
18 AANA Journal  February 2020  Vol. 88, No. 1 www.aana.com/aanajournalonline

The purpose of this research study was to identify 
factors associated with prolonged postoperative opi-
oid use in opioid-naïve patients in 2 domains: spe-
cific patient characteristics and exposure through 
postoperative opioid prescriptions. A retrospective 
analysis was conducted of electronic medical records 
of opioid-naïve adult orthopedic surgical patients 
at a large academic medical center from January 1, 
2012, through December 31, 2017. In this cohort, 4% 
continued to refill opioid prescriptions more than 90 
days after their surgical procedure. Prolonged use was 
associated with an initial prescription that had an oral 
morphine milligram equivalent above 675. Receipt of 
opioid prescription refills was a significant predictor 
for receiving additional opioid prescriptions over time. 

Multivariate logistic regression indicated that the inde-
pendent predictors of prolonged postoperative opioid 
use were alcohol abuse, black race, Medicaid insur-
ance, and the following comorbidities: diabetes, mood 
disorder, hypertension, and chronic kidney disease. To 
decrease the rate of prolonged postoperative opioid 
use, clinical changes can be investigated, including 
collaborative perioperative pain management strate-
gies using nonopioid pain control methods; periopera-
tive patient screening; education of patients and clini-
cians; and close postoperative follow-up, especially in 
the most vulnerable populations. 

Keywords: Opioid addiction, orthopedic surgery, post-
operative, prescribing practice.
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T
he opioid crisis was declared a national pub-
lic health emergency by the US president 
in October 2017.1 Opioid overdose fatalities 
increased 20% from 2016 to 2017 to reach 
a record 47,000 despite concerted efforts by 

multiple federal, state, and local agencies.2 This increase 
in accidental deaths is associated with a decreased life 
expectancy in the United States for the second year in a 
row.3,4 Opioid-related medical problems accounted for 
1.27 million hospital visits in 2014.5,6 Between 2005 and 
2014, hospitalizations related to opioid pain relievers 
and heroin increased 64%, and emergency department 
visits doubled, costing more than $72 billion per year.5,6 

Additional costs are myriad, including lost productivity, 
criminal justice system costs, and the rippling effects on 
families and children. 

Overdose deaths involving prescription opioids are 
steadily rising, mirroring the increase in opioid prescrib-
ing rates.7 Deaths increased from 12,796 in 2007 to 
17,029 in 2017.7 Several factors caused this shift in pre-
scribing practices in the United States. In the 1990s, ag-
gressive pharmaceutical marketing to physicians caused a 
sharp rise in the number of opioid prescriptions written.8 
At the same time, there was a cultural shift in the United 
States surrounding pain management expectations.9 

American Pain Society President James Campbell rec-
ommended considering pain the fifth vital sign in 1995, 
garnering widespread support from the medical com-
munity.10 Although support for this idea has now been 
withdrawn by the American Medical Association, the 
American College of Surgeons, the Joint Commission, the 
American Academy of Family Physicians, and the Centers 
for Medicare and Medicaid Services,11 there is a continued 
rise in the amount of opioids prescribed postoperatively.12 

Limited clinical guidelines exist on postoperative 
opioid prescribing for surgeons.13 This has resulted 
in wide variability in postoperative opioid prescribing 
among practitioners not only geographically but also 
in the same healthcare facilties.14,15 When researchers 
examined surgical prescribing practices over time, an 
increase was seen in both the number of patients filling 
opioid prescriptions and the mean morphine milligram 
equivalents (MME) prescribed from 2004 to 2012.12 
Increases in MME varied from 10% for patients un-
dergoing carpal tunnel surgeries up to 18% in patients 
undergoing knee arthroscopies.12 Additionally, several 
research studies show that patients have some uncon-
sumed opioids after surgery, indicating that opioids are 
often overprescribed postoperatively.15,16 

Prolonged postoperative opioid use is now identified as 
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a common complication of elective surgery.15,17 Prolonged 
postoperative opioid use is defined by the American Society 
of Interventional Pain Physicians Guidelines as continued 
use beyond the normal and expected time of 90 days for 
surgical healing.8 Research findings suggest that 4% to 
13% of opioid-naïve patients (patients who have filled no 
opioid prescription for at least 90 days before surgery) 
are still taking opioid pain relievers 3 months or more 
after their surgical procedure.17-20 A recent review of the 
literature indicates that prolonged opioid use is associ-
ated more with preexisting disorders than with postop-
erative surgical pain.15 Results of studies identified that 
prolonged use is unrelated to changes in pain scores over 
time or whether the surgery was classified as major or 
minor, suggesting that specific patient factors, rather than 
surgical pain, contribute to prolonged use.17,19

Current literature identifying which patients are at 
risk of prolonged postoperative opioid use, or the influ-
ence of prescribing practices on prolonged postoperative 
opioid use, is inconclusive.15 Studies identified preexist-
ing disorders such as anxiety, depression, tobacco and 
alcohol abuse, multiple comorbidities, and preexisting 
pain conditions as possible factors contributing to pro-
longed use, but results across studies are inconsistent.15 
Additionally, most current research is limited to large 
insurance databases that exclude patients over the age 
of 65 years, government payers such as Medicaid, and 
the uninsured, thus missing vulnerable populations of 
patients. This supports the need for clear identification 
and assessment of patient risk factors.7 

The purpose of the present study was to identify 
factors associated with prolonged postoperative opioid 
use in 2 domains—specific patient factors and the amount 
of opioids prescribed postoperatively—and then to evalu-
ate the relationship of each domain to opioid refills at 90 
to 180 days postoperatively in opioid-naïve patients. We 
hypothesized that increased postoperative exposure to 
opioids would be associated with continued use 90 to 180 
days after surgery, and that specific patient factors (eg, de-
mographics, alcohol abuse, drug abuse, smoking history, 
and comorbid conditions) would likewise be associated 
with prolonged use at 90 to 180 days after surgery.

Materials and Methods
• Study Design. A retrospective analysis of an electronic 
medical record (EMR) dataset of inpatient and outpa-
tient orthopedic surgical patients at a large, urban, aca-
demic teaching hospital, from January 1, 2012, through 
December 31, 2017, was conducted. Orthopedic surgical 
records were chosen because research findings show that 
orthopedic surgeries are associated with the highest risk 
of prolonged postoperative opioid use.21,22 This study 
was approved by the institutional review board, and a 
waiver of consent was granted for data collection. Data 
were extracted and de-identified by the Center for Health 

Informatics, the institutional honest broker, then pro-
vided to the research team. 

• Data Extraction. Data extraction included inpatients 
and outpatients 18 years of age or older undergoing 
orthopedic surgeries as defined by Current Procedural 
Terminology (CPT) billing codes. Our sample was re-
stricted to opioid-naïve patients. This was defined as 
patients who had not filled an opioid prescription in the 
past 12 months, or who filled only a perioperative pre-
scription, defined as a prescription filled 30 days or less 
before surgery. Opioid-naïve patients without an opioid 
prescription were excluded. Patients were also excluded 
if they had a diagnosis of cancer or if they underwent a 
second surgery within 180 days of the first. 

• Exposure. Oral MME were calculated from the initial 
perioperative opioid prescription by multiplying the 
number of pills, milligrams per pill, and opioid conver-
sion factor.23 Opioids were identified by their generic 
names. 

• Patient Factors. Patient demographics included in 
this analysis were age (18-35, 36-50, 51-65, and > 65 
years), gender, and race (white, black, Asian, other). 
Clinical variables included smoking history (never, 
former, current), specific comorbidities (eg, alcohol abuse, 
history of drug abuse, mood disorder, diabetes, hyperten-
sion, coronary artery disease), ASA physical status clas-
sification 1 to 4, and body mass index (BMI; underweight 
< 18 kg/m2, normal weight = 18.5-24.9 kg/m2, overweight 
= 25.0-29.9 kg/m2, obese > 30 kg/m2). Comorbidities were 
selected based on those identified in the current literature 
as risk factors for prolonged postoperative opioid use, and 
other common major clinical comorbidities.15 The co-
morbidities were identified by International Classification 
of Diseases (ICD), Ninth and Tenth Revisions codes. Payer 
types were coded as commercial insurance, Medicare, 
Medicaid, self-pay, workers’ compensation, and “other,” 
thereby including all payer types. 

• Outcome. The primary outcome of interest was pro-
longed opioid use defined as opioid prescription refills 
90 to 180 days after surgery (binary yes/no).

• Statistical Analysis. Descriptive statistics were used 
to assess patient factors and refills at 90 to 180 days post-
operatively. Frequencies for all categorical variables were 
explored in relation to gender, and bivariate relationships 
were tested with the χ2 test for categorical variables, or 
t tests or 1-way analysis of variance for continuous vari-
ables. Summary statistics were presented as percentages 
for categorical variables, or mean and standard deviation 
for continuous variables. A review of the literature found 
that women are more likely to report chronic health con-
ditions, such as pain and depression, and prescription 
opioid use, and that patterns of opioid use and misuse 
differ between men and women.24 However, there is little 
research examining the contribution of gender differenc-
es on prolonged opioid use.15,23 Therefore, we examined 
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differences in patient characteristics by gender.
In a univariate analysis, all descriptors of interest 

were evaluated one at a time in logistic models, with 
presence or absence of refills (binary; 1 = refills, 0 = no 
refills) during the time of interest as the dependent vari-
able. Descriptors included exposure (MME) and patient 
factors. The MME was divided into quartiles: less than 
225, 225 to 450, 451 to 675, and above 675). Age and 
BMI were categorized, to facilitate comparisons with the 
existing literature and to make the results more action-
able. The primary time of interest for the refills was 90 to 
180 days after surgery, but the models were also applied 
to 0 to 30 days, 30 to 60 days, and 60 to 90 days. These 
secondary outcomes variables were also evaluated as pre-
dictors of refills from 90 to 180 days but were not consid-
ered for the multivariable model because of temporality. 

The relationship of MME to refills at 90 to 180 days 
was examined further using logistic models as described 

earlier. Because the data were ostensibly continuous but 
skewed, both linear and log-linear relationships were 
considered. However, as the data had a few values that 
made up most of the observations, a categorical approach 
was also evaluated. Groupings considered were 3 to 5 
categories, with cutoffs based on quantiles of all observa-
tions or only of cases. The best model was chosen based 
on the Akaike Information Criterion, which, when mini-
mized, leads to a more parsimonious model with good fit.

The logistic regression method used for the univariate 
comparisons was expanded to develop a multivariable 
model. Covariates with a P value less than or equal to 
.02 were included in a stepwise forward selection logistic 
model. Covariates were entered into the model one at a 
time, with the most statistically significant one added 
each time. At each step, all other covariates were also 
evaluated to ensure that they were still statistically sig-
nificant. The model was complete when all descriptors 

Figure.  Cohort Flow Diagram
Abbreviation: BMI, body mass index.
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Table 1.  Characteristics of Opioid-Naïve Orthopedic Surgical Patients, With Comparison by Gendera

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease.
aIndividual numbers do not add to the total cohort because of missing data.

    P value 
Characteristic All  Female Male (male vs female)

Number (%) 7,323 (100) 3,597 (49.1) 3,726 (50.9) 
Age, y    < .001
 18-35 1,369 (18.7) 548 (15.2) 821 (22.0) 
 36-50 1,625 (22.2) 748 (20.8) 877 (23.5) 
 51-65 2,486 (33.9) 1,224 (34.0) 1,262 (33.9) 
 > 65 1,843 (25.2) 1,077 (29.9) 766 (20.6) 
Race    .02
 White 6,050 (82.6) 2,997 (83.3) 3,053 (81.9) 
 Black 1,009 (13.8) 492 (13.7) 517 (13.9) 
 Asian 63 (0.9) 31 (0.9) 32 (0.9) 
 Other 201 (2.7) 77 (2.1) 124 (3.3) 
Insurance    < .001
 Commercial 3,474 (47.4) 1,669 (46.4) 1,805 (48.4) 
 Medicaid 1,059 (14.5) 518 (14.4) 541 (14.5) 
 Medicare 1,908 (26.1) 1,142 (31.7) 766 (20.6) 
 Other 387 (5.3) 120 (3.3) 267 (7.2) 
 Self-pay 230 (3.1) 79 (2.2) 151 (4.1) 
 Workers’ compensation 265 (3.6) 69 (1.9) 196 (5.3) 
BMI, kg/m2    < .001
 Underweight 99 (1.4) 62 (1.7) 37 (1.0) 
 Normal 1,814 (24.8) 924 (25.7) 890 (23.9) 
 Overweight 2,351 (32.1) 971 (27.0) 1,380 (37.0) 
 Obese 3,059 (41.8) 1640 (45.6) 1,419 (38.1) 
 Obese class 1 1,585 (21.6) 734 (20.4) 851 (22.8) 
 Obese class 2  859 (11.7) 489 (13.6) 370 (9.9) 
 Obese class 3 615 (8.4) 417 (11.6) 198 (5.3) 
Smoking status    < .001
 Never 3,823 (52.2) 2,108 (58.6) 1,715 (46.0) 
 Former 1,695 (23.1) 759 (21.1) 936 (25.1) 
 Current 1,535 (21.0) 610 (17.0) 925 (24.8) 
Comorbidities    
 Alcohol abuse 1,518 (20.7) 601 (16.7) 917 (24.6) < .001
 Drug abuse 1,158 (15.8) 443 (12.3) 715 (19.2) < .001
 Mood disorder 1,135 (15.5) 709 (19.7) 426 (11.4) < .001
 COPD 1,349 (18.4) 839 (23.3) 510 (13.7) < .001
 Emphysema 96 (1.3) 46 (1.3) 50 (1.3) .81
 Cerebrovascular disease 462 (6.3) 247 (6.9) 215 (5.8) .05
 Chronic kidney disease 460 (6.3) 193 (5.4) 267 (7.2) .002
 Coronary artery disease 905 (12.4) 358 (10.0) 547 (14.7) < .001
 Diabetes 1,241 (16.9) 615 (17.1) 626 (16.8) .74
 Hypertension 3,516 (48.0) 1,807 (50.2) 1,709 (45.9) .001
 Liver disease 393 (5.4) 177 (4.9) 216 (5.8) .10
 Obesity 1,633 (22.3) 998 (27.7) 635 (17.0) < .001
 Chronic pain 6,640 (90.7) 3,345 (93.0) 3,295 (88.4) < .001
ASA class    < .001
 1 1,041 (14.2) 402 (11.2) 639 (17.1) 
 2 3,583 (48.9) 1,784 (49.6) 1,799 (48.3) 
 3 2,130 (29.1) 1,137 (31.6) 993 (26.7) 
 4 146 (2.0) 69 (1.9) 77 (2.1) 
Prescription refills    
 0-30 days 676 (9.2) 297 (8.3) 379 (10.2) .005
 30-60 days 265 (3.6) 128 (3.6) 137 (3.7) .79
 60-90 days 123 (1.7) 58 (1.6) 65 (1.7) .66
 90-180 days 290 (4.0) 171 (4.8) 119 (3.2) < .001
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in the model had P values less than or equal to .05 and 
all descriptors not in the model had P values above .05 
according to the Wald χ2 statistic. The predictive power 
of the model was assessed using the area under the re-
ceiver operating characteristic curve; goodness of fit was 
assessed using the Hosmer-Lemeshow test, for which a 
nonsignificant P value indicates a good fit. Comparative 
risk estimates were expressed as odds ratio (OR) with 
95% CI. All data were analyzed using statistical analysis 
software (SAS version 9.4, SAS Institute, Cary, NC).

Results
• Sample Characteristics. A total of 22,445 patients 
underwent orthopedic surgery from January 1, 2012, 
to December 31, 2017. After application of inclusion 
and exclusion criteria, patients were removed if they 
remained in the hospital more than 30 days following 
surgery, reported unknown or conflicting race informa-
tion, were missing BMI, or were missing the quantity 
of pills on their opioid prescription. The final sample 
included 7,323 patients (Figure). 

Descriptive data are displayed in Table 1. The cohort 
was 49.1% female, 82.6% white, 41.8% obese, and 
31.1% ASA class 3 or 4. There were significant differ-
ences between men and women in several comorbidities. 
Women had a greater incidence of chronic obstructive 
pulmonary disease (COPD), obesity, mood disorder, 
chronic pain, and hypertension than did men (P < .001). 
Men had a greater incidence of smoking, alcohol abuse, 
drug abuse, coronary artery disease (P < .001), and 
chronic kidney disease (P =.002). There were also signifi-
cant differences between men and women by payer type, 
age, and ASA class (P < .001), as well as race (P = .02). 
However there were no significant differences between 
men and women in the type of opioid prescription re-
ceived or in the major surgery categories: hip arthroplas-
ties, knee arthroplasties, knee arthroscopies, shoulder 
arthroscopies, and spine arthrodesis.

• Factors Associated With Opioid Refills 90 to 180 Days 
Postoperatively. The results of the univariate analysis are 
displayed in Table 2. We observed that 4.0% of patients 
received an opioid refill 90 to 180 days after surgery. 
Receipt of an opioid prescription refill during each of the 
3 earlier periods was significantly associated with receiv-
ing a refill at 90 to 180 days (0-30 days: OR = 2.7, 95% CI 
= 2.0-3.6; 30-60 days: OR = 3.3, 95% CI = 2.2-5.0; 60-90 
days: OR = 5.6, 95% CI = 3.5-9.1). In addition, receiving 
a refill in each period was associated with increased odds 
of receiving a refill in the next period (refills within 0-30 
days predicting refills within 30-60 days: OR = 4.9, 95% 
CI = 3.7-6.4; refills within 30-60 days predicting refills 
within 60-90 days: OR=  8.7, 95% CI = 5.6-13.5).

According to the univariate analysis, receipt of an 
initial postoperative prescription of more than 675 MME 
(highest MME quartile) was predictive of receiving a 

refill 90 to 180 days after surgery (P < .001) compared 
with having a prescription less than 225 MME (lowest 
quartile; OR = 2.5, 95% CI = 1.7-3.6). Additional sig-
nificant predictors were female gender (P < .001); black 
race (P < .001); Medicaid insurance (P < .001); smoking 
(P < .001); major comorbidities except cerebrovascular 
disease and liver disease; and ASA status 2, 3, and 4, with 
risk increasing with each status increase. 

Multivariable logistic regression indicated multiple 
independent predictors of prolonged postoperative opioid 
use (Table 3). They were alcohol abuse (OR = 2.0, 95% CI 
= 1.5-2.6), MME above 675 (OR = 2.3, 95% CI = 1.5-3.4) 
compared with below 225, female gender (OR = 1.7, 95% 
CI = 1.3-2.1), black race (OR = 1.6, 95% CI = 1.2-2.2) 
compared with white race, Medicaid insurance (OR = 1.8, 
95% CI = 1.3-2.5) compared with commercial insurance, 
and 4 comorbidities. The comorbidities were diabetes (OR 
= 1.5, 95% CI = 1.1-2.0), mood disorder (OR = 1.4, 95% 
CI = 1.1-1.9), hypertension (OR = 1.4, 95% CI = 1.1-1.9), 
and chronic kidney disease (OR = 1.6, 95% CI = 1.1-2.4). 

Discussion
This study is the first, to our knowledge, to examine the 
prolonged opioid use of a large cohort of opioid-naïve 
adult orthopedic surgical patients at an academic medical 
center. Unlike prior research, this study included both in-
patients and outpatients, patients over the age of 65 years, 
and patients using both private and government payers.15 
In this cohort, 4% of patients continued to fill opioid 
prescriptions more than 90 days after surgery, which is 
consistent with other research showing continued opioid 
use in 4% to 13%.15 In our study, prolonged postoperative 
opioid use in opioid-naïve patients was associated with an 
initial prescription with an MME above 675 and patient 
factors including female gender, black race, Medicaid 
insurance, alcohol abuse, mood disorders, diabetes, hy-
pertension, and chronic kidney disease. Receipt of opioid 
prescription refills was a significant predictor for receiv-
ing additional opioid prescriptions over time.

• Large Initial Postoperative Opioid Prescription. The 
highest quartile of MME (> 675) was associated with pro-
longed postoperative opioid use. For reference, 90 pills of 
oxycodone-acetaminophen (5 mg/325 mg) convert to 675 
MME. A prior study of major and minor nonorthopedic 
surgeries found the probability of receiving a prescription 
refill was associated with an even lower initial prescrip-
tion threshold of MME above 300.25 In addition to the 
risk of prolonged postoperative opioid use, prescribing 
high MME may place patients at increased risk of acciden-
tal overdose. Prescription opioid overdoses account for 
more than 40% of opioid-related fatalities in the United 
States.26,27 Oxycodone and hydrocodone, commonly pre-
scribed after surgery, along with methadone, were the 
top 3 opioids involved in the fatalities.28 Since the risk 
of overdose increases with increased MME, patients with 
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 Univariate                   Multivariable modela  Order 
 model    added 
 OR  OR  to 
Covariate (95% CI) P value  (95% CI) P value model

Total MME prescribedb  < .0001  < .001 3
 < 225 Reference  Reference  
 225-450 0.8 (0.6-1.1)  0.9 (0.7-1.3)  
 451-675 1.1 (0.8-1.5)  1.1 (0.8-1.5)  
 > 675 2.5 (1.7-3.6)  2.3 (1.5-3.4)  
Gender  .0007  < .001 4
 Male Reference  Reference  
 Female 1.5 (1.2-1.9)  1.7 (1.3-2.1)  
Age, y  .1681 NA  
 18-35 Reference    
 36-50 1.2 (0.8-1.8)    
 51-65 1.3 (0.9-1.8)    
 > 65 0.9 (0.6-1.4)    
Race  < .0001  .02 5
 White Reference  Reference  
 Black 2.2 (1.7-2.9)  1.6 (1.2-2.1)  
 Asian 1.4 (0.4-4.6)  1.7 (0.5-5.6)  
 Other 1.3 (0.7-2.6)  1.5 (0.8-3.1)  
Insurance  < .0001  .005 8
 Commercial Reference  Reference  
 Medicaid 2.9 (2.2-4.0)  1.8 (1.3-2.5)  
 Medicare 1.4 (1.0-1.9)  1.0 (0.7-1.4)  
 Other 1.9 (1.2-3.1)  1.6 (0.9-2.6)  
 Self-pay 1.3 (0.6-2.6)  1.0 (0.5-2.1)  
 Workers’ compensation 1.5 (0.8-2.9)  1.6 (0.9-3.1)  
BMI, kg/m2  .0791 NA  
 Underweight 1.3 (0.5-3.2)    
 Normal Reference    
 Overweight 0.8 (0.6-1.1)    
 Obese 1.1 (0.8-1.5)    

Smoking  .0004 NA  

 Missing 1.4 (0.7-2.5)    

 Never Reference    

 Former 1.1 (0.8-1.5)    

 Current 1.8 (1.4-2.4)    

Comorbidities     

 Alcoholism 2.4 (1.9-3.1) < .0001 2.0 (1.5-2.6) < .001 1

 Drug abuse 2.1 (1.6-2.7) < .0001 NA  

 Mood disorder 2.0 (1.6-2.7) < .0001 1.4 (1.1-1.9) .02 6

 COPD 2.1 (1.6-2.7) < .0001 NA  

 Emphysema 4.3 (2.4-7.7) < .0001 NA  

 Cerebrovascular disease 1.4 (0.9-2.2) .1002 NA  

 Chronic kidney disease 2.1 (1.4-3.0) .0001 1.6 (1.1-2.4) .03 9

 Coronary artery disease 2.0 (1.5-2.7) < .0001 NA  

 Diabetes 2.0 (1.5-2.6) < .0001 1.5 (1.1-2.0) < .0001 2

 Hypertension 1.8 (1.4-2.2) < .0001 1.4 (1.1-1.9) .009 7

 Liver disease 2.0 (1.3-2.9) .0012 NA  

 Obesity 2.1 (1.7-2.7) < .0001 NA  

 Chronic pain 5.0 (2.2-11.4) < .0001 NA  

Table 2.  Continued on next page.
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high MME prescriptions should also receive a prescription 
for naloxone. Another reason to decrease the MME pre-
scribed is to decrease the surplus of leftover opioids in the 
community. Current research indicates that opioids are 
often overprescribed after surgery, and some pills remain 
unconsumed by patients.16,20 This pool of opioids in the 
community is a source for misuse and diversion: more 
than 40% of persons with opioid use disorder reported 
obtaining opioids from friends or family members.29 

• Opioid Prescription Refills. Receipt of an opioid pre-
scription refill was significantly associated with receiving 
a refill at 90 to 180 days after surgery. In addition, receiv-
ing a refill in each period was associated with increased 
odds of receiving a refill in the next period: refills within 
0 to 30 days predicted refills at 30 to 60 days, which in 
turn predicted refills at 90 to 180 days. Patients request-
ing refills should be evaluated by providers for proper 
surgical healing, use of multimodal pain relief strategies 
in addition to opioid pain relievers, and evaluation of 
opioid dosage. In addition, prescribers should carefully 
evaluate patients requesting opioid refills because re-
search indicates that patients may continue opioids for 
reasons other than surgical pain.15

• Mental Disorders and Alcohol Abuse. Our findings 
support current evidence that posits that specific co-
morbidities are associated with prolonged postoperative 
opioid use.15 Both mood disorders and alcohol abuse 
were identified as independent risk factors, which is 
consistent with current research.15 When mental health 
disorders are combined with opioid use, patients are at 
an increased risk of suicide.30,31 Factors associated with 
increased risk of suicide or overdose in patients taking 

opioid pain relievers include mental health disorders, 
duration of opioid prescription use, and higher MME.32 
Often it is unclear whether the overdose was uninten-
tional.31 Screening tools are available to assess a patient’s 
risk of self-harm and should be considered as part of the 
preoperative patient assessment process.30-32  

• Chronic Comorbid Conditions. Additional comor-
bidities identified include diabetes, hypertension, and 
chronic kidney disease. This is consistent with current 
research findings showing that a greater number of co-
morbid conditions increases the risk of prolonged post-
operative opioid use.15 However, there is little research 
on the association of specific common comorbid condi-
tions such as diabetes, hypertension, COPD, coronary 
artery disease, and chronic kidney disease.15 We suggest 
perioperative patient education and close postoperative 
follow-up for patients with these conditions to help them 
comanage their surgical recovery and pain along with 
their chronic diseases. Providing education and follow-
up can allow for assessment of pain related to surgery or 
related to other chronic conditions that may be precipi-
tated or exaggerated by their surgical recovery. 

• Sociodemographics. We found significant differences 
between men and women in comorbidities, payer type, and 
ASA class but not in the major surgery categories or the 
type of opioid prescribed. Prolonged postoperative opioid 
use was associated with identification as female gender, 
with black race, and with having Medicaid insurance. The 
contribution of demographics to prolonged postoperative 
opioid use is inconsistently reported in the literature.15 
For instance, in an analysis of one large private insur-
ance database, predictors included age less than 65 years, 

Table 2.  Univariate and Multivariable Outcomes Analyses of Opioid-Naïve Orthopedic Surgical Patients
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; MME, oral morphine milligram equivalents; NA, 
not applicable OR = odds ratio.
aFor the multivariable model, covariates with a P value ≤ .02 were included in a stepwise forward selection logistic model. Covariates 
were entered into the model one at a time, with the most statistically significant one added each time. At each step, all other covariates 
were also evaluated to ensure that they were still statistically significant. The model was complete when all descriptors in the model 
had P values ≤ .05 and all descriptors not in the model had P values > .05 according to the Wald χ2 statistic. Boldface indicates 
significant.
bCalculated as: Number of pills × Milligrams per pill × Opioid conversion factor.

 Univariate                   Multivariable modela  Order 
 model    added 
 OR  OR  to 
Covariate (95% CI) P value  (95% CI) P value model

ASA class  < .0001 NA  
 Missing 3.0 (1.6-5.6)    
 1 Reference    
 2 2.0 (1.2-3.2)    
 3 3.4 (2.1-5.6)    
 4 4.6 (2.1-10.0)    
Refills   NA  
 0-30 days 2.7 (2.0-3.6) < .0001   
 30-60 days 3.3 (2.2-5.0) < .0001   
 60-90 days 5.6 (3.5-9.1) < .0001   
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female gender, and household income less than $60,000,20 
whereas in another large private insurance database, 
predictors included age greater than 50 years and male 
gender.21 Therefore, results from the present study require 
replication in larger, more diverse samples.

• Limitations. This study has several limitations. It is a 
retrospective review of medical records with its inherent 
limitations, such as coding errors and missing data. The 
study is limited to orthopedic surgical patients at a single 
center; therefore, findings may not be generalizable to all 
surgical populations in all centers. It is impossible to know 
whether patients were receiving opioid prescriptions from 
providers outside the EMRs from which our data were 
extracted. Additionally, we do not know the actual MME 
that patients consumed, only the MME prescribed.

Conclusion 
In this cohort of opioid-naïve orthopedic surgical pa-
tients, prolonged postoperative opioid use was associ-
ated with an initial prescription with an MME above 
675, female gender, Medicaid insurance, black race, 
alcohol abuse, mood disorder, diabetes, hypertension, 

and chronic kidney disease. Our findings indicate that 
these patients are at high risk of prolonged use, and we 
suggest close presurgical education and screening, as 
well as careful postsurgical monitoring, since prolonged 
use is linked to consequences including, but not limited 
to, development of opioid use disorder.15 It is important, 
however, to use good clinical judgment and avoid creat-
ing bias against patients with the characteristics identi-
fied in this analysis, because the risk factors may not 
apply to patients in different contexts. 

The identification of patient factors can be used 
to develop evidence-based, patient-centered education 
and collaborative pain management planning with the 
perioperative team based on individual needs for all pa-
tients. Perioperative pain management planning should 
include evidence-based nonopioid pain relief strategies 
such as nonopioid pain medications, regional anesthetic 
techniques, neuraxial analgesia, local anesthetics, and 
Enhanced Recovery After Surgery protocols. Our findings 
related to MME suggest the potential for surgeons to pre-
scribe lower MME postoperatively, potentially decreasing 
the surplus of leftover opioids and decreasing the poten-

Table 3.  Multivariable Logistic Regression Model of Predictors of Prolonged Postoperative Opioid Use
Abbreviations: MME, oral morphine milligram equivalents; OR = odds ratio.
aCovariates with a P value ≤ .02 were included in a stepwise forward selection logistic model. Covariates were entered into the model 
one at a time, with the most statistically significant one added each time. At each step, all other covariates were also evaluated to 
ensure that they were still statistically significant. The model was complete when all descriptors in the model had P values ≤ .05 and all 
descriptors not in the model had P values > .05 according to the Wald χ2 statistic.
bCalculated as: Number of pills × Milligrams per pill × Opioid conversion factor. 

Patient factor P valuea Estimate OR (95% CI)

Alcohol abuse <.001 0.6707 2.0 (1.5-2.6)
Diabetes .009 0.3942 1.5 (1.1-2.0)
Total MMEb <.001  
 < 225  Reference Reference
 225-450  −0.0853 0.9 (0.7-1.3)
 451-675  0.1109 1.1 (0.8-1.5)
 > 675  0.8206 2.3 (1.5-3.4)
Gender <.001  
 Male  Reference Reference
 Female  0.5035 1.7 (1.3-2.1)
Race .02  
 White  Reference Reference
 Black  0.4561 1.6 (1.2-2.1)
 Asian  0.4954 1.7 (0.5-5.6)
 Other  0.4280 1.5 (0.8-3.1)
Mood disorder .02 0.3337 1.4 (1.1-1.9)
Hypertension .009 0.3675 1.4 (1.1-1.9)
Insurance type .005  
 Commercial  Reference Reference
 Medicaid  0.5756 1.8 (1.3-2.5)
 Medicare  −0.0297 1.0 (0.7-1.4)
 Other  0.4386 1.6 (0.9-2.6)
 Self-pay  −0.0258 1.0 (0.5-2.1)
 Workers’ compensation  0.4962 1.6 (0.9-3.1)
Chronic kidney disease .03 0.4579 1.6 (1.1-2.4)
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tial for prolonged use among opioid-naïve patients, as 
well as the need for interdisciplinary pain management 
strategies using nonopioid pain control methods. 
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