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Objective: To examine patterns of prescription opioid use before total joint replacement (TJR) and factors
associated with continuous use of opioids before TJR.
Design: We conducted an observational cohort study among Medicare enrollees aged >65 years who
underwent TJR between 2010 and 2014. Preoperative opioid use was defined as having any opioid
prescription in the 12-month period before TJR. Patients who had an opioid prescription every month for
a 12-month period were defined as continuous users. We examined patients’ demographics, pain-related
conditions, medication use, other comorbidities, healthcare utilization and their association with use of
opioids before TJR.
Results: A total of 473,781 patients underwent TJR:,155,516 THR and 318,265 TKR. Among the total
cohort, 60.2% patients had any use of opioids and of those, 12.4% used opioids at least once a month
continuously over the 12-month baseline period. Correlates of continuous opioid use included African
American race (OR = 2.14, 95% confidence intervals (CI) = 2.01—2.28, compared to White patients),
history of drug abuse (OR = 5.18, 95% CI = 3.95—6.79) and back pain (OR = 2.32, 95% CI = 2.24—2.39).
Conclusions: In this large cohort of patients undergoing TJR, over 60% ever used opioids and 12.4% of
them continuously used opioids in the 12-month prior to surgery. Utilization of opioids became more
frequent and high-dosed near the surgery. History of drug abuse, back pain, and African American race
were strongly associated with continuous use of opioids preoperatively. Further research is needed to
determine short-term and long-term risks of preoperative use of opioids in TJR patients and to optimize
pre- and post-TJR pain management of patients with arthritis.

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

as acetaminophen, non-steroidal anti-inflammatory drugs
(NSAIDs), intraarticular glucocorticoids, and opioids. For patients

Pain is the primary symptom of osteoarthritis (OA), which is one
of the leading causes of disability in the U.S. Pain significantly im-
pacts patients’ quality of life and results in public health burden'.
Physicians often start with lifestyle modifications for OA patients
including exercise, weight loss, and pharmacologic therapies such

* Address correspondence and reprint requests to: S.C. Kim. 1620 Tremont Street,
Suite 3030, Boston MA 02120, USA. Phone: 1-617-278-0930; Fax: 1-617-232-8602.
E-mail addresses: yjin9@bwh.harvard.edu (Y. Jin), dsolomon@bwh.harvard.edu
(D.H. Solomon), patricia.franklin@northwestern.edu (P.D. Franklin), yvonne.lee@
northwestern.edu (Y.C. Lee), jlii@bwh.harvard.edu (J. Lii), jnkatz@bwh.harvard.edu
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who have inadequate response to these lifestyle modifications or
pharmacologic therapies, total joint replacement (TJR) is some-
times selected as a treatment for severe symptomatic OA”. There
has been a dramatic increase in the utilization of total hip (THR) and
total knee replacement (TKR) over the last decades, where134%
increase in TKR alone was observed from 1999 to 2008>“. In recent
years, over one million total hip replacement (THR) and TKR were
performed annually, and the demand for both procedures are
projected to increase largely by 2030°°.

To date, guidelines for preoperative opioid use have been
inconsistent>’ . The prevalence of opioid use is particularly high
among the older population, possibly due to accumulating
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mailto:yjin9@bwh.harvard.edu
mailto:dsolomon@bwh.harvard.edu
mailto:patricia.franklin@northwestern.edu
mailto:yvonne.lee@northwestern.edu
mailto:yvonne.lee@northwestern.edu
mailto:jlii@bwh.harvard.edu
mailto:jnkatz@bwh.harvard.edu
mailto:sykim@bwh.harvard.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joca.2019.05.023&domain=pdf
https://doi.org/10.1016/j.joca.2019.05.023
https://doi.org/10.1016/j.joca.2019.05.023
https://doi.org/10.1016/j.joca.2019.05.023

1446 Y. Jin et al. / Osteoarthritis and Cartilage 27 (2019) 1445—1453

evidence of cardiovascular risk of NSAIDs in patients with multiple
comorbidities'’. Among Medicare enrollees, 40% of patients with
knee OA had at least one opioid prescription in 2009, and over half
of patients who underwent TKR had opioids prior to the sur-
gery'"2, However, increasing utilization of opioids raised concerns
about their side effects of prolonged opioid dependence and poor
clinical outcomes after TJR. A number of observational studies have
demonstrated associations between preoperative opioid use and
postoperative opioid dependence and other adverse clinical out-
comes after surgery like stiffness, continued pain, and early
revisions'> 7.

Appropriate preoperative pain management for arthritis pa-
tients remains an unresolved issue for clinicians and surgeons. The
objectives of this study were to characterize the patterns of pre-
scription opioid use in the year before undergoing TJR and to
identify clinical factors associated with preoperative opioid use
patterns.

Method
Data source

We used Medicare claims data (Parts A/B/D 2010—2014) to
conduct a cohort study among individuals who underwent TJR.
Medicare is a federally funded program that provides health care
coverage for nearly all legal residents of the US age 65 and older and
some disabled patients younger than 65. Medicare Part A generally
covers inpatient care, Part B covers outpatient medical services
including some drugs given in a physician's office or clinic, and Part
D covers outpatient prescription drugs. A random sample of one
million records of either THR or TKR during the study period from
2010 to 2014 were obtained from Center for Medicare & Medicaid
Services (CMS). The protocol was reviewed and approved by the
Brigham and Women's Health Institutional Review Board.

Study population

Patients who underwent primary TJR were identified using In-
ternational Classifications of Disease, Ninth Revision, Clinical
Modification (ICD-9 CM) codes of 81.51 or 81.54 from the inpatient
claims file. We defined cohort entry date (i.e., index date) as the
date of the first THR or TKR. We selected patients aged >65 years
old on the index date and at least 360 days free of TJR before the
index date. We required patients to have continuous enrollment in
Medicare Parts A, B, and D for at least 360 days before the index
date, allowing gaps of <30 days. Patients without any claims in the
360-day baseline period or those who had both THR and TKR on the
same day were excluded. We excluded patients who had both THR
and TKR because these patients may have different pain levels and
management compared to the rest of the cohort.

Covariates

During the 360-day period prior to TJR, we assessed variables
potentially associated with opioid use, including demographics
(age, sex, race, region), pain/fracture conditions (falls, migraine,
neuropathy, back pain, fractures), other comorbidities (combined
comorbidity score, hyperlipidemia, hypertension, atrial fibrillation,
heart failure, coronary heart disease, stroke, chronic kidney disease,
diabetes, obesity, malignancy, use of tobacco, drug abuse, osteo-
porosis, psychosis, depression, sleep disorder, and anxiety), medi-
cation use (non-selective non-steroidal anti-inflammatory drugs,
selective cox-2 inhibitors, corticosteroids, anticonvulsants, antide-
pressants, antipsychotics, benzodiazepines, other anxiolytics, and
total number of unique prescriptions by generic name), and

healthcare utilization (emergency room visit, physician visits, and
any hospitalization). These covariates were defined using ICD-9-CM
diagnosis/procedure code, Current Procedural Terminology (CPT)
code, or National Drug Codes (NDC, for medications).

Opioid use

We identified prescription opioids based on 16 different generic
names, including: buprenorphine, codeine, dihydrocodeine, fenta-
nyl, hydrocodone, hydromorphone, levorphanol, meperidine,
methadone, morphine, oxycodone, oxymorphone, pentazocine,
propoxyphene, tapentadol, and tramadol. We defined three sub-
groups from the total cohort based on their pre-operation opioid
use: opioid continuous users, ever-users and never-users. To
identify continuous users of opioids before the index TJR, we
divided 360-day baseline period into 12 consecutive 30-day pe-
riods (eFig. 1), where block one was furthest from the index TJR date
and block 12 was the closest one to the index TJR date. Use of
opioids in each 30-day period was assessed by binary indicator of
any opioid use or not. Continuous users were patients who had any
opioid prescription in each of twelve 30-day periods; ever-users
were patients with any opioid dispensing at any time during the
360-day baseline period; and never-users were patients who never
had any opioid dispensing at any time during the 360-day baseline
period.

Statistical analyses

We summarized baseline patient characteristics of the study
cohort by the surgery type (THR or TKR). Opioid types (short- or
long-acting), mean morphine milligram equivalent (MME) per day,
and proportion of days covered (PDC) of any opioids were assessed.
PDC was calculated in each 30-day block as the total number of
days of supply of opioids dispensed in a given block divided by 30.
milligram equivalents (MME) was calculated using MME conver-
sion factors provided by CMS'®. To examine the associations be-
tween pre-operative opioid use and baseline characteristics, we
performed multivariable logistic model to estimate the probability
of continuous opioid dispensing (yes/no). We built the multivari-
able logistic regression model by adding in five dimensions to the
model sequentially: 1) demographics, 2) pain-related conditions, 3)
medication use, 4) comorbidities, and 5) healthcare utilization. We
used c-statistics to measure and compare the goodness of model fit.
C-statistics range between 0.5 and 1: c-statistic 0.5 indicates the
model is no better than random chance in predicting an event, and
one means a perfect prediction of an event. To assess the multi-
collinearity between covariates, we examined the variance infla-
tion faction (VIF) of the full model'. The VIFs of all the covariates
were low, ranging between 1.02-2.682°. We reported the odds ra-
tios (OR) and their 95% confidence intervals (CI) of covariates in the
selected model. All analyses were performed using SAS 9.4.

Results
Baseline characteristics

There were initially 1,046,658 claims with TJR identified from
January 2010 to December 2014. After applying inclusion and
exclusion criteria, 40% claims were eligible for the current study
(eFig. 2). Among them,155,516 were THR procedures and 318,265
were TKR procedures. Most of the patients were White (>90%), and
there were more females (>60%) than males. The mean (+standard
deviation, SD) age was 75.2 (+6.6) years in the THR group and 73.9
(+5.8) years in the TKR group (Table I). Volumes of THR and TKR
increased over time over the study period. In general, THR patients
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Table I
Selected baseline characteristics of total joint replacement (TJR) patients, by pro-
cedure types

Covariates THR TKR
N 155,516 318,265
Percentage or mean (+standard deviation)
Demographics
Age, years 75.2 (+6.6) 73.9 (+5.8)
Female 66.5 67.8
Race
White 93.6 90.4
Black 4.1 49
Others* 105 4.7
Region
MidWest 283 28.5
NorthEast 18.8 15.6
South 34.2 38.0
West 18.6 17.7
Index Year
2010 0.20 0.20
2011 20.7 21.8
2012 22.7 23.1
2013 25.6 25.7
2014 30.8 29.2
Opioids use
Any use of opioids 64.3 58.2
Continuous opioids use 8.0 7.2
Any use of long-acting opioids 5.4 34
Any use of short-acting opioids 63.9 57.8
Pain-related conditions
Falls 10.3 5.7
Migraine 84 94
Neuropathy 36.0 27.6
Back pain 61.9 46.8
Hip fracture 1.8 03
Other fracture 16.0 73
Other comorbidities
Combined comorbidity scoref 1.5 (+2.5) 1.1 (x2.2)
Hyperlipidemia 74.9 77.4
Hypertension 814 84.3
Atrial fibrillation 15.0 13.0
Heart failure 10.7 8.9
Coronary heart disease 8.9 8.1
Stroke 129 115
Malignancy 21.3 19.0
Diabetes 26.3 31.7
Obesity 124 171
Chronic kidney disease 11.7 10.8
Tobacco 17.1 12.8
Drug abuse 0.3 0.2
Osteoporosis 18.2 14.6
Psychosis 2.5 1.5
Depression 164 15.5
Sleep disorder 15.8 18.0
Anxiety 12.6 11.5
Medication use
Non-selective NSAIDs 39.8 40.8
Selective coxibs 104 9.9
Corticosteroids 36.3 35.5
Anticonvulsants 17.6 16.7
Antidepressants 28.1 29.2
Antipsychotics 2.4 2.1
Benzodiazepines 10.7 10.2
Other anxiolytics 11.7 119
Healthcare utilization
No. of unique prescriptions 10.2 (+5.8) 10.6 (+5.8)
No. of physician visits 12.7 (+8.1) 12.7 (+7.7)
Emergency room visit 31.2 26.1
Abbreviations:  NSAIDs  non-steroid anti-inflammatory  drugs;  COXIBs

cyclooxygenase-2 inhibitors.

" Including Hispanic and other race/ethnics.

A combined comorbidity score ranges from —2 to 26, taking into account of 20
common individual conditions.

had more comorbidities than TKR patients, with higher combined
comorbidity score, higher rate of cardiovascular diseases and falls/

pains. Back pain, neuropathy, and diabetes were common comor-
bidities in both groups. As expected, non-selective NSAIDs, oral
corticosteroids and antidepressants were frequently used.

Any preoperative opioid use

Among the total cohort, 60.2% patients (64.3% of THR and 58.2%
of TKR patients) had any opioids in 12 months preceding the sur-
gery. 8% of THR patients used opioids continuously in every 30-day
period among THR patients, and 7.2% of TKR patients did so. Of the
ever users of opioids, 12.4% were continuous users. Prevalence of
any opioid use increased as approaching the index surgery date
(Fig. 1). Hydrocodone was the most commonly used (45—47% in
each month) agent, followed by tramadol (23—30%) and oxycodone
(13—18%). There was no significant change in the proportion of each
type of opioids used over time prior to the surgery.

Continuous preoperative opioid use

We further compared baseline characteristics between contin-
uous opioid users and never users (Table II). 12,381 continuous and
55,455 never users were identified from THR; in the TKR cohort,
there were 22,964 continuous and 133,062 never users. Almost all
continuous users (99%) used short-acting opioids, and over 20%
(27.7% in THR and 20.9% in TKR) used long-acting opioids
concomitantly. In both THR and TKR cohorts, continuous users
were younger than never users, and there were more female and
African Americans among continuous users. Continuous users had
more comorbid conditions, concomitant medications and frequent
healthcare utilizations than never-users. Particularly, continuous
users had more psychiatric comorbidities and used more medica-
tions such as benzodiazepines.

Comparisons of MME and PDC between continuous users and
ever-users in each 30-day baseline period showed noticeable dif-
ferences. MME and PDC were higher in continuous uses at any time
point with an increasing trend over time (Fig. 2). Continuous users
reached >50 MME per day 30 days before the index surgery and
90% PDC.

Factors associated with continuous preoperative opioid use

In the first step of multivariable logistic regression analysis with
demographic factors only, the model had a c-statistic of 0.645. It
was increased to 0.761 after adding pain-related conditions (listed
in Table III) to the model. Further including use of other medica-
tions to the model greatly increased the model goodness of fit (c-
statistic 0.880). After adding other comorbidities and healthcare
utilization, the final model with all covariates had a c-statistic of
0.885.

The final multivariable logistic regression model identified
several risk factors associated with continuous use vs never use
(Table I1I). Compared to the index TJR in 2014, patients who had TJR
in previous years (2010—2013) were significantly more likely to use
opioids continuously before the surgery. For African Americans had
over two-fold odds of continuously using opioid before TJR
compared to White Americans (OR = 2.14, 95% CI = 2.01—2.28) after
adjusting for other variables. In contrast, the other race/ethnicity
group had 48% lower odds of continuous opioid use (OR = 0.52, 95%
Cl = 0.48—0.57). In addition, we observed significant associations
between geographic region with continuous opioid use. Compared
with patients in the Northeast, patients in the West and South had
almost 2-fold odds of being continuous opioid users. Living in the
Midwest was also associated with higher odds of continuous opioid
use.
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Fig.1. Change in any opioid use among overall cohort over time before total joint replacement (TJR). Proportion of any prescription opioid use among overall cohort in each 30-

day preoperative blocks by procedure type.

Pain-related conditions including neuropathy, back pain, and
fractures (excluding hip fracture) were more likely associated with
continuous opioid use. Particularly, patients with back pain had
more than 2-fold increased odds of receiving opioids continuously
compared with those without back pain (OR = 232, 95%
CI = 2.24—2.39). While a history of hip fracture had a reverse as-
sociation with continuous opioid use among THR cohort
(OR = 0.65, 95% CI = 0.53—0.80), the number of hip fracture pa-
tients was very small and some of patients likely underwent THR
due to a hip fracture. Specifically, among patients with history of
hip fracture (1.8%) in THR cohort, more than 50% had the diagnosis
within 30 days prior to their index THR date. In both TKR and THR
cohorts, patients with migraine had about 20% lower odds of using
opioids continuously prior to the surgery.

After accounting for some common baseline comorbidities, drug
abuse was strongly associated with increased odds of continuous
opioid use (OR = 5.18, 95% CI = 3.95—6.79). Patients with hyper-
lipidemia, atrial fibrillation, stroke, diabetes, and psychosis were
less likely to be on long-term opioid use. Interestingly, both psy-
chosis comorbidity (OR = 0.75, 95% CI 0.68—0.84) and use of anti-
psychotics (OR = 0.64, 95% CI = 0.58—0.70) were associated with
decreased odds of continuous opioid use prior to surgery. Use of
corticosteroid also showed a negative association with being
continuous users of opioids (OR = 0.70, 95% CI = 0.68—0.73).
However, presence of depression, anxiety or use of related medi-
cations such as antidepressants, benzodiazepines, or other anxio-
lytics was associated with an increased likelihood of continuous
opioid use. Use of anticonvulsants was associated with a 2-fold
greater odds of using opioid continuously before the TJR. We
found no association between number of prescription drugs and
continuous opioid use; however, continuous opioid users were
more likely to see physicians or have visits to the emergency room.

We observed similar patterns of associations among THR and TKR
cohorts.

Discussion

In this large cohort study of Medicare enrollees who underwent
TJR, 60.2% of patients used opioids at least once during the baseline
period. Of those, 12.4% used opioids continuously for 12 months.
Compared to any opioid users, continuous users received higher
doses (>50 MME) of opioids more frequently (PDC = 90%) in the
month prior to the surgery. Factors strongly associated with pre-
operative continuous opioid use were earlier calendar year of sur-
gery (i.e, 2010—2013 vs 2014), African American (versus White),
and history of drug abuse and back pain. While a few prior studies
have reported association between patients' characteristics and
persistent opioid use after surgery, none of them studied risk fac-
tors of preoperative continuous opioid use'>?! %>, We presented
important preoperative characteristics of patients who are at risk
for prolonged preoperative opioid use, which adds another valu-
able piece of evidence for clinicians in pain management strategy
decisions. However, one must be cautious to not over-interpret the
findings; we examined mostly cross-sectional associations be-
tween patients’ pattern of opioid use and their characteristics prior
to the surgery; thus we cannot exclude the possibility of reverse
causation.

In this current study, we observed a similar prevalence of opioid
use as seen in previous studies. Politzer et al. reported 54.8% pre-
operative opioid use among TKR patients®>> compared to 60.2%
among both THR and TKR patients in our study. Bedard et al. re-
ported 32.4% opioid use in 3-month preoperative period among
TKR patients®!, which is also similar to our estimation (25.1, 26.7,
and 30.7% in 3 months prior to the surgery in TKR group). Our study
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Table II
Selected baseline covariates for opioids continuous users vs never users
Covariate THR cohort TKR cohort
Continuous users Never users Continuous users Never users
N 12,381 55,455 22,964 133,062
Percentage or mean (+standard deviation)
Demographics
Age 74.1 (+6.6) 75.5 (+6.6) 72.7 (+5.7) 74.3 (+5.8)
Female 74.0 63.3 76.1 64.0
Race
White 91.1 94.8 88.3 92.0
Black 7.1 2.7 8.1 34
Others* 1.8 25 3.6 4.6
Region
MidWest 26.4 29.8 258 31.1
NorthEast 13.2 224 10.5 18.6
South 41.7 29.7 45.2 33.8
West 18.6 18.0 185 16.3
Opioid use
Any use of long-acting opioids 27.7 - 20.9 -
Any use of short-acting opioids 98.8 - 98.7 -
Pain-related conditions
Falls 15.0 8.3 109 3.0
Migraine 12.6 59 15.7 6.3
Neuropathy 519 239 449 18.7
Back pain 79.4 48.8 71.2 354
Other fracture 20.8 13.7 122 3.9
Other comorbidities
Combined comorbidity scoref 2.2 (+2.8) 1.1 (x2.2) 1.9 (£2.6) 0.8 (+1.8)
Hyperlipidemia 73.6 73.3 753 76.6
Hypertension 88.7 76.4 89.7 81.2
Atrial fibrillation 16.8 133 13.6 12.0
Heart failure 179 7.6 153 6.3
Coronary heart disease 129 6.8 11.3 6.4
Stroke 14.5 111 13.6 10.1
Malignancy 18.1 204 16.0 18.6
Diabetes 325 221 38.2 284
Obesity 179 8.6 22.7 13.7
Chronic kidney disease 164 8.8 16.1 8.2
Tobacco 274 12.1 214 9.3
Drug abuse 1.5 13 0.1 0.0
Osteoporosis 224 15.8 18.4 12.7
Psychosis 43 1.7 32 0.9
Depression 31.1 10.7 313 10.0
Sleep disorder 241 109 271 134
Anxiety 239 8.5 23.6 7.5
Medication use
Non-selective NSAIDs 46.2 28.6 50.1 31.2
COXIBs 12.2 7.5 12.1 7.5
Corticosteroids 45.9 26.9 459 283
Anticonvulsants 39.0 8.6 39.9 8.9
Antidepressants 51.2 185 54.0 19.9
Antipsychotics 5.0 1.8 5.5 1.2
Benzodiazepines 211 6.2 223 6.2
Other anxiolytics 22.3 6.6 243 71
No. of unique prescriptions 14.9 (+6.5) 7.0 (+4.4) 15.5 (+6.7) 7.8 (+4.5)
Healthcare utilization
Emergency room visit 442 223 39.3 16.2
No. of emergency room visits 1.0 (+1.9) 0.3 (+0.8) 0.8 (+1.7) 0.2 (+0.6)
No. of physician visits 15.9 (£9.4) 10.2 (+6.7) 16.2 (+£9.6) 10.7 (£6.5)

Abbreviations: NSAIDs non-steroid anti-inflammatory drugs; COXIBs cyclooxygenase-2 inhibitors.

" Including Hispanic and other race/ethnics.

A combined comorbidity score ranges from —2 to 26, taking into account of 20 common individual conditions.

showed a steadily increasing trend of any opioid use over the 12-
month period prior to the surgery, with higher daily MME and
PDC closer to the surgery date. It is likely that these findings are
related to the progression in arthritic pain over time, inadequate
response to prior pharmacologic therapy, and/or development of
tolerance to opioids which required higher doses. Hydrocodone
was the most commonly used opioid, followed by tramadol and
oxycodone. This is consistent with findings from Kim et al. and
Politzer et al.>*>** Both of these studies identified hydrocodone as

the most frequently used opioids prior to the surgery**. Despite
hydrocodone being used more frequently, tramadol is generally
considered safer than other opioids, and some treatment guidelines
recommend tramadol as one of the pharmacological therapies
before other opioids>”?°. This discrepancy highlights one of the
gaps that exist between treatment guidelines and real-world
practice in pain management for OA patients.

According to the Center for Disease Control and Prevention
(CDC) guideline for prescribing opioids for chronic pain, when
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Fig. 2. Pattern of opioid use over time before TJR. Mean daily opioid morphine milligram equivalents (MME) and proportion of days covered (PDC) during 30-day preoperative
periods among any users vs continuous users, stratified by procedure type (THR or total knee replacement (TKR)).

starting opioids therapy for chronic pain is necessary, clinicians are
suggested to start with immediate-release (short-acting) opioids
and to prescribe the lowest effective dose as possible. The CDC
guideline also adds that opioid dosage of >50 MME/day should be
considered carefully and increasing dosage to >90 MME/day
should be avoided. Many studies have reported that longer dura-
tion of opioid use, higher MME, and higher PDC prior to the surgery
were positively associated with persistent opioid use after sur-
gery 2132122 The present study estimated 8.0% continuous opioid
users in THR and 7.2% in TKR who had any opioids in every month
during 12-month preoperative period. These continuous users
might be particularly at high risk of opioid addiction and adverse
clinical outcomes after the surgery since they also had higher
average daily MME and PDC compared to any opioid users.
Although 99% of opioid users in the total cohort were prescribed
short-acting agents, more than 20% of patients also used long-
acting opioids concomitantly, which would likely impose higher
risk of opioid addiction or opioid-related adverse outcomes. Our
study results suggest that the pattern of opioid use in practice still
needs careful evaluation to identify the underlying rationales for
clinicians’ decisions regarding opioid type and find a balance be-
tween safe opioid use and effective pain management.

While most (>90%) of patients undergoing TJR in our study
cohort were White and only 4% were African Americans, we found
60% higher odds of continuous opioid use among African Ameri-
cans vs White. A number of studies have shown racial disparity in
receipt of TJR, and such disparity is growing”®~?%. Higher preva-
lence of continuous opioid use among African Americans could be
partly due to multi-level barriers prior to the final decision on the
TJR surgery. These barriers include differential access to healthcare
facilities, surgeon preferences, and patient preference, acceptance
or expectations of the surgery®”?°. Furthermore, the present study

showed associations between geographic regions and continuous
opioid use prior to TJR, where patients from the Midwest and South
were more likely to be continuous opioid users compared to pa-
tients from the Northeast. In a previous study, our research group
showed that regional variation was a key determinant of long-term
opioid use among patients who underwent TJR*’.

This study also highlights the strong association between back
pain and continuous use of opioids. This is not surprising as opioids
are reported to be the most commonly prescribed drug class for low
back pain in the U.S>'. Patients with both OA and low back pain may
have more widespread pain and higher pain intensity, requiring
stronger pain medications like opioids. Whether use of chronic
opioids regardless of the indication (i.e., for knee or hip OA vs back
pain) has any impact on post-TJR outcome needs to be further
studied. If it does, a better preoperative management strategy for
their OA as well as other painful condition such as back pain needs
to be implemented.

Migraine showed a negative association with continuous opioid
use, where the association is in opposite direction compared to
other pain-related conditions like neuropathy, back pain, and
fractures (excluding hip fracture). While we are unable to fully
explain these different associations, continuous opioid use pattern
appears to be more likely associated with chronic or severe pain
conditions.

We also observed several patients who were diagnosed with
drug abuse (Table I). As expected, drug abuse was strongly associ-
ated with opioid use. Since prescription opioid abuse itself is also
considered drug abuse, some of these patients might already have
misused opioids before surgery, while some abused other drugs
(i.e., sedative, hypnotic or anxiolytic, cocaine, cannabis, amphet-
amine, and hallucinogen) or combinations of opioids and other
drugs. It is also possible that some patients abused multiple
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Covariates OR* (95% CI), continuous vs never use of opioids
Total cohort THR cohort TKR cohort
Index TJR
TKR vs THR 0.73 (0.71, 0.76) — —
Demographics
Index year

2010 vs 2014
2011 vs 2014
2012 vs 2014
2013 vs 2014
Age
Gender
Female vs male
Race
African American vs White
Otherst vs White
Region
West vs NorthEast
South vs NorthEast
MidWest vs NorthEast
Others vs NorthEast
Pain-related conditions
Falls
Migraine
Neuropathy
Back pain
Hip fracture
Other fracture
Other comorbidities

Combined comorbidity score:

Hyperlipidemia
Hypertension

Atrial fibrillation
Heart failure

Coronary heart disease
Stroke

Malignancy

Diabetes

Obesity

Chronic kidney disease
Tobacco

Drug abuse
Osteoporosis
Psychosis

Depression

Sleep disorder

Anxiety

Medication use
Non-selective NSAIDs
COXIBs

Corticosteroids
Anticonvulsants
Antidepressants
Antipsychotics
Benzodiazepines
Other anxiolytics
Healthcare utilization
No. of unique prescriptions
No. of physician visits
No. of emergency room visits

1.62 (1.19, 2.20)
138 (1.33, 1.44)
135 (1.30, 1.41)
1.10 (1.06, 1.15)
0.97 (0.97, 0.97)

1.10 (1.06, 1.14)

2.14(2.01,2.28)
0.52 (0.48, 0.57)

1.98 (1.88, 2.08)
1.89 (1.80, 1.98)
1.51 (1.43, 1.58)
0.30 (0.17, 0.52)

1.12 (1.06, 1.19)
0.83 (0.79, 0.87)
1.30 (1.26, 1.35)
2.32 (224, 2.39)
0.63 (0.54, 0.75)
132 (1.25, 1.39)

0.98 (0.97, 0.99)
0.60 (0.58, 0.62)
1.12 (1.07, 1.18)
0.80 (0.77, 0.84)
1.06 (1.00, 1.12)
0.91 (0.86, 0.95)
0.76 (0.72, 0.80)
0.82 (0.79, 0.85)
0.74 (0.72, 0.77)
1.09 (1.04, 1.13)
1.20 (1.14, 1.26)
1.65 (1.58, 1.71)
5.18 (3.95, 6.79)
1.04 (1.00, 1.08)
0.75 (0.68, 0.84)
1.14 (1.09, 1.19)
0.90 (0.87, 0.94)
1.13 (1.08, 1.18)

1.09
1.01
0.70
2.11
1.40
0.64
1.68
1.44

1.05, 1.12)
0.97, 1.06)
0.68, 0.73)
2.03,2.18)
135, 1.45)
0.58, 0.70)
1.60, 1.76)
1.38, 1.50)

0.99 (0.99, 1.00)
1.13 (1.11, 1.15)
1.25 (1.24, 1.25)

1.59 (0.94, 2.67)
1.36 (1.26, 1.47)
1.38 (1.28, 1.48)
1.12 (1.04, 1.19)
0.97 (0.97, 0.98)

1.17 (1.10, 1.24)

241 (2.14,2.72)
0.59 (0.49, 0.71)

1.87 (1.72, 2.04)
1.82 (1.69, 1.96)
1.52 (1.40, 1.64)
0.54 (0.23, 1.27)

1.00 (0.91, 1.11)
0.73 (0.66, 0.80)
1.41 (1.33, 1.49)
2.23 (2.10, 2.37)
0.65 (0.53, 0.80)
1.04 (0.96, 1.13)

0.98 (0.97, 1.00)
0.59 (0.56, 0.63)
1.21(1.12, 1.31)
0.82 (0.75, 0.88)
1.04 (0.95, 1.14)
0.91 (0.83, 1.00)
0.72 (0.67, 0.78)
0.81(0.76, 0.87)
0.75 (0.70, 0.80)
1.21(1.12, 1.31)
1.09 (0.99, 1.19)
1.68 (1.57, 1.80)
3.89 (2.56, 5.93)
1.04 (0.97, 1.12)
0.74 (0.62, 0.88)
1.07 (1.00, 1.16)
0.90 (0.84, 0.97)
1.09 (1.01, 1.18)

1.06 (1.00, 1.12)
1.01 (0.93, 1.10)
0.67 (0.63, 0.71)
2.16 (2.03, 2.29)
1.42 (1.33, 1.51)
0.48 (0.41, 0.57)
1.55 (1.42, 1.68)
1.35 (1.25, 1.45)

1.00 (0.99, 1.00)
1.09 (1.06, 1.13)
1.28 (1.27, 1.29)

1.65 (1.13, 2.42)
1.40 (1.32, 1.47)
134 (1.27, 1.41)
1.10 (1.04, 1.15)
0.97 (0.96, 0.97)

1.06 (1.02, 1.11)

2,05 (1.90, 2.21)
0.52 (0.47, 0.57)

2,05 (1.92, 2.19)
1.95 (1.84, 2.06)
1.50 (1.41, 1.59)
0.20 (0.09, 0.44)

131 (1.21, 1.41)
0.88 (0.83, 0.94)
1.25 (1.20, 1.30)
2.34 (225, 2.43)
0.86 (0.63, 1.16)
1.75 (1.63, 1.88)

0.99 (0.98, 1.00)
0.60 (0.57, 0.62)
1.08 (1.02, 1.15)
0.79 (0.74, 0.83)
1.07 (1.00, 1.14)
0.90 (0.84, 0.96)
0.78 (0.73, 0.82)
0.82 (0.78, 0.86)
0.74 (0.71, 0.78)
1.04 (0.99, 1.09)
1.25 (1.18, 1.34)
1.64 (1.56, 1.72)
6.72 (4.68, 9.66)
1.04 (0.99, 1.09)
0.79 (0.69, 0.92)
1.16 (1.11, 1.23)
0.90 (0.86, 0.94)
1.16 (1.10, 1.22)

1.09 (1.05, 1.13)
1.01 (0.95, 1.07)
0.72 (0.69, 0.75)
2.08 (1.99, 2.17)
1.39 (1.33, 1.45)
0.75 (0.67, 0.83)
1.75 (1.65, 1.85)
1.50 (1.42, 1.57)

0.99 (0.99, 0.99)
1.17 (1.14, 1.19)
123 (1.23, 1.24)

Abbreviations: NSAIDs non-steroid anti-inflammatory drugs; COXIBs cyclooxygenase-2 inhibitors.

" Adjusted for all the covariates in this table.
" Including Hispanic and other race/ethnics.

+ A combined comorbidity score ranges from —2 to 26, taking into account of 20 common individual conditions.

substances at the same time, which could enhance the toxicity and
increase the risk of death. However, we were unable to differentiate
between specific types of drug abuse.

Concomitant use of benzodiazepines should be avoided in pa-
tients on opioids because of increased potential for drug abuse and
risk of emergency care due to drug overdose®? %, Nevertheless, we
observed more than 20% of continuous users had benzodiazepines

prescribed during the same time and positive associations between
continuous opioid use and use of benzodiazepines, anticonvulsants,
and antipsychotics. Our results of positive associations between
continuous opioid use and anticonvulsants, antidepressants, ben-
zodiazepines, and other anxiolytics are consistent with findings from
previous studies®®>%, adding further evidence for caution in the
management of chronic pain in patients with mental health issues.
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Our study has several strengths. First, we investigated a large
cohort of 473,781 TJR patients enrolled in Medicare. Thus, the study
has high generalizability to older patients in the U.S. Second, we
evaluated both THR and TJR patients whereas only few previous
observational studies did so, even though both THR and TKR are
common in the U.S. and share many similar treatment patterns and
risk factors. Third, our large cohort size enabled us to examine more
detailed patterns of preoperative opioid use in monthly intervals
which revealed deeper insights to trends in opioid use during the
months preceding surgery. Furthermore, this study included
comprehensive data on patients’ demographics, comorbidities,
medication use, and history of healthcare utilizations so that we
could control for confounding in different dimensions.

This study has limitations. First, we did not have a direct mea-
sure for severity of disease/pain scores and whether patients used
opioids for other diseases than hip and knee OA. However, we
included pain-related comorbidities and other medications
commonly used for pain management as covariates to account for
this issue. Second, while our study was based on administrative
claims data with detailed prescription information, we were unable
to verify whether patients consumed the opioids as prescribed.
Third, 360-day baseline period may not be long enough to capture
true incident TJR in some patients as it is possible that prior TJRs
may have occurred beyond 360-day baseline period or our data
availability (2010). Fourth, in the current study, ICD-9 procedure
codes that we used to define TJR procedure cannot differentiate
whether patients went through unilateral or bilateral THR/TKR.
Fifth, this study did not examine association between prescriber's
specialty and opioid use. Lastly, as an inherent issue of claim-based
observational studies, our study relied on diagnosis and procedure
code-based algorithms to identify various baseline characteristics,
leading to potential misclassification.

Conclusion

In this large, population-based cohort of elderly patients un-
dergoing TJR, 60.2% of patients were prescribed opioids at least
once. Of those, 12.4% used opioids continuously for 12 consecutive
months prior to their surgeries. In both THR and TKR cohorts,
opioid utilization became more frequent and high-dosed near the
surgery date. Earlier year of surgery, African Americans and pres-
ence of back pain or drug abuse history were associated with
continuous use of opioids before TJR. Understanding patterns of
prescription opioid use prior to TJR would help optimize pain
management for patients during and after the surgery. Further ef-
forts are needed to carefully determine risks and benefits of opioids
for patients based on their individual characteristics before and
after TJR and to minimize the adverse outcomes due to the chronic
preoperative opioid use.
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