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Introduction: The COVID-19 pandemic was superimposed upon an ongoing epidemic of opioid use disorder and
overdose deaths. Although the trend of opioid prescription patterns (OPP) had decreased in response to public
health efforts before the pandemic, little is known about the OPP from emergency department (ED) clinicians
during the COVID-19 pandemic.
Methods:Weconducted a pre-post study of adult patientswhowere discharged from13 EDs and one urgent care
within our academicmedical systembetween 01/01/2019 and 09/30/2020 using an interrupted time series (ITS)
approach. Patient characteristics and prescription data were extracted from the single unified electronic medical
record across all study sites. Prescriptions of opioids were converted into morphine equivalent dose (MED). We
compared the “Covid-19 Pandemic” period (C19, 03/29/2020–9/30/2020) and the “Pre-Pandemic” period (PP, 1/
19/2020–03/28/2020). We used amultivariate logistic regression to assess clinical factors associated with opioid
prescriptions.
Results: We analyzed 361,794 ED visits by adult patients, including 259,242 (72%) PP and 102,552 (28%) C19
visits. Demographic information and percentages of patients receiving opioid prescriptions were similar in
both groups. The median [IQR] MED per prescription was higher for C19 patients (70 [56–90]) than for PP pa-
tients (60 [60–90], P < 0.001). ITS demonstrated a significant trend toward higher MED prescription per ED
visit during the pandemic (coefficient 0.11, 95% CI 0.05–0.16, P = 0.002). A few factors, that were associated
with lower likelihood of opioid prescriptions before the pandemic, became non-significant during the pandemic.
Conclusion: Our study demonstrated that emergency clinicians increased the prescribed amount of opioids per
prescription during the COVID-19 pandemic compared to the pre-pandemic period. Etiologies for this finding
could include lack of access to primary care and other specialties during the pandemic, or lower volumes allowing
for emergency clinicians to identify who is safe to be prescribed opioids.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

TheWorld Health Organization declared the Coronavirus disease
of 2019 (COVID-19) a pandemic on March 11, 2020. Stay-at-home
orders and social distancing measures enacted to decrease the
transmission of the virus greatly affected medical health systems
in the United States. During the early months of the pandemic,
there was a 21% reduction in primary care visits [1] and a 42% de-
crease in emergency department (ED) visits [2]. In a survey per-
formed in the same period, 6% of primary care clinics had closed
due to a reduction in visits [3].

TheUnited States [4]was in themidst of an ongoing opioid epidemic
when the COVID-19 pandemic began. To address this issue on a national
level, The Centers for Disease Control and Prevention (CDC) published
guidelines for prescribing opioids for patients with chronic non-cancer
pain in 2016 [5]. Similarly, individual states created prescription drug
monitoring programs (PDMPs) to assist physicians in prescribing opi-
oids appropriately by tracking patients' opioid prescriptions acrossmul-
tiple providers. While PDMPs have been shown to decrease opioid
prescribing in individual states such as Iowa [6] or Florida [7], among
multiple states [8], and indeed nationally [9], their effectiveness in
reducing opioid-related harms has been called into question [10], as
the rise in synthetic and non-pharmaceutical opioids may have ren-
dered these programs inconsequential. To combat factors outside of
physician prescribing, the state of Maryland passed the Heroin and
Opioid Prevention Effort (HOPE) Act in 2017, whichmandated hospitals
create discharge plans for patients with opioid use disorders (OUD)
and increase access to treatment through the funding of outpatient
substance use disorder programs [11].

The COVID-19 pandemic exacerbated underlying socioeco-
nomic, mental health, and access to care issues that have contrib-
uted to the opioid epidemic. Our study aimed to describe the
opioid prescriptions written for patients in the University of Mary-
land emergency departments and how these patterns changed
during the COVID-19 pandemic. We hypothesized there would be
an increase in the amount of opioid prescribed per prescription
for patients during the pandemic.

2. Methods

2.1. Study design and patient selection

Weconducted a pre-post study of patientswhopresented to the EDs
and one urgent care within The University of Maryland Medical System
(UMMS) between January 01, 2019, and September 30, 2020 (Supple-
mentary Table 1). The fourteen sites within this system use a unified
electronic health record (EHR) system and share datawith a centralized
database, EPIC (www.epic.com, Wisconsin, USA). We extracted pa-
tients' encounter data in an automated fashion using Structured Query
Language (SQL). The study EDs included teaching and community
sites, as well as urban and rural facilities, as defined by the Health Re-
sources & Services Administration [12].

We included all patients ≥18 years of agewhopresented to andwere
discharged to home from any of the study sites. We excluded admitted
patients because our focus was on ED prescriptions. We only included
each patient's first encounter during the study period and excluded
any repeat visits, to reduce a known confounding factor, as previous
studies had shown the association between high utilizers and prescrip-
tions from the ED [13,14]. Demographic information (age, gender, race,
insurance status, zip codes, date and time of visit, teaching vs. non-
teaching ED) and clinical information (Emergency severity index [ESI],
presenting complaints, pain level at triage, number of past medical
and past surgical history [i.e, the number of medical conditions, number
of past surgical procedures], number of medications given during ED
visits, discharge diagnoses) were extracted from patients' electronic
health records. We obtained the median income of patients' home ZIP
64
codes as a proxy for socioeconomic status.We categorized the discharge
diagnoses using International Classification of Diseases, version 10 (ICD-
10) and categorized for any pain related to trauma or non-trauma con-
ditions, and any diagnosis of overdose.

We defined the pre-pandemic (pre-event) period as January 01,
2019 until March 29, 2020. The pandemic event (post-event)
started on March 30, 2020 until September 30, 2020. Our state
entered a mandatory “stay-at-home” period between March 30,
2020 - May 15, 2020 [15]. During this “stay-at-home” period, all
clinics and primary care physicians' offices were closed. After this
“stay-at-home” period, businesses and physicians' offices were
still operating at limited capacity in observation of strict social
distancing regulations. Our study was considered exempt by our
Institutional Review Board (IRB).

2.2. Primary outcome

The primary outcome was the total morphine equivalent dose
(MED) prescribed per ED visit.We defined any analgesics and their con-
version to MED as previously described: [16] codeine, hydrocodone,
hydrocodone with acetaminophen, hydromorphone, morphine, oxyco-
done, oxycodone with acetaminophen, tramadol, fentanyl, methadone,
buprenorphine/naloxone. The total prescribed MED during the study
period also included the MED from any refills. For example, patients
whose prescriptions specified a certain number of refills, we also con-
sidered the MED from the refills. For patients whose prescriptions did
not specify a refill, wewould consider that prescription to have no refill.
Our secondary outcome was the percentage of patients who were pre-
scribed opioids at ED discharge.

2.3. Statistical analysis

We presented our data asmean (standard deviation) or median [in-
terquartile range (IQR)] as appropriate.We used Student t-test orMann
Whitney U test to compare continuous data and Pearson's Chi-square
test for categorical data,when indicated.We categorized the continuous
variables age according to prior Census reports [17], and time of visit ac-
cording to shift times within the UMMS EDs.

To compare the trend of MED for the pre-pandemic period versus
the pandemic period, we conducted a single-series interrupted time se-
ries (ITS) analysis [6]. In our interrupted time series analysis, total
weekly MED for the pre-pandemic period was compared with the
weekly MED during the pandemic period. The ITS would yield a coeffi-
cient for the trend of the actual MED being prescribed.

We performed amultivariate logistic regression to assess the associ-
ation of patients' demographic and clinical informationwith their likeli-
hood of receiving opioid prescription at ED discharge (dichotomous
outcome of Yes opioid prescription versus No opioid prescription). All
demographic and clinical factors were entered into our multivariate lo-
gistic regression models. We expressed our results as odds ratio (OR)
and 95% Confidence Intervals (CI). If the same independent variable
was significantly associatedwith patients' likelihood of receiving opioid
prescriptions, we compared the variables' coefficients, which served as
the magnitude for the likelihood of prescribing opioids. A positive coef-
ficient signified higher likelihood of opioid prescriptions while a nega-
tive coefficient suggested a lower likelihood of opioid prescriptions.
We also examined collinearity of each independent variable by its Var-
iance Inflation Factor (VIF). Any independent variable with VIF > 5
would be considered to have high collinearity and was removed from
the model. We evaluated the goodness-of-fit of our models using the
area under the receiver operating curve (AUROC). A good model
would have an AUROC approaching 1.0.

All statistical analyses were performed using Minitab version 19
(www.minitab.com, Pennsylvania, USA). All P-values <0.05 were con-
sidered statistically significant.

http://www.epic.com
http://www.minitab.com
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3. Results

3.1. Patient demographics

We identified 435,851 patients from January 01, 2019, to September
30, 2020. We included 361,794 adult patients in our final analysis
(Fig. 1). There were 259,242 (72%) pre-pandemic adult patient encoun-
ters and 102,552 (28%) post-pandemic visits. Females comprised 45% of
all patients. 47% of patients were Black or African American, 47% were
white. Overall, patients' characteristics were similar before and during
the pandemic (Table 1).

When comparing demographics among the pre-pandemic period
and the during pandemic period, the proportion of unique patient visits
by Black patients decreased from 48% to 43%, while the proportion of
unique patient visits by White patients increased from 45% to 50%.
The proportion of unique patient visits to Urban Teaching and Rural
sites decreased during the pandemic (28 vs 23% and 25 vs 21%, respec-
tively), while the proportion of unique patient visits to Suburban sites
increased (32 vs 43%). The median pain level was higher during the
pandemic (4, [IQR] 0–8) when compared to pre-pandemic (0, [IQR]
0–7). The median income of patients' home ZIP was higher, on average,
after the pandemic ($73,900 vs $76,000).

3.2. Opioid prescribing data

Opioids were prescribed for 12% of patient visits. The median pre-
scription was for 60 MED (Table 2). The median MED per prescription
(MED/Rx) increased significantly from pre-pandemic (60, [IQR]
56–90) to during pandemic period (70, [IQR] 60–90). Patients' genders,
races, and shift times were associated with increases in MED/Rx.

3.3. Outcomes

3.3.1. Primary outcome
Based on the historical data in 2019 and up to March 30, 2020, the

interrupted time series forecasted that there would be less MED per
Fig. 1. Patient Selection Diagram, patients' index visits, University of Maryland Medical
System (UMMS) (January 01, 2019, and September 30, 2020).
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ED visit for the study period (Fig. 2, counterfactual line #1). However,
the interrupted time series demonstrated a significant trend of higher
number of MED per ED visit (Coefficient [coeff] 0.11, 95% CI 0.05–0.16,
P = 0.002) since the start of the “stay-at-home” period in our state,
and this trend continued toward the endof our study period on Septem-
ber 30, 2020 (Fig. 2, line#2).

3.3.2. Secondary outcomes
Our multivariate logistic regressions identified multiple factors that

were associated with patients' likelihood of being prescribed an opioid
before the pandemic (Table 3). Urban ED settings (coeff 0.8, OR 2.4,
95% CI 2.3–2.5, P = 0.001), a diagnosis of pain from either a traumatic
cause (coeff 0.5, OR 1.7, 95% CI 1.6–1.76, P = 0.001) or a non-
traumatic cause (coeff 0.3, OR 1.4, 95% CI 1.3–1.4, P = 0.001) were
among predictors strongly associated with higher likelihood of opioid
prescription before the pandemic. These same factors remained
strongly associated with opioid prescription during the pandemic
(Table 3, Fig. 3A).

Before the pandemic, patients who presented to a “teaching ED”
(coeff −1.6, OR 0.2, 95% CI 0.19–0.21, P = 0.001) and patients having
a diagnosis of “overdose” (coeff −1.6, OR 0.2, 95% CI 0.1–0.3, P =
0.001) were strongly associated with a lower likelihood to receive opi-
oid prescriptions. These factors remained strongly associated with a
lower likelihood of opioid prescriptions during the pandemic (Fig. 3A).
In contrast, presenting to the ED between 7 am-3 pm shifts or 3 pm–
11 pm shifts were associated with a lower likelihood of receiving opioid
prescriptions before the pandemic, but these factors became non-
statistically significant during the pandemic (Table 3, Fig. 3B), which
suggested that emergency clinicians working these shifts would be
more inclined to prescribe an opioid during these shifts. Similarly, pa-
tients who had “self-pay” insurance were associated with lower likeli-
hood of receiving an opioid prescription before the pandemic, but this
barrier became non-statistically significant during the pandemic.
Again, it suggested that emergency clinicians became more willing to
prescribe opioids to this particular patient population.

In contrast, patients whose ages were 55 years or above (coeff
−0.04, OR 0.95, 95% CI 0.90–1.001, P = 0.055) were not associated
with a statistically significant lower likelihood for opioid prescriptions
before the pandemic, but these patients were associated with a signifi-
cantly lower likelihood of opioid prescriptions during the pandemic
(coeff −0.3, OR 0.76, 95% CI 0.70–0.83, P = 0.001) (Fig. 3B).
3.4. Discussion

Our study demonstrated that emergency clinicians prescribed more
MED per opioid prescription for patients who presented to the 13 EDs
within our academic medical system during the early months of the
COVID-19 pandemic. Furthermore, there was a change in opioid pre-
scription patterns among emergency clinicians.

The reasons for a change in emergency clinicians' pattern of opioid
prescribing are multifactorial. Due to “stay-at-home” orders and social
distancing mandates in many states, independent physician practices
were drastically reduced [18], causing patients to seek continuation
of therapy or acute pain treatment in EDs more often. Furthermore,
emergency clinicians, when faced with the uncertainty of independent
physician practices, may have opted to prescribe a higher number of
opioid tablets so patients can stay at home longer. Additionally, the
overall decline of ED visits during the early pandemic of up to 42% [2]
might have allowed clinicians more time to scour patients' records in
our state's health information exchange, which included the PDMP, to
provide more personalized treatment regimens. Overall, our findings
provided further evidence to support other authors' assertions [19]
that emergency clinicians may need more training to treat patients
with chronic pain, acute pain, or substance use disordermore effectively
during the current COVID-19 pandemic and any future crisis.



Table 1
Demographic and Clinical Factors of Patients' Index Visits, University of Maryland Medical System (UMMS) (January 01, 2019, and September 30, 2020).

Total Population Pre-pandemic Pandemic P

Total, N (%)# 361.8
(100.0)

259.2 (71.6) 102.6 (28.4) <0.01

Age, N (%)
18–24 47.5

(13.1)
34.8
(13.4)

12.7
(12.4)

0.50

25–34 78.4
(21.7)

56.4
(21.8)

22.0
(21.4)

0.82

35–44 60.6
(16.7)

42.7
(16.5)

17.8
(17.4)

0.74

45–54 56.2
(15.5)

40.2
(15.5)

16.0
(15.6)

1.0

55–64 55.4
(15.3)

39.6
(15.3)

15.8
(15.4)

1.0

65+ 63.7
(17.6)

45.5
(17.5)

18.2
(17.8)

0.86

Race, N (%)
Black 168.4

(46.6)
124.8
(48.1)

43.6
(42.6)

0.01

White 168.8
(46.7)

117.3
(45.2)

51.5
(50.2)

0.02

Other⁎ 24.5
(6.8)

17.2
(6.6)

7.4
(7.2)

0.59

ED Setting, N (%)
Urban Teaching 96.5

(26.7)
72.8
(28.1)

23.6
(23.1)

0.01

Urban Non-Teaching 51.6
(14.3)

38.5
(14.9)

13.0
(12.7)

0.15

Suburban 127.6
(35.3)

83.7
(32.3)

43.9
(42.8)

<0.01

Rural 86.2
(23.8)

64.2
(24.7)

22.0
(21.4)

0.07

Presenting Complaints, N (%)
Pain: Traumatic 31.1

(8.6)
22.3
(8.6)

8.8
(8.6)

1.0

Pain: Non-Traumatic 35.9
(9.9)

26.3
(10.1)

9.6
(9.4)

0.59

Non-Pain Complaint 294.8
(81.5)

210.6
(81.2)

84.1
(82.1)

0.60

Other Factors
Prescribed Opioids, N (%) 44.4

(12.3)
32.0
(12.3)

12.4
(12.1)

0.89

Female, N (%) 162.1
(44.8)

115.0
(44.3)

48.1
(46.9)

0.24

Income of Home ZIP, mean (SD) 74.5
(27.7)

73.9
(28.0)

76.0
(26.9)

<0.01

Insured, N (%) 331.5
(91.6)

237.5
(91.6)

93.7
(91.5)

0.92

Median ESI [IQR] 3
[3–4]

3 [3–4] 3 [3–4] <0.01

Median Triage Pain [IQR] 0
[0–7]

0
[0–7]

4
[0–8]

<0.01

#All counts are in x1000s.
Abbreviations: 95% CI – 95% confidence interval; ED, emergency department; ESI, Emergency Severity Index; IQR – Interquartile Range.
⁎ Includes Latinx, Asian, Native America, Pacific Islander, patients who identify as other, patients who identify as 2+ races, unknown, and patients who wished not to be identified.
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It is unclear whether a pattern of increasing ED opioid prescriptions
during the pandemic would be a direct cause of increased opioid over-
dose presentations. While there is evidence that opioids prescribed in
the ED carry a moderate risk for development of long-term opioid use
[20], ED opioid prescriptions were 46% less likely to progress to long-
term use than non-ED opioid prescriptions (eg. inpatient, outpatient,
ambulatory surgery, dentistry) [21]. In the state of Maryland, 93% of
opioid-related deaths involved fentanyl [22], which may suggest illicit
opioids play a larger role in overdose presentations and deaths than pre-
scribed opioids. Further, a study of 7 EDs in the Washington D.C./Balti-
more region [23] saw an increase in presentations for substance use
disorder in general, but the proportion of presentations for opioids
66
specifically remained statistically the same. This implies substance use
disorders worsened in general during the pandemic, likely owed to a
combination of psychosocial and economic stressors, and it is less likely
that an increase in ED opioid prescriptions is the primary driving factor
in increased presentations for opioid overdoses and fatalities.

Our study also showed a gender and race disparity in the patterns of
opioid prescriptions among the 13 EDs and urgent carewithin ourmed-
ical system. Previous studies suggested that men andwomen have sim-
ilar prevalence of opioid use disorder [24,25]. However, menweremore
likely to receive opioid prescriptions in our population. Furthermore,
compared to white patients, Black and African American patients were
less likely to receive opioid prescriptions in our study, which agreed



Table 2
Morphine equivalent dose per prescription across demographic groups, reported as median with interquartile range, University of MarylandMedical System (UMMS) (January 01, 2019,
and September 30, 2020).

Total population Pre-pandemic During pandemic Between groups' P

Total MED/Rx, Median [IQR] 60.0
[60.0–90.0]

60.0
[56.0–90.0]

70.0
[60.0–90.0]

<0.01

Sex (MED/Rx), Median [IQR]
Female 60.0

[60.0–90.0]
60.0
[54.0–90.0]

60.0
[60.0–90.0]

<0.01

Male 60.0
[60.0–90.0]

60
[60–90]

70.0
[60.0–90.0]

<0.01

Race (MED/Rx), Median [IQR]
Black 60.0

[60.0–90.0]
60.0
[53.0–90.0]

60.0
[60.0–90.0]

<0.01

White 60.0
[60.0–90.0]

60.0
[60.0–90.0]

75.0
[60.0–90.0]

<0.01

Other⁎ 60.0
[60.0-90.0]

60.0
[60.0–90.0]

70
[60.0–90.0]

<0.01

Shift Time (MED/Rx), Median [IQR]
Shift 1 (7a-3p) 60.0

[60.0–90.0]
60.0
[60.0–90.0]

75.0
[60.0–90.0]

<0.01

Shift 2 (3p-11p) 60.0 [54.0–90.0] 60.0
[50.0–90.0]

70.0
[60–90.0]

<0.01

Shift 3 (11p-7a) 60.0
[60.0–90.0]

60.0
[54.0–90.0]

60.0
[54.0–90.0]

<0.01

Day of Week (MED/Rx), Median [IQR]
Weekday 60.0

[60.0–90.0]
60.0
[60.0–90.0]

70.0
[60.0–90.0]

<0.01

Weekend 60.0
[60.0–90.0]

60.0
[54.0–90.0]

75.0
[60.0–90.0]

<0.01

Opioid (MED/Rx)⁎, Median [IQR]
APAP/
Codeine

54.0
[36.0–68.0.]

60
[37–68]

54
[45–68]

<0.01

APAP/
Hydrocodone

60.0
[40.0–60.0]

60.0
[40.0–60.0]

60.0
[45.0–60.0]

0.15

APAP/
Oxycodone

60.0
[40.0–60.0]

60.0
[40.0–60.0]

60.0
[45.0–60.0]

<0.01

Buprenorphine/Naloxone 520.0
[260.0–960.0]

640.0
[220.0–1000.0]

420.0
[330.0–540.0]

0.62

Hydromorphone 96.0 [80.0–144.0] 96.0
[80.0–160.0]

96.0
[80.0–120.0]

0.05

Morphine 120.0 [90.0–120.0] 120.0 [90.0–120.0] 120.0 [90.0–120.0] 0.31
Oxycodone 90.0 [60.0–113.0] 90.0 [60.0–113.0] 90.0

[75.0–105.0]
0.56

Tramadol 60.0 [60.0–60.0] 60.0
[60.0–60.0]

60.0
[60.0–60.0]

0.68

Abbreviations: APAP, acetaminophen; MED, Morphine equivalent dose; Rx, Prescription.
⁎ Methadone, Fentanyl, Butorphanol, Meperidine and Tapentadol were not included because they did not have sufficient prescriptions written to be able to performMann-Whitney U

test.
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with recent reports [26,27]. This represents a physician bias and is pos-
sibly explained by a higher prevalence of substance use disorder screen-
ing in Baltimore/Washington EDs among Black and African Americans
when compared to white patients [23]. Emergency clinicians should
recognize this bias and carefully review which patients are appropriate
for opioid prescriptions from the ED.

3.5. Limitations

Our study was limited to EDs and one urgent care, therefore our
findingsmay not be generalizable to other practice environments. Addi-
tionally, it is assumed that the orders given at the onset of the pandemic
are driving themeasured changes.Wewere not able to control for other
interventions occurring simultaneously to the “stay-at-home” order.
We only examined patients' index ED visits, as such, we were not able
to examine the effect of high ED utilization and the opioid prescriptions
or prescription refills. However, the effects and association of high ED
67
utilizers and prescriptions had been described previously [13,14]. Fur-
ther, it was beyond the scope of this review to include individual diag-
noses and their relation to receiving opioids, so the population level
data may not be applicable on an individual basis. One final limitation
was our study period was during a period of “stay-at-home” orders
and limited opening for businesses and physicians' offices. If we exam-
ined for a longer period of time, the effect might have changed as pa-
tients may have more access to their primary care physicians or other
substance use disorder clinics.

4. Conclusion

Our study demonstrated that the COVID-19 pandemic affected how
emergency clinicians changed their opioid prescribing patterns during
the early period of the pandemic. Emergency clinicians wrote for higher
amounts of opioids with each prescription, and prescribed opioids for
categories of patients that they would not have before the pandemic.



Fig. 2. Interrupted time series for total morphine equivalent dose prescribed per Emergency Department visit, week toweek, University ofMarylandMedical System (UMMS) (January 01,
2019, and September 30, 2020).

Table 3
Multivariate logistic regression results for patients given opioid prescriptions during EmergencyDepartment visits, University ofMarylandMedical System (UMMS) (January 01, 2019, and
September 30, 2020).

Pre pandemic period1 During Pandemic period2

Variables Coefficient OR 95% CI P VIF Coefficient OR 95% CI P VIF

Increased likelihood to receive opioid prescriptions
ESI 0.4 1.5 1.4–1.5 0.001 1.2 0.4 1.5 1.4–1.5 0.001 1.2
Pain 0.1 1.1 1.13–1.14 0.001 1.1 0.3 1.3 1.31–1.34 0.001 1.1
Number of past surgical history 0.02 1.02 1.01–1.02 0.001 1.9 0.02 1.02 1.01–1.02 0.001 2
Weekend 0.05 1.05 1.02–1.07 0.001 1 0.08 1.09 1.03–1.13 0.001 1.1
Urban 0.8 2.4 2.3–2.5 0.001 2.7 0.8 2.2 2.04–2.4 0.001 2.8
Suburban 0.4 1.5 1.4–1.6 0.001 1.8 0.4 1.5 1.4–1.6 0.001 1.9
Gender - male 0.04 1.04 1.01–1.07 0.002 1.1 0.1 1.1 1.06–1.15 0.001 1.1
Race - White 0.14 1.1 1.09–1.21 0.001 4.2 0.3 1.3 1.2–1.4 0.001 4.3
Insurance - Worker's compensation 0.26 1.3 1.1–1.5 0.001 1.1 0.03 1.03 0.8–1.3 0.86 1.5
Number of medications given in ED 0.2 1.2 1.21–1.22 0.001 1.1 0.2 1.2 1.18–1.20 0.001 1.1
Diagnosis - Any Pain from trauma cause 0.5 1.7 1.6–1.76 0.001 1.1 0.4 1.6 1.4–1.7 0.001 1.1
Diagnosis - Any pain from non-trauma cause 0.3 1.4 1.3–1.4 0.001 1.1 0.08 1.1 1.01–1.2 0.02 1.1

Decreased likelihood to receive opioid prescriptions
ED shift 7 am-3 pm −0.06 0.94 0.91–0.98 0.02 1.9 0.05 1.1 0.9–1.1 0.09 1.9
ED shift 3 pm–11 pm −0.08 0.92 0.8–0.95 0.001 1.9 0.003 0.99 0.94–1.06 0.93 1.9
Teaching ED −1.6 0.2 0.19–0.21 0.001 2.1 −1.5 0.2 0.20–0.25 0.001 2.1
Age group - 18-24 −0.8 0.4 0.42–0.48 0.001 2.1 −0.9 0.4 0.3–0.4 0.001 1.9
Age group - 25-34 −0.3 0.74 0.70–0.78 0.001 3.1 −0.6 0.56 0.51–0.61 0.001 2.8
Age group - 35-44 −0.1 0.86 0.82–0.91 0.001 2.7 −0.5 0.63 0.58–0.69 0.001 2.6
Age group - 45-54 −0.07 0.93 0.88–0.98 0.014 2.5 −0.3 0.75 0.68–0.81 0.001 2.5
Age group - 55 and above −0.04 0.95 0.90–1.001 0.055 2.3 −0.3 0.76 0.70–0.83 0.001 2.2
Number of past medical history −0.02 0.98 0.97–0.99 0.001 2.1 −0.02 0.98 0.97–0.98 0.001 2.1
Insurance - Medicaid −0.2 0.8 0.72–0.88 0.001 1.1 −0.3 0.8 0.64–0.91 0.003 1.1
Insurance - Medicare −0.2 0.78 0.74–0.82 0.001 2.6 −0.3 0.71 0.66–0.78 0.001 2.5
Insurance - Self pay −0.1 0.86 0.82–0.92 0.001 1.1 0.02 1.02 0.94–1.11 0.61 1.5
Diagnosis - Any overdose −1.6 0.2 0.1–0.3 0.001 1.5 −2.2 0.11 0.3–0.46 0.002 1

Abbreviations: ED - Emergency Department; ESI - Emergency Severity Index.
1 Area Under Receiver Operating Curve = 0.76.
2 Area Under Receiver Operating Curve = 0.83.
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Fig. 3. Comparison of predictors' statistically significant coefficients associated with likelihood of opioid prescriptions before or after the onset of the 2020 coronavirus pandemic.
3A. Comparison of predictors with higher likelihood of opioid prescription (positive coefficients) before the pandemic with the same predictors' coefficient for patients who presented to
EDs during the pandemic. Higher positive coefficients indicated higher likelihood.
Abbreviations: ED, emergency department; ESI, Emergency Severity Index.
3B. Comparison of predictors with lower likelihood of opioid prescription (negative coefficients) before the pandemic with the same predictors' coefficient for patients who presented to
EDs during the pandemic. More negative coefficients demonstrated lower likelihood of opioid prescription. Coefficients from non-statistically significant predictors were assigned a value
of zero for illustration.
#Coefficient changed from non-statistically significant before pandemic to lower likelihood of opioid prescription during the pandemic.
⁎Coefficient changed from lower likelihood for opioid prescription before the pandemic to non-statistically significant during the pandemic.
Abbreviations: ED, emergency department; ESI, Emergency Severity Index.
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Further studies are needed to determine clinical factors associated with
increased opioid prescriptions, aswell as the effect of this change in pre-
scription patterns during a pandemic.
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