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ABSTRACT 

 

Background: The receipt and subsequent healthcare utilization surrounding new chronic 

opioid users (NCOUs) is multifactorial and includes clinical, demographic, and state-

level factors. This study evaluated i) predictors for receipt of chronic opioid therapy 

informed by CDC-guideline morphine milligram equivalent (MME)/day 

recommendations and the short-term healthcare utilization measured by ii) total 

healthcare costs and iii) all-cause hospitalization after new chronic opioid use. 

Methods: We conducted a retrospective cohort study using IQVIA PharMetrics® Plus 

for Academics commercial claims with NCOUs identified between January 2014 through 

March 2015. NCOUs were defined as having at least 60-days coverage of opioids within 

a 90-day period with at least a 30-day opioid-free period prior to the date of the first 

qualifying opioid prescription. The short-term healthcare observation period began the 

91st day or the day after last day coverage of the chronic opioid period, whichever is 

sooner. We placed NCOUs in one of three-tiered risk-based opioid thresholds categories: 

low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/day), and high (≥ 90 

MME/day). A multinomial logistic regression was used to evaluate the impact of 

prescription drug monitoring program (PDMP) rigor on the receipt of respective opioid 

thresholds. A generalized linear model and multivariable logistic regression was utilized 

to evaluate the incremental total healthcare costs (ITHC) and odds of incurring a 

hospitalization between the thresholds, respectively. 

Results: A total of 16,684 NCOUs were identified. Among the NCOUs, a state with high 

PDMP robustness had lower odds of receiving medium (0.74; 0.62-0.90) and high (0.74; 



 

 

0.59-0.92) thresholds when compared to low. When compared to low, medium and high 

were found to have higher ITHC, (US$, 95% Confidence Interval [CI]) $1,429 (947-

1,911) and $1,775 (1,183-2,368), respectively. When compared to medium, the ITHC for 

high $267 (-310-844) was non-significant. When evaluating odds of all-cause 

hospitalization (adjusted odds; 95% CI), when compared to low, no difference was 

identified with medium (1.01; 0.94-1.28) or high (1.01; 0.84-1.22). 

Conclusion: Among NCOUs, PDMP robustness was found to decrease the odds of 

subsequent receipt of higher thresholds. However, short-term healthcare costs and all-

cause hospitalization did not differ among the thresholds. 
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1. Overview of Study 

1.1. Motivation and Rationale 

The Centers for Disease Control and Prevention (CDC) released guidelines for 

prescribing opioids for chronic pain to improve the use of opioid analgesics.1 These 

guidelines are intended to promote the safe and effective treatment of opioids and reduce 

the risks associated with long-term opioid therapy including opioid use disorder, 

overdose, and death. Policymakers, plan sponsors (e.g., Centers for Medicare & Medicaid 

Services (CMS)), clinicians, and health-systems have broadly implemented these 

recommendations to limit the utilization of opioids based on morphine milligram 

equivalent (MME) thresholds;2 however, the clinical and economic consequences of 

utilizing these opioid MME thresholds are unclear, especially with respect to a 

commercially insured population.  

The CDC Guideline for Prescribing Opioids for Chronic Pain recommend to 

utilize the lowest effective dose and that clinicians should carefully reassess the 

individual benefits and risks when considering dosage increases to ≥ 50 MME/day, or 

carefully justify a decision to titrate dosages to ≥ 90 MME/day.1 The utilization of these 

thresholds, ≥ 50 MME/day and ≥ 90 MME/day, has created three tiers of opioid 

thresholds: low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/Day), and high (≥ 

90 MME/day). 

While the CDC guideline were never meant to be prescriptive, the guideline’s 

recommendations have been misapplied and used to justify “hard limits” and “cut-offs” 

in the prescribing and payment of opioid regimens.2 In addition, the use of opioid 

analgesics is complex and multifactorial and includes demographic, clinical, and state-
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level factors including Prescription Drug Monitoring Programs (PDMPs) and cannabis 

policies.3 Given the potential and known unintended consequences of following the CDC 

guideline’s MME/day thresholds, it is worthwhile to evaluate predictors to and 

subsequent healthcare utilization associated with these thresholds to better inform policy 

makers, payers, and clinicians when these recommendations are broadly implemented. 

 Therefore, the goals of this dissertation were to identify predictors, specifically 

state-level factors, associated with the subsequent receipt of new chronic opioid based on 

MME thresholds; examine whether MME thresholds are associated with difference in 

total healthcare costs; and whether MME thresholds are associated with differences in 

different health outcomes. 
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1.2. Specific Aims 

Aim 1: Among adults who are new chronic opioid users (NCOUs), identify state-level 

factors (e.g., Prescription Drug Monitoring Program [PDMP] Robustness, medical 

cannabis dispensaries, and decriminalized cannabis) associated with MME thresholds. 

Hypothesis 1: NCOUs in states that have highly-robust PDMPs, have access to medical 

cannabis dispensaries, and have decriminalized cannabis would have decreased odds of 

receiving higher opioid thresholds. 

Aim 2: Among adults who are NCOUs, compare the short-term direct healthcare costs 

associated with MME thresholds. 

Hypothesis 2a: Individuals who receive lower opioid thresholds would have lower direct 

healthcare costs compared to those who receive higher thresholds. 

Hypothesis 2b: While there would still be an increase in direct healthcare costs, the 

incremental increase from medium to high thresholds will not be as great when 

comparing the increase from low to medium thresholds. 

Aim 3: Among adults who are NCOUs, compare short-term healthcare utilization (e.g., 

hospital/ER visits, office visits, and non-pharmacological pain services) associated with 

MME thresholds. 

Hypothesis 3a: Individuals who receive lower opioid thresholds would be less likely to 

be hospitalized, all-cause and opioid-related, compared to those who receive higher 

thresholds. 
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Hypothesis 3b: Individuals who received low opioid thresholds would be more likely to 

utilize non-pharmacological pain therapy compared to higher thresholds.  

Hypothesis 3c: There would be an incremental increase in the number of office visits 

when comparing low to medium to high thresholds. 
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2. Background 

2.1. Epidemiology of Chronic Pain and Opioids 

Chronic pain can be defined as pain that typically lasts > 3 months or past the 

time of normal tissue healing and can be due to a number of pathophysiological processes 

including but not limited to chronic neuropathic pain low back pain, osteoarthritis, and 

fibromyalgia.1,4 While population-based estimates for chronic pain have varied between 

11% and 40%, current CDC figures from the National Health Interview Survey (NHIS) 

estimated the prevalence of chronic pain among US adults to be 20.4% in 2016.5 

Additionally, it was noted that chronic pain was found to be more prevalent among adults 

living in poverty, having less than a high school education, and/or receiving public health 

insurance.  

According to the CDC in 2017, 17.4% of the U.S. Population filled at least one 

prescription for an opioid. On a person-level basis, prescribing of opioids was highest 

among older groups:6 

• 26.8% for persons aged ≥ 65 years 

• 26.4% for persons aged 55 - 64 years 

• 23.1% for persons aged 45 - 54 years  

• 23.7% for persons aged < 45 years 

While overall utilization of prescription opioids across various metrics has 

decreased between 2006 and 2017 (e.g., prescribing rate of all opioids, average 

MME/day, average days’ supply) recent estimates from the CDC 2018 Annual 
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Surveillance Report of Drug-Related Risks and Outcomes characterize the following with 

respect to utilization of prescription opioids:6 

• 17.4% of the U.S. population received one or more opioid prescription, 

with the average person receiving 3.4 prescriptions. 

• Rate of prescribing for high dosage opioid prescription (≥ 90 MME/day) 

was 5.0 prescriptions per 100 persons. 

• 4.3% of persons aged 12 years or older reported prescription drug misuse 

of prescription pain relievers in the past year; prevalence of opioid misuse 

(heroin or prescription pain reliever misuse) during the past year was 

4.4%. 

2.2. Healthcare Costs Associated with Opioids 

In literature healthcare costs associated with opioids have been largely 

characterized utilizing a long-term perspective and justifiably focus on estimates 

surrounding the adverse costs largely associated with opioid overdose, abuse, and 

dependence.7,8 However, when evaluating opioid use in the broader population only a 

minority of patients incur an adverse outcome.9,10 Given that past literature has identified 

the prescribing of chronic opioids could lead to long-term adverse outcomes, along with 

evidence on the potential limitation of opioids being prescribed,2 the undertreatment 

could hypothetically lead to an increase in potentially avoidable expensive emergency 

room visits as well as other potential consequences. 
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In literature that has evaluated the economic costs associated with chronic pain 

they are considerable.11 In the 2008 Medical Expenditure Panel Survey Data, Gaskin and 

Richard determined the national cost of chronic and persistent pain to be larger than the 

cost of other priority health conditions. In 2010 US$, the societal costs of chronic pain 

was estimated to be between $560 and $635 billion with $261 to $300 billion due to 

healthcare costs. When compared to other disease states, the cost of pain was greater than 

the annual costs heart disease ($309 billion), cancer ($243 billion), and diabetes ($188 

billion). On a per-person basis, annual increase per person healthcare costs ranged 

between $261 and $300 when compared to persons without pain. While the later 

estimates compare the costs of opioid and non-opioid users, opioids are often clinically 

necessary particularly when there is a chronic non-cancer pain diagnosis present with 

pain in the back, neck, and extremities.12–14   

The direct and indirect medical costs associated with chronic opioid treatment is 

extensive but varies based on how it is measured:15 

• $11,829 to $15,368 depending on diagnosis 

• $4,933 to $15,190 depending on the opioid regimen 

• $11,430 to $27,365 depending on duration of treatment 

• 20% of the costs are attributable to prescriptions 

Generally, the above estimates do not consider the strength, or MME, of the opioids that 

were being prescribed. 
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2.3. Chronic Pain Treatment 

Chronic pain is managed with a number of pharmacological and 

nonpharmacological treatments which include non-opioids (e.g., acetaminophen, 

anticonvulsants, cyclo-oxygenase-2 inhibitors, nonsteroidal anti-inflammatory drugs 

[NSAIDs], skeletal muscle relaxants, antidepressants, topical agents) and opioid 

medications.1 While there are a number of non-opioid options that can be used alone or in 

combination, oftentimes non-opioid options do not provide adequate pain relief.  

The primary goal of chronic pain management is to relieve pain and allow 

patients to maintain functionality and quality of life.1 While opioids are effective 

analgesic medications, they come with serious risks including over-sedation, overdose, 

and death. Current guidelines advocate to consider non-opioid options prior to 

prescribing opioids and when they are utilized, and to use the lowest-effective dose for 

the shortest duration of time. This recommendation of utilizing the lowest dose for the 

shortest duration is to avoid unintentional development of misuse and abuse of opioid 

analgesics. In addition, the guidelines generally did not include or weigh improvement of 

functional status.  

 The CDC published their 2016 guidelines to provide recommendations for 

prescribing opioid medication by primary care clinicians for chronic pain (i.e., pain that 

lasts > 3 months) in outpatient settings and was not intended to guide treatment for active 

cancer treatment, palliative care, and end-of-life care.1 The guideline are intended to 

ensure clinicians and patients consider safer and more effective treatment, improve 

patient outcomes, reduce the development of opioid use disorder and/or experience of 

adverse events related to these drugs. The CDC guidelines were intended to provide 
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voluntary guidelines instead of prescriptive standards to be implemented broadly. 

Although this sentiment was included in the guidelines, the recommendations of MME 

per day has been utilized and broadly applied by health plans, payers, and policy makers 

at both state and federal levels.2 It is important to note that MME conversions are not 

necessarily designed or intended for patient-care purposes. Other relative opioid 

measurement and clinical conversion resources are outlined in other clinical 

guides/manuals authored by Mary Lynn McPherson.16 

 The exact definition of chronic opioid therapy has differed throughout literature 

and examined in a recent literature review by Shen et. al.3 In this literature review, they 

evaluated 227 studies between January 200 through July 2019 that met their inclusion 

criteria. A range of definitions for chronic opioid therapy have been used throughout the 

time period including > 90 days and > 120 days with other cut-off points (>30, >60, or 

>70) also being noted. The most common and most frequently used in the later time 

period was “ > 90 days’ supply”. The authors concluded that recent literature trends 

toward shorter duration criteria, suggesting that contemporary chronic opioid therapy 

definitions tend to be more conservative.  

2.4. Morphine Milligram Equivalents 

 There are a large number of opioids on the market; they are not all created equal 

and have varying potency.1 In order to address and compare the relative potency of 

opioids, MMEs utilize a conversion factor which is specific active ingredient and/or 

dosage form (Table 1). The calculation for MME/day is strength per unit x (number of 

units/days supply) x MME conversion factor = MME/day.16–19 This calculation can be 

used for all opioids with the exception of two products: buprenorphine and methadone 
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products. Buprenorphine products are partial opioid agonists and consequently not 

thought to be associated with overdose risk in the same dose-dependent manner as full 

opioid agonists. Furthermore, buprenorphine products can be prescribed as part of 

medication-assisted treatment for opioid use disorder and consequently making MME 

calculations potentially not warranted. For the purposes of clinical practice, methadone 

requires utilizing a sliding-scale approach where the conversion factor increases with 

increasing dose. For the purposes of population opioid assessment involving methadone, 

CDC utilizes a conversion factor of 3 while CMS utilizes a sliding-scale to calculate 

opioid over utilizers within the Overutilization Monitoring System (OMS). See Table 1 

for the conversion factor break-down to be used in the proposed aims. 

Table 1. Oral Morphine Milligram Equivalent Conversion Factors17 

Opioid (strength in mg except where noted) Oral MME Conversion Factor* 

Butorphanol 7 

Codeine 0.15 

Dihydrocodeine 0.25 

Fentanyl, buccal/SL tablet or lozenge/troche (MCG) 0.13 

Fentanyl, film or oral spray (MCG) 0.18 

Fentanyl, nasal spray (MCG) 0.16 

Fentanyl, transdermal patch (MCG/HR) 7.2 

Hydrocodone 1 

Hydromorphone 4 

Levomethadyl acetate 8 

Levorphanol tartrate 11 

Meperidine  0.1 

Methadone 3 

Morphine 1 

Opium 1 

Oxycodone 1.5 

Oxymorphone 3 

Pentazocine 0.37 

Tapentadol 0.4 

Tramadol 0.1 
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*To be used in the formula: Strength per Unit  X  (Number of Units/ Days Supply) X  MME conversion 

factor  =  MME/Day 
 

2.5. Unintended Consequence of CDC Guidelines 

 The CDC Opioid Guidelines were published in March 2016 and were met with 

mixed feedback varying from criticizing the CDC for omitting or not providing enough 

detail on how prescribers can implement some recommendations, to the utilization of 

arbitrary values particularly as it related to MME thresholds.1,2 For example guideline 

states “when opioids are started, clinicians should prescribe the lowest effective dosage 

[…] and carefully reassess evidence of individual benefits and risks when increasing 

dosage to 50 MME per day.” Although the risk and benefits of opioids should be assessed 

at any dose, this implies that only doses above 50 MME/day have more risk and warrant 

extra attention. The guidelines also state clinicians “should avoid increasing dosage to ≥ 

90 MME/day or carefully justify a decision” to prescribe the dose. This implies that a 

prescriber does not need to carefully justify a decision to prescribe 70 or 80 MME/day. 

While these thresholds are largely informed by epidemiological studies that focused on 

overdose risk, clinical consideration is needed to determine the appropriate dosage for an 

individual patient such as opioid tolerance and prior therapy. 

 The medical and policy communities have largely embraced the CDC Opioid 

Guideline recommendations with Medicaid agencies reporting to have implemented the 

guideline in fee-for-service programs by 2018, and several states had passed legislation to 

increase access to non-opioid pain treatments and limit opioids to lowest needed dose and 

durations of treatment.2 However, efforts to implement prescribing guidelines have 

resulted in policies and practices that resulted in the inflexible application of 
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recommended dosage and duration thresholds and policies that encourage hard limits and 

abrupt tapering of drug dosages that result in sudden opioid discontinuation or dismissal 

of patients from a physician’s practice. The recommendation of “clinicians 

should…avoid increasing dosage to ≥ 90 MME/day or carefully justify a decision to 

titrate dosage to ≥ 90 MME/day” does not suggest to discontinue regimens already that 

high or to abruptly stop prescribing or payment for these regimens. 

2.6. State and Federal Responses to Reduce Risky Prescribing of Opioids 

Each respective state in the United States has broad authority and influence to regulate 

the prescribing and dispensing of prescription opioids.1,20,21 While there are many public 

health strategies and initiatives to promote the safe and effective prescribing of opioids, 

the following have been recognized by the CDC as promising strategies:20  

1. Increase and maximize the use of Prescription Drug Monitoring Programs, which 

are state-run databases that track prescriptions for controlled substances and can 

help improve opioid pain reliever prescribing, inform clinical practice, and protect 

patients at risk.21,22  

2. Implement public health policy options relating to pain clinics to reduce 

prescribing practices that are risky to patients. 

3. Evaluate state data and programs to detect and address inappropriate prescribing 

of opioid pain relievers via prior authorization and drug utilization and review 

programs. 
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4. Increase access to substance abuse treatment services which include medication-

assisted treatment (MAT) programs for opioid addiction (e.g., methadone, 

buprenorphine/naloxone). 

5. Expand first responder access to opioid reversal agents such as naloxone 

6. Promote and support the use of CDC Guidelines for Prescribing Opioids for 

Chronic Pain.1 

7. Help local jurisdictions to put these practices to work in communities with 

burdens of drug addiction. 

8. Implementing CDC’s Evidence-Based Strategies for Preventing Opioid Overdose: 

What’s Working in the United States.23 

While many of the above strategies provide a comprehensive approach to both 

preemptively avoiding and treating opioid misuse and abuse, several of the strategies 

(i.e., 1, 2, 3, and 6) focus on the safe prescribing of prescription opioids for the treatment 

of chronic pain and inform the proposed aims.20 

Strategy 1: Increase and maximize the use of Prescription Drug Monitoring, this 

is a strategy has been in used and implemented since 1990 and has been evaluated in 

several health services research papers in the past.20,21 However, the principal endpoints 

in these studies focused on the rate of opioid prescribing along with opioid-related 

overdoses and overall demonstrated a limited effectiveness with respect to 

improvement.21,22 While these are important endpoints they do not measure patient-level 

healthcare resource utilization.  
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Recent research conducted by Haffajee et. al, had evaluated the rigor of all 50 

states and ranked them into three categories of low, medium, and high.21 These 

categorizations were based on a number count of 10 characteristics that were identified as 

attributes that are present in robust PDMPs. States that were placed in the low category 

had 0-5 attributes, medium had 6-7 attributes, and high 8-10.  The ten features follow a 

binary coding scheme and included the following: 

1) PDMP that can be accessed by prescribers 

2) Mandatory use mandate for prescribers 

3) Comprehensive use mandate (the respective state outlined the criteria which 

constitute mandated use) 

4) No prescriber immunity for failure to check/use PDMP 

5) Requirement for all prescribers to be enrolled. 

6) Proactive reporting required or permitted of PDMP to identify suspicious 

prescribing, dispensing, or purchasing. 

7) PDMP Housed in a Health Agency 

8) Data Updated at Least Weekly 

9) Monitors at least Schedule II-IV substances as opposed to only Schedule II, II-III, 

or specific drugs within Schedules. 

10)  The PDMP can be accessed by an agent or delegate of the prescribers. 
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Using this scheme, the authors conducted several difference-in-difference 

analyses of select state pairs to assess the impact of PDMP program rigor. The findings of 

Haffajee et al determined that PDMP robustness can significantly reduce the proportion 

of commercially-insured adults who receive opioids and as well as the strength of the 

prescribed opioid regimens. However, the authors noted that their study was not designed 

to capture potential unintended consequences of increased PDMP as it could relate to 

reduced prescribing when medically indicated.  

Strategy 2: Implement public health policy options relating to pain clinics to 

reduce prescribing practices that are risky to patients can include but not limited to 

policies such as credentialing pain clinics, mandate limiting opioid prescriptions for acute 

pain to be for short-days supplies (e.g., 3, 5 or 7 days), and placing restrictions when 

prescribing limits above certain MME thresholds.20,24–26  

Strategy 3: Evaluate state data and programs to detect and address inappropriate 

prescribing of opioid pain relievers and Strategy 6: Promote and support the use of CDC 

Guidelines for Prescribing Opioids for Chronic Pain are both clinical in nature.1,20 

Strategy 3 largely involves the retroactive evaluation of healthcare and determination of 

whether care provided deviates from best practices, while Strategy 6 involves ways to 

proactively work with healthcare providers to implement clinical practice guidelines. The 

proposed aims follow the spirit of strategies 3 and 6. The other strategies are more 

applicable to individual care decisions made by healthcare practitioners or are specific to 

best practices of running a health plan. 
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2.7. Healthcare Utilization Associated with Prescription Opioids 

A principal reason for exercising caution where chronic opioid therapy is required 

is to reduce the potential negative outcomes associated with chronic opioid use, including 

opioid use disorder, overdose, and death.1,27 The risk of opioid overdose has also been 

found to be dose-dependent, with the risk of overdose and serious overdose events 

increasing as average morphine milligram equivalents (MME)/day increase, particularly 

among those with a history of substance abuse, younger age, major depression, and those 

taking psychotropic medications.28,29 

As previously stated, the three-tier system of risk-based thresholds of MME is 

intended to reflect risk for harm and not necessarily meant to reflect an increased ability 

to decrease pain and improve pain functionality.1,16 Consequently, literature has identified 

high doses of opioids, not necessarily utilizing the three-tier opioid thresholds, are 

associated with traditional patient-harm outcomes (e.g., hospitalization, overdoses) as 

well as with healthcare utilization but not limited to the following:1,3,30  

• Subsequently higher long-term opioid therapy exceeding 50 and 90 

MME/day 

• Referral and use of non-pharmacologic pain therapy (e.g., physical 

therapy, exercise therapy, cognitive behavioral therapy, weight loss 

counseling, medical nutritional therapy, wound care, acupuncture, 

osteopathic manipulations, and chiropractic care) 

• Consulted, prescribed, or referred naloxone for opioid reversal 
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• Development of opioid use disorder and subsequently referred to or 

prescribed medication assisted treatment (e.g., buprenorphine products, 

methadone) 

The CDC guideline recommendations include but are not limited to patients being 

regularly evaluated by healthcare professionals and considering opioid-sparing 

interventions.1,30 These best-practices can be indirectly measured in part by evaluating the 

frequency of office visits where a provider performs an evaluation and the utilization 

non-pharmacological pain therapy. 

 

  



18 

 

3. Aim 1. Impact of PDMP robustness, medical cannabis dispensaries, and 

cannabis decriminalization on receipt of CDC guideline opioid thresholds 

among commercially insured new chronic opioid users 

 

3.1. Abstract 1. 

Background: Efforts to promote the safe and effective use of prescriptions opioids are 

influenced by several factors including, Prescription Drug Monitoring Programs 

(PDMP)s, medical cannabis dispensaries, and cannabis decriminalization. Our goal was 

to evaluate the association of state-level policy measures that may influence opioid 

regimens dispensed among commercially insured new chronic opioid users (NCOUs).  

Methods: We conducted a retrospective cohort study using IQVIA PharMetrics® Plus for 

Academics database with new chronic opioid use occurring between January 1, 2014 and 

March 31, 2015. NCOUs were defined as having at least 60-days coverage of opioids 

within a 90-day period with at least a 30-day opioid-free period prior to the fill date of the 

first qualifying opioid prescription (index date). We placed NCOUs in one of three-tiered 

risk-based categories of average daily morphine milligram equivalent (MME) opioid 

thresholds informed by CDC guidelines: low (> 0 to < 50 MME/day), medium (≥ 50 to < 

90 MME/day), and high (≥ 90 MME/day). Among NCOUs, multinomial logistic 

regression (adjusted odds ratio; 95% confidence interval) was used to estimate the 

association of state-level policy measures with the respective opioid thresholds adjusted 

for other state-level policies, and patient demographic, clinical, and pharmaceutical 

factors.  

Results: Among the identified 16,684 NCOUs, the prevalence of low, medium, and high 

opioid thresholds was 84.7%, 8.9%, and 6.4%, respectively. The proportion of NCOUs in 
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states with low, medium, and high PDMP robustness rating and presence of medical 

cannabis dispensaries did not differ across the opioid thresholds but did differ with 

respect to cannabis decriminalization. In adjusted analyses, NCOUs in states with 

medium or high PDMP robustness had lower odds of receiving medium (0.74; 0.62-0.69) 

and high (0.74; 0.59-0.92) opioid thresholds. With respect to cannabis policies, NCOUs 

in states with medical cannabis dispensaries had lower odds of receiving high (0.75; 0.60-

0.93) thresholds while cannabis decriminalization had higher odds of receiving high 

(1.24; 1.04-1.49) opioid thresholds. 

Conclusion: Patients in states with highly robust PDMPs had lower odds of receiving the 

highest opioid threshold, while those in states with cannabis decriminalization had higher 

odds of receiving highest opioid threshold. 
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3.2. Introduction 

In order to promote the safe and effective utilization of prescription opioids and to 

reduce the risks associated with their chronic utilization including opioid use disorder, 

overdose, and death, the Centers for Disease Control and Prevention (CDC) provided 

guidelines for prescribing opioids for chronic pain.1 The CDC guideline addresses the 

over-prescribing of prescription opioids and aids clinicians in making informed patient-

specific decisions based on a variety of clinical factors including opioid experience, pain 

etiology, and mental health-related factors that may increase a person’s risk for 

developing opioid use disorder or experiencing an overdose. Policy makers, plan 

sponsors (e.g., Centers for Medicare & Medicaid Services (CMS), private plans), 

clinicians, and health systems have broadly implemented these recommendations to limit 

the utilization of opioids based on morphine milligram equivalent (MME) thresholds.2 

Among several recommendations, the CDC Guideline for Prescribing Opioids for 

Chronic Pain recommendations have created a three-tier system of risk-based thresholds 

of average daily MME: low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/day), 

and high (≥ 90 MME/day).1  

While the CDC guideline was never meant to be prescriptive, the 

recommendations have been misapplied and used to justify “hard limits” and “cut-offs” 

in the prescribing and payment of opioid regimens, which ultimately impact which 

medications are paid for and dispensed to a patient.2,31 The CDC guideline does not 

support the abrupt tapering or sudden discontinuation or curtailing of chronic opioid 

therapy that may occur when these guidelines are misapplied and are intended to 

encourage clinicians to make patient-specific decisions. This is particularly important as 
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individual patients may require higher opioid thresholds to manage their chronic pain 

despite initially appearing to be contrary to the CDC guidelines. Given these recognized 

potential unintended consequences of following the CDC guideline’s average MME per 

day thresholds, it is helpful to examine which patients are likely to receive the respective 

thresholds to better inform policy makers, payers, and clinicians when these 

recommendations are implemented into programs to promote their safe use. 

State-level efforts have also been employed to promote and monitor the safe 

prescribing of opioids and other controlled substances including prescription drug 

monitoring programs (PDMPs).21,32,33 While each state has implemented their own 

PDMP, they often share similar attributes and functionality including but not limited to 

use mandates, proactive evaluation and reporting, and whether they monitor medications 

beyond schedule II controlled substances.21,33  Other state-implemented policies that are 

thought to potentially reduce the use of prescription opioids include those surrounding 

cannabis.34,35 Despite cannabis being a schedule I controlled substance, medical cannabis 

has been legalized in many states across the country and made available at authorized 

locations often referred to as "dispensaries". While the approved uses of medical cannabis 

can be wide-ranging and state-specific, they regularly include chronic pain as an accepted 

indication and require approval from a licensed healthcare professional. Separate from 

medical cannabis, states have also decriminalized cannabis (i.e., the removal of penalties 

associated with the possession of cannabis, with no protection for supply). The literature 

evaluating the impact of these policies on the prescribing of opioids, particularly around 

new chronic opioid users (NCOUs), is limited. 
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The use of opioid analgesics is complex and multifactorial and includes 

demographic, clinical, and state-level factors including PDMPs and cannabis policies.3 

The overall objective of this study is to evaluate the association of these factors on the 

receipt of CDC guideline-informed opioid thresholds among NCOUs. We hypothesize 

that individuals in states with robust PDMPs, medical cannabis dispensaries, and 

decriminalized cannabis would have decreased odds of receiving higher opioid 

thresholds. 

3.3. Methods  

3.3.1. Data Source 

Data were obtained from a 10% random sample of claim records within the 

IQVIA PharMetrics® Plus for Academics claims data from January 2013 to December 

2015. PharMetrics Plus data is a longitudinal dataset and includes medical, pharmacy, 

and eligibility information from over 70 contributing health plans and self-insured 

employer groups throughout the U.S.36 PharmMetrics Plus claims include covered 

employees, early retirees (non-Medicare), and spouses and dependents and is considered 

a nationally-representative sample of the commercially insured. Approximately half of 

the U.S. population is commercially insured.37 This study was approved by the University 

of Maryland, Baltimore (UMB) Institutional Review Board (HP-00087463). 

3.3.2. Study Population 

The study sample of this analysis consisted of enrollees (aged 18-64) who were 

chronic opioid users defined as having at least a 60-day supply of prescription opioids in 

a 90-day period (Figure 1). We utilized this definition as it is consistent with the CDC 

guideline and subsequent guidance for their implementation and evaluation.1,30 The index 
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date was defined as the fill date of the first qualifying opioid prescription. To qualify as a 

NCOU, an enrollee needed to have had a 30-day period prior to the index date which did 

not have any opioids.38 To analyze drug dispensing patterns and to confidently identify 

new chronic opioid use, enrollees were required to have continuous medical and 

prescription coverage 12 months prior to the index date and 6 months afterwards 

resulting in 1.5 years of continuous coverage. Only the first new chronic opioid period for 

each beneficiary was considered for analysis. Given that the CDC opioid thresholds do 

not specify the requirement of certain pain diagnoses,1 and opioid risk-reduction systems 

such as PDMP are dependent on the presence of opioids and other controlled substances 

having been dispensed irrespective to an indication,39,40  a pain diagnosis was not 

required as an inclusion criterion. 

 

Figure 1. Retrospective cohort design 
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Because this study evaluates the average MME/day informed by CDC guideline1 

and best practices,30 individuals whom are outside the scope of the CDC guideline were 

excluded, including patients with cancer, hospice, and sickle-cell;2 and individuals 

associated with a claim from any of these categories at during the 18-month period. In 

addition, given buprenorphine products can be utilized to treat opioid use disorder on an 

outpatient basis, and are not included in average MME/day calculations,41 beneficiaries 

associated with these medications during the chronic opioid use period were also 

excluded. Of note, although methadone can be utilized for opioid use disorder it can only 

be done so within the context of an opioid treatment program.42 When methadone is 

dispensed as an outpatient claim it must be for the treatment of pain. In order to consider 

state-level policies related to PDMP robustness and cannabis that may change over time, 

and to allow for adequate time for a chronic opioid period to have occurred, the index 

date needed to have occurred between January 1, 2014 and March 31, 2015, inclusive. 

3.3.3. Primary independent variables 

State-level variables related to PDMP robustness and cannabis policies were 

determined using the most up-to-date PDMP and cannabis information available in 

literature and included respective attributes as of 2014.21,33–35 PDMP robustness was 

evaluated utilizing a scheme which utilized a 10-point scale of different attributes that 

Haffajee et al. determined to be present in robust PDMPs to determine a “low”, 

“medium”, and “high” robustness rating and demonstrated to have an impact on 

population-level opioid prescribing.21,33 The 10-point scale and individual components 

are examined in the supplemental sections. The state-wide presence or absence of 
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medical cannabis dispensaries and decriminalization policies were captured based on the 

findings from Liang et al 2018.34  

3.3.4. Main dependent variable 

The outcomes of interest was the three-tier risk-based thresholds of average daily 

MME: low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/Day), and high (≥ 90 

MME/day). This categorization scheme is consistent with the CDC guideline and with 

prior literature.1,30,43 Individuals had to be a NCOU with at least 60-days coverage of 

opioids within a 90-day period with 30 days which were opioid free prior to the index 

date to be considered NCOUs. The calculation of average MME/day for a chronic opioid 

period were consistent with CDC guidance and publicly available programming code 

provided to prescription benefit plans to calculate and evaluate opioid utilization across 

plans.41 The average MME/day for a given day was calculated and included the sum total 

of one or more opioids for which an enrollee had coverage. Methadone for the purposes 

of this analysis utilized a conversion factor of “3” to calculate MME, which is 

recommend for population-based assessments. Opioid prescriptions with a missing or 

negative quantity or days supplied were excluded from MME/day calculations and 

determination of enrollees who were NCOUs. 

3.3.5. Covariates 

3.3.5.1. State-level and demographic variables 

State-level PDMP robustness, presence of medical cannabis dispensaries, and 

cannabis decriminalization along with data on demographic variables including gender, 

age, and census region were identified at the index date of new chronic opioid use and are 

noted in Table 2. 
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Table 2. Characteristics of new chronic opioid users including distribution of 

characteristics by opioid threshold. 

Variable 

All New  

Chronic 

Opioid Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) 

p-value 

PDMP 

Robustness,        

N (%) 

     

Low 7,821 (46.9) 6,594 (46.7) 715 (48.3) 512 (47.7) 0.23 

Medium 6,247 (37.4) 5,286 (37.4) 563 (38.0) 398 (37.1)  

High 2,616 (15.7) 2,250 (15.9) 202 (14.7) 164 (15.3)  

Medical 

Cannabis 

Dispensaries 

2,605 (15.6) 2,202 (15.6) 240 (16.2) 163 (15.2) 0.75 

Decriminalization 

of Cannabis 
4,006 (24.0) 3,342 (23.7) 361 (24.4) 303 (28.2) <0.01 

Gender, N (%) 
     

Male 7,456 (44.7) 6,154 (43.5) 775 (52.4) 527 (49.1) <0.01 

Female 9,228 (55.3) 7,976 (56.5) 705 (47.6) 547 (50.9)  

Age, N (%) 
     

18-34 1,735 (10.4) 1,416 (10.0) 187 (12.6) 132 (12.3) <0.01 

35-44 3,008 (18.0) 2,495 (17.7) 298 (20.1) 215 (20.0)  

45-54 5,439 (32.6) 4,589 (32.5) 491 (33.2) 359 (33.4)  

55-64 6,502 (39.0) 5,630 (39.8) 504 (34.1) 368 (34.3)  

Census Regions, 

N (%) 
     

East 2,577 (15.5) 2,133 (15.1) 234 (15.8) 210 (19.6) <0.01 

Midwest 4,315 (25.9) 3,648 (25.8) 385 (26.0) 282 (26.3)  

South 8,501 (51.0) 7,315 (51.8) 713 (48.2) 473 (44.0)  

West 1,291 (7.7) 1,034 (7.3) 148 (10.0) 109 (10.2)  

Charlson 

Comorbidity 

Index (CCI) 

Score, mean (SD) 

0.5 (0.9) 0.4 (0.9) 0.5 (1.1) 0.6 (1.1) <0.01 

Pain Conditions*, 

N (%) 
     

No Pain 

Condition 
5,728 (34.3) 5,064 (35.8) 418 (28.2) 246 (22.9) <0.01 

Chronic Pain 1,111 (6.7) 739 (5.23) 149 (10.1) 223 (20.8) <0.01 

Abdominal 1,462 (8.8) 1,175 (8.3) 163 (11.01) 124 (11.6) <0.01 

Back/Neck 5,930 (35.5) 4,730 (33.5) 642 (43.4) 558 (52.0) <0.01 

Head 780 (4.7) 650 (4.6) 63 (4.3) 67 (6.2) 0.03 

Limb 1,213 (7.3) 962 (6.8) 140 (9.5) 111 (10.3) <0.01 

ARJM 5,538 (33.2) 4,578 (32.4) 554 (37.4) 406 (37.8) <0.01 

Neuropathic 1,325 (7.9) 1,035 (7.3) 128 (8.7) 162 (15.1) <0.01 
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Table 2. - Continued  

Presence of 

Substance Abuse  
616 (3.7) 386 (2.7) 113 (7.6) 117 (10.9) <0.01 

Presence of 

Mental Health 

Disorders 

2,109 (12.6) 1,650 (11.7) 238 (16.1) 221 (20.6) <0.01 

History of 

Cancer, N (%) 
333 (2.0) 289  (2.1) 22 (1.5) 22 (2.1) 0.34 

Urine Drug 

Screens, N (%) 
749 (4.5) 507 (3.6) 114 (7.7) 128 (11.9) <0.01 

Presence 

Prescriptions of 

Interest*, N (%) 

     

Benzodiazepines 3,738 (22.4) 3,046 (21.6) 389 (26.3) 303 (28.2) <0.01 

Muscle Relaxants 3,412 (20.5) 2,816 (19.9) 329 (22.2) 267 (24.9) <0.01 

Non-

benzodiazepine 

Hypnotics 

1,658 (9.9) 1,383 (9.8) 139 (9.4) 136 (12.7) <0.01 

Gabapentinoids 2,249 (13.5) 1,829 (12.9) 218 (14.7) 202 (18.8) <0.01 

Antipsychotics 548 (3.3) 417 (3.0) 72 (4.9) 59 (5.5) <0.01 

Stimulants 741 (4.4) 587 (4.2) 85 (5.7) 69 (6.4) <0.01 

All percentages are column percentages. P-values represent comparisons between the low, 

medium, and high opioid thresholds. Tests for significance utilized Chi-Square or t-tests; MME = 

morphine milligram equivalents; ARJM = Arthritis/Rheumatism/Joint/Myalgia; PDMP = 

Prescription Drug Monitoring Program 

*Not mutually exclusive 

  

3.3.5.2. Clinical and pharmacological variables 

Data related to Charlson Comorbidity Index (CCI) score, presence of substance 

abuse (alcohol and other), presence of mental health disorders, and history of cancer 

without active cancer were collected in the 12-month baseline period prior to the index 

date and were evaluated because they are all associated with healthcare and opioid 

utilization in literature.3,43–47 Individuals were considered to have one of these clinical 

conditions if they had at least one claim of the respective diagnosis in any diagnosis 

position of a medical claim.  

The presence of pain conditions and urine drug screens were collected in the 90-

day period prior to the index date. Given that pain conditions can be acute as well as 
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chronic, a 90-day period, instead of a 6-month or 12-month period, was selected in order 

to better capture pain conditions that are likely actively being evaluated by any healthcare 

provider during a patient evaluation prior to opioid initiation.1,30 The pain conditions 

selected largely reflect World Health Organizations findings of persistent pain and prior 

literature.12–14,43,48 Given that the CDC opioid guidelines do not specify the requirement 

of acute or chronic pain diagnoses when measuring MME/day,1,30 and opioid risk-

reduction systems such as PDMPs are dependent on the presence of opioids and other 

controlled substances having been prescribed irrespective of an indication,39,40 a pain 

diagnosis was not required. Drug screens were also identified as they are encouraged to 

be conducted by prior to initiating opioid prescribing.1,30,49  

Prescription drugs of interest include benzodiazepines, muscle relaxants, non-

benzodiazepine hypnotics, gabapentinoids (e.g., pregabalin and gabapentin), 

antipsychotics, and stimulants. Medication use was defined as having a prescription with 

a fill date 90-days prior to the index date for each prescription drug category, and the 

absence of the medication was defined as no medication use. Many of these categories of 

medications are controlled substances and are also tracked and evaluated in many state 

PDMP systems for prescription drug abuse and diversion purposes.39,40 Additionally, the 

presence of certain prescription medications have been identified by CMS as agents that 

can augment the sedating effects of opioids and can lead to serious side effects including 

slowed or difficult breathing, overdoses, and death.1,50–57 While not sedating, stimulants 

are known targets for abuse and can also be used inappropriately to counteract the 

sedating effects of opioids.58,59  
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3.3.6. Statistical analysis 

New chronic opioid users were categorized into the three-tier risk-based average 

MME/day thresholds of low, medium, and high. State-level, demographic, clinical, and 

pharmacological variables were examined across all categories. Individual bivariate 

analyses were completed separately to examine the individual association between opioid 

threshold and individual covariates. Chi-square and t-tests were conducted for categorical 

and continuous predictors, respectively. 

Multinomial logistic regression analysis was conducted to examine the 

association between the covariates and the receipt of a given MME threshold. All 

analyses used a type I error rate of 0.05 as a threshold for statistical significance and were 

conducted using SAS version 9.4. 

3.4. Results 

3.4.1. Participants 

We identified 16,684 enrollees who were NCOUs between the ages 18 to 64, 

inclusive, who also met all other inclusion and exclusion criteria of the study (Figure 2). 
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Figure 2. Analysis cohort 

Table 2 describes the baseline characteristics of NCOUs included in the study. 

Among enrollees who were new chronic opioid users, the breakdown of low (>0 to < 50 

MME/day), medium (≥ 50 to < 90 MME/day), and high (≥ 90 MME/day) was 84.7%, 

8.9%, and 6.4%, respectively. Female was the most common gender overall (55.3%). The 

most common census region overall was the South (51.0%). The largest PDMP category 

overall was low robustness (46.9%). Approximately 15.6% of all NCOUs resided in a 

state with medical cannabis dispensaries and 24.0% in a state which decriminalized 

cannabis.  

The population of NCOUs had a number of clinical and pharmacological factors 

present at baseline. The overall comorbidity burden was low with an average CCI score 
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of 0.5 (SD: 0.9).  A majority (63.5%) had a pain diagnosis within the 90-day period prior 

to the chronic opioid period. With respect to the most common pain conditions among 

NCOUs, the most frequent categories were back/neck (35.5%), 

arthritis/rheumatism/joint/myalgia (ARJM) (33.2%), and abdominal (8.8%). When 

evaluating mental health burden, 3.7% had a presence of substance abuse and 12.6% had 

a presence of mental health disorders. Among other clinical characteristics, 2.0% had a 

history of cancer and 4.5% received a urine drug screen. Pharmacological factors of 

interest were present with approximately 22.4% were receiving a benzodiazepine, 20.5% 

receiving a muscle relaxant, and 13.5% receiving a gabapentinoid prior to chronic opioid 

use.  

3.4.2. State-level PDMP & cannabis characteristics, demographic, clinical, and 

pharmacological characteristics by opioid thresholds 

Among enrollees within their given state, NCOUs with a PDMP robustness of 

“low” was approximately 47% and did not differ significantly across the opioid 

thresholds. With respect to medical cannabis, approximately 16% were in a state with a 

dispensaries which did not differ significantly across the thresholds. With respect to 

cannabis decriminalization, approximately 24.0% NCOUs were in a state that had 

decriminalized cannabis. However, this differed across the low, medium, and high 

(23.7% vs 24.4% vs 28.2, p<0.01) opioid thresholds.  

Demographic characteristics demonstrated variation across the opioid thresholds. 

The proportion of NCOUs who were men varied across the low, medium, and high opioid 

thresholds (43.5% vs 52.4% vs 49.1%, p<0.01). The age group of 55-64 years, while 

representing the largest proportion NCOUs, decreased from low to medium and high 
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opioid thresholds (39.8% vs 34.1% vs 34.3%, p<0.01). With respect to census region 

patterns, while approximately 51.0% of all NCOUs resided in the South census region, 

the proportion decreased over the opioid thresholds (51.8% vs 48.2% vs 44.0%, p<0.01). 

This is in contrast to the 15.5% that reside in the East and increased across the opioid 

thresholds (15.1% vs 15.8% vs 19.6%, p<0.01). 

While across the board the cohort of NCOUs had multiple clinical and pain-

specific burdens, there was an overall increase in their respective presence across the low, 

medium, and high opioid thresholds. With respect to average CCI score, the average co-

morbidity burden increased over the low, medium, and high opioid thresholds (0.4 

[SD:0.9], 0.5 [1.1], 0.6 [1.1], p<0.01). When evaluating the pain conditions across the 

low, medium, and high thresholds, the proportion of individuals with chronic pain (5.2%, 

10.1%, 20.8%, p<0.01), back/neck (33.5% vs 43.4% vs 52.0%, p<0.01), and neuropathic 

pain (7.3%, 8.7%, 15.1%, p<0.01) increased over the opioid thresholds. The presence of 

substance abuse (2.7%, 7.6%, and 10.9%, p<0.01) and mental health disorder (11.7%, 

16.1%, 20.6%, p<0.01) increased over the opioid thresholds. However, NCOUs with a 

history of cancer did not differ significantly across the opioid thresholds (2.1%, 1.5%, 

2.1%, p=0.34). Individuals with a urine drug screen increased over the respective opioid 

thresholds (3.6%, 7.7%, 11.9%, p<0.01). 

Among the prescription drugs of interest, benzodiazepines were most prevalent 

and increased across all opioid thresholds (21.6%, 26.3%, 28.2%, p<0.01) followed by 

muscle relaxants (19.9%, 22.2%, 24.9%, p<0.01) and gabapentinoids (12.9%, 14.7%, 

18.8%, p<0.01). 
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3.4.3. Association of PDMP robustness, medical cannabis, and cannabis 

decriminalization with opioid threshold: multinomial logistic regression 

analysis. 

Multinomial logistic regression analysis compared the three odds of receipt of 

medium and high opioid thresholds to the receipt of low threshold (Table 3) and was used 

to evaluate PDMP robustness, medical cannabis, and decriminalization policies. After 

adjusting for all other covariates, when compared to NCOUs residing in a state with a 

PDMP robustness of “low”, NCOUs had lower odds of receiving medium (Adjusted odds 

ratio [AOR]: 0.74, 95% confidence interval [CI]: 0.62-0.90) and high (AOR: 0.74, 95% 

CI: 0.59-0.92) opioid thresholds. For NCOUs that reside in a state with medical cannabis 

dispensaries, when compared to no dispensaries, NCOUs had lower odds of receiving 

high (AOR: 0.75, 95% CI: 0.60-0.93) opioid thresholds compared to low threshold. 

When examining NCOUs that reside in a state that decriminalized cannabis, when 

compared to no decriminalization, NCOUs had higher odds to receive high (AOR: 1.24, 

95% CI: 1.04-1.49) opioid thresholds compared to low threshold. These principal 

findings were determined to be largely robust and did not meaningfully vary when 

exploring alternate opioid threshold definitions, individual PDMP attributes, and 

increasing the days’ coverage requirement when identifying an NCOU (see supplemental 

section). 
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Table 3. Odds of being in the medium or high opioid thresholds compared to low 

threshold for PDMP robustness, medical cannabis, and decriminalization of 

cannabis 

  Unadjusted OR (95% CI) Adjusted* OR (95% CI) 

Variable  

Medium  

(≥ 50 to < 90 

MME/day) 

High  

(≥ 90 

MME/day) 

Medium  

(≥ 50 to < 90 

MME/day) 

High  

(≥ 90 

MME/day) 

PDMP Robustness         

Low reference reference reference reference 

Medium 
0.98  

(0.87-1.10) 

0.97  

(0.85-1.11) 

0.94  

(0.81-1.08) 

0.92  

(0.77-1.09) 

High 
0.83  

(0.70-0.98) 

0.94  

(0.78-1.13) 

0.74  

(0.62-0.90) 

0.74  

(0.59-0.92) 

Medical Cannabis Dispensaries 

1.05  

(0.91-1.21) 

0.97  

(0.82-1.15) 

0.84  

(0.70-1.02) 

0.75  

(0.60-0.93) 

Decriminalization of Cannabis 

1.04  

(0.92-1.18) 

1.27  

(1.11-1.46) 

1.09  

(0.94-1.27) 

1.24  

(1.04-1.49) 

MME = morphine milligram equivalents; OR, Odds Ratio; CI, Confidence Interval; PDMP = Prescription 

Drug Monitoring Programs 

*adjusted for other variables listed in table as well as gender, age, census region, charlson comorbidity 

index, pain conditions, mental health disorders, history of cancer, drug screens, and prescription drugs of 

interest 

While not included in our primary objective, the adjusted impact of individual 

demographic, clinical, and pharmacological characteristics by opioid thresholds are 

outlined and discussed in the accompanying supplemental section. Many of the variables 

that were associated with impacting the odds of receiving high opioid thresholds include 

being male, census region, the presence of several clinical variables (i.e., chronic pain 

diagnosis, back/neck pain diagnosis, substance abuse, mental health disorders, and urine 

drug screens), and the presence of prescriptions of interest (i.e., benzodiazepines and 

stimulants). 

3.5. Discussion 

Among individuals identified as NCOUs, we found that states with high PDMP 

robustness were associated with reduced odds of receiving both medium and high opioid 

thresholds compared to states with low PDMP robustness; however, individuals that 
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resided in a state with medium PDMP robustness did not have decreased odds of 

receiving higher thresholds. When examining other modalities thought to lead to the 

reduction of opioid use, only states with medical cannabis dispensaries demonstrated 

decreased odds of NCOUs receiving high opioid thresholds compared to states that do 

not have those dispensaries. Meanwhile, states that decriminalized cannabis demonstrated 

increased odds of enrollees receiving high opioid threshold compared to states that have 

not decriminalized cannabis. No causal inference can be made because the health claims 

lack information related to utilization of cannabis. However, the preliminary findings and 

hypothesis are consistent with other literature that evaluated PDMP robustness, in that 

PDMP robustness does have impact on reducing opioid prescribing, and both these 

findings and the literature showed a potential differential impact of medical cannabis and 

decriminalization policies on opioid-related outcomes.21,22,33–35,60,61 

To the best of our knowledge, this is the first study to utilize a multinomial 

logistic regression to evaluate the potential impact of both state-level PDMP and cannabis 

policies that also controls for enrollee-level clinical and pharmacological characteristics 

on receipt of opioid therapy within the context of the CDC’s three-tier risk-based opioid 

thresholds. Past literature that evaluated the impact of state-level PDMP robustness 

and/or cannabis policies did not take into consideration the enrollee-level clinical 

attributes of an individual which influence the average daily MME prescribed to 

individual enrollees.21,22,33,34,38,60,61 In addition, past literature evaluating state-level 

PDMP and cannabis policies did not take into consideration a “new user” design or 

enrollee-level clinical factors either; this is particularly important as an individual 

enrollee’s prior opioid use often guides subsequent prescriptions.32 Evaluating these 
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state-level policies, particularly in the context of opioid thresholds, are important because 

not only are higher thresholds associated with increased risk of overdose but they are also 

being implemented to prevent the prescribing of higher opioid thresholds.2   

Previous examples of literature that evaluated opioid prescribing trends did not 

control for prior opioid prescriptions, or did so in a manner that required an extended 

opioid-naive time period that may not reflect real-world patients that receive acute 

treatments of opioids prior to beginning chronic opioid therapy.3,43,62 When evaluating 

average MME/day, it is important to evaluate and assess chronic opioids consistent with 

CDC guidelines that defines chronic use as receiving at least 60 days supplies of opioid 

in a three-month period.1,30 It is important to define days’ supply as days’ covered given 

CDC recommendations for prescription benefit plans to first calculate the sum MME/day 

of all prescriptions an enrollee is taking on a given day and then take the average of those 

days over a 90-day period.41 Approaching an overall average MME/day calculation 

within this framework allows for a more accurate calculation of MME/day in the event 

prescribing is intermittent and/or requires two different opioids concurrently (e.g., long-

acting and short-acting dosage forms).  

This study has limitations. First, some common shortcomings of claims-based 

analyses are the absence of any measure of pain severity and the inability to capture non-

prescribed licit and illicit controlled substances. To minimize this confounding potential 

we took into account the presence and absence of characteristics including pain 

diagnoses, comorbidity burden, mental health, and substance abuse at baseline.43 Another 

noteworthy limitation is this analysis is based on new chronic opioid users with index 

dates that occurred in 2014 and 2015. Limiting to a shorter time frame was done for three 
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principal reasons: i) nationwide state-level PDMP and cannabis policies assessments 

were not available in peer-reviewed literature beyond these years,21,33 ii) to avoid 

temporal changes in prescribing that have occurred over time as well as impact of 

subsequent publication of CDC opioid guidelines;63 and iii) to confidently capture 

benzodiazepine coverage given it was not covered by Medicare Part D until 2013 as well 

as changes in benzodiazepine prescribing nationally that have occurred over time.64,65 

Additionally, this study did not take into consideration socio-economic characteristic 

such as income or race/ethnicity. While race or ethnicity is not present in the IQVIA™ 

dataset,43 income is indirectly considered by the continuous enrollment requirements as 

well as only evaluating individuals receiving prescription and medical insurance through 

commercial payers.  

This study has several strengths. The use of a multinomial regression analysis 

allows for policy makers, plan sponsors, clinicians, and health systems to consider the 

influence of individual factors on the receipt of three-tiered risk-based opioid. If state 

policy makers are interested in reducing the odds of receiving high opioid thresholds, it 

may be reasonable to allow for medical cannabis dispensaries or increase their 

availability. However, if states were to explore decriminalizing cannabis, our study does 

not support there would be a reduction in the average MME/day of opioids being 

prescribed to NCOUs. When states consider implementing changes to their PDMPs it is 

the overall robustness, and not individual factors alone, that most meaningfully influence 

the opioid prescribing to NCOUs. While this evaluation was not designed to evaluate the 

prescribing habits as it relates to individual prescribers, this study does identify 

demographic, state-level, clinical, and pharmacological factors that can be considered 
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when evaluating whether prescribers are potentially overprescribing to their respective 

patient populations. 

3.6. Conclusion 

This study provides evidence for the need to account for state-level PDMP and 

cannabis-related policies when examining the factors that lead to the receipt of opioids 

among NCOUs. Further evaluation of these factors, such as evaluating whether cannabis 

is actively being utilized for the potential opioid-sparring attributes, could be informative. 

This study identified patterns of opioid prescribing and evaluated the individual impact of 

the respective covariates that spanned state-level, demographic, clinical, and 

pharmacological attributes and consequently can inform the needs for subsequent studies 

in other populations such as Medicare, Medicaid, and the uninsured. Further exploration 

of subsequent healthcare utilization, longer-term opioid utilization, and the combined 

effect of the explored and unexplored covariates, could provide useful insight. 
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3.7. Supplemental 

3.7.1. Association of demographic, clinical, and pharmacological characteristics by 

opioid thresholds: multinomial logistic regression analysis 

Multinomial logistic regression compared the odds of receipt of medium and high 

opioid thresholds to the receipt of low threshold (Table 4). When evaluating demographic 

characteristics men had higher odds for receiving medium (AOR: 1.50, CI: 1.36-1.70) 

and high (AOR: 1.41, CI: 1.23-1.61) thresholds compared to low threshold. With respect 

to age, when compared to individuals aged 18-34, being aged 55-64 resulted in a lower 

odds of receiving medium (AOR: 0.71, CI: 0.59-0.86) and high (AOR: 0.74, CI: 0.60-

0.93) thresholds compared to low threshold. When evaluating census region, when 

compared to the East, NCOUs in the Midwest had lower odds of receiving high threshold 

(AOR: 0.77, CI: 0.62-0.95), those in the South had lower odds of receiving medium 

(AOR: 0.80, CI: 0.67-0.96) and high (AOR: 0.59, CI: 0.48-0.72) thresholds compared to 

low threshold; and patients in the West had higher odds of receiving medium (AOR: 

1.39, CI: 1.06-1.81) threshold compared to low threshold. 

Table 4. Odds of being in the medium or high opioid thresholds compared to low 

threshold for PDMP robustness, medical cannabis dispensaries, and 

decriminalization of cannabis 

  Unadjusted OR (95% CI) Adjusted* OR (95% CI) 

Variable (OR, 95%CI) 

Medium  

(≥ 50 to < 90 

MME/day) 

High  

(≥ 90 

MME/day) 

Medium  

(≥ 50 to < 90 

MME/day) 

High  

(≥ 90 

MME/day) 

PDMP Robustness         

Low reference reference reference reference 

Medium 
0.98  

(0.87-1.10) 

0.97  

(0.85-1.11) 

0.94  

(0.81-1.08) 

0.92  

(0.77-1.09) 

High 
0.83  

(0.70-0.98) 

0.94  

(0.78-1.13) 

0.74  

(0.62-0.90) 

0.74  

(0.59-0.92) 

Medical Cannabis 

Dispensaries 

1.05  

(0.91-1.21) 

0.97  

(0.82-1.15) 

0.84  

(0.70-1.02) 

0.75  

(0.60-0.93) 

Decriminalization of 

Cannabis 

1.04  

(0.92-1.18) 

1.27  

(1.11-1.46) 

1.09  

(0.94-1.27) 

1.24  

(1.04-1.49) 
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Table 4. - Continued 

Gender         

Male 
1.43  

(1.28-1.59) 

1.25  

(1.10-1.41) 

1.50  

(1.36-1.70) 

1.41  

(1.23-1.61) 

Female reference reference reference reference 

Age         

18-34 reference reference reference reference 

35-44 
0.90  

(0.75-1.10) 

0.93  

(0.74-1.16) 

0.93  

(0.78-1.13) 

0.95  

(0.71-1.03) 

45-54 
0.81  

(0.68-0.97) 

0.84  

(0.68-1.03) 

0.85  

(0.71-1.03) 

0.88  

(0.71-1.09) 

55-64 
0.68  

(0.57-0.81) 

0.70  

(0.57-0.86) 

0.71  

(0.59-0.86) 

0.74  

(0.60-0.93) 

Census Regions         

East reference reference reference reference 

Midwest 
0.96  

(0.81-1.14) 

0.79  

(0.65-0.95) 

0.91  

(0.75-1.09) 

0.77  

(0.62-0.95) 

South 
0.88  

(0.76-1.04) 

0.66  

(0.55-0.78) 

0.80  

(0.67-0.96) 

0.59  

(0.48-0.72) 

West 
1.31  

(1.05-1.62) 

1.07  

(0.84-1.37) 

1.39  

(1.06-1.81) 

1.20  

(0.89-1.63) 

Charlson Comorbidity 

Index Score 

1.13  

(1.07-1.18) 

1.17  

(1.10-1.23) 

1.10  

(1.04-1.16) 

1.09  

(1.02-1.16) 

Pain Condition**         

No Pain Condition 
0.71  

(0.63-0.79) 

0.53  

(0.46-0.62) 

0.98  

(0.83-1.16) 

0.92  

(0.75-1.12) 

Chronic Pain 
2.03  

(1.69-2.44) 

4.75  

(4.03-5.60) 

1.44  

(1.18-1.75) 

2.87  

(2.39-3.45) 

Abdominal 
1.37  

(1.15-1.62) 

1.44  

(1.18-1.75) 

1.19  

(0.99-1.43) 

1.06  

(0.86-1.31) 

Back/Neck 
1.52  

(1.37-1.69) 

2.15  

(1.90-2.43) 

1.29  

(1.13-1.48) 

1.51  

(1.29-1.77) 

Head 
0.92  

(0.71-1.20) 

1.38  

(1.10-1.79) 

0.77  

(0.58-1.01) 

0.96  

(0.73-1.27) 

Limb 
1.43  

(1.19-1.72) 

1.57  

(1.28-1.94) 

1.22  

(1.01-1.31) 

1.07  

(0.86-1.34) 

ARJM 
1.25  

(1.12-1.40) 

1.27  

(1.12-1.44) 

1.07  

(0.94-1.22) 

0.97  

(0.84-1.13) 

Neuropathic 
1.20  

(0.99-1.45) 

2.25  

(1.88-2.69) 

0.98  

(0.80-1.20) 

1.60  

(1.31-1.94) 

Presence of Substance Abuse  
2.94  

(2.37-3.66) 

4.36  

(3.50-5.41) 

2.13  

(1.69-2.67) 

2.51  

(1.98-3.18) 

Presence of Mental Health 

Disorders 

1.45  

(1.25-1.68) 

1.96  

(1.68-2.29) 

1.18  

(1.004-1.38) 

1.31  

(1.10-1.56) 

History of Cancer 
0.72  

(0.47-1.12) 

1.00  

(0.65-1.55) 

0.75  

(0.58-1.16) 

1.01  

(0.64-1.59) 

Presence of Urine Drug 

Screens 

2.42  

(1.82-2.77) 

3.64 (2.96-

4.46) 

1.70  

(1.35-2.12) 

2.05  

(1.63-2.57) 
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Table 4. - Continued 

Presence of Prescriptions of 

Interest**         

Benzodiazepines 
1.30  

(1.15-1.47) 

1.43  

(1.25-1.65) 

1.21  

(1.06-1.38) 

1.17  

(1.01-1.37) 

Muscle Relaxants 
1.15  

(1.01-1.31) 

1.33  

(1.15-1.54) 

1.03  

(0.89-1.18) 

1.02  

(0.87-1.19) 

Gabapentinoids 
1.16  

(0.99-1.35) 

1.56  

(1.33-1.83) 

1.01  

(0.86-1.19) 

1.10  

(0.92-1.30) 

Non-benzo. Hypnotics 
0.96  

(0.80-1.15) 

1.34  

(1.11-1.61) 

0.90  

(0.75-1.09) 

1.20  

(0.92-1.46) 

Antipsychotics 
1.68  

(1.30-2.17) 

1.91  

(1.45-2.53) 

1.35  

(1.03-1.77) 

1.26  

(0.93-1.71) 

Stimulants 
1.41  

(1.11-1.78) 

1.58  

(1.22-2.05) 

1.26  

(0.99-1.60) 

1.34  

(1.02-1.76) 

MME = morphine milligram equivalents; OR, Odds Ratio; CI, Confidence Interval; ARJM = arthritis, 

rheumatism, joint, myalgia 

*adjusted for other variables listed in table; ** not mutually exclusive 

Clinical variables also appeared to be associated with the receipt of medium and 

high thresholds (Table 4). When evaluating comorbidity burden via the CCI Score, an 

increase in CCI score was associated with higher odds of receiving medium (AOR: 1.1, 

CI: 1.04-1.16) and high (AOR: 1.09, CI: 1.02-1.16) thresholds when compared to low 

threshold. With respect to pain conditions in comparison to not having the respective pain 

condition and compared to low threshold, the presence of chronic pain had higher odds of 

receiving medium (AOR: 1.44, CI: 1.18-1.75) and high (AOR: 2.87, CI: 2.39-3.45) 

thresholds; the presence of back/neck pain had higher odds of receiving medium (AOR: 

1.29, CI: 1.13-1.48) and high (AOR: 1.51, CI: 1.29-1.77); the presence of limb pain had 

higher odds of receiving medium (AOR: 1.22, CI: 1.01-1.31); the presence of neuropathic 

pain had higher odds of receiving high (AOR: 1.60, CI: 1.31-1.94). When evaluating the 

presence of substance abuse there was a higher odds of receiving medium (AOR: 2.13, 

CI: 1.69-2.67) and high (AOR: 2.51, CI: 1.98-3.18) compared to low threshold. The 

presence of mental health disorders also resulted in higher odds of receiving medium 

(AOR: 1.18, CI: 1.004-1.38) and high (AOR: 1.31, CI: 1.10-1.56) thresholds compared 
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low threshold. The presence of a urine drug screen before chronic opioid use had higher 

odds of receiving medium (AOR: 1.69, CI: 1.35-2.12) and high (AOR: 2.05, CI: 1.63-

2.57) thresholds compared to low threshold.  

Among the six prescriptions of interest present before new chronic opioid use and 

compared to low threshold, the presence of benzodiazepines higher odds of receiving 

medium (AOR: 1.21, CI: 1.06-1.38) and high (AOR: 1.17, CI: 1.01-1.37) thresholds 

compared to low threshold, antipsychotics were associated with higher odds of receiving 

medium (AOR: 1.35, 1.03-1.77) threshold, and stimulants were associated with higher 

odds of receiving high (AOR: 1.34, CI: 1.02-1.76) threshold.  

3.7.2. Discussion 

In addition to consideration of the impact of both state-level PDMP robustness 

and cannabis policies on the receipt of opioids with respect to the three-tiered risk-based 

thresholds, this is the first retrospective cohort study to also explore the impact patient-

level clinical and prescription characteristics on the receipt of opioid thresholds. Further 

expanded evaluation into the impact of these variables on the longer-term utilization of 

opioids would be beneficial as many adverse outcomes associated with opioids are 

associated with individuals who have be utilizing opioids for a period of time longer than 

90-days. 

Among individuals identified as new chronic opioid users, and consistent with 

prior literature, we found that several demographic, clinical, and prescription medications 

of interest were associated with the odds of receipt of opioid thresholds. Among the 

demographic characteristics being male and being located in the West were each 
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associated with higher odds of receiving higher thresholds. While the difference with 

respect to gender is unclear, literature supports gender bias is present when prescribing 

evaluating pain and prescribing opioids.66 While previous literature also identified 

differences in opioid utilization across the country with respect to geographic and census 

regions,43,67 it is noteworthy that an observed difference is still present when also 

controlling individual state-level PDMP and cannabis policies. When evaluating the odds 

of receipt of higher thresholds by age, the decreasing odds of receiving higher opioids 

could be explained by prescribers concern of CNS depressants among older individuals 

and the increased risk of falls and other adverse events.1 

With respect to evaluated clinical factors, enrollees with an increased comorbidity 

burden, substance, and mental health disorder at baseline were all associated with higher 

odds of receiving higher thresholds compared to those without those burdens; this is 

consistent with past literature.43–47 When evaluating the presence of various pain 

conditions prior to new chronic opioid use, having a diagnosis of chronic pain was 

associated with the highest odds of receiving medium and high opioid thresholds 

followed by having a back/neck diagnosis. These diagnoses are often cited as the 

prevalent diagnoses for chronic non-cancer pain.1,12  Of note, neuropathic pain was 

associated with higher odds of receiving high but not medium opioid threshold. The 

authors feel that this consistent with clinical guidelines that dictate that neuropathic pain 

should first be treated by using non-opioid nerve-targeted therapies and reserved for 

refractory nerve pain.1  

To the best of our knowledge, the association of urine drug screens and the receipt 

of opioid thresholds has not been explored in literature. The presence of urine drug 
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screens prior to initiating chronic opioids was associated with higher odds of receiving 

both medium and higher opioid thresholds. While the results and rationale of urine drug 

screens are not available in claims data, the authors believe that the observed increased 

odds of receiving higher opioid thresholds could be explained in part by a prescriber 

wanting to verify the presence or absence of licit and illicit drugs prior prescribing, 

especially at higher MME thresholds of ≥ 50 MME/day. 

The authors noted that while many of the prescriptions drugs of interest were 

associated with increased unadjusted odds of receiving higher opioid thresholds, in 

adjusted analyses the differences were largely negated. The authors believe that this 

could be explained in part due to two principle reasons: i) the interplay of PDMPs and the 

fact that they evaluate the presence of not just opioids but many of the other prescriptions 

of interest, and ii) the relative increased importance of the clinical covariates that were 

accounted for in our model, many of which are frequently the indications for their 

respective use (e.g., muscle relaxants and back/neck pain or gabapentinoids and 

neuropathic pain). Given that prescribers and pharmacists routinely consider the presence 

or absence of these medications to evaluate the increased risk of adverse effects occurring 

alongside opioids, as well as to surveil for potential prescription drug misuse and abuse, 

the authors believe it was important to keep the covariates in the model. 

3.7.3. Sensitivity Analyses 

3.7.3.1.Varying the MME/day threshold cut-offs 

While the base-case focused on the opioid thresholds informed by the CDC 

Guideline for Prescribing Opioids for Chronic Pain, the authors explored variations of the 

definition and potential impact on significance of covariates of interest.  
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Sub-analyses were conducted in the following manner to explore potential 

heterogeneity within the low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/day), 

and high (≥ 90 MME/day) thresholds: 

i. Utilizing the same multinomial logistic regression for individuals within a 

respective low, medium, and high threshold with a reference group within each 

threshold being the lower quartile compared to the remaining three. 

ii. Evaluating the distribution of the data, along discussion with clinical experts, to 

determine additional MME cut-offs that are not included in the overall CDC 

guideline recommendations. 

See Table 5 for descriptive statistics pertaining to the distribution of MME/day for 

each respective threshold. 

Table 5. Additional opioid metrics among new chronic opioid users 

Category N (%) 

Average MME/day         

Mean (SD), Median 

All Chronic Opioid 

Users 
16,684 (100) 40.4 (124.0), 22.5 

Low  14,130 (84.7) 21.9 (11.2), 20 

Medium 1,480 (8.9) 64.0 (10.0), 61.2 

High 1,074 (6.4) 251 (433.2), 144.6 

SD = standard deviation; MME = morphine milligram equivalents 

With respect to (i), the only group that demonstrated some heterogeneity within a 

respective threshold and the evaluated variables was “low” threshold. Additionally, with 

respect to (ii), although not part of the broad recommendations, the CDC guideline does 

provide evidence for evaluating > 0 to < 20 MME/day as having significantly lower odds 

of serious adverse outcomes compared to higher dosages of ≥ 100 MME/day.1 Given the 

observed heterogeneity with respect to predictors, and the evidence located in the clinical 
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guideline, re-defining the low threshold as > 0 to < 20 MME/day and creating a new 

“moderate” threshold ≥ 20 to < 50 MME/day were utilized as alternative cut-offs (Figure 

3); this alternative scheme is referred to as “Base with Moderate”. 

 

Figure 3. Alternative definition of average morphine milligram equivalents (MME) 

thresholds for sensitivity analysis 

When evaluating the high threshold category in Table 5, there is significant 

skewedness in the data demonstrated by the large standard deviation and mean well 

above the median. Given the large variation in MME/day, the median of high being 144.6 

MME/day, we redefined the high group as ≥ 90 to < 150 MME/day and created an 

“extreme” cut-off, defined as ≥ 150 MME/day, and this alternative scheme is referred to 

as “Base with Moderate & Extreme” in Figure 3.  

The two alternative schemes outlined in Figure 3 did not alter significantly the 

principal findings, or base case (Table 6), as it relates to the impact of state-level PDMP 
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and cannabis policies on their respective receipt of medium and high opioid thresholds 

when compared to low threshold. 

Table 6. Adjusted odds of alternative average MME schemes to low threshold for 

PDMP robustness, medical cannabis dispensaries, and decriminalization of 

cannabis 

Threshold Definitions 

Adjusted* OR (95% CI) 

PDMP Robustness Medical 

Cannabis 

Dispensaries 

Decriminalization 

of Cannabis Low Medium High 

Base 

Case 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
0.94  

(0.81-1.08) 

0.74  

(0.62-0.90) 

0.84  

(0.70-1.02) 

1.09  

(0.94-1.27) 

High  

(≥ 90 

MME/day) 

reference 
0.92  

(0.77-1.09) 

0.74  

(0.59-0.92) 

0.75  

(0.60-0.93) 

1.24  

(1.04-1.49) 

Base with 

Moderate 

Moderate  

(≥ 50 to < 

90 

MME/day) 

reference 
0.92  

(0.84-1.00) 

0.83  

(0.74-0.92) 

0.87  

(0.77-0.97) 

1.04  

(0.94-1.14) 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
0.89  

(0.76-1.04) 

0.67  

(0.55-0.81) 

0.78  

(0.74-0.95) 

1.11  

(0.94-1.31) 

High  

(≥ 90 

MME/day) 

reference 
0.87  

(0.73-1.05) 

0.66  

(0.53-0.83) 

0.69  

(0.55-0.87) 

1.27  

(1.05-1.54) 

 Base 

with 

Moderate 

& 

Extreme 

Moderate  

(≥ 50 to < 

90 

MME/day) 

reference 
0.91  

(0.84-1.00) 

0.83  

(0.74-0.92) 

0.87  

(0.77-0.97) 

1.04  

(0.94-1.14) 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
0.89  

(0.76-1.16) 

0.67  

(0.55-0.81) 

0.78  

(0.64-0.95) 

1.11  

(0.94-1.31) 

High  

(≥ 90 to < 

150  

MME/day) 

reference 
0.913  

(0.72-1.16) 

0.66  

(0.48-0.89) 

0.56  

(0.51-0.76) 

1.32  

(1.03-1.69) 

Extreme  

(≥ 150 

MME/day) 

reference 
0.83  

(0.64-1.07) 

0.67  

(0.49-0.91) 

0.86  

(0.64-1.16) 

1.21  

(0.93-1.58) 

MME = morphine milligram equivalents; OR, Odds Ratio; CI, Confidence Interval 

*adjusted for other variables listed in table as well as gender, age, census region, Charlson Comorbidity 

Index, pain conditions, mental health disorders, history of cancer, drug screens, and prescription drugs of 

interest 
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3.7.3.2. Individual PDMP Attributes 

Given that only a PDMP robustness of high, defined as having at least eight out of 

ten attributes, was associated with a lowered odds of receiving medium and high opioid 

thresholds, the impact of individual attributes were not included in our base-case and 

were relegated to sensitivity analyses to potentially inform policy makers. The individual 

attributes evaluated that comprised the individual PDMP robustness rating are outlined in 

Table 7.21,33  

Table 7. List of ten attributes that are counted to represent a robust Prescription 

Drug Monitoring Program  

Prescription Drug Monitoring Program for Prescribers 

Use Mandate 

Comprehensive Use Mandate 

Registration Mandate 

Proactive Reporting 

No Prescriber Immunity 

Data Updates at Least Weekly 

Housed in Health Agency 

Monitors Schedule II-IV 

Delegate Access 

 

Given the nature of how several of these attributes were designed by the original 

authors,21,33  many of them are dependent on the other and consequently could be 

collinear. Additionally, some attributes may be near-ubiquitous across the vast majority 

of the new chronic opioid users.  Due to these concerns, running the multinomial 

regression with all ten covariates individually was not possible and the attributes 

“Prescription Drug Monitoring Program for Prescribers” and “Monitors Schedule II-IV” 

were excluded. The remaining eight attributes were included in place of the overall 

PDMP robustness rating in the original.  
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Multinomial logistic regression analysis compared the odds of receipt of medium 

and high opioid thresholds compared to the receipt of low threshold (Table 8). After 

adjusting for all other covariates, when compared to enrollees residing in states that did 

not have the given the respective robustness attribute, the following attributes were 

individually significant: use mandate, proactive reporting, no prescriber immunity, 

PDMP housed in health agency, and delegate access. With respect to use mandate, 

individuals had lower odds to receive high (AOR: 0.74, CI: 0.59-0.93) threshold. When 

evaluating whether a PDMP did proactive reporting or identification of problematic 

prescribing, individuals had higher odds to receive medium (AOR: 1.24, CI: 1.03-1.50) 

threshold. States that did not provide prescriber immunity did demonstrate a lower odds 

of receiving medium (AOR: 0.86, CI: 0.73-0.99) threshold. PDMPs that were housed in a 

health agency demonstrated a lower odds of receiving both medium (AOR: 0.73, CI: 

0.61-0.87) and high (AOR: 0.75, CI: 0.60-0.93) threshold. Having the ability to have a 

prescriber delegate access of the PDMP had lower odds of receiving high (AOR: 0.79, 

CI: 0.65-0.95) threshold. When evaluating state-level cannabis policies, medical cannabis 

dispensaries had lower odds of receiving high (AOR: 0.75, CI: 0.57-0.98) threshold while 

decriminalization had higher odds of receiving high (AOR: 1.25, CI: 1.01-1.54) 

threshold. 
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Table 8. Adjusted odds of being in medium or high thresholds compared to low 

threshold for individual PDMP attributes, medical cannabis dispensaries, and 

decriminalization of cannabis  

 Adjusted* OR (95% CI) 

Variable  

Medium  

(≥ 50 to < 90 MME/day) 

High  

(≥ 90 MME/day) 

Individual PDMP Attributes     

Use Mandate 0.83 (0.69-1.01) 0.74 (0.59-0.93) 

Comprehensive Use Mandate 0.94 (0.72-1.24) 1.16 (0.84-1.60) 

Registration Mandate 0.85 (0.70-1.05) 0.99 (0.78-1.25) 

Proactive Reporting 1.24 (1.03-1.50) 1.17 (0.93-1.47) 

No Prescriber Immunity 0.86 (0.73-0.99) 0.86 (0.72-1.04) 

Data Updates at Least Weekly 0.90 (0.67-1.21) 0.78 (0.56-1.09) 

Housed in Health Agency 0.73 (0.61-0.87) 0.75 (0.60-0.93) 

Delegate Access 1.10 (0.94-1.30) 0.79 (0.65-0.95) 

Medical Cannabis Dispensaries 0.99 (0.78-1.24) 0.75 (0.57-0.98) 

Decriminalization of Cannabis 0.96 (0.80-1.16) 1.25 (1.01-1.54) 

MME = morphine milligram equivalents; PDMP = prescription drug monitoring program; OR = odds ratio 

While the attribute of proactive reporting is associated with a higher odds of 

receiving medium threshold allows for interesting hypothesis generating (e.g., gives 

prescribers more confidence to prescribe higher opioid thresholds) the authors caution 

believing that proactive reporting of suspicious prescribing or dispensing to users 

increases the overall odds of receiving higher opioid thresholds and believe further 

evaluation is warranted. Additionally, concerns over model-specification are also valid 

concerns when considering this notable finding. Given the principal findings found that 

only states that had at least eight attributes decreased the odds of receiving medium and 

high thresholds, the authors chose to maintain the inclusion of the overall robustness 

ratings in lieu of individual attributes in the base case. 
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3.7.3.3. Varying the definition of new chronic opioid use via opioid days covered 

As outlined in Figure 1, individuals in our retrospective cohort had to be new 

chronic opioid users with at least 60 days coverage of opioids within a 90-day period, 

allowing for 30 days could be opioid free to be considered newly chronic opioid users. 

This means that patients with 60 days coverage, or 66.6% of proportion of days covered 

(PDC), were considered new chronic opioid users. While this categorization scheme is 

consistent with the CDC guideline and the definition given to health plans to identify and 

monitor chronic opioid use,1,30 the authors acknowledge that exploration of this definition 

particularly as it relates to days covered was warranted and re-ran the model utilizing 

minimum cut-offs of ≥ 68 and ≥ 72 days of coverage, respectively; if taken over a 90-day 

period this would equate to a PDC of 75.6% and 80%, respectively. The adjusted odds 

ratios as they relate to state-level PDMP robustness and cannabis policies for the two 

alternative days covered definitions are outlined in Table 9.  

Table 9. Adjusted odds of medium and high thresholds compared to low threshold 

for PDMP robustness, medical cannabis dispensaries, and decriminalization of 

cannabis for escalating requirements of minimum days coverage of opioids 

Alternative Days 

Coverage Definitions 

Adjusted* OR (95% CI) 

PDMP Robustness Medical 

Cannabis 

Dispensaries 

Decriminalization 

of Cannabis Low Medium High 

≥ 60 

Days 

Coverage 

(Base 

Case) 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
0.94  

(0.81-1.08) 

0.74  

(0.62-0.90) 

0.84  

(0.70-1.02) 

1.09  

(0.94-1.27) 

High  

(≥ 90 

MME/day) 

reference 
0.92  

(0.77-1.09) 

0.74  

(0.59-0.92) 

0.75  

(0.60-0.93) 

1.24  

(1.04-1.49) 
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Table 9. - Continued 

≥ 68 

Days 

Coverage 

Moderate  

(≥ 50 to < 

90 

MME/day) 

reference 
0.97  

(0.81-1.15) 

0.79  

(0.63-0.99) 

0.79  

(0.63-0.99) 

1.09  

(0.90-1.31) 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
0.92  

(0.75-1.12) 

0.72  

(0.56-0.93) 

0.76  

(0.59-0.97) 

1.25  

(1.02-1.54) 

≥ 72 

Days 

Coverage 

Medium  

(≥ 50 to < 

90 

MME/day) 

reference 
1.01  

(0.83-1.22) 

0.90  

(0.71-1.14) 

0.77  

(0.60-0.98) 

1.08  

(0.88-1.33) 

 

High  

(≥ 90 to < 

150  

MME/day) 

reference 
0.89  

(0.72-1.10) 

0.69  

(0.54-0.90) 

0.78  

(0.61-1.01) 

1.33  

(1.07-1.65) 

MME = morphine milligram equivalents; OR = Odds Ratio; CI = Confidence Interval 

*adjusted for other variables listed in table as well as gender, age, census region, Charlson Comorbidity 

Index, pain conditions, mental health disorders, history of cancer, drug screens, and prescription drugs of 

interest 

When compared to the base case, utilizing a definition of ≥ 68 days coverage of 

opioids did not change the overall findings. However, when the definition increased to ≥ 

72 days of coverage the impact of a PDMP robustness of high statistically still lowered 

the odds of receiving high opioid threshold. However, the presence of medical cannabis 

dispensaries only lowered the odds of receiving medium threshold but not high threshold. 

While further investigation would be necessary to confirm, this may imply that the 

impact of state-level policies may be most impactful on individuals that are prescribed 

opioids more on an “intermittent” basis. 
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4. Aim 2. Short-term healthcare costs associated with receipt of CDC guideline 

opioid thresholds among commercially insured new chronic opioid users 

 

4.1. Abstract 2. 

Background: While the literature has examined long-term outcomes associated with 

chronic opioid utilization, examination of the short-term total healthcare costs associated 

with new chronic opioid users (NCOUs) is still needed. This study compares the short-

term total healthcare costs among commercially insured NCOUs with respect to average 

morphine milligram equivalents (MME) per day during the 90-day period after becoming 

a NCOU. 

Methods: We conducted a retrospective cohort study using IQVIA PharMetrics® Plus for 

Academics database with new chronic opioid use initiated between January 1, 2014 

through March 31, 2015. NCOUs were defined as having at least 60-days coverage of 

opioids within a 90-day period with at least a 30-day opioid-free period prior to the date 

of the first qualifying opioid prescription. The evaluation period to measure short-term 

healthcare costs began the 91st day or the day after last day coverage of the chronic 

opioid period, whichever is sooner. We placed NCOUs in one of three-tiered risk-based 

opioid thresholds categories informed by CDC guidelines: low (> 0 to < 50 MME/day), 

medium (≥ 50 to < 90 MME/Day), and high (≥ 90 MME/day). We utilized a payer 

perspective and included direct healthcare costs. We used a generalized linear model for 

our multivariable analysis to obtain incremental total healthcare costs between the opioid 

thresholds.  

Results: Among the identified 16,684 NCOUs, prevalence of low, medium, and high 

opioid thresholds were 84.7%, 8.9%, and 6.4%, respectively. Compared to low threshold, 
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the incremental total healthcare costs (ITHC) (US$, 95% Confidence Interval) of 

individuals with medium and high opioid thresholds were $1,429 (947-1,911) and $1,775 

(1,183-2,368), respectively. When compared to medium threshold, high threshold was 

associated with a non-significant ITHC of $267 (-310-844). 

Conclusion: In our cohort of NCOUs there was an increase in ITHC associated with 

medium and high thresholds when compared to low threshold. However, when 

comparing medium to high opioid thresholds there was a non-significant difference in 

ITHC. Early-intervention programs exploring reduction of MME/day among NCOUs to 

avoid long-term adverse outcomes such as opioid dependence and overdose, should 

anticipate no short-term healthcare savings given adverse opioid-related outcomes likely 

occur over the long-term.  
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4.2. Introduction 

The economic costs associated with chronic pain are considerable.11,15,68 Utilizing 

2008 Medical Expenditure Panel Survey Data,11 Gaskin and Richard determined the 

national cost of chronic and persistent pain to be larger than the cost of other priority 

health conditions. The societal costs of chronic pain were estimated in 2010 US dollars to 

be between $560 and $635 billion with $261 to $300 billion due to healthcare costs. 

When compared to other disease states, the cost of pain was greater than the annual costs 

of heart disease ($309 billion), cancer ($243 billion), and diabetes ($188 billion). The 

annual increase in healthcare costs per person ranged from $261 to $300 when compared 

to persons without pain. While the later estimates compare the costs of opioid and non-

opioid users, opioids are often clinically necessary particularly when there is a chronic 

non-cancer pain diagnosis present with pain in the back, neck, and extremities.12–14  

Given the financial burden of chronic pain, it would be prudent for commercial health 

plans and payers to explore and evaluate the theoretical impact of programs whose aims 

are to reduce the average MME/day to thresholds informed by the Centers for Disease 

Control and Prevention (CDC) guidelines among individuals who require prescription 

opioids.1  

In order to promote the safe and effective utilization of prescription opioids and to 

reduce the risks associated with their chronic utilization including opioid use disorder, 

overdose, and death, the CDC provided guidelines for prescribing opioids for chronic 

pain.1 The CDC guideline addresses the over-prescribing of prescription opioids and aids 

clinicians in making informed patient-specific decisions based on a variety of clinical 

factors including opioid experience, pain etiology, and mental health-related factors that 
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may increase a person’s risk for developing opioid use disorder or experiencing an 

overdose. Policy makers, plan sponsors (e.g., Centers for Medicare & Medicaid Services 

[CMS], private plans), clinicians, and health systems have broadly implemented these 

recommendations to limit the utilization of opioids based on morphine milligram 

equivalent (MME) thresholds.2 The CDC Guideline for Prescribing Opioids for Chronic 

Pain also provided a three-tier system of risk-based thresholds of average daily MME: 

low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/day), and high (≥ 90 

MME/day).1  

In literature healthcare costs associated with opioids have been largely 

characterized utilizing a long-term perspective and justifiably focus on estimates 

surrounding the adverse costs largely associated with opioid overdose, abuse, and 

dependence.7,8 However, when evaluating opioid use in the broader population only a 

minority of patients incur an adverse outcome.9,10 Given that past literature has identified 

the prescribing of chronic opioids could lead to long-term adverse outcomes, along with 

evidence on the potential limitation of opioids being prescribed,2 the undertreatment 

could hypothetically lead to an increase in potentially avoidable and expensive 

emergency room visits as well as other potential consequences. 

Evaluating the potential financial impact of prescription opioids is complex and 

multifactorial and may include the average MME/day, demographic, clinical, and state-

level factors including Prescription Drug Monitoring Programs (PDMPs) and cannabis 

policies.3 The overall objective of this study is to evaluate short-term financial impact on 

direct healthcare costs associated the receipt of CDC guideline-informed opioid 

thresholds among new chronic opioid users (NCOUs). We hypothesize that individuals 
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who receive lower opioid thresholds would be less costly compared to those who receive 

higher thresholds. Additionally, we hypothesize that while there will still be an increase 

in direct healthcare costs, the incremental increase from medium to high thresholds will 

not be as great when comparing the increase from low to medium thresholds because we 

believe that prescribers are already exercising due diligence when weight the risks and 

benefits when selecting the appropriate opioid dose. 

4.3. Methods  

4.3.1. Data Source 

Data were obtained from a 10% random sample of claim records within the 

IQVIA PharMetrics® Plus for Academics claims data from January 2013 to December 

2015, inclusive in order to capture baseline covariates, identify new chronic opioid use, 

and evaluate subsequent healthcare utilization. The PharMetrics Plus data constitutes a 

longitudinal dataset and includes medical, pharmacy, and eligibility information from 

over 70 contributing health plans and self-insured employer groups throughout the U.S.36 

The PharMetric Plus claims include covered employees, early retirees (non-Medicare), 

and spouses and dependents and are considered a nationally-representative sample of the 

commercially insured. Approximately half of the U.S. population is commercially 

insured.37 This study was approved by the University of Maryland, Baltimore (UMB) 

Institutional Review Board (HP-00087463). 

4.3.2. Study Population 

The study sample of this analysis consisted of enrollees (aged 18-64) and was 

done in part to exclude Medicare beneficiaries.  New chronic opioid users were defined 

as having at least a 60-day supply of prescription opioids in a 90-day period (Figure 4). 
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We utilized this definition as it is consistent with the CDC guideline and subsequent 

guidance for their implementation and evaluation.1,30 The index date was defined as the 

fill date of the first qualifying opioid prescription. To qualify as a NCOU, an enrollee 

needed to have had a 30-day period opioid-free prior to the index date.38 To analyze drug 

dispensing patterns and to confidently identify new chronic opioid use, enrollees were 

required to have continuous medical and prescription coverage 12 months prior to the 

index date and 6 months afterwards resulting in 1.5 years of continuous coverage; the last 

3 months is the evaluation period. Only the first new chronic opioid period for each 

beneficiary was considered for analysis. Given that the CDC opioid thresholds do not 

specify the requirement of certain pain diagnoses,1 and opioid risk-reduction systems 

such as PDMPs are dependent on the presence of opioids and other controlled substances 

having been dispensed irrespective to an indication,39,40 a pain diagnosis was not required 

as an inclusion criterion. 

 

Figure 4. Retrospective cohort design for Aim 2. 

Because this study evaluates the average MME/day informed by CDC guideline1 

and best practices,30 individuals whom are outside the scope of the CDC guideline were 
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excluded, including patients with cancer, hospice, and sickle-cell;2 and individuals 

associated with a claim from any of these categories at any time. In addition, given that 

buprenorphine products can be utilized to treat opioid use disorder on an outpatient basis, 

beneficiaries associated with these medications during the chronic opioid use period were 

also excluded. This was done in order to be consistent with current practices where 

buprenorphine products are not included in average MME/day calculations.41 Of note, 

although methadone can be utilized for opioid use disorder it can only be done so within 

the context of an opioid treatment program.42 When methadone is dispensed as an 

outpatient claim it must be for the treatment of pain In order to consider state-level 

policies related to PDMP robustness and cannabis that may change over time, and to 

allow for adequate time for a chronic opioid period to have occurred, the index date 

needed to have occurred between January 1, 2014 and March 31, 2015, inclusive. 

4.3.3. Primary independent variables 

The independent variable of interest was the three-tier risk-based thresholds of 

average daily MME: low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/Day), and 

high (≥ 90 MME/day). This categorization scheme is consistent with the CDC guideline 

and with prior literature.1,3,30,43 Individuals had to be a NCOU with at least 60-days 

coverage of opioids within a 90-day period with 30 days which were opioid free prior to 

the index date to be considered newly chronic opioid users.38 The calculation of average 

MME/day for a chronic opioid period were calculated consistent with CDC guidance and 

publicly available programming code provided to prescription benefit plans to calculate 

and evaluate opioid utilization across plans.41 The average MME/day was calculated and 

included the sum total of one or more opioids for which an enrollee had coverage. 
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Methadone for the purposes of this analysis utilized a conversion factor of “3” to 

calculate MME, which is recommended by the CDC for population-based assessments. 

Opioid prescriptions with a missing or negative quantity or days supplied were excluded 

from MME/day calculations and determination of enrollees who were new chronic opioid 

users. 

4.3.4. Main dependent variables 

The outcome of interest was the total healthcare costs incurred by the health plan 

during the 90-day period after the new chronic opioid use period (Figure 4). This 

comprehensive measure included all direct healthcare costs reimbursed by commercial 

payers including but not limited to: inpatient, emergency room, office, surgical, 

outpatient services, and prescription drugs. Costs related to inpatient and emergency 

rooms will be further segmented into all-cause and opioid-related based on the presence 

or absence of diagnosis codes related to opioid-adverse events.46  

4.3.5. Covariates 

4.3.5.1. State-level and demographic variables 

State-level of PDMP robustness, presence of medical cannabis dispensaries, and 

cannabis decriminalization along with data on demographic variables including patient 

gender, age, and census region were identified at the index date of NCOUs and are noted 

in Table 10. PDMP robustness was evaluated utilizing a scheme which utilized a 10-point 

scale of different attributes that Haffajee et al. determined to be present in robust PDMPs 

to determine a “low”, “medium”, and “high” robustness rating and demonstrated to have 

an impact on population-level opioid prescribing.21,33 The state-wide presence or absence 

of medical cannabis dispensaries and decriminalization policies were captured based on 
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the findings from Liang et al 2018.34 While the impact of PDMP robustness has not been 

evaluated in the context of healthcare costs, it is reasonable to include as promoting they 

promote the safe and effective prescribing of opioids and consequently may avoid 

potentially costly healthcare utilization. The inclusion of cannabis policies was done 

given evidence they can impact drug spend.34 

Table 10. Baseline characteristics of new chronic opioid users with at least 60 days 

of opioid in a 90-day period. 

Variable 

All New 

Chronic 

Opioid Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) p-value* 

Gender, N (%)           

Male 7,456 (44.7) 6,154 (43.5) 775 (52.4) 527 (49.1) <0.01 

Female 9,228 (55.3) 7,976 (56.5) 705 (47.6) 547 (50.9)   

Age, N (%)           

18-34 1,735 (10.4) 1,416 (10.0) 187 (12.6) 132 (12.3) <0.01 

35-44 3,008 (18.0) 2,495 (17.7) 298 (20.1) 215 (20.0)   

45-54 5,439 (32.6) 4,589 (32.5) 491 (33.2) 359 (33.4)   

55-64 6,502 (39.0) 5,630 (39.8) 504 (34.1) 368 (34.3)   

Census Regions, N (%)           

East 2,577 (15.5) 2,133 (15.1) 234 (15.8) 210 (19.6) <0.01 

Midwest 4,315 (25.9) 3,648 (25.8) 385 (26.0) 282 (26.3)   

South 8,501 (51.0) 7,315 (51.8) 713 (48.2) 473 (44.0)   

West 1,291 (7.7) 1,034 (7.3) 148 (10.0) 109 (10.2)   

PDMP Robustness,  

N (%)           

Low 7,821 (46.9) 6,594 (46.7) 715 (48.3) 512 (47.7) 0.23 

Medium 6,247 (37.4) 5,286 (37.4) 563 (38.0) 398 (37.1)   

High 2,616 (15.7) 2,250 (15.9) 202 (14.7) 164 (15.3)   

Medical Cannabis 

Dispensaries, N (%) 2,605 (15.6) 2,202 (15.6) 240 (16.2) 163 (15.2) 0.75 

Decriminalization of 

Cannabis, N (%) 4,006 (24.0) 3,342 (23.7) 361 (24.4) 303 (28.2) <0.01 

Charlson Comorbidity 

Index (CCI) Score, 

mean (SD) 0.49 (0.94) 0.47 (0.91) 0.58 (1.1) 0.63 (1.1) <0.01 
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Table 10. - Continued 

Pain Conditions, N (%)           

No Pain Condition 2,406 (14.4) 2,197 (15.6) 123 (8.3) 86 (6.4) <0.01 

Chronic Pain 2,303 (13.8) 1,620 (11.5) 335 (22.6) 348 (32.4) <0.01 

Abdominal 2,482 (14.9) 2,021 (14.3) 275 (18.6) 186 (17.3) <0.01 

Back/Neck 9,271 (55.6) 7,541 (53.4) 980 (66.2) 750 (69.8) <0.01 

Head 1,251 (7.5) 1,038 (7.4) 102 (6.9) 111 (10.3) <0.01 

Limb 2,482 (14.9) 1,973 (14.0) 307 (20.7) 202 (18.8) <0.01 

ARJM 9,357 (56.1) 7,817 (55.3) 907 (61.3) 633 (58.9) <0.01 

Neuropathic 2,370 (14.2) 1,889 (13.4) 242 (16.4) 239 (22.3) <0.01 

Presence of Substance 

Abuse  541 (3.2) 341 (2.4) 101 (6.8) 99 (9.2) <0.01 

Presence of Mental 

Health Disorders 2,131 (12.8) 1,666 (11.8) 237 (16.0) 228 (21.2) <0.01 

History of Cancer, 

 N (%) 333 (2.0) 289 (2.1) 22 (1.5) 22 (2.1) 0.34 

Urine Drug Screens,  

N (%) 1,995 (12.0) 1,460 (10.3) 265 (17.9) 270 (25.1) <0.01 

Non-Pharmacological 

Pain Services, N (%) 1,841 (11.0) 1,579 (11.2) 155 (10.5) 107 (10.0) 0.37 

Any Hospital or 

Emergency Room Visit, 

N (%)  4,190 (25.1) 3,211 (22.7) 595 (40.2) 384 (35.8) <0.01 

Any Surgery, N (%) 7,368 (44.2) 6,019 (42.6) 822 (55.5) 527 (49.1) <0.01 

Presence Prescriptions 

of Interest**, N (%)           

Benzodiazepines 5,388 (32.3) 4,288 (30.4) 615 (41.6) 485 (45.2) <0.01 

Muscle Relaxants 5,955 (35.7) 4,857 (34.4) 627 (42.4) 471 (43.9) <0.01 

Non-benzodiazepine 

Hypnotics 2,180 (13.1) 1,766 (12.5) 217 (14.7) 197 (18.3) <0.01 

Gabapentinoids 3,669 (22.0) 2,914 (20.6) 417 (28.2) 338 (31.5) <0.01 

Antipsychotics 749 (4.5) 549 (3.9) 111 (7.5) 89 (8.3) <0.01 

Stimulants 943 (5.7) 729 (5.2) 113 (7.6) 101 (6.4) <0.01 

Note: Non-pharmacological Pain Services include: osteopathic manipulation, chiropractic care, 

acupuncture, nutritional therapy, wound care, cognitive behavioral therapy, exercise therapy, physical 

therapy, and weight loss care. These services are also included in the other medical care categories. MME = 

morphine milligram equivalents. ARJM = arthritis/rheumatism/joint/myalgia. 

*Significance test to evaluate differences between Low, Medium, and High thresholds. Tests for 

significance utilized Chi-Square or t-tests  

**Not mutually exclusive. 

4.3.5.2. Clinical and pharmacological variables 

Data related to Charlson Comorbidity Index (CCI) score, presence of substance 

abuse (alcohol, opioid, and other), presence of mental health disorders, and history of 

cancer without active cancer were collected in the 12-month baseline period prior to the 
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index through the new chronic opioid period and were evaluated because they are all 

associated with healthcare and opioid utilization in literature.3,43–47 The inclusion of CCI 

score was done to capture and account for a patient’s comorbidities that were present and 

likely already contribute to the healthcare spend. Individuals were considered to have one 

of these clinical conditions if they had at least one claim of the respective diagnosis in 

any diagnosis position of respective medical claim.  

The presence of pain conditions and urine drug screens were collected in the 90-

day period prior to the index date and the new chronic opioid period. Given that pain 

conditions can be acute as well as chronic, this approximately 6-month period was 

selected in order to better capture pain conditions that are likely actively being evaluated 

and treated by any healthcare provider during a patient evaluation prior to or during new 

chronic opioid use.1,30 The pain conditions selected largely reflect World Health 

Organizations findings of persistent pain and prior literature.3,12–14,43,48 The presence or 

absence of different pain conditions was included because they require different costly 

healthcare resources including the utilization of specialists and interventional pain 

therapies.11,15,68 The presence of drug screens were also identified as they are encouraged 

to be conducted prior to initiating opioid prescribing and are one of many tools used by 

clinicians to identify and monitor for high-risk behavior and compliance.1,30,49  Given the 

that utilization of opioid-sparing non-pharmacy pain therapy may reduce the utilization of 

opioids, improve pain control, and subsequently reduce the need of subsequent costly 

events, their utilization at baseline was included.30 Having been to the hospital or having 

and having had a surgery at base line were also included because they may be associated 

with their subsequent utilizations of healthcare resources;3 alternatively, they may be 
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another indicator of pain control or pain severity because hospitalization and/or surgery 

may be correlated with overall clinical severity as well as poorly-controlled pain. 

Prescription drugs of interest include benzodiazepines, muscle relaxants, non-

benzodiazepine hypnotics, gabapentinoids (e.g., pregabalin and gabapentin), 

antipsychotics, and stimulants. Medication use was defined as having a prescription with 

a fill date 90-days prior to the index date through the new chronic opioid period for each 

prescription drug category, and the absence of the medication was defined as no 

medication use. Many of these categories of medications are controlled substances and 

are also tracked and evaluated in many state PDMP systems for prescription drug abuse 

and diversion purposes.39,40 Additionally, the presence of certain prescription medications 

have been identified by CMS as agents that can augment the sedating effects of opioids 

and can lead to serious costly side effects including slowed or difficult breathing, 

overdoses, and death.1,50–57 While not sedating, stimulants are known targets for abuse 

and can also be used inappropriately to counteract the sedating effects of opioids.58,59  

4.3.6. Statistical analysis 

The total healthcare costs during the 90-day observation period after new chronic 

opioid use were identified and evaluated by three-tier risk-based average MME/day 

thresholds of low, medium, and high. State-level, demographic, clinical, and 

pharmacological variables were examined across all categories. Given continuous 

enrollment is part of the inclusion criteria, the authors added one dollar to summed 

healthcare costs values in order to include zero-cost covered NCOUs in the analyses to 

avoid the difficulties of transforming a variable with zero values.69 Chi-square and t-tests 
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were conducted for categorical and continuous predictors, respectively. Differences in 

unadjusted healthcare costs utilized ANOVA tests. 

A generalized linear model for our multivariable analysis was used to obtain the 

adjusted healthcare costs and incremental healthcare costs between the opioid thresholds 

via the delta method.70,71 All analyses used a type I error rate of 0.05 as a threshold for 

statistical significance and were conducted using SAS version 9.4. 

Sensitivity analyses that explored the continued use of opioids into the 

observation period, variations of the opioid threshold definitions, inclusion of baseline 

costs, and model testing were examined and outlined in the supplemental section. 

4.4. Results 

4.4.1. Participants 

We identified 16,684 enrollees who were NCOUs between the ages 18 to 64, 

inclusive, who also met all other inclusion and exclusion criteria of the study (Figure 2). 

Their baseline characteristics varied across the opioid thresholds and are outlined in the 

supplemental section (Table 10). A majority (85.6%) had a pain diagnosis within the 90-

day period prior or through to the chronic opioid period. With respect to the most 

common pain conditions among NCOUs, the most frequent categories were 

arthritis/rheumatism/joint/myalgia (ARJM) (56.1%), back/neck (55.5%), limb (14.9%) 

and abdominal (14.9%).  When evaluating mental health burden, 3.2% had a presence of 

substance abuse and 12.8% had a presence of mental health disorders.   

 The vast majority (94.2%) of all NCOUs utilized some sort of healthcare resource 

during the 90-day follow-up period after new chronic opioid therapy (Table 11). Of note, 
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4.8% had an all-cause inpatient hospitalization (0.2% being opioid-related) and 11.0% 

had an all-cause emergency room visit (0.2% being opioid-related). While 87.4% had any 

prescription claim during the observation period, approximately 84.2% had at least one 

additional prescription opioid. Non-pharmacological pain services were only used among 

7.3% of the NCOUs. 

Table 11. Number of beneficiaries which incurred healthcare utilization during the 

90-day observation period after having received chronic opioid therapy by MME 

threshold and healthcare categories 

Category, N (%) 

All New 

Chronic 

Opioid Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) p-value* 

Any Medical 

Healthcare 

Utilization 14,059 (84.3) 11,803 (83.5) 1,302 (88.0) 954 (88.8) <0.01 

Inpatient 
     

All-cause inpatient 808 (4.8) 608 (4.3) 121 (8.2) 79 (7.4) <0.01 

Opioid-related 

Inpatient 
35 (0.2) 18 (0.1) < 10 < 10 <0.01 

Emergency Room 

(ER) 
     

All-cause ER 1,835 (11.0) 1,454 (10.3) 218 (14.7) 163 (15.2) <0.01 

Opioid-related ER 29 (0.2) 15 (0.1) < 10 < 10 <0.01 

Office Visits 14,271 (85.5) 11,988 (84.8) 1,323 (89.4) 960 (89.4) <0.01 

Surgical 4,439 (26.6) 3,674 (26.0) 440 (29.7) 325 (30.3) <0.01 

Outpatient Services 4,698 (28.2) 3,924 (27.8) 448 (30.3) 326 (30.4) 0.03 

Unclassified 

Medical Services 
12,337 (74.0) 10,301 (72.9) 1,189 (80.3) 847 (78.9) <0.01 

Non-

pharmacological 

Pain Services** 

1,211 (7.3) 1,060 (7.5) 87 (5.88) 64 (5.6) 0.02 

Prescriptions 
     

Any Prescription 14,579 (87.4) 12,205 (86.4) 1,357 (91.7) 1,017 (94.7) <0.01 

Opioid 14,043 (84.2) 11,739 (83.1) 1,308 (88.4) 996 (92.7) <0.01 

Non-Opioid 13,274 (79.6) 11,171 (79.1) 1,198 (81.0) 905 (84.3) <0.01 

Any Medical or 

Prescription 

Utilization 

15,761 (94.2) 13,240 (93.7) 1,428 (96.5) 1,048 (97.6) <0.01 

MME = morphine milligram equivalents; (*) p-value is with respect to low, medium, and high thresholds. 
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The average unadjusted total healthcare costs across all NCOUs during the 

observation period was (US$, standard deviation) $4,254 (12,226) (Table 12). Overall, 

75.5% of the unadjusted total healthcare costs were attributable to medical costs with 

remainder attributable to prescription costs. Opioid-sparing non-pharmacological pain 

services were present but were not a large driver of costs with an average cost of $12 

(157) per NCOU. 

Table 12. Unadjusted average healthcare costs per new chronic opioid user incurred 

during the 90-day observation period after having received chronic opioid therapy 

by MME threshold and healthcare categories 

Cost per NCOU in 

US$, mean (SD) 

All New 

Chronic 

Opioid 

Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) p-value* 

Total Medical Costs 

$3,210 

(11,106) 

$2,870 

(10,100) 

$5,138 

(14,658) 

$5,026 

(16,376) <0.01 

Inpatient           

All-cause inpatient 
$1,330 

(8,973) 

$1,157 

(8,315) 

$2,448 

(11,208) 

$2,076 

(12,868) <0.01 

Opioid-related inpatient 
$23  

(840) 

$12  

(706) 

$57  

(1,092)  

$12  

(1,666) <0.01 

Emergency Room (ER)           

All-cause ER 
$9  

(193) 

$8  

(187) 

$19  

(258) 

$11  

(174) <0.01 

Opioid-related ER 
$0.02  

(1.5) 

$0.01  

(0.8) 

$0.12  

(4.5) 

$0  

(0) <0.01 

Office Visits 
$470  

(2,204) 

$435  

(2,276) 

$658  

(1,900) 

$672  

(1,486) <0.01 

Surgical 
$282  

(1,318) 

$271  

(1,295) 

$364  

(1,571) 

$310  

(1,229) 0.03 

Outpatient Services 
$186  

(2,510) 

$156  

(1,950) 

$361  

(5,740) 

$341  

(3,089) <0.01 

Other Medical Services 
$932  

(3,121) 

$843  

(2,780) 

$1,287 

(4,239) 

$1,616 

(4,918) <0.01 

Non-pharmacological 

Pain Services** 

$12  

(157) 

$10  

(93) 

$23  

(374) 

$19  

(271) <0.01 
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Table 12. - Continued 

Prescriptions           

All Prescriptions 
$1,045 

(4,633) 

$926  

(3,539) 

$1,390 

(10,054) 

$2,138 

(5,287) 
<0.01 

Opioid 
$92  

(621) 

$36  

(109) 

$154  

(253) 

$747  

(2,296) 
<0.01 

Non-Opioid 
$952  

(4,578) 

$889  

(3,535) 

$1,236 

(10,046) 

$1,390 

(4,670) 
<0.01 

Total Medical and 

Prescription Costs 

$4,254 

(12,226) 

$3,795 

(10,852) 

$6,527 

(17,996) 

$7,165 

(17,569) <0.01 

Note: Total Medical Costs are sum of inpatient, emergency room, office visits, surgical, outpatient services, 

and unclassified medical services; Emergency Room is defined as an emergency room visit is not 

associated with an inpatient encounter; Outpatient Services is defined as claims categorized as a HCPCS 

claim. MME = morphine milligram equivalents; US$ = United States Dollar.   

*Significance tests to evaluate difference in average costs across opioid thresholds utilized ANOVA  

**Non-pharmacological Pain Services include: osteopathic manipulation, chiropractic care, acupuncture, 

nutritional therapy, wound care, cognitive behavioral therapy, exercise therapy, physical therapy, and 

weight loss care. These services are also included in the other medical care categories.   

 

4.4.2. Unadjusted average healthcare costs by opioid thresholds 

The unadjusted average healthcare costs across the low, medium, and high opioid 

thresholds during the 90-day follow-up period were $3,795 (10,852), $6,527 (17,996), 

and $7,165 (17,569) (p<0.01), respectively (Table 12). (Note: the adjusted average 

healthcare costs that controlled for baseline characteristics are highlighted in section 

4.4.3). The majority of medical costs were all-cause inpatient and emergency room visits 

with opioid-related inpatient and emergency room costs representing only a small 

proportion of total medical costs. Average unadjusted medical costs across opioid 

threshold were $2,870 (10,100), $5,138 (14,658), and $5,026 (16,736) (p<0.01), 

respectively. Non-pharmacological pain services did not account for a large proportion of 

medical costs with the average unadjusted costs across thresholds being $10 (93), $23 

(374), and $19 (271) (p<0.01), respectively.  

Prescription costs contributed comparatively less to the overall healthcare costs 

across each threshold with $926 (3,539), $1,390 (10,054), and $2,138 (5,287) (p<0.01). 



69 

 

With respect to the prescription costs, opioid medications did not account for a majority 

of the prescription costs and across the thresholds were $36 (109), $154 (253), and $747 

(2,296), respectively. 

4.4.3. Adjusted average healthcare costs by opioid thresholds 

Multinomial regression analysis was conducted to adjust for baseline covariates to 

predict adjusted healthcare cost. Incremental cost estimates for a given opioid threshold 

was determined via the delta method. Adjusted and incremental cost estimates for the 

given opioid threshold were determined in the following manner: i) low to medium 

(Table 13), ii) low to high (Table 14), and iii) medium to high (Table 15). The respective 

adjusted and incremental costs for total medical, total prescription costs, and total 

medical and prescription costs per NCOU are outlined in the respective tables. The 

incremental costs per NCOU examined below are in US dollars with a 95% confidence 

interval. 

Table 13. Adjusted average healthcare costs and incremental healthcare costs per 

new chronic opioid user incurred during the 90-day observation period after having 

received chronic opioid therapy by MME threshold and healthcare categories 

Cost per NCOU in US$, mean (CI) 

Low 

Threshold  

(> 0 to < 50 

MME/day) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

Incremental 

Cost Medium 

Compared to 

Low 

Threshold p-value* 

Total Medical Costs 

$3,261  

(3,123 - 3,399) 

$4,229  

(3,817 - 4,641) 

$969  

(553 - 1,384) <0.01 

Total Prescription Costs 

$1,172  

(1,112 - 1,231) 

$1,409  

(1,273 - 1,545) 

$238  

(110 - 365) <0.01 

Total Non-Opioid  

Prescription Costs 

$1,109  

(1,041 - 1,176) 

$1,138  

(1,016 - 1,260) 

$29 

( - 84 - 143) 0.6 

Total Medical and Prescription Costs 

$4,344  

(4,187 - 4,501) 

$5,774  

(5,291 - 6,257) 

$1,429  

(947 - 1,911) <0.01 

Total Medical and  

Non-Opioid Prescription Costs 

$4,266  

(4,106 - 4,427) 

$5,520  

(5,043 - 5,996) 

$1,253  

(777 - 1,730) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 
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NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 

Interval. 

(*)p - value is with respect to the incremental cost comparison using the delta method    

Table 14. Adjusted healthcare costs and incremental costs per new chronic opioid 

user incurred during the 90-day observation period after having received chronic 

opioid therapy by MME threshold and healthcare categories 

Cost per NCOU in US$, mean (CI) 

Low 

Threshold  

(> 0 to < 50 

MME/day) 

High 

Threshold 

(≥ 90 

MME/day) 

Incremental 

Costs 

between Low 

and High 

Thresholds p-value* 

Total Medical Costs 

$3,339  

(3,198 - 3,480) 

$3,738  

(3,313 - 4,163) 

$399  

(- 33 - 832) 0.07 

Total Prescription Costs 

$1,083  

(1,030 - 1,134) 

$2,393  

(2,132 - 2,653) 

$1,310  

(1,060 - 1,561) <0.01 

Total Non-Opioid  

Prescription Costs 

$1,083  

(1,017 - 1,148) 

$1,409  

(1,239 - 1,578) 

$326  

(165 - 486) <0.01 

Total Medical and Prescription 

Costs 

$4,347  

(4,193 - 4,502) 

$6,123  

(5,529 - 6,716) 

$1,775  

(1,183 - 2,368) <0.01 

Total Medical and Non-Opioid 

Prescription Costs 

$4,331  

(4,168 - 4,493) 

$5,209  

(4,688 - 5,730) 

$878  

(354 - 1,403) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 

NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 

Interval. 

(*)p - value is with respect to the incremental cost comparison using the delta method 

 

Table 15. Adjusted healthcare costs and incremental costs per new chronic opioid 

user incurred during the 90-day observation period after having received chronic 

opioid therapy by MME threshold and healthcare categories 

Cost per NCOU in US$, mean (CI) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High 

Threshold 

(≥ 90 

MME/day) 

Incremental 

Costs between 

Medium and 

High 

Thresholds p - value* 

Total Medical Costs 

$3,428  

(3,275 - 3,580) 

$2,959  

(2,559 - 3,359) 

$-469  

( -906 -  -32) <0.01 

Total Prescription Costs 

$1,101  

(1,047 - 1,155) 

$2,023  

(1,764 - 2,283) 

$922  

(665 - 1,180) <0.01 

Total Non-Opioid  

Prescription Costs 

$1,085  

(1,020 - 1,151) 

$1,376  

(1,179 - 1,572) 

$290  

(97 - 483) <0.01 

Total Medical and Prescription Costs 

$4,472  

(4,304 - 4,640) 

$4,739  

(4,195 - 5,282) 

$267  

(- 310 - 844) 0.36 

Total Medical and  

Non-Opioid Rx Costs 

$4,442  

(4,268 - 4,617) 

$4,130  

(3,641 - 4,620) 

$-312  

(- 839 - 214) 0.25 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 

NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 
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Interval. 

(*)p - value is with respect to the incremental cost comparison using the delta method 

 

When comparing low to medium thresholds (Table 13) the incremental costs 

associated with total medical, total prescription, and total medical and prescription were 

$969 (553 - 1,385), $238 (110 - 365), and $1,429 (947 - 1,911), respectively meaning that 

medium threshold was associated with higher costs across all three measures. Of note, 

when evaluating only non-opioid prescription costs the incremental cost between the 

thresholds was $29 (-84 - 143) meaning there was no difference between the groups.  

When comparing low to high thresholds (Table 14) the incremental cost for 

medical and prescription was $1,775 (1,183 - 2,368) meaning high threshold was greater 

than low. However, when evaluating medical and prescription independently the 

incremental costs were $399 (-33 - 832) and $1,310 (1,060- 1,561), respectively 

indicating the difference was due to prescription and not medical costs. When comparing 

non-opioid prescription costs the incremental costs were modest but still significant $326 

(165 - 486). 

When comparing medium to high thresholds (Table 15) the incremental cost for 

medical and prescription was $267 (-310 - 844) indicating there was not a statistically 

significant difference between the thresholds. When evaluating the incremental medical 

costs was $-469 (-906 - -32) indicating a cost savings for medical costs for NCOUs that 

received high threshold compared to low. When evaluating prescription costs the all-

prescription and non-opioid prescription incremental costs were $922 (665 - 1,180) and 

$290 (97 - 483) meaning NCOUs with high thresholds had overall higher prescription 

costs. 
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Several other baseline characteristics were associated with higher healthcare 

costs. Among state-level characteristics which include PDMP robustness, presence of 

cannabis dispensaries, and cannabis decriminalization, only the presence of 

decriminalization of cannabis was associated with an increased risk of higher total 

healthcare costs compared to their absence. With respect to clinical variables, CCI score, 

the presence of pain conditions, substance abuse, mental health, history of cancer, urine 

drugs screens, any hospitalization, any surgery, and non-pharmacological opioid-sparing 

therapy predicted higher healthcare costs. When examining the presence of prescription 

drugs of interest, benzodiazepines, muscle relaxants, gabapentinoids, non-benzodiazepine 

hypnotics, stimulants, and antipsychotics were associated with higher healthcare costs 

compared to their absence. For more information on differences in baseline 

characteristics of NCOUs across the opioid thresholds, see the supplemental materials. 

4.5. Discussion 

 

Among individuals identified as NCOUs, we found that compared to low 

threshold, medium and high thresholds were associated with overall higher short-term 

total healthcare costs. While examining low to high and medium to high thresholds, the 

main drivers of any difference in total healthcare costs appeared to be prescription 

medications and not medical costs. Overall, these findings support that on average and 

after controlling for other conditions, comorbidities, and baseline healthcare use, when 

compared to low threshold, prescribing medium or high thresholds was not associated 

with increased short-term costs. In short, efforts to reduce payment of prescribed opioids 

with an MME/day > 90 efforts by plan sponsors and policy makers will likely not result 

in any cost-savings unless the goal is to reduce MME/day to < 50.  



73 

 

The lack of difference in medical costs, particularly when evaluating the 

incremental healthcare costs of low to medium and medium to high thresholds was also 

noteworthy. This implies, at least in the short-term, that receiving higher opioid 

thresholds does not result in additional or excess costly healthcare utilization. This is 

underscored by comparing medium and high thresholds which identified a medical cost-

savings for individuals receiving high doses. This supports the hypothesis that in the 

short-term when additional opioids are necessary it does not result in additional medical 

healthcare expenditures.  

To the best of our knowledge, this is the first study that attempts to quantify the 

healthcare costs associated with CDC guideline MME thresholds and specifically at the 

time subsequent to new chronic opioid use.3,11,15,68 Past literature that evaluated 

healthcare utilization or costs around prescription opioids has either not done so using the 

CDC guideline MME thresholds or did not attempt to control for new chronic opioid use. 

Controlling for CDC guideline MME thresholds is important and valid as these 

recommendations are being utilized widely throughout the healthcare industry to prevent 

adverse opioid-related outcomes.1,2,30 Focusing on new chronic opioid use is important as 

opioid tolerance is less likely to develop when compared to prolonged use. The presence 

of opioid tolerance would be difficult to quantify in a claims dataset and potentially 

complicate the relevance of applying guideline-driven MME thresholds. 

This study has limitations. A challenge among any disease-burden study is 

controlling for utilization that may be caused by other conditions or treatments. The 

authors attempted to control for this by only examining NCOUs, controlling for CCI and 

other notable characteristics at baseline, and limiting the observation period to 90-days 
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after the new chronic opioid period. Additionally, because hospitalization and surgeries 

are often costly healthcare events and lead to additional healthcare utilization, their 

presence was accounted for at baseline.  Another limitation involves the continuous 

enrollment criteria of 6-months after initiation of new chronic opioid use may have been 

selecting for NCOUs that may not be as clinically severe. Potential individuals that were 

not included in this study could be NCOUs that passed away before the end of the 

observation period or incurred a disability that would make them unable to continue with 

a commercial plan. While mortality data is not included in the evaluated dataset, further 

assessment utilizing more comprehensive dataset may be beneficial.  

This study has strengths. The utilization and receipt of opioids and subsequent 

healthcare utilization is multifactorial and the use of a multivariable regression analysis to 

quantify associated healthcare costs allows for commercial plan sponsors and policy 

makers to be aware of the financial implications, at least for the short-term, of 

implementing policies that promote or limit the average MME/day that is prescribed to 

NCOUs. While the goal of this study was not to evaluate the impact of additional 

demographic, state-level, clinical, and pharmacological factors that also impact short-

term healthcare costs, using the other factors that are associated with higher healthcare 

expenditure when identifying patients for potential clinical interventions may result in 

more impactful policy to identify and reduce the potential financial impact of 

overprescribing opioids. While this study focused on NCOUs with at least 60 days’ 

supply of opioid in a 90-day period, sensitivity analyses did find that increasing the days’ 

supply threshold along with at least one additional fill of opioid into the observation 

period support that the findings may be applicable to longer-term exposure of opioids. 
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4.6. Conclusion 

In the short-term, among NCOUs covered by commercial health plans, low opioid 

thresholds are associated with overall lower healthcare costs compared to medium and 

high thresholds. However, when medium and high opioid thresholds were dispensed 

there was no difference in the total healthcare costs, which supports that only programs 

and policies that promote the prescribing of opioids with MME/day of < 50 would result 

in short-term cost savings. Further exploration of longer-term healthcare costs associated 

with prolonged opioid use, within Medicaid, Medicare, and uninsured patients, along 

with combined effect of the explored and unexplored covariates, could provide additional 

insight for the financial impact of policies and programs that aim to promote the safe and 

effective use of opioids prescribed to NCOUs via average MME/day evaluations. 
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4.7. Supplemental 

4.7.1. Baseline Characteristics 

Table 10 describes the baseline characteristics of NCOUs included in the study. 

Among enrollees who were new chronic opioid users, the breakdown of low (>0 to < 50 

MME/day), medium (≥ 50 to < 90 MME/day), and high (≥ 90 MME/day) was 84.7%, 
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8.9%, and 6.4%, respectively. Female was the most common gender overall (55.3%). The 

most common census region overall was the South (51.0%). The largest PDMP category 

overall was low robustness (46.9%). Approximately 15.6% of all NCOUs resided in a 

state with medical cannabis dispensaries and 24.0% in a state which decriminalized 

cannabis.  

The population of NCOUs had a number of clinical and pharmacological factors 

present at baseline. The overall comorbidity burden was low with an average CCI score 

of 0.49 (SD: 0.94). Among other clinical characteristics, 2.0% had a history of cancer and 

12.0% received a urine drug screen. Pharmacological factors of interest were present with 

approximately 35.7% receiving a muscle relaxant, 32.3% were receiving a 

benzodiazepine, and 22.0% receiving a gabapentinoids 90-days prior to or during chronic 

opioid use. 

The unadjusted average total healthcare cost during the chronic opioid period 

across all NCOUs was $5,168 (14,287) and varied across the opioid thresholds (Table 

16). Among low, medium, and high opioid thresholds the respective average total 

healthcare costs were $4,168 (11,346), $10,937 (24,971), and $10,376 (23,083) (p<0.01). 

The total costs during the new chronic opioid period were evaluated and considered in 

potential sensitivity analyses. 
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Table 16. Average unadjusted total healthcare costs of new chronic opioid users 

during chronic opioid period. 

US$, mean (stand 

deviation) 

All New 

Chronic 

Opioid 

Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) p-value 

Average Cost During 

Chronic Opioid 

Period 

$5,168 

(14,287) 

$4,168 

(11,346) 

$10,937  

(24,971) 

$10,376 

(23,083) <0.01 

 

4.7.2. Impact of other covariates of interest on adjusted total healthcare costs 

Below provides an overview of the evaluated baseline covariates that were 

included as they were thought to either influence the opioids being prescribed and/or may 

impact increase the adjusted total healthcare costs (Table 17). Regardless to their level of 

significance all variables were included in the base case model to evaluate their 

respective impact of incurring higher or lower healthcare costs.  

Table 17. Adjusted relative effect of total healthcare costs for all evaluated 

covariates. 

Variable 

Relative Effect (95% 

Confidence Interval) p-value 

MME Level 

Low (> 0 to < 50 MME/day) 

Medium (≥ 50 to < 90 MME/day) 

High (≥ 90 MME/day) 

Reference 

1.33 (1.22-1.45) 

1.41 (1.28-1.55) 

<0.01 

<0.01 

Gender, N (%)     

Male 0.94 (0.89-0.99) 0.01 

Female reference   

Age, N (%)     

18-34 reference   

35-44 1.01 (0.92-1.11) 0.79 

45-54 1.18 (1.08-1.29) <0.01 

55-64 1.27 (1.16-1.38) <0.01 

Census Regions, N (%)     

East reference   

Midwest 1.08 (1.00-1.17) 0.06 

South 0.98 (0.90-1.06) 0.58 

West 1.25 (1.10-1.41) <0.01 
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Table 17. - Continued 

PDMP Robustness, N (%)     

Low reference   

Medium 0.96 (0.90-1.02) 0.23 

High 1.02 (0.94-1.10) 0.65 

Medical Cannabis Dispensaries 0.96 (0.88-1.04) 0.27 

Decriminalization of Cannabis 1.19 (1.11-1.27) <0.01 

Charlson Comorbidity Index (CCI) Score, 

mean (SD) 1.32 (1.29-1.36) <0.01 

Pain Conditions     

No Pain Condition 0.76 (0.69-0.83) <0.01 

Chronic Pain 0.98 (0.91-1.05) 0.57 

Abdominal 1.33 (1.23-1.42) <0.01 

Back/Neck 1.04 (0.98-1.10) 0.20 

Head 0.96 (0.87-1.05) 0.39 

Limb 1.02 (0.95-1.09) 0.65 

Arthritis/Rheumatism/Joint/Myalgia 1.20 (1.14-1.27) <0.01 

Neuropathic 1.28 (1.19-1.37) <0.01 

Presence of Substance Abuse  1.18 (1.03-1.36) 0.02 

Presence of Mental Health Disorders 1.42 (1.32-1.53) <0.01 

History of Cancer, N (%) 1.26 (1.07-1.50) <0.01 

Urine Drug Screens, N (%) 1.15 (1.07-1.24) <0.01 

Non-pharmacological Pain Services 1.17 (1.08-1.26) <0.01 

Any Hospital or Emergency Room Visit  1.33 (1.26-1.41) <0.01 

Any Surgery 1.36 (1.30-1.43) <0.01 

Presence Prescriptions of Interest*, N (%)     

Benzodiazepines 1.07 (1.02-1.13) <0.01 

Muscle Relaxants 1.06 (1.01-1.12) 0.03 

Non-benzodiazepine Hypnotics 1.11 (1.03-1.19) <0.01 

Gabapentinoids 1.30 (1.22-1.38) <0.01 

Antipsychotics 1.29 (1.15-1.46) <0.01 

Stimulants 1.35 (1.21-1.50) <0.01 

MME = morphine milligram equivalents 

State-level policy variables: With respect to prescription drug monitoring program 

(PDMP) robustness, presence of cannabis dispensaries, and cannabis decriminalization 

the only factor that was found to have statistical significance was decriminalization 

policy which was associated with higher total healthcare costs compared to NCOUs in a 
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state without cannabis decriminalization (relative effect estimate, 95% confidence 

interval; 1.19, 1.11-1.27). All other state-level variables were statistically insignificant. 

Demographic variables: With respect to gender, age, and census region gender, 

age groups 45 - 54 and 55 - 64 years, and census region west were found to significantly 

impact the risk of incurring higher or lower healthcare costs. When compared to females, 

males were associated with 6% lower healthcare costs (0.94, 0.89 - 0.99). When 

evaluating age groups, when compared to the 18 - 34 years, NCOUs who were 45 - 54 

and 55 - 64 years had 18% (1.18, 1.11 - 1.29) and 27% (1.27, 1.16 - 1.38) higher 

healthcare costs, respectively.. With respect to the region of the country, when compared 

to the East, NCOUs who resided in the West were likely to have 25% higher healthcare 

costs (1.25, 1.10 - 1.41). 

Clinical variables: Charlson Comorbidity Index (CCI) score, the presence of pain 

conditions, substance abuse, mental health, history of cancer, urine drug screens, 

hospitalization, surgery, and non-pharmacological opioid-sparing therapy were evaluated 

at baseline. With respect to comorbidity burden, a unit increase in the CCI score was 

associated with 32% (1.32, 1.29 - 1.36) higher healthcare costs. If a patient did not have a 

pain condition of interest, they were likely to have 24% (0.76, 0.69 - 0.83) lower 

healthcare costs. When evaluating the presence of pain conditions of interest the 

following increases were observed:  abdominal pain was associated with a 33% (1.33, 

1.23 - 1.42) increase, an arthritis rheumatological joint or musculoskeletal (ARJM) pain 

was associated with 20% (1.20, 1.14 - 1.27) increase, and neurological pain was 

associated with 27% 1.27 (1.19 - 1.37) increase compared to their absence. The presence 

of a history of cancer was associated with 26% (1.26, 1.07 - 1.50) increase, urine drugs 
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screening was associated with 15% (1.15, 1.07 - 1.24) increase, any hospitalization was 

associated with 33% (1.33, 1.26 - 1.41) increase, any surgery with 37% (1.37, 1.30 - 

1.43) increase, and non-pharmacological opioid-sparing therapy with a 17% (1.17, 1.08 - 

1.26) increase of healthcare costs compared to their absence.  

Pharmacological variables: With respect to various prescription drugs of interest 

evaluated at baseline, when compared to their absence, benzodiazepine was associated 

with a 7% (1.07, 1.02 - 1.13) increase, muscle relaxants with a 6% (1.06, 1.01 - 1.12) 

increase, gabapentinoids with a 30% (1.30, 1.22-1.38) increase, non-benzodiazepine 

hypnotics with a 11% (1.11, 1.03 - 1.19) increase, stimulants with a 35% (1.35, 1.21 - 

1.50) increase, and antipsychotics with a 29% (1.29, 1.15 - 1.46) increase of healthcare 

costs compared to their absence. 

4.7.3. Discussion 

The authors believe a principal reason for higher opioid costs, particularly among 

the high threshold group, is because for a patient to receive higher MMEs NCOUs 

require i) higher quantities of medication and/or ii) medications that are controlled-

release formulations which tend to be branded and more expensive than largely generic 

immediate-release formulations. However, the overall prescriptions costs of high 

thresholds were not entirely due to opioid prescriptions as evaluating prescription 

expenditure without opioids often reflected similar patterns and did not alter overall 

incremental total healthcare costs findings.  

When evaluating total healthcare expenditures, it was noteworthy that a small 

portion of inpatient or emergency room expenditures were associated diagnosis codes 
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routinely used to identify opioid-related harm. Consequently, the adjusted healthcare 

costs largely reflect costs that are not associated with adverse negative outcomes and 

harm that are routinely evaluated with opioid prescribing. While the model controlled for 

a wide range of factors that took a number of steps to control for baseline healthcare costs 

due to other conditions and comorbidities, further evaluation of the impact of 

unaccounted variables, such as pain control, would be beneficial to better characterize 

what costs are as potentially due to the under-prescribing of prescription opioids.  

A common shortcoming of claims-based analyses is the absence of important 

clinical measures such as pain severity which is particularly important given uncontrolled 

pain may result in additional unplanned healthcare utilization. To minimize this potential 

confounding variable, we included the presence of various pain diagnoses as well as 

whether a patient having a claim for a hospitalization or surgery at baseline; the latter of 

which was thought to be representative of scenarios that may impact the receipt of 

opioids and outlined in the supplemental section. 

The authors note that the continuous enrollment criteria of 6-months after 

initiation of new chronic opioid use may have been selecting for NCOUs that may not be 

as clinically severe. Potential individuals that were not included in this study could be 

NCOUs that passed away before the end of the observation period or incurred a disability 

that would make them unable to continue with a commercial plan. While mortality data is 

not included in the evaluated dataset, further assessment utilizing more comprehensive 

dataset may be beneficial. 
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4.7.4. Discussion of other covariates 

Among the state-level policies, only cannabis decriminalization was associated 

with impacting healthcare expenditure. While Aim 1 identified that PDMP robustness 

and presence of dispensaries are associated with decreased likelihood of receiving higher 

opioid thresholds, their null impact on healthcare expenditures could support that there is 

no impact to healthcare expenditures. Further research into their impact of health specific 

health outcomes such as odds of hospitalization or number of office visits would be 

insightful. While the rationale for higher healthcare costs related to decriminalization is 

noteworthy, this may need additional investigation to further investigation to identify 

what aspects related to decriminalization may be resulting in higher healthcare costs. 

A number of demographic variables were identified to be associated with 

impacting healthcare costs. While prior literature did find a potential gender bias of 

prescribers prescribing lower opioid thresholds to females compared to males, the 

rationale for the observed higher healthcare costs warrants further review. Higher 

healthcare costs may reflect increased healthcare costs associated with female-specific 

care or potentially increased utilization due to the under-prescribing of opioids. While it 

is widely accepted that the older individuals utilize more healthcare, the noted higher 

healthcare costs associated with 45 - 54 and 55 - 64 age verify that the potential impact of 

increased utilization due to the under-prescribing of opioids is warranted. When 

evaluating the census region to tease out potential differences in healthcare expenditure, 

when compared to the East, being located in the West was associated with higher 
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healthcare costs. This may be explained in part by variations in healthcare costs that exist 

throughout the country. 

While clinical variables were shown to be associated with increased healthcare 

costs and in general are consistent with literature the conditions require healthcare 

utilization and routine follow-up. However, it is of note that the presence of “chronic 

pain” diagnosis was not associated with an increased total healthcare cost while 

individual more specific diagnoses were associated with higher healthcare costs. This 

would support that evaluating healthcare expenditure with respect to specific pain 

etiologies, and not broad terms such as chronic pain, may be insightful. The findings that 

a prior hospitalization or surgical visit, which are costly episodes of healthcare, were 

predictive of higher healthcare costs while also controlling for opioid thresholds is 

noteworthy. While the rationale hospitalization or surgical utilization could have been for 

any cause, this can be viewed to support the hypothesis that higher opioid thresholds 

result in higher healthcare costs while still accounting for costly baseline utilization and 

interventional pain surgeries.  

All the pharmacological drugs of interest were noted to increase total healthcare 

costs. While these drugs are associated with increasing the sedating effects of opioids, 

this observed increase could also be due to the cost for their respective indications for use 

that are contributing to the healthcare spend.  
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4.7.5. Sensitivity Analyses 

4.7.5.1.Varying the opioid threshold cut-offs 

The observation period after determining new chronic opioid use did not require 

for a NCOU to continue to receive opioid therapy during the observation period. 

Evaluating continued opioid use has a clinical pharmacological rationale given the fast-

onset and short-term effects of prescription opioids. Of the 16,684 NCOUs evaluated in 

the base case, approximately 14,043 (84.2%) were identified as having at least one 

additional opioid prescription in the observation period and included in this sensitivity 

analysis. Tables 18, 19, and 20 present the same analyses of adjusted and incremental 

healthcare costs utilizing only the 14,043 NCOUs that had an additional opioid 

prescription.  

Table 18. Adjusted average healthcare costs and incremental healthcare costs per 

new chronic opioid user incurred during the 90-day observation period after having 

received chronic 

Cost per NCOU in US$, mean (CI) 

Low 

Threshold  

(> 0 to < 50 

MME/day) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

Incremental 

Cost 

Medium 

Compared 

to Low 

Threshold p - value* 

Total Medical Costs 

$3,457  

(3,388 - 3,706) 

$4,561  

(4,095 - 5,027) 

$1,014  

(542 - 1,486) 
<0.01 

Total Prescription Costs 

$1,234  

(1,169 - 1,299) 

$1,440  

(1,297 - 1,582) 

$206  

(72 - 339) 
<0.01 

Total Non-Opioid  

Prescription Costs 

$1,159  

(1,084 - 1,234) 

$1,131  

(1,004 - 1,259) 

$-28  

(-148 - 92) 
0.7 

Total Medical and Prescription Costs 

$4,691  

(4,505 - 4,857) 

$6,185  

(5,650 - 6,721) 

$1,505  

(968 - 2,041) 
<0.01 

Total Medical and  

Non-Opioid Prescription Costs 

$4,588  

(4,406 - 4,769) 

$5,891  

(5,360 - 6,422) 

$1,304  

(770 - 1,837) 
<0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 

NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 

Interval. 

(*)p - value is with respect to the incremental cost comparison using the delta method 
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Table 19. Adjusted average healthcare costs and incremental healthcare costs per 

new chronic opioid user incurred during the 90-day observation period after having 

received chronic opioid therapy and continued use by MME threshold and 

healthcare categories 

Cost per NCOU in US$, mean (CI) 

Low 

Threshold  

(> 0 to < 50 

MME/day) 

High 

Threshold 

(≥ 90 

MME/day) 

Incremental 

Costs between 

Low and High 

Thresholds p-value* 

Total Medical Costs 

$3,634  

(3,472 - 3,796) 

$4,004  

(3,535 - 4,473) 

$370  

(-107 - 848) 0.13 

Total Prescription Costs 

$1,124  

(1,068 - 1,179) 

$2,528  

(2,252 - 2,804) 

$1,404  

(1,138 - 1,669) <0.01 

Total Non-Opioid 

 Prescription Costs 

$1,122  

(1,050 - 1,194) 

$1,472  

(1,289 - 1,654) 

$349  

(178 - 522) <0.01 

Total Medical and Prescription Costs 

$4,677  

(4,504 - 4,849) 

$6,544  

(5,901 - 7,187) 

$1,867  

(1,226 - 2,509) <0.01 

Total Medical and  

Non-Opioid Prescription Costs 

$4,656  

(4,473 - 4,839) 

$5,535  

(4,970 - 6,101) 

$879  

(309 - 1,449) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 

NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 

Interval. 

(*)p - value is with respect to the incremental cost comparison using the delta method 

 

Table 20. Adjusted average healthcare costs and incremental healthcare costs per 

new chronic opioid user incurred during the 90-day observation period after having 

received chronic opioid therapy and continued use by MME threshold and 

healthcare categories 

Cost per NCOU in US$, mean (CI) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High 

Threshold 

(≥ 90 

MME/day) 

Incremental 

Costs 

between 

Medium and 

High 

Thresholds p-value* 

Total Medical Costs 

$3,734  

(3,558 - 3,909) 

$3,200  

(2,753 - 3,646) 

$ -534  

( -1,024 - -44) 0.03 

Total Prescription Costs 

$1,141  

(1,083 - 1,199) 

$2,200  

(1,917 - 2,484) 

$1,059  

(778 - 1,340) <0.01 

Total Non-Opioid  

Prescription Costs 

$1,119  

(1,047 - 1,191) 

$1,504  

(1,282 - 1,727) 

$385  

(167 - 603) <0.01 

Total Medical and Prescription Costs 

$4,818  

(4,629 - 5,006) 

$5,101  

(4,506 - 5,696) 

$284  

(-350 - 917) 0.38 

Total Medical and  

Non-Opioid Prescription Costs 

$4,781  

(4,583 - 4,979) 

$4,426  

(3,888 - 4,964) 

$-355  

(-937 - 227) 0.23 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Opioid - Sparing Therapy; 

NCOU = newly chronic opioid user; MME = morphine milligram equivalents; CI = 95% Confidence 

Interval. 
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(*)p - value is with respect to the incremental cost comparison using the delta method 
 

Overall, when compared to the base case, selecting NCOUs with continued opioid 

use in the observation period did not result in different findings and consequently did not 

warrant further consideration of altering the base case. Additionally, if a health plan or 

policy maker were to create early-intervention programs or policies to reduce the 

MME/day that was initially prescribed, having the knowledge of future opioid use may 

not be known.  

The authors did not evaluate continued receipt of the same or similar threshold. 

Further evaluation of sustained or changes in receipt of opioid threshold may be 

insightful as new chronic and prolonged chronic users may utilize healthcare differently.3 

4.7.5.2.Variation of the opioid threshold definitions 

Given that the principal findings identified several metrics where medium or high 

opioid thresholds was found to not be associated with higher healthcare costs, it was 

determined to explore whether altering the definition between medium and high threshold 

would offer similar findings. A recent review of literature found variation in defining 

“high” opioids using MME/day of 100 or 120.3 Consequently, the following alternative 

definitions for medium and high thresholds were evaluated: 

1) One-hundred threshold: medium (≥ 50 to < 100 MME/day), and high (≥ 100 

MME/day) 

2) CMS informed threshold: medium (≥ 50 to < 120 MME/day), and high (≥ 120 

MME/day). The ≥ 120 MME/day threshold aligns with clinical program that 
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existed at the time, specifically those being used in opioid overutilization 

programs used by CMS and Medicare Part D Plan Sponsors. 

Table 21 compares the base case to one-hundred threshold and CMS informed 

threshold. While the one-hundred threshold did not result in any different findings, the 

CMS informed threshold did identify a statistically significant increase in the total 

healthcare costs between the medium and high thresholds. Given that these alternatives 

resulted in findings that were consistent with the base case, it was determined to keep the 

CDC guideline informed thresholds in the base case. 

Table 21. Incremental costs among new chronic opioid users between medium and 

high opioid thresholds during the 90-day observation period by healthcare 

categories and alternative threshold definitions 

Incremental Costs between Medium 

and High Thresholds US$, mean 

(95% Confidence Interval) Base Case 

One-hundred 

Threshold 

CMS-informed 

Threshold 

Total Medical Costs 

$-469  

(-906 - -32) 

$-350  

(-816-115) 

$-90  

(-614 - 433) 

Total Prescription Costs 

$922  

(665 - 1,180) 

$944  

(714 - 1,274) 

$950  

(658 - 1,243) 

Total Non-Opioid  

Prescription Costs 

$290  

(97 - 483) 

$274  

(74 - 475) 

$134  

(-59 - 327) 

Total Medical and Prescription Costs 

$267  

(-310 - 844) 

$541  

(-89 - 1,172) 

$352  

(44 - 1,423) 

Total Medical and  

Non-Opioid Prescription Costs 

$-312  

(-839 - 214) 

$-136  

(-701 - 439) 

$-38  

(-644 - 569) 

CMS = Centers for Medicare and Medicaid Services 

 

4.7.5.3.Model testing 

Model testing was conducted to evaluate model assumptions of data distribution 

and model specification. A modified-Park test was utilized to evaluate whether our 

dependent variable, healthcare cost, was gamma-distributed.72 The model passed the 

modified-Park test. 
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Model specification testing was done to evaluate model specification such as the 

log link and model form. This was done via the utilization of the RESET test.73,74 Our 

model did not pass this test. While log link is commonly used in healthcare costs 

evaluations other links were used but did not improve the model. The squaring of 

variables along with introduction of interaction terms, along with adjusting the outcome 

variable, did not result in passing the RESET tests. Failure to pass the RESET test can 

indicate that the model suffers from omitted variable bias. Additional variables, such as 

pain severity, race/ethnicity, and healthcare access are known unknowns and provide 

future direction of research. 

4.7.5.4.Inclusion of baseline costs in multivariable regression 

Given that the principal findings identified several metrics where medium or high 

opioid thresholds were found to be not associated with higher healthcare costs, it was 

determined to explore whether other factors might be better predict future healthcare 

costs such as failing to control for differences in baseline healthcare costs. While our base 

case did account for the census region of a particular NCOUs, co-morbidity burden 

measured by CCI score, and a hospitalization during the baseline period, it did not 

account for potential difference in healthcare costs that may be as a result of other 

uncontrollable factors such as variation in costs within a given state/marketplace and 

potentially whether care was provided by an in or out of network provider. Including the 

costs of healthcare at baseline by using the cost of medical care during the chronic opioid 

period was explored.  

The unadjusted average total healthcare costs (US$, standard deviation) across all 

NCOUS during the chronic opioid period was $4,254 (12,226) with the costs among low, 
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medium, and high being $3,795 (10,852), $6,527 (17,996), $7,165 (17,569), respectively 

(Table 16). A similar multinomial analysis that was conducted for the base case was 

performed that took into consideration the average healthcare costs during the chronic 

opioid period less the variables for any hospitalization or surgery.  When compared to 

low threshold, medium and higher thresholds were associated with relative effects of 1.16 

(1.07-1.26) and 1.16, (1.05-1.28), respectively (Table 22) meaning that direct healthcare 

costs would be expected to be 16% higher than that of low. In layman’s terms, this means 

that baseline costs may provide additional insight into subsequent direct healthcare costs 

and not the opioid threshold. These findings support earlier discussion that our model 

likely suffers from omitted variable bias which was also identified in the preceding 

section. Regardless, these findings, and the fact that the base case took into consideration 

other covariates that can account for differences in baseline healthcare costs, inclusion of 

baseline costs was not included in the base case. 

Table 22. Comparison of relative effect estimates when of medium and high 

thresholds when compared to low for base case and inclusion of baseline costs 

Opioid Threshold 

Compared to Low 

Base Case Inclusion of Baseline Costs 

Relative Effect 

(Estimate, 95% CI) 

Relative Effect  

(Estimate, 95% CI) 

Medium Threshold 

(≥ 50 to < 90 MME/day) 1.33 (1.22-1.45) 1.16 (1.07-1.26) 

High Threshold 

(≥ 90 MME/day) 1.41 (1.28-1.55) 1.16 (1.05-1.28) 

CI = confidence interval; MME = morphine milligram equivalents 

4.7.5.5.Varying definitions for hospitalization in multivariable regression 

The base case defined hospitalization at baseline as a binary variable as an any 

inpatient or emergency room visit during the 3-month period before chronic opioid use or 

during chronic opioid use. The rationale for this was in part due to our belief that 
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clinicians when evaluating a patient may not find it clinically meaningful to discern 

whether a trip to the hospital was limited to the emergency room or ultimately resulted in 

an inpatient stay. However, when comparing the hospitalization costs in the observation 

period, inpatient costs where much greater than emergency room visit costs (Table 12). 

Consequently, it was determined to explore whether it was worthwhile to re-define 

hospitalization with the following alternatives definitions: 

i) [Binary] Two binary variables one indicating an inpatient and the other 

indicating an emergency room visit 

ii) [Count] Two count variables reflecting the number unique inpatient or 

emergency room visits, respectively. 

Note: an emergency room stay that resulted in being admitted was categorized as an 

inpatient stay. 

 Table 23 compares the relative effect estimates for the medium and high 

thresholds compared to low for the base case, binary, and count alternatives. Overall, the 

relative effect estimates are consistent and did not diverge from the base case. There were 

modest improvements with respect to Akaike information criterion (AIC) from 

comparing base case to the binary and count alternatives. However, the alternatives still 

failed the model specification testing indicating the model likely suffers from omitted 

variable bias.  

 



91 

 

Table 23. Comparison of relative effect estimates of medium and high thresholds 

when compared to low for base case and alternative definitions for hospitalization. 

Opioid Threshold 

Compared to Low 

Base Case 

(Hospitalization Yes/No) 

Alternative (i) 

Inpatient (Yes/No) 

ER (Yes/No) 

Alternative (ii) 

Inpatient (Count) 

ER (Count) 

Relative Effect 

(Estimate, 95% CI) 

Relative Effect 

(Estimate, 95% CI) 

Relative Effect 

(Estimate, 95% CI) 

Medium Threshold 

(≥ 50 to < 90 MME/day) 
1.33 (1.22-1.45) 1.27 (1.17-1.39) 1.30 (1.20-1.42) 

High Threshold 

(≥ 90 MME/day) 
1.41 (1.28-1.55) 1.35 (1.22-1.49) 1.33 (1.20-1.47) 

CI = confidence interval; MME = morphine milligram equivalents 

 Given the alternative definitions of hospitalization did not alter findings of the 

base case and consequently did not result in further altering the base case. 
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5. Aim 3. Short-term healthcare resource utilization associated with receipt of 

CDC guideline opioid thresholds among commercially insured new chronic 

opioid users 

 

5.1. Abstract 3. 

Background: While the long-term outcomes associated with chronic opioid utilization 

have been examined in literature, evaluation of the short-term healthcare utilization 

associated with new chronic opioid users (NCOUs) is needed. This study compares the 

short-term healthcare utilization, specifically all-cause and opioid-related 

hospitalizations, among commercially insured NCOUs with respect to average morphine 

milligram equivalents (MME) per day during the 90-day period after becoming a NCOU. 

Methods: We conducted a retrospective cohort study using IQVIA PharMetrics® Plus for 

Academics database with new chronic opioid use initiated between January 1, 2014 

through March 31, 2015. NCOUs were defined as having at least 60-days coverage of 

opioids within a 90-day period with at least a 30-day opioid-free period prior to the date 

of the first qualifying opioid prescription. The evaluation period to measure short-term 

healthcare utilization began the 91st day or the day after last day coverage of the chronic 

opioid period, whichever is sooner. We placed NCOUs in one of three-tiered risk-based 

opioid thresholds categories informed by CDC guidelines: low (> 0 to < 50 MME/day), 

medium (≥ 50 to < 90 MME/day), and high (≥ 90 MME/day). We used a multivariable 

logistic regression to calculate odds of incurring a hospitalization (adjusted odds; 95% 

confidence interval) between the thresholds.  

Results: Among the identified 16,684 NCOUs, prevalence of low, medium, and high 

thresholds were 84.7%, 8.9%, and 6.4%, respectively. In adjusted analyses, when 
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compared to low threshold, there was no difference in the odds of all-cause 

hospitalization across the medium (1.01; 0.94-1.28) and high (1.01; 0.84-1.22) 

thresholds. When compared to low threshold, a statistically insignificant increase was 

observed when evaluating opioid-related hospitalization among medium (1.86; 0.86-4.02) 

and high (1.51; 0.65-3.52) thresholds. 

Conclusion: In our cohort of NCOUs there was no difference in odds of an all-cause or 

opioid-related hospitalization associated among the thresholds. Early-intervention 

programs and policies exploring reduction of MME/day among NCOUs should not 

anticipate any short-term reduction in all-cause or opioid-related hospitalizations. Further 

assessment of potential long-term reduction in hospitalizations among this cohort may be 

insightful. 
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5.2. Introduction 

The Centers for Disease Control and Prevention (CDC) Guideline for Prescribing 

Opioids for Chronic Pain provides recommendations in making informed patient-specific 

decisions in order to promote the safe and effective prescribing of opioids.1 A principal 

reason for exercising caution when chronic opioid therapy is required is to reduce the 

potential negative outcomes associated with their chronic use, including opioid use 

disorder, overdose, and death.1,27 The risk of opioid overdose has also been found to be 

dose-dependent with the risk of overdose and serious overdose events increasing as 

average morphine milligram equivalents (MME)/day increase, particularly among those 

with a history of substance abuse, younger age, major depression, and those taking 

psychotropic medications.28,29 

The CDC guideline provided a three-tier system of risk-based thresholds of 

average daily morphine milligram equivalent (MME): low (> 0 to < 50 MME/day), 

medium (≥ 50 to < 90 MME/day), and high (≥ 90 MME/day).1 These recommendations 

have been implemented broadly by policy makers, plan sponsors (e.g., Centers for 

Medicare & Medicaid Services [CMS] or private plans), clinicians, and health systems to 

limit the utilization of opioids.2 While the CDC guideline was never meant to be binding, 

the recommendations have been applied and been used to justify the non-payment and 

dispensing of opioid regimens.2,31 Such actions are counter to the stated opinions of the 

CDC guideline and its authors which advocate providers to make patient-specific 

decisions based on the a variety of clinical factors to improve overall function and quality 

of life and avoid potential harm.1  
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As previously stated, the three-tier system of risk-based thresholds of MME is 

intended to reflect risk for harm and not necessarily meant to reflect an increased ability 

to decrease pain and improve pain functionality.1,16 Consequently it would be of interest 

to evaluate whether guideline-directed opioid thresholds are associated with traditional 

patient-harm outcomes (e.g., hospitalization) as well as with healthcare utilization that is 

indicative of quality care and best practices.1,30 CDC guideline recommendations include 

but are not limited to patients being regularly evaluated by healthcare professionals and 

considering opioid-sparing interventions. These best-practices can be indirectly measured 

in part by evaluating the frequency of office visits where a provider performs an 

evaluation and the utilization non-pharmacological pain therapy.  

Gauging the potential impact of prescriptions opioids is complex and includes 

considering several factors such as average MME/day, clinical, demographic, and state-

level factors including Prescription Drug Monitoring Programs (PDMPs) and cannabis 

policies.3 The overall objective of this study is to evaluate the short-term impact on 

healthcare utilization associated with the receipt of CDC guideline-informed opioid 

thresholds among new chronic opioid users (NCOUs). We hypothesize that individuals 

who receive lower opioid thresholds would be less likely to be hospitalized, all-cause and 

opioid-related, compared to those who receive higher thresholds. With respect to 

utilization indicative of quality care we hypothesize that low thresholds would be more 

likely to utilize non-pharmacological pain therapy compared to higher thresholds. Finally, 

with respect to office visits we hypothesize that there will be an incremental increase in 

the number of office visits when comparing low to medium to high thresholds.  
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5.3. Methods  

5.3.1. Data Source 

Data were obtained from a 10% random sample of claim records within the 

IQVIA PharMetrics® Plus for Academics claims data from January 2013 to December 

2015, inclusive in order to capture baseline covariates, identify new chronic opioid use, 

and evaluate subsequent healthcare utilization. The PharMetrics Plus data constitutes a 

longitudinal dataset and includes medical, pharmacy, and eligibility information from 

over 70 contributing health plans and self-insured employer groups throughout the U.S.36 

PharMetrics Plus data includes covered employees, early retirees (non-Medicare), and 

spouses and dependents, and is considered a nationally-representative sample of the 

commercially insured. Approximately half of the U.S. population is commercially 

insured.37 This study was approved by the University of Maryland, Baltimore (UMB) 

Institutional Review Board (HP-00087463). 

5.3.2. Study Population 

The study sample of this analysis consisted of enrollees (aged 18-64) and was 

done in part to exclude Medicare beneficiaries.  New chronic opioid users were defined 

as having at least a 60-day supply of prescription opioids in a 90-day period (Figure 5). 

We utilized this definition as it is consistent with the CDC guideline and subsequent 

guidance for their implementation and evaluation.1,30 The index date was defined as the 

fill date of the first qualifying opioid prescription. To qualify as a NCOU, an enrollee 

needed to have had a 30-day period opioid-free prior to the index date.38 To analyze drug 

dispensing patterns and to confidently identify new chronic opioid use, enrollees were 

required to have continuous medical and prescription coverage 12 months prior to the 
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index date and 6 months afterwards resulting in 1.5 years of continuous coverage; the last 

3 months is the evaluation period. Only the first new chronic opioid period for each 

beneficiary was considered for analysis. Given that the CDC opioid thresholds do not 

specify the requirement of certain pain diagnoses,1 and opioid risk-reduction systems 

such as PDMPs are dependent on the presence of opioids and other controlled substances 

having been dispensed irrespective to an indication,39,40 a pain diagnosis was not required 

as an inclusion criterion. 

 

Figure 5. Retrospective cohort design for Aim 3 

Because this study evaluates the average MME/day informed by CDC guideline1 

and best practices,30 individuals who are outside the scope of the CDC guideline were 

excluded, including patients with cancer, hospice, and sickle-cell;2 and individuals 

associated with a claim from any of these categories at any time. In addition, given that 

buprenorphine products can be utilized to treat opioid use disorder on an outpatient basis, 

beneficiaries associated with these medications during the chronic opioid use period were 

also excluded. This was done in order to be consistent with current practices where 
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buprenorphine products are not included in average MME/day calculations.41 Of note, 

although methadone can be utilized for opioid use disorder it can only be done so within 

the context of an opioid treatment program.42 When methadone is dispensed as an 

outpatient claim it must be for the treatment of pain. In order to consider state-level 

policies related to PDMP robustness and cannabis that may change over time, and to 

allow for adequate time for a chronic opioid period to have occurred, the index date 

needed to have occurred between January 1, 2014 and March 31, 2015, inclusive. 

5.3.3. Primary independent variables 

The independent variable of interest was the three-tier risk-based thresholds of 

average daily MME: low (> 0 to < 50 MME/day), medium (≥ 50 to < 90 MME/Day), and 

high (≥ 90 MME/day). This categorization scheme is consistent with the CDC guideline 

and with prior literature.1,3,30,43 Individuals had to be a NCOU with at least 60-days 

coverage of opioids within a 90-day period with 30 days which were opioid free prior to 

the index date to be considered newly chronic opioid users.38 The calculation of average 

MME/day for a chronic opioid period were calculated consistent with CDC guidance and 

publicly available programming code provided to prescription benefit plans to calculate 

and evaluate opioid utilization across plans.41 The average MME/day was calculated and 

included the sum total of one or more opioids for which an enrollee had coverage. 

Methadone for the purposes of this analysis utilized a conversion factor of “3” to 

calculate MME, which is recommended by the CDC for population-based assessments. 

Opioid prescriptions with a missing or negative quantity or days supplied were excluded 

from MME/day calculations and determination of enrollees who were new chronic opioid 

users. 
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5.3.4. Main dependent variables 

The main outcomes of interests were incidence of hospitalization, utilization of 

non-pharmacological pain service, and frequency office visits. These outcomes of interest 

needed to have billed to the health plan during the 90-day observation period after new 

chronic opioid period (Figure 5). 

All-cause and opioid-related hospitalizations were defined as the presence of an 

inpatient stay, or an emergency room-only stay. Both all-cause and opioid-related 

hospitalizations were evaluated as both have been found to be associated with chronic 

opioid use.1,75,76 We leveraged pre-specified IQVIATM algorithms to identify inpatient 

and emergency room visits. The presence or absence of a claim that met either definition 

of an inpatient or emergency room visit qualified someone as being associated with a 

hospitalization. The presence or absence of an opioid-related diagnosis was utilized to 

identify whether an inpatient stay or an emergency room-only stay was opioid-related.46 

While not necessarily appropriate for every pain condition, utilization of any non-

pharmacological pain services was an aggregate measure that captured the utilization of 

services but not limited to osteopathic manipulation, chiropractic, acupuncture, exercise 

therapy, wound care, cognitive behavioral therapy, exercise therapy, physical therapy, 

and weight loss therapy. This aggregate measure was informed by CDC guideline and 

subsequent guidance that recommends for providers to consider their use.1,30 The 

presence or absence of a claim for any of these therapies during the observation period 

determined whether an NCOU was considered to have utilization of non-pharmacological 

pain services.  
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CDC guidelines also recommends routine evaluation to monitor and re-assess 

opioid therapy.30 While it would be difficult to evaluate the specific reasons for an office 

visit, an aggregate count of the number of office visits was tabulated for each NCOU 

during the observation period. An office visit was defined as the presence of procedure 

codes for evaluation and management visits by any provider with a unique claim number. 

In the absence of a claim number a unique date of services was required.  

5.3.5. Covariates 

5.3.5.1. State-level and demographic variables 

State-level of PDMP robustness, presence of medical cannabis dispensaries, and 

cannabis decriminalization, along with data on demographic variables including patient 

gender, age, and census region were identified at the index date of NCOUs and are noted 

in Table 24. PDMP robustness was evaluated utilizing a scheme with a 10-point scale of 

different attributes that Haffajee et al. determined to be present in robust PDMPs to 

determine a “low”, “medium”, and “high” robustness rating and demonstrated to have an 

impact on population-level opioid prescribing and dispensing.21,33 The state-wide 

presence or absence of medical cannabis dispensaries and decriminalization policies were 

captured based on the findings from Liang et al 2018.34 The work of Liang et al evaluated 

the presence or absence of a PDMP, not taking into consideration robustness, as well as 

evaluating several cannabis policies across the United States among Medicaid enrollees 

and found reductions in Schedule III opioid doses and a decrease in opioid spend. 

Overall, the evaluation of state-level PDMP robustness and cannabis policies was 

included because of their evidence and prior exploration for reducing some metrics of 



101 

 

opioids prescribing and outcomes.77 Consequently, this may impact broad health 

outcomes such as overdoses and deaths which would result in hospitalizations. 

Table 24. Baseline characteristics of new chronic opioid users with at least 60 days 

of opioid in a 90-day period. 

Variable 

All New 

Chronic 

Opioid 

Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) p-value* 

Gender, N (%)           

Male 7,456 (44.7) 6,154 (43.5) 775 (52.4) 527 (49.1) <0.01 

Female 9,228 (55.3) 7,976 (56.5) 705 (47.6) 547 (50.9)   

Age, N (%)           

18-34 1,735 (10.4) 1,416 (10.0) 187 (12.6) 132 (12.3) <0.01 

35-44 3,008 (18.0) 2,495 (17.7) 298 (20.1) 215 (20.0)   

45-54 5,439 (32.6) 4,589 (32.5) 491 (33.2) 359 (33.4)   

55-64 6,502 (39.0) 5,630 (39.8) 504 (34.1) 368 (34.3)   

Census Regions, N (%)           

East 2,577 (15.5) 2,133 (15.1) 234 (15.8) 210 (19.6) <0.01 

Midwest 4,315 (25.9) 3,648 (25.8) 385 (26.0) 282 (26.3)   

South 8,501 (51.0) 7,315 (51.8) 713 (48.2) 473 (44.0)   

West 1,291 (7.7) 1,034 (7.3) 148 (10.0) 109 (10.2)   

PDMP Robustness, N (%)           

Low 7,821 (46.9) 6,594 (46.7) 715 (48.3) 512 (47.7) 0.23 

Medium 6,247 (37.4) 5,286 (37.4) 563 (38.0) 398 (37.1)   

High 2,616 (15.7) 2,250 (15.9) 202 (14.7) 164 (15.3)   

Medical Cannabis 

Dispensaries, N (%) 2,605 (15.6) 2,202 (15.6) 240 (16.2) 163 (15.2) 0.75 

Decriminalization of 

Cannabis, N (%) 4,006 (24.0) 3,342 (23.7) 361 (24.4) 303 (28.2) <0.01 

Presence Prescriptions of 

Interest**, N (%)           

Benzodiazepines 5,388 (32.3) 4,288 (30.4) 615 (41.6) 485 (45.2) <0.01 

Muscle Relaxants 5,955 (35.7) 4,857 (34.4) 627 (42.4) 471 (43.9) <0.01 

Non-benzodiazepine 

Hypnotics 2,180 (13.1) 1,766 (12.5) 217 (14.7) 197 (18.3) <0.01 

Gabapentinoids 3,669 (22.0) 2,914 (20.6) 417 (28.2) 338 (31.5) <0.01 

Antipsychotics 749 (4.5) 549 (3.9) 111 (7.5) 89 (8.3) <0.01 

Stimulants 943 (5.7) 729 (5.2) 113 (7.6) 101 (6.4) <0.01 

Charlson Comorbidity 

Index (CCI) Score, mean 

(SD) 0.49 (0.94) 0.47 (0.91) 0.58 (1.1) 0.63 (1.1) <0.01 
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Table 24. - Continued 

Pain Conditions, N (%)           

No Pain Condition 2,406 (14.4) 2,197 (15.6) 123 (8.3) 86 (6.4) <0.01 

Chronic Pain 2,303 (13.8) 1,620 (11.5) 335 (22.6) 348 (32.4) <0.01 

Abdominal 2,482 (14.9) 2,021 (14.3) 275 (18.6) 186 (17.3) <0.01 

Back/Neck 9,271 (55.6) 7,541 (53.4) 980 (66.2) 750 (69.8) <0.01 

Head 1,251 (7.5) 1,038 (7.4) 102 (6.9) 111 (10.3) <0.01 

Limb 2,482 (14.9) 1,973 (14.0) 307 (20.7) 202 (18.8) <0.01 

ARJM 9,357 (56.1) 7,817 (55.3) 907 (61.3) 633 (58.9) <0.01 

Neuropathic 2,370 (14.2) 1,889 (13.4) 242 (16.4) 239 (22.3) <0.01 

Presence of Substance 

Abuse, N (%)  541 (3.2) 341 (2.4) 101 (6.8) 99 (9.2) <0.01 

Presence of Mental Health 

Disorders, N (%) 2,131 (12.8) 1,666 (11.8) 237 (16.0) 228 (21.2) <0.01 

History of Cancer, N (%) 333 (2.0) 289 (2.1) 22 (1.5) 22 (2.1) 0.34 

Urine Drug Screens,  

N (%) 1,995 (12.0) 1,460 (10.3) 265 (17.9) 270 (25.1) <0.01 

Non-pharmacological 

Pain Services, N (%) 1,841 (11.0) 1,579 (11.2) 155 (10.5) 107 (10.0) 0.37 

Any Hospital or 

Emergency Room Visit,  

N (%) 4,190 (25.1) 3,211 (22.7) 595 (40.2) 384 (35.75) <0.01 

Number of Office Visits, 

mean (SD) 5.5 (5.7) 5.1 (5.2) 6.7 (6.7) 7.7 (8.1) <0.01 

Note: Non-pharmacological Pain Services include: osteopathic manipulation, chiropractic care, 

acupuncture, nutritional therapy, wound care, cognitive behavioral therapy, exercise therapy, physical 

therapy, and weight loss care. These services are also included in the other medical care categories. MME = 

morphine milligram equivalents. ARJM = arthritis/rheumatism/joint/myalgia. 

*Significance test to evaluate differences between Low, Medium, and High thresholds. Tests for 

significance utilized Chi-Square or t-tests  

**Not mutually exclusive. 

5.3.5.2. Clinical and pharmacological variables 

Data related to Charlson Comorbidity Index (CCI) score, presence of substance 

abuse (alcohol and other), presence of mental health disorders, and history of cancer 

without active cancer were collected in the 12-month baseline period prior to the index 

through the new chronic opioid period and were evaluated because they are all associated 

with healthcare and opioid utilization in literature.3,43,46,44,45,47 Individuals were 

considered to have one of these clinical conditions if they had at least one claim of the 

respective diagnosis in any diagnosis position of respective medical claim.  
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The presence of pain conditions and urine drug screens were collected in the 90-

day period prior to the index date and the new chronic opioid period. Given that pain 

conditions can be acute as well as chronic, this approximately 6-month period was 

selected in order to better capture pain conditions that are likely actively being evaluated 

and treated by any healthcare provider during a patient evaluation prior to or during new 

chronic opioid use.1,30 The pain conditions selected (e.g., chronic pain, abdominal, back 

or neck, arthritis) largely reflect World Health Organizations findings of persistent pain 

and prior literature.3,12–14,43,48 Given that the CDC opioid guidelines do not specify the 

requirement of acute or chronic pain diagnoses when measuring MME/day,1,30 and opioid 

risk-reduction systems such as PDMP are dependent on the presence of opioids and other 

controlled substances having been prescribed irrespective of an indication,39,40 a pain 

diagnosis was not required. The presence of drug screens were also identified as they are 

encouraged to be conducted prior to initiating opioid prescribing and are one of many 

tools used by clinicians to identify and monitor for high-risk behavior and 

compliance.1,30,49  Given the that utilization of opioid-sparing non-pharmacological pain 

services may reduce the utilization of opioids, improve pain control, and subsequently 

reduce the need of subsequent costly events, their utilization at baseline was included.30 

Having been to the hospital or having had a surgery at base line were also included 

because they may be associated with their subsequent utilizations of healthcare 

resources;3 alternatively, they may be another indicator of pain control or pain severity 

because hospitalization and/or surgery may be correlated with overall clinical severity as 

well as poorly-controlled pain. 
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Prescription drugs of interest include benzodiazepines, muscle relaxants, non-

benzodiazepine hypnotics, gabapentinoids (e.g., pregabalin and gabapentin), 

antipsychotics, and stimulants. Medication use was defined as having a prescription with 

a fill date of 90 days prior to the index date through the new chronic opioid period for 

each prescription drug category, and the absence of the medication was defined as no 

medication use.  Many of these categories of medications are controlled substances and 

are also tracked and evaluated in many state PDMP systems for prescription drug abuse 

and diversion purposes.39,40 Additionally, the presence of certain prescription medications 

have been identified by CMS as agents that can augment the sedating effects of opioids 

and can lead to serious side effects including slowed or difficult breathing, overdoses, 

and death.1,50–57 While not sedating, stimulants are known targets for abuse and can also 

be used inappropriately to counteract the sedating effects of opioids.58,59  

5.3.6. Statistical analysis 

The odds of incurring a hospitalization and utilizing non-pharmacological pain 

services during the 90-day observation period after new chronic opioid use was 

calculated and evaluated by three-tier risk-based average MME/day thresholds. A count 

of office-visits during the same 90-day observation period was also captured. Given that 

several factors may influence the receipt of or subsequent outcomes involving 

prescription opioids, state-level, demographic, clinical, and pharmacological variables 

were examined across all categories.69 Chi-square and t-tests were conducted for 

categorical and continuous predictors, respectively. 

A multivariable logistic regression was utilized to calculate the odds of incurring 

a hospitalization and non-pharmacological pain services.75,76 To evaluate office visits, a 
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negative binomial multivariable regression was used to obtain the adjusted number of 

office visits and incremental office visits between the opioid thresholds via the delta 

method.70,71 All analyses used a type I error rate of 0.05 as a threshold for statistical 

significance and were conducted using SAS version 9.4. Sensitivity analyses that 

explored the continued use of opioids into the observation period, variations of the opioid 

threshold definitions, and model testing were examined and outlined in the supplemental 

section. 

5.4. Results 

5.4.1. Participants 

We identified 16,684 enrollees who were NCOUs between the ages 18 to 64, 

inclusive, who also met all other inclusion and exclusion criteria of the study (Figure 2). 

Among enrollees who were new chronic opioid users, the breakdown of low (>0 to < 50 

MME/day), medium (≥ 50 to < 90 MME/day), and high (≥ 90 MME/day) was 84.7%, 

8.9%, and 6.4%, respectively (Table 24). Other baseline characteristics varied across the 

opioid thresholds and are outlined in the supplemental section. When evaluating the 90-

day period prior to and through the chronic opioid period, a majority (85.6%) of NCOUs 

had a pain diagnosis. With respect to the most common pain conditions among NCOUs, 

the most frequent categories were arthritis/rheumatism/joint/myalgia (ARJM) (56.1%), 

back/neck (55.6%), limb (14.9%) and abdominal (14.9%). When evaluating mental 

health burden at baseline, 3.2% had a presence of substance abuse and 12.8% had a 

presence of mental health disorders. Approximately 25.1% of the NCOUs were 

associated with any hospital or emergency room visit at baseline while 11.0% were 
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associated with a claim for a non-pharmacological pain service. Overall, an NCOU was 

associated with 5.5 (5.7) (mean, [standard deviation (SD)]) baseline office visits. 

The vast majority (94.2%) of all NCOUs utilized some sort of healthcare resource 

during the 90-day follow-up period after new chronic opioid therapy (Table 25). With 

respect to the outcomes of interest, 4.8% had an all-cause inpatient hospitalization (0.2% 

being opioid-related) and 11.0% had an all-cause emergency room visit (0.2% being 

opioid-related). When evaluating any hospital or ER visit 13.2% had an all-cause visit 

(0.2% opioid-related). Non-pharmacological pain services were only used among 7.3% of 

the NCOUs. Among the non-pharmacological pain services the largest number of 

NCOUs were receiving chiropractic care followed by osteopathic, acupuncture, and 

wound care. When evaluating average number of office visits the average NCOU was 

associated with 2.6 (3.0) (mean, [standard deviation]). 

Table 25. Unadjusted healthcare resource utilization for patients during the 90-day 

observation period after being identified as a new chronic opioid user 

Category, N (%) 

All New 

Chronic 

Opioid Users 

(N=16,684) 

Low  

(> 0 to < 50 

MME/day) 

(N=14,130) 

Medium  

(≥ 50 to < 90 

MME/day) 

(N=1,480) 

High  

(≥ 90 

MME/day) 

(N=1,074) 

p-

value 

Inpatient           

All-cause inpatient 808 (4.8) 608 (4.3) 121 (8.2) 79 (7.4) <0.01 

Opioid-Related inpatient 35 (0.2) 18 (0.1) ≤ 10 ≤ 10 <0.01 

ER           

All-cause ER 1,835 (11) 1,454 (10.3) 218 (14.7) 163 (15.2) <0.01 

Opioid-Related ER 29 (0.2) 15 (0.1) ≤ 10 ≤ 10 <0.01 

Any Hospital or ER Visit           

All-cause hospital or ER 2,198 (13.2) 1,744 (12.3) 264 (17.8) 190 (17.7) <0.01 

Opioid-Related hospital 

or ER 
51 (0.3) 29 (0.2) 12 (0.8) 10 (0.9) <0.01 

Office Visits           

Any Office Visit 1,4271 (85.5) 11,988 (84.8) 1,323 (89.4) 960 (89.4) <0.01 

Average Number of 

Office Visits (mean, 

(SD)) 

2.6 (3.0) 2.4 (2.8) 3.1 (3.4) 4.0 (4.6) <0.01 
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Table 25. - Continued 

Non-Pharmacological 

Pain Services           

Any Non-

Pharmacological Pain 

Services 

1,211 (7.3) 1,060 (6.4) 87 (5.9) 64 (6.0) 0.02 

Osteopathic 66 (0.4) 55 (0.4) ≤ 10 ≤ 10 0.9 

Chiropractic 1,003 (6.0) 888 (6.3) 74 (5.0) 41 (3.8) <0.01 

Acupuncture 45 (0.3) 33 (0.23) ≤ 10 ≤ 10 0.04 

Exercise Therapy 19 (0.1) ≤ 10 ≤ 10 ≤ 10 0.1 

Wound Care 45 (0.3) 35 (0.3) ≤ 10 ≤ 10 0.04 

Cognitive Behavioral 

Therapy 
20 (0.12) ≤ 10 ≤ 10 ≤ 10 0.4 

Exercise Therapy 19 (0.1) ≤ 10 ≤ 10 ≤ 10 0.1 

Physical Therapy 17 (0.1) ≤ 10 ≤ 10 ≤ 10 0.1 

Weight Loss ≤ 10 ≤ 10 ≤ 10 ≤ 10 0.7 

MME = morphine milligram equivalents; ER = Emergency Room or Department 

5.4.2. Unadjusted average healthcare utilization by opioid thresholds 

The unadjusted percentage of NCOUs associated with any hospital or ER visit 

during the 90-day follow-up period across the low, medium, and high opioid thresholds 

was 12.3%, 17.8%, and 17.7% (p <0.01) (Table 25). In each threshold less than 1% of the 

NCOUs were associated with hospital or ER visit that was opioid-related. Similar 

patterns were noted when evaluating inpatient and ER visits individually. 

The unadjusted average number of office visits during the 90-day follow-up 

period also differed with 2.4 (2.8), 3.1 (3.4), and 4.0 (4.6) being observed across the low, 

medium, and high thresholds (p <0.01) (Table 25). Of note, this is a measure of discrete 

evaluation and management visits with any provider for any reason. With respect to the 

receipt of non-pharmacological pain services, on average 6.4%, 5.9%, and 6.0% of low, 

medium, and high threshold users were associated with any service. When evaluating the 

individual services, the most frequently used service was for chiropractic care across all 

thresholds. 
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5.4.3. Association of opioid thresholds with any hospitalization, number of office 

visits, and receipt of non-pharmacological pain services: multivariable 

regression analyses 

Multivariable logistic regression analyses were conducted to adjust for baseline 

covariates to compare the odds of incurring any hospitalization during the 90-day 

observation period of medium and high thresholds compared to low (Table 26). When 

compared to low threshold, NCOUs in medium (Adjusted odds ratio [AOR]: 1.06, 95% 

confidence interval [CI]: 0.94 - 1.28) and high (AOR: 1.01, 95% CI: 0.84 - 1.21) 

thresholds did not have higher odds of incurring an all-cause hospitalization. When 

evaluating only opioid-related hospitalization, when compared to low threshold, medium 

(AOR: 1.86, 95% CI: 0.86 - 4.02) and high (AOR: 1.51, 95% CI: 0.65 - 3.51) thresholds 

had a higher but statistically insignificant difference. This overall pattern was also present 

when examining inpatient and ER visits individually. To evaluate differences between the 

medium and high thresholds (Table 27), when compared to medium, the odds of 

incurring an all-cause hospitalization (AOR: 0.92, 95% CI: 0.74 - 1.14) or opioid-related 

hospitalization (AOR: 0.81, 95% CI: 0.31 - 2.14) in the high threshold was similar.  

Table 26. Odds of incurring healthcare utilization of interest in the high and 

medium thresholds compared to low thresholds during the 90-day observation 

period after being identified a new chronic opioid user 

  Unadjusted OR (95% CI) Adjusted* OR (95% CI) 

Category 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High Threshold 

(≥ 90 

MME/day) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High Threshold 

(≥ 90 

MME/day) 

Inpatient         

All-Cause 1.98 (1.62-2.43) 1.77 (1.39-2.25) 1.41 (1.14-1.76) 1.17 (0.90-1.53) 

Opioid-Related 5.40 (2.46-11.58) 5.15 (2.14-12.34) 2.33 (0.95-5.72) 1.85 (0.68-5.02) 

ER         

All-Cause 1.51 (1.29-1.76) 1.56 (1.31-1.86) 1.06 (0.90-1.25) 1.00 (0.83-1.21) 

Opioid-Related 4.47 (1.82-10.99) 6.17 (2.51-15.17) 2.45 (0.87-6.63) 2.40 (0.87-6.63) 
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Table 26. - Continued 

Any Hospitalization         

All-Cause 1.54 (1.34-1.78) 1.53 (1.30-1.80) 1.01 (0.94-1.28) 1.01 (0.84-1.21) 

Opioid-Related 3.98 (2.02-7.81) 4.57 (2.22-9.40) 1.86 (0.86-4.02) 1.51 (0.65-3.51) 

Non-Pharmacological 

Pain Services 0.77 (0.62-0.97) 0.78 (0.60-1.01) 0.75 (0.58-0.87) 0.78 (0.57-1.06) 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

MME = morphine milligram equivalents; CI = 95% Confidence Interval; ER = Emergency Room or 

Department; OR = Odds Ratio 

Table 27. Odds of incurring healthcare utilization of interest a hospital visit in the 

high threshold compared to medium threshold during the 90-day observation 

period after being identified a new chronic opioid user 

  Unadjusted OR (95% CI) Adjusted* OR (95% CI) 

Category 

High  

(≥ 90 MME/day) 

High  

(≥ 90 MME/day) 

Inpatient     

All-Cause 0.89 (0.67-1.20) 0.83 (0.61-1.13) 

Opioid-Related 0.96 (0.37-2.54) 0.79 (0.26-2.37) 

ER     

All-Cause 1.04 (0.83-1.29) 0.96 (0.75-1.20) 

Opioid-Related 1.38 (0.48-3.95) 0.98 (0.31-3.11) 

Any Hospitalization     

All-Cause 0.99 (0.81-1.22) 0.92 (0.74-1.14) 

Opioid-Related 1.15 (0.50-2.67) 0.81 (0.31-2.14) 

Non-Pharmacological Pain 

Services 1.02 (0.73-1.42) 1.04 (0.71-1.53) 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

MME = morphine milligram equivalents; CI = 95% Confidence Interval; ER = Emergency Room or 

Department; OR = Odds Ratio 

To evaluate the odds of receiving any non-pharmacological pain service a 

multivariable regression was also conducted. When compared to low threshold, the odds 

of receiving a non-pharmacological pain service was greater in the medium threshold 

(AOR: 0.75, 95% CI: 0.58 - 0.87) but similar in the high (AOR: 0.78, 95% CI: 0.57 - 

1.06) (Table 26). When compared to medium threshold, high threshold had similar odds 
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(AOR: 1.04, 95% CI: 0.71 - 1.53) of receiving any non-pharmacological pain service 

(Table 27). 

The adjusted office visit count and incremental count per NCOU during the 90-

day follow-up period varied across the thresholds was determined in the following 

manner: i) low to medium threshold (Table 28), ii) low to high (Table 29), and iii) 

medium to high (Table 30). The respective adjusted and incremental counts of office 

visits are outlined in the respective tables. The incremental counts per NCOU are outlined 

with a 95% confidence interval. When comparing low to medium thresholds (Table 28) 

the incremental count per NCOU was 0.21 (0.05 - 0.36) meaning medium threshold was 

associated with more office visits. When comparing low to high thresholds (Table 29) the 

incremental count per NCOU was 0.56 (0.37 - 0.76) meaning high threshold was 

associated with more office visits. Finally, when comparing medium to high thresholds 

(Table 30) the incremental count per NCOU was 0.34 (0.11 - 0.56) meaning high 

threshold was associated with more office visits. Overall, there was a similar increase in 

the count of office visits per NCOU when going from low to medium and medium to 

high thresholds. 

Table 28. Adjusted office visit count and incremental count per new chronic opioid 

user incurred during the 90-day observation period after having received chronic 

opioid therapy by MME threshold 

Office Visits per NCOU, 

mean (CI) 

Low Threshold  

(> 0 to < 50 

MME/day) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

Incremental 

Count between 

Low and 

Medium 

Thresholds p-value* 

Total Office Visits 3.23 (3.03-3.43) 3.43 (3.19-3.69) 0.21 (0.05-0.36) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 
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MME = morphine milligram equivalents; CI = 95% confidence interval 

(*)p-value is with respect to the incremental cost comparison using the delta method  

Table 29. Adjusted office visit count and incremental count per new chronic opioid 

user incurred during the 90-day observation period after having received chronic 

opioid therapy by MME threshold 

Office Visits per NCOU, 

mean (CI) 

Low Threshold  

(> 0 to < 50 

MME/day) 

High Threshold 

(≥ 90 

MME/day) 

Incremental 

Count between 

Low and High 

Thresholds p-value* 

Total Office Visits 3.20 (3.00-3.40) 3.77 (3.48-4.05) 0.56 (0.37-0.76) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

MME = morphine milligram equivalents; CI = 95% confidence interval 

(*)p-value is with respect to the incremental cost comparison using the delta method  

Table 30. Adjusted office visit count and incremental count per new chronic opioid 

user incurred during the 90-day observation period after having received chronic 

opioid therapy by MME threshold 

Office Visits per NCOU, 

mean (CI) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High Threshold 

(≥ 90 

MME/day) 

Incremental 

Count between 

Medium and 

High 

Thresholds p-value* 

Total Office Visits 3.22 (3.02-3.42) 3.56 (3.26-3.86) 0.34 (0.11-0.56) <0.01 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

MME = morphine milligram equivalents; CI = 95% confidence interval 

(*)p-value is with respect to the incremental cost comparison using the delta method  

Several other baseline characteristics were predictive of all-cause and opioid-

related hospitalizations. With respect to clinical characteristics, having no pain diagnosis 

at baseline was associated with lower odds of incurring an all-cause hospitalization. 

When evaluating demographic characteristics, when compared to 18-34 year old, all 

other age groups were less likely to incur an all-cause hospitalization. Characteristics at 

baseline associated with a higher odds of incurring an all-cause hospitalization were 

having a diagnoses related to head pain, substance abuse, mental health, and any 

hospitalization at baseline. When evaluating only opioid-related hospitalizations baseline 
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characteristics associated with lower-odds were individuals aged 55 - 64 years old. 

Characteristics associated with higher-odds of incurring an opioid-related hospitalization 

included the presence of antipsychotics medications, the presence of diagnoses for 

substance abuse and mental health, and any hospitalization at baseline. All other state-

level, demographic, and clinical characteristics were not found to increase or decrease the 

odds of hospitalization. For more information on differences in baseline characteristics of 

NCOUs across the opioid thresholds, see the supplemental materials.  

5.5. Discussion 

Among individuals identified as NCOUs, we found that compared to low 

threshold, medium and high thresholds were not associated with an increased odds of 

incurring any hospitalization. When evaluating the receipt of non-pharmacological pain 

services, when compared to low, medium threshold was associated with higher odds of 

receiving a non-pharmacological pain service; no difference was observed when 

comparing low to high thresholds. When evaluating the count of office visits there was an 

overall increase in number of office visit per NCOU when comparing low, medium, and 

high thresholds. Overall, these findings support that after controlling for other conditions, 

comorbidities, and baseline healthcare use, when compared to low threshold, prescribing 

medium or high thresholds is associated with higher clinical oversight as measured by 

number of office visits and in turn not associated with an increased odds of all-cause or 

opioid-related hospitalizations. However, overall the use of non-pharmacological pain 

services appears to be underutilized. In short, among commercially insured NCOUs, in 

the short-term, higher thresholds are not associated with more hospitalizations and appear 

to be closely monitored. 
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To the best of our knowledge, this is the first study to utilize a multivariable 

regression approach to evaluate the impact of opioid doses alongside other clinical, 

demographic, and state-level policies on the outcomes of interest. Past literature that 

evaluated subsequent healthcare utilization around chronic opioid use has either not done 

so using the CDC guideline MME thresholds or did not control for new chronic opioid 

use in manner consistent with clinical practice.3 While the preliminary findings of no 

significant difference in all-cause or opioid-related hospitalization may appear to be 

counter to clinical guidelines and expert opinion that higher MME doses lead to more 

overdoses, it is important to consider the differences in the patient population. The patient 

population of this study is intended to be representative of all commercially insured new 

chronic opioid users that are not associated with cancer, hospice, or sickle-cell treatment 

whose opioid treatment would be pertinent to the CDC guideline.2 The principal 

reference group for our analyses, low opioid threshold (> 0 to < 50 MME/day), differs 

from other studies in literature where the reference group is non-opioid users with 

chronic pain or utilized MME levels not consistent with current guidelines.3,43,54 We 

believe it is important to evaluate opioids within the context of among new chronic 

opioid users and not comparing to others that did not require opioids; using the former 

and not the later framework in our opinion allows us to better evaluated the potential 

association of opioid dosing surrounding the outcomes of interest. A notable work by 

Garg et. al used a reference group of > 0 to ≤ 19 MME/day and examined all patients 

regardless of days’ supply and was among a Medicaid population.54 

Other literature that evaluates opioids and MME dosing often does so within the 

context of specific patient subgroups such as those with mental health disorders, 
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substance abuse disorder, or among individuals who identified as having an overdose.1,43 

Evaluating these specific patient subgroups, while insightful, may not be informative for 

the greater population without those conditions which the CDC guidelines and state-level 

policies are regularly applied to. While not the primary objective of this study, our 

multivariable regression did identify that baseline characteristics such as mental health, 

substance abuse, and baseline hospitalization were found to predict higher odds of 

incurring both all-cause and opioid-related hospitalization, which is consistent with 

clinical guidelines and prior literature.1,3,7,8,78 

This study has limitations. When evaluating the occurrence of healthcare 

utilization, it can be difficult to discern whether subsequent healthcare service, such as a 

hospitalization, is related to the opioid dose and not by other conditions or past 

utilization. We attempted to control for this by only examining NCOUs, controlling for 

CCI and other notable characteristics at baseline, and limiting the observation period to 

90-days after the new chronic opioid period. Another limitation involves the enrollment 

criteria. The requirement for continuous enrollment 12-months before and 6-months after 

the start of new chronic opioid use may select for people that are not as clinically severe 

and consequently may no longer to be able to afford premiums of a commercial 

insurance. Potential individuals that were not included in this study could be NCOUs that 

passed away before the end of the observation period or incurred a disability that would 

make them unable to continue with a commercial plan. While mortality data is not 

included in the evaluated dataset, further assessment utilizing more comprehensive 

dataset may be insightful.  
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This study has strengths. The utilization and receipt of opioids and subsequent 

healthcare utilization is multifactorial and the use of a multivariable regression analysis to 

quantify the potential impact of opioid doses allows for commercial plans and policy 

makers to be aware of the traditional outcomes such as hospitalizations as well as non-

traditional outcomes, at least in the short-term, of implementing policies that promote or 

limit the average MME/day that is prescribed to NCOUs. While the goal of this study 

was not to evaluate the impact of individual characteristics beyond the CDC guideline 

directed opioid thresholds, using the explored clinical, demographic, and state-level 

characteristics may inform clinical interventions that reduce the risk of hospitalizations 

and potentially target individuals that may benefit from the utilization of non-

pharmacological pain services. 

5.6. Conclusion 

In the short-term, among NCOUs covered by commercial health plans, there was 

not a difference in all-cause and opioid-related hospitalizations when comparing low 

threshold to medium and high thresholds. Medium and high thresholds appeared to be 

closely monitored by measure of unique office visits. When considering the utilization of 

non-pharmacological pain services, they appeared to be underutilized and consequently 

show opportunities for improvement and addition evaluation. Further exploration of 

longer-term healthcare utilization and outcomes associated with prolonged use, within 

Medicaid, Medicare, and uninsured patients, along with combined effect of the explored 

and unexplored covariates, could provide additional insight to the unintentional impact of 

policies and programs that aim to promote the safe and effective use of opioid prescribed 

to NCOUs via average MME/day evaluations. 
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5.7. Supplemental 

5.7.1. Baseline Characteristics 

Table 24 describes the baseline characteristics of NCOUs included in the study. 

Female was the most common gender overall (55.3%). The most common census region 

overall was the South (51.0%). The largest PDMP category overall was low robustness 

(46.9%). Approximately 15.6% of all NCOUs resided in a state with medical cannabis 

dispensaries and 24.0% in a state which decriminalized cannabis.  

The population of NCOUs had a number of clinical and pharmacological factors 

present at baseline. The overall comorbidity burden was low with an average CCI score 

of 0.49 (SD: 0.94). Among other clinical characteristics, 2.0% had a history of cancer and 

12.0% received a urine drug screen. Pharmacological factors of interest were present with 

approximately 35.7% receiving a muscle relaxant, 32.3% were receiving a 

benzodiazepine, and 22.0% receiving a gabapentinoids 90-days prior to or during chronic 

opioid use.  
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5.7.2. Impact of other covariates of interest on hospitalization 

Below provides an overview of the evaluated covariates that were included as 

they were thought to either influence the opioids being prescribed and/or may impact risk 

of additional healthcare utilization. Regardless to their level of significance all variables 

were included in the base case model to evaluate their respective impact of incurring a 

hospitalization (Table 31). 

Table 31. Adjusted odds of incurring an all-cause hospitalization for all examined 

covariates incurred during the 90-day observation period after being identified a 

new chronic opioid user for all examined covariates 

Variable 

Adjusted Odds for All-

Cause Hospitalization 

(OR: 95% CI) 

Adjusted Odds for Opioid-

Related Hospitalization 

(OR: 95% CI) 

Opioid Threshold     

Low (> 0 to < 50 MME/day) reference reference 

Medium (≥ 50 to < 90 MME/day) 1.10 (0.94-1.28) 1.86 (0.86-4.02) 

High (≥ 90 MME/day) 1.01 (0.84-1.21) 1.51 (0.65-3.51) 

Gender, N (%)     

Male 0.93 (0.84-1.02) 1.32 (0.70-2.51) 

Female reference reference 

Age, N (%)     

18-34 reference   

35-44 0.81 (0.69-0.96) 0.53 (0.27-1.23) 

45-54 0.72 (0.62-0.84) 0.44 (0.19-1.02) 

55-64 0.63 (0.54-0.74) 0.36 (0.15-0.90) 

Census Regions, N (%)     

East reference reference 

Midwest 1.09 (0.93-1.28) 0.95 (0.36-2.52) 

South 0.98 (0.83-1.15) 0.61 (0.23-1.61) 

West 0.91 (0.71-1.17) 1.06 (0.22-5.03) 

PDMP Robustness, N (%)     

Low reference reference 

Medium 1.05 (0.93-1.20) 0.84 (0.38-1.85) 

High 1.01 (0.84-1.20) 0.58 (0.19-1.78) 

Medical Cannabis Dispensaries 1.01 (0.86-1.19) 0.58 (0.19-1.76) 

Decriminalization of Cannabis 0.92 (0.80-1.06) 0.92 (0.38-2.25) 
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Table 31. - Continued 

Presence Prescriptions of Interest**,  

N (%) 
    

Benzodiazepines 1.11 (1.00-1.23) 1.15 (0.59-2.25) 

Muscle Relaxants 0.99 (0.90-1.11) 0.84 (0.43-1.63) 

Non-benzodiazepine Hypnotics 1.00 (0.88-1.15) 1.61 (0.75-3.45) 

Gabapentinoids 1.05 (0.94-1.18) 10.54 (0.25-1.15) 

Antipsychotics 1/15 (0.94-1.39) 2.68 (1.22-5.89) 

Stimulants 1.02 (0.84-1.24) 0.46 (0.12-1.73) 

Charlson Comorbidity Index (CCI) 

Score, mean (SD) 
1.14 (1.08-1.19) 0.86 (0.67-1.11) 

Pain Conditions     

No Pain Condition 0.81 (0.66-0.99) 0.62 (0.16-2.48) 

Chronic Pain 1.15 (1.01-1.330) 0.65 (0.31-1.37) 

Abdominal 1.32 (1.17-1.48) 0.85 (0.42-1.70) 

Back/Neck 1.07 (0.96-1.20) 0.54 (0.26-1.11) 

Head 1.33 (1.14-1.56) 1.65 (0.74-3.70) 

Limb 1.10 (0.97-1.25) 0.78 (0.34-1.77) 

Arthritis/Rheumatism/Joint/Myalgia 1.03 (0.92-1.15) 0.69 (0.36-1.34) 

Neuropathic 1.02 (0.90-1.17) 1.61 (0.77-3.39) 

Presence of Substance Abuse  1.74 (1.41-2.15) 32.85 (16.62-64.90) 

Presence of Mental Health Disorders 1.53 (1.35-1.73) 2.36 (1.20-4.63) 

History of Cancer, N (%) 1.60 (0.85-1.59) 2.12 (0.43-10.52) 

Urine Drug Screens, N (%) 1.07 (0.93-1.23) 1.12 (0.53-2.34) 

Non-pharmacological Pain Services 0.91 (0.79-1.06) 0.37 (0.10-1.35) 

Any Hospital or Emergency Room Visit  2.27 (2.04-2.52) 3.53 (1.70-7.32) 

Number of Office Visits 1.02 (1.01-1.03) 1.03 (0.88-1.05) 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

Non-pharmacological Pain Services include: osteopathic manipulation, chiropractic care, acupuncture, 

nutritional therapy, wound care, cognitive behavioral therapy, exercise therapy, physical therapy, and 

weight loss care.  

MME = morphine milligram equivalents; OR= Odds Ratio 

**Not mutually exclusive; patients can have more than one prescription of interest before chronic opioid 

therapy      

 

State-level policy variables: With respect to prescription drug monitoring program 

(PDMP) robustness, presence of cannabis dispensaries, and cannabis decriminalization, 

none of the state-level policies were found to impact the odds of incurring an all-cause 

hospitalization or opioid-related hospitalization. 
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Demographic variables: With respect to gender, age, and census region age 

groups 35 - 44, 45 - 54, and 55 - 64 were found to be significantly impact the risk of 

incurring a hospitalization during the 90-day observation period. When compared to 18 - 

34-year-olds, age groups 35 - 44, 45 - 54, and 55 - 64 were (0.81, 0.69-0.96), (0.72, 0.62-

0.84), and (0.63, 0.54-0.74), respectively, times less likely to incur an all-cause 

hospitalization. When evaluating opioid-related hospitalization, when compared to the 

age group 18 - 34, only age group 55 - 64 was (0.36, 0.15-0.90) less likely to incur an 

opioid-related hospitalization. 

Clinical Variables: When evaluating all-cause hospitalization Charlson 

Comorbidity Index (CCI) score, lack of a pain condition, chronic pain diagnosis, 

abdominal pain diagnosis, head pain diagnosis, substance abuse diagnosis, and a 

hospitalization at baseline were found to significant associated with incurring any 

hospitalization. With respect to comorbidity burden a unit increase in the CCI score 

would increase the risk 1.38 (1.08 - 1.19) of incurring a hospitalization. When evaluating 

having no pain diagnosis of interest, having no pain diagnosis made it 0.81 (0.66 - 0.99) 

less likely to incur an all-cause hospitalization. The presence of diagnoses for chronic 

pain (1.147, 1.01-1.30), abdominal pain (1.32, 1.17-1.48), head pain (1.33, 1.14-1.56) 

made it more likely to incur an all-cause hospitalization. When evaluating the presence of 

other clinical variables of interest compared to their respective absence, having a 

diagnosis for substance abuse (1.74, 1.41 - 2.15), mental health disorder (1.53, 1.35 - 

1.73), hospitalization at baseline (2.27, 2.04 - 2.52), and number of office visits (1.02, 

1.01-1.03) made it more likely to incur an all-cause hospitalization. 
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None of the pain conditions were associated with a statistical increase or decrease 

in odds of incurring an opioid-related hospitalization. When considering other clinical 

variables compared to their absence, having a diagnosis of substance abuse (32.85, 16.62 

- 64.89), mental health (2.36, 1.20 - 4.63), and a hospitalization at baseline (3.53, 1.70 - 

7.32) made it more likely to incur an opioid-related hospitalization. 

Pharmacological Variables: With respect to various prescription drugs of interest 

evaluated at baseline, only benzodiazepines (1.11, 1.01-1.23) had a statistically 

significant change in odds when compared to their absence. When evaluating opioid-

related hospitalization only the presence of an antipsychotic (2.68, 1.22 - 5.89) made it 

more likely to incur an opioid-related hospitalization.  

5.7.3. Discussion 

The incremental increase in number of office visits when evaluating low, 

medium, and high thresholds and may demonstrate that after controlling for baseline 

comorbidities and healthcare utilization that receiving higher thresholds corresponds to 

being evaluated by a provider more frequently. While it would be difficult to discern the 

if opioid regimens were specifically evaluated at an office visit, we feel it is reasonable to 

conclude that an NCOU is being regularly managed. Another reason for the observed 

incremental increase across the thresholds may be due to the fact that receiving higher 

MME thresholds likely means you are receiving greater number of schedule II controlled 

substances which are not eligible for refills and consequently require an NCOU to see a 

provider more frequently than other medications. 
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While CDC guidelines advocate for the use of a wide variety of non-

pharmacological pain services as alternatives to opioid therapy, we observed that they 

were not routinely used in our data. When these services were present, the majority were 

for chiropractic services. With that said it is possible that these services may not be 

routinely billed to insurances because some may be considered alternative medicine. 

These concerns of billing are also supported by the fact that present chiropractic claims 

were often not associated with a paid amount, indicating that the patient was likely 

responsible for the cost. 

In addition to non-pharmacological pain services, we noted that CDC guidelines 

also advocate for evaluating and considering the use of medication assisted therapy to 

treat opioid use disorder such as methadone or buprenorphine products. We considered 

including these and other outcomes of interest at baseline as well as after chronic opioid 

use period. However, the use of buprenorphine products in our NCOU cohort at baseline 

was low. We believe this could be because we are evaluating new users who have not yet 

been exposed to enough prescription opioids to develop a dependency. Additionally, as 

outlined earlier, NCOUs that were associated with buprenorphine products during the 

chronic opioid period were excluded. Another reason could be opioid use disorder may 

not be as prevalent in commercially insured populations compared to Medicaid, 

Medicare, and the uninsured. 

We found that, among NCOUs in the short-term, clinical variables other than the 

received opioid threshold made an individual more likely to incur an all-cause or opioid-

related hospitalization. This finding would support the narrative that when opioids any 

dose of opioids are prescribed, in the short term, prescribers are adequately balancing the 
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risks and benefits of the opioid regimens that were being prescribed. If commercial plan 

sponsors were to implement programs to reduce the risk of incurring an all-cause or 

opioid-related hospitalization clinical programs should target individuals with substance 

abuse, mental health disorders, and those that are already incurring hospitalization at 

baseline.  

5.7.4. Sensitivity Analyses 

5.7.4.1.Continued opioid use into the observation period 

The observation period after determining new chronic opioid use did not require 

for a NCOU to continue to receive opioid therapy during the observation period. 

Evaluating continued opioid use has a clinical pharmacological rationale given the fast-

onset and short-term effects of prescription opioids. Of the 16,684 NCOUs evaluated in 

the base case, approximately 14,043 (84.2%) were identified as having at least one 

additional opioid prescription in the observation period and included in this sensitivity 

analysis. Table 32 presents the same analyses of adjusted odds ratios utilizing the 

outcomes of interest for the continued opioid use of opioids into the observation period 

alongside the base case. Overall, the findings are consistent with no significant 

differences being observed.  
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Table 32. Comparing adjusted odds of incurring healthcare utilization of interest in 

the medium and high thresholds incurred during the 90-day observation period 

after being identified a new chronic opioid user with base case and continued use 

Category 

Base Case  

Adjusted OR (95% CI) 

Continued Opioid Use 

Adjusted OR (95% CI) 

Medium 

Threshold 

(≥ 50 to < 90 

MME/day) 

High  

Threshold 

(≥ 90 

MME/day) 

Medium 

Threshold 

(≥ 50 to < 100 

MME/day) 

High  

Threshold 

(≥ 100 

MME/day) 

Inpatient         

All-Cause 1.41 (1.14-1.76) 1.17 (0.90-1.53) 1.38 (1.01-1.72) 1.11 (0.85-1.45) 

Opioid-Related 2.33 (0.95-5.72) 1.85 (0.68-5.02) 2.25 (0.82-6.16) 2.50 (0.87-7.13) 

ER         

All-Cause 1.06 (0.90-1.25) 1.00 (0.83-1.21) 1.07 (0.90-1.27) 0.94 (0.77-1.15) 

Opioid-Related 2.45 (0.87-6.63) 2.40 (0.87-6.63) 2.62 (0.98-7.06) 2.55 (0.92-7.08) 

Any Hospitalization         

All-Cause 1.01 (0.94-1.28) 1.01 (0.84-1.21) 1.10 (0.94-1.30) 0.94 (0.78-1.14) 

Opioid-Related 1.86 (0.86-4.02) 1.51 (0.65-3.51) 1.75 (0.76-4.03) 1.82 (0.77-4.30) 

Non-

Pharmacological 

Pain Services 0.77 (0.62-0.97) 0.78 (0.60-1.01) 0.77 (0.59-1.03) 0.78 (0.57-1.08) 

Adjusted for: Gender, Age, Census Region, PDMP Robustness, Prescriptions of Interest, Charlson 

Comorbidity Index Score, Pain Conditions, Substance Abuse, Mental Health, History of Cancer, Prior 

Hospitalization or Emergency Room visit, Surgery, and Non-Pharmacological Pain Services, and number 

of office visits. 

CMS=Centers for Medicare and Medicaid Services; ER = Emergency Room or Department 

We did not evaluate continued receipt of the same or similar threshold. Further 

evaluation of sustained or changes in receipt of opioid threshold may be insightful as new 

chronic and prolonged chronic users may utilize healthcare differently.3 

5.7.4.2.Varying the opioid threshold cut-offs 

Given that the principal findings identified several metrics where medium or high 

opioid thresholds were found to not be associated with differences in the odds for 

hospitalizations and other outcomes, it was determined to explore whether altering the 

definition between medium and high threshold would offer similar findings. A recent 

review of literature found variation in defining “high” opioids using MME/day of 100 or 
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120.3 Consequently, the following alternative definitions for medium and high thresholds 

were evaluated: 

1) One-hundred threshold: medium (≥ 50 to < 100 MME/day), and high (≥ 100 

MME/day) 

2) CMS informed threshold: medium (≥ 50 to < 120 MME/day), and high (≥ 120 

MME/day). The ≥ 120 MME/day threshold aligns with clinical program that 

existed at the time, specifically those being used in opioid overutilization 

programs used by CMS and Medicare Part D Plan Sponsors. 

Table 33 compares the base case to one-hundred threshold and CMS informed 

threshold. While there the findings were largely consistent between the base case and 

one-hundred threshold there were some notable differences when comparing the base 

case to the CMS informed threshold. While the base case found that when compared to 

low threshold the only the medium (AOR: 1.41, 95% CI: 1.14-1.76) had an increased 

odds of incurring an inpatient hospitalization in the CMS threshold both the medium 

(AOR: 1.28, 95% CI: 1.04-1.57) and high (AOR: 1.41, 95% CI: 1.05-1.91) thresholds. 

When evaluating the outcomes of interest there were no other noteworthy differences 

with the base case and the alternative threshold definitions. Given that these alternatives 

resulted in findings that were consistent with the base case, it was determined to keep the 

CDC guideline informed thresholds in the base case. 
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Table 33. Comparing adjusted odds of incurring healthcare utilization of interest in 

the alternative high and medium threshold definitions during the 90-day 

observation period after being identified a new chronic opioid user 

Category 

Base Case  

Adjusted OR (95% CI) 

One-hundred threshold 

 Adjusted OR (95% CI) 

CMS informed threshold 

 Adjusted OR (95% CI) 

Medium 

Threshold 

High 

Threshold 

Medium 

Threshold 

High 

Threshold 

Medium 

Threshold 

High 

Threshold 

Inpatient             

All-Cause 
1.41  

(1.14-1.76) 

1.17  

(0.90-1.53) 

1.32  

(1.07-1.62) 

1.31  

(0.99-0.17) 

1.28  

(1.04-1.57) 

1.41  

(1.05-1.91) 

Opioid-

Related 

2.33  

(0.95-5.72) 

1.85  

(0.68-5.02) 

2.24  

(0.95-5.31) 

1.88  

(0.64-5.50) 

2.17  

(0.94-5.04) 

1.95  

(0.62-6.19) 

ER 
      

All-Cause 
1.06  

(0.90-1.25) 

1.00  

(0.83-1.21) 

1.05  

(0.89-1.23) 

1.01  

(0.82-1.25) 

1.02  

(0.88-1.19) 

1.07  

(0.85-1.34) 

Opioid-

Related 

2.45  

(0.87-6.63) 

2.40  

(0.87-6.63) 

2.37  

(0.93-6.05) 

2.51  

(0.85-7.42) 

2.51  

(1.03-6.08) 

2.23  

(0.65-7.67) 

Any  

Hospitaliz-

ation 

      

All-Cause 
1.01  

(0.94-1.28) 

1.01  

(0.84-1.21) 

1.07  

(0.93-1.24) 

1.04  

(0.85-1.26) 

1.05  

(0.91-1.21) 

1.09  

(0.88-1.34) 

Opioid-

Related 

1.86  

(0.86-4.02) 

1.51 (0.65-

3.51) 

1.71  

(0.81-3.61) 

1.67  

(0.69-4.04) 

1.83  

(0.90-3.71) 

1.39  

(0.50-3.86) 

Non-

Pharmaco-

logical Pain 

Services 

0.77  

(0.62-0.97) 

0.78  

(0.60-1.01) 

0.72  

(0.56-0.92) 

0.85  

(0.61-1.19) 

0.76  

(0.60-0.97) 

0.75  

(0.51-1.10) 

ER = Emergency Room or Department; OR = Odds Ratio; CI = Confidence Interval 

Note: Medium Threshold (≥ 50 to < 90 MME/day); High Threshold (≥ 90 MME/day). 
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6. Summary, Strengths, Limitations, and Implications for Research and 

Clinical Practice 

6.1. Summary 

This dissertation research comprehensively evaluated a cohort of commercially 

insured new chronic opioid users (NCOUs) to identify factors contributing to the 

prescription of Centers for disease Control and Prevention (CDC)-informed opioid 

thresholds, and subsequent short-term economic and clinical outcomes associated with 

each threshold.1 The first aim identified NCOUs and evaluated their respective 

demographic, clinical, and state-level policy factors that may have impacted the receipt of 

opioid thresholds. Leveraging the same cohort, the second aim assessed the association of 

the opioid thresholds on subsequent short-term direct healthcare cost for a commercial 

payer. The final aim evaluated potential differences in the short-term healthcare 

utilization associated with opioid thresholds that were potentially not captured in direct 

healthcare costs in a manner consistent with traditionally considered (e.g., 

hospitalizations) and non-traditionally considered (e.g., office visits and non-

pharmacological pain services) outcomes evaluated in literature and relevant to clinical 

practice. 

The CDC opioid guidelines were intended to promote the safe and effective use of 

prescription opioids by advocating for the lowest effective dose for the shortest period of 

time.1,30 However, while literature has evaluated chronic opioid use, we have found it has 

not routinely been conducted in a manner consistent with the CDC guideline.3 Given that 

the recommendations are being utilized to justify payment, dispensing, and policy-

making purposes that regulate opioid prescribing, it is important to utilize guideline 

recommendations in research whenever possible.2 Additionally, when literature has 
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evaluated predictors of opioid therapy or subsequent economic or clinical outcomes 

associated with prescription opioids, it has not done so in a manner that simultaneously 

evaluated relevant demographic, clinical, and state-level policies.3,21,33–35,43 

The findings of Aim 1 confirmed that the receipt of CDC guideline opioid 

thresholds is multifaceted. Notably, with respect to state-level factors, states with a highly 

rigorous Prescription Drug Monitoring Programs (PDMP) were found to be associated 

with lower MME thresholds received by NCOUs. While these findings appear to be 

consistent with the overall objective of PDMPs (to promote the safe prescribing and 

dispensing of opioids and other controlled substances), to the best of our knowledge, our 

research is the first to identify a clinical meaningful reduction of opioids by measure of 

the thresholds on a patient level. Utilizing the presence or absence of medical cannabis 

dispensaries in each state as a surrogate for the availability of cannabis for medicinal use, 

availability of cannabis was not associated with a noticeable increase or decrease of 

opioid thresholds NCOUs. A state that decriminalized cannabis was associated with 

higher odds of receiving high opioid threshold. While cannabis is utilized for a multitude 

of medicinal and recreational reasons, the findings on the ultimate impact of these 

policies as related to the prescribing of opioids are mixed.34,35 Further research concurrent 

with higher diffusion of medical cannabis across the national might provide more certain 

results. 

 Evaluating the potential impact of opioids utilizing CDC-informed opioid 

thresholds has generally not been done in literature, especially with respect to short-term 

economic consequences. Leveraging the previously utilized demographic, clinical, and 
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state-level factors of Aim 1, when compared to low threshold, medium and high 

thresholds were associated with higher total healthcare costs. However, a dose-dependent 

increase from medium to high was not observed.  No negative short-term economic 

consequences were found.  

 While there did not appear to be negative consequences based on aggregate 

measures of short-term economic consequences, evaluating whether these patterns are 

present in traditional and non-traditional clinical outcomes was warranted, and was the 

principal goal of Aim 3. When evaluating the odds of incurring any hospitalization, or 

inpatient or emergency room visit, there were no statistical differences between all-cause 

or opioid-related visits between medium or high thresholds when compared to low. 

However, when evaluating measures indicative of good quality care, such as frequent 

evaluations by a healthcare provider, there was an incremental increase in the number of 

office visits between low, medium, and high thresholds. While the rationale for any given 

office visit is difficult to discern in claims, this can imply that NCOUs who receive 

higher thresholds appear to be more highly managed. Evaluating the use of non-

pharmaceutical pain services, which can be potentially utilized to reduce the need for 

prescription opioids, appeared to not be used to the same degree in medium and high 

thresholds when compared to low; this may indicate that non-pharmaceutical pain 

services are underutilized. With increasing awareness about the benefit of these services 

however, we expect an uptake in their utilization. 

6.2.  Strengths 

The overall strengths of the collective aims are that they comprehensively 

evaluate predictors and subsequent economic and clinical outcomes associated with the 
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same cohort. This allows payers and policy makers to anticipate the impact of potential 

policy changes on how opioids are prescribed and the subsequent short-term economic 

and clinical outcomes of those prescriptions. Consequently, this would allow stakeholders 

to consider intended and unintended consequences of initiatives that are intended to 

promote the safe and effective use of prescription opioids. 

The cohort of NCOUs utilized a definition of new episodes of chronic opioid use 

that is consistent with literature and evaluated in a manner that the CDC guidelines are 

broadly applied to in clinical practice. Many assumptions of this definition such as 

augmenting the morphine milligram equivalents (MME) threshold cutoffs, the 

requirement of having at least 60 days’ supply in a 90-day period, and continued opioid 

use after the initial 90-day chronic opioid use period were explored. Exploring changes in 

these criteria did not alter principal findings for the three aims. 

Leveraging regression-based analyses is a strength of this dissertation. Distilling 

the relative impact of covariates of importance (e.g., PDMP robustness, received MME 

threshold, and presence of health conditions of interest) may allow policy makers and 

commercial payers to create targeted clinical interventions. Interventions that may result 

in targeting individuals with mental health or substance abuse conditions at baseline may 

better suited if the ultimate goal is to reduce the risk for adverse outcomes beyond 

prescriptive applications of MME-centric therapies that are currently seen in practice. 

Finally, the nationally representative data and the large sample size make the 

results largely generalizable. 
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6.3. Limitations 

These aims had some limitations. Criteria for cohort inclusion that required 

continued and sustained medical and prescription coverage was necessary in order to 

confidently identify new chronic opioid use and evaluate subsequent outcomes. However, 

this definition may not capture individuals who were deceased or who are the primary 

beneficiary of their insurance and consequently were unable to maintain employment due 

to chronic pain and related conditions. Another limitation that applies to three aims is the 

use of MME thresholds as the principal means for measuring opioid exposure. Although 

MMEs are broadly utilized to monitor and promote the safe use of opioid analgesics as 

they are intended to gauge relative opioid risk for an adverse outcome to occur, the 

MMEs thresholds do not equate to comparable analgesic effect.2,16 Opioids are intended 

to provide pain reduction to ultimately improve quality of life, outcomes which are not 

necessarily captured when evaluating opioids within an MME context. 

Aims 2 and 3 targeted the short-term economic and clinical outcomes associated 

with the respective MME thresholds. Many of the adverse outcomes that are routinely 

evaluated in literature, such as opioid overdoses, are evaluated around chronic use that 

may not necessarily be categorized as new use and consequently may not be as applicable 

to new users. The findings of no incremental increase in total healthcare costs between 

medium and high thresholds, as well as no difference in hospitalization, should only be 

applied within the context of the window of 90 days after new chronic opioid use has 

been identified, and not applied to more prolonged use. 

This analysis is based on new chronic opioid users only with index dates that 

occurred in 2014 and 2015. Limiting to a shorter time frame was done for three principal 



131 

 

reasons: i) nationwide state-level PDMP and cannabis policies assessments were not 

available in peer-reviewed literature beyond these years,21,33 ii) to avoid temporal changes 

in prescribing that have occurred over time as well as impact of subsequent publication of 

CDC opioid guidelines;63 and iii) to confidently capture benzodiazepine coverage given it 

was not covered by Medicare Part D until 2013, as well as changes in benzodiazepine 

prescribing nationally that have occurred over time.64,65 Other changes that may have 

occurred overtime but were not evaluated directly is the theoretical impact of law-

enforcement measures may have on the initiation and overall prescribing of prescription 

opioids. 

Given that the inclusion criteria required continued enrollment with a 

commercially-insured health plan, it is likely that our cohort may not be as heterogeneous 

with respect to employment, education, literacy, and other social determinants of health 

(SDOH) as the greater population. While there are methods that attempt to include SDOH 

in claims-based studies, such as evaluating race/ethnicity or considering a patient’s 

surroundings and the relative area deprivation/access to healthcare, the examined dataset 

lacked race and ethnicity, income, and zip code and, unfortunately, elements of SDOH 

could not be included.  

6.4. Implications for research and clinical practice 

The evaluation of predictors to new chronic opioid users provides evidence to 

support continued consideration of PDMP robustness in future research evaluating the 

receipt of opioids with respect to opioid thresholds. To the best of our knowledge, 

literature largely focused on clinical and demographic characteristics with mixed 

evidence involving state-level policy initiatives.21,32,33 Further evaluation of cannabis 
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policies and their impact on opioid prescribing would benefit from additional datapoints 

including whether or not cannabis was recommended or being used by the patient.  

Evaluating economic consequences on direct healthcare costs associated with 

chronic opioid use has not been routinely evaluated in literature. While this study found 

that medium and high thresholds were associated with higher healthcare costs when 

compared to low, there was no dose-dependent increase observed when comparing 

medium to high thresholds. However, these economic estimates only considered direct 

healthcare costs to the commercial payer. Further and expanded research to see if these 

trends are sustained over time, or if similar trends are present in different populations 

(e.g., Medicare, Medicaid, uninsured) as well as different perspectives (e.g., societal) 

utilizing similar covariates may be insightful. 

Evaluating traditional and non-traditional outcomes associated with opioid 

thresholds provides evidence that when opioids are warranted NCOUs are not associated 

with higher likelihood of hospitalization, are routinely managed, and are underutilizing 

non-pharmacological pain services. Because the findings were limited to a short-term 

time horizon, an expanded time horizon, as well as evaluating additional non-traditional 

outcomes that may reflect unintended consequences of under or over-prescribing of 

opioids, would address an evidence-gap in literature. Assessing additional clinically 

meaningful outcomes, such as pain severity, would also be insightful. 

The aims leveraged commercially insured medical and prescription claims data, 

which can only evaluate the receipt of opioids. Additional research that attempts to 

capture covariates on whether the choice to withhold opioids was done at the point of 
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prescribing or dispensing would be valuable to clinicians. Leveraging a similar analytical 

framework that evaluates whether opioids were prescribed at the point of prescribing 

(e.g., at the medical office) or dispensing would be insightful, particularly to evaluate the 

unintentional consequences of efforts that promote the safe prescribing and dispensing of 

opioids.  

With respect to clinical practice, the findings provide evidence that prescribing 

higher MMEs is not necessarily associated with poor outcomes. While prescribing 

medium and high thresholds may be associated with increased healthcare costs, the 

principal drivers of the costs are prescription costs and not medical costs. When 

evaluating traditional and non-traditional outcomes of interest, medium and high 

thresholds were not associated with higher odds of hospitalization and appeared to be 

evaluated more frequently. This dissertation provides evidence that evaluating opioid 

prescribing with the strict prescriptive terms consistent with CDC guideline thresholds 

were not associated with adverse outcomes. Consequently, prescribers, payers, and policy 

makers should consider allowing for higher opioid thresholds to be prescribed if the 

prescriber believes it is clinically necessary. 

6.5. Conclusion 

Among commercially insured NCOUs, highly robust PDMPs do appear to be 

associated with decreased odds of receiving a high opioid threshold. However, when 

considering other state-level policies related to cannabis, the potential impact cannabis 

policies of decriminalization and medical dispensaries are mixed and require additional 

research including evaluating a patient’s cannabis use. When medium and high opioid 

thresholds were prescribed there appeared to be no increased odds of short-term all-cause 
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or opioid-related hospitalizations. With respect to short-term costs, when compared to 

low threshold, medium and high thresholds had higher total healthcare costs. However, a 

dose-dependent increase between medium and high was not identified. Further 

exploration of longer-term outcomes associated with prolonged opioid use, along with 

combined effects of explored and unexplored covariates within Medicare, Medicaid, and 

uninsured populations, would be insightful.  
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7. Appendix 

7.1. Operationalizing Variables 

7.1.1. Opioid Exposure 

 

Exposure to opioid analgesics was determined by using the publicly available 

resources on the CDC Opioid Overdose Data Resources which supplies the required data 

elements, including the MME conversion factor (Table 1), to calculate the approximate 

average daily opioid oral morphine milligram equivalents for a given prescription opioid 

prescription claim.17 This CDC data resource provides the required MME data elements 

for every oral, transmucosal, and transdermal prescription opioid analgesic National Drug 

Code (NDC) through January 2018. Of note, buprenorphine products are not listed in 

Table 1 as they are not associated with an MME conversion factor; buprenorphine 

products are partial opioid agonists prescribed for pain as well as medication assisted 

treatment for opioid use disorder. In addition, buprenorphine products are not associated 

with overdose risk in the same dose-dependent manner as doses for full opioid agonists. 

CDC and CMS have instructed policy makers and plan sponsors not to use buprenorphine 

products when benchmarking and evaluating opioids prescribed for pain. Of note, 

although methadone can be utilized for opioid use disorder it can only be done so within 

the context of an opioid treatment program.42 When methadone is dispensed as an 

outpatient claim it must be for the treatment of pain. 

7.1.2. Identification of New Chronic Opioid User 

 

The study sample of this analysis consisted of enrollees (aged 18-64) who were 

chronic opioid users defined as having at least a 60-day supply of prescription opioids in 

a 90-day period (Figure 1). We utilized this definition as it is consistent with the CDC 

guideline and subsequent guidance for their implementation and evaluation.1,30 The index 
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date was defined as the fill date of the first qualifying opioid prescription. To qualify as a 

NCOU, an enrollee needed to have had a 30-day period prior to the index date which did 

not have any opioids.38 To analyze drug dispensing patterns and to confidently identify 

new chronic opioid use, enrollees were required to have continuous medical and 

prescription coverage 12 months prior to the index date and 6 months afterwards 

resulting in 1.5 years of continuous coverage. Only the first new chronic opioid period for 

each beneficiary was considered for analysis.  References to days’ supply of opioids, for 

example at least 60 days’ supply of opioids, refers to coverage defined by proportion of 

days covered (PDC) which is the (sum of days covered in time frame) ÷ (number of days 

in time frame) x 100.79 The time frame for the purposes of this study will be a fixed time-

frame defined as 90 days from the index date. 

7.1.3. Calculation of MME threshold 

 

To calculate the overall average MME for a given 90-day period of chronic opioid 

use was calculated using the following logic: 

i) Calculate the morphine equivalent exposure (strength of medication x 

conversion factor x quantity) for opioid prescription filled during the 

initial 90 days then sum the total. 

ii) Sum the total days’ supply of opioid prescriptions filled during the initial 

90 days. 

iii) Divide summed morphine equivalent exposure by total days’ supply 
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The SAS programming code will leveraged the coding provided in the U.S. Department 

of Health and Human Services Office of Inspector General Toolkit: Using Data Analysis 

to Calculate Opioid Levels and Identify Patients at Risk of Misuse or Overdose.80 

7.1.4. Observation Period 

 

The evaluation period to measure short-term healthcare utilization began the 91st 

day or the day after last day coverage of the chronic opioid period, whichever is sooner 

For example, if a patient were to have a total of 65 days coverage which ended at day 6.5, 

then the follow-up period will start of day 66. However, if a patient had 85 days of 

coverage in a 90-day period but the last opioid prescription was filled on day 88 with a 30 

days’ supply, then the observation date would begin 90 days after the index date. 

7.1.5. Calculating healthcare utilization 

 

To measure the various healthcare utilization, a unique claim number was 

counted. In the scenario where a claim number was not present unique service dates were 

then counted.  

7.1.6. Identifying and calculating direct healthcare costs 

 

Given the perspective of Aim 2 is from the perspective of the commercial payer, 

direct healthcare costs were calculated by using the paid amount by the plan. Healthcare 

claims were categorized into the following scheme: inpatient, emergency room, 

pharmacy, office, surgical, outpatient, and other. Direct total healthcare costs were 

defined as the sum total of all claims with service date during the observation period. 

Healthcare costs were also categorized in the following manner: medical, prescription, 

and non-pharmacological pain services. Relevant definitions are listed below: 
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Inpatient Claims: Per IQVIA guidance, a hospitalization with or without an outpatient 

component (e.g., emergency room) has unique confinement numbers. Emergency room 

visits without confinement numbers are not associated with an inpatient component and 

will be identified via procedure codes. 

Emergency Room Claims: Per IQVIA guidance, an emergency room visit claims was 

identified if any of the following criteria were met: 

• Procedure Code 45.x, 981 or  

• Procedure Code 99281-99285 or 

• POS = 23 AND Procedure Code = 10040-69979 

Note: Prior to sorting medical claims into categories (e.g., inpatient, emergency room), 

the claims should be modified so that if the procedure code field is missing but the 

revenue field is not, set the procedure code field equal to the revenue code. It is best that 

utilization be assigned in a hierarchal fashion,  

 

Pharmacy Claims: All claims with a value for NDC should be defined as a pharmacy 

claim 

Office Claims: Claims with rec_type of “M” and no procedure code 

Surgical Claims: Claims with rec_type of “S” 

Outpatient Services: Claims with rec_type of “P” also referred to as HCPCS 

Other Medical Services: All claims that are not categorized as an inpatient, emergency, 

pharmacy, office, surgical, or outpatient claim. 

Non-Pharmaceutical Pain Services: 
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Table 34. Definitions of individual non-pharmacological pain services 

Description  Applicable Codes 

Osteopathic Manipulation 98925-9 

Chiropractic Care 98940-3 

Acupuncture 97810, 97811, 97813, 97814 

Nutrition Therapy 97802-4 

Wound Care 97597, 97598, 97602 

Cognitive Behavioral Therapy 96150-5 

Physical Therapy Procedure code: 97001-97039 & 

Diagnosis code: ‘V5889’ or ‘V589’ 

Exercise Therapy Procedure code: 97110 & 

Diagnosis code:  V5889’ or ‘V589’ 

Weight Loss Procedure code: G0447 or G0443 & 

Diagnosis code: V8530-9 or V8541-5 

 

Opioid-related Hospitalization or ER Visits: Similar to method to identify inpatient or ER 

visits, the presence of ICD-9-CM code (Table 35) in any position will identify a 

hospitalization or ER visit as opioid-related.46 

Table 35. ICD-9-CM diagnosis codes used to identify opioid-related stays. 

Description ICD-9-CM Code 

Opioid dependence/abuse 

Opioid type dependence (unspecified, continuous, 

episodic) 

304.00, 304.01, 304.02,  

Combinations of opioid type drug with any other 

drug dependence (unspecified, continuous, 

episodic) 

304.70, 304.71, 304.72 

Opioid Abuse (unspecified, continuous, episodic) 305.50, 305.51, 305.52 

Opioid poisoning/adverse effects  

Poisoning by (opium [alkaloids], methadone, other 

opiates and related narcotics) 

965.00, 965.02, 965.02, 965.09 

Accidental poisoning by (methadone, other opiates 

and related narcotics) 

E850.1, E850.2 

(Methadone, other opiates and related narcotics) 

causing adverse effects in therapeutic use 

E935.1, E935.2 

Heroin poisoning/adverse effects 

Poisoning by heroin 965.01 

Accidental poisoning by heroin E850.0 

Heroin causing adverse effects in therapeutic use E935.0 

Opiate antagonist poisoning/adverse effects 

Poisoning by opiate antagonist 970.1 

Opiate antagonist causing adverse effects in 

therapeutic use 

E940.1 
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7.1.7. Identifying and determining healthcare utilization 

 

Aim 3 identified traditional and non-traditional outcomes during the 90-day 

observation period. Traditional outcomes included inpatient, emergency room, or any 

hospitalization (inpatient or emergency room) which were also further categorized as all-

cause or opioid-related. Non-traditional outcomes including the count of office visits and 

receipt on non-pharmacological pain services. 

Traditional: The presence or absence of inpatient, emergency room, or any 

hospitalization (inpatient or emergency room) were identified using the same scheme 

listed in 7.1.6. 

Non-traditional: The presence or absence of any claim listed in Table 34 was utilized to 

identify the use of a non-pharmacological pain service. Office visit count was determined 

by counting the claims with the following procedure code values: 99201-5 or 99211-5. 

These procedure codes were identified with the assistance of a certified professional 

coder and are evaluations that include an “evaluation and management” component.  

7.1.8. Definitions of independent variables 

 

For Aim 1 the baseline period was defined as the 12-month period before the 

index date. Aim 2 and 3 the baseline period also included the chronic opioid period.  

Pain diagnoses, Prescription Drugs of Interest, Urine Drug Screens, Office Counts, 

Hospital, Surgical, and non-pharmacological pain services utilized a more conservative 

baseline definition. For Aim 1 the baseline period was defined as 90-days before the 

index date. For Aims 2 and the baseline period also included the chronic opioid period. 
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This was done in part because their temporal relationship would be important and 

potentially directly influential on subsequent opioid prescribing. 

PDMP Robustness: A NCOU’s state in population file will be utilized to attribute a 

“PDMP Robustness” grade of low, medium, or high.21 Respective state robustness ratings 

are outlined in Table 36. 

Table 36. PDMP robustness grade and corresponding states. 

Category of Robustness 

(Number of Attributes) 

States 

High (8-10) KY, NM, MA, VT, TN, RI, WV, NY, IN, MS 

Medium (6-7) SC, DE, LA, ME, MN, OH, VA, WI, AZ, CT, AL, AR, CA, 

CO, MD, NV, NH, NC, ND, UT, WA 

Low (0-5) TX, AK, FL, IA, ID, MI, MT, OK, OR, SD, WY, NJ, HI, IL, 

KS, NE, GA, MO, PA 

 

Medical Cannabis Dispensaries: As of 2014 the following states had medical cannabis 

dispensaries present:34 AZ, CA, CO, CT, DC, ME, MI, MT, NV, NJ, NM, OR, RI, VT, 

WA 

Cannabis Decriminalization: As of 2014 the following states were identified as having 

decriminalized cannabis:34 AK, CA, CO, CT, DC, ME, MD, MA, MN, MS, NE, NV, 

NY, NC, OH, RI, VT 

Demographic of age, sex, and census regions: Year of birth, sex, and census region will 

be taken from the population file. Age will be calculated taking the index year minus the 

birth year. Age will then be categorized into the following categories: 18-34, 35-44, 45-

54, and 55-64 years.  

Charlson Comorbidity Index (CCI) score: The CCI score at baseline will be calculated 

utilizing medical claims with dates of service in the baseline period.44,81,82  Note: cancer 
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diagnoses were removed given the presence of cancer would exclude a person from being 

included in the base cohort. Relevant criteria are outlined in Table 37. 

Table 37. Charlson Comorbidity Conditions, component score, and respective 

diagnosis codes. 

Comorbidity Score ICD-9-CM 

Myocardial infarction  1  410.x, 412.x  

Congestive heart failure  1  398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 

404.13, 404.91, 404.93, 425.4-425.9, 428.x  

Peripheral vascular 

disease  

1  093.0, 437.3, 440.x, 441.x, 443.1, 443.2, 443.8, 443.9, 447.1, 

557.1, 557.9, V43.4  

Cerebrovascular disease  1  362.34, 430.x-438.x  

Dementia  1  290.x, 294.1, 331.2  

Chronic Pulmonary 

disease  

1  416.8, 416.9, 490.x-505.x, 506.4, 508.1, 508.8  

Rheumatic disease  1  446.5, 710.0-710.4, 714.0-714.2, 714.8, 725.x  

Peptic ulcer disease  1  531.x-534.x  

Mild liver disease  1  070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 

570.x, 571.x, 573.3, 573.4, 573.8, 573.9, V42.7  

Diabetes without chronic 

complication  

2  250.0-250.3  

Diabetes with chronic 

complication  

2  250.4, 250.5, 250.6, 250.7  

Hemiplegia or 

paraplegia  

2  334.1, 342.x, 343.x, 344.0-3446, 344.9  

Renal disease  2  403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 

404.92, 404.93, 582.x, 5830.0-583.7, 585.x, 586.x, 588.0, 

V42.0, V45.1, V56.x  

Moderate or severe liver 

disease  

3  456.0-456.2, 572.2-572.8  

AIDS/HIV  6  042.x-044.x  

 

Substance Abuse: Dichotomous variable defined as the presence of at least one claim 

meeting either definition in the baseline period in Table 38. 46,47 In other words, substance 

abuse could mean either alcohol or drug abuse. 

Table 38. Definitions of substance abuse. 

Comorbidity  ICD-9-CM codes  

Alcohol abuse  265.2, 291.1-291.3, 291.5, 291.8, 291.9, 303.0, 303.9, 305.0, 

357.5, 425.5, 535.3, 571.0, 57.1-571.3, 980.x, V11.3  

Drug abuse  292.x, 304.x, 305.2-305.9, V65.42  
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Mental Health: Dichotomous variable defined as the presence of at least one claim 

meeting either definition in the baseline period in Table 39. 46,47 In other words, mental 

health could mean either mean psychoses or depression. 

Table 39. Definitions of mental health disorder. 

Comorbidity  ICD-9-CM codes  

Psychoses  293.8, 295.x, 296.04, 296.14, 296.44, 296.54, 297.x, 298.x  

Depression  296.2, 296.3, 296.5, 300.4, 309.x, 311  

 

Pain Conditions: Dichotomous variable defined as the presence of at least one claim the 

respective domain of main using conservative baseline period in Table 40. The absence 

of a diagnosis is the criteria for “no pain diagnosis”.   

Table 40. Pain condition definitions. 

Domain of Pain ICD-9-CM codes 

Chronic 3380, 3382x, 3384 

Abdominal 5334x, 5335x, 5336x, 5337x, 5338x, 5339x, 550X, 

551x, 552x, 553x, 555x, 5561, 5562, 5563, 5565, 

5566, 5567, 5568, 5569, 5641 56942, 5771x, 

5900x, 7890x 

Back/Neck 720x, 721x, 722x, 723x, 724x 

Head 30781, 339x, 346x 

Limb 3544, 35571, 7295 

Arthritis/Rheumatism/Joint/Myalgia 274x, 710xx, 711xx, 712xx, 713xx, 714xx, 715xx, 

716xx, 717xx, 718xx, 719xx, 725xx, 726x, 727x, 

728x, 7291, 7293, 7294, 7296, 7297, 7298, 7299 

Neuropathic 531x, 2496x, 2506x, 3371, 3372x, 340x, 3419, 

350x, 351x, 353x-356, 357.81, 7292, 9514, 952x, 

953x,  

 

History of Cancer: Personal history of malignant neoplasm (V10.x) will be used to 

identify individuals with a history of malignant neoplasm using the baseline period. 

Urine Drug Testing: Urine drug test (immunoassay or gas chromatography/mass 

spectrometry) defined as CPT (80300-80377) or HCPCS (G0480-3, G0659). This 
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includes both presumptive and definitive tests. They would need to have occurred during 

the conservative baseline period. 

7.1.9. Definitions of baseline healthcare use. 

 

Given prior utilization is likely to influence future utilization, baseline 

hospitalization (all-cause inpatient or emergency room), surgical, non-pharmacological 

care defined in dichotomous manner was captured for Aims 2 and 3 during the chronic 

opioid use period. The count of office visit was also captured and included for Aim 3 

during the chronic opioid use period.  

7.1.10. Defining excluded conditions. 

 

The presence or absence of at least one claim during the 18-month period for any 

of these following conditions excluded a NCOU into the base cohort.  

Cancer: defined as 173x which includes cancers except for non-melanoma skin cancer. 

The following diagnosis codes were used to identify cancer: 140x-172x, 174x-2090x, 

2091x, 2092x, 20930-6, and 2097x. 

Hospice: defined as a claim with POS = 34 

Sickle Cell: 2826, 28260, 28269, 28264, 28268, 28263, 28261, 28262, 2824, 28242, 

28241, 28240, 2829, 2821, 2822, 2823, 2827, 2828, 2820, V782, V790, V79009, V2895, 

28952, 5173, 2778 
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7.2. Prescription Utilization During the Observation Period 

 

Table 41. Top therapeutic and prescription drug names during the observation 

period among new chronic opioid that received low opioid threshold. 

Therapeutic Classes by 

Volume 

Percent of 

Class 

 by Volume 

Top Individual Drugs by 

Volume 

Percent of 

Individual  

Drugs by  

Volume 

ANALGESICS - OPIOID* 19.4% 
HYDROCODONE-

ACETAMINOPHEN 
9.3% 

ANTIDEPRESSANTS* 7.7% TRAMADOL HCL 5.9% 

ANTICONVULSANTS* 5.3% GABAPENTIN 2.3% 

ANTIHYPERTENSIVES* 5.1% ALPRAZOLAM 2.1% 

ANALGESICS - ANTI-

INFLAMMATORY* 
4.7% 

OXYCODONE W/ 

ACETAMINOPHEN 
1.9% 

ANTIHYPERLIPIDEMICS* 4.3% ZOLPIDEM TARTRATE 1.9% 

MUSCULOSKELETAL 

THERAPY AGENTS* 
4.1% 

LEVOTHYROXINE 

SODIUM 
1.7% 

ANTIANXIETY AGENTS* 4.0% CYCLOBENZAPRINE HCL 1.7% 

ULCER DRUGS* 3.9% OMEPRAZOLE 1.6% 

ANTIDIABETICS* 3.4% LISINOPRIL 1.6% 

 

Table 42. Top therapeutic and prescription drug names during the observation 

period among new chronic opioid that received medium opioid threshold. 

Therapeutic Classes by 

Volume 

Percent of  

Class by 

Volume 

Top Individual Drugs by 

Volume 

Percent of  

Individual  

Drugs by 

Volume 

ANALGESICS - OPIOID* 
24.5% 

HYDROCODONE-

ACETAMINOPHEN 9.3% 

ANTIDEPRESSANTS* 
7.9% 

OXYCODONE W/ 

ACETAMINOPHEN 5.6% 

ANTICONVULSANTS* 6.4% OXYCODONE HCL 3.4% 

MUSCULOSKELETAL 

THERAPY AGENTS* 5.0% 
GABAPENTIN 

3.1% 

ANTIANXIETY AGENTS* 4.8% ALPRAZOLAM 2.5% 

ANTIHYPERTENSIVES* 3.9% TRAMADOL HCL 2.1% 

ANALGESICS - ANTI-

INFLAMMATORY* 3.6% 
ZOLPIDEM TARTRATE 

1.9% 

ULCER DRUGS* 3.2% CYCLOBENZAPRINE HCL 1.8% 

ANTIHYPERLIPIDEMICS* 3.1% CLONAZEPAM 1.4% 

ANTIDIABETICS* 2.9% LISINOPRIL 1.3% 
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Table 43. Top therapeutic and prescription drug names during the observation 

period among new chronic opioid that received high opioid threshold. 

Therapeutic Classes by 

Volume 

Percent of  

Class by 

Volume 

Top Individual Drugs by 

Volume 

Percent of 

Individual  

Drugs by Volume 

ANALGESICS - OPIOID* 27.6% OXYCODONE HCL 41.6% 

ANTIDEPRESSANTS* 8.0% 
HYDROCODONE-

ACETAMINOPHEN 
12.1% 

ANTICONVULSANTS* 6.2% 
OXYCODONE W/ 

ACETAMINOPHEN 
9.4% 

MUSCULOSKELETAL 

THERAPY AGENTS* 
5.0% MORPHINE SULFATE 7.5% 

ANTIANXIETY AGENTS* 5.0% FENTANYL 7.5% 

ULCER DRUGS* 3.2% GABAPENTIN 4.9% 

ANTIHYPERTENSIVES* 3.0% ALPRAZOLAM 4.5% 

ANTIHYPERLIPIDEMICS* 2.8% ZOLPIDEM TARTRATE 4.3% 

ANALGESICS - ANTI-

INFLAMMATORY* 
2.8% METHADONE HCL 4.2% 

HYPNOTICS/SEDATIVES/S

LEEP DISORDER AGENTS* 
2.7% DULOXETINE HCL 4.1% 

 

  



147 

 

8. References 

 

1.  CDC Guideline for Prescribing Opioids for Chronic Pain — United States, 2016. 

MMWR Recomm Rep. 2016;65. doi:10.15585/mmwr.rr6501e1er 

2.  Dowell D, Haegerich T, Chou R. No Shortcuts to Safer Opioid Prescribing. New 

England Journal of Medicine. 2019;380(24):2285-2287. 

doi:10.1056/NEJMp1904190 

3.  Shen Y, Bhagwandass H, Branchcomb T, et al. Chronic Opioid Therapy: A Scoping 

Literature Review on Evolving Clinical and Scientific Definitions. The Journal of 

Pain. 2021;22(3):246-262. doi:10.1016/j.jpain.2020.09.002 

4.  Classification of chronic pain. Descriptions of chronic pain syndromes and 

definitions of pain terms. Prepared by the International Association for the Study of 

Pain, Subcommittee on Taxonomy. Pain Suppl. 1986;3:S1-226. 

5.  Dahlhamer J. Prevalence of Chronic Pain and High-Impact Chronic Pain Among 

Adults — United States, 2016. MMWR Morb Mortal Wkly Rep. 2018;67. 

doi:10.15585/mmwr.mm6736a2 

6.  2018 Annual Surveillance Report of Drug-Related Risks and Outcomes — United 

States. 2018 Annual Surveillance Report of Drug-Related Risks and Outcomes — 

United States. Accessed August 27, 2019. 

https://www.cdc.gov/drugoverdose/pdf/pubs/2018-cdc-drug-surveillance-report.pdf 

7.  Florence C, Luo F, Rice K. The economic burden of opioid use disorder and fatal 

opioid overdose in the United States, 2017. Drug Alcohol Depend. 

2021;218:108350. doi:10.1016/j.drugalcdep.2020.108350 

8.  Florence CS, Zhou C, Luo F, Xu L. The Economic Burden of Prescription Opioid 

Overdose, Abuse, and Dependence in the United States, 2013. Medical Care. 

2016;54(10):901-906. doi:10.1097/MLR.0000000000000625 

9.  Sun EC, Darnall BD, Baker LC, Mackey S. Incidence of and Risk Factors for 

Chronic Opioid Use Among Opioid-Naive Patients in the Postoperative Period. 

JAMA Internal Medicine. 2016;176(9):1286-1293. 

doi:10.1001/jamainternmed.2016.3298 

10.  Deyo RA, Hallvik SE, Hildebran C, et al. Association Between Initial Opioid 

Prescribing Patterns and Subsequent Long-Term Use Among Opioid-Naïve 

Patients: A Statewide Retrospective Cohort Study. J GEN INTERN MED. 

2017;32(1):21-27. doi:10.1007/s11606-016-3810-3 

11.  Gaskin DJ, Richard P. The Economic Costs of Pain in the United States. The 

Journal of Pain. 2012;13(8):715-724. doi:10.1016/j.jpain.2012.03.009 



148 

 

12.  Gureje O, Von Korff M, Simon GE, Gater R. Persistent Pain and Well-being: A 

World Health Organization Study in Primary Care. JAMA. 1998;280(2):147. 

doi:10.1001/jama.280.2.147 

13.  Owen-Smith A, Stewart C, Sesay MM, et al. Chronic pain diagnoses and opioid 

dispensings among insured individuals with serious mental illness. BMC Psychiatry. 

2020;20(1):40. doi:10.1186/s12888-020-2456-1 

14.  Edlund MJ, Martin BC, Devries A, Fan MY, Braden JB, Sullivan MD. Trends in 

use of opioids for chronic non-cancer pain among individuals with mental health 

and substance use disorders: the TROUP study. Clin J Pain. 2010;26(1):1-8. 

doi:10.1097/AJP.0b013e3181b99f35 

15.  Kern DM, Zhou S, Chavoshi S, et al. Treatment patterns, healthcare utilization, and 

costs of chronic opioid treatment for non-cancer pain in the United States. Am J 

Manag Care. 2015;21(3):e222-234. 

16.  McPherson ML. Demystifying opioid conversion calculations : a guide for effective 

dosing - NLM Catalog - NCBI. Accessed August 28, 2019. 

https://www.ncbi.nlm.nih.gov/nlmcatalog/101509913 

17.  Data Resources | Drug Overdose | CDC Injury Center. Published July 16, 2019. 

Accessed August 28, 2019. https://www.cdc.gov/drugoverdose/resources/data.html 

18.  Von Korff M, Korff MV, Saunders K, et al. De facto long-term opioid therapy for 

noncancer pain. Clin J Pain. 2008;24(6):521-527. 

doi:10.1097/AJP.0b013e318169d03b 

19.  Nielsen S, Degenhardt L, Hoban B, Gisev N. A synthesis of oral morphine 

equivalents (OME) for opioid utilisation studies. Pharmacoepidemiol Drug Saf. 

2016;25(6):733-737. doi:10.1002/pds.3945 

20.  Promising State Strategies | Drug Overdose | CDC Injury Center. Published July 16, 

2019. Accessed April 9, 2020. https://www.cdc.gov/drugoverdose/policy/index.html 

21.  Haffajee RL, Mello MM, Zhang F, Zaslavsky AM, Larochelle MR, Wharam JF. 

STATES WITH OVERALL ROBUST PRESCRIPTION DRUG MONITORING 

PROGRAMS EXPERIENCED REDUCTIONS IN OPIOIDS PRESCRIBED TO 

COMMERCIALLY-INSURED INDIVIDUALS. Health Aff (Millwood). 

2018;37(6):964-974. doi:10.1377/hlthaff.2017.1321 

22.  Moyo P, Simoni‐Wastila L, Griffin BA, et al. Prescription drug monitoring 

programs: Assessing the association between “best practices” and opioid use in 

Medicare. Health Services Research. 0(0). doi:10.1111/1475-6773.13197 



149 

 

23.  Carroll J. Evidence-Based Strategies for Preventing Opioid Overdose: What’s 

Working in the United States. https://www.cdc.gov/drugoverdose/pdf/pubs/2018-

evidence-based-strategies.pdf 

24.  Reid D, Patel SA, Shah KN, Shapiro BH, Ruddell JH, Daniels AH. 306. Opioid-

limiting legislation effectively decreases 30-day opioid utilization following anterior 

cervical decompression and fusion. The Spine Journal. 2019;19(9):S149-S150. 

doi:10.1016/j.spinee.2019.05.323 

25.  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. 

doi:10.1007/s11606-019-05302-1 

26.  Chang HY, Murimi I, Faul M, Rutkow L, Alexander GC. Impact of Florida’s 

prescription drug monitoring program and pill mill law on high-risk patients: A 

comparative interrupted time series analysis. Pharmacoepidemiol Drug Saf. 

2018;27(4):422-429. doi:10.1002/pds.4404 

27.  Chou R, Fanciullo GJ, Fine PG, et al. Clinical Guidelines for the Use of Chronic 

Opioid Therapy in Chronic Noncancer Pain. The Journal of Pain. 2009;10(2):113-

130.e22. doi:10.1016/j.jpain.2008.10.008 

28.  Dunn KM, Saunders KW, Rutter CM, et al. Opioid prescriptions for chronic pain 

and overdose: a cohort study. Ann Intern Med. 2010;152(2):85-92. 

doi:10.7326/0003-4819-152-2-201001190-00006 

29.  Gomes T, Mamdani MM, Dhalla IA, Paterson JM, Juurlink DN. Opioid dose and 

drug-related mortality in patients with nonmalignant pain. Arch Intern Med. 

2011;171(7):686-691. doi:10.1001/archinternmed.2011.117 

30.  Quality Improvement and Care Coordination: Implementing the CDC Guideline for 

Prescribing Opioids for Chronic Pain. Published online 2018:99. 

31.  Kroenke K, Alford DP, Argoff C, et al. Challenges with Implementing the Centers 

for Disease Control and Prevention Opioid Guideline: A Consensus Panel Report. 

Pain Medicine. 2019;20(4):724-735. doi:10.1093/pm/pny307 

32.  Mikelyte R, Abrahamson V, Hill E, Wilson PM. Factors influencing trends in opioid 

prescribing for older people: a scoping review. Primary Health Care Research & 

Development. 2020;21. doi:10.1017/S1463423620000365 

33.  Haffajee RL, Mello MM, Zhang F, Zaslavsky AM, Larochelle MR, Wharam JF. 

Four States With Robust Prescription Drug Monitoring Programs Reduced Opioid 

Dosages. Health Affairs. 2018;37(6):964-974. doi:10.1377/hlthaff.2017.1321 



150 

 

34.  Liang D, Bao Y, Wallace M, Grant I, Shi Y. Medical cannabis legalization and 

opioid prescriptions: evidence on US Medicaid enrollees during 1993–2014. 

Addiction. 2018;113(11):2060-2070. doi:https://doi.org/10.1111/add.14382 

35.  Smart R, Pacula RL. Early evidence of the impact of cannabis legalization on 

cannabis use, cannabis use disorder, and the use of other substances: Findings from 

state policy evaluations. Am J Drug Alcohol Abuse. 2019;45(6):644-663. 

doi:10.1080/00952990.2019.1669626 

36.  IMS HEALTH. Pharmetrics plus data dictionary, 2013. Available at:https:// 

tri.uams.edu/wp-content/uploads/sites/80/2015/08/Pharmetrics- Plus-Data-

Dictionary-Jan-2013.pdf. 

37.  Quinn PD, Hur K, Chang Z, et al. Incident and Long-Term Opioid Therapy among 

Patients with Psychiatric Conditions and Medications: A National Study of 

Commercial Healthcare Claims. Pain. 2017;158(1):140-148. 

doi:10.1097/j.pain.0000000000000730 

38.  Jeffery MM, Hooten WM, Henk HJ, et al. Trends in opioid use in commercially 

insured and Medicare Advantage populations in 2007-16: retrospective cohort 

study. BMJ. 2018;362:k2833. doi:10.1136/bmj.k2833 

39.  Davis CS, Pierce M, Dasgupta N. Evolution and Convergence of State Laws 

Governing Controlled Substance Prescription Monitoring Programs, 1998-2011. Am 

J Public Health. 2014;104(8):1389-1395. doi:10.2105/AJPH.2014.301923 

40.  Simoni-Wastila GEL. Prescription Monitoring Programs: Striking the Balance 

Between Medical Use and Diversion. Journal of Addictions Nursing. 2011;22(1-

2):77-82. doi:10.3109/10884602.2011.551586 

41.  CDC compilation of benzodiazepines, muscle relaxants, stimulants, zolpidem, and 

opioid analgesics with oral morphine milligram equivalent conversion factors, 2017 

version. National Center for Injury Prevention and Control. Published 2017. 

Accessed June 21, 2021. https://www.cdc.gov/drugoverdose/resources/data.html 

42.  Methadone. Substance Abuse and Mental Health Services Administration 

(SAMHSA). Accessed December 20, 2021. https://www.samhsa.gov/medication-

assisted-treatment/medications-counseling-related-conditions/methadone 

43.  Olopoenia A, Onukwugha E, Simoni-Wastila L, et al. Patterns of prescription opioid 

utilization among adolescents and adults with comorbid chronic pain and mental 

health diagnosis. Pain. 2020;161(10):2299-2307. 

doi:10.1097/j.pain.0000000000001934 

44.  Melfi C, Holleman E, Arthur D, Katz B. Selecting a patient characteristics index for 

the prediction of medical outcomes using administrative claims data. Journal of 

Clinical Epidemiology. 1995;48(7):917-926. doi:10.1016/0895-4356(94)00202-2 



151 

 

45.  Sutradhar R, Lokku A, Barbera L. Cancer survivorship and opioid prescribing rates: 

A population-based matched cohort study among individuals with and without a 

history of cancer. Cancer. 2017;123(21):4286-4293. 

doi:https://doi.org/10.1002/cncr.30839 

46.  Blanchard J, Weiss AJ, Barrett ML, et al. Readmissions Following Inpatient 

Treatment for Opioid-Related Conditions. Substance Use & Misuse. 

2019;54(3):473-481. doi:10.1080/10826084.2018.1517174 

47.  Kobus AM, Smith DH, Morasco BJ, et al. Correlates of Higher-Dose Opioid 

Medication Use for Low Back Pain in Primary Care. The Journal of Pain. 

2012;13(11):1131-1138. doi:10.1016/j.jpain.2012.09.003 

48.  Hunnicutt JN, Baek J, Alcusky M, et al. Geographic Variation in the Initiation of 

Commonly Used Opioids and Dosage Strength in United States Nursing Homes. 

Med Care. 2018;56(10):847-854. doi:10.1097/MLR.0000000000000972 

49.  Haymond S, Nagpal G, Heiman H. Urine Drug Screens to Monitor Opioid Use for 

Managing Chronic Pain. JAMA. 2017;318(11):1061-1062. 

doi:10.1001/jama.2017.10593 

50.  Majestic M. Opioid Potentiators Memo. Published online March 16, 2018. Accessed 

April 21, 2020. 

https://mmp.michigancompletehealth.com/content/dam/centene/michigan-complete-

health/pdfs/Opioid_Potentiators_Memo.pdf 

51.  Vijay A, Ross JS, Shah ND, Jeffery MM, Dhruva SS. Medicare Formulary 

Coverage and Restrictions for Opioid Potentiators from 2013 to 2017. J GEN 

INTERN MED. 2019;34(4):518-520. doi:10.1007/s11606-018-4752-8 

52.  Nielsen S, Lintzeris N, Bruno R, et al. Benzodiazepine Use among Chronic Pain 

Patients Prescribed Opioids: Associations with Pain, Physical and Mental Health, 

and Health Service Utilization. Pain Med. 2015;16(2):356-366. 

doi:10.1111/pme.12594 

53.  Bruner A, Bokhari A, Fishman M. Opioids and Sedative-Hypnotics. In: Clinical 

Handbook of Adolescent Addiction. John Wiley & Sons, Ltd; 2013:223-236. 

doi:10.1002/9781118340851.ch22 

54.  Garg RK, Fulton-Kehoe D, Franklin GM. Patterns of Opioid Use and Risk of 

Opioid Overdose Death Among Medicaid Patients. Medical Care. 2017;55(7):661-

668. doi:10.1097/MLR.0000000000000738 

55.  Larochelle MR, Zhang F, Ross-Degnan D, Wharam JF. Trends in opioid prescribing 

and co-prescribing of sedative hypnotics for acute and chronic musculoskeletal pain: 

2001–2010. Pharmacoepidemiology and Drug Safety. 2015;24(8):885-892. 

doi:10.1002/pds.3776 



152 

 

56.  Peckham AM, Fairman KA, Sclar DA. All-Cause and Drug-Related Medical Events 

Associated with Overuse of Gabapentin and/or Opioid Medications: A 

Retrospective Cohort Analysis of a Commercially Insured US Population. Drug Saf. 

2018;41(2):213-228. doi:10.1007/s40264-017-0595-1 

57.  Eckhardt K, Ammon S, Hofmann U, Riebe A, Gugeler N, Mikus G. Gabapentin 

Enhances the Analgesic Effect of Morphine in Healthy Volunteers. Anesthesia & 

Analgesia. 2000;91(1):185-191. doi:10.1213/00000539-200007000-00035 

58.  Corey P, Heck AM, Weathermon RA. Amphetamines to Counteract Opioid-Induced 

Sedation. Ann Pharmacother. 1999;33(12):1362-1366. doi:10.1345/aph.19024 

59.  Ciccarone D. The rise of illicit fentanyls, stimulants and the fourth wave of the 

opioid overdose crisis. Current Opinion in Psychiatry. 2021;34(4):344-350. 

doi:10.1097/YCO.0000000000000717 

60.  Moyo P, Simoni-Wastila L, Griffin BA, et al. Impact of prescription drug 

monitoring programs (PDMPs) on opioid utilization among Medicare beneficiaries 

in 10 US States. Addiction. 2017;112(10):1784-1796. 

doi:https://doi.org/10.1111/add.13860 

61.  Hsu G, Kovács B. Association between county level cannabis dispensary counts and 

opioid related mortality rates in the United States: panel data study. BMJ. 

2021;372:m4957. doi:10.1136/bmj.m4957 

62.  Edlund MJ, Martin BC, Russo JE, Devries A, Braden JB, Sullivan MD. The Role of 

Opioid Prescription in Incident Opioid Abuse and Dependence Among Individuals 

with Chronic Non-Cancer Pain: The Role of Opioid Prescription. Clin J Pain. 

2014;30(7):557-564. doi:10.1097/AJP.0000000000000021 

63.  Bohnert ASB, Guy GP, Losby JL. Opioid Prescribing in the United States Before 

and After the Centers for Disease Control and Prevention’s 2016 Opioid Guideline. 

Ann Intern Med. 2018;169(6):367-375. doi:10.7326/M18-1243 

64.  Maust DT, Lin LA, Goldstick JE, Haffajee RL, Brownlee R, Bohnert ASB. 

Association of Medicare Part D Benzodiazepine Coverage Expansion With Changes 

in Fall-Related Injuries and Overdoses Among Medicare Advantage Beneficiaries. 

JAMA Netw Open. 2020;3(4):e202051. doi:10.1001/jamanetworkopen.2020.2051 

65.  Agarwal SD, Landon BE. Patterns in Outpatient Benzodiazepine Prescribing in the 

United States. JAMA Netw Open. 2019;2(1):e187399. 

doi:10.1001/jamanetworkopen.2018.7399 

66.  Chen EH, Shofer FS, Dean AJ, et al. Gender Disparity in Analgesic Treatment of 

Emergency Department Patients with Acute Abdominal Pain. Academic Emergency 

Medicine. 2008;15(5):414-418. doi:10.1111/j.1553-2712.2008.00100.x 



153 

 

67.  Schieber LZ, Guy GP Jr, Seth P, et al. Trends and Patterns of Geographic Variation 

in Opioid Prescribing Practices by State, United States, 2006-2017. JAMA Network 

Open. 2019;2(3):e190665-e190665. doi:10.1001/jamanetworkopen.2019.0665 

68.  Henschke N, Kamper SJ, Maher CG. The Epidemiology and Economic 

Consequences of Pain. Mayo Clinic Proceedings. 2015;90(1):139-147. 

doi:10.1016/j.mayocp.2014.09.010 

69.  Diehr P, Yanez D, Ash A, Hornbrook M, Lin DY. Methods for analyzing health 

care utilization and costs. Annu Rev Public Health. 1999;20:125-144. 

doi:10.1146/annurev.publhealth.20.1.125 

70.  Onukwugha E, Bergtold J, Jain R. A Primer on Marginal Effects—Part I: Theory 

and Formulae. PharmacoEconomics. 2015;33(1):25-30. doi:10.1007/s40273-014-

0210-6 

71.  Onukwugha E, Bergtold J, Jain R. A Primer on Marginal Effects—Part II: Health 

Services Research Applications. PharmacoEconomics. 2015;33(2):97-103. 

doi:10.1007/s40273-014-0224-0 

72.  Manning WG, Mullahy J. Estimating log models: to transform or not to transform? 

J Health Econ. 2001;20(4):461-494. doi:10.1016/s0167-6296(01)00086-8 

73.  Onukwugha E, McRae J, Kravetz A, Varga S, Khairnar R, Mullins CD. Cost-of-

Illness Studies: An Updated Review of Current Methods. PharmacoEconomics. 

2016;34(1):43-58. doi:10.1007/s40273-015-0325-4 

74.  Akobundu E, Ju J, Blatt L, Mullins CD. Cost-of-Illness Studies. 

Pharmacoeconomics. 2006;24(9):869-890. doi:10.2165/00019053-200624090-

00005 

75.  Mosher HJ, Jiang L, Vaughan Sarrazin MS, Cram P, Kaboli PJ, Vander Weg MW. 

Prevalence and characteristics of hospitalized adults on chronic opioid therapy. 

Journal of Hospital Medicine. 2014;9(2):82-87. doi:10.1002/jhm.2113 

76.  Calcaterra SL, Scarbro S, Hull ML, Forber AD, Binswanger IA, Colborn KL. 

Prediction of Future Chronic Opioid Use Among Hospitalized Patients. J Gen Intern 

Med. 2018;33(6):898-905. doi:10.1007/s11606-018-4335-8 

77.  Hoppe D, Karimi L, Khalil H. Mapping the research addressing prescription drug 

monitoring programs: A scoping review. Drug and Alcohol Review. n/a(n/a). 

doi:10.1111/dar.13431 

78.  Mojtabai R. National trends in long-term use of prescription opioids. 

Pharmacoepidemiology and Drug Safety. 2018;27(5):526-534. 

doi:10.1002/pds.4278 



154 

 

79.  Canfield SL, Zuckerman A, Anguiano RH, et al. Navigating the Wild West of 

Medication Adherence Reporting in Specialty Pharmacy. JMCP. 2019;25(10):1073-

1077. doi:10.18553/jmcp.2019.25.10.1073 

80.  Toolkit: Using Data Analysis To Calculate Opioid Levels and Identify Patients At 

Risk of Misuse or Overdose Report (OEI-02-17-00560) 06-27-2018. Accessed April 

21, 2020. https://oig.hhs.gov/oei/reports/oei-02-17-00560.asp 

81.  Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use 

with ICD-9-CM administrative databases. Journal of Clinical Epidemiology. 

1992;45(6):613-619. doi:10.1016/0895-4356(92)90133-8 

82.  Quan H, Sundararajan V, Halfon P, et al. Coding Algorithms for Defining 

Comorbidities in ICD-9-CM and ICD-10 Administrative Data. Medical Care. 

2005;43(11):1130-1139. doi:10.1097/01.mlr.0000182534.19832.83 

 


