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ARTICLE INFO ABSTRACT

Keywords: Background: Few studies have characterized methadone-involved overdose deaths in the US since 2014 despite
Methadone changing patterns of opioid use, the onset of the COVID-19 pandemic, and changes to take-home dose guidance
COVID-19 in opioid treatment programs (OTPs) in March 2020.

I?/[‘:i‘:ﬁ:; Methods: Data on monthly overdose deaths in the US from January 1, 2007 to March 31, 2021 were obtained

through CDC WONDER. Interrupted time series models were used to assess for changes in series levels starting in
April 2020. Analyses were stratified by involvement of synthetic opioids in overdose deaths.

Results: An increase in methadone-involved overdoses of 105.4 deaths per month (95 % CI: 73.8-137.0) occurred
starting in April 2020 compared with prior trends (p < 0.001). Trends in methadone-involved overdose deaths
showed a step increase starting in April 2020 both with (54.2 deaths per month; 95 % CI: 39.4-68.9) and without
(51.7 deaths per month; 95 % CI: 23.4-78.0) synthetic opioid involvement (p < 0.001 for both). Among overdose
deaths without synthetic opioids, the increase in methadone-involved overdose deaths accounted for 26.5 % of
the increase between the 12-month periods before and after March 2020. The relative percentage increase in
methadone-involved overdose deaths, both with and without synthetic opioid co-involvement, was highest
among Hispanic and non-Hispanic Black individuals.

Conclusions: Methadone-involved overdose deaths, both with and without other synthetic opioid co-involvement,
increased during the 12-month period after March 2020, compared with prior trends. These results provide a
cautionary addition to previous findings of no or limited methadone-related harms after the US regulatory
changes during the COVID-19 pandemic.

1. Introduction

Methadone treatment reduces mortality among patients with opioid
use disorder (OUD), yet methadone can also contribute to overdoses
(Schuckit, 2016). In the US, methadone-involved overdoses have been
most closely linked with the prescription of methadone for analgesia.
During 2002-2014, the quantity of methadone prescribed as an anal-
gesic was strongly associated with reports of diverted methadone and
with methadone-involved overdose deaths (Jones, 2016). Following
interventions to reduce methadone prescribing for analgesia,
methadone-involved overdose deaths declined even as increasing
numbers of individuals received methadone as treatment for opioid use
disorder (Jones, 2016).

Few studies have described methadone-involved overdose deaths in

Abbreviations: OUD, opioid use disorder.

the US since 2014, despite substantial changes in patterns of opioid use
and the increased involvement of high-potency synthetic opioids in
overdose deaths (Jones et al., 2018). Most significantly, patterns of
methadone-involved overdose deaths since the onset of the COVID-19
pandemic have had limited characterization, despite large increases in
total opioid-involved overdose deaths, particularly among racial and
ethnic minority groups, and the increased eligibility for take-home doses
through opioid treatment programs (OTPs) starting in March 2020
(Brothers et al., 2021; Amram et al., 2021; Jones et al., 2022).

Using death certificate data from the National Vital Statistics System,
this study characterized methadone-involved overdose deaths
throughout the US from January 1, 2007 to March 31, 2021, with a focus
on the periods before and after the COVID-19 pandemic started in March
2020. Changes in methadone-involved overdose deaths were compared

* Correspondence to: Centre for Addiction and Mental Health, 100 Stokes St., M6J 1H4, Canada.

E-mail address: robert.kleinman@camh.ca (R.A. Kleinman).

https://doi.org/10.1016/j.drugalcdep.2022.109703

Received 21 April 2022; Received in revised form 7 November 2022; Accepted 10 November 2022

Available online 19 November 2022
0376-8716/© 2022 Elsevier B.V. All rights reserved.


mailto:robert.kleinman@camh.ca
www.sciencedirect.com/science/journal/03768716
https://www.elsevier.com/locate/drugalcdep
https://doi.org/10.1016/j.drugalcdep.2022.109703
https://doi.org/10.1016/j.drugalcdep.2022.109703
https://doi.org/10.1016/j.drugalcdep.2022.109703
http://crossmark.crossref.org/dialog/?doi=10.1016/j.drugalcdep.2022.109703&domain=pdf

R.A. Kleinman and M. Sanches

with changes in total overdose deaths without methadone. Given the
substantial increase in synthetic opioid involved overdose deaths since
2019, analyses were stratified by involvement of synthetic opioids in
overdose deaths (Hedegaard et al., 2021).

2. Methods

Overdose deaths among U.S. residents in the 50 states and the Dis-
trict of Columbia were identified through CDC WONDER on a monthly
basis between January 2007 and March 2021 (National Center for
Health Statistics). Overdose deaths prior to January 1, 2021 reflect final
confirmed counts, while overdose deaths between January 1, 2021 and
March 31, 2021 reflect provisional counts (National Center for Health
Statistics). Overdose deaths were analyzed starting in 2007 given the
release of methadone-related warnings from the Food and Drug
Administration in 2006 and previous reports documenting decreasing
methadone-related deaths beginning in 2007 (Jones, 2016).

Overdose deaths were identified based on ICD-10 codes of X40-44
(unintentional poisoning), X60-64 (intentional self-poisoning), X85
(homicide), and Y10-14 (undetermined intent) as underlying cause of
death (Centers for Disease Control and Prevention, 2018).
Methadone-involved overdose deaths were identified when ICD-10 code
T40.3 was a contributing cause of death. Other involved substances were
identified by ICD-10 codes listed as a contributing cause of death.
Non-methadone opioids were identified based on codes T40.0 (opium),
T40.1 (heroin), T40.2 (natural and semi-synthetic opioids [NSS]), T40.4
(synthetic opioids), and T40.6 (other and unspecified opioids). (Though
methadone is also a synthetic opioid, the term ‘synthetic opioid’ in this
manuscript will be reserved for the involvement of non-methadone
synthetic opioids designated by ICD-10 code T40.4). Non-opioid
involved substances were identified from codes T40.5 (cocaine), T42.4
(benzodiazepines), T43.6 (other psychostimulants), and T51.0 and
T51.9 (ethanol and unspecified alcohols) (Jones et al., 2018; Kleinman
and Weiss, 2022). Demographic information about the decedents was
obtained through aggregated mortality reports from CDC WONDER that
were stratified by demographic variable.

The demographics of decedents, co-involved substances, and trends
in overdose deaths were descriptively analyzed. Monthly overdose
trends were analyzed using seasonal autoregressive integrated moving
average (ARIMA) modelling, with an interrupted time-series framework,
to assess for changes in the level of the series starting after March 2020.
Seasonal ARIMA models account for historical trends, lagged effects,
seasonality, and autocorrelation between months of overdose trends
(Schaffer et al., 2021). In a first step, seasonal ARIMA models were using
fitted to trends in methadone-involved overdose deaths occurring from
January 2007 to February 2020, using an automated procedure
(Hyndman and Khandakar, 2008). We used augmented Dickey-Fuller
tests to confirm stationarity after differencing and Box-Pierce tests to
test for independence of residuals. We then modelled a seasonal ARIMA
function using the same parameters as the model from January 2007 to
February 2020, but with the addition of a step effect for months from
April 2020 to March 2021. March 2020 was not included in the step
effect given that OTP regulatory changes occurred part-way through the
month (Substance Abuse and Mental Health Services Administration,
2020). The step effect represents the change in the level of monthly
methadone-involved overdose deaths occurring starting in April 2020
compared with the expected values based on the prior trends.

For year-over-year analyses, we used chi-squared tests to compare
the proportional changes in methadone-involved overdose deaths be-
tween the 12 months before and after March 2020 with the proportional
changes in total overdose deaths without methadone. Given the sub-
stantial increase in synthetic opioid involved overdose deaths during the
COVID-19 pandemic, analyses were stratified by involvement of syn-
thetic opioids in overdose deaths.

To compare counts of methadone-involved overdose deaths within a
demographic group between the 12-month periods before and after
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March 2020, we used z-tests under a normal approximation to a pre-
sumed Poisson distribution as recommended by Centers for Disease
Control guidance for annual death counts > 100 (Xu et al., 2021). All
statistical tests were conducted post-hoc and should be considered
exploratory.

The Centre for Addiction and Mental Health Research Ethics Board
determined that this study was exempt from review, in accordance with
the Tri-Council Policy Statement on Research Ethics 2. The report fol-
lows the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines. Data was analyzed between January 7, 2022
and August 5, 2022 using R, version 4.1.1 (R Foundation for Statistical
Computing).

3. Results
3.1. Time-series analyses

A total 55,225 methadone-involved overdose deaths occurred in the
United States between January 1, 2007 and March 31, 2021 (Fig. 1a).
Monthly methadone-involved overdose deaths decreased from January
2007 to February 2020. A step effect of an additional 105.4 (95 % CL:
73.8-137.0) monthly methadone-involved overdose deaths starting
after March 2020 (p < 0.001 for step effect). Monthly overdose deaths
co-involving methadone and synthetic opioids increased by 54.2 deaths
per month (95 % CI: 39.4-68.9) starting in April 2020 compared with
the expected values based on prior trends (p < 0.001) (Fig. 1b). Monthly
overdose deaths involving methadone without synthetic opioids
increased 51.7 deaths per month (95 % CI: 23.4 — 78.0) starting in April
2020 compared with the expected values based on prior trends (p <
0.001) (Fig. 1c).

3.2. Year-over-year analyses

Methadone-involved overdose deaths increased by 1067 (39.1 %)
between the 12-month periods before and after March 2020, while total
overdose deaths without methadone involvement increased by 23,611
(33.7 %) ()(2 = 2.38 for proportional increases, df = 1, p =0.12)
(Table 2). Methadone-involved overdose deaths increased by 195 (70.4
%) among Hispanic individuals, by 209 (57.1 %) among non-Hispanic
Black individuals, and by 627 (31.4 %) among non-Hispanic White in-
dividuals (Table 2). Total overdose deaths without methadone increased
by 23,611 (33.7 %), with increases of 3482 (46.1 %) among Hispanic
individuals, 5271 (49.4 %), non-Hispanic Black individuals, and 13,610
(27.6 %,) non-Hispanic White individuals.

3.2.1. Synthetic opioid co-involvement

Overdose deaths co-involving methadone and synthetic opioids
increased by 714 (71.4 %) during the 12-month period after March 2020
compared with the 12 months prior to March 2020 (Table 2). In com-
parison, total overdose deaths involving synthetic opioids and without
methadone increased by 22,631 (60.5 %). There was no significant
difference in proportional increases (> = 2.61, df = 1, p = 0.11). The
number of methadone-involved overdose deaths co-involving synthetic
opioids increased by 116 (101.8 %) among Hispanic individuals, 160
(75.8 %) among non-Hispanic Black individuals and 404 (62.1 %)
among non-Hispanic White individuals. In comparison, total overdose
deaths with synthetic opioid involvement and without involving meth-
adone increased by 3087 (77.2 %), 4673 (74.2 %), and 13,796 (52.9 %)
among Hispanic, non-Hispanic Black and non-Hispanic White in-
dividuals, respectively.

3.2.2. Without synthetic opioid co-involvement

Overdose deaths involving methadone without synthetic opioids
increased by 353 (20.4 %) between the 12-month periods before and
after March 2020 (Table 2). The increase in total overdose deaths
without synthetic opioids and without methadone over the same period
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was 980 (3.0 %). The proportional increase was significantly higher
among overdose deaths involving methadone without synthetic opioids
(Xz = 21.7, df = 1, p < 0.001). The increase in methadone-involved
overdose deaths without synthetic opioids represented 26.5 % of the
total increase in overdose deaths without synthetic opioids between the
two 12-month periods.

Methadone-involved overdose deaths without synthetic opioids
increased by 79 (48.5 %) among Hispanic individuals, 49 (31.6 %)
among non-Hispanic Black individuals and 223 (16.5 %) among non-
Hispanic White individuals. These contrast with increases of 395 (11.1
%), 598 (13.7 %) in total overdose deaths without synthetic opioid and
without methadone involvement among Hispanic and non-Hispanic
Black individuals, respectively, and a decrease of 186 (—0.8 %) among
non-Hispanic White individuals.

3.2.3. Co-involved substances

In the 12-months prior to March 2020, (52.6 %) of methadone-
involved overdoses involved another opioid (synthetic opioids: 1000
[36.7 %]; heroin: 510 [18.7 %], NSS: 470 [17.2 %]), 758 (27.8 %)
involved benzodiazepines, 432 (15.8 %) involved cocaine, 372 (13.6 %)
involved other psychostimulants, and 270 (9.9 %) involved ethanol or
unspecified alcohols (Table 1). 638 deaths (23.4 %) did not co-involve
additional opioids, benzodiazepines, cocaine, other psychostimulants
or ethanol/unspecified alcohols.

In the 12 months after March 2020, 2191 (57.7 %) methadone-
involved overdoses involved another opioid (other synthetic opioids:
1714 [45.2 %]; heroin: 612 [16.1 %], NSS: 646 [17.0 %]), 981 (25.8 %)
involved benzodiazepines, 606 (16.0 %) involved cocaine, 613 (16.2 %)
involved other psychostimulants, and 613 (10.5 %) involved ethanol or
unspecified alcohols (Table 1). 750 deaths (19.8 %) did not involve
additional opioids, benzodiazepines, cocaine, other psychostimulants,
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Fig. 1. Time-series of monthly

methadone-involved overdose deaths

from January 2007 to March 2021.

March 2020 is identified with the ver-
. tical line. Seasonal ARIMA models were
used to generate estimates of monthly
N overdose deaths based on trends prior to
. March 2020 (grey line) and with a step
effect occurring after March 2020 (black
line). (A) All overdose deaths involving
methadone. (B) Overdose deaths
involving methadone with synthetic
opioids (T40.4). (C) Overdose deaths
. involving methadone without synthetic
opioids.
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ethanol or unspecified alcohols.
4. Discussion

Methadone-involved overdose deaths among U.S. residents
increased in the 12-months after March 2020 compared with prior
trends. Methadone-involved overdose deaths increased above previous
trends both with and without co-involvement of synthetic opioids. In
analyses with and without involvement of synthetic opioids, there was
an initial spike in methadone-involved overdose deaths during March —
May 2020, after which these deaths stabilized but remained elevated
above their prior trends. In year-over-year analyses comparing the 12
months before and after March 2020, methadone-involved overdose
deaths without synthetic opioids had a significantly larger proportional
increase than total overdoses without synthetic opioids or methadone.
Among overdose deaths without synthetic opioids, the increase in
methadone-involved overdose deaths accounted for 26.5 % of the total
increase between the two 12-month periods. The proportional increase
in methadone-involved overdose deaths that co-involved synthetic was
not significantly higher than overdose deaths involving synthetic opi-
oids without methadone. The increases in methadone-involved overdose
deaths occurred despite a 24 % reduction in the number of patients
receiving methadone in the US between 2019 and 2020 (from 408,550
in 2019 to 311,531 in 2020) (Substance Abuse and Mental Health Ser-
vices Administration, 2021).

The number of individuals with methadone-involved overdose
deaths increased in each demographic group, with the most prominent
percentage increases among Hispanic and non-Hispanic Black in-
dividuals (both with and without co-involvement of synthetic opioids).
It is unknown whether these overdose deaths occurred among in-
dividuals receiving methadone from OTPs or from other sources.
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Table 1
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Methadone-involved overdose deaths during March 2019 - February 2020 and April 2020 — March 2021.

March 2019 - February 2020

April 2020 — March 2021

All overdose All overdose deaths

Overdose deaths

All overdose All overdose deaths Overdose deaths

deaths without methadone involving methadone deaths without methadone involving methadone
All 72,809 (100 70,081 (100 %) 2728 (100 %) 97,487 (100 93,692 (100 %) 3795 (100 %)
%) %)
Sex
Female 23,314 (32 %) 22,158 (31.6 %) 1156 (42.4 %) 29,788 (30.6 28,255 (30.2 %) 1533 (40.4 %)
%)
Male 49,495 (68 %) 47,923 (68.4 %) 1572 (57.6 %) 67,699 (69.4 65,437 (69.8 %) 2262 (59.6 %)
%)
Race/ethnicity
Hispanic 7822 (10.7 %) 7545 (10.8 %) 277 (10.2 %) 11,499 (11.8 11,027 (11.8 %) 472 (12.4 %)
%)
Non-Hispanic Black 11,036 (15.2 10,670 (15.2 %) 366 (13.4 %) 16,516 (16.9 15,941 (17 %) 575 (15.2 %)
%) %)
Non-Hispanic White 51,338 (70.5 49,339 (70.4 %) 1999 (73.3 %) 65,575 (67.3 62,949 (67.2 %) 2626 (69.2 %)
%) %)
Other” 2613 (3.6 %) 2527 (3.6 %) 86 (3.2 %) 3890 (4.0 %) 3768 (4.0 %) 122 (3.2 %)
Age
0-19 1086 (1.5 %) 1056 (1.5 %) 30 (1.1 %) 1902 (2.0 %) 1854 (2.0 %) 48 (1.3 %)
20-29 11,783 (16.2 11,526 (16.4 %) 257 (9.4 %) 16,279 (16.7 15,928 (17 %) 351 (9.2 %)
%) %)
30-39 18,779 (25.8 18,091 (25.8 %) 688 (25.2 %) 25,826 (26.5 24,913 (26.6 %) 913 (24.1 %)
%) %)
40-49 15,523 (21.3 14,936 (21.3 %) 587 (21.5 %) 20,999 (21.5 20,130 (21.5 %) 869 (22.9 %)
%) %)
50-59 15,654 (21.5 14,959 (21.3 %) 695 (25.5 %) 19,951 (20.5 19,043 (20.3 %) 908 (23.9 %)
%) %)
60-69 7984 (11 %) 7572 (10.8 %) 412 (15.1 %) 10,362 (10.6 9734 (10.4 %) 628 (16.5 %)
%)
70+ 1990 (2.7 %) 1932 (2.8 %) 58 (2.1 %) 2154 (2.2 %) 2077 (2.2 %) 77 (2.0 %)
Co-involved
substances
Synthetic opioids 38,435 (52.8 37,435 (53.4 %) 1000 (36.7 %) 61,780 (63.4 60,066 (64.1 %) 1714 (45.2 %)
%) %)
Heroin 13,916 (19.1 13,406 (19.1 %) 510 (18.7 %) 12,450 (12.8 11,838 (12.6 %) 612 (16.1 %)
%) %)
NSS 12,044 (16.5 11,574 (16.5 %) 470 (17.2 %) 13,772 (14.1 13,126 (14 %) 646 (17.0 %)
%) %)
Benzodiazepines 9927 (13.6 %) 9169 (13.1 %) 758 (27.8 %) 12,700 (13 %) 11,719 (12.5 %) 981 (25.8 %)
Cocaine 16,613 (22.8 16,181 (23.1 %) 432 (15.8 %) 20,273 (20.8 19,667 (21 %) 606 (16.0 %)
%) %)
Psy(:hostirnularltsd 16,925 (23.2 16,553 (23.6 %) 372 (13.6 %) 26,512 (27.2 25,899 (27.6 %) 613 (16.2 %)
%) %)
Alcohols® 10,318 (14.2 10,048 (14.3 %) 270 (9.9 %) 14,123 (14.5 13,725 (14.6 %) 398 (10.5 %)

%)

%)

# Counts from January — March 2021 reflect provisional figures.

Y Includes non-Hispanic individuals of other races (including multiple races) and individuals for whom Hispanic ethnicity status is not stated.

¢ ICD-10 code T40.4: synthetic opioids excluding methadone.
4 ICD-10 code T43.6: psychostimulants other than cocaine.
€ ICD-10 codes T51.0 and T51.9: ethanol and unspecified alcohols.

Previous analyses have highlighted numerous ways in which structural
racism has been embedded within OTPs, and follow-up studies are
needed to determine whether changes in OTP treatment provision dur-
ing COVID-19 were implemented in a way that disproportionately
harmed Hispanic and non-Hispanic Black individuals (Peterkin et al.,
2021).

Previous studies have also assessed whether there were changes in
methadone-associated harms associated with the onset of the COVID-19
pandemic and OTP regulatory changes in the US (Amram et al., 2021;
Jones et al., 2022; Welsh et al., 2022). On March 16, 2020, the Substance
Abuse and Mental Health Services Administration released guidance
allowing states to request blanket exceptions to federal regulations
limiting take-home methadone doses. These exceptions allowed up to 28
days of take-home doses for stable patients and 14 days of take home
doses for less stable patients, who an OTP believed could handle
take-home doses (Substance Abuse and Mental Health Services Admin-
istration, 2020). Previous regulations limited take-home doses to once
per week over the first 90 days of treatment and 2 take-home doses over

the subsequent 90 days (in addition to a single take-home dose for days
in which the clinic was closed) (Substance Abuse and Mental Health
Services Administration, 2015).

A nationwide study performed an interrupted time-series analysis
(ITSA) to model methadone-involved overdoses before and after March
2020 (Jones et al., 2022). The study found, that as a proportion of
overall ITSA-estimated overdose deaths, ITSA-estimated meth-
adone-involved overdose deaths remained similar before and after
March 2020 (Jones et al., 2022). The study also identified an increase in
methadone-involved overdose deaths in March 2020 and attributed the
increase to the increase in fentanyl driven deaths rather than OTP
changes. However, the previous analysis did not stratify overdose deaths
by synthetic opioid involvement, and in emphasizing the proportion of
total overdose deaths involving methadone, obscured large relative
percentage increases in methadone-involved overdose deaths.

Our analysis clarifies that methadone-involved overdose deaths
without synthetic opioid co-involvement increased more rapidly than
total overdose deaths without synthetic opioids, and that overdose
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Table 2

Differences in total overdose deaths, total overdose deaths without methadone,
and methadone-involved overdose deaths between the 12-month periods before
and after March 2020.

Total Total overdose Methadone- p-value
overdose deaths without involved
deaths methadone overdose
deaths
All 24,678 23,611 (33.7 1067 (39.1 %) < 0.001
(33.9 %) %)
Gender
Female 6474 (27.8 6097 (27.5 %) 377 (32.6 %) < 0.001
%)
Male 18,204 17,514 (36.5 690 (43.9 %) < 0.001
(36.8 %) %)
Race/ethnicity
Hispanic 3677 (47 3482 (46.1 %) 195 (70.4 %) < 0.001
%)
Non-Hispanic 5480 (49.7 5271 (49.4 %) 209 (57.1 %) < 0.001
Black %)
Non-Hispanic 14,237 13,610 (27.6 627 (31.4 %) < 0.001
White (27.7 %) %)
Other 1277 (48.9 1241 (49.1 %) 36 (41.9 %) 0.015
%)
With synthetic 23,345 22,631 (60.5 714 (71.4 %) < 0.001
opioid (60.7 %) %)
involvement
Sex
Female 6193 (58.2 5971 (58.1 %) 222 (60.7 %) < 0.001
%)
Male 17,152 16,660 (61.4 492 (77.6 %) < 0.001
(61.7 %) %)
Race/ethnicity
Hispanic 3203 (77.9 3087 (77.2 %) 116 (101.8 %) < 0.001
%)
Non-Hispanic 4833 (74.2 4673 (74.2 %) 160 (75.8 %) < 0.001
Black %)
Non-Hispanic 14,200 13,796 (52.9 404 (62.1 %) < 0.001
White (53.1 %) %)
Other 1109 - - -
(104.9 %)
Without 1333 (3.9 980 (3 %) 353 (20.4 %) < 0.001
synthetic %)
opioid
involvement
Sex
Female 281 (2.2 126 (1.1 %) 155 (19.6 %) < 0.001
%)
Male 1052 (4.8 854 (4.1 %) 198 (21.1 %) < 0.001
%)
Race/ethnicity
Hispanic 474 (12.8 395 (11.1 %) 79 (48.5 %) < 0.001
%)
Non-Hispanic 647 (14.3 598 (13.7 %) 49 (31.6 %) 0.01
Black %)
Non-Hispanic 37 (0.2 %) -186 (—0.8 %) 223 (16.5 %) < 0.001
White
Other 168 (10.8 - - -

%)

Relative percentage increases from the 12 months before March 2020 to the 12
months after March 2020 are shown in parentheses. P-values compare counts of
methadone-involved overdose deaths between the two 12-month periods. P-
values are calculated using z-tests. Omitted data could not be displayed due to
data suppression rules.

deaths involving methadone and synthetic opioids increased at least as
rapidly as total overdose deaths involving synthetic opioids. The lower
base rate of synthetic opioid involvement among methadone-involved
overdose deaths than among total overdose deaths accounts for the
difference in results when stratifying. These results highlight the
importance of stratification along synthetic opioid involvement during
the period under study.

Findings from international jurisdictions provide conflicting results
about an association between increased methadone take-home doses
and adverse events. In England, guidance recommended that individuals
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prescribed opioid agonist treatments during the COVID-19 pandemic, be
provided with two weeks of carries during March — May 2020. A time-
series ecological study from England found that methadone-involved
overdose deaths increased both among recipients (22 %) and non-
recipients of prescribed opioid agonist treatments (74 %). Unsuper-
vised dosing of methadone for OUD in the late 1990s and early 2000s
was associated with high overdose rates in England and Scotland, and
the rate of methadone-involved overdoses per quantity of methadone
dispensed decreased after supervised dosing was instituted (Strang et al.,
2010). In Ontario, Canada, where methadone can be prescribed from
office-based settings and dispensed at pharmacies, a retrospective
propensity-matched cohort study using administrative data found that
individuals whose methadone dispensing was changed from daily to
receiving 5 — 6 take home doses per week had lower rates of treatment
discontinuation, opioid overdose and than matched individuals
continuing daily dispensing (Kleinman et al., 2022; Gomes et al., 2022).
However, residual confounding remains possible, particularly since
Ontario’s guidance at the time recommended that an assessment of
suitability for take-home doses be based on social stability and a pa-
tient’s ability to safely manage take-home doses, markers of clinical
stability that may not be reflected in administrative data (Lam et al.,
2022).

The results in this study make several important contributions to the
understanding of methadone-involved overdose deaths. First, the study
uses a nationwide, population-level data set and provides the most
comprehensive assessment of methadone-involved overdose deaths
during the year before and during the COVID-19 pandemic in the US.
Second, the stratified analysis used in this study highlights the increases
in methadone-involved overdose deaths both with and without synthetic
opioid co-involvement. Third, this study highlights the disproportionate
increased incidence of methadone-involved overdoses without synthetic
opioids among Hispanic and non-Hispanic Black communities. Fourth,
this study highlights the degree to which other substances are co-
involved in methadone-involved overdose deaths, regardless of
whether synthetic opioids were involved.

This study has several important limitations. First, when multiple
substances are involved in an overdose death, death certificate data do
not indicate the relative contributions of each involved substance to the
overdose death. This can result in the misidentification of methadone as
a contributing substance to overdose deaths that were largely caused by
other substances, such as synthetic opioids. Second, this study is
observational and does not allow for a causal attribution of the increase
in methadone-involved overdose deaths to any specific factor. Third, the
provisional data included for January — March, 2021 may be subject to
revision as further information becomes available, though minimal re-
visions are expected (Jones et al., 2022). Fourth, this study cannot
distinguish whether individuals who die from methadone-involved
overdoses receive methadone through OTPs, as prescriptions for pain,
or through other sources, including diverted methadone. Fifth, ICD-10
codes for alcohol likely underestimate alcohol involvement in overdose
deaths. Finally, all statistical tests were conducted post-hoc and should
be considered exploratory.

The current study found an increase in methadone-involved over-
dose deaths temporally associated with this period despite a decrease in
the number of individuals receiving methadone. Numerous societal
changes occurred concurrently, and the absolute increases in
methadone-involved overdose deaths found in this report are small
compared with the total increase in overdose deaths in the US since the
beginning of the pandemic. Additionally, monthly methadone-involved
overdose deaths remained lower than in the late 2000s when methadone
was more frequently prescribed for analgesia. Prospective controlled
studies would be necessary to fully understand whether and to what
degree OTP regulatory changes contributed to these increases. The
impact of any OTP changes among Hispanic and non-Hispanic Black
individuals should be specifically considered, especially in light of the
disproportionate increases in methadone-involved overdose deaths in
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these groups. In determining whether OTP regulatory changes should be
extended, any potential association between the changes and an in-
crease in methadone-involved overdose deaths would have to be
balanced with the benefits of increasing access to take-home doses,
including enhancing patient autonomy, destigmatizing methadone
treatment, and the numerous ways that patients identify take-home
doses as improving their lives (Frank et al., 2021; Kleinman et al.,
2022; Treloar et al., 2007).
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