer patients must follow guidelines
almost perfectly to have a high score. Additionally, the more prescriptions one writes, the higher
the odds of receiving one of the alerts that contributes to the score. A prescriber with few patients
may not receive any alerts; therefore, his or her score would depend solely upon MME. Since the
median MME in this population falls below 90, it is expected that prescribers who do not
encounter any alerts would have a high score. Further research is needed to validate the safe
opioid prescribing measure and understand the relative importance of each of the behaviors
included in the composite score. Interestingly, while the number of patients was a significant
prescriber-level covariate, the random slope of number of patients by site was also statistically
significant. This finding means that the influence of number of patients on the safe opioid
prescribing score differed significantly by practice site. Sites may have internal policies and
practices which cause these differences. For example, some practices may designate a few
clinicians to treat patients requiring opioids, while others distribute these patients among their
clinicians.

Only one site-level covariate was statistically significant. Practices that were large,
defined as having multiple physical locations, were associated with higher safe opioid
prescribing scores. It might be that these large practices are more likely to have formal policies

and procedures to reduce variation in practice among their clinicians. Additionally, these
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practices may have more resources to engage in activities such as quality improvement
initiatives.

One limitation of this analysis is using diagnosis codes to identify patient encounters.
These are chronic conditions that are likely to be included on any encounter the patient has with
his or her primary care clinician. However, | am unable to know for certain whether the opioid
was prescribed for the musculoskeletal condition. It is possible the patient also had an acute
injury or other condition requiring opioids. | did remove encounters associated with cancer;
however, it is impossible to rule out all other indications for an opioid. Another limitation is the
fact that the case mix variables are based only upon the patients receiving an opioid from that
prescriber. The case mix of that clinicians entire patient panel would also be useful (i.e. do these
conditions make up 80% of that clinician’s panel or 20%). I was only able to obtain data for all
patients (regardless of opioid prescription or diagnosis) by attending clinician. However, the
person prescribing the opioid is not always the same as the attending. For example, advanced
practice providers or trainees (residents and fellows) are rarely listed as attending, yet they
prescribe a significant proportion of opioids in this healthcare system. Because my outcome was
directly related to clinician response to alerts which appear upon opioid prescription, I decided it
was more important to describe the actual prescriber’s behavior, rather than attribute these
behaviors to the attending on record. Finally, while the model identified a significant influence
by site, as well as several important prescriber and facility variables, the model could likely be
improved by the addition of variables which were not available for this analysis (i.e. clinician
demographics, years of experience of the prescriber, and whether the practice is associated with

an academic medical center). Finally, we were unable to test the impact of the intervention on



103

safe opioid prescribing behaviors because implementation of the clinical decision support
platform itself allowed the measurement of these behaviors.

The interrupted time series design, correcting for autocorrelation, is a rigorous
methodology for studying large scale interventions. The trend for both of these outcomes over
time was declining, indicating a shift in clinical practice likely associated with many
simultaneous factors. Without controlling for the trend over time, | could have mistakenly
attributed the change from the pre-intervention to post-intervention period to the clinical decision
support intervention. Similarly, the multilevel model is a more robust design to account for the
nested structure of the data. The fact that many of the statistically significant associations in the
bivariate and multivariable regression models were attenuated or no longer statistically
significant in the multilevel model highlights the need for hierarchical modeling, particularly in
the field of healthcare. This study used a relatively large sample of clinicians to assess the impact
of a clinical decision support intervention on prescriber behavior. These results are likely
generalizable to a broad range of primary care clinicians. Finally, | conceptualized and calculated
an objective measure of safe opioid prescribing, based upon the CDC CPG. An objective
measure such as this one would be useful both for research and for clinical practice to monitor
clinician performance and identify opportunities for improvement and intervention.

These results demonstrate that clinicians are not prescribing opioids for chronic
musculoskeletal conditions frequently, and that, when they do prescribe opioids, they are
generally adhering to guidelines. Therefore, future research might explore the trend in outlier
behavior over time (e.g., prescriptions over 90 MME). Additional data could be used to enhance
the model to obtain a better fit, and interaction terms could be explored to understand how

different covariates interact to influence safe opioid prescribing. These data can be used to
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identify prescribers with very high and very low safe opioid prescribing scores for purposive
sampling in a subsequent qualitative study to identify targets for intervention. For example, a
qualitative case study could be designed to include practices with large variety in opioid
prescribing scores to understand prescriber factors. Alternatively, a large, multisite practice with
consistently high safe prescribing scores could be compared with a small practice with
consistently low safe prescribing scores to identify practice characteristics that facilitate safe
opioid prescribing.

The next steps could also include replicating this study with a broader range of chronic
pain conditions outside of the musculoskeletal system to determine whether the same trends and
patterns are present. While this study is significant because it included an objective measure of
safe opioid prescribing, the composite score needs further validation. Future studies should
assess the relative importance of each component of the score, as well as whether other behaviors
should be added. Predictive validity could also be assessed by measuring the association between
a prescriber’s safe opioid prescribing score and outcomes such as opioid use disorder and opioid
overdose. Validation of the score should include a broad range of clinicians and patients rather
than the limited sample included in this study. For example, over half of the clinicians prescribed
opioids to fewer than 10 patients in the approximately three-year period following the
intervention and were thus excluded from the model.

Overall, the results of this study demonstrate clinicians are adhering to guidelines
regarding opioid prescribing for patients with chronic musculoskeletal conditions. The
implementation of a clinical decision support tool presented the opportunity to objectively
measure safe opioid prescribing behavior. This measure could be used to assess the impact of

future interventions in this healthcare system. Healthcare systems could also use this measure to



105

tailor interventions for certain prescribers or practices where safe opioid prescribing rates are

low.
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Appendix 4A: Centers for Disease Control and Prevention Guideline Summary and Map to

PRIMUM Intervention Component

Recommendation Statement

PRIMUM Intervention Component

1. Non-pharmacologic therapy and non-
opioid pharmacologic therapy preferred.

Education

2. Establish treatment goals and set
expectations.

Standard pain agreement and prompt
to complete at 90 days of opioid therapy

3. Discuss risks and benefits of opioids.

Standard patient education printed with
each prescription

4. Start with immediate-release opioids.

Alert when ER/LA opioid selected for
opioid naive patient prompting
immediate release instead.

5. Prescribe lowest effective dose. Use
caution above 50 and/or 90 MME/day

Controlled Substance Review
Component displays total MME. Alert if
prescribing >50 or >90.

6. Lowest effective dose, 3-7 days for acute
pain.

Education, acute prescribing policy in
progress

7. Evaluate within 1-4 weeks after starting
and every 3 months after.

Reminder alert of guideline when patient
reaches 90 days of opioids

8. Consider offering naloxone when
factors increase risk.

Alert to prescribe naloxone if history of
overdose, above 50 MME, or current
benzodiazepine

9. Clinicians should review PDMP.

Hyperlink to PDMP on Controlled
Substance Review Component

10. Clinicians should use urine drug screens

Alert suggesting urine drug testing at 90
days of opioid therapy.

11. Clinicians should avoid prescribing

opioids and benzodiazepines concurrently.

Alert to indicate co-prescription of
opioids and benzodiazepines.

12. Clinicians should offer or arrange
evidence-based treatment for patients with
opioid use disorder.

Education

Bold text indicates intervention components and behaviors assessed in the proposed study.



Appendix 4B: Musculoskeletal Conditions Included in Study

Diagnosis | Description Parent Category Diagnosis Category

Code

MO04 Autoinflammatory syndromes | Inflammatory polyarthropathies Bone/joint

MO05 Rheumatoid arthritis with Inflammatory polyarthropathies Bone/joint
rheumatoid factor

MO06 Other rheumatoid arthritis Inflammatory polyarthropathies Bone/joint

MOQ7 Enteropathic arthropathies Inflammatory polyarthropathies Bone/joint

M08 Juvenile arthritis Inflammatory polyarthropathies Bone/joint

M10 Gout Inflammatory polyarthropathies Bone/joint

M11 Other crystal arthropathies Inflammatory polyarthropathies Bone/joint

M12 Other and unspecified Inflammatory polyarthropathies Bone/joint
arthropathy

M13 Other arthritis Inflammatory polyarthropathies Bone/joint

M14 Arthropathies in other Inflammatory polyarthropathies Bone/joint
diseases classified elsewhere

M15 Polyosteoarthritis Osteoarthritis Bone/joint

M16 Osteoarthritis of the hip Osteoarthritis Bone/joint

M17 Osteoarthritis of the knee Osteoarthritis Bone/joint

M18 Osteoarthritis of the first Osteoarthritis Bone/joint
carpometacarpal joint

M19 Other and unspecified Osteoarthritis Bone/joint
osteoarthritis

M40 Kyphosis and lordosis Deforming dorsopathies Spine

M41 Scoliosis Deforming dorsopathies Spine

M42 Spinal osteochondrosis Deforming dorsopathies Spine

M43 Other deforming dorsopathies | Deforming dorsopathies Spine

M45 Ankylosing spondylitis Spondylopathies Spine

M46 Other inflammatory Spondylopathies Spine
spondylopathies

M47 Spondylosis Spondylopathies Spine

M48 Other spondylopathies Spondylopathies Spine

M49 Spondylopathies in diseases Spondylopathies Spine
classified elsewhere

M50 Cervical disc disorder Other dorsopathies Spine

M51 Thoracic, thoracolumbar, and | Other dorsopathies Spine
lumbosacral intervertebral
disc disorders

M53 Other and unspecified Other dorsopathies Spine
dorsopathies, not elsewhere
classified

M54 Dorsalgia Other dorsopathies Spine
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CHAPTER 5: DISCUSSION

Opioid overdose deaths have risen substantially over the past fifteen years, contributing
to a reduction in life expectancy among Americans.® In contrast to illicit drug use, physicians and
other prescribers played a role in contributing to the rise in opioid use and addiction through an
increase in opioid prescribing. Physicians are also in a position to reverse this trend by following
guidelines on appropriate and safe opioid prescribing. However, the position and beliefs of the
medical community regarding opioids over time has not been described. Despite the proliferation
of guidelines, interventions, and policies aimed at the medical community, the extent to which
these actions have impacted clinical decision making and prescribing behavior has not been
rigorously studied, accounting for simultaneous interventions and the nested structure of
healthcare delivery systems, where individual clinicians are nested within practices.

My dissertation research addressed this gap by characterizing the experience of the
medical community and measuring the multi-level factors influencing opioid prescribing within
the context of legislation and clinical decision support interventions. | began by qualitatively
describing the discourse around opioids among the medical community during the peak of the
opioid epidemic to contextualize the legislation and clinical decision support interventions which
| evaluated quantitatively. Collectively, this research and resulting manuscripts present a
sophisticated and nuanced understanding of the multi-level factors which influence guideline-
concordant opioid prescribing.

To describe the discourse around opioids among the medical community and identify
which theoretical domains might be relevant to opioid prescribing behavior, | conducted a
qualitative analysis of letters to the editor published in the Journal of the American Medical

Association. This study aimed to identify which positions regarding the opioid epidemic are
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prevalent among the medical community, the extent to which there is a professional consensus,
and how the discourse has changed over time.

The majority of letters (n=39) were written in a neutral, objective manner, or they
advocated for a balanced approach between appropriately treating pain while optimizing patient
and community safety. Therefore, physicians overall did not display polarized views either
against or for opioids. When authors wrote letters that were “opioid averse”, they often wrote
responses that were “balanced” or neutral after reading the response to their original letters. The
medical community also had a consensus that the Joint Commission and FDA contributed to an
environment that incentivized overprescribing and led to a rise in overdose deaths. Disagreement
between authors was mostly around the interpretation of the medical literature.

In addition, the authors consistently discussed the themes of “blame” and
“responsibility”. Most often, physicians attributed blame to themselves; when discussing
responsibility for actions to address the crisis, they called upon clinicians as well as other groups,
most often the government and community. In the early time frame, there was one “opioid
defense” letter, and the number of “opioid averse” letters increased after 2016. Over time,
recommendations also moved from physician-focused recommendations to policy
recommendations. The TDF domain most frequently included was environmental context and
resources, which is consistent with calling on other groups to take action and turning toward
policy and structures rather than individual clinician behavior.

This qualitative analysis framed and grounded my subsequent qualitative studies. The
importance of environmental context and resources underscored the importance of accounting
for multi-level factors in my subsequent analyses. | chose to assess the impact of both legislation

and a clinical decision support intervention on opioid prescribing, which represent two examples
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of recommendations discussed in these letters. Both studies utilized a time series analysis to
rigorously measure the impact of the intervention or policy, and both used a hierarchical
multivariate regression model to appropriately account for the nested delivery of healthcare (i.e.,
prescribers within practices). While both studies assessed outcomes of opioid prescribing, one
focused on the duration of opioids given for acute musculoskeletal pain, while the other focused
on guideline-concordant opioid prescribing for patients with chronic musculoskeletal pain. Both
of these outcomes fit within the concept of “balance”, as the goal for either situation is not to
avoid opioids altogether but rather to adhere to guidelines which address pain while minimizing
adverse outcomes associated with opioid use.

| chose to assess the influence of the STOP Act legislation on the percentage of opioid
prescriptions written for seven days or less associated and the patient, physician, and facility
factors which predicted adherence to the mandated duration limits. | restricted to patients
presenting with acute musculoskeletal injury in a large healthcare system in North Carolina from
2016-2020 (n=12,918 patients total; n=6,849 patients after STOP Act). | found there was a
17.7% increase in prescriptions written for 7 days or less after the STOP Act as compared to
before (p<0.001), even after adjusting for the significant trend before the implementation of
STOP Act. After STOP Act was implemented, opioids were prescribed for less than 7 days in
77.1% of encounters, with 30% of variation accounted for by physician and another 9% by
facility. Patients receiving more than one opioid and those that had received opioids at the
hospital or ED twice in the previous month had reduced odds of receiving a prescription less than
7 days, as well as patients with shoulder injuries. The influence of shoulder injury also differed

significantly by physician. At the physician level, sports medicine clinicians were less likely to
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adhere to duration limits as compared to orthopaedic surgeons. Altogether, these results show
significant potential for legislation to effect physician behavior change.

In my final paper, | chose to measure the influence of a clinical decision support
intervention launched throughout a large healthcare system on opioid prescribing outcomes with
the goal of operationalizing and implementing the 2016 CDC Guideline for prescribing opioids
for chronic pain (n=1,290,7467 encounters total; n=154,299 encounters with an opioid
prescription; n=81,867 encounters with an opioid prescription initiated during the post-
intervention time period). | restricted to patients presenting with chronic musculoskeletal
conditions (arthropathies and chronic conditions of the spine) because they are common chronic
pain conditions for which opioids are not shown to be very effective. The time series analysis
measured the effect of the clinical decision support intervention on two outcomes — the percent
of patients receiving an opioid prescription, and the average dose of opioid prescriptions among
those receiving a prescription. Overall, this intervention had a statistically significant but small
impact on outcomes. The percentage of encounters resulting in an opioid prescription after the
intervention was 1.6% lower than before the intervention (p=0.0002). There were also
statistically significant trends both before and after the intervention, indicating a gradual
reduction over time, most likely due to other factors (e.g., changes in legislation, increased
awareness, patient preferences). Despite the gradual nature, the trend was substantial, with
almost 18% of patients receiving opioids at the beginning of the study compared to only 8% at
the end. There was not a change in average opioid dose associated with the intervention. There
was a statistically significant yet clinically insignificant reduction in MME after the intervention
(-0.16 MME per month). Overall, the MME was between 50 and 60 throughout the study period,

which aligns with guidelines.
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| conceptualized a composite safe opioid prescribing score as the outcome for the
hierarchical regression model. The composite score was a weighted average of the following
behaviors: 1) cancelling a prescription when alerted that he/she is going to prescribe an opioid
when the patient is already prescribed a benzodiazepine; 2) initiating a pain agreement when
prompted that a patient has reached over 90 days of continuous opioid therapy; 3) prescribing
naloxone when alerted that the patient is at high risk for overdose; 4) canceling a prescription for
an extended release opioid when alerted that patient is opioid naive; and 5) prescribing opioids
less than 90 MME. Overall, the median safe opioid prescribing score in the post-intervention
period was 77.1%, with 24% of the variation accounted for by practice site. The launch of the
intervention allowed detailed data capture of physician behavior in response to the clinical
decision support tools that unfortunately was not feasible prior to the intervention. The percent of
patients between ages 18-64 that a prescriber treated was associated with a safer opioid
prescribing pattern. Advanced practice providers also had higher safe opioid prescribing scores
as compared to physicians. On the other hand, the percent of patients the prescriber treated who
were white and the number of patients a clinician prescribed an opioid to were associated with
lower scores. At the practice level, those which were large and had multiple physical locations
had higher safe opioid prescribing scores.

Collective Implications

These findings have significant implications for both public health research and practice
both individually and collectively. The qualitative analysis of letters to the editor underscored the
importance of the environmental context and resources in relation to opioid prescribing. In

addition, those findings emphasized that, while individual prescriber behavior is important,
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simultaneously engaging partners outside the clinical setting and focusing on changing policies
and structures are critical.

The analysis of the STOP Act legislation found that legislation was associated with
significant and immediate changes in physician behavior, even six months prior to the law going
into effect. Therefore, it may not be necessary to dedicate significant resources into surveillance
of physician behavior or enforcement of legislation. The multilevel model did find differences in
adherence to legislation by specialty, which highlights the need for targeted interventions. For
example, hospitals could use this information to design and tailor additional interventions for
populations where adherence to duration limits were lower (e.g., shoulder injury, sport
medicine). Delegating resources this way would not only be more cost effective by focusing on
subpopulations but would likely have a greater effect since interventions could be tailored to
specific situations.

The analysis of the impact of a clinical decision support intervention to operationalize the
CDC Guideline found only a small effect on opioid prescribing and dosage. Because the
intervention was designed to promote safe opioid prescribing and not to reduce opioid
prescribing, this finding is not surprising and serves as a reminder for public health researchers
and health services researchers to design research studies and program evaluation with outcomes
measures consistent with the behavior the intervention targets. In this case, the development of
the intervention created the ability to measure physician behavior; thus, these outcomes were
chosen as proxies. My study also found that larger practices were associated with safer opioid
prescribing. Larger practices may have formal policies and more resources, which is consistent
with the environmental context and resources theme identified in the first paper. Healthcare

systems may use this information to connect smaller practices with larger ones in an effort to
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support the smaller practices in the implementation of evidence-based practices. Finally, the
development of a quantitative and objective safe opioid prescribing composite score can inform
both research and quality improvement initiatives.

Collectively, these studies highlight the importance of focusing on the environment in
which clinicians function and not only the individual clinician. Within the healthcare setting,
these analyses found 9% of variation in opioid prescription duration and 24% of variation in safe
opioid prescribing to be due to practice site. Furthermore, many of the statistically significant
associations in the bivariate and multivariable regression models were attenuated or no longer
significant in the multilevel models, demonstrating the necessity for more advanced modeling to
account for the nested organization of healthcare delivery.

Outside of healthcare, these findings demonstrate that rigorous research is needed to
explore the effect of interventions across sectors that are happening simultaneously to efficiently
guide decision making and policy. Specifically, local governments will soon receive funds from
opioid manufacturers due to litigation against pharmaceutical companies for their role in the
epidemic.>® High-quality scientific evidence must be leveraged to guide the distribution of these
resources. Furthermore, researchers and healthcare administrators must look beyond the clinical
setting and partner with government, industry, insurance companies, and regulatory agencies to
create systemic change.>” This approach is consistent with the social ecological model and the
Health in All Policies approach.85°

Finally, both quantitative analyses demonstrate the fact that healthcare delivery is team-
based rather than an individual clinician’s behavior. Both studies wrestled with the fact that the
attending physician is not always the person who prescribes medications. Future studies should

conceptualize prescribing behavior at the team level rather than individual level. While
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understanding and intervening on prescribing behavior is important, researchers should not lose
focus on assessing downstream patient outcomes, including both opioid use disorder and
overdose and pain management. While physicians advocated for a balance between both of these
constructs, research is needed to determine whether changes in opioid prescribing behaviors are

having the expected outcome for population health.

Overall Limitations

The limitations of each specific study are addressed in the individual chapters, but cross-
cutting limitations include the reliance on diagnosis codes to identify populations, the inability to
know the reason for the opioid prescription, the decision to focus on either the attending or the
prescriber, the lack of data which might improve model fit. The orthopaedic literature has
demonstrated several times that coding is inaccurate.®9-%2 However, it is the most practical and
feasible method to identify patients using large, electronic medical record databases. Prescribers
are also not required in all electronic health records to specify the diagnosis associated with a
prescription medication. While such a requirement would potentially improve the validity of
research findings, it is unknown whether those data would be inaccurate (similar to diagnosis
codes) and whether it would impede productivity and/or satisfaction among clinicians. The
STOP Act analysis made the assumption that attending physicians are responsible for the care of
their patients, including prescriptions written by other clinicians. On the other hand, the analysis
of safe opioid prescribing behaviors attributed behaviors to individual prescribers, who may have
been making decisions based on attending preference. These assumptions may not accurately
reflect what is happening in clinical practice. Finally, the models could be improved by including
variables which were not available in these datasets (e.g., physician demographics, insurer,

interaction between physician and patient characteristics, and whether the clinician is employed
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by the healthcare system or an external group. | was unable to test the impact of the clinical
decision support intervention on safe opioid prescribing behaviors because the implementation of
the clinical decision support platform itself created the capacity to measure the behaviors. Future
research could address this limitation using rigorous and practical research designs such as
stepped wedge randomization or multiple baseline designs.5#® Finally, these results are
generalizable only to musculoskeletal patients and clinicians.

Study Strengths

The use of mixed methods to gain a rich understanding of factors influencing clinical
decision making regarding opioid prescribing is the main strength of my research. The findings
from the qualitative study provided context for understanding the implications and findings of
the quantitative studies. Similarly, by studying two different types of interventions (legislation
and clinical decision support) and two different patient populations (acute pain and chronic pain),
my research yields new knowledge which can be applied across a broad range of research and
practice. Furthermore, findings which were consistent across all three papers have increased
validity due to triangulation. For example, the qualitative paper identified the environmental
context as an important factor, and both quantitative analyses determined practice site accounted
for considerable variation in individual prescriber behavior.

The interrupted time series and hierarchical multivariate regression models are a second
significant strength of this research. As demonstrated in the content analysis, many different
stakeholders are enacting policies or implementing interventions to address the opioid crisis
simultaneously. Accounting for trends for multiple years before and after each intervention,
while accounting for autocorrelation, yields a more precise estimate of the unique impact of a
single intervention. The multilevel modeling is not only theoretically best suited for the way

healthcare is organized and structured, but | found that results changed between the standard
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logistic or linear regression and the model accounting for the nested structure. Studies which do
not control for this organization may yield inaccurate findings.

Results of the quantitative analyses are likely generalizable to clinicians treating
musculoskeletal pain across the country, since the data were derived from a large healthcare
system spanning a few states over a five year period. Finally, I conceptualized and developed an
objective composite measure of safe opioid prescribing, based on the CDC Guideline for
prescribing opioids for chronic pain. This measure needs further validation but is a first step
toward a method for researchers to measure guideline concordant pain management, including
both opioid prescribing behavior (i.e., opioid dose) as well as patient safety measures (i.e.,
prescribing naloxone). A measure like this is necessary to depict a balanced view of a
physician’s clinical decision making and practice, between opioid stewardship and pain
management.

Future Directions

These results lay the foundation for future studies to replicate analyses with different
populations, use qualitative analyses to expand upon the quantitative findings, and validate the
safe opioid prescribing measure. For example, the content analysis can be replicated with a
variety of academic journals from across specialties to look for variation in themes, or the
discourse in academic journals can be contrasted with letters printed in the lay press. The impact
of the STOP Act should also be explored for other specialties treating musculoskeletal injuries,
such as family medicine or emergency medicine, for other acute pain diagnoses (e.g.,
headaches), and for postsurgical pain. Adding a comparison state without such legislation or
states with different legislation would also be worthwhile. The impact of the clinical decision
support intervention can also be replicated for other chronic pain conditions, such as

fibromyalgia or neuralgias. In addition to replication, expanding the models to include additional
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variables or interaction terms might improve the model fit. Finally, assessing trends over time in
outlier behavior (such as prescriptions over 90 MME) might highlight different patterns than
measuring guideline concordant behavior, particularly in the case where physicians are very
frequently following guidelines. Identifying predictors of outlier behavior would allow
healthcare systems to target resources to the outliers rather than all physicians and practices.

Another direction for future research is to use the quantitative findings to pursue
sequential mixed methods studies by using the quantitative data to create a purposive sampling
strategy for a subsequent qualitative study. For example, | could identify prescribers who
routinely adhere to duration limits and prescribers that rarely adhere to duration limits to contrast
those groups and identify targets for intervention. Similarly, I could select practices with large
variety in opioid prescribing scores to understand the relevant prescriber factors. To identify
practice characteristics that facilitate safe opioid prescribing, | could compare a large, multisite
practice with consistently high safe prescribing scores and a small practice with consistently low
safe prescribing scores.

The content analysis demonstrated differences in use of the literature and formation of
beliefs across physicians. Similarly, the STOP Act findings indicated differences in behavior by
specialty. I would like to further explore the role of identity, social influences, and decision
processes on the formation of beliefs, clinical decision making, and clinical practice.

Finally, I want to pursue formal psychometric validation of the safe opioid prescribing
measure. The relative importance of each behavior included in the score is unknown.
Additionally, the score needs to be explored among a much larger group of physicians. The

predictive validity of the measure will be critical for the score to have utility in practice;
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therefore, | would like to assess the correlation between prescribing scores and outcomes such as
opioid use disorder and overdose.

Conclusion

Drug overdose deaths continue to have a significant impact on population health in the
United States, with over 70,000 deaths in 2019.¢ This research furthered scientific knowledge
regarding the physician experience of the opioid epidemic and associated legislation and
interventions. Balancing providing adequate pain management and preventing adverse effects
associated with opioids, including opioid use disorder and death is the medical community’s
goal. However, they need an environment which supports that goal and the resources to succeed.
The insights gained from this research may inform multilevel policies and interventions which

comprehensively and effectively address opioid safety.
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