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Abstract

Objective: This study aimed to
characterize Z-drug prescribing with and
without opioid coprescribing pre- and
post-COVID-19 lockdown in the primary
care clinics of a large health care system.

Methods: A retrospective, cross-sectional
study was conducted that measured the
prevalence of Z-drug prescribing with
and without opioids for adults aged>18
years that were seen in the primary care
clinics of a large health care system

in 2019 and 2020. The pre-COVID

time period was defined as March 24,
2019-December 31, 2019, and the post-
lockdown time period was defined as
March 24, 2020-December 31, 2020.

Results: Among 455,537 adult patients,
6,743 (1.48%) were prescribed a Z-drug
during the study period. In addition,
1,064 (0.2%) were coprescribed a

Z-drug and an opioid at least once,
constituting 15.78% of patients

receiving a Z-drug prescription. There
was no change in the rate of Z-drug
prescription post-lockdown (odds ratio
[OR]=0.978, 95% confidence interval
[CI]=0.942-1.010, P=.233), though odds
of coprescribing decreased (OR=0.883,
95% Cl=0.789-0.988, P=.031). Important
correlates of receiving a Z-drug
prescription during the study period were
older age, White race, and diagnosis of
opioid use disorder. Older age and a
diagnosis of opioid use disorder were

also associated with coprescribing.
Receiving a de novo Z-drug prescription
post-lockdown was associated with
increased age, White race, and diagnosis
of bipolar disorder, generalized

anxiety disorder, and insomnia.

Conclusions: Rates of Z-drug prescribing
were unchanged post-lockdown, while
rates of Z-drug with opioid coprescribing
decreased. Some patient populations
vulnerable to Z-drug adverse effects
were at heightened risk of Z-drug
prescription, while racial disparities in
Z-drug prescribing were observed.
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nsomnia is a frequently encountered clinical problem that

is often treated pharmacologically, with data from the

2020 National Health Interview Survey indicating 18.4%
of American adults used a sleep medication at least once in
the past month.! Nonbenzodiazepine sedative-hypnotics
or “Z-drugs” are primarily used to treat insomnia and were
initially marketed as safer alternatives to benzodiazepines
for this frequently encountered clinical condition.?
However, Z-drug safety has been called into question
in multiple pharmacovigilance studies due to clinically
important adverse effects, including addiction, bradypnea,
dependence, dizziness, cortical dysfunction, disruptive
sleep-related disorders (parasomnias, sleepwalking, and
sleep-driving), euphoria, falls, overdose, and withdrawal.>-¢
Long-term Z-drug prescribing presents the most risk

for patients, particularly older adults, due to falls and
fractures.” Coprescription of Z-drugs with opioids,®
which sometimes occurs given the complex relationship
between pain and sleep, raises additional safety concerns
given increased risk of lethal respiratory depression.’

Recent studies have highlighted increased psychological
distress and sleep problems worldwide during the early
COVID-19 pandemic.'®!! Perhaps, then, it is unsurprising
that a 2021 study reported Z-drug prescribing had
increased across the US health care system during the
early COVID-19 pandemic.!? Notably, new-onset pain is
associated with COVID-19 infection, and the emotional
distress inflicted by the pandemic appears to have
exacerbated chronic pain for some patients.'® As a result,
it is possible that Z-drug and opioid coprescribing may
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Clinical Points

« From 2019 to 2020, pre- and post-COVID-19 lockdown,
the odds of coprescribing of Z-drugs and opioids
decreased post-lockdown.

- Patients of increasing age were at higher risk of
receiving Z-drug prescriptions with and without opioids
and had higher odds of receiving Z-drug prescriptions
de novo post-lockdown.

- Non-Whites had decreased odds of receiving Z-drug
prescriptions through the period and de novo post-
lockdown than Whites.

have increased during the early COVID-19 pandemic,
though we are unaware of studies investigating this

issue. Overall, opioid analgesic prescribing appears to
have dipped during the early months of the pandemic for
opioid-naive patients before rebounding, while remaining
steady for patients already prescribed opioids.™*

Given that most Z-drugs are prescribed by primary
care providers' and the lack of data on changes in Z-drug
prescribing by primary care providers during the early
COVID-19 pandemic, as well as a lack of data on changes in
Z-drug and opioid coprescribing in any setting during this
time frame, we sought to investigate Z-drug prescribing
with and without opioid coprescribing in the primary
care clinics of a large health care system from 2019 to
2020. Specifically, we aimed to estimate rates of Z-drug
prescribing and opioid coprescribing over the entire study
period (2019-2020) as well as during each of the periods
before and after the beginning of the COVID-19 pandemic.
We also sought to examine which patient and clinical
characteristics were associated with Z-drug prescribing
and opioid coprescribing during the entire study period.
Finally, we also wanted to examine which patient and
clinical characteristics were associated with de novo
Z-drug prescription after the COVID-19 pandemic began.

METHODS

Setting and Study Sample

Cleveland Clinic Healthcare System (CCHS) currently
provides primary care services to approximately 1
million patients who are insured via employer-based
plans, Medicaid, Medicare, and individual plans.
The analytic sample included all adult patients (=18
years) with at least 1 primary care visit at CCHS
from January 1, 2019, to December 31, 2020.

Statistical Analysis Definitions

All available prescription Z-drugs (zolpidem, zaleplon,
zopiclone, and eszopiclone) were analyzed as a group.
Receipt of a Z-drug or opioid prescription was defined
as being prescribed a drug from one of these classes for
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at least 1 day. Coprescribing was defined as receipt of

an opioid prescription (hydrocodone, hydromorphone,
morphine, oxycodone, and tramadol) within 30 days of
a Z-drug prescription. The pre-COVID time period was
defined as March 24, 2019-December 31, 2019, and

the post-COVID time period was defined as March 24,
2020-December 31, 2020, given the COVID-19 lockdown
date of March 24, 2020, in Ohio. For analyses examining
prescriptions before and after the beginning of the
COVID-19 pandemic, we excluded patient appointments
between January 1 and March 23 from each year in
order to remove the confounding effects of the interim
period of early 2020 when COVID-19 had begun to
spread in the United States. Z-drug prescription rates
were computed as the number of patients prescribed at
least 1 Z-drug during the specified period by a primary
care provider divided by the number of patients who had
at least 1 primary care visit during the specified period
(eg, entire study period, pre-COVID, post-COVID).

Statistical Analysis

Z-drug prescribing throughout the study period.
Using each patient’s first visit in the study period,
descriptive statistics (eg, mean, standard deviation,
frequency, and percent) of patient characteristics were
computed for the entire patient sample and stratified by
whether patients received at least 1 Z-drug prescription
during the study period. Comparisons were made using
2-sample t tests for continuous variables and > or Fisher
exact test for categorical variables. Using a multivariable
logistic regression model, we also examined factors
associated with being prescribed a Z-drug. The dependent
variable was an indicator for receiving at least 1 Z-drug
prescription during the study period. Covariates were
primarily selected based on previous association with
sedative-hypnotic prescribing and included patient age,'®
gender,!” race (White, Black, other [American Indian/
Alaska Native, etc]),'”!® marital status (married/partnered,
single, divorced/separated, widowed),!® insurance status
(private/other, Medicaid, Medicare, self-pay),'® median
income by ZIP code of address,* categorized number
of primary care visits during the study period (1, 2, 3,
4+),?! and binary indicators for ICD-coded insomnia,
major depressive disorder, generalized anxiety disorder,
bipolar disorder, obsessive-compulsive disorder, panic
disorder, posttraumatic stress disorder, schizophrenia
spectrum disorders, and substance use disorders.*

Z-drug/opioid coprescribing throughout the
study period. We also examined which factors were
associated with coprescription of an opioid with a
Z-drug during the study period. For this outcome,
we also used multivariable logistic regression
with the same predictors described above.

Z-drug and Z-drug/opioid coprescribing pre- and
post-lockdown. Pre-COVID and post-COVID Z-drug
prescription rates were computed. Patient demographics

Posting of this PDF is not permitted. | For reprints or permissions, contact
permissions@psychiatrist.com. | © 2023 Physicians Postgraduate Press, Inc.


mailto:permissions%40psychiatrist.com?subject=

Coprescribing of Z-Drugs and Opioids During COVID-19

Figure 1.

Frequency of Primary Care Visits (A) and Z-Drug Prescriptions (B)
and Ratio of Z-Drug Prescriptions to Primary Care Visits (C)
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and previous diagnoses in each of these time periods
were summarized using descriptive statistics and
single-predictor logistic regression models where the
dependent variable was time period (post-lockdown
vs pre-lockdown). Because some patients had primary
care visits in both the pre- and post-lockdown periods,
we fit these single-predictor logistic regression models
using generalized estimating equations (GEE) to account
for repeated measurements. We also computed Z-drug
prescription rates for the 2 time periods that accounted

for repeated measurements and adjusted for confounding.

This was accomplished by fitting a multivariable logistic
regression model with GEE where Z-drug prescription
(ves vs no) was the dependent variable, time period

was the independent variable, and an exchangeable
correlation structure was employed. Each of the patient
characteristics or previous diagnoses was included as
covariates. Unadjusted and covariate-adjusted odds ratios

Posting of this PDF is not permitted | For reprints or permissions, contact
permissions@psychiatrist.com. | © 2023 Physicians Postgraduate Press, Inc.

were computed to see whether there was any difference
in Z-drug prescription rates pre- and post-lockdown. In
addition, we created bar graphs of the number of primary
care encounters, the number of Z-drug prescriptions,
and the prescription-to-visit ratio by month (Figure 1).
Similar analyses were done for coprescription of Z-drug
and opioids pre- and post-lockdown (Figure 2).

De novo Z-drug prescribing post-lockdown.
Comparisons were also made among patients who were
not prescribed a Z-drug before the lockdown (before
March 24, 2020) and either did or did not receive at least
1 Z-drug prescription after (between March 24, 2020,
and December 31, 2020). Descriptive statistics were used,
and comparisons were made using 2-sample t tests for
continuous variables and x? tests for categorical variables. A
multivariable logistic regression model was used to examine
which factors were associated with post-lockdown de novo
Z-drug prescription, after adjusting for the other covariates.
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Figure 2.
Monthly Frequency of Primary Care Visits (A) and Z-Drug/Opioid Coprescriptions (B)
and Ratio of Z-Drug/Opioid Coprescriptions to Primary Care Visits (C)
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All computations were done in R, version 4.1.0.
All tests were 2-sided, and P values less than .05
were considered statistically significant. For all
logistic regression models, we computed odds
ratios, 95% confidence intervals, and P values.

Ethics Approval
The CCHS Institutional Review Board
reviewed and approved this study.

RESULTS

Between January 1, 2019, and December 31, 2020,
455,537 adult patients had 1,643,473 primary care
visits (847,655 visits in 2019; 795,818 visits in 2020). Of
those patients, 6,743 (1.48%) were prescribed a Z-drug
at some point during the study period. The prevalence
of prescription was 1.58% for women (3,945/249,836)
and 1.36% for men (2,797/205,646). Among the 6,743
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patients prescribed a Z-drug, there were 13,193 Z-drug
prescriptions (7,022 prescriptions in 2019; 6,171
prescriptions in 2020). The ratio of prescriptions to
primary care visits was 13,193/1,643,473 (0.80%)
during the entire study period (7,022/847,655 [0.83%]
in 2019; 6,171/795,818 [0.78%] in 2020) (Figure 1).
Among the 13,193 Z-drug prescriptions, 11,524 were
zolpidem (87.35%), 1,327 were eszopiclone (10.06%),
242 were zaleplon (1.83%), and 100 were zopiclone
(0.76%). Of the entire patient sample, 1,064 (0.2%)
were coprescribed a Z-drug and an opioid at least once
during the study period. This constituted 15.78% of
patients prescribed a Z-drug during the study period.

Univariate Analysis of Z-Drug Prescribing
Throughout the Study Period

On univariate analysis (Table 1), patients who were
prescribed a Z-drug by a primary care provider during
the study period were disproportionately older, female,
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Table1.

Patient Characteristics Stratified by Receipt of Z-Drug Prescription

During the Study Period®

All patients Had Z-drug Did not have Z-drug P

Characteristic (n=455,537)  prescription(n=6,743) prescription (n=448,794)  value
Age, mean (SD), y 52.4(18.1) 59.7 (14.0) 52.3(18.1) <.001
Gender

Female 249,836 (54.8) 3,945 (58.5) 245,891 (54.8) <.001

Male 205,646 (45.1) 2,797 (41.5) 202,849 (45.2)

Nonbinary 12(0.0) 0(0.0) 12(0.0)

X 140.0) 0(0.0) 140.0)

Other 4(0.0) 0(0.0) 4(0.0)

Unknown 25(0.0) 1(0.0) 24 (0.0)
Race

White 349,218 (76.7) 5,666 (84.0) 343,552 (76.6) <.001

Black 55,737 (12.2) 530(7.9) 55,207 (12.3)

American Indian/Alaska Native 750 (0.2) 10(0.1) 740(0.2)

Asian 11,950 (2.6) 97 (1.4) 11,853 (2.6)

Multiracial/Multicultural 15,592 (3.4) 157 (2.3) 15,435 (3.4)

Hispanic/Latino 3(0.0) 0(0.0) 3(0.0)

Native Hawaiian/Pacific Islander 5(0.0) 0(0.0) 5(0.0)

Other 1,320(0.3) 18(0.3) 1,302 (0.3)

Unavailable 7,758 (1.7) 82(1.2) 7,676 (1.7)

Declined 6,385 (1.4) 101 (1.5) 6,284 (1.4)

Unknown 6,819 (1.5) 82(1.2) 6,737 (1.5)
Marital status

Married 241,239 (53.0) 3,912 (58.0) 237,327 (52.9) <.001

Domestic partner 1,638 (0.4) 39(0.6) 1,599 (0.4)

Single 149,280 (32.8) 1,571(23.3) 147,709 (32.9)

Divorced 29,804 (6.5) 632 9.4) 29,172 (6.5)

Legally separated 2,614 (0.6) 65 (1.0) 2,549 (0.6)

Widowed 20,909 (4.6) 409 (6.1) 20,500 (4.6)

Other 543(0.1) 8(0.1) 535(0.1)

Patient refused 52(0.0) 2(0.0) 50 (0.0)

Unknown 7,171 (1.6) 85(1.3) 7,086 (1.6)

Missing 2,287 (0.5) 20(0.3) 2,267 (0.5)
Insurance

Private/other 280,492 (61.6) 3,711 (55.0) 276,781 (61.7) <.001

Medicare 105,277 (23.1) 2,347 (34.8) 102,930 (22.9)

Medicaid 50,690 (11.1) 586 (8.7) 50,104 (11.2)

Self-pay 1,080 (0.2) 3(0.0) 1,077 (0.2)

Missing 17,998 (4.0) 96 (1.4) 17,902 (4.0)
Median income by ZIP code (x$1,000), mean (SD) 55.6 (20.0) 56.5 (20.6) 55.6 (20.0) <.001
Number of primary care visits

Mean (SD) 3.6(3.5 5.8(4.7) 3.6(3.5 <.001

1 141,039 (31.0) 787 (11.7) 140,252 (31.3) <.001

2 87,440 (19.2) 811(12.0) 86,629 (19.3)

3 60,419 (13.3) 821(12.2) 59,598 (13.3)

4+ 166,639 (36.6) 4324 (64.1) 162,315 (36.2)
Alcohol use disorder 9,866 (2.2) 191 (2.8) 9,675 (2.2) <.001
Bipolar disorder 7,682 (1.7) 197 (2.9) 7,485 (1.7) <.001
Cannabis use disorder 3,797 (0.8) 49(0.7) 3,748(0.8) .366
Cocaine/stimulant use disorder 1,831(0.4) 38(0.6) 1,793 (0.4) .044
Generalized anxiety disorder 98,776 (21.7) 2,961 (43.9) 95,815 (21.3) <.001
Hallucinogen use disorder 73(0.0) 1(0.0) 72(0.0) 1.000
Sedative, hypnotic, or anxiolytic drug use disorder 251(0.1) 12(0.2) 239(0.1) <.001
Major depressive disorder 67,714 (14.9) 1 865 (27.7) 65,849 (14.7) <.001
Obsessive-compulsive disorder 1,980 (0.4) 28 (0.4) 1,952 (0.4) .880
Opioid use disorder 3,435 (0.8) 158 (2.3) 3,277 (0.7) <.001
Other psychoactive use disorder 3,567 (0.8) 79(1.2) 3,488 (0.8) <.001
Panic disorder 7,935(1.7) 213(3.2) 7,722 (1.7) <.001
Posttraumatic stress disorder 7,238(1.6) 221(33) 7,017 (1.6) <.001
Schizoaffective disorder 955 (0.2) 13(0.2) 942(0.2) 864
Schizophrenia 1,473 (0.3) 18(0.3) 1,455 (0.3) 475
Insomnia 19,078 (4.2) 2,689 (39.9) 16,389 (3.7) <.001

?Data expressed as n (%) unless otherwise noted.
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Table 2.

Multivariable Logistic Regression Models for Receipt of Any
Z-Drug Prescription (Yes vs No) and Z-Drug/Opioid Coprescription

(Yes vs No) During the Study Period
Any Z-drug Coprescribed
prescription Z-drug and opioid
OR (95% Cl) Pvalue OR (95% Cl) Pvalue

Age (per 10 years) 1.17 (1.15-1.20) <001  1.19(1.12-1.25)  <.001
Male (reference: female) 1.06 (1.01-1.12) .032  1.20(1.05-1.37) .007
Race (reference: White)

Black 0.76 (0.69-0.83) <001  0.99(0.81-1.22) 942

Other 0.75 (0.66-0.86) <.001  0.75(0.54-1.04) .082
Marital status (reference: married/partnered)

Single 0.88(0.82-0.94) <.001 0.88 (0.75-1.04) 125

Divorced 1.05(0.96-1.14) 324 0.97(0.78-1.20) .745

Widowed 0.68 (0.61-0.77) <.001  0.88(0.69-1.11) 279
Insurance (reference: private/other)

Medicaid 0.80(0.73-0.89) <.001 1.05(0.83-1.32) .689

Medicare 0.89 (0.83-0.96) 002  1.37(1.15-1.62) <.001
Median income by ZIP code (per $10,000) 1.03(1.02-1.04) <.001  0.95(0.91-0.98) .003
Number of primary care visits (reference: 1)

2 1.45(1.30-1.61) <.001  0.71(0.51-0.99) 043

3 1.93(1.73-2.14) <001 1.03(0.76-1.41) 835

4+ 2.80(2.57-3.05) <.001  2.78(2.25-3.43) <.001
Alcohol use disorder 0.81(0.69-0.96) .014  0.75(0.53-1.08) 119
Bipolar disorder 1.23(1.04-1.44) 013 1.17(0.82-1.66) .378
Cannabis use disorder 0.72(0.52-0.98) .037  0.61(0.31-1.20) 153
Cocaine/stimulant use disorder 1.01(0.70-1.47) 945 1.36(0.75-2.46) 312
Generalized anxiety disorder 1.71(1.61-1.81) <.001  1.77 (1.563-2.04) <.001
Sedative, hypnotic, or anxiolytic drug use disorder ~ 0.93(0.44-1.97) 851 1.72(0.60-4.96) 313
Insomnia 11.76 (11.11-12.45)  <.001  9.37(8.18-10.73)  <.001
Major depressive disorder 1.04(0.97-1.11) 264 1.29(1.11-1.50) <.001
Obsessive-compulsive disorder 0.58 (0.38-0.87) 009 0.13(0.02-0.96) .045
Opioid use disorder 1.50(1.23-1.83) <.001  3.72(2.80-4.95) <.001
Other psychoactive use disorder 1.17(0.91-1.52) 221 1.44(0.92-2.26) 110
Panic disorder 0.94(0.81-1.10) 439 0.90(0.63-1.29) .557
Posttraumatic stress disorders 1.17 (1.00-1.36) 051 1.36(0.99-1.87) .057
Schizoaffective disorder 0.77 (0.41-1.44) 415 1.08(0.38-3.09) .880
Schizophrenia 0.66 (0.37-1.17) 154 1.06 (0.42-2.68) .904

White, married, divorced, on Medicare, living in ZIP
codes with higher median income, having 4 or more
primary care visits, and diagnosed with the following:
alcohol use disorder, bipolar disorder, cocaine/stimulant
use disorder, generalized anxiety disorder, sedative/
hypnotic use disorder, major depressive disorder, opioid
use disorder, other psychoactive use disorder, panic
disorder, posttraumatic stress disorder, and insomnia.

Multivariate Analysis of Z-Drug Prescribing
Throughout the Study Period

Multivariable logistic regression (Table 2) revealed
that older age, being male (vs female), living in higher
income ZIP code, having more primary care visits during
the study period, and having bipolar disorder, generalized
anxiety disorder, insomnia, and opioid use disorder were
each associated with greater odds of Z-drug prescription
during the study period. Being Black or other race (vs
White), having Medicaid or Medicare (vs private/other
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insurance), being single or widowed (vs married), and
having alcohol use disorder, cannabis use disorder, or
obsessive-compulsive disorder were each associated with
lower odds of Z-drug prescription during the study period.

Multivariate Analysis of Z-Drug/Opioid

Coprescribing Throughout the
Study Period

Multivariable logistic regression (Table 2) also showed
that older age, being male (vs female), having Medicare
(vs private/other insurance), having 4 or more primary
care visits (vs 1 visit), and having generalized anxiety
disorder, insomnia, major depressive disorder, and opioid
use disorder were each associated with greater odds of
Z-drug/opioid coprescription during the study period.

Living in wealthier ZIP codes, having 2 primary care visits
during the study period (vs 1 visit), and having obsessive-
compulsive disorder were each associated with lower odds
of Z-drug/opioid coprescription during the study period.

Posting of this PDF is not permitted. | For reprints or permissions, contact
permissions@psychiatrist.com. | © 2023 Physicians Postgraduate Press, Inc.


mailto:permissions%40psychiatrist.com?subject=

Coprescribing of Z-Drugs and Opioids During COVID-19

Table 3.

Multivariable Logistic Regression Results
for Receiving a Z-Drug Prescription De Novo
Post-Lockdown (Yes vs No)

0dds ratio
(95% Cl) Pvalue
Age (per 10 years) 1.08 (1.04-1.13) <.001
Male (reference: female) 0.99 (0.89-1.10) 912
Race (reference: White)
Black 0.62 (0.51-0.76) <.001
Other 0.71(0.56-0.91) .007
Marital status (reference: married/partnered)
Single 0.82(0.72-0.94) .004
Divorced 0.97 (0.82-1.16) 757
Widowed 0.74 (0.59-0.92) .006
Insurance (reference: private/other)
Medicaid 0.82(0.67-1.00) .053
Medicare 1.10(0.96-1.26) 187
Median income by ZIP code (per $10,000) 1.04 (1.02-1.07) .002
Number of primary care visits (reference: 1)
1.15(1.01-1.31) .035
3 1.37(1.17-1.59) <.001
4+ 1.57(1.37-1.81) <.001
Alcohol use disorder 0.81(0.58-1.13) 212
Bipolar disorder 1.39(1.03-1.88) .030
Cannabis use disorder 0.93(0.53-1.63) .803
Cocaine/stimulant use disorder 1.33(0.67-2.67) A17
Generalized anxiety disorder 1.76 (1.57-1.97) <.001
Sedative, hypnotic, or anxiolytic 0.58(0.08-4.21) 587
drug use disorder
Insomnia 8.30(7.40-9.31) <.001
Major depressive disorder 0.84 (0.74-0.96) 011
Obsessive-compulsive disorder 0.77 (0.38-1.56) 467
Opioid use disorder 0.77 (0.47-1.29) 325
Other psychoactive use disorder 1.20(0.72-2.00) 494
Panic disorder 0.84(0.62-1.15) 279
Posttraumatic stress disorder 1.05(0.77-1.44) 738
Schizoaffective disorder 0.26 (0.04-1.90) 183
Schizophrenia 0.95 (0.35-2.61) 921

Z-Drug and Z-Drug/Opioid Coprescribing
Pre- and Post-Lockdown

Pre-lockdown (March 24, 2019—December 31,
2019), 3,690 (1.20%) of the 307,554 patients who had
at least 1 primary care visit received at least 1 Z-drug
prescription and 512 (0.17%) received a Z-drug/opioid
coprescription. This constituted a prevalence of Z-drug/
opioid coprescription of 13.88% among patients receiving
a Z-drug during that period. Post-lockdown (March 24,
2020—December 31, 2020), 3,500 (1.19%) of the 293,575
patients who had at least 1 primary care visit received at
least 1 Z-drug prescription, and 440 (0.15%) received a
Z-drug/opioid coprescription. This constituted a prevalence
of Z-drug/opioid coprescription of 12.57% among patients
receiving a Z-drug during that period. For more detailed
information about frequency of Z-drug prescribing and
Z-drug/opioid coprescribing during different intervals
within the study period, see Supplementary Table 1.
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The unadjusted odds ratio for being prescribed a
Z-drug post-lockdown versus pre-lockdown was 0.994
(95% CI=0.948-1.041, P=.787). After accounting
for correlated responses within patients and adjusting
for patient demographics and preexisting disorders
using multivariable logistic regression with GEE,
there was no significant difference in the odds of
being prescribed a Z-drug pre- or post-lockdown
(OR=0.978,95% CI=0.942-1.010, P=.233).

The unadjusted odds ratio for Z-drug/opioid
coprescription post-lockdown versus pre-lockdown
was 0.900 (95% CI=0.792-1.023, P=.106). After
accounting for correlated responses within patients
and adjusting for patient demographics and preexisting
disorders using multivariable logistic regression
with GEE, the odds of receiving a Z-drug/opioid
coprescription were 11.7% lower post-lockdown
(OR=0.883,95% CI=0.789-0.988, P=.031).

See Supplementary Table 2 for descriptive
statistics for patients in pre- and post-lockdown
periods. There were small but statistically
significant differences for some of the variables.

De Novo Z-Drug Prescribing
Post-Lockdown

On univariate analysis, patients prescribed a Z-drug
de novo post-lockdown were disproportionately older,
White, married, on Medicare, living in wealthier
ZIP codes, having more primary care visits, and
diagnosed with bipolar disorder, generalized anxiety
disorder, major depressive disorder, panic disorder,
post-traumatic stress disorder, and insomnia. For
further details, see Supplementary Table 3.

Multivariable logistic regression revealed that older
age, living in wealthier ZIP codes, having more primary
care visits, and being diagnosed with bipolar disorder,
generalized anxiety disorder, and insomnia were each
associated with greater odds of being prescribed a
Z-drug de novo post-lockdown. Being Black or other
race (vs White), being single or widowed (vs married), or
having major depressive disorder were each associated
with lower odds of being prescribed a Z-drug de novo
post-lockdown. For further details, see Table 3.

DISCUSSION

We believe this to be the first study evaluating Z-drug
prescribing with and without opioid coprescribing
exclusively in a US primary care setting during the
COVID-19 pandemic. In our primary care sample, 1.48%
of patients received a Z-drug prescription during the
study period, and the ratio of Z-drug prescriptions to
primary care visits was 0.80%. Similar to other recent
research,'® zolpidem was the most commonly prescribed
Z-drug, accounting for 87.35% of prescriptions.
Consistent with Z-drugs’ primary use as sedative-
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hypnotics, an insomnia diagnosis conferred the highest
odds of receiving a prescription of all factors analyzed
(OR=11.76). Despite a 2021 report of heightened Z-drug
prescribing during the early pandemic,'” we found no
statistically significant change in odds of receiving a
Z-drug prescription among primary care patients during
the first 9 months of pandemic. This difference may
have been due to the fact that the other study assessed
Z-drug prescribing in a variety of health care settings,
while we only examined the primary care setting.

The previously mentioned study'? also demonstrated
a gender disparity in Z-drug prescribing rate for October
2020 (1.46% in women vs 1.00% in men). While we also
observed a gender disparity, it was not as pronounced
(1.58% for women and 1.36% for men). Of note, we found
that men actually had slightly higher odds of receiving
a Z-drug prescription during the study period when
controlling for other variables (OR =1.06). This finding
contradicts previous studies, which have suggested
that benzodiazepines and Z-drugs are more commonly
prescribed in females.!>?* A possible explanation for this
difference could be that the previously observed gender
disparities were due to confounding factors. Alternatively,
our finding may support previous research suggesting
a marginal increase in sleep problems in men during
the COVID-19 pandemic.?*? Consistent with previous
findings, we also found that non-White patients were less
likely to receive a prescription for a Z-drug during the
study period.? This observation is particularly unfortunate
since Blacks are more likely than Whites to report short
sleep duration,?” with racial discrimination shown to
account for 57% of the relationship between race and
insomnia severity in Black patients in one study.?® One
likely contributing factor to this treatment disparity is
that, despite obtaining less adequate sleep, Black women
are less likely to report trouble sleeping to health care
providers,* indicating a need for proactive screening
in this population by clinicians. Importantly, racial bias
in the assessment and treatment of pain by health care
providers has been repeatedly observed,* raising the
possibility that a similar bias could exist around insomnia
and contribute to this treatment disparity as well.

Consistent with previous literature,* we found that
age was positively associated with receiving a Z-drug
prescription during the study period (OR=1.17 for every
10-year increase), despite important Z-drug related risks
in older patients including cognitive side effects, daytime
fatigue, falls, and fractures.*3* Strikingly, although all
other substance use disorders were either associated with
decreased risk of receiving a Z-drug prescription during the
study period or had no statistically significant association,
opioid use disorder was associated with increased risk
(OR=1.50). This is concerning since patients with opioid
use disorder have a high risk of misusing Z-drugs,**
as well as elevated risk of accidental overdose due to
respiratory suppression from Z-drugs and opioids in
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combination, though not surprising since Z-drug use is
known to be higher in patients who misuse opioids.®

Notable factors positively associated with receiving
a de novo Z-drug prescription post-lockdown were age
(OR=1.08 for every 10-year increase), having bipolar
disorder (OR =1.39), having generalized anxiety disorder
(OR=1.76), and having insomnia (OR =8.30), while being
Black (OR=0.62) and having major depressive disorder
(OR =0.84) were negatively associated. The association
with age may be explained by insomnia secondary to the
pandemic’s disproportional impact on older adults in terms
of mortality and morbidity, public health restrictions, social
isolation, economics, and health care access. Multiple
studies have shown a rise in depression, anxiety, insomnia,
and chronic pain in older adults during the pandemic.?+°
Prior studies have indicated a pandemic-related rise in
insomnia globally as well.?¢ The increased risk of Z-drug
prescribing in patients with generalized anxiety disorder
and bipolar disorder we observed could be secondary
to increased susceptibility to stress and higher sleep
reactivity in patients with anxiety and mood disorders.?”
However, caution is warranted around this hypothesis
since patients with major depressive disorder had lower
odds of de novo Z-drug prescription post-lockdown.

We found a high rate of Z-drug/opioid coprescribing
during the study period (15.78% of patients prescribed a
Z-drug), despite evidence of increased mortality in patients
receiving this combination of medications.?® Notable
populations at increased risk of coprescribing included
older patients (OR =1.19 for every 10-year increase in
age), Medicare patients (OR =1.37), and patients with
opioid use disorder (OR = 3.72). The association with
increased age is troubling for multiple reasons. First,
health care providers are reluctant to taper older adults
off these medications once initiated because of patient
hesitancy, lack of provider proficiency, lack of tapering
guidelines, and limited access to nonpharmacological
alternatives.® Second, deprescribing these drugs in older
patients often requires inpatient hospitalizations due to
risk and clinical complexity.*’ Third, given their slower
metabolism and renal clearance, older adults are more
sensitive to these medications’ adverse effects,* which
is a likely contributor to the ongoing rise of older adult
overdose rates.*> Reassuringly, we found a significant
decrease in Z-drug/opioid coprescribing post-lockdown
(OR =0.88), possibly due to less frequent de novo opioid
prescribing observed nationwide during this period.*

Increased odds of Z-drug prescribing with or
without opioid coprescribing to groups vulnerable to
drug-induced harm in this cohort highlight continued
opportunities for clinicians and health care systems
to enhance thoughtful prescribing and deprescribing
of these medications. Clinicians should regularly
conduct a benefit-risk analysis for patients already
receiving Z-drugs, particularly in patients coprescribed
opioids. If it is determined that the risks outweigh the
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benefits, then deprescribing is strongly recommended.
Despite its challenges, successful deprescribing of
Z-drugs is possible.*® Effective strategies and tools for
deprescribing include increasing physician-patient time,
patient buy-in, patient education, multidisciplinary
collaboration, effective alternative treatments
(pharmacotherapy and psychosocial intervention),
clinician training, prescription drug monitoring

tools, and protocolized deprescribing guidelines.*

Strengths and Limitations

The main strength of this study is its reliance on
an electronic medical record from a large health care
system that includes Medicaid and Medicare patients,
allowing for a large sample size and the ability to gather
several important variables to control for confounding.
Important limitations include the study’s retrospective,
cross-sectional, observational design; reliance on
billing codes for diagnoses; and lack of information
on whether prescriptions were filled or consumed.

CONCLUSION

We believe this to be the first study examining Z-drug
prescribing with and without opioid coprescribing
exclusively in a US primary care population during
the COVID-19 pandemic. We found no increase in the
rate of Z-drug prescriptions post-lockdown. The rate
of opioid coprescribing was high in patients receiving
Z-drugs, though the odds of coprescribing decreased
post-lockdown. We found that patients of increasing
age and with opioid use disorder, 2 groups vulnerable
to adverse effects of Z-drugs and opioids, were at
increased risk of receiving Z-drug prescriptions with
and without opioids. Increasing age was also associated
with higher odds of de novo Z-drug prescription post-
lockdown. Importantly, we identified a racial disparity
in the form of decreased odds of Z-drug prescribing
to non-White patients during the study period, as well
as de novo prescribing post-lockdown. This study
adds to previous research indicating a need for more
thoughtful prescribing of Z-drugs with and without
opioid coprescribing, as well as research demonstrating
undertreatment of insomnia in non-White patients.
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Supplementary material for “Prescribing of Z-drugs with and without opioid co-prescribing to primary care
patients in a large healthcare system from 2019-2020”

Supplementary Table 1. Z-drug prescribing and Z-drug/opioid co-prescribing during study period sub-

intervals*
Number . Co-Prescribing
. . Of Patients | Prescribed Co-Prescribed Rate Among
Time Period . Z-drug and . .
Seen During | Z-drug Opioid Patients Prescribed

Time Period Z-drug during interval

1/1/2019-3/23/2019 142099  |1495 (1.05%) | 209 (0.15%) 209/1495 (13.98%)

3/24/2019-12/31/2019 (Pre-lockdown) 307554

3690 (1.20%)

512 (0.17%)

512/3690 (13.88%)

1/1/2020-3/23/2020 142909 1343 (0.94%) | 187 (0.13%) | 187/1343 (13.92%)
3/24/2020-12/31/2020 (Post-lockdown) | 293575 (3500 (1.19%) | 440 (0.15%) | 440/3500 (12.57%)
2019 449653 4450 (0.99%) | 650 (0.14%) | 650/4450 (14.61%)
2020 436484 4221 (0.97%) | 572 (0.13%) | 572/4221 (13.55%)
Entire study period (2019-2020) 455537 6743 (1.48%) | 1064 (0.23%) | 1064/6743 (15.78%)

*Of note, when combining proportions of patients prescribed Z-drugs or co-prescribed Z-drugs and opioids during
smaller intervals (such as 3 months or 9 months), these do not sum to the proportions reported for the larger intervals
containing them (12 months or 24 months). For example, 13.98% of patients who received a Z-drug prescription
from 1/1/2019-3/23/2019 were co-prescribed opioids, while this proportion was 13.88% from 3/24/2019-
12/31/2019. However, the total was 14.61% of all patients prescribed a Z-drug in 2019. The reason prescription
prevalence can be higher when looking at longer time periods is because the two smaller intervals within a larger
interval are not mutually exclusive, and patients have more opportunity to be prescribed and/or co-prescribed
medications at least once during a one-year or two-year period than a 3-month or 9-month period.

Supplementary Table 2. Patient characteristics pre-lockdown and post-lockdown*

Pre-COVID Post-COVID .
(3/24/2019- (3/24/2020- ?gg;%‘g“ V:;;e
12/31/2019) 12/31/2020) o

N 307554 293575

Age, mean (SD) 543 (17.9) S4.1(18.0) | 0.994 (0.992-0.995) |< 0.001

Gender

Female 170372 (55.4%) | 163833 (55.8%) Reference
Male 137161 (44.6%) | 129711 (44.2%) |0.983 (0.977-0.990) |< 0.001
Nonbinary 4 (0.0%) 7 (0.0%)
X 6 (0.0%) 10 (0.0%)
1.535(0.968-2.434) | 0.068
Other 2 (0.0%) 4 (0.0%)
Unknown 9 (0.0%) 10 (0.0%)
Race
White 239064 (77.7%) | 227821 (77.6%) Reference
Black 37309 (12.1%) 36075 (12.3%) |1.015(1.005-1.024) | 0.003
American Indian/Alaska Native 456 (0.1%) 476 (0.2%) 1.095 (1.007-1.192) | 0.034
Asian 7694 (2.5%) 7099 (2.4%) 0.968 (0.948-0.989) | 0.003
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Multiracial/Multicultural

Hispanic/Latino

Native Hawaiian/Pacific Islander

Other
Unavailable
Declined
Unknown
Marital Status
Married
Domestic Partner
Single
Divorced
Legally Separated
Widowed
Other
Patient Refused
Unknown
Missing
Insurance
Private/Other
Medicare
Medicaid
Self-Pay
Missing

Median Income by ZIP Code (x $1,000),

mean (SD)
Number Primary Care Visits
1
2
3
4+
Alcohol Use Disorder
Bipolar Disorder
Cannabis Use Disorder
Cocaine Stimulant Use Disorder
Generalized Anxiety Disorder

Hallucinogen Use Disorder

Sedative, Hypnotic or Anxiolytic Drug

Use Disorder

Major Depressive Disorder

9560 (3.1%)
3 (0.0%)
3 (0.0%)
927 (0.3%)
4466 (1.5%)
4143 (1.3%)
3929 (1.3%)

166281 (54.1%)
989 (0.3%)
94614 (30.8%)
21180 (6.9%)
1780 (0.6%)
16124 (5.2%)
320 (0.1%)
35 (0.0%)
4928 (1.6%)
1303 (0.4%)

184266 (59.9%)
79047 (25.7%)
32267 (10.5%)
734 (0.2%)
11240 (3.7%)

55.5(19.8)

146615 (47.7%)
77577 (25.2%)
40406 (13.1%)
42956 (14.0%)
7034 (2.3%)
5547 (1.8%)
2549 (0.8%)
1272 (0.4%)
73483 (23.9%)
38 (0.0%)

167 (0.1%)

51385 (16.7%)

9616 (3.3%)
3 (0.0%)
3 (0.0%)

892 (0.3%)

4643 (1.6%)

4063 (1.4%)

2884 (1.0%)

157529 (53.7%)
1122 (0.4%)
91229 (31.1%)
20530 (7.0%)
1711 (0.6%)
15358 (5.2%)
361 (0.1%)
34 (0.0%)
4752 (1.6%)
949 (0.3%)

173854 (59.2%)

77416 (26.4%)

32996 (11.2%)
562 (0.2%)
8747 (3.0%)

55.3(19.8)

146505 (49.9%)
73147 (24.9%)
35907 (12.2%)
38016 (12.9%)
7095 (2.4%)
5443 (1.9%)
2585 (0.9%)
1294 (0.4%)
73554 (25.1%)
50 (0.0%)

181 (0.1%)

49885 (17.0%)
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1.055 (1.036-1.076)

1.010 (0.957-1.066)

1.091 (1.059-1.123)
1.029 (1.001-1.058)
0.770 (0.741-0.800)

Reference
1.198 (1.134-1.265)
1.018 (1.010-1.025)
1.023 (1.012-1.035)
1.015 (0.974-1.057)
1.005 (0.994-1.017)
1.191 (1.082-1.311)
1.025 (0.755-1.392)
1.018 (0.994-1.043)
0.769 (0.718-0.824)

Reference
1.038 (1.031-1.045)
1.084 (1.072-1.095)
0.812 (0.754-0.873)
0.825 (0.808-0.842)

0.994 (0.992-0.995)

Reference
0.944 (0.932-0.955)
0.889 (0.876-0.903)
0.886 (0.874-0.898)
1.058 (1.039-1.078)
1.029 (1.007-1.050)
1.063 (1.028-1.099)
1.066 (1.020-1.114)
1.065 (1.058-1.072)
1.379 (1.023-1.858)

1.136 (1.000-1.290)

1.021 (1.013-1.028)
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<0.001

0.717

<0.001
0.040
<0.001

<0.001
<0.001
<0.001
0.481
0.367
<0.001
0.872
0.148
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
0.008
<0.001
0.005
<0.001
0.035

0.051

<0.001



Obsessive Compulsive Disorder 1436 (0.5%) 1408 (0.5%) 1.027 (0.987-1.069) | 0.182
Opioid Use Disorder 2613 (0.8%) 2495 (0.8%) 1.000 (0.972-1.029) | 0.983
Other Psychoactive Use Disorder 2416 (0.8%) 2435 (0.8%) 1.056 (1.021-1.093) | 0.002
Panic Disorder 5981 (1.9%) 5923 (2.0%) 1.038 (1.019-1.058) |<0.001
Post-Traumatic Stress Disorder 5364 (1.7%) 5476 (1.9%) 1.071 (1.050-1.092) < 0.001
Schizoaffective Disorder 705 (0.2%) 657 (0.2%) 0.976 (0.920-1.035) | 0.423
Schizophrenia 1069 (0.3%) 1013 (0.3%) 0.993 (0.946-1.041) | 0.764
Insomnia 15013 (4.9%) 14811 (5.0%) [1.035(1.024-1.047) |<0.001

*QOdds ratios, 95% confidence intervals, and p-values are from single-predictor logistic regression models where the
dependent variable was time period (post-lockdown vs. pre-lockdown) and generalized estimating equations were
used to account for repeated measurements among patients who had primary care visits in both the pre-lockdown

and post-lockdown periods.

Supplementary Table 3. Comparison of patient demographic and clinical characteristics among patients who
were not prescribed a Z-drug pre-COVID (3/24/2019-12/31/2019) and either did or did not start a Z-drug

after COVID began (3/24/2020-12/31/2020).
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ks
Between Prlgzg':[e)::lon P-value
3/24/2020-12/31/2020 3/24/2020-12/31/2020
N 1656 285298
Age, mean (SD) 58.8 (14.5) 54.1 (18.0) <0.001
Gender
Female 986 (59.5%) 159082 (55.8%) 0.161
Male 670 (40.5%) 126186 (44.2%)
Nonbinary 0 (0.0%) 7 (0.0%)
X 0 (0.0%) 10 (0.0%)
Other 0 (0.0%) 3 (0.0%)
Unknown 0 (0.0%) 10 (0.0%)
Race
White 1408 (85.0%) 221038 (77.5%) 0.002
Black 112 (6.8%) 35250 (12.4%)
American Indian/Alaska Native 5(0.3%) 461 (0.2%)
Asian 24 (1.4%) 6977 (2.4%)
Multiracial/Multicultural 35 (2.1%) 9410 (3.3%)
Hispanic/Latino 0 (0.0%) 3 (0.0%)
Native Hawaiian/Pacific Islander 0 (0.0%) 3 (0.0%)
Other 3 (0.2%) 870 (0.3%)
Unavailable 33 (2.0%) 4538 (1.6%)
Declined 23 (1.4%) 3925 (1.4%)
Unknown 13 (0.8%) 2823 (1.0%)
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|Marital Status | | |
| Married | 976(589%) | 152994 (53.6%)  |<0.001
| Domestic Partner | 12 (0.7%) L1071 (04%) |
| Single | 373(225%) | 88885(312%) |
| Divorced L 142(8.6%) | 19842(7.0%) |
| Legally Separated | 19 (1.1%) | 1645(0.6%) |
| Widowed L 103 (6.2%) 14907 (5.2%) |
| Other | 2(0.1%) | 353(0.1%) |
| Patient Refused | 0 (0.0%) | 32 (0.0%) |
| Unknown | 24 (1.4%) | 4636(1.6%) |
| Missing | 5(0.3%) L 933(0.3%) |
|Insurance | | |
| Private/Other 903 (54.5%) | 169104 (59.3%) < 0.001
| Medicare L 602(36.4%) | 74975(263%) |
| Medicaid L 133(8.0%) 32141 (11.3%) |
| Self-Pay | 1(0.1%) L 545(0.2%) |
| Missing | 17 (1.0%) | 8533(3.0%) |
Median Income by ZIP Code (x $1,000), mean (SD) | 57.2(20.7) | 553(19.8) <0.001
|Number of Primary Care Visits | | |
| Mean (SD) | 2.5(2.1) | 2.0 (1.6) <0.001
1 | 652(394%) | 145169 (50.9%) |<0.001
|2 L 417(252%) | 70992 (24.9%) |
3 o 258(15.6%) | 34384 (12.1%) |
| 4+ L 329(199%) | 34753 (122%) |
'Alcohol Use Disorder | 40 (2.4%) | 6875(24%) | 1.000
Bipolar Disorder | 51 (3.1%) | 5227(1.8%)  |<0.001
\Cannabis Use Disorder | 13 (0.8%) | 2520(0.9%) | 0.768
\Cocaine Stimulant Use Disorder | 10 (0.6%) | 1254(04%) | 0.412
\Generalized Anxiety Disorder 703 (425%) | 70397 (24.7%)  |<0.001
Hallucinogen Use Disorder | 0 (0.0%) | 50 (0.0%) | 1.000
Sedative, Hypnotic or Anxiolytic Drug Use Disorder | 2(0.1%) | 166 (0.1%) | 0.253
Major Depressive Disorder | 386(233%) | 47885(16.8%)  |<0.001
(Obsessive Compulsive Disorder | 7 (0.4%) | 1370(0.5%) | 0.873
'Opioid Use Disorder | 19 (1.1%) | 2338(0.8%) | 0.181
(Other Psychoactive Use Disorder | 16 (1.0%) | 2352(08%) | 0.617
[Panic Disorder | 46 (2.8%) | 5677(2.0%) | 0.028
[Post-Traumatic Stress Disorder | 48 (2.9%) | 5242(1.8%) | 0.002
Schizoaffective Disorder | 2(0.1%) L 642 (0.2%) | 0453
Schizophrenia | 4(0.2%) L 993 (0.3%) | 0.600
[Insomnia L 532(32.1%) | 12465 (4.4%)  <0.001
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