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Abstract

Objective: We characterized patterns of preoperative opioid use in patients undergoing elective
surgery to identify the relationship between preoperative use and subsequent opioid fill after
surgery.

Background: Preoperative opioid use is common, and varies by dose, recency, duration, and
continuity of fills. To date, there is little evidence to guide postoperative prescribing need based on
prior opioid use.

Methods: We analyzed claims data from Clinformatics® DataMart Database for patients aged 18
— 64 years undergoing major and minor surgery between 2008 and 2015. Preoperative use was
defined as any opioid prescription filled in the year before surgery. We used cluster analysis to
group patients by the dose, recency, duration, and continuity of use. Our primary outcome was
second postoperative fill within 30 postoperative days. Our primary explanatory variable was
opioid use group. We used logistic regression to examine likelihood of second fill by opioid use

group.

Results: Out of 267,252 patients, 102,748 (38%) filled an opioid prescription in the 12 months
before surgery. Cluster analysis yielded 6 groups of preoperative opioid use, ranging from minimal
(27.6%) to intermittent (7.7%) to chronic use (2.7%). Preoperative opioid use was the most
influential predictor of second fill, with larger effect sizes than other factors even for patients with
minimal or intermittent opioid use. Increasing preoperative use was associated with risk-adjusted
likelihood of requiring a second opioid fill compared to naive patients (minimal use: OR 1.49,
95% CI 1.45 — 1.53; recent intermittent use: OR 6.51, 95% CI 6.16 — 6.88; high chronic use: OR
60.79, 95% CI 27.81 — 132.92, all p-values <0.001).
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Conclusions: Preoperative opioid use is common among patients who undergo elective surgery.
Although the majority of patients infrequently fill opioids prior to surgery, even minimal use
increases the probability of needing additional postoperative prescriptions in the 30-days after
surgery when compared to opioid naive patients. Going forward, identifying preoperative opioid
use can inform surgeon prescribing and care coordination for pain management after surgery.

Introduction

Opioid prescribing is higher in the U.S. than in any other country, and 11 — 14 million
Americans are estimated to be on chronic opioid therapy.! However, the number of people
who intermittently use opioids may be much higher. The 2015 National Survey on Drug Use
and Health found that over 1 in 3 adults (38%) report taking an opioid medication sometime
in the past year.2:3 Surgery is one of the most common reasons for opioid prescribing, and
opioid prescriptions related to procedural care have risen in recent years in proportion to
other types of care.? Postoperative pain management for patients with existing opioid use
can be challenging, as long-term use can lead to dependence, tolerance, and hyperalgesia.>~’
To date, little is known regarding pain medication needs among patients who use opioids at
the time of surgery.8-12

Recent opioid prescribing guidelines have focused on either the management of chronic use
or surgical prescribing in opioid-naive patients, and there is little evidence to guide
prescribing for patients with previous opioid use.13-15 Preoperative opioid use is highly
variable with respect to dose, recency, duration, or continuity of use.1216 A method of
classifying patients by preoperative use could help inform prescribing or trigger preoperative
referrals for patients with greatest preoperative use. Furthermore, the need for additional
postoperative prescriptions could also guide prescribing protocols. For example, a recent
study of opioid-naive patients demonstrated that roughly 6% will require a refill following
surgery whether they receive a small or large initial prescription. These data suggest that
prescriptions in naive patients can be reduced without increasing refill needs, but this
relationship is unknown for patients with preoperative use.1”-18 A better understanding of
preoperative opioid use, especially in relationship to outcomes such as postoperative opioid
requirements, would be useful for empiric assessment and best practice development.

In this context, we examined data from a national private insurance payer to categorize
patients with previous opioid use into groups based on the dose, recency, duration, and
continuity of opioid fills, with a goal of understanding different phenotypes of preoperative
use. We then compared the likelihood of second postoperative opioid fill between
preoperative use groups. We also compared the initial postoperative prescription amount to
determine whether surgeon prescribing behavior varied according to preoperative use. We
hypothesized that patients with long duration or high-dose opioid use would have a higher
likelihood of second postoperative fill than patients with shorter or lower-dose use. We
further hypothesized that surgeons infrequently tailor their postoperative prescribing with
respect to preoperative use.
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Methods

Data source and study population

We used private insurance claims data from the Clinformatics® DataMart Database
(Optumlnsight, Eden Prairie, MN), which captures health claims across the United States for
members of a national managed-care company affiliated with Optum Insight. This study
used de-identified patient data and was deemed exempt by the University of Michigan
Institutional Review Board.

The study cohort included patients ages 18 — 64 who underwent a surgical procedure
between January 1, 2008 and March 31, 2015. We specified that patients were continuously
enrolled for 12 months before and 6 months after the operation, to capture preoperative and
postoperative opioid use. We excluded patients aged 65 and older as the capture of Medicare
Part D prescription claims data may be incomplete. We also excluded patients who had a
length of stay of greater than 30 days, patients who were not discharged home and patients
who had subsequent surgical procedures in the 6 months after index surgery. We chose 13
common elective procedures, categorized as minor and major procedures as described in
prior work.8 Minor surgical procedures included varicose vein removal, laparoscopic
cholecystectomy, laparoscopic appendectomy, hemorrhoidectomy, thyroidectomy;,
transurethral prostate surgery, parathyroidectomy, and carpal tunnel release. Major surgical
procedures included ventral incisional hernia repair, colectomy, reflux surgery, bariatric
surgery, and hysterectomy. We identified patients undergoing surgery using Current
Procedural Terminology or /nternational Statistical Classification of Diseases and Related
Health Problems (ICD-9) procedure codes (Appendix 1).

Defining Preoperative Use

We identified patients as preoperative opioid users if they had filled at least one opioid
prescription in the year prior to surgery. We used generic drug names matched with National
Drug Codes to identify the opioid prescriptions. We then converted prescription amounts
into Oral Morphine Equivalents (OMEs) using the morphine conversion factor for each
medication type according to CDC guidelines.1® For ease of interpretation, all results
describing opioid amount in OMEs are presented as the equivalent number of “pills” of
5/325mg hydrocodone-acetaminophen (one 5mg hydrocodone pill =5 OME).

We classified patients according to attributes of their opioid use in the year before surgery,
including duration, dose, recency, and continuity of their use. Dose was defined as total
OME:s filled in the year prior to the operation. Recency was defined as the number of
months since the last opioid fill before the operation. For example, if a patient had surgery
on December 15%, and received a prescription starting November 15, their recency would be
one month. Duration was the total number of months during which a patient filled an opioid
prescription. Continuity was defined as the longest “streak” of months that a patient
consecutively filled a prescription. For example, if a patient filled in January, March, April,
and September, their duration would be four months, and their continuity would be two
months.
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To interpret the complex relationships between attributes of preoperative opioid use (dose,
recency, duration, and continuity), we used cluster analysis to classify patients into groups of
preoperative use based on these attributes. Cluster analysis is a machine learning technique
that is used to organize multivariate data into meaningful groups (clusters) based on
information found in the data that describes the objects and their relationships.2° We used
the Density-Based Spatial Clustering of Applications with Noise (DBSCAN) clustering
algorithm, which functions on the idea that clusters are dense groups of data points. It
groups together points that are close to each other and marks points that are in low-density
regions as outliers.2! The DBSCAN algorithm requires two parameters: the minimum
distance between two points and the minimum number of points to form a dense region. The
minimum distance between two points was determined as 0.35 using k-distance graph and
the minimum number of points in a cluster was chosen as 20, as larger values are better for
data sets with noise and will yield more significant clusters. After this analysis yielded
“clusters” of patients by attributes of preoperative use, we further grouped clusters with
similar patterns of preoperative use into larger groups, based on clinical judgment of their
similarities and independent of the group’s relationship to outcome.

Outcome and Explanatory Variables

Our primary outcome was second postoperative fill as a dichotomous variable, with ‘1’
defined as a fill of opioid medication after the initial postoperative prescription up to 30 days
after the operation, and ‘0’ as no additional postoperative fill.

Our secondary outcome was the total OMEs in the initial postoperative prescription as a
continuous variable. The initial postoperative prescription was defined as the prescription
filled closest to surgery within 30 days before to 14 days after the operation. This accounted
for some patients receiving a prescription at their preoperative appointment intended for
postoperative use.8:11

The explanatory variable of interest included preoperative use group as described above.
Other patient covariates included age, sex, race (white, black, Hispanic, or other), education
level, and region of residence (out of nine regions in the United States). Comorbidity burden
was identified using the Charlson Comorbidity Index. Tobacco use and pain disorders
(arthritis, back, neck, and other pain) were captured with ICD-9 diagnosis codes. Mental
health disorders (adjustment, personality, or substance use disorders, and suicide or
psychosis) were captured using the Clinical Classification System from the Agency of
Healthcare Research and Quality, as these conditions are known to be associated with
increased opioid use after surgery.8-17.22 Preoperative benzodiazepine use was captured if
patients filled a prescription for a benzodiazepine medication in the year prior to surgery.

Statistical Analysis

We used descriptive statistics to detail the clinical and demographic attributes of the study
cohort. We then used logistic regression to identify the effect of preoperative use group on
likelihood of second postoperative fill while controlling for patient and provider factors. In
this model, we controlled for the size of the initial postoperative prescription in OMEs and
the probability of second fill. We then used a linear regression model to examine the
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relationship between preoperative use group and the size of postoperative prescription
received using a second linear regression model. Cluster analysis was performed using R
version 3.5.1 (Vienna, Austria), and all other analyses were conducted using StataSE version
14 (College Station, TX).

We identified 267,252 patients who underwent major and minor elective surgical procedures
during the study period. In this cohort, 61,173 (22.9%) underwent a major procedure, and
206,079 (77.1%) underwent a minor procedure. Additionally, 183,621(68.7%) were female,
191,189 (71.5%) were white, and 28,906 (10.8%) were African American. There were
68,026 (25.2%) patients who filled a benzodiazepine prescription preoperatively. Finally,
165,741 (62%) patients were opioid-naive, while 102,748 (38%) had filled a prescription in
the year before surgery (Table 1).

Patterns of Preoperative Opioid Use

We identified 15 distinct clusters of preoperative opioid use, which were further collapsed
into six larger groups by similarities in dose, recency, duration, and continuity. For each
group, continuity of use did not tend to deviate appreciably from the total duration,
indicating that overall, patients with long total duration were filling prescriptions
consistently, without significant month-long interruptions. Each group was named for the
dose, recency, and duration of their use. These are summarized in Table 2, arranged in
increasing order of use.

Minimal use: Group 1 patients (n = 73,761) were characterized by low dose, <1-month
duration use of varying recency. Median (interquartile range [IQR]) prescription size was 36
(40) pills, and patients received the prescription at a median of 3 (6) months before surgery.
We termed these patients “minimal use,” analogous to a patient receiving a short course of
opioids for a remote acute condition before surgery.

Intermittent use: Group 2 (n = 12,974), had a low dose, remote, short-course use (“remote
intermittent”): median total dose 129 (238) pills over a median of 3 months, filled 2 months
before surgery. Group 3 (n = 7,423) included three clusters and had low dose, recent,
medium course use (“recent intermittent™): slightly higher total dose than Group 2, longer
duration (4 — 7 months), more recent use (within 1 month), and some discontinuity of fill
(median continuity 3 months).

Chronic use: Group 4 (n = 3,337) included five clusters and had medium total dose,
recent, long duration (9 — 11 months), and sustained use (“low chronic”). Although this
group’s total dose was higher than that of previous groups (median 1,262 pills over 10
months), it was comparatively lower than the next groups of long duration. Group 5 (n =
3,960) included three clusters and had higher dose use (“medium chronic™). Group 6 (n =
56) included two groups and had the highest dose use (*high chronic”). Patients in this group
received a median equivalent of 18,923 (11,673) pills over a 12-month duration, equivalent
to 52 pills per day.
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Likelihood of Second Postoperative Fill by Use Group

On multivariate analysis, preoperative opioid use was significantly associated with the
likelihood of having a second postoperative opioid fill compared to opioid-naive patients,
who had a 13% likelihood (p<0.001) (Figure 1). Preoperative opioid use was the most
influential predictor of second fill, with larger effect sizes than other factors even for patients
with minimal or intermittent opioid use. Compared with opioid naive patients, patients with
minimal opioid use had an 18% likelihood of second fill. Patients with remote intermittent
use had 30% likelihood of second fill, followed by 47% in patients with recent intermittent
use. Over half of patients with chronic use were likely to require a second fill following
surgery. For example, patients with low chronic use had a 67% likelihood, and patients with
moderate and high chronic use were 81% and 88% likely to require second fill, respectively.

Table 3 summarizes the patient factors associated with second postoperative fill. Patients
undergoing minor surgery were less likely to require second fill compared to those who had
major surgery (OR 0.53, 95% CI 0.52 — 0.55, p<0.001). Initial postoperative prescription
size had a very small but statistically significant negative association with second fill (in
increments of 10 pills, odds ratio [OR] 0.992, 95% confidence interval [CI] 0.990 — 0.994,
p<0.001). Patients with history of tobacco use were more likely to require second fill
compared to patients without, even after controlling for procedure type (OR 1.45, 95% CI
1.42 — 1.49, p<0.001). Patients with mental health disorders including anxiety, mood,
disruptive, or alcohol/substance abuse disorders were also more likely to require second fill,
as were patients with arthritis, back pain, or other pain conditions. In addition, patients with
a preoperative benzodiazepine prescription were more likely to require second fill (OR 1.34,
95% CI 1.30 - 1.38, p<0.001).

Postoperative Prescription Size by Preoperative Use Group

Initial postoperative prescription size was skewed toward larger prescriptions, especially for
increasing opioid use. Prescription sizes are thus reported in median (IQR) pills. Opioid-
naive patients received a median of 30 (45) pills, and patients with minimal, remote
intermittent, recent intermittent, low chronic, and medium chronic use all received
prescriptions under 70 pills, with statistically significant differences between prescription
sizes for all groups (p<0.001) (Figure 2). While these amounts are statistically significantly
different, the prescription sizes are similar, especially for naive to recent intermittent use
patients. Patients with high chronic use received a median prescription equivalent to 495
(1566) pills. Linear regression analysis adjusting for patient factors confirmed this
relationship, with patients with high chronic use receiving much higher prescriptions
compared to patients in other groups.

Discussion

In this national study of adults undergoing elective surgery, we observed that 38% of patients
filled an opioid prescription in the year prior to surgery. Patients were grouped by patterns of
preoperative opioid use—the majority of these patients had low-dose, intermittent
preoperative use, and only 2.7% of patients had continuous, high-dose use. As expected,
patients with high use were likely to require a second opioid fill after surgery. However, even
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for patients with relatively minimal preoperative use, 1 in 5 required a second fill following
surgery—1.5 times more likely than opioid-naive patients. For patients with recent, low-dose
use, this likelihood increased to 6.5 times that of naive patients. Additionally, surgeons
rarely tailored initial prescriptions to preoperative opioid use. Taken together, these findings
suggest that identifying and quantifying opioid use prior to surgery is an important
opportunity to inform postoperative opioid prescribing. In addition, characterizing
preoperative use may also facilitate transitions of care for patients with high preoperative
use, who may need more personalized pain management in partnership with their primary
provider to assure long-term wellness.

For surgeons, there is increasing pressure to reduce opioid prescribing to better match
patients’ needs. However, patients with preoperative opioid use present a common and
complex challenge. When assessing a patient with preoperative opioid use, it may be unclear
whether remote versus recent use should be treated differently, or whether to prioritize
duration versus dose. We present a novel method to stratify preoperative opioid use in a
clinically meaningful way. The patient groups from cluster analysis allow preoperative use
attributes to be understood together rather than in isolation, aiding interpretation and clinical
management. These findings may also help surgeons use a patient’s preoperative opioid use
to better tailor prescriptions after surgery. There is evidence of wide provider variation in
postoperative prescription sizes due to a lack of guidelines.1323.24 This variation may supply
some patients with excess medication while leaving others with poorly controlled pain.
Additionally, surgical providers may not be regularly screening for past opioid use as part of
the preoperative risk assessment, possibly leading to the uncoordinated prescribing patterns
seen in this study.25.26

Simply writing larger prescriptions for patients with existing use should not be the only way
forward.2” For a patient with minimal preoperative use, a surgeon should be aware of their
potential need for additional prescriptions following surgery and take the opportunity to
counsel both the patient and clinicians caring for patients following surgery regarding the
expectations for pain. Conversely, a patient with higher dose, daily use for several months
can be expected to need ongoing opioid prescriptions after surgery. Characterizing current
opioid use provides an opportunity to coordinate perioperative pain management (e.g.,
regional blockade, multimodal anesthesia) and postoperative pain management with their
usual prescriber. Surgeons would also have an opportunity to educate patients about the risks
of respiratory depression or other adverse opioid-related effects, as well as discussing opioid
weaning if possible.

Unlike other preoperative risk factors, such as tobacco, obesity, hypertension, and diabetes,
opioid use thresholds that correspond to clinical outcomes have not been defined. In future
work, these groups can be compared in other relevant outcomes, such as complication or
readmission rates, to further “validate” thresholds of clinically meaningful risk. Chronic
opioid use results in greater morbidity and expenditures following surgery, and opioid use
predisposes to complications such as ileus, respiratory depression, and pneumonia.16:28
Risk-stratifying patients based on their pattern of preoperative use could allow surgeons to
pursue risk-modifying steps, such as delaying elective surgery until high doses can be
tapered. For example, in spine and joint replacement surgery where opioid use is prevalent,
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preoperative opioid reduction and referrals to pain specialists have improved clinical and
patient-reported outcomes.2%-31 Future studies may help target preoperative optimization
toward patients at highest opioid-related risk.

Patients with preoperative use are highly likely to require additional opioid prescriptions
after surgery. In our analysis, we did not attribute these subsequent prescriptions to surgical
providers, as we wished to identify all patients who received more than one opioid
prescription after surgery. For opioid-naive patients, these likely represent true refills from
the surgeon after the operation, but for patients with preoperative use (especially chronic
use), these prescriptions could be surgical refills, additional fills from their usual pain
provider, or even prescriptions from a third provider (e.g., from the Emergency Department).
Patients with previous or current opioid use are at higher risk for persistent use or opioid-
related adverse events after surgery.32-34 Acute-on-chronic opioid consumption may
increase the risk of overdose, and duplicate prescriptions potentially supply patients with
excess medication for later use or diversion.3® For patients with preoperative opioid use,
surgeons should check Prescription Drug Monitoring programs before writing refills and
communicate with a patient’s usual prescriber to coordinate which provider will supply
continuing prescriptions. The usual prescriber can also offer valuable insight into a patient’s
history (such as previous substance use, which could prompt more cautious prescribing and
close follow-up) or recommendations for escalating pain control. In return, surgeons should
provide estimates of how long postoperative pain should last or whether there were any
complications that could reasonably cause more pain.

This study has several limitations to consider. Firstly, its generalizability is limited by the
patient sample: continuously enrolled adults with private insurance. This population
potentially misses preoperative users without one year of continuous enrollment or those
paying for opioid prescriptions out-of-pocket. Also, this sample does not include adults
enrolled in Medicare or Medicaid, and thus does not represent an important
sociodemographic subset of patients. Additionally, we cannot account for opioid use that
occurs outside of prescription fills, such as misuse of unprescribed opioid pills, nonmedical
use, and heroin abuse. The data examined include prescriptions filled but do not account for
the amount of pills consumed within those prescriptions. Finally, we did not separate second
postoperative fills into prescriptions written by surgeons versus other providers, which could
help assess the burden of postoperative prescribing that falls on surgeons.

Conclusion

In conclusion, understanding preoperative opioid use is critical for surgeons to provide
optimal surgical care for all patients. Opioid use is complex and varies by attributes
including dose, recency, duration, and continuity. This study used cluster analysis, a novel
method to empirically classify patients by these domains. We found that patients with any
preoperative use were more likely to require additional opioid prescriptions. We also found
that postoperative prescribing was largely arbitrary across groups except for patients with
higher-dose, chronic use, highlighting an opportunity to better tailor postoperative
prescribing. These groups of preoperative use can be used to compare patient outcomes,
healthcare utilization, and risk of overdose or other opioid-related events. Given the
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prevalence of preoperative opioid use, this work lays a foundation for using preoperative
opioid use to inform risk assessment and develop best practices in surgical prescribing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Likelihood of Second Opioid Fill by Preoperative Use Group
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Figure 1 Legend.
Likelihood of second postoperative opioid fill (%) by opioid use group.
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Median Initial Postoperative Prescription Size
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Figure 2 Legend.
Unadjusted prescription size by opioid use group for major and minor surgery. Error bars

denote the 25! and 75t percentile of prescriptions for each group. Error bars have been
omitted for the 75t percentile of the high chronic group to preserve an interpretable scale.
For this group, 75™ percentile: 1620 pills.
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Patient characteristics.

Table 1.

Characteristics N (%)
Total Cases 267252
Age
18-29 27974 (10.5)
30-39 51456 (19.3)
40-49 79325 (29.7)
50-59 77158 (28.9)
60-64 31339 (11.7)
Gender
Female 183621 (68.7)
Male 83581 (31.3)
Unknown 50 (0)
Race
White 191189 (71.5)
Asian 6982 (2.6)
Black 28906 (10.8)
Hispanic 29297 (11)
Unknown 10878 (4.1)
Education
Less than 12th Grade 1190 (0.5)
High School Diploma 80072 (30)
Bachelor’s Degree 141446 (52.9)
Bachelor’s Degree Plus 41819 (15.7)
Unknown 2725 (1.0)

Geographic Region (ref group: South Atlantic)

East North Central

40725 (15.2)

East South Central 11880 (4.5)
Middle Atlantic 14668 (5.5)
South Atlantic 79431 (29.7)
New England 7368 (2.8)
Mountain 25352 (9.5)
Pacific 16459 (6.2)
West North Central 23786 (8.9)
West South Central 47293 (17.7)
Unknown 290 (0.1)
Charlson comorbidity score, mean (SD) 0.93 (1.60)
History of tobacco use 75823 (28.4)

Surgery Type
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Characteristics N (%)
Major Surgery 61173 (22.9)
Minor Surgery 206079 (77.1)

Opioid-naive 165741 (62.0%)

Mental health disorders?

Adjustment 11671 (4.4)
Anxiety 44631 (16.7)
Mood 50823 (19.0)
Suicide or self-harm 1047 (0.4)
Disruptive 6150 (2.3)
Personality 838 (0.3)
Psychosis 1804 (0.7)
Alcohol or substance abuse disorders 7756 (2.9)
Other 10470 (3.9)

Pain disorders?

Arthritis 140903 (52.7)
Back 82628 (30.9)
Neck 42628 (16.0)
Other pain conditions 125753 (47.1)

Preoperative benzodiazepine 68026 (25.5)

a . .
, not mutually exclusive categories.
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Patient groups and attributes of preoperative opioid exposure.

Table 2.

Page 16

Preoperative Total Dosein Duration in Continuity in Recency in
Exposure Group Name | N % Pills (IQR) Months (I QR) Months (IQR) Months (IQR)
Minimal 1 - Minimal 73761 | 27.6% | 36 (40) 1(0) 1(0) 3(6)

2 - Remote 12974 | 4.9% | 129 (162) 3(2) 2(0) 2 (4)
Intermittent

3 - Recent 7423 | 2.8% | 420 (566) 6 (3) 3(1) 1(2)

4-Low 3337 | 1.2% | 1262 (1386) 10 (2) 7(3) 1(1)
Chronic 5 - Medium 3960 | 1.5% | 3028 (4705) 12 (0) 12 (0) 1(1)

6 - High 56 0.02% | 18923 (11673) 12 (1) 12 (1) 1(1)
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Table 3.

Multivariable analysis examining the likelihood of refill within 30 days of surgery.

95% Confidence

OddsRatio | p-value Interval
Initial postoperative prescription size (in increments of 10 pills of 5mg hydrocodone) 0.99 <0.001 0.99 0.99
Preoperative Exposure Group (ref: Opioid-Naive)
Minimal 1.49 <0.001 1.45 1.53
Remote Intermittent 3.02 <0.002 2.88 3.16
Recent Intermittent 6.51 <0.003 6.16 6.88
Low Chronic 15.45 <0.004 | 14.19 16.83
Medium Chronic 3231 <0.005 29.28 35.66
High Chronic 60.79 <0.006 27.81 132.92
Age category (ref group: 18-29)
30-39 1.08 0.002 1.03 1.13
40-49 1.01 0.70 0.96 1.06
50-59 0.87 <0.001 0.83 0.91
60-64 0.75 <0.001 0.71 0.79
Gender (ref group: Female)
Male 1.19 <0.001 1.15 1.22
Unknown 0.57 0.34 0.18 1.82
Race (ref group: Caucasian)
Asian 0.79 <0.001 0.72 0.87
Black 1.04 0.05 1.00 1.08
Hispanic 0.87 <0.001 0.84 0.91
Unknown 1.02 0.56 0.95 1.09
Education (ref group: Bachelor’s Degree)
Less than 12th Grade 1.09 0.38 0.90 131
High School Diploma 1.02 0.19 0.99 1.05
Bachelor’s Degree Plus 0.93 <0.001 0.90 0.97
Unknown 1.13 0.08 0.99 1.29
Charlson comorbidity score 1.01 0.001 1.00 1.02
History of tobacco use 1.45 <0.001 1.42 1.49
Surgery Type (ref group: Major Surgery)
Minor Surgery 0.54 <0.001 0.52 0.55
Mental health disorders
Adjustment 0.97 0.22 0.91 1.02
Anxiety 1.13 <0.001 1.09 1.17
Mood 1.15 <0.001 1.12 1.19
Suicide or self-harm 0.95 0.52 0.80 112
Disruptive 1.13 0.001 1.05 1.22
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95% Confidence
OddsRatio | p-value Interval
Personality 1.18 0.09 0.97 143
Psychosis 1.02 0.83 0.89 1.16
Alcohol or substance abuse disorders 1.44 <0.001 1.35 1.53
Other 0.90 <0.001 0.85 0.95
Pain disorders
Arthritis 1.07 <0.001 1.04 1.10
Back 1.06 <0.001 1.03 1.09
Neck 0.98 0.36 0.95 1.02
Other pain conditions 1.16 <0.001 1.13 1.19
Preoperative benzodiazepine 1.34 <0.001 1.30 1.38
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