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Abstract

Introduction: Limited evidence exists on health system characteristics associated with initial and long-term prescribing
of opioids and nonsteroidal anti-inflammatory drugs (NSAIDs) following total hip and knee arthroplasty (THA/TKA), and
if these characteristics differ among individuals based on preoperative NSAID exposure. We identified orthopedic
surgeon opioid prescribing practices, hospital characteristics, and regional factors associated with initial and long-term
prescribing of opioids and NSAIDs among older adults receiving THA/TKA. Materials and Methods: This obser-
vational study included opioid-naı̈ve Medicare beneficiaries aged ≥65 years receiving elective THA/TKA between January
1, 2014 and July 4, 2017. We examined initial (days 1-30 following THA/TKA) and long-term (days 90-180) opioid or
NSAID prescribing, stratified by preoperative NSAID exposure. Risk ratios (RRs) for the associations between 10 health
system characteristics and case-mix adjusted outcomes were estimated using multivariable Poisson regression models.
Results: The study population included 23,351 NSAID-naı̈ve and 10,127 NSAID-prevalent individuals. Increases in
standardized measures of orthopedic surgeon opioid prescribing generally decreased the risk of initial NSAID prescribing
but increased the risk of long-term opioid prescribing. For example, among NSAID-naı̈ve individuals, the RRs (95%
confidence intervals [CIs]) for initial NSAID prescribing were 0.95 (0.93-0.97) for 1-2 orthopedic surgeon opioid
prescriptions per THA/TKA procedure, 0.94 (0.92-0.97) for 3-4 prescriptions per procedure, and 0.91 (0.89-0.93) for
5+ opioid prescriptions per procedure (reference: <1 opioid prescription per procedure), while the RRs (95% CIs) for
long-term opioid prescribing were 1.06 (1.04-1.08), 1.08 (1.06-1.11), and 1.13 (1.11-1.16), respectively. Variation in
postoperative analgesic prescribing was observed across U.S. regions. For example, among NSAID-naı̈ve individuals, the
RR (95% CIs) for initial opioid prescribing were 0.98 (0.96-1.00) for Region 2 (New York), 1.09 (1.07-1.11) for Region 3
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(Philadelphia), 1.07 (1.05-1.10) for Region 4 (Atlanta), 1.03 (1.01-1.05) for Region 5 (Chicago), 1.16 (1.13-1.18) for
Region 6 (Dallas), 1.10 (1.08-1.12) for Region 7 (Kansas City), 1.09 (1.06-1.12) for Region 8 (Denver), 1.09 (1.07-1.12)
for Region 9 (San Francisco), and 1.11 (1.08-1.13) for Region 10 (Seattle) (reference: Region 1 [Boston]). Hospital
characteristics were not meaningfully associated with postoperative analgesic prescribing. The relationships between
health system characteristics and postoperative analgesic prescribing were similar for NSAID-naı̈ve and NSAID-
prevalent participants. Discussion: Future efforts aiming to improve the use of multimodal analgesia through in-
creased NSAID prescribing and reduced long-term opioid prescribing following THA/TKA could consider targeting
orthopedic surgeons with higher standardized opioid prescribing measures. Conclusions: Orthopedic surgeon opioid
prescribing measures and U.S. region were the greatest health system level predictors of initial, and long-term, pre-
scribing of opioids and prescription NSAIDs among older Medicare beneficiaries following THA/TKA. These results can
inform future studies that examine why variation in analgesic prescribing exists across geographic regions and levels of
orthopedic surgeon opioid prescribing.
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Introduction

Analgesic prescribing has changed dramatically in the last
decade, particularly for postoperative pain management
following high-volume procedures such as total hip and
knee arthroplasty (THA/TKA). Prescribing patterns have
shifted to reduce opioid exposure and increase the use of
multimodal analgesia, where a variety of analgesics are
incorporated into treatment regimens. Older adults have an
increased risk of serious adverse events related to opioids
(e.g., hospitalizations, falls and fracture), but they are often
susceptible to medication-related adverse effects or have
contraindications to therapy with nonopioid analgesics,
particularly nonsteroidal anti-inflammatory drugs
(NSAIDs).1,2 Evidence-based guidelines do not make
specific recommendations on which opioid and nonopioid
combinations are preferred for older adults following
THA/TKA.3-8 This is likely due to a dearth of information
on postoperative analgesic prescribing and use post-THA/
TKA as well as the factors that influence analgesic pre-
scribing practices. This foundational knowledge is
essential to inform future work examining which combi-
nations of multimodal analgesia are safest and most ef-
fective among older adults receiving THA/TKA.
Optimizing postoperative pain management is especially
important for older adults following THA/TKA because
these procedures often result in severe pain, which may
interfere with functional recovery if treated inadequately.

Further investigation is needed to understand how
health system characteristics, such as orthopedic surgeon
prescribing patterns, hospital characteristics, and regional
factors impact postoperative analgesic prescribing
following THA/TKA. Prior observational studies have
examined surgeries that are heterogeneous in their pain

etiology and course of recovery,9-14 have considered
younger, commercially-insured populations,10-13,15-17 or
have focused on patient-level characteristics (e.g., use of
benzodiazepines, back pain) associated with postoperative
opioid use after THA/TKA.14,15,17-20 Understanding the
relationships between health system level factors and
postoperative analgesic prescribing following THA/TKA
can guide future interventions aiming to improve post-
operative pain management. For example, if patients
treated by orthopedic surgeons who prescribe opioids to a
greater extent have an increased risk of long-term opioid
use, then interventions aiming to reduce long-term opioid
use and dependence could potentially target orthopedic
surgeons with such opioid prescribing patterns. Addi-
tionally, prior literature only considered use of opioids
before THA/TKA and has not examined how preoperative
analgesia with nonopioids impacts postoperative pain
management.15,17,21,22 Examining individuals separately
based on exposure to preoperative nonopioid analgesics
could reveal distinct patterns of postoperative analgesic
prescribing that could inform future research efforts.

The objective of this study was to identify health system
characteristics, including orthopedic surgeon, hospital, and
regional characteristics, associated with initial and long-
term prescribing of opioids and prescription NSAIDs
among Medicare beneficiaries ≥65 years old receiving
elective THA/TKA. We chose to examine NSAIDs spe-
cifically as they are the most commonly used prescription
nonopioid analgesic following THA/TKA.23-26 Addi-
tionally, we examined how the use of prescription NSAIDs
prior to THA/TKA impacted the relationships between
health system characteristics and postoperative analgesic
prescribing. We hypothesized that the risk of initial and
long-term opioid prescribing would be higher among
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patients with orthopedic surgeons who prescribe opioids to
a greater extent, while the risk of initial and long-term
prescription NSAID prescribing would be lower.

Materials and Methods

Study Design and Data Sources

This observational study linked data from Medicare fee-
for-service (i.e., Traditional Medicare) insurance claims to
several publicly available data sources. Medicare claims
data included the Master Beneficiary Summary File
(MBSF), which included beneficiary plan enrollment in-
formation, demographics, and information on conditions
through the Chronic Conditions Warehouse; Medicare
Provider Analysis and Review (MedPAR) claims for in-
patient (i.e., hospital) services; and a 20% random sample
of Medicare Part B claims for outpatient services and Part
D claims for prescription drug dispensings. The validated
Residential History File, which leverages Medicare claims
data, provided information on the timing and location of
healthcare services.27 Publicly available data included the
Medicare Provider Payment and Utilization Data, which
was used to construct standardized measures of orthopedic
surgeon characteristics; the Dartmouth Health Atlas
Hospital Tracking File for hospital characteristics; and the
Prescription Drug Abuse Policy System (PDAPS), which
contained data on state policies for prescription drug
monitoring program (PDMP) utilization.28,29 All data
sources included data from January 1, 2013 to December
31, 2017 to allow for a 12-month covariate ascertainment
period prior to THA/TKA procedures. This study was
approved by the Brown University Institutional Review
Board (Protocol Number: 2010002823). The need for
informed consent was waived. The STROBE checklist was
used for this cohort study.

Study Population

The study population included community-dwelling
Medicare Fee-for-Service beneficiaries aged ≥65 years
on the date of elective THA/TKA procedure occurring
between January 1, 2014 to July 4, 2017. THA/TKA
procedures were identified using Medicare Severity Di-
agnosis Related Group codes 469 and 470 on inpatient
claims. Eligible participants had 12 months of continuous
Part A and B coverage and 6 months of continuous Part D
coverage prior to THA/TKA. We restricted the study
population to individuals without a prescription for opioids
in the 6 months prior to THA/TKA (i.e., opioid naı̈ve)
because we aimed to estimate the risk of first-time opioid
exposure and subsequent risk of long-term opioid use or
dependence. A 6-month time frame without opioid use is
commonly used to identify opioid naı̈ve individuals.30-34

Individuals were excluded if they were enrolled in
Medicare Advantage or used hospice in the 12 months
prior to THA/TKA, were admitted for fracture or
non-arthroplasty procedures, or were missing data on
orthopedic surgeon characteristics or other covariates
(eTable 1). For individuals with multiple procedures, we
sampled the first THA/TKA during the study period.

Initial and Long-Term Analgesic Prescribing

The outcomes of interest were initial and long-term pre-
scribing of opioids or prescription NSAIDs following
THA/TKA. Initial prescribing was defined as a claim for an
opioid or NSAID during days 1-30 following THA/TKA,
while claims during days 90-180 after THA/TKA were
considered long-term prescribing. Systemic opioids and
NSAIDs of interest are listed in eTable 2. Claims for
analgesics were captured regardless of prescriber type
(e.g., orthopedic surgeon, advanced practice professional).

Follow-Up

Eligible individuals were followed from the date of the
THA/TKA procedure until disenrollment from Medicare
Parts A, B, or D; enrollment in Medicare Advantage;
administrative end of follow-up (180 days post-THA/
TKA); or death, whichever occurred first.

Health System Characteristics

We ascertained health system characteristics related to the
orthopedic surgeon, hospital, and region. We linked
Medicare Part B claims from the THA/TKA to public Part
B and D Provider Payment and Utilization Data and
created several measures related to orthopedic surgeon
characteristics (eTable 3). These included annual THA/
TKA volume, opioid prescription volume, proportion of
prescriptions for opioids relative to all medications
(i.e., “opioid share”), ratio of opioid prescriptions to
beneficiaries prescribed opioids (i.e., “refill ratio”), and
opioid prescriptions per THA/TKA. Hospital character-
istics, including critical access designation, total beds, and
academic affiliation were obtained from the Dartmouth
Atlas Hospital Tracking File.28 The PDAPS was used to
classify the rigor of the PDMP program.29 Categories
included: (1) high rigor: prescribers were required to check
the PDMP database each time prior to prescribing opioids
to all patients or chronic pain patients; (2) low rigor: there
were no requirements for checking the PDMP or checking
the PDMP was only required prior to prescribing opioids
for the first time; and (3) no PDMP was in place. Finally,
region was categorized based on the Department of Health
and Human Services regions.
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Patient Characteristics

We ascertained 127 person-level covariates for case-mix
adjustment (eTable 4). Medicare dual eligibility, demo-
graphics (age, sex, race/ethnicity35), and comorbidities
(e.g., heart failure, chronic kidney disease) were derived
from the Medicare Beneficiary Summary File and Chronic
Conditions Data Warehouse. Preoperative medication use
in the 180 days prior to THA/TKA was ascertained from
Part D claims. MedPAR and Medicare Part B claims were
used to estimate healthcare utilization in the 12 months
prior to THA/TKA (e.g., hospitalizations, annual wellness
visit), comorbidity score,36 and a claims-based frailty
index.37

Statistical Analysis

We used a two-step process to understand how health
system characteristics were associated with the primary
outcomes. First, we fit logistic regression models with
127 person-level covariates as independent variables to
obtain case-mix adjusted primary outcomes. Second, we
estimated risk ratios (RRs) for the potential relationships
between health system characteristics and case-mix ad-
justed outcomes using modified Poisson regression models
with robust standard errors.38,39 Ten orthopedic surgeon,
hospital, and regional characteristics were assessed while
adjusting for the other health system characteristics. Since
prior NSAID use before THA/TKA likely influences
medications received in the postoperative period, all an-
alyses were stratified based on the presence of a claim for
NSAIDs in the 6 months prior to surgery. Individuals were
categorized as NSAID-naı̈ve or NSAID-prevalent.

Intermediate Analyses

Although not the primary focus of this analysis, we re-
ported the results from our intermediate analyses for
completeness. These included patterns of analgesic pre-
scribing following THA/TKA stratified by preoperative
prescription NSAID exposure, including opioid or NSAID
prescribing during days 1-180 following THA/TKA; the
top 10 combinations of treatments within 30 days fol-
lowing THA/TKA; prescriptions for short-acting or long-
acting opioids; opioid dosage and days’ supply; and
sustained opioid use based on proportion of days covered
(PDC) ≥80% in the 90 and 180 days following THA/
TKA.40 Opioid dosages were standardized using the
Centers for Disease Control and Prevention conversion
factors for morphine milligram equivalents (MME) per
day.41

We also fit modified Poisson regression models
with robust standard errors to estimate risk ratios for the
potential relationships between 127 person-level

characteristics and the primary outcomes, without ad-
justing for health system characteristics.

Software

Data were analyzed using SAS, version 9.4 (SAS Institute,
Inc., Cary, NC) and Stata, version 16 (StataCorp LLC,
College Station, TX).

Results

Study Population

The study population included 33,478 eligible Medicare
beneficiaries with THA/TKA (eFigure 1). Of these, 23,351
(69.8%) were NSAID-naı̈ve and 10,127 (30.2%) were
NSAID-prevalent prior to THA/TKA (Table 1). Compared
to NSAID-prevalent individuals, NSAID-naı̈ve individ-
uals were older (age 65-74 years: 58.8% vs 64.9%) and a
smaller proportion were female (59.9% vs 65.5%),
Medicare-Medicaid dual eligible (4.8% vs 7.3%) and were
discharged to home with home health following THA/
TKA (44.5% vs 47.2%). A greater proportion of NSAID-
naı̈ve participants were Non-Hispanic White (91.4% vs
88.8%); had heart failure (15.2% vs 11.8%), ischemic heart
disease (40.3% vs 35.7%), and chronic kidney disease
(19.7% vs 14.6%); and were more multimorbid (combined
comorbidity score ≥3: 21.5% vs 17.5%) and prefrail
(32.0% vs 29.8%) compared to NSAID-prevalent partic-
ipants (Table 1).

Initial and Long-Term Analgesic Prescribing
Following THA/TKA

A smaller proportion of NSAID-naı̈ve participants had
initial (78.3% vs 82.4%) and long-term (12.6% vs 15.7%)
postoperative opioid prescribing compared to NSAID-
prevalent participants (Table 2). Initial (13.5% vs
24.8%) and long-term (6.8% vs 37.1%) postoperative
NSAID prescribing was also lower among NSAID-naı̈ve
participants.

Intermediate Analyses

The mean MME/day, opioid days’ supply, proportion of
individuals with opioid PDC ≥80%, prescriptions for long-
acting opioids, and the top 10 most common initial
postoperative analgesic treatment patterns were similar for
NSAID-naı̈ve and NSAID-prevalent participants
(eTable 5). Risk ratios for the associations between person-
level characteristics and primary outcomes without ad-
justment for health system characteristics are presented in
eTables 6-7.
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Table 1. Demographic and Clinical Characteristics of Medicare Beneficiaries following total Knee and Hip Arthroplasty Stratified by
Pre-surgery Prescription NSAID Use, 2014-2017.

Characteristics NSAID-Naı̈ve (n = 23,351) NSAID-Prevalent (n = 10,127)

Age, years, n (%)
65-74 13,737 (58.8) 6577 (64.9)
75-84 8259 (35.4) 3161 (31.2)
85+ 1355 (5.8) 389 (3.8)

Female, n (%) 13,988 (59.9) 6635 (65.5)
Race/ethnicity, n (%)
Non-hispanic white 21,332 (91.4) 8992 (88.8)
Non-hispanic black 719 (3.1) 401 (4.0)
Hispanic 567 (2.4) 304 (3.0)
Other 733 (3.1) 430 (4.2)

Dual-eligible, n (%) 1120 (4.8) 735 (7.3)
Procedure, n (%)
THA 6957 (29.8) 3068 (30.3)
TKA 16,394 (70.2) 7059 (69.7)

Discharge location, n (%)
Home without home health 6666 (28.5) 2778 (27.4)
Home with home health 10,400 (44.5) 4778 (47.2)
SNF 3244 (13.9) 1316 (13.0)
Other 3041 (13.0) 1255 (12.4)

Comorbidities, n (%)
Alcohol use disorder 350 (1.5) 136 (1.3)
Tobacco use 1281 (5.5) 484 (4.8)
Prior opioid-related adverse events 319 (1.4) 134 (1.3)
Cancer 3490 (14.9) 1417 (14.0)
Alzheimer’s disease 988 (4.2) 410 (4.0)
AMI 663 (2.8) 144 (1.4)
Atrial fibrillation 3172 (13.6) 835 (8.2)
Heart failure 3550 (15.2) 1197 (11.8)
Hypertension 18,680 (80.0) 8160 (80.6)
Ischemic heart disease 9407 (40.3) 3617 (35.7)
Stroke/TIA 1976 (8.5) 724 (7.1)
Liver disease 1431 (6.1) 616 (6.1)
CKD 4601 (19.7) 1476 (14.6)
Asthma 2831 (12.1) 1267 (12.5)
COPD 3451 (14.8) 1470 (14.5)

Combined comorbidity score, n (%)
<0a 3954 (16.9) 1883 (18.6)
0 6126 (26.2) 2955 (29.2)
1 4956 (21.2) 2163 (21.4)
2 3304 (14.1) 1356 (13.4)
3+ 5011 (21.5) 1770 (17.5)

Claims-based frailty index, n (%)b

Robust 15,769 (67.5) 7084 (70.0)
Prefrail 7462 (32.0) 3013 (29.8)
Mild or moderately-to-severely frail 120 (0.5) 30 (0.3)

Abbreviations: THA, total hip arthroplasty; TKA, total knee arthroplasty; SNF, skilled nursing facility; AMI, acute myocardial infarction; TIA, transient
ischemic attack; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.
aCombined Comorbidity Score values <0 possible due to component value �1 in algorithm for HIV/AIDS and Hypertension.36
bMeasured using the Claims-based Frailty Index and categorized as: <0.15 (robust), 0.15-0.24 (prefrail), and ≥0.25 (mild or moderately-to-severely
frail).37
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Health System Characteristics Associated with
Initial and Long-Term Opioid Prescribing

Orthopedic Surgeon Characteristics. In general, higher
orthopedic surgeon opioid prescription volume was asso-
ciated with a slightly greater risk of initial opioid prescribing
and slightly lower risk of long-term opioid prescribing
(Figure 1, eTable 8). For NSAID-naı̈ve individuals, the RRs
(95% confidence intervals [CIs]) for initial opioid pre-
scribing were 1.01 (1.00-1.02) for 100-199 opioid pre-
scriptions, 1.03 (1.02-1.04) for 200-299 opioid
prescriptions, 1.03 (1.00-1.05) for 300-399 opioid pre-
scriptions, and 1.02 (0.99-1.04) for 400+ opioid prescriptions
(reference: 11-99 opioid prescriptions). The RRs (95% CIs)
for long-term opioid prescribing were 0.97 (0.95-0.98), 0.96
(0.94-0.98), 0.98 (0.95-1.01), and 0.93 (0.90-0.98), respec-
tively. For NSAID-prevalent individuals, the RRs (95% CIs)
for initial opioid prescribing were 1.02 (1.01-1.03) for 100-
199 opioid prescriptions, 1.03 (1.01-1.05) for 200-299 opioid
prescriptions, 1.04 (1.01-1.07) for 300-399 opioid prescrip-
tions, and 1.01 (0.98-1.05) for 400+ opioid prescriptions
(reference: 11-99 opioid prescriptions). The RRs (95% CIs)
for long-term opioid prescribing were 0.97 (0.95-0.99), 0.96
(0.93-0.99), 0.94 (0.90-0.98), 0.99 (0.93-1.05), respectively.

An increase in the opioid share was associated with an
increased risk of long-term opioid prescribing amongNSAID-
prevalent participants only (RR [95% CIs] 1.05 [1.01-1.08]
for opioid share 25%–49%, 1.07 [1.03-1.11] for opioid share
50%–74%, and 1.05 [1.01-1.10] for opioid share 75%–100%
[reference: opioid share 0%–24%]) (eTable 8).

An increase in the number of orthopedic surgeon opioid
prescriptions per THA/TKA procedure generally de-
creased the risk of initial opioid prescribing and increased
the risk for long-term opioid prescribing among NSAID-
naı̈ve and NSAID-prevalent beneficiaries (Figure 1,
eTable 8). For NSAID-naı̈ve individuals, the RRs (95%
CIs) for initial opioid prescribing were 0.97 (0.96-0.98) for
1-2 opioid prescriptions per procedure, 0.97 (0.96-0.98)
for 3-4 prescriptions per procedure, and 0.95 (0.93-0.96)
for 5+ opioid prescriptions per procedure (reference:
<1 opioid prescription per procedure). The RRs (95% CIs)

for long-term opioid prescribing were 1.06 (1.04-1.08),
1.08 (1.06-1.11), and 1.13 (1.11-1.16), respectively. For
NSAID-prevalent individuals, the RRs (95% CIs) for
initial opioid prescribing were 0.98 (0.96-0.99) for 1-
2 opioid prescriptions per procedure, 0.98 (0.96-1.00) for
3-4 prescriptions per procedure, and 0.95 (0.93-0.97) for
5+ opioid prescriptions per procedure (reference: <1 opi-
oid prescription per procedure). The RRs (95% CIs) for
long-term opioid prescribing were 1.02 (0.99-1.05), 1.06
(1.02-1.09), and 1.08 (1.05-1.12) respectively.

Hospital Characteristics. There were no statistically
significant associations between hospital characteristics and
initial or long-term opioid prescribing (Figure 1, eTable 8).

Regional Characteristics. The risk of initial opioid
prescribing varied by region for both NSAID-naı̈ve and
NSAID-prevalent beneficiaries (Figure 1, eTable 8). For
NSAID-naı̈ve individuals the RR (95% CIs) for initial
opioid prescribing were 0.98 (0.96-1.00) for Region 2 (New
York), 1.09 (1.07-1.11) for Region 3 (Philadelphia), 1.07
(1.05-1.10) for Region 4 (Atlanta), 1.03 (1.01-1.05) for
Region 5 (Chicago), 1.16 (1.13-1.18) for Region 6 (Dallas),
1.10 (1.08-1.12) for Region 7 (Kansas City), 1.09 (1.06-
1.12) for Region 8 (Denver), 1.09 (1.07-1.12) for Region 9
(San Francisco), and 1.11 (1.08-1.13) for Region 10 (Seattle)
(reference: Region 1 [Boston]). The RRs (95% CIs) for
NSAID-prevalent individuals were 0.94 (0.91-0.97), 1.05
(1.03-1.08), 1.04 (1.01-1.07), 1.02 (1.00-1.05), 1.12 (1.09-
1.15), 1.06 (1.03-1.09), 1.05 (1.02-1.09), 1.03 (1.00-1.06),
and 1.07 (1.03-1.11), respectively. Regional differences for
long-term opioid prescribing were only apparent for
NSAID-naı̈ve participants. Statistically significant RRs
(95% CIs) were 1.12 (1.08-1.15) for Region 4 (Atlanta),
1.10 (1.07-1.14) for Region 6 (Dallas), and 1.04 (1.01-1.07)
for Region 7 (Kansas City) (reference: Region 1 [Boston]).

Health System Characteristics Associated with
Initial and Long-Term NSAID Prescribing

Orthopedic Surgeon Characteristics. The relationships be-
tween orthopedic surgeon characteristics and initial and

Table 2. Observed Postoperative Analgesic Prescribing Outcomes Among Medicare Beneficiaries With Total Hip and Knee
Arthroplasty Stratified by Pre-surgery NSAID Use, 2014-2017.

NSAID-Naı̈ve
(n = 23,351)

NSAID-Prevalent
(n = 10,127)

Initial opioid prescribing, n (%) 18,293 (78.3) 8343 (82.4)
Long-term opioid prescribing, n (%) 2947 (12.6) 1585 (15.7)
Initial NSAID prescribing, n (%) 3161 (13.5) 2510 (24.8)
Long-term NSAID prescribing, n (%) 1582 (6.8) 3761 (37.1)

Abbreviations: NSAID, non-steroidal anti-inflammatory drug.
Note: Initial prescribing was defined as a dispensing for an opioid or NSAID during days 1-30 following total hip or knee arthroplasty. Dispensings during
days 90-180 after total hip or knee arthroplasty were considered long-term prescribing.
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long-term NSAID prescribing were similar for NSAID-naı̈ve
and NSAID-prevalent individuals (Figure 2, eTable 9).

Higher opioid prescription volume was generally as-
sociated with an increased risk of initial, but not long-term
NSAID prescribing (Figure 2, eTable 9). The RRs (95%
CIs) for initial NSAID prescribing among NSAID-naı̈ve
individuals were 1.02 (1.00-1.03) for 100-199 opioid
prescriptions, 1.04 (1.02-1.06) for 200-299 opioid pre-
scriptions, 1.05 (1.02-1.09) for 300-399 opioid prescrip-
tions, and 1.05 (1.01-1.09) for 400+ opioid prescriptions
(reference: 11-99 opioid prescriptions). The RRs (95%
CIs) for initial NSAID prescribing were 1.03 (1.01-1.04),
1.04 (1.02-1.06), 1.05 (1.02-1.09), and 1.06 (1.01-1.11),
respectively, among NSAID-prevalent individuals.

Increases in the opioid share and refill ratio were as-
sociated with a slightly decreased risk of initial NSAID
prescribing, but no statistically significant associations
were observed for long-term NSAID prescribing (Figure 2,
eTable 9). For NSAID-naı̈ve individuals, the RRs (95%
CIs) for initial NSAID prescribing were 0.96 (0.93-0.98)
for 25%–49% opioid share, 0.96 (0.94-0.99) for

50%–74%, and 0.97 (0.94-1.00) for 75%–100% (refer-
ence: 0%–24%). The RRs (95%CIs) were 0.96 (0.95-0.98)
for an opioid refill ratio of 2-2.9 and 0.93 (0.90-0.97) for 3+
(reference: 1-1.9). Among NSAID-prevalent individuals,
the RRs (95%CIs) for initial NSAID prescribing were 0.95
(0.93-0.98) for 25%–49% opioid share, 0.96 (0.93-0.98)
for 50%–74%, and 0.96 (0.93-0.99) for 75%–100% (ref-
erence: 0%–24%). The RRs (95% CIs) were 0.97 (0.95-
0.98) for an opioid refill ratio of 2-2.9 and 0.97 (0.93-1.02)
for 3+ (reference: 1-1.9).

In general, increases in the number of orthopedic surgeon
opioid prescriptions per THA/TKA procedure were asso-
ciatedwith a decreased risk of initial NSAID prescribing and
increased risk of long-term NSAID prescribing (Figure 2,
eTable 9). For NSAID-naı̈ve individuals, the RRs (95%CIs)
for initial NSAID prescribing were 0.95 (0.93-0.97) for 1-
2 opioid prescriptions per procedure, 0.94 (0.92-0.97) for 3-
4 prescriptions per procedure, and 0.91 (0.89-0.93) for 5+
opioid prescriptions per procedure (reference: <1 opioid
prescription per procedure). The RRs (95% CIs) for long-term
NSAID prescribing were 1.01 (1.00-1.03), 1.04 (1.02-1.07),

Figure 1. Adjusted associations between health system level characteristics and opioid prescribing. Notes: Presents risk ratios for the
potential relationships between health system characteristics and case-mix adjusted outcomes, which accounted for 127 person-
level covariates. Reference categories are omitted and can be found in eTable 8. Abbreviations: NSAID, non-steroidal anti-
inflammatory drug; THA/TKA, total hip and knee arthroplasty; Rx, prescription; PDMP, Prescription Drug Monitoring Program.
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and 1.06 (1.03-1.08), respectively. For NSAID-prevalent in-
dividuals, the RRs (95% CIs) for initial NSAID prescribing
were 0.99 (0.97-1.01) for 1-2 opioid prescriptions per pro-
cedure, 0.97 (0.95-1.00) for 3-4 prescriptions per procedure,
and 0.96 (0.93-0.98) for 5+ opioid prescriptions per procedure
(reference: <1 opioid prescription per procedure). The RRs
(95% CIs) for long-term NSAID prescribing were 1.04 (1.02-
1.06), 1.04 (1.02-1.07), and 1.06 (1.04-1.09), respectively.

Hospital Characteristics. Nearly all associations be-
tween hospital characteristics and initial or long-term
NSAID prescribing did not reach statistical significance
(Figure 2, eTable 9).

Regional Characteristics. Regional variation in the risk
of initial and long-term NSAID prescribing was observed
for NSAID-naı̈ve and NSAID-prevalent participants
(Figure 2, eTable 9). For NSAID-naı̈ve individuals the RR
(95% CIs) for initial NSAID prescribing were 0.97 (0.94-
1.01) for Region 2 (New York), 1.07 (1.05-1.10) for
Region 3 (Philadelphia), 1.05 (1.02-1.08) for Region 4
(Atlanta), 0.99 (0.96-1.01) for Region 5 (Chicago), 1.15
(1.11-1.18) for Region 6 (Dallas), 1.06 (1.03-1.09) for

Region 7 (Kansas City), 1.07 (1.03-1.10) for Region 8
(Denver), 1.11 (1.08-1.14) for Region 9 (San Francisco),
and 1.10 (1.06-1.14) for Region 10 (Seattle) (reference:
Region 1 [Boston]). The RRs (95% CIs) for long-term
NSAID prescribing were 0.99 (0.96-1.03), 1.00 (0.97-
1.03), 1.09 (1.05-1.13), 0.94 (0.92-0.97), 1.08 (1.04-1.11),
0.96 (0.93-1.00), 0.95 (0.91-0.98), 1.02 (0.98-1.05), and
0.92 (0.88-0.96), respectively. Fewer comparisons reach
statistical significance for NSAID-prevalent individuals.
The statistically significant RRs for initial NSAID pre-
scribing were 1.06 (1.03-1.10) for Region 6 (Dallas) and
1.06 (1.02-1.10) for Region 9 (San Francisco), while the
significant RRs for long-term NSAID prescribing were
1.05 (1.01-1.08) for Region 6 (Dallas) and 1.05 (1.01-1.09)
for Region 7 (Kansas City) (reference: Region 1 [Boston]).

Discussion

In this large observational study of opioid-naı̈ve Medicare
beneficiaries receiving THA/TKA, we found that ap-
proximately 30% of individuals used prescription NSAIDs

Figure 2. Adjusted associations between health system level characteristics and NSAID prescribing. Notes: Presents risk ratios for
the potential relationships between health system characteristics and case-mix adjusted outcomes, which accounted for 127 person-
level covariates. Reference categories are omitted and can be found in eTable 9. Abbreviations: NSAID, non-steroidal anti-
inflammatory drug; THA/TKA, total hip and knee arthroplasty; Rx, prescription; PDMP, Prescription Drug Monitoring Program.
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prior to THA/TKA and NSAID-prevalent individuals were
more likely to have prescriptions for postoperative opioids
and NSAIDs. Orthopedic surgeon opioid prescribing
measures and U.S. region were the greatest predictors of
initial, and long-term, opioid and NSAID prescribing
following THA/TKA. We also found that the relationships
between most health system characteristics and postop-
erative analgesic prescribing were similar among NSAID-
naı̈ve and NSAID-prevalent participants.

Clinical guidance recommends prescribing the lowest
dose of opioids and the fewest number of opioid pills that is
clinically effective following THA/TKA to help prevent
opioid-related adverse events and diversion of unused
pills.42,43 Multimodal analgesia with different oral anal-
gesic classes is also recommended to provide pain relief
while limiting the use of opioids. Routine use of NSAIDs is
recommended for patients without contraindications fol-
lowing THA/TKA, although risk factors for adverse
events, such as history of bleeding, gastroduodenal ulcer,
cardiovascular morbidity, and kidney and liver disease
should be taken into consideration prior to prescribing
postoperative NSAIDs.5 Multiple studies have focused on
person level characteristics associated with postoperative
analgesic use,14,15,17-20,44-48 reporting that factors like
benzodiazepine use, TKA (versus THA), and tobacco use
were predictors of long-term opioid use. Very few studies
have considered the relationships between health system
level characteristics and postoperative analgesic pre-
scribing following THA/TKA. We demonstrated that
several measures of orthopedic surgeon opioid prescribing
had consistent associations with initial and long-term
opioid and NSAID prescribing following THA/TKA.
Variation in postoperative opioid and NSAID prescribing
was also observed across Department of Health and Hu-
man Services regions. However, there were no meaningful
relationships between hospital characteristics and post-
operative analgesic prescribing. These results can inform
future studies that examine why variation in analgesic
prescribing exists across geographic regions and levels of
orthopedic surgeon opioid prescribing.

Prior literature suggests that high-intensity opioid
prescribers provide higher MMEs, greater days’ supply,
and are more likely to prescribe opioids long-term vs low-
intensity prescribers.49,50 We found that participants who
had orthopedic surgeons with higher standardized opioid
prescribing measures (opioid share, opioid refill ratio,
opioid prescriptions per THA/TKA procedure) were
generally less likely to initiate NSAIDs, but were at an
increased risk of long-term opioid prescribing following
THA/TKA. It may be beneficial for future efforts aiming to
improve the use of multimodal analgesia through increased
NSAID prescribing and reduce long-term opioid pre-
scribing following THA/TKA to target orthopedic sur-
geons with higher standardized opioid prescribing

measures. Creating standardized evidence-based guide-
lines and institutional protocols are potential strategies to
combat variability in postoperative prescribing and
minimize the risk of unintended long-term analgesic
use.44,51-53

Notably, we found that standardized measures of or-
thopedic surgeon opioid prescribing created using publicly
available provider-level data had opposite associations
with postoperative analgesic prescribing compared to or-
thopedic surgeon opioid prescription volume. For exam-
ple, higher orthopedic surgeon opioid prescription volume
was associated with a lower risk of long-term opioid
prescribing, but a greater number of opioid prescriptions
per THA/TKA procedure was associated with a higher risk
of long-term opioid prescribing for both NSAID-naı̈ve and
NSAID-prevalent participants. These results suggest that it
is important for future work to consider orthopedic surgeon
opioid prescribing in the context of their case load and
overall medication prescribing, rather than solely con-
sidering the number of opioid prescriptions.

Limitations

There are several potential limitations to this analysis. First,
our results may not generalize well to older adults without
Medicare Fee-for-Service (i.e., Medicare Advantage), those
who were not opioid naı̈ve at the time of THA/TKA, or to
those residing outside of the United States.

Second, due to the nature of our prescription drug dis-
pensing data, we could not capturemedication administrations
(i.e., patterns of medication use). Additionally, we could not
identify use of non-prescription (over-the-counter) analgesics.
Thus, we could not ascertain use of non-prescription NSAIDs
(e.g., ibuprofen, naproxen) or other analgesics that are used as
part of multimodal analgesia (e.g., acetaminophen). However,
to our knowledge, there is currently no data source with
information on the use of non-prescription medications that
could have been applied to this national population of
Medicare beneficiaries to fill this gap in knowledge.

Third, potentially influential predictors of opioid and
NSAID prescribing following THA/TKA, such as bene-
ficiary preoperative and postoperative pain scores, hospital
prescribing protocols, and enhanced recovery pathways
were not available in our data. Thus, we could not assess
the relationships between these potentially important
predictors and postoperative analgesic prescribing.

Finally, standardized opioid prescribing measures cal-
culated for orthopedic surgeons should be interpreted in
light of several considerations. Since Medicare Part B and
D Provider Utilization and Payment data relate to the
procedures performed and prescriptions written by each
provider in aggregate, these measures do not consider
providers’ case mix, including patient health status or prior
medication use, which may impact postoperative
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prescribing practices. Additionally, although we attempted
to characterize orthopedic surgeon prescribing, it is pos-
sible that another clinician may have been responsible for
managing postoperative pain (e.g., advanced practitioner
working with the surgeon). In this case, our inferences may
be incorrect when attributing postoperative prescribing to
the surgeon. However, if the Part D dispensings were
captured under the surgeon’s National Provider Identifier
through collaborative agreements, our approach would still
be valid. Finally, we assumed that the orthopedic surgeon
would be responsible for prescribing analgesics in most
THA/TKAs performed each year. In our study, 58.6% of
beneficiaries overall had a prescription written by an or-
thopedic surgeon during days 1-89 after THA/TKA, and
70.6% of beneficiaries had a corresponding prescription
when restricting to those with a Part D claim. Our finding
that greater opioid prescribing intensity was significantly
associated with a higher risk of long-term opioid pre-
scribing and lower risk of initial NSAID prescribing could
suggest that the relationships were strong enough for
people whose pain was managed by the orthopedic sur-
geon that the results were still significant even when ap-
plied to the whole cohort (which included participants who
did not receive a prescription from the orthopedic surgeon
in the initial postoperative period). Further research is
needed to validate these standardized opioid prescribing
measures, understand the impact of orthopedic surgeon
opioid prescribing intensity on clinical outcomes, examine
the clinical appropriateness of opioid and NSAID pre-
scribing, and elucidate the pathways through which these
relationships operate.

Conclusion

Overall, we found that orthopedic surgeon opioid pre-
scribing measures and U.S. region were the greatest health
system level predictors of initial, and long-term, pre-
scribing of opioids and prescription NSAIDs among older
Medicare beneficiaries following THA/TKA. The rela-
tionships between health system characteristics and
postoperative analgesic prescribing were similar among
NSAID-naı̈ve and NSAID-prevalent individuals. Future
work aiming to improve the use of multimodal analgesia
through increased NSAID prescribing and reduce long-
term opioid use following THA/TKA could consider
targeting orthopedic surgeons with higher standardized
opioid prescribing practices.
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