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STRUCTURED ABSTRACT

Objective—Determine preoperative patient characteristics associated with postoperative 

outpatient opioid use and assess the frequency of postoperative opioid overprescribing.

Summary Background Data—Although characteristics associated with inpatient opioid use 

have been described, the patient factors associated with opioid use after discharge are unknown but 

could inform the development of individualized approaches to postoperative prescribing.

Methods—We included opioid-naïve patients undergoing hysterectomy, thoracic surgery, and 

total knee and hip arthroplasty in a single-center prospective observational cohort study. 

Preoperative phenotyping included self-report measures to assess pain severity, fibromyalgia 

survey criteria score, pain catastrophizing, depression, anxiety, functional status, fatigue, and sleep 

disturbance. Our primary outcome measure was self-reported total opioid use in oral morphine 

equivalents (OMEs). We constructed multivariable linear regression models predicting opioids 

consumed in the first postoperative month.
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Results—We enrolled 1,181 patients; 1,001 had complete primary outcome data and 913 had 

complete phenotype data. Younger age, non-Caucasian race, lack of a college degree, higher 

anxiety, greater sleep disturbance, heavy alcohol use, current tobacco use, and larger initial opioid 

prescription size were associated with increased opioid consumption. Median total OMEs 

prescribed was 600 (equivalent to 120 5-mg hydrocodone pills), while median opioid consumption 

was 188 OMEs (38 pills).

Conclusions—In this prospective cohort of opioid-naïve patients undergoing major surgery, we 

found a number of characteristics associated with greater opioid use in the first month after 

surgery. Future studies should address the use of non-opioid medications and behavioral therapies 

in the perioperative period for these higher risk patients.

MINI-ABSTRACT

We assessed the preoperative patient characteristics independently associated with postoperative 

outpatient opioid use during the first month after four common major surgeries. We found that 

younger age, non-Caucasian race, absence of a college degree, higher anxiety, greater sleep 

disturbance, heavy alcohol use, current tobacco use, and larger initial opioid prescription size were 

significantly associated with increased opioid consumption. Furthermore, we observed a marked 

discrepancy between prescribed and consumed opioids.

INTRODUCTION

The rise of opioid use disorders in the United States has been termed an epidemic, with 134 

Americans dying on average daily.1 While prescribing has decreased in recent years,2 more 

than 193 billion oral morphine equivalents (OMEs) were prescribed in 2016.3 Most public 

health and research efforts have focused on the appropriate use of opioids in chronic pain 

conditions and on medication-assisted treatment for opioid abuse. However, many patients’ 

initial opioid prescriptions come from surgical care.4 New chronic opioid use may represent 

the most common complication after a wide variety of elective surgeries.5-10 Additionally, 

approximately 70% of opioid pills prescribed after surgery go unused and become a source 

for misuse, abuse, and diversion.11, 12

Recently, a number of states have implemented supply limits of 7 days or fewer for initial 

opioid prescriptions, including surgical prescribing.13 Although prescribing limits have 

some potential benefits, such policy efforts are not necessarily patient-centered and may 

undertreat pain for some patients.14 Moreover, blunt policies that are not data-driven may 

not resonate with surgeons (who may be fearful of poor patient satisfaction or the need for 

refills), and limits can also still lead to overprescribing. A more individualized approach 

based on preoperative patient risk factors to postoperative opioid prescribing may minimize 

unused opioids and the incidence of prolonged postoperative opioid use while ensuring 

adequate analgesia.

Prior studies have associated a number of factors with opioid use during the inpatient period, 

particularly psychological characteristics such as distress, anxiety, and centralized pain.15-17 

However, limited data exist regarding patient phenotypes associated with post-discharge 

opioid use. Furthermore, most known risk factors for opioid consumption are based on 
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studies of single conditions or insurance claims data. Using data from a prospective registry, 

we designed the present study to fill this knowledge gap by assessing patient factors 

associated with opioid consumption in the first month following major surgery and to 

examine the prevalence of opioid overprescribing at a major academic medical center.

MATERIALS AND METHODS

Study Design and Recruitment

The Analgesic Outcome Study is a prospective observational cohort study of acute and 

chronic postoperative pain. The study was conducted at the University of Michigan Medical 

School (Ann Arbor, MI) with pre-initiation approval from the Institutional Review Board. 

Study reporting conforms to the Strengthening the Reporting of Observational Studies in 

Epidemiology statement.18

Between December 2015 and June 2018, research assistants prospectively recruited adult 

patients (≥18 years old) scheduled for elective hysterectomy, thoracic surgery, and primary 

unilateral total knee and total hip arthroplasty (TKA and THA, respectively) prior to surgery. 

Recruitment was carried out at either the preoperative clinic visit (approximately 2 weeks 

prior to surgery) or on the date of surgery in the preoperative holding area. Some TKA and 

THA patients were also recruited during a preoperative educational workshop visit.

Prisoners and subjects who were unable to provide written informed consent or did not 

speak English were excluded. We also implemented several procedure-specific exclusions: 

bilateral arthroplasty and revision arthroplasty for the TKA and THA cohorts; gynecologic 

malignancy or additional major surgical procedure in the hysterectomy cohort (patients 

undergoing oophorectomy, prolapse, or incontinence procedures were not excluded); and 

metastatic cancer in the thoracic surgery cohort. Each patient’s “current medications” list in 

the electronic medical record (updated at the preoperative clinic visit to include medications 

prescribed both by our center as well as outside hospitals) was examined by research 

assistants on the day of surgery for opioids. Patients were also asked directly if they were 

currently taking an opioid medication. Subjects who reported using opioids at the time of 

surgery were excluded from analysis, as were those who reported taking opioids until 

instructed to stop for surgery by their surgeon. All patients provided written informed 

consent prior to study participation.

Phenotyping

Prior to surgery, patients completed a battery of validated self-report measures, including 

several measures from the National Institutes of Health Patient-Reported Outcomes 

Measurement Information System (PROMIS)19:

Brief Pain Inventory (BPI) Severity Subscale—A 4-item measure assessing severity 

of overall body and surgical site pain. Each item is measured on an 11-point Likert-type 

scale ranging from 0 (no pain) to 10 (pain “as bad as you can imagine”).20 We used 2 of the 

4 BPI items: average pain and worst pain.
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2011 Fibromyalgia Survey Criteria—The Fibromyalgia Survey Criteria score was used 

as a surrogate of centralized pain.21, 22 This measure has been independently associated with 

postoperative in-hospital opioid consumption.15, 16 It is a composite score ranging from 0 to 

31 composed of two components. The first is a count of pain sites present among 19 possible 

body areas assessed using the Michigan Body Map (0 to 19 points).23 The second evaluates 

comorbid symptoms using the Symptom Severity Index (SSI): a 6-item scale that assesses 

the presence and/or severity of headache, fatigue, difficulty thinking, abdominal cramps, 

non-refreshing sleep, and depression. It ranges from 0 to 12 points.21, 22

Coping Strategies Questionnaire (CSQ) Catastrophizing Subscale—This 

subscale consists of six items measured using a numerical rating scale ranging from 0 to 6 

that indicate how frequently catastrophizing is used to cope with pain.24

PROMIS 4a Depression Scale—A validated 4-item measure assessing how much 

depression, helplessness, and hopelessness patients experience. Each item is measured on a 

5-point scale ranging from 1 to 5; total raw scores range from 4 to 20.25

PROMIS 4a Anxiety Scale—A validated 4-item measure assessing how much general 

fear and worry patients experience. Each item is measured on a 5-point scale ranging from 1 

to 5. Total raw scores range from 4 to 20.25

PROMIS 4a Physical Function Scale—A validated 4-item measure assessing one’s 

ability to do daily activities. Each item is measured on a 5-point scale ranging from 1 to 5; 

total raw scores range from 4 to 20.25

PROMIS 4a Fatigue Scale—A validated 4-item measure assessing how much fatigue 

people experience and how much their fatigue affects them. Each item is measured on a 5-

point scale ranging from 1 to 5. Total raw scores range from 4 to 20.

PROMIS 8a Sleep Disturbance Scale—A validated 8-item measure assessing sleep 

difficulties, trouble falling asleep, and trouble staying asleep. Each item is measured on a 5-

point scale ranging from 1 to 5; total raw scores range from 8 to 40.26

Additional Data—We extracted additional data on demographics, medical history, surgery 

type, and amount of opioid prescribed in OMEs from the preoperative anesthesia history and 

physical and the University of Michigan Research Data Warehouse.

Outcomes—Research assistants contacted all subjects by telephone at 1 month 

postoperatively to assess opioid consumption. Assistants reviewed all prescriptions filled 

since surgery with patients in order to determine accurate counts of bottles, dosages, and 

number of pills prescribed. Next, patients were guided through individual bottle-by-bottle 

formal pill counts while the assistant remained on the telephone. If patients were unable to 

do a formal count, they were instructed to estimate the number of pills remaining. The 

primary outcome was the amount of opioid used in the first month after surgery following 

hospital discharge, including refills. We excluded subjects with postoperative falls, 

emergency department visits, hospital admissions, or additional operations within the 1-
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month follow-up period. All opioid use was converted to OMEs using conversions from the 

Centers for Disease Control and Prevention.27

Statistical Analysis

We calculated descriptive statistics including median and interquartile range (IQR) for 

OMEs of initial opioid prescriptions following surgery, total OMEs prescribed in the first 

month following surgery, and total OMEs consumed in the first month following surgery. 

We determined frequencies and percentages for patients who did not consume any opioids 

following surgery and for those who stopped using opioids within one month following 

surgery. We computed these descriptive statistics for the overall sample and each surgical 

group. Next, we constructed univariable linear mixed models predicting total OMEs 

consumed in the first month following surgery for the overall sample and each surgical 

group, including year of surgery as a random intercept. This outcome was defined a priori. 
For our combined analysis across all 4 surgical groups, we standardized OMEs between 

groups. We used complete case analysis for each univariable model. Finally, we constructed 

multivariable linear mixed regression models predicting total standardized OMEs consumed 

in the first month following surgery for the overall sample, as well as total OMEs consumed 

within each individual surgical group, including year of surgery as a random intercept. All 

analyses were confirmed by two statisticians working independently. We used complete case 

analysis for each multivariable model. Stata version 14 (StataCorp, College Station, TX) was 

used for all analyses; we considered p<0.05 to be statistically significant.

RESULTS

Out of 1,976 patients approached to participate in the study, we enrolled 1,181 patients from 

December 2015 to May 2018. Compared to patients who declined to participate, enrolled 

patients did not differ significantly on age or sex. However, enrolled participants were more 

likely to be Caucasian (Table S1, Supplemental Digital Content). 1,001 (84.8%) remained 

after exclusion of 158 subjects without complete 1-month opioid consumption data and 22 

subjects with excluded postoperative events (Figure 1). We divided these 1,001 participants 

into 4 cohorts by surgery: TKA (358 subjects), hysterectomy (275), THA (233), and thoracic 

(135) (Table 1). The hysterectomy and thoracic cohorts were further subdivided by surgical 

approach. Of the former group, a vaginal approach was used in 105 cases, laparoscopic in 

117, robotic in 32, and laparotomy in 21. Among thoracic surgical patients, a laparoscopic/

video-assisted thoracoscopic (VATS) approach was used in 75, a robotic approach in 40, and 

open thoracotomy in 20.

Univariable Associations with Opioid Use Over the 1-Month Follow-Up

Complete data on all preoperative predictors was available for 913 of our 1,001 patients. 

Among all subjects, younger age, non-Caucasian race, lack of a college degree, current 

tobacco use, decreased functional status, and higher fibromyalgia, fatigue, sleep disturbance, 

anxiety, depression, catastrophizing, surgical site pain severity scores, overall body pain 

severity scores, and OME of initial prescription were significantly associated with increased 

opioid consumption in univariable analysis (Table 2). Surgical approach was also included as 

a categorical predictor of opioid consumption in thoracic and hysterectomy cases. Open 
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surgical approach (thoracotomy or laparotomy, respectively) was used as the reference 

category. We did not observe any statistically significant differences in opioid consumption 

between VATS or robotic approaches compared to thoracotomy in the thoracic procedures. 

Hysterectomy patients undergoing the laparotomy approach used significantly more opioids 

than those with vaginal approaches. However, in a post hoc analysis of all pairwise 

comparisons of surgical approaches with a Bonferroni correction, none of the observed 

differences were statistically significant (Tables S2-S3, Supplemental Digital Content); the 

number of open cases was relatively small in both groups.

Multivariable Models of Opioid Use Over the 1-Month Follow-Up

We then developed multivariable linear mixed regression models predicting OME 

consumption during the first month post-surgery (Table 3). Among all participants, we found 

that younger age, non-Caucasian race, non-college-graduate status, current tobacco use, and 

heavy alcohol use were significantly associated with increased opioid consumption (age: B 

coefficient −0.02 standardized OME units (−8.0 unstandardized OME units), SE 0.003, 

p<0.001; Caucasian: B coefficient −0.23 standardized OME units (−99.6 unstandardized 

OME units), SE 0.11, p=0.037; college graduate status: B coefficient −0.17 standardized 

OME units (−71.7 unstandardized OME units), SE 0.06, p=0.007; tobacco use: B coefficient 

0.35 standardized OME units (150.2 unstandardized OME units), SE 0.13, p=0.007: heavy 

alcohol use: B coefficient 0.38 standardized OME units (164.2 unstandardized OME units), 

SE 0.18, p=0.039). We also found that higher anxiety and sleep disturbance scores were 

significantly associated with increased opioid consumption (anxiety: B coefficient 0.04 

standardized OME units (17.5 unstandardized OME units), SE 0.01, p=0.003; sleep 

disturbance: B coefficient 0.01 standardized OME units (5.2 unstandardized OME units), SE 

0.01, p=0.019). Finally, OME of initial prescription was associated with increased opioid 

consumption following surgery (B coefficient 0.001 standardized OME units (0.58 

unstandardized OME units), SE 0.0001, p<0.001). Catastrophizing score was removed from 

the model due to it being highly correlated with depression (r=0.582, p<0.001), which 

created a suppression effect making the relationship between depression and opioid 

consumption negative despite a positive univariable correlation.

Individual models were then created for each of the surgical cohorts. Among hysterectomy 

patients, younger age, heavy alcohol use, increased anxiety, and larger initial opioid 

prescription size were significantly associated with increased opioid use. For TKA patients, 

current tobacco users, those with greater sleep disturbance, and those with larger initial 

opioid prescriptions consumed significantly more opioids, as did THA patients who were 

younger, non-college-graduates, current tobacco users, more anxious, and who had larger 

initial prescriptions. In the THA group, higher fibromyalgia score was associated with less 

opioid consumption following surgery. However, given the positive relationship between 

fibromyalgia score and opioid use in the univariable model, this is likely evidence of a 

suppressor effect. Finally, we found significant associations among thoracic surgery patients 

between higher opioid consumption and current or prior heavy alcohol abuse, as well as 

between increased opioid consumption and larger initial prescription size. We did not 

observe any significant differences in opioid consumption by surgical approach in either the 

hysterectomy or the thoracic surgery cohorts in either the multivariable model or following 
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pairwise comparison of all groups with Bonferroni correction (Tables S4-S5, Supplemental 

Digital Content).

Opioid Prescribing and Consumption

Surgeons initially prescribed a median 450 mg OMEs to postoperative patients (IQR 

200-675 mg), and a median total 600 mg OMEs (including refills) over the month-long 

period (IQR 225-792 mg). Subjects used a median 188 mg OMEs over the same period (IQR 

40-540 mg). In total, 628,475 mg OMEs were prescribed to our cohort, and 360,650 mg 

OMEs were consumed (57.4%). The total number of remaining opioid pills was equivalent 

to 53,565 hydrocodone tablets (hysterectomy: 5,560 pills, TKA 24,407 pills, THA 18,179 

pills, thoracic surgery 5,420 pills). 137 patients (13.7%) reported using no opioids at all, 

while 179 (17.9%) reported continued opioid use 1 month after surgery. Subjects with 

continued use at 1 month included 7 hysterectomy (2.5%), 127 TKA (35.4%), 34 THA 

(14.6%), and 11 thoracic surgery (8.2%) patients. We were unable to determine if 13 patients 

(1.3%) had continued opioid use at 1 month. We report opioid prescribing and consumption 

stratified by surgical procedure in Table 4.

Opioid Prescribing and Consumption by Specialty

Orthopedic surgeons prescribed markedly larger initial and total opioid amounts than 

gynecologists and thoracic surgeons. Both the TKA and THA cohorts received a median 675 

mg OMEs initially (IQR 600-675 mg for both groups); TKA patients filled a median total 

825 mg OMEs over the 1-month period (IQR 675-1275 mg), while THA patients received a 

median 675 mg OMEs (IQR 600-675 mg). By comparison, hysterectomy patients received a 

median 150 mg OMEs initially (IQR 125-200 mg) and median 1-month total 150 mg OMEs 

(IQR 150-225 mg), and thoracic surgery patients filled a median 300 mg OMEs initially 

(IQR 200-420 mg) and median 1-month total 350 mg OMEs (IQR 200-488 mg).

Patients undergoing TKA and THA reported using more opioid over the 1-month follow-up 

period than the other two cohorts. TKA patients used a median 569 mg total OMEs (IQR 

300-945 mg), and THA patients a median 225 mg total OMEs (IQR 23-525 mg). Thoracic 

surgery patients consumed a median 100 mg OMEs (IQR 0-250 mg), and hysterectomy 

patients 70 mg OMEs (IQR 15-145 mg). TKA patients consumed 65.7% of total prescribed 

OMEs, hysterectomy patients 48.3%, THA patients 46.4%, and thoracic surgery patients 

45.3%. By group, continued opioid use at 1 month was seen in 35.5% of TKA patients, 

14.6% of THA patients, 8.2% of thoracic surgery patients, and 2.6% of hysterectomy 

patients.

DISCUSSION

We examined opioid consumption during the first postoperative month in our prospective 

cohort of 1,001 patients undergoing 4 common types of major surgery. Multivariable linear 

regression models showed significantly higher consumption of opioids during the first 

month after surgery among patients who were younger, non-Caucasian, had not graduated 

college, were heavy alcohol users, actively used tobacco, had higher anxiety and sleep 

disturbance scores, and had larger initial opioid prescriptions. Separately, we noted that 
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opioid overprescription was common across all surgical types; overall median opioid 

consumed was less than half of median opioid prescribed.

Our results inform two related but distinct issues. Physician overprescribing of opioids has 

received considerable attention in both the lay press28 and scientific literature29, 30 in recent 

years. In additon, individualizing opioid prescribing for common surgeries, has been 

relatively unstudied. Although much work remains to stem the iatrogenic contribution to the 

current opioid epidemic, we must also ensure that patients receive appropriate treatment for 

post-surgical pain. While legislative,13 regulatory,31 and commercial32 initiatives to restrict 

opioid prescribing may accomplish the former, they run the risk of preventing the latter.14 

We carried out this study envisioning that providing more granular data on which patients 

consume more or fewer opioids after surgery might enable a more personalized approach to 

postoperative prescribing, including targeted non-opioid adjunctive medication prescribing 

and, potentially, behavioral interventions.

Preoperative Age, Race, Education, Tobacco Use, Alcohol Use, Sleep Disturbance, 
Anxiety, and Initial Opioid Prescription Size Independently Associated with 1-Month 
Postoperative Opioid Consumption

In our combined cohort of 913 subjects with complete phenotypic data available, we saw 

that younger patients, non-Caucasians, non-college-graduates, heavy alcohol users, current 

tobacco users, those with higher levels of anxiety and sleep disturbance, and those with 

larger initial opioid prescriptions used significantly more opioids. Anxiety and other aspects 

of negative affect (e.g., depressive symptoms) have been previously associated with opioid 

use and dependence, albeit in retrospective administrative data or non-surgical populations.
5, 33 Similar associations have been reported between opioid dependence and sleep 

disturbance, again in non-surgical populations.34, 35 Patient-reported outcome measures of 

negative affect (e.g., depression and anxiety) can validly assess the spectrum of affective 

symptoms, including subclinical anxiety and undiagnosed or undocumented anxiety. Data on 

anxiety and sleep disturbance are not routinely or systematically collected prior to surgery 

but could be of high value to integrate into routine preoperative care to inform opioid 

prescribing. Smoking status and alcohol consumption—which is included in many electronic 

medical records—has also been associated with increased levels of opioid use and misuse.
36-38 The link between opioid prescription size and opioid consumption has been reported 

previously.39

There are certainly barriers to identifying anxiety and sleep disturbance in the surgical or 

preoperative evaluation clinic; however, brief 4-item measures have been validated for this 

purpose25 and could be incorporated into standard preoperative questionnaires. It would also 

be feasible for physicians to take into account age, race, tobacco and alcohol use, education 

level, and the presence of anxiety- or sleep-related disorders noted in the electronic medical 

record in determining both postoperative prescription size and how closely patients should 

be observed for adverse effects such as misuse or persistent use. Although patients with 

anxiety consumed more opioid after surgery in our cohort (perhaps to self-medicate for 

symptoms of anxiety), prescribing more opioid to patients with higher anxiety symptoms is 

likely unwarranted and may increase postoperative morbidity. Rather, if physicians identify 
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anxiety preoperatively, they could consider educational interventions to set expectations for 

normal postoperative pain and to establish that it is acceptable for patients to use alternatives 

to opioids after surgery. For example, behavioral techniques such as deep breathing exercises 

and guided imagery have been shown to effectively reduce perioperative anxiety and 

postoperative pain, length of stay, and overall costs.40 Future studies are needed to evaluate 

the effect of addressing anxiety preoperatively through such behavioral interventions, as well 

as the use of non-opioid alternatives such as serotonin-norepinephrine reuptake inhibitors, 

which can treat both pain and anxiety.41

Opioids Were Overprescribed After Surgery

Our data show that overprescribing of opioids remains a significant issue at our academic 

medical center. A total 628,475 mg OMEs were prescribed to our cohort over the first 

postoperative month, while patients consumed only 360,650 mg OMEs (57.4%). This is 

equivalent to an overall excess of 53,565 individual 5-mg hydrocodone pills in these 1,001 

participants (average 54 pills per patient). By surgery type, thoracic surgery patients received 

the most excess opioid, consuming only 28.6% of prescribed OMEs by median with a 

median overprescription of 250 mg OMEs. Even TKA patients, who had the lowest amount 

of overprescribing by percentage (consuming 68.9% of prescribed opioids by median), were 

prescribed a median 256 mg OMEs excess opioid (equivalent to 51 5-mg hydrocodone 

tablets). These data are congruent with previously reported studies, which found post-

surgical overprescribing rates ranging from 42-73%.11, 42-44

Our total overprescription amount of 267,825 mg OMEs (from a cohort of 1,001 subjects) 

emphasizes the sheer number of excess opioid pills potentially being released into 

communities nationwide through post-surgical prescribing. According to weighted estimates 

from the National Inpatient Sample of the Agency for Healthcare Research and Quality, 

723,086 TKAs, 505,170 THAs, 184,950 hysterectomies, and 69,625 lobectomies or 

pneumonectomies were performed in the inpatient setting in the United States in 2014.45 If 

our surgery-specific median overprescription amounts are extrapolated to this national 

dataset, total 2014 overprescribing for these procedures would be 444,819,538 mg OME 

(185,290,788 mg OMEs for TKA, 227,326,500 mg OMEs for THA, 14,796,000 mg OMEs 

for hysterectomy, and 17,406,250 mg OMEs for thoracic surgery). This is equivalent to more 

than 88 million total excess hydrocodone 5 mg tablets for these four surgical conditions. 

Overprescribing is not benign: Of the 11.5 million Americans currently misusing 

prescription opioids and 1.9 million with prescription opioid use disorder, the majority were 

either directly prescribed these medications or received them from a friend or relative with a 

prescription.46 Nor is the problem of overprescribing insurmountable: A targeted 

intervention to reduce opioid prescribing after laparoscopic cholecystectomy has been 

shown to reduce prescription sizes by 63% without increasing refill frequency or pain 

scores.47

However, our data also revealed a wide IQR (500 mg) for median overall opioid 

consumption over the 1-month period. These results, as well as the fact that 13.7% of our 

cohort took no opioids at all after surgery while 17.9% were still taking opioids a month 

later, emphasize the heterogeneity of the opioid-prescribed postoperative population. The 
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few existing postoperative prescribing guidelines make recommendations based on either the 

number of pills taken per day prior to discharge48 or the particular surgery performed.49 We 

hope that our identification of preoperative phenotypic factors associated with postoperative 

opioid consumption may eventually enable greater personalization of guidelines, as well as 

targeted interventions to better care for high-risk individuals.

Limitations

Our study has a number of limitations. First, it is comprised of observational data, with its 

inherent risk of confounding by unmeasured variables. Differences in preoperative 

treatment, surgical and anesthesia technique, postoperative complications, insurance 

coverage, and family or physician support might have introduced error into our results. 

Second, our cohort was comprised of several different surgeries—2 orthopedic procedures, 1 

gynecologic procedure, and a number of thoracic procedures. Although we saw some 

similarities between separate surgical groups, the heterogeneous nature of our population 

may have provided generalizability but also hindered our ability to identify characteristics 

linked with opioid consumption in some surgical cohorts but not others. These procedures 

also differ in the severity and duration of acute post-surgical pain, which may influence the 

amount and duration of opioid use. Finally, our institutional review board protocol permitted 

us to keep only demographic data for patients who elected not to participate in the study. 

Consequently, we were unable to obtain prescribing data for those who declined 

participation.

Conclusion

In this prospective cohort of opioid-naïve postoperative patients, we found that patients who 

were younger, non-Caucasian, non-college-graduates, current tobacco users, heavy alcohol 

users, had more anxiety and sleep disturbance, and had larger initial opioid prescriptions 

consumed significantly more opioids during the first month after surgery. Additionally, we 

observed a marked discrepancy between prescribed and consumed opioids. These data may 

be used to help personalize opioid prescribing, encourage the use of non-opioid adjunctive 

medications, and potentially recommend behavioral interventions to better manage acute and 

subacute postoperative pain.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Participant flow diagram.
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Table 1

Day-of-surgery characteristics for overall sample and by surgical group

Overall
(n = 913)

Hysterectom
y

(n = 246)

Knee
(n = 325)

Hip
(n = 221)

Thoracic
(n = 121)

Age 59.7 (12.8) 49.6 (11.8) 65.3 (9.4) 62.4 (10.9) 60.4 (13.8)

Male 305 (33.4%) 2 (0.8%) 149 (45.9%) 110 (49.8%) 44 (36.4%)

Caucasian 838 (91.8%) 210 (85.4%) 303 (93.2%) 207 (93.7%) 118 (97.5%)

Married 671 (73.5%) 187 (76.0%) 239 (73.5%) 163 (73.8%) 82 (67.8%)

College graduate 479 (52.5%) 126 (51.2%) 171 (52.6%) 138 (62.4%) 44 (36.4%)

Alcohol use

None 457 (50.1%) 144 (58.5%) 144 (44.3%) 98 (44.3%) 71 (58.7%)

Low to moderate 430 (47.1%) 99 (40.2%) 172 (52.9%) 112 (50.7%) 47 (38.8%)

Heavy/former abuse 26 (2.9%) 3 (1.2%) 9 (2.8) 11 (5.0%) 3 (2.5%)

Tobacco

None 571 (62.5%) 184 (74.8%) 196 (60.3%) 130 (58.8%) 61 (50.4%)

Former tobacco 286 (31.3%) 45 (18.3%) 115 (35.4%) 76 (34.4%) 50 (41.3%)

Current tobacco 56 (6.1%) 17 (6.9%) 14 (4.3%) 15 (6.8%) 10 (8.3%)

Fibromyalgia Survey Criteria Score 4.8 (3.8) 5.6 (4.3) 3.8 (3.2) 5.6 (3.7) 4.3 (3.5)

Function 14.1 (4.5) 18.0 (3.2) 11.8 (3.4) 11.3 (3.4) 17.5 (3.3)

Fatigue 8.8 (4.0) 9.1 (4.3) 8.4 (3.8) 9.3 (4.2) 8.3 (3.7)

Sleep disturbance 22.9 (7.1) 22.9 (7.2) 21.8 (7.1) 24.4 (7.3) 22.8 (6.3)

Anxiety 6.2 (2.8) 6.5 (3.3) 5.7 (2.4) 6.4 (2.8) 6.7 (2.8)

Depression 5.4 (2.5) 5.4 (2.5) 5.2 (2.3) 5.6 (2.6) 5.5 (2.4)

Catastrophizing (n = 908) 3.2 (4.9) 3.4 (5.3) 2.7 (4.4) 3.5 (5.2) 3.1 (4.5)

BPI overall pain severity 3.2 (2.7) 2.6 (2.5) 3.4 (2.7) 3.9 (2.9) 2.7 (2.5)

BPI site-specific pain severity 4.2 (3.2) 1.7 (2.6) 6.1 (2) 6.0 (2.1) 0.6 (1.9)

OME of initial prescription 458.9 (260.6) 176.8 (93.5) 632.0 (195.9) 591.0 (177.1) 326.0 (207.3)

Hysterectomy surgical approach

Laparotomy 19 (7.7%)

Laparoscopy 101 (41.1%)

Vaginal 97 (39.4%)

Robotic 29 (11.8%)

Thoracic surgical approach

Thoracotomy 18 (14.9%)

VATS 67 (55.4%)

Robotic 36 (29.8%)

Data are presented as mean (standard deviation) or as number (percentage) as appropriate. Two hysterectomy subjects were undergoing female-to-
male gender transition and are listed as male.
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