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BACKGROUND: Prior opioid discontinuation studies have
focused on one of two characteristics of opioid prescribing,
its duration (long term vs not) or dosage (high vs low). Ques-
tions remain about the experience of patients with high-
dose, long-term opioid therapy (HLOT) prescriptions who
are likely to be at the highest risk for adverse events.
OBJECTIVE: We address the following questions among
the VeteransHealth Administration (VHA) patients receiv-
ing HLOT: 1), How has the prevalence of discontinuation
of opioids changed over time? 2), How do patient charac-
teristics vary between those who do and do not discontin-
ue? And 3), how does the prevalence of discontinuation
vary geographically?
DESIGN: A retrospective observational study of VHA
patients with HLOT between fiscal year (FY) 2014 and
FY2018.
PARTICIPANTS: We identified 1,281,330 patients from
VHA outpatient opioid prescription data with at least a
1-day opioid supply between FY2014 and FY2018. We
identified and excluded those receiving palliative care or
diagnosed with metastatic cancer.
MAIN MEASURES: For a given patient and month, a
patient having a 3-month moving average of ≥ 90 daily
morphine milligram equivalent (MME) was defined as
having HLOT. Similarly, we used a three-month average
MME of zero as discontinuation.
KEYRESULTS:Theprevalence of discontinuation among
patients with HLOT increased from 6.3% in FY2014 to
7.8% in FY2018. Across the years, patients who discon-
tinued were younger, less likely to be married, and more
likely to have comorbidities related to substance use dis-
orders compared with patients who continued to receive
HLOT. Incidence of discontinuation among those with
HLOT increased in more than half (64%) of the 129 VHA
medical centers.

CONCLUSION: Prevalence of patients receiving HLOT in
the VHA decreased as the incidence of discontinuation in-
creased. Further research is needed to understand the pro-
cess by which patients are discontinued and to assess the
relationshipbetweendiscontinuationandhealthoutcomes.
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INTRODUCTION

The Veterans Health Administration (VHA) released an Opi-
oid Safety Initiative in 2013 to improve the safety of opioid
prescribing while expanding alternative pain therapies [1]. In
an effort to reduce the risks of opioid-related harms, in 2016
the Center for Disease Control and Prevention also released a
guideline for prescribing opioids for chronic pain [2], which
has been endorsed by medical professionals and health policy
experts [3, 4]. The guideline recommends that clinicians limit
initial opioid prescription dosing for opioid-naïve patients to <
90morphine milligram equivalent (MME) per day, a threshold
based on expert consensus. However, there is growing con-
cern that the guideline is being misapplied to inappropriately
discontinue opioids for patients who have received ≥ 90
MME/day for an extended period [3–6].
Recent studies suggest tapering long-term opioid therapy

(LOT; ≥ 90 days) patients can be successful, especially when
patients consent, understand the benefits, and are closely
monitored by their health care providers [7–11]. The benefits
of tapering and discontinuation are reported as improvement
in pain, function, and quality of life [8]. Discontinuation and
tapering efforts have helped reduce the high-dose (≥ 90MME)
prescribing rate in the USA by 25%, from 6.7 to 5.0 per 100
persons between 2015 and 2017. Concurrently, the median
duration of an opioid prescription increased by 33%, from 15
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to 20 days [12] and prescription duration of 30 days or longer
increased by 38% (from18 to 25 per 100 persons) between
2006 and 2017 [13]. This contrasts with experience in the
VHA, where a 35% decline in LOT between 2012 and 2016
has been observed [14]. However, it remains unclear exactly
how to safely taper patients with high-dose, long-term opioid
therapy (HLOT). As a result, there is concern that opioid
tapering and discontinuation may lead to unmanaged pain
and withdrawal symptoms, which are associated with a greater
probability of adverse events, suicide attempts and death due
to overdose of illicit opioids [3, 15–18].
Prior tapering and discontinuation studies have focused on

either of the two greatest concerns about opioid prescribing,
duration, and dose, but have rarely focused on patients with
both. Questions remain about the experience of such patients,
who are at the highest risk for adverse events. Our study
directly addresses this gap in the literature by studying the
population receiving HLOT. Among patients with an opioid
prescription from the VHA between 2013 and 2018 who
received high-dose (≥ 90 MMEs per day) and long-term (≥
90 days) opioid therapy, we address the following questions:
1), How has the rate of discontinuation in this population
changed over time? 2), How do patient characteristics vary
between those who do and do not discontinue? And 3), how
does prevalence of opioid discontinuation vary geographically
across VHA medical centers?

METHODS

Cohort. We identified 1,281,330 patients from all 129 VHA
medical centers throughout the USA. We included VHA
outpatient opioid prescription data with at least a 1-day supply
of opioids for pain between fiscal years (FYs) 2014 (October
1, 2013–September 30, 2014) and FY2018 (October 1, 2017–
September 30, 2018). We identified and excluded patients
receiving palliative care or those diagnosed with metastatic
cancer (ICD-9 and 10 codes in Appendix Table 1) [19, 20]
during the study period for whom high-dose or long-term
opioid therapy may be appropriate [21]. After exclusions, we
examined dose and duration of opioid prescriptions among a
cohort of 1,123,247 patients. Patient sociodemographic and
clinical characteristics, including age, gender, race, marital
status, Elixhauser comorbidities [19, 22], opioid use disorder
(OUD), and number of months on opioid prescriptions, and
all-cause mortality were collected from VHA administrative
databases. The study protocol was approved by the VA Bos-
ton Institutional Review Board (IRB 3069; R&D#3244-X).

Opioid use. To standardize the dosages across prescriptions
with different formulations, quantities, and days of supply, all
opioid prescriptions were converted using CDC’s morphine
equivalent conversion factors [23]. All opioid prescriptions
from the same month were added together to calculate the

MME per day in a given month for each patient. (See
Appendix Table 2 for list of opioid prescription names.)
From these data, we calculated the 3-month moving average
of daily MME to avoid non-meaningful idiosyncrasies of
briefly overlapping prescriptions and small gaps between pre-
scription fills. The 3 months included the given month and the
two prior months (e.g., the value for March included data from
January, February, and March) and hereinafter, average MME
refers to a three-month moving average daily MME unless
otherwise specified. All analyses were performed at the
patient-month level.

States of Opioid Use. Our primary focus was patients with
HLOT who subsequently discontinued. HLOT was defined as
an average of ≥ 90 MME. Similarly, we defined
discontinuation as an average MME of zero, indicating no
opioid prescriptions for three consecutive months. Patients
with an average MME > 0 and < 90 were classified as not
receiving HLOT (non-HLOT). Each month, patients were
categorized into one of four states based on the average
MME: HLOT, opioid discontinuation, non-HLOT, or death.
Death was defined as all-cause death, with dates based on
death records for all veterans.

Analysis

To assess the prevalence of transitions from HLOT to other
states, we used a Markov chain model for each year. These
Markov models captured transitions between states from the
beginning to the end of a FY but ignored within-year transi-
tions. For example, a patient with HLOT in the first month of
the FY (October) could end up in one of 4 states by the end of
the year (September of the following calendar year): stay in the
same state (HLOT), or transition into non-HLOT, discontinu-
ation, or death. Patients were included in the analysis across
multiple years until death (death is a terminal state).
Our first objective was to identify time trends of transi-

tion to discontinuation among patients receiving HLOT.
The incidence of discontinuation for this group was calcu-
lated using the number of patients in the HLOT state at the
beginning of the FY as the denominator and number of
patients who transitioned from HLOT to discontinuation by
the end of the FY as the numerator. We also assessed trends
in the rates of the transition of patients in HLOT to death or
Non-HLOT states.
For a single FY (2016, the midpoint of our study window),

we assessed differences in patient characteristics between
patients in HLOT who transitioned to discontinuation and
patients who remained in the HLOT state. Baseline character-
istics were calculated for the period 1 year prior to each FY
and compared using standardized differences where the com-
parison of two groups can be assessed independent of sample
size. We denoted the differences between the two groups as
meaningful if the standardized difference was > 10% [24].
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In addition, at the medical center level, we analyzed the
geographic variation of the rate of discontinuation among
patients receiving HLOT.Most patients (> 85%) received their
opioid prescriptions from a single medical center; when a
patient received prescriptions from multiple medical centers
the patient was assigned to the medical center where the
plurality of prescriptions was received. Facility mental health
(MH) capacity, number of MH staff per 10,000 unique
patients, was also collected to characterize one potentially
important factor in the differences between medical centers
with very large increases or decreases in discontinuation rates
over time.
Finally, we conducted the following sensitivity analyses

and robustness checks. First, because we can only characterize
VHA opioid prescribing, to address concerns that patients
receiving HLOT who apparently discontinued may have end-
ed VHA care, we excluded patients who did not have at least
one outpatient appointment after 6 months of their last pre-
scription month. Second, we examined whether providers
were more likely to discontinue opioids among patients re-
ceiving HLOT with an OUD diagnosis in the baseline period,
who generally should not be receiving HLOT. To do this, we
stratified the patients with HLOT by OUD diagnosis and
explored the difference in discontinuation rates.

RESULTS

Cohort Characteristics. Of the 1,123,247 patients in our
cohort, the average age is 59.6 years old, over 90% are male,
and more than 70% are white (Table 1). Less than 6% are
Hispanic or Latino, more than half are married, and 14% of the
cohort died during the study period. The average MME for
each patient during the entire study period is 15.2 with a
standard deviation of 33; 7.7% appear in the HLOT state at
least once, and 78% of patients with HLOT discontinue at
least once during the study period.

Temporal Analysis. At the start of our analysis period,
FY2014, 49,708 patients (4.4%) were in the HLOT state,
416,047 (37%) in the discontinued state, and 657,492 (59%)
in the non-HLOT state. Figure 1 characterizes the output of the
Markov chain model for FY2014. Among the 49,708 patients
receiving HLOT at the start of FY2014, 35,921 (72%)
remained in continued to receive HLOT at the end of
FY2014; 3128 (6.3%) patients transitioned to discontinuation;
8935 (18%) patients transitioned to non-HLOT; and 1724
(3.5%) patients died.
A sensitivity analysis that stratified patients receiving

HLOT with and without an OUD diagnosis during the base-
line year (HLOT + OUD) showed that the former group is
more likely to discontinue. Over time, on average, 11% of
patients with HLOT+OUD discontinued by the end of each
FY, whereas only 7% of patients with HLOTwithout an OUD
diagnosis discontinued.
A separate Markov chain model was calculated for

each year in the study period to assess the annual trends
of transitions among patients receiving HLOT state tran-
sitions (Table 2). Prevalence of patients receiving HLOT
at the start of the FY decreased between FY2014 and
FY2018, from 74.4% (49,708 patients with HLOT
among 707,200 patients prescribed opioids in FY2014)
to 49.6% (22,999 patients with HLOT among 463,779
patients prescribed opioids in FY2018). Incidence of
opioid discontinuation among patients with HLOT in-
creased, from 6.3% in FY2014 to 7.8% in FY2018. The
incidence of all-cause death was relatively stable over
the same time period, ranging between 3.1 and 3.5%.
Between FY2014 and FY2018, the proportion of
patients who started the FY as receiving HLOT
remained high, over 60%, though it decreased from 72

Table 1 Patient Characteristics of the Study Cohort (N = 1,123,247)

Patient characteristics Mean [SD] or
%

Age 59.6 [13.8]
Male, % 91.4
Race: White, % 73.7
Race: Black, % 18.4
Race: Other, % 7.4
Hispanic, % 5.9
Married, % 57.9
Deceased during the study, % 13.9
Opioid prescription pattern:
Average MME for each patient during the entire
study period

15.2 [33.3]

HLOT state for at least 1 month during the study, % 7.7
Discontinued at least 1 month during the study, % 78

Death
0%

HLOT
4.4%

Discont
37%

non-HLOT
59%

3.5%

2.3%

0.4%

1.1%

18%

0.3%

6.3%

21% 36%

72% 76%

63%

Figure 1 Markov chain models for fiscal year 2014. Percentages
may not total 100 due to rounding. All 1,123,247 patients receiving
opioids were classified into one of four states; high-dose, long-term
opioid therapy (HLOT; n = 49,708), non-HLOT (n = 657,492),

discontinued (Discont; n = 416,047), or death. The numbers inside
the large circles are the prevalence at the start of the year. The

numbers next to the arrows are transition probabilities.
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to 64% between FY2014 and FY2018. This coincided
with an increase in the proportion of patients who
transitioned from HLOT to Non-HLOT (from 18 to
25%) or discontinued (from 6.3 to 7.8%) over the same
years. (The Markov chain transition models for FY2014
through FY2018 can be found in Appendix Fig. 1)

Patient Characteristics. For FY2016, we compared the
baseline characteristics of patients receiving HLOT
who transitioned to the discontinued state and those
who continued with HLOT. Table 3 shows the results:
26,604 patients remained in the HLOT state and 2786
patients transitioned to discontinuation. On average,
patients who transitioned to discontinuation were
younger, less likely to be married, and more likely to
have an alcohol, opioid, or other drug use disorder,
compared with patients who continued to receive
HLOT. Also, during the baseline year, compared with
patients who stayed in HLOT, patients who transitioned
to discontinued had a lower average opioid MME (187.7
MME vs. 170.0 MME) and fewer number of months in
HLOT state (10.8 vs. 9.8 months). The baseline
characteristic of patients receiving HLOT who
transitioned to any state other than HLOT state was no
different than patients who stayed in HLOT, patients
who died were older and sicker compared with patients
who stayed in HLOT (results shown in Appendix
Table 3). We ran the comparisons for each year and
found consistent results (results available upon request).

Geographic Variation. Across the 129 VHA medical centers,
the transition probabilities for patients who were receiving
HLOT at the start of the FY and discontinued at the end of
the FY ranged between 1.5 and 15.2% in FY2014 and
between 0 and 25.0% in FY2018. Between FY2014 and
FY2018, rates of discontinuation increased at eighty-twomed-
ical centers (64%) and decreased at forty-seven medical

centers (36%). The changes in probability of discontinuation
between FY2014 and FY2018 at each medical center ranged
between − 10.2 and 17.9%. The medical centers with large
positive or negative changes in discontinuation rate between
FY2014 and FY2018 (defined as those at or above the 75th
percentile of absolute difference, or 5.9%) are shown in Fig-
ure 2. Between FY2014 and FY2018, seven medical centers
experienced large drops (red triangles) and twenty-four med-
ical centers experienced large increases (blue squares) in dis-
continuation rate. Large decreases occurred in the Northeast
and Upper Midwest regions. The medical centers with large
increases in discontinuation were scattered throughout the
country. In FY2014, MH staffing ratios were higher among
the medical centers with large decreases in discontinuation
compared with medical centers with large increases (26.9 vs
21.0 staff per 10,000 unique patients, 24% standardized dif-
ference). We also found that medical centers with large
decreases in discontinuation had, on average, a lower propor-
tion of patients with HLOT per total unique patients (0.64% vs
0.86%), and fewer patients receiving HLOT, on average,
compared with medical centers with large increases (209 vs
350 patients in HLOT).

DISCUSSION

We analyzed VHA outpatient opioid prescriptions data be-
tween FY2014 and FY2018 and identified, by year, patients
with HLOT. Between FY2014 and FY2018, the number of
patients receiving HLOT decreased from 49,708 to 22,999
patients (53.7% decrease in overall patients with HLOT).
Among patients with HLOT at the start of the FY, the propor-
tion of discontinued at the end of the FY increased during
these years from 6.3 to 7.8% in FY2018. Our findings are
consistent with the trend reports from VHA and others that
high-dose prescribing rate and average dose level of persons
receiving opioids declined in recent years [1, 12, 13], though
the main population we examined were those receiving HLOT
at the start of each FY. These findings may be due to several
VHA policies implemented to improve opioid safety (more
details on these policies can be found elsewhere) [1, 25].
Hadlandsmyth and colleagues [14] reported a substantial

decline in initiation of LOT between 2015 and 2016. Of
existing long-term opioid users in their study (which included
both HLOT and non-HLOT), 21.8% either switched from
long-term to short-term (less than 90 days) opioid therapy or
discontinued. These numbers are similar to our finding that
among the patients receiving HLOT in FY2016, 20% transi-
tioned into non-HLOT and 7.3% discontinued. However,
Hadlandsmyth and colleagues [14] focused on patients with
LOT of any dose level and only examined transitions in
prescription duration within a year. Our analysis examines
patients who receive HLOT and explicitly includes transitions
to lower dose, discontinuation, or death.

Table 2 Transition Probabilities for Patients Receiving High-dose,
Long-term Opioid Therapy (HLOT) at the Start of Each Fiscal

Year Between 2014 and 2018

FY HLOT Non-
HLOT

Discontinued Death Total

2014 35,921
(72%)

8935
(18%)

3128 (6.3%) 1724
(3.5%)

49,708

2015 31,479
(72%)

7967
(18%)

2992 (6.8%) 1484
(3.4%)

43,922

2016 26,604
(69%)

7693
(20%)

2786 (7.3%) 1225
(3.2%)

38,308

2017 20,051
(64%)

7638
(25%)

2460 (7.9%) 1026
(3.3%)

31,175

2018 14,732
(64%)

5747
(25%)

1798 (7.8%) 722
(3.1%)

22,999

Markov chain models were calculated for fiscal years (FY) 2014
through 2018. The proportion of patients who received high-dose, long-
term opioid therapy (HLOT) at the beginning of the FY and stayed in
HLOT, transitioned to non-HLOT, discontinued, or died were calculated
for each FY and presented in the table above
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We also compared characteristics of patients receiving
HLOT who remained in that state to those who transitioned
to the discontinued state. Across the years, patients who dis-
continued were younger, less likely to be married, and had
more comorbidities related to substance use disorders com-
pared with patients who stayed onHLOT. Patients with HLOT
+ OUD is more likely to be discontinued compared with
patients without OUD (11% vs 7%), perhaps due to a higher
risk of serious adverse events; health care providers are en-
couraged to taper or discontinue opioid prescriptions from

such at-risk patients or change them to less dangerous opioid
agonist therapies such as buprenorphine [26, 27]. Lovejoy and
colleagues [28] reported that aberrant behaviors were among
the most commonly reported reason for clinicians to discon-
tinue LOT among patients with substance use disorders.
In our analysis of geographic variation, we found that

incidence of discontinuation among the patients receiving
HLOT increased in more than half (64%) of the 129 facilities
throughout the USA during this period. The higher MH staff-
to-patient ratio in medical centers with large decreases in

Table 3 Standardized Differences of Characteristics of Patients with High-dose, Long-term Opioid Therapy (HLOT) between patients who
stayed in HLOT and transitioned to discontinuation in fiscal year 2016

Variable groups Variables Stayed in
HLOT

Transitioned to
discontinuation

Standardized
difference (%)

Number of patients in each group 26,604 2786 —
Patient characteristics Age 60.3 57.8 22.1

Number of months in HLOT state during the
baseline year

10.8 9.8 32.7

Average MME during the baseline year 187.7 170.0 14.4
Male 93.5% 93.8% -1.3
Married 58.1% 51.3% 13.7
Race; White 83.1% 82.9% 0.5
Race: Black 9.4% 9.7% -1.0
Race: Other 7.5% 7.4% 0.4

Elixhauser comorbidities* plus
opioid use disorder

Alcohol abuse 7.1% 11.5% -14.8
Depression 53.9% 58.4% -9.2
Diabetes—uncomplicated 30.2% 26.5% 8.4
Drug abuse 13.1% 22.2% -24.1
Hypertension—uncomplicated 58.8% 54.9% 7.8
Other neurological disorder 20.7% 18.6% 5.1
Opioid use disorder† 7.9% 13.7% -18.9
Paralysis 3.6% 2.7% 5.1

MME, morphine milligram equivalent per day; HLOT, high-dose, long-term opioid therapy
*This table only presents the Elixhauser comorbidities that had standardized difference greater than 5%. The full list is available in Appendix Table 3
†Opioid use disorder is counted towards drug abuse using Elixhauser comorbidity definitions. Drug abuse includes opioids, cocaine, hallucinogen,
sedative, cannabis, and other drugs

Figure 2 A US map with 126 VHA medical centers. Each point (triangle, square, or circle) represents a VHA medical center. The red triangles
represent the 7 medical centers with large decreases in end of the fiscal year discontinuation rate among patients on high-dose, long-term opioid
therapy (HLOT) at the beginning of the fiscal year between fiscal years 2014 and 2018. The blue squares represent the 24 medical centers with

large increases in discontinuation rate. The open circles represent the medical centers that did not have a large increase or decrease in
discontinuation rate (the absolute change in discontinuation rate between fiscal year 2014 and 2018 was less than 5.9%).
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discontinuation rates between FY2014 and FY2018 may have
contributed in two ways. First, higher capacity may reflect
more resources which may allow providers to manage
patients’ pain without escalating to HLOT (on average, 209
patients receiving HLOT for medical centers with large
decreases vs 350 patients receiving HLOT for medical centers
with large increases, in FY2014). Second, HLOT requires
regular checkups and laborious follow-up; thus, medical cen-
ters with lower capacity may be more likely to quickly dis-
continue opioid prescriptions to reduce treatment burden. Un-
der optimal conditions (i.e., with patients’ consent and patient-
centered tapering), increases in discontinuation rates would be
a positive sign for risk reduction of this population. However,
multiple factors could contribute to changes in discontinuation
rate and outcomes over time.
There are several limitations to this study. First, though we

could account for all VHA outpatient opioid prescriptions, we
did not capture any opioid prescriptions from non-VHA pre-
scribers. Therefore, we may be underestimating the prevalence
of HLOT (or non-HLOT) among patients and over-estimating
the incidence of discontinued patients. Work by Chui and
colleagues [29] showed that Veterans with dual use of VHA
and Medicare were significantly more likely to be receiving
LOT compared with Veterans with only VHA or Medicare.
From our sensitivity analysis, less than 20% of patients with
HLOT who discontinued did not have an outpatient VHA
appointment 6 months after their opioid prescription expired,
suggesting that they left VHA care. When excluding these
patients from our analysis, the incidence of discontinuation
among patients with HLOT decreased by approximately 1
percentage point. The annual trend is consistent with the main
analysis and found an increase in discontinuation rate between
FY2014 and FY2018 (5.1% and 6.7%, respectively). Second,
our annual Markov chain analysis relies on the first and last
months of years to determine initial and final states and
transitions between them. Thus, it does not account for
changes in patients’ status within a year. Finally, as this is an
observational study with VHA patient data, we do not interpret
reported associations causally.

CONCLUSION

We examined temporal changes and geographic variation in
opioid prescribing for patients receiving HLOT in the VHA,
an understudied cohort with high risk of serious adverse
events. Between FY2014 and FY2018, the prevalence of
patients with HLOT decreased as the incidence of discontin-
uation increased. The mechanisms by which these patients
discontinued are not well understood and may depend on both
patient and provider factors, giving rise to the observed geo-
graphical variation. Patients, providers, and policy-makers
should be cautious in how they engage in and encourage
opioid tapering and discontinuation, as rapid withdrawal of
prescription opioids may cause more harm than good for some

patients. Furthermore, more research and development of
evidence-based policy is needed to guide clinicians in how
best to support patients who have recently discontinued their
HLOT.
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