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IMPORTANCE Opioid-related mortality and national prescribing guidelines have led to
tapering of doses among patients prescribed long-term opioid therapy for chronic pain.
There is limited information about risks related to tapering, including overdose and
mental health crisis.

OBJECTIVE To assess whether there are associations between opioid dose tapering and rates
of overdose and mental health crisis among patients prescribed stable, long-term,
higher-dose opioids.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study using deidentified medical
and pharmacy claims and enrollment data from the OptumLabs Data Warehouse from 2008
to 2019. Adults in the US prescribed stable higher doses (mean �50 morphine milligram
equivalents/d) of opioids for a 12-month baseline period with at least 2 months of follow-up
were eligible for inclusion.

EXPOSURES Opioid tapering, defined as at least 15% relative reduction in mean daily dose
during any of 6 overlapping 60-day windows within a 7-month follow-up period. Maximum
monthly dose reduction velocity was computed during the same period.

MAIN OUTCOMES AND MEASURES Emergency or hospital encounters for (1) drug overdose
or withdrawal and (2) mental health crisis (depression, anxiety, suicide attempt) during up to
12 months of follow-up. Discrete time negative binomial regression models estimated
adjusted incidence rate ratios (aIRRs) of outcomes as a function of tapering (vs no tapering)
and dose reduction velocity.

RESULTS The final cohort included 113 618 patients after 203 920 stable baseline periods.
Among the patients who underwent dose tapering, 54.3% were women (vs 53.2% among
those who did not undergo dose tapering), the mean age was 57.7 years (vs 58.3 years), and
38.8% were commercially insured (vs 41.9%). Posttapering patient periods were associated
with an adjusted incidence rate of 9.3 overdose events per 100 person-years compared with
5.5 events per 100 person-years in nontapered periods (adjusted incidence rate difference,
3.8 per 100 person-years [95% CI, 3.0-4.6]; aIRR, 1.68 [95% CI, 1.53-1.85]). Tapering was
associated with an adjusted incidence rate of 7.6 mental health crisis events per 100
person-years compared with 3.3 events per 100 person-years among nontapered periods
(adjusted incidence rate difference, 4.3 per 100 person-years [95% CI, 3.2-5.3]; aIRR, 2.28
[95% CI, 1.96-2.65]). Increasing maximum monthly dose reduction velocity by 10% was
associated with an aIRR of 1.09 for overdose (95% CI, 1.07-1.11) and of 1.18 for mental health
crisis (95% CI, 1.14-1.21).

CONCLUSIONS AND RELEVANCE Among patients prescribed stable, long-term, higher-dose
opioid therapy, tapering events were significantly associated with increased risk of overdose
and mental health crisis. Although these findings raise questions about potential harms of
tapering, interpretation is limited by the observational study design.
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Amidst the ongoing US national crisis of opioid-related
mortality and morbidity, heightened scrutiny and shifts
in opioid prescribing trends have occurred in the US.1-3

Key guidelines released in 2016 by the Centers for Disease Con-
trol and Prevention (CDC)4 recommended against higher doses
of opioids in managing chronic pain and recommended dose ta-
pering when harms of continued therapy outweigh perceived
benefits for individual patients. These and other widely dis-
seminated recommendations have led to increased opioid ta-
pering among patients prescribed long-term opioid therapy.5,6

However, opioid-related mortality has continued to rise.7

Subsequent US recommendations have advised caution
in opioid de-prescribing.8,9 Studies suggest risks of suicidal
ideation, transition to illicit opioids, and overdose after opi-
oid tapering and discontinuation. The US Food and Drug Ad-
ministration issued a prescriber warning about potential haz-
ards of rapid dose reduction in patients prescribed long-term
opioids.9 However, studies assessing harms of opioid dose re-
duction have been limited to smaller samples,10 veteran
populations,11 or specific regions12 or have focused on discon-
tinuation and not included sensitive indicators for tapering
initiation.11,13,14 As clinicians and patients face difficult deci-
sions about whether and how to de-prescribe opioids,15 there
is a need to elucidate the potential harms of stopping or de-
creasing these medications.

It was hypothesized that tapering the dose of patients re-
ceiving stable, long-term, high-dose opioid therapy would be
associated with increased risk for specific adverse events. Dose
disruption among this population might trigger unhealthy sub-
stance use, withdrawal, depression, or anxiety, leading to in-
creased acute care events related to drug toxicity and mental
health. The objective of this study was to assess whether there
are associations between opioid dose tapering among pa-
tients prescribed stable, long-term, higher-dose opioids and
subsequent rates of overdose and mental health crisis. The po-
tential risks associated with faster rate of opioid dose reduc-
tion were also assessed.

Methods
Study Data, Setting, and Participants
This retrospective cohort study used administrative claims
data from the OptumLabs Data Warehouse from 2007 to
2019. The database contains deidentified retrospective
administrative data, including medical and pharmacy claims
(with associated diagnosis codes) and eligibility information
as well as electronic health data for commercial and Medicare
Advantage enrollees. The database contains longitudinal
health information on patients representing a diverse mix of
ages, ethnicities, and US geographical regions (OptumLabs
and OptumLabs Data Warehouse Descriptions and Citation.
OptumLabs; 2020). The Institutional Review Board of the
University of California determined this study to not be
human subjects research because it involved analysis of pre-
existing, deidentified data. This study followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy reporting guidelines.

We identified a cohort of patients prescribed stable, high
doses of opioids for at least 12 months. Patients 18 years or older
at the time of receiving an opioid prescription between Janu-
ary 1, 2008, and December 31, 2019, were eligible for inclu-
sion if they had at least 14 months of continuous enrollment
in medical, pharmacy, and mental health coverage and 12
months of continuous opioid prescriptions (operationalized as
≥90% of days filled), with mean daily dose of at least 50 mor-
phine milligram equivalents (MME) that varied by no more than
10% above or below the mean monthly dose across the base-
line year. We required at least 14 months of enrollment to al-
low for establishment of the stable baseline period and at least
2 months of follow-up to observe for tapering. We excluded
patients with cancer, those receiving hospice or palliative care,
and those prescribed buprenorphine (Figure 1).

Beginning the first day after the end of the baseline year
of stable dosing, patients were followed up for up to 1 year for
outcome events. Patients were censored if they died; their en-
rollment was disrupted; they developed a new diagnosis of can-
cer; or they entered hospice, palliative, or skilled nursing care
for at least 90 days. We also censored patients during the first
7 months of follow-up if their mean daily dose increased by
greater than or equal to 15% above their baseline dose and they
had not previously initiated a taper; this censoring rule was
adopted to allow comparison of outcomes among patients with
continued opioid dose stability and those who underwent dose
tapering. The study design allowed individual patients to con-
tribute multiple baseline and follow-up periods during the
study period, and the analysis plan accounted for time-
varying covariates and variable follow-up duration.

Identifying Opioid Tapering
Following the 12-month baseline period, we computed 60-day
moving mean daily doses during 6 overlapping windows
spanning the 7 months following the baseline period. A taper
was identified if the mean daily dose during one of these pe-
riods was greater than or equal to 15% below the mean daily
dose in the baseline period. Tapering status was defined as
a binary time-varying event history variable, specified as non-
tapered during all months prior to and during the 60-day
period in which tapering was identified and tapered during
all subsequent study months (eFigure 1 in the Supplement).5

Key Points
Question In patients prescribed stable, long-term, high-dose
opioid therapy, is dose tapering associated with an increased risk
of overdose or mental health crisis?

Findings In this retrospective cohort study that included 113 618
patients prescribed stable, high-dose opioid therapy, patients in
periods following dose tapering, compared with patients before or
without tapering, had an adjusted incidence rate ratio of 1.68 for
overdose and 2.28 for mental health crisis; both risks were
statistically significant.

Meaning Opioid dose tapering was associated with increased risk
for overdose and mental health crisis, but interpretation of these
findings is limited by the study design.
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The sensitivity and specificity of this measure has not been
determined. However, the predictive validity of the measure
was suggested by a longitudinal study in which 69.8% of pa-
tients identified as undergoing dose tapering showed sus-
tained relative dose reduction of greater than or equal to 15%
at least 9 months after tapering was identified.16

Dose Reduction Velocity
For all patients in the cohort, we used dosing data from the ini-
tial 6 overlapping 60-day periods of follow-up to identify the
fastest monthly rate of dose reduction (velocity) occurring prior
to the observation month. Detailed methods for specifying dose
reduction velocities are included in the eMethods in the Supple-
ment. For each follow-up month, we identified the maxi-
mum velocity of dose reduction that occurred in previous dos-
ing intervals, and maximum velocity of dose reduction was a
time-varying variable. Based on descriptive and graphical
analyses of the distribution of tapering velocities, maximum
velocity of dose reduction was then categorized as less than
10%, 10% to 19.9%, 20% to 49.9%, or at least 50%.

Outcome Variables
After each stable baseline period, we examined medical claims
during the following 12 months to identify monthly (30-day)
counts of 2 coprimary end points.

Overdose or withdrawal events were defined as emer-
gency department visits or inpatient hospital admissions for
any drug overdose, alcohol intoxication, or drug withdrawal.
We identified International Classification of Diseases, Clinical
Modification, Ninth Revision and International Classification
of Diseases, Clinical Modification, Tenth Revision codes for this
outcome by augmenting the definition for “all-drug over-
dose” specified in CDC drug overdose surveillance guidelines,17

with additional codes for alcohol intoxication and alcohol or
drug withdrawal. In sensitivity analyses, we also assessed the
“all-drug overdose,” as specified in the CDC guidance (with-
out additional alcohol or withdrawal codes), and “opioid over-
dose.” In validation studies based on medical record reviews,
diagnostic codes for opioid overdoses identified emergency or
hospital events for opioid overdose with positive predictive val-
ues ranging from 67% to 84%.18,19

Figure 1. Selection and Inclusion of Patients in a Study of the Association of Dose Tapering With Overdose
or Mental Health Crisis Among Patients Prescribed Long-term Opioids

59 744 594 Patients with commercial or Medicare advantage enrollment
and with medical, pharmacy, and mental health coverage in
database from January 1, 2005, to March 31, 2020a

42 872 825 Excluded

1 109 659 Younger than 18 y
41 763 166 No opioid prescription

8229 Excluded
7138 Cancer/hospice/palliative care

758 Prescribed buprenorphine
333 Conflicting data on birth year or sex

121 847 Adults prescribed continuous, high-dose opioids for a 12-mo
stable baseline period with filling date from 2008-2018

113 618 Receiving long-term, stable, high-dose opioid therapy
(203 920 stable baseline periods)

22 097 Person-years of follow-up
after tapering event

8184 Censored follow-up periodsc

6353 Unenrolled
1227 Cancer, hospice, palliative care

598 Died
6 At least 2 censoring events on

same date

152 194 Person-years of nontapered follow-up
34 979 Censored follow-up periodsc

27 375 Unenrolled
5345 Cancer, hospice, palliative care
2240 Died

19 At least 2 censoring events
on same date

16 749 922 Excluded because opioids were not prescribed in 12
consecutive months at dose ≥50 MME and varying less
than 10% above or below the mean monthly dose across
the baseline year

16 871 769 Adults 18 years or older prescribed any opioids

166 750 Baseline periods not followed by
taper (96 143 patients)b

37 170 Baseline periods followed by
taper (34 167 patients)b

a Initial date range chosen to allow
adequate buffering on either end of
study period (January 1, 2007,
through December 31, 2019).

b A total of 34 167 patients had at
least 1 baseline period followed by a
taper event, of whom 29 101 had a
tapering event following their most
recent stable baseline period.
Similarly, 96 143 patients
contributed a baseline period that
was not followed by a tapering
event, of whom 84 517 patients did
not undergo tapering following their
most recent stable baseline period,
as reflected in Table 1. In analyses,
patients who underwent tapering
contributed pretaper follow-up time
to the nontapered group.

c Censoring events occurred in 8184
of 37 170 (22.0%) follow-up periods
after tapering events and 34 979 of
166 750 (21.0%) follow-up periods
when no tapering event was
identified.
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Mental health crisis events were defined as emergency
department or inpatient hospital admissions with depression
or anxiety diagnosis codes in the primary diagnosis position
(to make the outcome more specific to acute episodes of
depression or anxiety rather than prevalent depressive/
anxiety disorders coded during an episode for a different
medical issue) or suicide attempt or intentional self-harm in
any diagnosis position. In addition to the main analysis using
the composite outcome, we also examined each mental
health crisis outcome separately (depression, anxiety, and
suicide attempt). In a systematic review and validation study,
diagnostic codes for depression had sensitivities of 29% to
36%, specificities of approximately 99%, and positive predic-
tive values of approximately 90%.20 In a systematic review,
diagnostic codes for suicide attempts or intention had posi-
tive predictive values between 55% and 100%.21 The list of
diagnostic codes used to identify study outcomes is included
in eTable 1 in the Supplement.

Covariates
We included covariates that might contribute to differences in
rates of the outcomes of interest in populations prescribed opi-
oids. Sociodemographic information included age, sex, edu-
cation status, rurality of home address (dichotomized as met-
ropolitan/micropolitan vs small town/rural using rural-urban
commuting area codes 1-6 vs 7-10),22 and insurance status
(commercial vs Medicare Advantage). Age was categorized as
18 to 34, 35 to 49, 50 to 64, and 65 years or older. Education
was categorized based on median household education level
for the patient’s zip code derived from US census data. A valid
race variable was not available in the data set.

We included key clinical factors as covariates. Baseline
opioid dose was calculated using pharmacy claims for all opi-
oids during the baseline period and categorized as 50 to 89,
90 to 149, 150 to 299, and greater than or equal to 300 MME
per day. To account for the increased risk of adverse out-
comes conferred by co-prescribing benzodiazepines and opi-
oids, we included a variable for whether the patient was con-
currently prescribed a benzodiazepine (identified by National
Drug Codes) on the final day of the baseline period. We
included a count variable for the number of overdose events
in the baseline year, specified by the same criteria as the
overdose outcome variable. Baseline depression or anxiety
was identified by either claims diagnoses23 or 1 or more phar-
macy claim for a selective serotonin reuptake inhibitor
prescription during the baseline year. Comorbidities were
accounted for using 27 discrete indicator variables for non-
cancer conditions in the Elixhauser comorbidity index,
which includes variables labeled drug abuse and alcohol
abuse (hereafter referred to as drug use disorder and alcohol
use disorder), as well as psychosis.24 Year of cohort entry was
also included.

Statistical Analysis
Analyses were conducted using Stata MP, version 15.1
(StataCorp). We performed descriptive analyses to character-
ize the study population at baseline and identify bivariate dif-
ferences between the tapered and nontapered samples.

We performed 2 key sets of analyses. First, we compared
tapered and nontapered patient months and their associated
risk of overdose and mental health crisis. To account for po-
tential overdispersion of study outcomes, we used negative bi-
nomial regression to estimate adjusted incidence rates and in-
cidence rate ratios (IRRs) for the 2 outcomes. We accounted
for variable follow-up time by using a discrete time regres-
sion framework, with follow-up months nested in patients with
eligible baseline periods. In adjusted analyses, models in-
cluded the time-varying taper history variable and fixed
patient-level covariates, including age, sex, education status,
rurality, insurance status, Elixhauser comorbidities, baseline
opioid dose, co-prescription of benzodiazepines, baseline over-
dose events, baseline depression/anxiety, and study year. In
main analyses, a missing category was included for educa-
tion (missing for 5.6% of patients), while the small percent-
age of patients with missing rurality data (0.2%) were grouped
with the “small town/rural” category. We used postestima-
tion commands to estimate adjusted incidence rates by taper-
ing status. We used the same analytic approach in modeling
associations between tapering and alternative specifications
of the count outcomes (ie, all drug overdose; opioid-only over-
dose; or depression, anxiety, or suicide events). All analyses
used cluster robust standard errors to account for clustering
of multiple eligible baseline periods in individual patients. All
tests were 2-sided with significance level of α = .05. Because
of the potential for type I error due to multiple comparisons,
findings for analyses of secondary end points should be inter-
preted as exploratory.

To examine whether tapering associations varied by co-
variates that we expected to be associated with overdose or
mental health crisis, we assessed for meaningful 2-way inter-
actions between tapering status and key covariates using Akai-
ke’s information criterion and χ2 tests for the significance of
interaction terms. Statistically significant interaction effects
were displayed graphically.

In the second set of analyses, we used negative binomial
regression to examine associations between maximum dose
reduction velocity and overdose and mental health out-
comes. We included the time-varying independent variable
maximum velocity of dose reduction first as a continuous
measure and then as categorized above. These models
adjusted for the same covariates described above. Regression
analyses of maximum velocity of dose reduction only
included patients who accrued follow-up time in month 3 of
follow-up or later, which was the first month when maxi-
mum velocity of dose reduction could be defined based
entirely on prior dosing. Thus, 4395 patients were not
included in maximum velocity of dose reduction analyses
due to early censoring events (3.9% of total).

We conducted additional sensitivity analyses, as de-
scribed in the eMethods in the Supplement. Briefly, these analy-
ses assessed the effect of alternative specifications of the study
outcomes or the tapering measure. For example, to account
for the potential bias that could have arisen from censoring due
to death, we repeated main analyses wherein death was
counted as an overdose or a mental health crisis event in the
respective models. In addition, to account for the potential
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endogeneity arising from a patient’s propensity to undergo dose
tapering, we conducted analyses with inverse probability
weighting by a propensity score for the likelihood of under-
going tapering.

Results
The study cohort consisted of 113 618 patients prescribed stable,
long-term, higher-dose opioid therapy for at least 12 months
who contributed a total of 203 920 baseline periods (mean per
patient, 1.8; median per patient, 1.0). Among the patients who
underwent dose tapering, 54.3% were women (vs 53.2% among
those who did not undergo dose tapering), the mean age was
57.7 years (vs 58.3 years), and 38.8% were commercially in-

sured (vs 41.9%). A total of 18.2% of baseline periods were fol-
lowed by tapering (37 170 tapering events), of which 7620
(20.5%) were discontinued at some point during follow-up
(eg, prescribed 0 MME during a 60-day dosing period). The me-
dian (interquartile range) maximum velocity of dose reduc-
tion was 22.7% (15.0%-41.3%) per month for tapered periods
and 3.2% (1.7%-5.9%) per month without tapering.

Table 1 compares the baseline characteristics of patients
by tapering status during their most recent baseline period. Pa-
tients who underwent tapering had significantly higher base-
line opioid doses; were more likely to be co-prescribed ben-
zodiazepines; and had significantly higher baseline rates of
overdose, drug use disorder, depression, and anxiety.

Table 2 shows the adjusted incidence rates for the study
outcomes by tapering status. Posttapering patient periods were

Table 1. Baseline Characteristics of Patients in a Study of the Association of Dose Tapering
With Overdose or Mental Health Crisis Among Patients Prescribed Long-term Opioidsa

Characteristic

No. (%)

Taper No taper
Total patients 29 101 (25.6) 84 517 (74.4)

Age category, y

18-<35 873 (3.0) 2292 (2.7)

35-<50 5687 (19.5) 16 268 (19.2)

50-<65 14 704 (50.5) 41 530 (49.1)

≥65 7837 (26.9) 24 427 (28.9)

Women 15 805 (54.3) 44 967 (53.2)

Men 13 296 (45.7) 39 550 (46.8)

Educationb 27 281 79 970

<12th grade 130 (0.5) 399 (0.5)

High school diploma 12 540 (46.0) 36 687 (45.9)

<Bachelor’s degree 12 982 (47.6) 37 881 (47.4)

≥Bachelor’s degree 1629 (6.0) 5003 (6.3)

Rural vs urbanc 29 030 84 411

Metropolitian 24 096 (83.0) 70 601 (83.6)

Micropolitian 2856 (9.8) 7970 (9.4)

Small town 1361 (4.7) 3846 (4.6)

Rural 717 (2.5) 1994 (2.4)

Commercial insurance
(vs Medicare Advantage)

11 288 (38.8) 35 372 (41.9)

Elixhauser comorbiditiesd

Alcohol use disorder 798 (2.7) 2009 (2.4)

Drug use disorder 4856 (16.7) 11 500 (13.6)

Psychosis 2784 (9.6) 7717 (9.1)

Baseline opioid dose, MME/d

50-<90 8015 (27.5) 33 684 (39.9)

90-<150 7503 (25.8) 22 121 (26.2)

150-<300 8561 (29.4) 19 345 (22.9)

≥300 5022 (17.3) 9367 (11.1)

Co-prescribed benzodiazepinee 8613 (29.6) 23 208 (27.5)

Baseline year overdose eventsf

0 27 908 (95.9) 81 945 (97.0)

1 780 (2.7) 1776 (2.1)

2 168 (0.6) 344 (0.4)

≥3 245 (0.8) 452 (0.5)

Baseline depression/anxietyg 16 141 (55.5) 44 464 (52.6)

Abbreviation: MME, morphine
milligram equivalents.
a For patients contributing multiple

baseline periods, information was
captured at the end of their most
recent baseline period.

b Education is an estimate based on
median household education level
for the patient’s zip code derived
from US census data; variable
missing for 6367 (5.6%) patients,
including 1820 (6.3%) who
underwent tapering and 4547
(5.4%) who did not taper after their
most recent baseline periods.

c Rurality derived from rural-urban
commuting area codes; variable
missing for 177 patients (0.2% of
total), including 71 (0.2%) and 106
(0.1%) patients who did and did not
taper after their most recent
baseline periods.

d Elixhauser comorbidities included
27 noncancer conditions, including
alcohol use disorder, drug use
disorder, and psychoses. The
depression Elixhauser indicator was
not included due to redundancy
with the “preexisting
depression/anxiety” variable.

e Co-prescribed benzodiazepine was
defined as a concurrent
benzodiazepine prescription on the
date of cohort entry.

f Baseline overdose events defined
by specified diagnosis codes
identified on emergency
department or hospital claims in
baseline year.

g Baseline depression/anxiety defined
by specified diagnoses identified on
emergency department, hospital, or
outpatient claims, or pharmacy
claims for selective serotonin
reuptake inhibitor, during baseline
year. All differences were statistically
significant with P value <.05.
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associated with an adjusted incidence rate of 9.3 overdose
events per 100 person-years compared with 5.5 events per 100
person-years in nontapered periods (adjusted incidence rate
difference [aIRD], 3.8 per 100 person-years [95% CI, 3.0-4.6];
adjusted incidence rate ratio [aIRR], 1.68 [95% CI, 1.53-1.85]).
Tapering was associated with an adjusted incidence rate of 7.6
mental health crisis events per 100 person-years compared with
3.3 events per 100 person-years among nontapered periods
(aIRD, 4.3 per 100 person-years [95% CI, 3.2-5.3]; aIRR, 2.28
[95% CI, 1.96-2.65]).

Among patients who underwent tapering and had 1 or more
outcome events during follow-up, the median time to first
event was 6 months for both outcomes. In secondary analy-
ses of the individual components of the mental health crisis
outcome (depression, anxiety, and suicide attempt), tapering
was associated with depression events (aIRR, 2.46 [95% CI,
2.05-2.96]), anxiety events (aIRR, 1.79 [95% CI, 1.48-2.15]), and
suicide attempts (aIRR, 3.30 [95% CI, 2.19-4.98]). The full re-

gression model for the analysis of main effects is provided in
eTable 2 in the Supplement.

In analyses with interaction terms between tapering sta-
tus and other key covariates, only interactions between base-
line dose category and tapering status were found to be both
informative (based on reductions in Akaike’s information cri-
terion) and statistically significant, based on χ2 tests of sig-
nificance of the dose category × tapering interaction terms
(P < .01). For both outcomes, patients prescribed higher base-
line doses had greater risks associated with tapering than pa-
tients prescribed lower baseline doses (Table 2; eFigure 2 in
the Supplement).

In analyses of maximum monthly dose reduction veloc-
ity (n = 109 599 patients followed up for 139 941 person-
years), an incremental increase in maximum monthly dose re-
duction velocity of 10% was associated with an increased aIRR
for overdose (1.09 [95% CI, 1.07-1.11]) and mental health cri-
sis (1.18 [95% CI, 1.14-1.21]) (eTable 3 in the Supplement). Higher

Table 2. Primary and Secondary Outcomes in a Study of the Association of Dose Tapering With Overdose or Mental Health Crisis
Among Patients Prescribed Long-term Opioidsa

Outcome

Taperedb Not taperedb
Adjusted
incidence rate difference
per 100 person-years
by tapering status
(95% CI)d,e

Adjusted
incidence rate ratio
(95% CI)d P valuec

No. of events/
total person-years

Adjusted
incidence rate
per 100 person-years
(95% CI)d

No. of events/
total person-years

Adjusted
incidence rate
per 100 person-years
(95% CI)d

Overdosef

Entire cohort 3241/22 097 9.3 (8.5-10.1) 11 433/152 194 5.5 (5.3-5.8) 3.8 (3.0-4.6) 1.68 (1.53-1.85) <.001

Baseline
opioid dose,
MME/dg

.008

50-89 530/5321 6.6 (5.3-7.9) 3277/53 260 4.6 (4.2-5.0) 2.0 (0.3-3.3) 1.43 (1.15-1.77)

90-149 676/5524 7.7 (6.4-9.1) 2607/38 994 5.1 (4.6-5.5) 2.6 (1.2-4.1) 1.67 (1.34-2.00)

150-299 1047/6864 10.9 (9.2-12.7) 3462/38 782 6.5 (6.0-7.0) 4.4 (2.6-6.2) 2.36 (1.93-2.79)

≥300 988/4388 16.2 (13.9-18.4) 2087/21 159 7.4 (6.6-8.2) 8.8 (6.4-11.1) 3.51 (2.94-4.09)

Mental health crisisi

Entire cohort 3117/22 097 7.6 (6.5-8.6) 8258/152 194 3.3 (3.0-3.6) 4.3 (3.2-5.3) 2.28 (1.96-2.65) <.001

Baseline
opioid dose,
MME/dg

.003

50-89 525/5321 5.2 (3.8-6.5) 2801/53 260 3.4 (3.0-3.9 1.8 (0.4-3.2) 1.51 (1.14-2.01)

90-149 615/5524 5.8 (4.3-7.4) 2045/38 994 3.2 (2.7-3.7) 2.6 (1.0-4.2) 1.70 (1.21-2.19)

150-299 1080/6864 8.7(6.6-10.9) 2051/38 782 3.0 (26-3.5) 5.7 (3.5-7.8) 2.54 (1.84-3.24)

≥300 897/4388 11.9 (8.8-15.0) 1361/21 159 3.8 (3.0-4.7) 8.1 (4.9-11.3) 3.47 (2.45-4.49)

Secondary mental health end pointsh

Depression 2485/22 097 5.5 (4.6-6.4) 6174/152 194 2.2 (2.0-5) 3.3 (2.4-4.2) 2.46 (2.05-2.96) <.001

Anxiety 505/22 097 1.4 (12-1.7) 1737/152 194 0.8 (0.7-0.9) 0.6 (0.4-0.9) 1.79 (1.48-2.15) <.001

Suicide
attempt

127/22 097 0.4 (0.2-0.5) 347/152 194 0.1 (0.08-0.13) 0.3 (0.1-0.4) 3.30 (2.19-4.98) <.001

a A total of 113 618 patients were observed for 174 291 person-years.
b Tapering status at the time of an event was defined as tapered for all months

after the first of 6 overlapping 60-day period in which a person’s mean daily
opioid dose decreased by 15% or more from their baseline period and
nontapered for all other periods.

c P value refers to the adjusted incidence rate ratio in the whole cohort and the
χ2 for the likelihood ratio test for the interaction by baseline dose.

d Analyses adjusted for age; sex; education status; rurality of home address;
insurance status; comorbidities; baseline opioid dose; co-prescription for
benzodiazepines; number of overdose events in the baseline period; baseline
depression, anxiety, or suicide attempt; and study year.

e Adjusted rate differences and 95% CIs are within-row group rate differences
by tapering status.

f Overdose refers to the composite outcome for emergency department visits
or hospital admissions for drug overdose or withdrawal.

g Baseline dose is the average daily opioid dose, in morphine milliequivalents
(MME), across the 12-month stable baseline period.

h Secondary end points were specified for each of the 3 components.
i Mental health crisis refers to the composite outcome for emergency

department visits or hospital admissions for depression, anxiety,
or suicide attempt.
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maximum monthly dose reduction velocity categories (com-
pared with maximum monthly dose reduction velocity <10%)
were associated with higher event rates for overdose and men-
tal health crisis (Figure 2; eTable 4 in the Supplement). The as-
sociations observed in the main analyses were robust to a se-
ries of sensitivity analyses (eTables 5-6 in the Supplement).

Discussion
In a large cohort of patients in the US prescribed stable, long-
term, higher-dose opioids, undergoing opioid dose tapering was
associated with statistically significant risk of subsequent over-
dose and mental health crisis, including suicidality.

Guidelines for opioid tapering published in 2019 by the
US Department of Health and Human Services (HHS) cau-
tioned about the potential hazards of rapid dose reduction,
including withdrawal, transition to illicit opioids, and psy-
chological distress.9 Qualitative studies suggest that many
patients experience the tapering process as emotionally
challenging,25,26 and both the HHS and CDC guidelines
advise clinicians to monitor patients carefully during taper-
ing and to provide psychosocial support. In the current study,
tapering was associated with absolute differences in rates of
overdose or mental health crisis events of approximately 3 to
4 events per 100 person-years compared with nontapering.
These findings suggest that adverse events associated with
tapering may be relatively common and support HHS recom-
mendations for more gradual dose reductions when feasible
and careful monitoring for withdrawal, substance use, and
psychological distress.9

Previous research has examined adverse outcomes asso-
ciated with discontinuing long-term opioids.10-14 This analy-
sis demonstrated associations between adverse outcomes
and a more sensitive indicator of opioid dose reduction (≥15%
from baseline). The associations persisted in sensitivity
analyses that excluded patients who discontinued opioids
during follow-up, suggesting that the observed associations
between tapering and overdose and mental health crisis are
not entirely explained by events occurring in patients discon-
tinuing opioids. Additionally, all categories of maximum dose
reduction velocity demonstrated higher relative rates of out-
comes compared with the lowest (<10% per month), suggest-
ing that risks were not confined to patients undergoing
rapid tapering.

Patients undergoing tapering from higher baseline opi-
oid doses had higher associated risk for the study outcomes
compared with patients undergoing tapering from lower base-
line doses. Due to physiologic opioid tolerance,27 patients re-
ceiving higher doses may have heightened intolerance of opi-
oid dose disruption, potentially warranting additional caution
in patients tapering from higher doses.

The risks of long-term opioids are well-documented, par-
ticularly at higher doses and in the presence of other risk fac-
tors for opioid toxicity,4 and clinicians and patients must
carefully weigh risks and benefits of both opioid continuation
and tapering in decisions regarding ongoing opioid therapy.28

The risks associated with opioid tapering warrant further
exploration to inform clinical guidelines regarding patient
selection for tapering, optimal rates of dose reduction, and
how best to monitor and support patients during periods of
dose transition.

Figure 2. Adjusted Event Rates for Overdose and Mental Health Crisis Events
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A total of 109 223 patients and 139 941 person-years of follow-up are included in
the analyses. Monthly outcome counts during follow-up were modeled as a
function of the maximum monthly rate of dose reduction during any previous
60-day period. Thus, the less than 10% category may include patient periods
prior to tapering, patients with gradual dose reductions, or patients with no
dose change. Of the total cohort of 113 618 patients, 4395 (3.9%) were not
included in these analyses due to an absence of follow-up time beyond the
initial 60-day period or a dose increase of greater than or equal to 15% relative

to baseline in the first 60 days. Plotted estimates are adjusted for patient age,
sex, education, rurality of home address, commercial vs Medicare Advantage
insurance, baseline opioid dose, co-prescription of benzodiazepines, study year,
number of overdose events in the baseline period, baseline depression or
anxiety, alcohol use disorder, drug use disorder, psychosis, and 24 other
noncancer comorbidities included in the Elixhauser comorbidity index. Error
bars show 95% CIs.
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Limitations
This study has several limitations. First, although it included a
number of key covariates, unmeasured factors may have con-
tributed to increased risk for adverse events in the population
who underwent tapering. Nevertheless, the findings are con-
sistent with recent studies of opioid discontinuation10-15,29,30

and were robust to adjustment for baseline overdose, mental
health conditions, and a range of sensitivity analyses. Sec-
ond, the analyses could not assess tapering circumstances. Re-
cent evidence has shown that the majority of opioid tapering
and discontinuation is clinician-initiated,31 and risks may dif-
fer with voluntary vs involuntary tapering.32,33 Third, the study
design considered any dose reduction of greater than or equal
to 15% of the baseline dose as a taper initiation but did not ac-
count for subsequent dose trajectory. Fourth, the data set
lacked an accurate measure of race, limiting the ability to ac-
count for the potential differential opioid prescribing and ta-

pering trends between racial and ethnic groups. Fifth, the data
set does not measure illicit opioid use or account for metha-
done administered in certified treatment programs. Sixth, ad-
ministrative claims data have inherent measurement error. Sev-
enth, these data were claims from commercially-insured and
Medicare Advantage patients in the US, and the generalizabil-
ity of these findings is uncertain.

Conclusions
Among patients prescribed stable, long-term, higher-dose
opioid therapy, tapering events were significantly associated
with increased risk of overdose and mental health crisis.
Although these findings raise questions about potential
harms of tapering, interpretation is limited by the observa-
tional study design.
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