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PURPOSE: For patients receiving long-term opioid thera-
py (LtOT), the impact of guideline-concordant care on
important clinical outcomes—notably mortality—is large-
ly unknown, even among patientswith a high comorbidity
and mortality burden (e.g., HIV-infected patients). Our
objective was to determine the association between re-
ceipt of guideline-concordant LtOT and 1-year all-cause
mortality.
METHODS: Among HIV-infected and uninfected patients
initiating LtOT between 2000 and 2010 through the De-
partment of Veterans Affairs, we used Cox regression with
time-updated covariates and propensity-score matched
analyses to examine the association between receipt of
guideline-concordant care and 1-year all-causemortality.
RESULTS: Of 17,044 patients initiating LtOT between
2000 and 2010, 1048 patients (6%) died during 1 year of
follow-up. Patients receiving psychotherapeutic co-
interventions (hazard ratio [HR] 0.62; 95% confidence
interval [CI] 0.51–0.75; P<0.001) or physical rehabilita-
tive therapies (HR 0.81; 95%CI 0.67–0.98; P=0.03) had a
decreased risk of all-causemortality compared to patients
not receiving these services, whereas patients prescribed
benzodiazepines concurrent with opioids had a higher
risk of mortality (HR 1.39; 95% CI 1.12–1.66; P<0.001).
Among patients with a current substance use disorder
(SUD), those receiving SUD treatment had a lower risk of
mortality than untreated patients (HR 0.47; 95%CI 0.32–
0.68; P=< 0.001). No association was found between all-
cause mortality and primary care visits (HR 1.12; 95% CI
0.90–1.26; P=0.32) or urine drug testing (HR 0.96; 95%
CI 0.78–1.17; P=0.67).
CONCLUSIONS: Providers should use caution in initiat-
ing LtOT in conjunction with benzodiazepines and un-
treated SUDs. Patients receiving LtOT may benefit from
multi-modal treatment that addresses chronic pain and
its associated comorbidities across multiple disciplines.

KEY WORDS: Opioid analgesics; practice guideline; quality of health care;

mortality; pain.

J Gen Intern Med 31(5):492–501

DOI: 10.1007/s11606-015-3571-4

© Society of General Internal Medicine 2016

O pioid analgesics, medications once primarily prescribed
in palliative care and postoperative settings, are now

widely prescribed for chronic pain in specialty and general
medical settings.1 Yet despite the risks posed by opioids,
including the risk of addiction and overdose, long-term opioid
therapy (LtOT; typically defined as receipt of opioids

practice guidelines.3,7–16 Among the potential barriers to the
provision of guideline-concordant LtOT are ambiguity and
disagreements over which recommendations are important to
patient outcomes and how they should be prioritized given
time constraints and the competing demands of patient care.17–
19 The majority of recommendations promulgated by leading
medical societies, including the American Pain Society and
American Academy of Pain Medicine,3,7 are supported by
low-quality evidence, and none are supported by evidence
deemed to be of high quality.3,9,19,20 In 2009, a multidisciplin-
ary expert panel identified 37 key areas pertaining to patient
care and LtOT where critical weaknesses in the literature
exist;19 to date, the majority of these gaps in the literature
have gone unaddressed.19,20 Because it remains unclear which
recommendations offer the greatest benefit to patient out-
comes, clinicians may be relying on anecdotal evidence and
individual experience when determining which, if any, LtOT
recommendations to implement.17,18

Therefore, with the overarching goal of contributing to an
evidence base to guide future quality improvement efforts
targeting opioid-related adverse events, we examined the as-
sociation between guideline-concordant LtOT and all-cause
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mortality using the Veterans Aging Cohort Study (VACS), a
well-established, validated sample21–24 of HIV-infected pa-
tients demographically matched (1:2) to uninfected patients
engaged in care. VACS researchers have previously reported
that opioid receipt is common in this sample, and that HIV-
infected patients are more likely to receive high-dose prescrip-
tions (≥120milligramsmorphine equivalents [mEq] per day).6

Thus, the VACS provides a robust sample in which to explore
mortality associated with guideline-concordant LtOT.
We examined the impact of guideline-concordant LtOT on

all-causemortality in patients at the beginning stage of LtOT, a
critical time when guideline-concordant care may be most
important,3 and clinicians may thus be more diligent in deliv-
ering higher-quality care.25

METHODS

Study Overview

In a large sample of outpatients initiating LtOT between 2000
and 2010, we examined the association between receipt of
guideline-concordant LtOT and 1-year all-cause mortality. To
address the potential for confounding by indication,26,27 we
examined these associations using a propensity-matched
design.

Data Source

We abstracted administrative, clinical, laboratory, and
pharmacy data from the Department of Veteran Affairs
(VA) electronic medical record system for patients par-
ticipating in the VACS. As previously described,21–24,28

VACS is a prospective cohort of HIV-infected patients
matched (1:2) by age, sex, race, and VA site of care to
uninfected controls.29 VACS is HIPAA compliant and
has received approval from the review boards for the
VA Connecticut Healthcare System and the Yale School
of Medicine; the requirement for informed consent was
waived.

Study Population

From the VA Pharmacy Benefits Management database, we
captured outpatient prescriptions for oral and transdermal opi-
oids filled or refilled betweenOctober 1, 1999 (fiscal year 2000)
and September 30, 2010 (fiscal year 2010). Consistent with
prior studies, we defined LtOT as receipt of at least a 90-day
supply of opioids.2,4,6,16 We allowed for no more than a 30-day
window between prescription refills. Finally, because our focus
was on chronic pain, we excluded data on methadone and
buprenorphine prescribed for opioid use disorder, but retained
data on methadone prescribed for the treatment of pain.6

From the approximately 120,000 patients enrolled in the
VACS (as of fiscal year 2012),29 as detailed in Figure 1, we
identified 26,931 patients filling or refilling prescriptions for
90 or more days of opioids as outpatients between 2000 and

2010. We excluded from this cohort those filling opioid pre-
scriptions within the prior 90 days in order to focus on incident
versus prevalent cases of LtOT. We also excluded patients
with fewer than 90 days of follow-up, including those who
did not meet the 90-day criteria for LtOT due to death.We also
excluded those receiving a palliative/end-of-life care ICD-9-
CM30 (International Classification of Disease, 9th revision)
diagnostic code on or before the opioid start date. The final
analytic sample consisted of 17,044 patients.

Indicators of Guideline-Concordant Care

The independent variables of interest were indicators of guide-
line concordance derived from national clinical practice guide-
lines3,7–9 for the management of LtOT related to receipt of
primary care visits, urine drug testing, psychotherapeutic co-
interventions, rehabilitative therapies (i.e., occupational, phys-
ical, and rehabilitation therapies), and benzodiazepine co-pre-
scriptions. Among patients with a current substance use dis-
order (SUD), we also examined receipt of inpatient or outpa-
tient SUD treatment. In Table 1, we provide the operational
definition for each indicator.
The decision regarding which indicators to examine

was based on group consensus, relevance of indicator to
patient safety, and accessibility of data in the electronic
medical record system. Further details on the process and
rationale for the inclusion of selected indicators can be
found in a previous publication.16

Surveillance for guideline concordance began at the same
time for all patients (LtOT start date) and continued for
180 days; this period was chosen because the initial months
of LtOT represent a period during which the risks for adverse
events are particularly high.3 For patients not completing
180 days of LtOT, the surveillance ended (either through death
or censoring) when the opioid exposure ended, which was
determined by either the opioid prescription stop date or, when
applicable, date of death. Differences in the length of eligibil-
ity (i.e., LtOT duration) for receipt of indicators (opioid ther-
apy duration) were accounted for in the analysis using time-
dependent methods (see "Statistical Analyses").31,32

Primary Outcome

The outcome of interest was all-cause mortality.33 Consistent
with our goal of understanding the association between
guideline-concordant care and mortality in a diverse patient
population, we examined this outcome for the sample in its
entirety, and not stratified by particular patient sub-populations
(e.g., HIV-infected). Specifically, we identified all patient
deaths occurring in the 12-month period that began once
patients completed the first 90 days of LtOT. Data on patient
deaths were obtained from the Beneficiary Identification Re-
cords Locator Subsystem Death File, which was obtained
from the Veterans Health Administration Vital Status File;
these data are comparable to the National Death Index in terms
of accuracy and completeness.34,35
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Covariates

We used data from the VA National Patient Care Data-
base36 to characterize the sample at baseline, and used
ICD-9-CM codes, pharmacy data, and laboratory results,
when applicable, to describe clinical characteristics. A
diagnosis of an alcohol use disorder was based on
AUDIT-C (Alcohol Use Disorders Identification Test-
Consumption) scores≥ 4 or ICD-9-CM codes. Adminis-
trative codes were used to identify treatment. As a
measure of overall severity of illness, we used the
VACS Index, which incorporates age, HIV-1 RNA viral
load, CD4 count, hemoglobin, FIB-4, estimated glomer-
ular filtration rate, and hepatitis C virus. The VACS
Index is a validated prognostic measure,28,29,37–40 which
is predictive of morbidity and mortality in both HIV-
infected and uninfected patients (in calculating the in-
dex, the assumption is made that uninfected patients
have a CD4 count > 500 cells/μL and viral load < 20
copies/ml).29,41 Higher scores are indicative of higher
all-cause mortality risk.

Statistical Analyses

Descriptive statistics were used to characterize the sample at
baseline and according to receipt of guideline-concordant care.
Differences according to demographic/clinical characteristics
and treatment status were assessed with χ2 tests for categorical
variables and, as appropriate, t, ANOVA, or Wilcoxon rank-
sum tests for continuous variables.
To control for confounding by indication,26,27 we generated

propensity scores to reflect a patient’s conditional probability
of receiving the treatment of interest (i.e., guideline-
concordant care). Specifically, for each indicator, we devel-
oped a multivariable logistic regression model that included
clinical covariates associated with both the treatment of inter-
est and the outcome. These covariates were chosen from an
extensive pool of mental health, major medical, and pain
comorbidities that are prevalent in this study population, in-
cluding major depression, bipolar disorder, post-traumatic
stress disorder, psychosis, schizophrenia, schizoaffective dis-
order, alcohol and drug use disorders, HIV, hepatitis C, and
diabetes. Pain comorbidities included those for acute pain

Assessed for cohort (long-term opioid therapy) 

eligibility (n=26,931)

Patients receiving ≥ 90 days supply of 

opioids between October 1, 1999 and 

September 30, 2010 through the Pharmacy 

Benefits Database 

Excluded patients receiving opioids within prior 

90 days (n=8,787)

Meeting the criteria for initiating long-term opioid 

therapy (n=18,144)

Excluded patients with less than 90 days of 

follow-up (n=1,009)

Date-of-death within 90 days of starting 

opioid therapy (n=263)

Opioid therapy start date after July 4, 

2010 (< 90 days remaining in fiscal year 

2010) (n=746)

Excluded patients receiving an ICD-9-CM code of 

V66.7 (i.e., palliative/end-of-life care) on or prior 

to start of opioid therapy (n=91)

Final analytic sample of patients initiating long-

term opioid therapy (n=17,044)

Figure 1 Study flow diagram.
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(e.g., abdominal or chest) and chronic pain (e.g., headache,
back pain, arthritis, neuropathy), as previously described.6 We
also identified other covariates as potential confounders, in-
cluding those for cardiac, pulmonary, liver, and renal disease.
Additional covariates were then added to the models as nec-
essary to adjust for receipt of other LtOT indicators (we
demonstrated in previous analyses16 that HIV-infected patients
aremore likely to receive guideline-concordant care for certain
indicators), opioid dose and schedule (for Schedule II, catego-
rized as short- vs. long-acting), and to balance demographic
and clinical characteristics. Finally, interactions were included
to improve the fit of the model. C-statistics, a measure of a
model’s ability to predict patient treatment exposure status
(i.e., discrimination), and goodness-of-fit tests (i.e., calibra-
tion) were used to evaluate the logistic regression models.
Additional diagnostics included an evaluation of histograms
(stratified by treatment status) for the propensity scores and
plotting the observed versus expected outcomes from the
Hosmer-Lemeshow goodness-of-fit tests. All logistic

regression models were found to have good fit (Hosmer–
Lemeshow p value≥ .05)42,43 and acceptable (0.75–0.80) to
excellent (0.80–0.90)44 c-statistics.
For each indicator, we then matched patients on pro-

pensity scores using a SAS greedy algorithm macro,45

designed to match on as many as five digits. For example,
a patient with a low (or high) probability of receiving
treatment was matched to another patient with a similar
probability, yet only one of these patients received the
treatment. The difference in the outcome (e.g., time to
death) between these patients (or groups of patients) could
then be attributed to the treatment, based on the covariates
we included in the regression models. Further details on
the methods and rationale for propensity-score matching
in observational research are available elsewhere.26,46

Once 1:1 matching was completed, we then assessed for
associations between guideline-concordant care and mortality
using Cox proportional hazards regression with time-updated
covariates. Time-updated methods were employed to account

Table 1 Operational Definitions for Indicators of Guideline-Concordant Long-Term Opioid Therapy

Guideline indicators Operational definition(s) Source

Monitoring
Clinicians should conduct a follow-up visit within 2–4 weeks
of LTOT initiation. This initial phase should be considered a
therapeutic trial, for which opioid-naïve patients* are particularly
at risk.† Clinicians should routinely reassess all patients on LtOT
every 1–6 months for risks and benefits of treatment for
duration of LtOT†

1. Any documented outpatient PCP visit between
LtOT start date and end of 180 days of LtOT
(or LtOT stop date for patients on LtOT< 6 months).

APS/
AAPM3,7

VA/DoD8,9

As part of a comprehensive patient assessment, clinicians
should obtain a UDT to assess for aberrant drug-related
behaviors in all patients prior to initiating LTOT. Clinicians
should routinely confirm adherence to LtOT plan of care in
all patients through periodic UDTs.

2. Laboratory documentation of UDT between
LtOT start date and end of 180 days of LtOT
(or LtOT stop date).

APS/
AAPM3,7

VA/DoD8,9

Co-prescription of high-risk medications
Clinicians should avoid co-prescription of sedatives and LtOT. 3. Pharmacy documentation that patient was prescribed

benzodiazepines (≥7 days so as to exclude prescriptions
for acute indications [e.g., pre-operative sedation]),
carisoprodol, or barbiturates between LtOT start date
and end of 180 days of LtOT (or LtOT stop date).

VA/DoD8,9

High-risk patients
Clinicians may consider LtOT for patients with a history
of SUD¶ only if they are able to implement more frequent
and stringent monitoring parameters. Clinicians should
initiate LtOT with caution in patients with a history of SUD,
and should never initiate LtOT in patients with a
current disorder§ who are not in SUD treatment.

4. Among patients with a current SUD, documentation
of SUD treatment (1 inpatient bed days or 1 outpatient
SUD-specialty clinic visit) between LtOT start and end
of 180 days of LtOT (or LtOT stop date).

APS/
AAPM3,7

VA/DoD8,9

Chronic pain co-interventions
Clinicians should avoid relying exclusively on opioids
for the management of chronic pain, and should
routinely take a multidisciplinary approach to pain
management that includes the integration of non-opioid
pharmacotherapies, rehabilitation or functional restoration,
and psychotherapeutic interventions.

5. Physical rehabilitation therapies:
Any documented outpatient visits to a VA physical
therapy, occupational therapy, or rehabilitation clinic
anytime between LtOT start date and end of 180 days
of LtOT (or LtOT stop date).

6. Psychotherapeutic co-interventions:
Any 2 documented outpatient visits to a VA mental health
clinic between LtOT start date and end of 180 days of LtOT
(or LtOT stop date).

APS/
AAPM3,7

VA/DoD8,9

Abbreviations: AAPM; American Academy of Pain Medicine; APS, American Pain Society; DoD, Department of Defense; LtOT, long-term opioid
therapy; PCP, primary care provider; SUD, substance use disorder; UDT, urine drug test; VA, Veterans Administration.
*All patients in the current study were considered opioid-naïve (i.e., incident LtOT patients).
†Only the VA/DoD guidelines specify an exact time period.
¶Lifetime history.
§SUD diagnosis received between LtOT start date and end of 180 days of LtOT (or LtOT stop date).
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for differences in exposure to long-term opioids in cases where
patients died or discontinued opioids prior to 180 days of
therapy, and thus had less time to receive guideline-
concordant treatment (i.e., indicators). Such methods correctly
classify patients’ time to receipt (determined by variables
reflecting initiation date) of a particular indicator as unex-
posed; once the indicator is obtained, the patient is thereafter
classified as exposed. Upon a patient’s death, proper estimates
can then be obtained because the treatment status of those in
the risk set has been properly classified.31,32

In secondary analyses, in addition to matching patients
based on propensity scores, we examined the association
between each of the indicators and mortality by adjusting47

with the propensity scores using both individual five-digit
scores and scores categorized into quintiles (i.e., five stra-
ta).47–49 Overall, the results were similar whether we used
the propensity scores for matching or regression-adjustment;47

thus, we present here the unmatched and propensity-matched
results.
We conducted a sensitivity analysis specific to primary care

visits to determine whether there was an association between
mortality and receipt of multiple visits (i.e., 0 vs. ≥ 2 visits; 0
vs. ≥ 3 visits), for which we found no association. Thus, we
present the results from the main analysis.
All analyses were performed using SAS software, version

9.4 (SAS Institute, Cary, NC, USA). A two-sided statistical
significance level of 0.05 was applied to all analyses.

RESULTS

We identified 17,044 patients who initiated LtOT between
2000 and 2010. Patients were primarily male (98%), of white
(47%) or black (43%) race, with an average age (SD) of 50.2
(9.3) years (Table 2). In general, prior to matching on propen-
sity scores, patients receiving each of the indicators were
slightly older, HIV- and HCV-infected, and with a diagnosis
of diabetes, serious mental illness, or SUD. These patients also
had a higher mean VACS Index, indicating higher all-cause
mortality risk. For the matched samples, select demographic
and clinical characteristics according to each of the LtOT
indicators can be found in Table 3 and in online
Appendices 1A and 1B.

Receipt of Guideline-Concordant Care

In the 180 days following LtOT initiation, 86% of patients
received a primary care visit, 20% a urine drug test, 32%
psychotherapeutic co-interventions, and 30% rehabilitative
therapies. Co-prescriptions for benzodiazepines were received
by 21% of patients, and receipt did not differ according to
SUD history (22% vs. 22% for those with and without SUDs;
p=0.41) or current SUD status (21% vs. 21%; p=0.89).
Among those with a current SUD, 45% were engaged in
SUD treatment.

Guideline-Concordant Care and All-Cause
Mortality

Unmatched Analyses. During 1 year of follow-up, there
were 1048 (6%) deaths, with a median (interquartile
range [IQR]) time to death of 227.5 (154.0–328.5)
days. In unadjusted analyses on an unmatched sample
(Table 3), we found that psychotherapeutic co-
interventions (hazard ratio [HR] 0.57; 95% confidence
interval [CI] 0.49–0.66; P < 0.001) and rehabilitative
therapies (HR 0.60; 95% CI 0.52–0.70; P<0.001) were
associated with a decrease in mortality, whereas benzo-
diazepine co-prescribing was associated with an increase
in mortality (HR 1.63; 95% CI 1.43–1.86; P<0.001).
Among patients with a current SUD, SUD treatment was
also associated with a decrease in mortality (HR 0.38;

Table 2 Patient Characteristics at Baseline

Characteristic Overall sample
(n = 17,044)

Age, mean (SD), years 50.2 (9.3)
Male Sex, n (%) 16,638 (98)
Race, n (%)
White 7976 (47)
Black 7390 (43)
Hispanic 1164 (7)
Other 514 (3)

HIV, n (%) 5236 (31)
Hepatitis C, n (%) 4809 (28)
Diabetes, n (%) 5080 (30)
BMI, mean (SD) 28.4 (6.4)
Smoking status, n (%)
Never 3548 (22)
Current 10,269 (63)
Former 2508 (15)

Chronic pain, n (%) a 10,073 (59)
Acute pain, n (%) b 2306 (14)
Major depression, n (%) 3221 (19)
Bipolar disorder, n (%) 1757 (10)
PTSD, n (%) 2797 (16)
Psychosis, n (%) 1613 (9)
Active substance use disorder, n (%) 3329 (19.5)
VACS Index, median (IQR) 18.0 (11.0-34.0)
Average daily opioid dose, mean (SD), mg
MEQ c

39.7 (139.8)

Average daily opioid dose, median (IQR),
mg MEQ c

15.7 (9.5–30.9)

Long-term opioid therapy duration, mean
(SD), days d

233.3 (105.6)

Long-term opioid therapy duration, median
(IQR), days d

205.0 (134.5–365.0)

CD4 count, median (IQR), cells/μLe 357.0 (182.0–567.0)
HIV-1 RNA, log10 viral load, < 500 copies/
ml, n (%) e

2174 (58)

Abbreviations: BMI, body mass index; IQR, interquartile range; PTSD,
post-traumatic stress disorder; MEQ, morphine equivalent; VACS,
Veterans Aging Cohort Study.
aChronic pain: ICD-9-CM codes for headache, temporomandibular
disorder, neck, back, extremity, arthritis, neuropathy, other.
bAcute pain: ICD-9-CM codes for abdominal, chest, fracture, kidney
stones.
cAverage daily opioid dose calculated by dividing the total morphine
equivalents received in the year since starting long-term opioid therapy
by total days' supply.
dDuring first year of long-term opioid therapy.
eAmong HIV-infected patients.
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95% CI 0.29–0.50; P< 0.001). We did not detect an
association between mortality and receipt of either pri-
mary care visits (HR 1.08; 95% CI 0.91–1.28; P=0.37)
or urine drug testing (HR 1.10; 95% CI 0.95–1.28;
P= 0.20; Table 4).

Propensity-Matched Analyses. As shown in Table 3 and in
online Appendices 1A and 1B, the propensity-matched samples
were well balanced on demographic characteristics as well as
medical, mental health, and SUD comorbidities. These matched
samples support the associations from the unmatched analyses:

psychotherapeutic co-interventions (HR0.62; 95%CI 0.51–0.75;
P<0.001) and rehabilitative therapies (HR 0.81; 95% CI 0.67–
0.98; P=0.03) were associated with a decrease in mortality,
whereas benzodiazepine co-prescribing was associated with an
increase in mortality (HR 1.39; 95% CI 1.12–1.66; P<0.001).
Among patients with a current SUD, engagement in SUD treat-
ment was also associated with a decrease in mortality (HR 0.47;
95% CI 0.32–0.68; P<0.001). For primary care visits (HR 1.12;
95%CI 0.90–1.26; P=0.32) and urine drug tests (HR 0.96; 95%
CI 0.78–1.17; P=0.67), there remained no significant associa-
tions (Table 4 and Fig. 2a–c).

Table 3 Patient Characteristics According to Treatment Receipt in Matched Samples: Primary Care Visits and Urine Drug Tests

Characteristic Primary care visit* Urine drug testing*

No (n= 2341) Yes (n= 2341) P value No (n = 2579) Yes (n= 2579) P value

Age, mean (SD), years 49.6 (10.0) 49.7 (10.0) 0.43 49.4 (7.9) 49.4 (8.1) 0.56
Male sex, n (%) 2250 (96) 2244 (96) 0.66 2523 (98) 2518 (98) 0.64
Race, n (%) 0.76 0.98
White 1146 (49) 1145 (49) 1025 (40) 1013 (39)
Black 971 (41) 986 (42) 1351 (52) 1357 (53)
Hispanic 135 (6) 119 (5) 147 (6) 151 (6)
Other 89 (4) 91 (4) 56 (2) 58 (2)

HIV, n (%) 297 (13) 310 (13) 0.57 893 (35) 896 (35) 0.93
Hepatitis C, n (%) 512 (22) 526 (22) 0.62 1063 (41) 1047 (41) 0.65
Diabetes, n (%) 585 (25) 574 (25) 0.71 677 (26) 673 (26) 0.90
BMI, mean (SD) 28.4 (6.1) 29.0 (6.8) 0.07 27.7 (6.2) 27.5 (6.1) 0.54
Smoking status, n (%) 0.84 0.01
Never 517 (24) 531 (24) 422 (17) 354 (14)
Current 1360 (62) 1356 (62) 1735 (70) 1853 (74)
Former 321 (15) 311 (14) 324 (13) 302 (12)

Chronic pain, n (%) 893 (38) 909 (39) 0.63 1806 (70) 1763 (68) 0.19
Acute pain, n (%) 210 (9) 226 (10) 0.42 451 (17) 487 (19) 0.19
Major depression, n (%) 365 (16) 388 (17) 0.36 614 (24) 641 (25) 0.38
Bipolar disorder, n (%) 236 (10) 229 (10) 0.73 374 (15) 376 (15) 0.94
PTSD, n (%) 369 (16) 387 (17) 0.47 512 (20) 522 (20) 0.73
Psychosis, n (%) 211 (9) 227 (10) 0.42 315 (12) 338 (13) 0.34
Alcohol use disorder, n (%) 626 (27) 669 (29) 0.16 1200 (47) 1173 (45) 0.45
Drug use disorder, n (%) 478 (20) 500 (21) 0.43 1155 (45) 1118 (43) 0.30
VACS Index, median (IQR) 15.0 (6.0–27.0) 16.0 (10.0–28.0) 0.71 22.0 (12.0–35.0) 22.0 (11.0–35.0) 0.78
Average daily opioid dose, mg mEq,
median (IQR)

14.8 (9.0–28.1) 14.4 (8.7–26.7) 0.42 18.6 (10.6–43.1) 18.6 (10.8–40.5) 0.81

Abbreviations: BMI, body mass index; IQR, interquartile range; PTSD, post-traumatic stress disorder; MEQ, morphine equivalent; VACS, Veterans
Aging Cohort Study.
*Percent of overall sample (n = 17,044) matched: primary care visit, 27.4 %; urine drug test, 30.2 %.
Note: Results for the remaining indicators can be found in online APPENDIX 1A (Psychotherapeutic Co-Interventions and Rehabilitative Therapies)
and online APPENDIX 1B (Benzodiazepine Co-Prescriptions and Substance Use Disorder Treatment).

Table 4 Cox Proportional Hazards with Time-Updated Analyses of Time to Death According to Treatment Status in Unmatched and
Propensity-Matched Patients

Unmatched* Matched†

Indicator Hazard ratio
(95 % CI)

P value Hazard ratio
(95 % CI)

P value

Primary care visit 1.08 (0.91–1.28) 0.37 1.12 (0.90–1.40) 0.32
Urine drug testing 1.10 (0.95–1.28) 0.20 0.96 (0.78–1.17) 0.67
Psychotherapeutic co-interventions 0.57 (0.49–0.66) < 0.001 0.62 (0.51–0.75) < 0.001
Rehabilitative therapies 0.60 (0.52–0.70) < 0.001 0.81 (0.67–0.98) 0.03
Benzodiazepine
co-prescribing

1.63 (1.43–1.86) < 0.001 1.39 (1.12–1.66) < 0.001

Substance use disorder treatment 0.38 (0.29–0.50) < 0.001 0.47 (0.32–0.68) < 0.001

*Unmatched samples: N= 17,044 for all treatments except substance use disorder treatment (n= 3329).
†Propensity-matched samples: primary care visit, n = 4682; urine drug testing, n= 5158; psychotherapeutic co-interventions, n = 7592; rehabilitative
therapies, n = 9222; benzodiazepine co-prescriptions, n = 6756; substance use disorder treatment, n = 1656.
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Figure 2 a Propensity-matched Kaplan–Meier plots for time to death (with number of patients at risk) according to treatment status: primary
care visits (part 1) and urine drug tests (part 2). b Propensity-matched Kaplan–Meier plots for time to death (with number of patients at risk)
according to treatment status: psychotherapeutic co-interventions (part 1) and rehabilitative therapies (part 2). c Propensity-matched Kaplan–
Meier plots for time to death (with number of patients at risk) according to treatment status: benzodiazepine co-prescriptions (part 1) and

substance use disorder treatment (part 2).
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DISCUSSION

Among 17,044 patients initiating LtOT between 2000 and 2010,
1048 (6%) died during 1 year of follow-up. In this sample of
patientswith a high comorbidity burden, includingHIVinfection,
and high rates ofmedical, psychiatric, and pain comorbidities, we
found that, after extensively controlling for potential con-
founders, patients receiving psychotherapeutic co-interventions
had an all-cause mortality rate nearly half that of patients not
receiving these services. Moreover, patients receiving rehabilita-
tive therapies during this same period were approximately 20%
less likely to die from any cause than those not engaged in such
treatment. Conversely, patients prescribed benzodiazepines con-
current with LtOT were approximately 1.5 times more likely to
die. For patients with an untreated SUD, the risk of death was
more than twice that of patients engaged in SUD treatment. We
did not detect an association between primary care provider visits
and all-cause mortality risk. Similarly, we did not detect an
association between urine drug testing andmortality. This finding
is in keepingwith previous studies that have failed to demonstrate
an impact of urine drug testing on opioid misuse,50,51 an indica-
tion that clinicians may not be acting on aberrant results. Indeed,
for LtOT guidelines in general, research has shown that clinicians
have been slow to integrate recommendations into patient care
for those receiving LtOT, even for those at risk for opioid misuse
and abuse,10–14 all of which speaks to the need52,53 for strategies
to assist clinicians in caring for patients receiving LtOT. Provider
training, in particular, is needed to support clinicians in
responding to evidence of unsafe opioid use (e.g., aberrant urine
toxicology).54

This observational study—the first to examine the association
between guideline-concordant LtOT and mortality—lends sup-
port to current guidelines that promote a multidisciplinary ap-
proach to pain management, as well as to recommendations that
caution against initiating LtOT in conjunction with sedatives and
untreated SUDs.3,7–9 Specifically, the guidelines encourage cli-
nicians caring for patients receiving LtOT to routinely integrate
interventions that target biological, psychological, and functional
needs.3,7–9 Furthermore, for patients with a history of mental
health or substance use disorders, the guidelines strongly recom-
mend that clinicians consider co-managing these patients with
specialists in mental health or addiction medicine, and according
to the VA guidelines, LtOT is contraindicated in patients with a
current SUD who are not receiving SUD treatment.8,9

Our study has several limitations. First, although we used
propensity score matching to address potential differences be-
tween patients who did and did not receive (or adhere to) recom-
mended care, residual confounding may still affect our findings.
Additionally, we examined a limited number of indicators related
to guideline-concordant care. It may be that indicators beyond the
scope of our data (e.g., controlled substance agreements) are
associated with reduced mortality in LtOT.3,55 Furthermore, be-
cause we restricted our sample to patients prescribed 90 or more
days of opioids, by definition, deaths occurring in the initial days
of opioid exposure, when the risks for LtOT are thought to be

highest,3 were not included in the analyses (these patients had not
yet met the criteria for LtOT). There may be a stronger associa-
tion between receipt of guideline-concordant care and mortality
earlier on in treatment, with the mortality benefit diminishing
thereafter. In addition, although we excluded patients receiving a
palliative/end-of-life care diagnosis on or before initiating LtOT,
it is plausible that some of the differences we found in mortality
reflect differences in the ability or desire of seriously ill patients or
providers to complywith guideline-concordant care. Yet, for each
of the indicators examined, a review of baseline characteristics in
the matched samples shows that patients who did and did not
receive treatment were comparable in terms of severity of illness,
even for measures that were not included in the models to
establish propensity scores. Furthermore, it was beyond the scope
of the current paper to examine other important outcomes that
may result from guideline-concordant LtOT, such as the preven-
tion of opioid use disorder or improvement in functional status,
pain relief, or patient satisfaction. Importantly, the VA and other
state and federal agencies have recently instituted policy and
practice initiatives56 that may have resulted in improvements in
care in the time since our study ended. Finally, with this study, we
were interested in the overall impact of guideline-concordant care
on mortality and not the differential impact on particular patient
subpopulations (e.g., HIV-infected patients). By employing
propensity-score matching, we were able to include a range of
covariates in the logistic regression models, which is in keeping
with our overall research question: understanding the association
between guideline-concordant LtOT and all-cause mortality
among a diverse group of patients, including those with a high
comorbidity and mortality burden. Due to the challenges of
external validity inherent in this and other observational re-
search,57 we encourage other investigators to replicate our anal-
yses in a variety of patient cohorts.
We opted to focus on all-cause mortality rather than overdose

deaths, for several reasons. First, opioids act on a variety of
biologic systems and are associated with myriad adverse effects,
including cardiovascular, endocrine, immunologic, and
gastrointestinal effects—overdose mortality is just one con-
cern.25,33,58–64 Moreover, limitations in the basic clinical epide-
miology of overdose deaths often results in misclassification of
cause of death,65–67 which likely precludes an accurate assess-
ment68,69 of the association between guideline-concordant LtOT
and overdose death. In particular, authorities have noted wide
variation in overdose reporting across jurisdictions: medical
examiners, coroners, and other practitioners do not use uniform
standards and case definitions in conducting surveillance for, or
classifying, deaths from overdose.70 Finally, we believe caution
is indicatedwhen assigning a single cause of death based only on
ICD-9 codes to patients with complex medical conditions (e.g.,
HIV).71

With this study, our aimwas to contribute to the evidence base
for clinical practice guidelines promulgated to improve quality of
care for patients receiving LtOT. Further research, however, is
needed to understand the impact on patient outcomes of targeted
interventions56 that directly address opioid safety and efficacy,
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the optimal timing and frequency of such interventions, and
patient subpopulations most likely to benefit. Experimental re-
search, in particular, is needed to determine whether adherence to
specific guidelines results in a decrease in mortality and other
adverse events. Additional research is also needed to understand
the role of guideline-concordant LtOT on cause-specific mortal-
ity, especially with regard to overdose deaths.
Our findings from this observational study suggest that

adherence to select opioid clinical practice guidelines is asso-
ciated with lower mortality among individuals initiating LtOT
for chronic non-cancer pain. Patients may benefit from inter-
disciplinary care that extends beyond routine follow-up to
encompass multi-modal treatment models—particularly SUD
treatment, psychotherapeutic co-interventions, and rehabilita-
tive therapies—that address chronic pain and its associated
comorbidities across multiple disciplines.
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