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Abstract

Introduction: Dentists prescribe 1 in 10 opioid prescriptions in the U.S. When opioids are
necessary, national guidelines recommend the prescription of low-dose opioids for a short
duration. This study assesses the appropriate prescribing of opioids by dentists before guideline
implementation.

Methods: The authors performed a cross-sectional analysis of a population-based sample of
542,958 U.S. commercial dental patient visits between 2011 and 2015 within the Truven Health
MarketScan Research Databases (data analysis October 2018—April 2019). Patients with recent
hospitalization, active cancer treatment, or chronic pain conditions were excluded. Prescription
opioids were ascertained using pharmacy claims data with standardized morphine equivalents and
recorded days’ supply. Appropriate prescribing was determined from the 2016 Centers for Disease
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Control and Prevention guidelines for pain management based on a recommended 3 days’ supply
of opioid medication and anticipated post-procedural pain.

Results: Twenty-nine percent of prescribed opioids exceeded the recommended morphine
equivalents for appropriate management of acute pain. Approximately half (53%) exceeded the
recommended days’ supply. Patients aged 18-34 years, men, patients residing in the Southern
U.S., and those receiving oxycodone were most likely to have opioids prescribed inappropriately.
The proportion of opioids that exceed the recommended morphine equivalents increased over the
study period, whereas opioids exceeding the recommended days’ supply remained unchanged.

Conclusions: Between 1 in 4 and 1 in 2 opioids prescribed to adult dental patients are
overprescribed. Judicious opioid-prescribing interventions should be tailored to oral health
conditions and dentists.

INTRODUCTION

Dentists prescribe 1 in 10 opioids in the U.S. and are one of the top prescribers (12%) after
family physicians (15%).1-3 Relative to other nations with similar dental care practices, the
proportion of prescriptions written by U.S. dentists for opioids is approximately 37 times
higher.4

Most of the postoperative dental pain is acute in nature and accompanied by tissue injury
and inflammation. Per the American Dental Association, nonopioid analgesics such as
nonsteroidal anti-inflammatory drugs should be considered the drug of choice for acute
routine pain management.® Inconsistent with this guidance, dentists frequently recommend
and prescribe opioids over nonsteroidal anti-inflammatory drugs; the most frequently
prescribed analgesic for managing pain after third-molar extractions are opioid combinations
(e.g., hydrocodone/acetaminophen).6-8

From 1996 through 2015, dental opioids increased significantly.®19 Urgent attention and
evidence-based guidance are needed to address the ensuing opioid epidemic. As one of

the top prescribers of these medicines with a high potential for misuse, dentists have an
opportunity to contribute to curbing this public health crisis. The aim of this study is to
determine the extent to which opioids following dental visits exceed current guidance on the
acute management of dental procedure-related pain. The 2016 Centers for Disease Control
and Prevention (CDC) guidelines for pain management recommend limiting opioids to a 3
days’ supply for most patients with acute pain. This is the largest study of U.S. commercial
dental plan visits describing the overprescribing of opioids.

METHODS

A cross-sectional analysis was conducted of a retrospective cohort of adults receiving dental
care from 2011 to 2015 at 1 or more visits in the Truven Health MarketScan Commercial
Claims and Encounters, Medicare Supplemental, and Coordination of Benefits Research
Databases. This national sample of patients receiving outpatient medical, hospital, and
prescription coverage is representative of the commercially insured U.S. population.11-14
Dental visits included in this study were a convenience sample of 8 million people
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with enrollment in health plans covering medical and dental visits and prescriptions.1®
Information available at the patient level includes age, sex, inpatient and outpatient
diagnoses (per ICD-9/10), medical procedures (per Current Procedural Terminology
and Healthcare Common Procedure Coding System claims), dental procedure claims
(Comprehensive Dental Terminology [CDT]), and prescription dispensings. This study
followed the STROBE reporting guideline. The University of Illinois at Chicago IRB
determined this study to be exempt from review and informed consent.

Study Population

Measures

More than 1.4 million dental visits were identified among adult patients aged =18 years
that concurrently had a new prescription for opioid-containing analgesics on the same date
of service. Patients receiving dental services were also required to have 12 months of

prior continuous enrollment in their health plan, including medical and prescription drug
benefits. Dental visit CDT codes were aggregated into categories per a standardized coding
structure established by the American Dental Association. Because multiple CDTs could be
coded for a visit, the analyses assessed visits with a specific CDT category compared with
visits without the CDT category. For all the analyses, ICD-9s before October 1, 2015 were
converted to ICD-10 per CDC guidance.16

To restrict the study population to patients with opioid prescriptions provided by a dentist,
the following validated exclusion criteria were applied: (1) medical provider visit occurring
within 7 days prior; (2) patients with any hospice encounter in the last yearl’; (3)

any baseline diagnoses for chronic pain conditions, sickle cell disease or trait, and same-
day diagnosis of oral painl8-21; and (4) cancer patients receiving chemotherapy within

30 days before the dental visit.2223 Dental visits with recurrent opioids were further
restricted to incident opioid analgesic use excluding prescriptions identified to be refilled
or reissued.242> Liquid opioid medications and those missing quantity or strength of the
medication dispensed were excluded?8 (Appendix Figure 1, available online).

Information on dispensed opioids was determined from automated pharmacy claims,
including the name, strength, metric quantity, and days’ supply documented in the
prescription claim. The potency of different opioid agents was standardized using morphine
milligram equivalents (MMEs).2” Visits associated with multiple opioid dispensing on the
same date of a dental visit (/7=2,008) were similarly converted to MMEs and combined to
assess study outcome measures.

Historical data were evaluated to determine if opioid prescriptions concurrent with dental
visits were consistent with appropriate acute pain management using 2 approaches. First, the
2016 CDC recommendations for acute pain management were utilized as the definition for
dental visit-related pain, defined as the prescribing of no more than 10 mg of hydrocodone/
acetaminophen tablets every 6 hours for 3 days.28 The maximum quantity of this definition
(12 tablets) was converted to MMEs, a threshold of no more than 120 MMEs. Of note,

the CDC guidelines?8 were published after the study period. Dental visits with prescription
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opioids were categorized as whether or not they exceed this MME-defined threshold. This
definition is referred to as the “MME-based definition” throughout.

Second, using the same CDC guidance, an expert panel from the American Dental
Association and a clinical consensus of medical providers and dentists, the appropriate
analgesia for post-procedural pain using opioids was defined as 3 days.>28 The days’ supply
documented in the prescription data was used to identify opioids exceeding this amount
irrespective of specific opioid agents (e.g., hydrocodone, codeine). This definition is referred
to as the “days’ supply definition” throughout.

Multiple sensitivity analyses were performed, varying the criteria for appropriate opioid
prescribing within a plausible range under less conservative conditions. Given that the

CDC guideline?® was published after the study period (2011-2015), sensitivity analyses
were conducted varying the definition of opioid overprescribing based on recommendations
available in the dental literature during the study period.2® The first definition was based

on the maximum recommendation in the dental literature limiting opioids to a 2 days’
supply. The second definition stratified the anticipated pain from post-dental procedure(s)
into severe (e.g., bony impaction surgery), moderate (e.g., tooth implants), and minimal
(e.g., routine endodontics). Only the visits anticipating severe or moderate pain were
recommended to receive opioids with a 2 days’ supply (or 80 MMES) and 1 day’s supply
(or 40 MMES), respectively.2® Oral pain may occur before a dental visit (and may be the
reason for the visit) or after the dental visit because of complications. Thus, a sensitivity
analysis broadened the range of days between the opioid prescription date and the dental
visit to 7 days before or after the visit (versus only same-day prescriptions). Because dental
visits occurring close to each other are typically connected (e.g., a tooth requiring extraction
is identified at one visit but is extracted at a second visit), all dental visits occurring within
7 days of each other were combined into a single observation, or an “episode of care,”
similar to previously established methods.3? In the sensitivity analysis, clustering visits

into episodes of care excluded 5,393 visits. A subanalysis considered federal regulatory
changes that occurred over the study period; hydrocodone was rescheduled in October 2014
from Schedule 111 to Schedule I1 (not allowing telephone/e-prescribing, refills, and >30-day
supply).3! For the 3 most common opioids prescribed (hydrocodone, oxycodone, codeine),
trends in days’ supply and number of tablets or capsules dispensed per prescription were
described.

Statistical Analysis

The characteristics of dental visits meeting the study criteria were collected from the
Truven database from 2011 to 2015. In addition, information was collected on the specific
dental procedures attributed by CDT codes, previsit medical conditions, and healthcare
utilization, including services received from primary care and specialist providers. The data
analysis occurred between October 2018 and April 2019. Missing data (222 observations)
were included in the analysis and labeled in the multivariable analysis as unknown.

The medians of continuous variables were compared using the Wilcoxon rank-sum

test. Categorical variables were compared between groups using the chi-squared test.
Multivariable generalized estimating equations were used to model the association between
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patient and visit characteristics and dental visit opioid prescribing. Covariates significant
in the univariate analysis were included in the multivariable model. AORs and robust 95%
Cls were calculated for characteristics associated with inappropriate prescribing of opioids
using a first-order autoregressive matrix to account for the correlation of multiple visits.32
Marginal effects were estimated for each explanatory variable at the mean value of other
variables in the model. Multicollinearity was assessed with the variance inflation factor
and eigenvalues. SAS, version 9.4 was used for all the analyses. A priori hypothesis tests
were performed with a two-tailed a level of 0.05. Findings were considered statistically
significant at p<0.001 to account for up to 50 multiple comparisons and maintain a family-
wise Type | error rate of 0.05, following the approach of Bonferroni.33

RESULTS

The sample included a total 542,598 dental visits, wherein 48% of patients were female
and had a median age of 46 (IQR=33-56) years (Table 1). More than 70% of the dental
visits were located in the Southern (44%) and Midwestern (27%) U.S. Half of the dental
visits had diagnostic (50%) or oral and maxillofacial surgery (53%) dental procedure
codes. Interestingly, 29.6% of opioids were prescribed when the pain intensity post-dental
procedure was expected to be mild (Table 1).

Using the MME-based definition, 29.3% of dental visits had a concurrent opioid exceeding
the recommendation (Table 1). When comparing visits where the recommended MMEs were
exceeded to those that did not, the visits with overprescribing occurred most frequently in
men and in younger patients (median age, 43 and 47 years). Visits where the recommended
MMEs were exceeded were more likely in patients who were male, aged 18-34 years,

and residing in the South than in those who received appropriate opioids. The 2 groups
differed regarding the dental procedures received. The MME exceeding group had fewer
patients with a diagnostic visit and more patients with an oral/maxillofacial surgery visit.
Anticipated post-procedural pain post-dental visit was categorized as severe more frequently
in the MME exceeding group and less frequent when the anticipated pain was categorized
as mild. Overall, the prescribed opioids were primarily hydrocodone-containing agents
(76%), followed by codeine (12%) and oxycodone (10%). The use of these agents differed
significantly between groups. In the MME exceeding group, 23% received oxycodone and
4% received codeine compared with 4% oxycodone and 15% codeine in the group that did
not exceed the MME threshold (p<0.001 for both).

In generalized estimating equation models (Table 2), the highest odds of receiving

opioids exceeding the recommended MMEs for acute dental pain were in patients who
were male, aged 18-34 years versus 45-54 years, and in those prescribed oxycodone
versus hydrocodone. In comparison to the Midwest, the Northeast and West had lower
odds of exceeding the recommended MMESs, whereas the South had higher odds.

Opioid overprescribing was more common in those with prosthetic joint implants and
immunocompromised conditions34 compared with those without these conditions and less
common in individuals with a documented history of prior substance use. Dental visits with
mildly invasive dental procedures (restorative, prosthodontics) had higher odds of opioid
overprescribing compared with routine dental visits (diagnostic, preventive, adjunctive,
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orthodontics). Interestingly, the odds of overprescribing significantly increased from 2011
through 2015. With other covariates held constant at their respective mean values, the
model-based predicted probabilities indicated that overprescribing would decrease by >20%
if oxycodone was substituted with lower-potency opioids (hydrocodone marginal effects,
-22.0, 95% Cl=-11.4%, -50.0%; codeine, — 32.3, 95% Cl= -9.4%, —50.0%).

When defining the appropriate use of opioids according to a documented days’ supply
(Table 3), 53% of dental visits (30% in mild pain intensity visits) exceeded the
recommended days’ supply. However, there were fewer differences between groups. Patients
who received a >3 days’ supply were similar to those who did not with respect to age and
hydrocodone and oxycodone use. In the multivariable analysis (Table 4), the Northeast had
decreased odds of exceeding the documented days’ supply, and the South had increased odds
compared with the Midwest. Male patients were more likely to exceed the documented days’

supply.

Using the MME-based definition (Appendix Figure 2A, available online), opioid
overprescribing decreased from 2011 to 2014 (from 29.9% to 28.4%), but increased in 2015
(30.7%) exceeding 2011 (p=0.062 after adjusting for the variables in Table 2). This trend
was observed for all regions except the Northeast, which experienced a significant decrease
(p<0.001) (Appendix Figure 2A, available online). Given the rescheduling of hydrocodone
during the study period, a subanalysis excluding hydrocodone-containing agents showed a
decrease in the proportion of visits with an opioid overprescribed from 42.2% in 2011 to
37.5% in 2015 (p<0.001) (Appendix Figure 2B, available online). Thus, the 2015 increase
in overprescribing for all opioids was driven by an increase in the average number of
hydrocodone tablets per prescription in 2015 (mean, 20 tablets/prescription; median, 18
tablets/prescription) compared with 2011-2014 (mean, ~18 tablets/prescription; median, 16
tablets/prescription) (Appendix Table 1, available online) without a corresponding increase
in the days’ supply (mean, 3.4 days/prescription; median, 3 days’ supply/prescription)
(Appendix Table 2, available online). Differences in the number of tablets dispensed by
year remained even after adjusting for patient age and sex (0<0.001 for quantity, p=0.096 for
days’ supply in generalized linear models). Using the days’ supply definition, there were no
differences in the proportion of opioids that exceeded the 3-day threshold overall over the
study period (p=0.385 after adjusting for Table 4 variables) (Appendix Figure 2C, available
online).

Because the CDC guidelines were implemented after the study period, overprescribing was
assessed based on definitions identified in prior studies. Using a recommended equivalent
of 2 days of opioids (80 MMES) in the dental literature,29 67.7% of opioids exceeded the
80-mg MME recommendation.2? Incorporating pain anticipated post-procedure, 87.4% of
opioids exceeded the recommendations. In analyses broadening the range of days between
the prescription date and the visit to 7 days before or after the visit (N=537,565 episodes
of care), 35.3% exceeded the recommended MMEs (versus 29.3% in the primary analysis)
(Appendix Table 3, available online). With respect to the characteristics associated with
overprescribing, similar characteristics were associated with exceeding the recommended
MMEs and days’ supply relative to the primary analysis.
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DISCUSSION

In this largest analysis of dental visits with concurrent opioids in the U.S. between 2011 and
2015, a total of 29% of the opioids exceeded the MMEs-recommended for acute pain. With
respect to the days’ supply, half of opioids co-occurring with dental visits exceeded 3 days—
a limit considered sufficient to treat typical oral pain. Incorporating procedures conducted
during the dental visit, 87% exceeded recommendations. Though hydrocodone comprised
most of the opioids in the cohort, 10% were for high-potency agents at the highest risk

of adverse events (e.g., oxycodone). The results also demonstrate that, unlike national
trends,10:35 opioid overprescribing by dentists is not changing and may be increasing.

Although hydrocodone rescheduling was associated with decreases in hydrocodone
prescribing nationally,38 the results suggest that this change resulted in an increase

in quantity per prescription by dentists. Nationally, an average increase of 2 tablets

of hydrocodone /prescription translates to >14 million additional hydrocodone tablets
dispensed to patients after rescheduling to a Schedule 11.# Taken together with previous
reports indicating that half of the opioids prescribed for dental procedures such as tooth
extractions are not used, the availability of unused opioids prescribed in this setting is likely
increasing and associated with nonmedical opioid use.37:38 Other studies assessing opioids
prescribed by dentists identified that opioids were prescribed where anti-inflammatory
agents (e.g., nonsteroidal anti-inflammatory drugs) would have been superior for analgesia
and at nonsurgical visits where opioids were not indicated.1%:39 The results support these
findings where nearly 1 in 3 opioids were prescribed on the same day of a dental visit where
the pain intensity was anticipated to be mild. In this first national analysis determining the
proportion of opioids overprescribed by dentists, predictors to target interventions were also
identified and went beyond the traditional approach of defining overprescribing exclusively
with the days’ supply.

Opportunities for action based on study findings are clear. More than one third of the opioids
that surpassed the recommended MMEs occurred in those aged 18-34 years, and oxycodone
was associated with more than sixfold increased odds of overprescribing. Young adults

have the highest rates of deaths related to opioid use with 20% of deaths attributed to opioid-
related overdose.4? Opioids prescribed by dentists have been associated with subsequent
persistent opioid use and subsequent substance use disorder,*! particularly adolescents and
young adults, high-risk populations for opioid misuse.#2 Oxycodone, a high-potency opioid,
is associated with opioid misuse and drug diversion. Even though nonopioid analgesics have
been shown to achieve equivalent or superior pain control for acute oral pain,*3 a recent
comparison of opioid prescribing by dentists in the U.S. and England suggests that opioid
prescribing by U.S. dentists, especially for high-potency opioids, is excessive.

Interventions that have been shown to be effective in curtailing opioid prescribing by
dentists include mandatory query of the state prescription drug monitoring program? and
pharmacist-delivered audit and feedback.** However, dentists have low registration and

use of prescription drug monitoring programs.*>46 Other implementation strategies include
education, guidelines, academic detailing, interprofessional pain management, and risk
mitigation.4”:48 While these interventions are being disseminated, successful evidence-based
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interventions for dentists likely require additional research and implementation strategies
tailored to the dentist.

This study has limitations. The cohort includes a sample of patients with commercial
dental insurance in addition to medical and prescription coverage. Thus, results may not
be representative of uninsured patients and people with Medicaid and Medicare benefits.
Medicare does not generally cover dental care unless supplemental benefits are purchased,
and the state provision of dental benefits to Medicaid adults is optional.#%0 As in any
observational study, bias from unmeasured confounding is always possible. Pharmacy
claims cannot be directly linked with the healthcare encounter or provider. To minimize
misclassification and improve the specificity of prescriptions from nondentists, previously
used methods were adapted to link opioids to healthcare encounters and conservatively
defined a cohort where other indications for opioids are unlikely. The CDC guidelines that
informed the primary definition were published in 2016, after the study period. However,
the dental literature recommends prescribing opioids for no more than 2 days even for
procedures thought to be associated with the severest of pain.2

CONCLUSIONS

Up to half of opioids received at the time of dental visits are inconsistent with guidelines on
the appropriate use of opioids for acute pain. Those most impacted by overprescribing were
male and young adult patients, groups at higher risk of substance use and opioid-related
death. Over the study period, opioid overprescribing by dentists did not change. Evidence-
based interventions tailored to dentists and oral pain are urgently needed to curtail excessive
opioid prescribing by U.S. dentists.
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