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ABSTRACT

OBJECTIVE

To study the association between benzodiazepine
prescribing patterns including dose, type, and dosing
schedule and the risk of death from drug overdose
among US veterans receiving opioid analgesics.

DESIGN
Case-cohort study.

SETTING
Veterans Health Administration (VHA), 2004-09.

PARTICIPANTS

US veterans, primarily male, who received opioid
analgesics in 2004-09. All veterans who died from a
drug overdose (n=2400) while receiving opioid
analgesics and a random sample of veterans
(n=420386) who received VHA medical services and
opioid analgesics.

MAIN OUTCOME MEASURE

Death from drug overdose, defined as any intentional,
unintentional, orindeterminate death from poisoning
caused by any drug, determined by information on
cause of death from the National Death Index.

RESULTS

During the study period 27% (=112 069) of veterans
who received opioid analgesics also received
benzodiazepines. About half of the deaths from drug
overdose (n=1185) occurred when veterans were
concurrently prescribed benzodiazepines and opioids.
Risk of death from drug overdose increased with
history of benzodiazepine prescription: adjusted
hazard ratios were 2.33 (95% confidence interval 2.05
to 2.64) for former prescriptions versus no prescription
and 3.86 (3.49 to 4.26) for current prescriptions versus
no prescription. Risk of death from drug overdose

WHAT IS ALREADY KNOWN ON THIS TOPIC

Benzodiazepines are commonly involved in deaths related to overdose with opioid
analgesics, a major cause of injury mortality in the United States

No study has focused specifically on the relation between prescribing patterns of
concurrent benzodiazepine and opioid analgesics and death from drug overdose in
a large nationwide sample

WHAT THIS STUDY ADDS

increasing risk of death

Receipt of benzodiazepines was associated with an increased risk of death from
drug overdose among veterans receiving opioid analgesics

The relation between receipt of benzodiazepines and death from drug overdose
was dose-dependent: increasing benzodiazepine dose was associated with an

Temazepam was associated with a decreased risk of death from drug overdose
compared with clonazepam
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increased as daily benzodiazepine dose increased.
Compared with clonazepam, temazepam was
associated with a decreased risk of death from drug
overdose (0.63, 0.48 to 0.82). Benzodiazepine dosing
schedule was not associated with risk of death from
drug overdose.

CONCLUSIONS

Among veterans receiving opioid analgesics, receipt of
benzodiazepines was associated with an increased
risk of death from drug overdose in a dose-response
fashion.

Introduction

Deaths from drug overdose, particularly involving opi-
oid analgesics, have increased steadily over the past
two decades and are now one of the leading causes of
mortality from injury in the United States.! Of the
deaths from overdose related to pharmaceuticals,
which constituted 58% of total deaths from drug over-
dose in 2010, 75% involved opioid analgesics.? Thirty
percent of overdose deaths related to opioid analgesics
involved benzodiazepines, drugs commonly prescribed
concurrently for patients who receive opioid analge-
sics.>> Although the toxicity of benzodiazepines used in
isolation is generally considered mild in young and
middle aged adults, the risks from oversedation are
believed to be magnified when they are combined with
other substances with sedating properties, such as opi-
oids.®” Also, receipt of benzodiazepines could be a
marker of the presence of a severe anxiety disorder,
which carries its own risk for death from intentional
and unintentional overdose.8?

Trends in deaths from overdose have been con-
nected to patterns of opioid prescribing, an increas-
ingly common treatment for pain.’° On a population
level, increasing rates of opioid prescribing have been
linked to an increased rate of death from overdose!;
on an individual level, the risk of death from overdose
is higher among those receiving higher doses of opi-
oids.”? 1B One study generated the hypothesis that
receipt of benzodiazepines might be associated with
increased risk of death from overdose in patients
receiving opioid analgesics.”® To our knowledge, no
large nationwide study has focused on death from
drug overdose and receipt of benzodiazepines and
their prescribing patterns, such as the daily benzodi-
azepine dose, the type of benzodiazepine prescribed,
or the dosing schedule of the prescription, among
those receiving opioids for pain.

We investigated the relation between the receipt of
concurrent benzodiazepines and opioid analgesics
and death from drug overdose in patients receiving
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prescription opioids for the treatment of acute or
chronic pain and pain associated with cancer. Quanti-
fication of the magnitude of risk associated with these
patterns might help to identify individuals at particu-
larly high risk for death from drug overdose and could
potentially inform risk reduction approaches in this
population. We hypothesized that receipt of concur-
rent benzodiazepines and opioid analgesics would be
associated with death from drug overdose and that
this association would be dose dependent and vary by
type of benzodiazepine and dosing schedule. We used
a case-cohort study design to examine the relation
between history of benzodiazepine prescription, dose,
type, and schedule and risk of death from drug over-
dose over a six year period among a nationwide sam-
ple of patients who received treatment with opioid
analgesics in the Veterans Health Administration
(VHA).

Methods
Study design and population
In a case-cohort study design, similar to a nested
case-control study, cases and controls are sampled from
the same source population.!* Controls in the case-co-
hort design are randomly sampled and, unlike a nested
case-control study, matching typically does not occur.
Cases and controls in this study were sampled from a
source population that consisted of veterans who
received Veterans Health Administration (VHA) medi-
cal services and opioid analgesic drugs as an outpatient
in the financial years 2004-09. The VHA is the largest
integrated healthcare system in the US, serving nearly
nine million veterans across over 150 hospitals and over
800 community based outpatient centers throughout
the US.

We identified 2400 cases in which people died from
a drug overdose while they were receiving opioid
analgesics. Our control group (n=420386) comprised
5% annual random samples of the source population
during the study period. We attempted to limit the
analysis to veterans receiving prescription opioids for
the treatment of acute, chronic, and non-terminal
cancer pain by excluding 221 veterans prescribed
methadone for maintenance purposes and 5816 veter-
ans with indicators of palliative care consultations or
hospice care. The final sample size for our study was
422786. To avoid potential immortal time bias, the
start of observation for both cases and controls was
the date of the first filled prescription for an opioid
analgesic after the first medical visit of the year within
the study period.” Observation for controls ended
either when the veteran died of any cause or at the
end of the 2009 financial year, whichever occurred
first.

Data sources

We used data abstracted from the electronic medical
records of VHA patients. These included demographic
and clinical encounter data from the VHA’s National
Patient Care Database. Outpatient prescription data
were collected from the VHA’s Pharmacy Benefits
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Management (PBM) Services and consisted of records
of filled prescriptions (which included the fill date,
days’ supply, and schedule). Information on cause of
death was obtained from the National Death Index
(NDI).!¢ We used two methods to match the NDI for our
sample: a full match on the 9 digit social security num-
ber and sex and match on at least two of the three
parts (day, month, year) of date of birth; or match on at
least 7 digits of the social security number plus full
match on date of birth, sex, first name, and last name
and middle initial when present. More than 99% of
deaths among VHA patients had a full match on social
security number.

Deaths from drug overdose

The NDI reports cause of death using codes from ICD-
10 (international classification of diseases, 10th revi-
sion). Cause of death from drug overdose can be
classified as unintentional (X40-45), intentional (X60-
65), or indeterminate (Y10-15), and specific drugs
involved can be listed with a T-code.” Of the 43982
deaths from drug overdose in the US in 2013, 81.1%
were classified as unintentional, 12.4% intentional,
and 6.4% indeterminate.!® Because intent is often dif-
ficult to determine, particularly in deaths from poison-
ing,”” and a considerable proportion of death
certificates do not specify the drug(s) involved,? we
defined our drug overdose outcome as any intentional,
unintentional, or indeterminate overdose death
caused by any medication or drug (X40-45, X60-65,
Y10-15, without T-code specified).

Drug prescribing patterns

We examined prescriptions for oral benzodiazepine
and opioid analgesics filled on an outpatient basis. As
individuals with indications for benzodiazepines
might be at a higher risk of death from overdose,® we
distinguished periods during which individuals were
currently receiving benzodiazepines from periods
when they had formerly received them to help deal
with unmeasured confounding.?® Every person day
was classified according to each veteran’s history of
benzodiazepine prescription, categorized as current,
former, or none. “Current” receipt time accumulated
starting with a filled benzodiazepine prescription and
continued through the end of the prescription, as
determined by the days’ supply. If another prescrip-
tion was received and filled, current receipt time con-
tinued to accumulate. “Former” receipt time
accumulated starting at the end of a current filled ben-
zodiazepine prescription and continued through to
the end of the study period, unless another benzodiaz-
epine prescription was filled, at which time it again
contributed to current receipt time. Periods before a
veteran’s first filled prescription for a benzodiazepine
or periods for those who never received a benzodiaze-
pine were labeled “none.” With regards to each veter-
an’s history of opioid prescription, every person day
was classified as “current” or “none.” Only days clas-
sified as current opioid receipt were included in this
study.
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Benzodiazepine types included were alprazolam,
chlordiazepoxide, clonazepam, diazepam, lorazepam,
temazepam, estazolam, flurazepam, oxazepam, quaze-
pam, and triazolam. The most commonly prescribed
benzodiazepines were those on the VHA drug formu-
lary, which consisted of alprazolam, chlordiazepoxide,
clonazepam, diazepam, lorazepam, and temazepam.
The other benzodiazepines included in the study were
prescribed during the study period but at lower rates.
Benzodiazepine dose was calculated as diazepam
equivalents, according to previously published conver-
sion tables.”! Benzodiazepine schedule was classified
as regularly scheduled, as needed, or simultaneous reg-
ularly scheduled and as needed. Opioid analgesics
included in this study were codeine, morphine, oxyco-
done, hydrocodone, oxymorphone, hydromorphone,
fentanyl, propoxyphene, and methadone. We limited
methadone prescriptions in this study to those pre-
scribed to treat pain by excluding prescriptions in
which dosing instructions indicated the methadone
was prescribed for maintenance, oral or effervescent
methadone formulations unless the dosing schedule
indicated more than once a day dosing, or the dosing
schedule was once a day unless the instructions indi-
cated the methadone was prescribed for pain.
Buprenorphine is not currently indicated for pain treat-
ment in the VHA and was not included in this analysis.
Opioid analgesic dose was calculated as morphine
equivalents.?

Both benzodiazepine and opioid analgesic dose
were measured with an “as prescribed” approach,
which assumes that patients took their benzodiaze-
pines and opioid analgesics according to the prescrib-
ers’ instructions.? Patients were assumed to be taking
the maximum amount described in the prescription,
including for “as needed” prescriptions. We calcu-
lated dose by adding all diazepam or morphine milli-
gram (mg) equivalents in each prescription and
dividing by the number of days’ supply. This dose rep-
resented the maximum daily dose prescribed and not
necessarily the amount actually consumed. If there
was an overlap between two prescriptions of the same
drug at the same dose and schedule, we assumed that
the first prescription was finished before the second
prescription was started rather than assuming a
higher amount of drug was taken during the overlap.
If the overlapping drugs were of a different type, dose,
or schedule, than we assumed the second prescrip-
tion to have started on the date it was filled. Both ben-
zodiazepine and opioid analgesic dose were treated
as time varying.

Covariates

We obtained demographic and diagnostic data from
patient records. Demographic data included age, sex,
and race. Race was classified as white, black, other, or
missing/not recorded. Additionally, each veteran’s zip
code of residence was linked to US Census data to
obtain the percentage of people living below the fed-
eral poverty line in that zip code as a proxy measure for
socioeconomic status.? Zip code data were missing in
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4.3% of the sample and were imputed with single
imputation. The socioeconomic status variable was
categorized into fifths. All diagnoses were made during
the year before each veteran’s start of observation.
Diagnoses were categorized into substance use disor-
ders, post-traumatic stress disorder, other anxiety dis-
orders, depressive disorders, and bipolar or psychotic
disorders. Additionally, we measured medical comor-
bidity using the Charlson comorbidity score.? To
assess acuity of mental health and substance use disor-
der, we also measured the number of related hospital
admissions determined by VHA bed section codes in
the year before the start of observation. Use of other
drugs was assessed by examining the receipt of three
categories of drugs in the year before the start of obser-
vation: antidepressants, antiepileptic and anti-parkin-
sonism drugs, and antipsychotic and neuroleptic
drugs. These categories were the three most commonly
identified classes of pharmaceuticals, after benzodiaz-
epines, that were involved in deaths related to opioid
overdose in the US in 2010.2

Statistical analysis

We used 2 tests to compare baseline patient character-
istics between those who received benzodiazepines
during the study period and those who did not receive
benzodiazepines.

We calculated death rates from overdose according to
veterans’ history of benzodiazepine prescription, dose,
type, and schedule. The denominator for all rates (per-
son years) was adjusted to account for the case-cohort
design by multiplying the observation time accumu-
lated for the cohort by the inverse of the sampling frac-
tion. Consequently, all rates are estimates for the entire
source population.

We used Cox proportional hazards models to calcu-
late hazard ratios for current and former receipt of ben-
zodiazepines compared with no receipt. All hazard
ratios were adjusted for all covariates, including time
varying opioid analgesic dose. We used a risk set
approach and a robust variance estimator for all multi-
variable modeling.?”

Our primary analysis (model 1) studied the associa-
tion between history of benzodiazepine prescription
and death from overdose. In our primary analysis, we
tested for an interaction between prescription history
and opioid dose. Secondly, we studied the association
between benzodiazepine dose, type, and schedule and
death from overdose only during times when veterans
were currently receiving benzodiazepines and opioid
analgesics concurrently (model 2). To determine that
any association between opioid dose and death from
overdose was not because of confounding by history of
benzodiazepine prescription, we examined the associa-
tion between opioid dose and overdose stratified by
prescription history.

We conducted several sensitivity analyses. We exam-
ined the association between history of benzodiaze-
pine prescription and death from overdose not known
to be intentional by defining a modified overdose death
outcome that excluded deaths from overdose coded as
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intentional. We also examined the association between
history of benzodiazepine prescription and from over-
dose with opioid/benzodiazepine by defining a modi-
fied overdose death outcome that included only deaths
attributed to opioids and/or benzodiazepines (ICD-10
codes X41, X42, X44, X61, X62, X64, Y11, Y12, Y14 in
combination with T40.2, T40.3, T40.4, T40.6 or T42.4).
We examined the association between history of
benzodiazepine prescription and death from overdose
in a cohort that excluded patients with a diagnosis of
cancer in the year before observation (except for
non-melanoma skin cancer). As patients might not
take all of their drugs during the days’ supply described
in the prescription, we expanded the periods during
which patients were currently receiving benzodiaze-
pines by 10% of the days’ supply (for example, a 30 day
supply would be expanded to 33 days).

Analyses were conducted with SAS version 9.3 (SAS
Institute, Cary, NC).

Table 1| Characteristics of sample of Veterans Health Administration patients who received
opioid analgesics in financial years 2004-09 by receipt of benzodiazepine. Figures are
numbers (percentage) of patients

Characteristic

Receipt of benzodiazepine*
No (n=310 717) Yes (n=112 069)

Male 291070 (94) 102 252 (91)
Age (years):
18-29 9256 (3) 2639 (2)
30-39 15 053 (5) 5791 (5)
40-49 35 961 (12) 15841 (14)
50-59 83772 (27) 38 471 (34)
60-69 77147 (25) 25366 (23)
>70 89528 (29) 23961 (21)
Race:
Black 57 286 (18) 12600 (11)
White 217 663 (70) 89 764 (80)
Other/missing 35768 (12) 9705 (9)
Hispanic 14 285 (5) 5470 (5)
Area level poverty (fifths):
1 (wealthiest) 61992 (20) 22565 (20)
2 61741 (20) 22 853 (20)
3 61377 (20) 23140 (21)
4 61 465 (20) 23113 (21)
5 (poorest) 64142 (21) 20398 (18)
Substance use disorder (SUD)T 29 544 (10) 14712 (13)
Recent admission to hospital related to 4607 (1) 4798 (4)
mental health or SUDt
Post-traumatic stress disordert 27 995 (9) 24759 (22)
Other anxiety disordert 15266 (5) 22369 (20)
Depressiont 58627 (19) 42 827 (38)
Bipolar/psychotic disordert 13 587 (4) 11795 (11)
Cancert 73929 (24) 25821 (23)
Charlson comorbidity indext:
0 129358 (42) 44003 (39)
1 73260 (24) 27 448 (24)
=2 108 099 (35) 40 618 (36)
Receipt of other drugst:
Antidepressants 96 557 (31) 65 547 (58)
Antiepileptic and anti-parkinsonism drugs 72 630 (23) 43063 (38)
Antipsychotic and neuroleptic drugs 32734 (11) 27 817 (25)

*P<0.001 for all comparisons between groups.
tAll conditions and events measured in year up to and including day of first filled prescription for opioid during
observation period and are not mutually exclusive.

Patient involvement

There was no direct patient involvement in this study.
The VHA datasets used for analysis did not include
names and social security numbers of patients.

Results

Sample

Of the 422786 veterans in the study population, 112069
(27%) had filled at least one prescription for benzodiaz-
epine during the study period (table 1). Those who
received benzodiazepines were more likely to be women
(33% of women v 26% of men received benzodiaze-
pines), middle aged, white, and live in wealthier areas.
Additionally, they were more likely to have had a recent
hospital admission for mental health or substance use
disorder, to have a diagnosis of a substance use disor-
der or several psychiatric disorders, including post-trau-
matic stress disorder, other anxiety disorders,
depression, and bipolar or psychotic disorders, and to
use other drugs.

Unadjusted rates of death from drug overdose

Of the 2400 veterans in the study population who died
from a drug overdose while receiving opioid analgesics,
1185 (49%) died during a period in which they had been
prescribed concurrent benzodiazepines (table 2). Unad-
justed rates of death from drug overdose were higher
during periods when veterans currently received benzo-
diazepines than in those when veterans formerly
received them or had not received them at all. Unad-
justed rates of death from overdose increased at consec-
utively higher categories of daily benzodiazepine dose.
Periods during which veterans received lorazepam and
temazepam had lower rates of death from overdose
than periods involving the other benzodiazepine types.
Overdose death rates were higher in periods in which
benzodiazepines were prescribed as regularly sched-
uled and as needed drugs compared with the other
schedules. When the rates of death from overdose were
stratified by categories of daily opioid dose (figure), the
difference in rates between periods of current and for-
mer benzodiazepine receipt was not significant at the
lowest opioid dose category but was significant at
higher opioid dose categories.
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Daily opioid dose (mg/day)

Unadjusted death rates for drug overdose by benzodiazepine
prescription history and daily opioid dose. Error bars
represent 95% confidence intervals. Unadjusted overdose
death rates are estimates for entire source population
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Adjusted analyses

Compared with periods in which veterans had not
received benzodiazepines, periods of current benzodi-
azepine receipt (hazard ratio 3.86, 95% confidence
interval 3.49 to 4.26) and former benzodiazepine receipt
(2.33, 2.05 to 2.64) were associated with an increased
risk of death from overdose (table 3). The interaction
between benzodiazepine history and opioid dose was
not significant (P=0.60), indicating that the relations
between benzodiazepine prescription and opioid dose
and death from overdose were neither greater nor less
than additive. Categories of higher benzodiazepine
doses were associated with greater risk of overdose
death. Temazapam (0.63, 0.48 to 0.82) was associated
with lower risk of death from overdose compared with
the most commonly prescribed benzodiazepine, clonaz-
epam. All other benzodiazepines had similar risk com-
pared with clonazepam. After adjustment, we did not
find an association between benzodiazepine dosing
schedule and death from overdose. After stratification
by history of benzodiazepine prescription, compared
with the lowest opioid dose category, higher opioid
dose categories were associated with increasingly
greater risk of death from overdose during periods of no
benzodiazepine receipt, former benzodiazepine receipt,
and current benzodiazepine receipt (table 4).

Sensitivity analyses

We conducted several sensitivity analyses to test the
robustness of the results of our primary analysis. We
found that the exclusion of deaths from intentional
overdose, deaths from overdose not related to opioids or
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benzodiazepines, people with cancer, and an expansion
of the periods during which patients were currently pre-
scribed benzodiazepines resulted in only minor differ-
ences in the degree of association between history of
benzodiazepine prescription and death from overdose,
and no substantive differences in the inferences drawn
from analyses.

Discussion

Although we were unable to determine whether benzo-
diazepine prescribing patterns are the direct cause of
death from drug overdose because of the observational
design of this study, we found that receipt of concurrent
benzodiazepines was associated with an increased risk
of death from overdose in this large national sample of
veterans who received opioid analgesics. Notably, about
half of the deaths from overdose occurred while veter-
ans were receiving concurrent benzodiazepines and opi-
oids. Benzodiazepine dose was also found to be
associated with an increased risk of death from overdose
in a dose-response fashion. Compared with clonaze-
pam, temazepam was associated with a decreased risk
of death from overdose. Current receipt of benzodiaze-
pines was associated with a greater magnitude of risk
than former receipt. These associations remained signif-
icant in analyses adjusted for potential confounders.

Table 3 | Adjusted hazard ratios for deaths from drug
overdose by history of benzodiazepine prescription,
daily benzodiazepine dose, benzodiazepine type, and
benzodiazepine schedule

Hazard ratio (95% Cl)
Model 1*

Table 2 | Unadjusted rate of death from drug overdose by benzodiazepine prescription

history, daily benzodiazepine dose, benzodiazepine type, and benzodiazepine schedule

Benzodiazepine prescription history:

None 1.00 (reference)
Overdose death rate Former 2.33 (2.051t0 2.64)
No of deaths Person per 100 000 person Current 3.86 (3.49 to 4.26)
0y *
A ' - A from overdose years years (95% Cl) Model 21
Benzodiazepine prescription history: Daily benzodiazepine dose (mg/day):
None 794 1116 346 71 (66 to 76) >0-10 1.00 (reference)
Former 421 225171 187 (170 to 205) 1020 169 (1.42 0 2.01)
Current 1185 375332 316 (298 to 334) ~2030 234 (1.91 10 2.86)
Daily benzodiazepine dose (mg/day): >30-40 2.65(2.10t03.33)
0 421 376 645 112 (101 t0 123) ) 3.06 (2.38 10 3.92)
>0-10 241 158 676 152 (133 t0 172) Benzodiazepine type:
>10-20 366 121 411 301 (271 t0 333) it 1.00 (reference)
>20-30 237 45718 518 (454 to 586) Alprazolam 0.93 (0.75 to 1.14)
>30-40 169 28170 600 (513 to 694) Diazepam 0.93(0.77t0 1.13)
>40 7z 21357 805 (689 t0 930) Lorazepam 0.79 (0.62 t0 1.00)
Esiizouiareplielhie: Temazepam 0.63 (0.48 10 0.82)
Clonazepam 288 76 017 379 (336 to 424) Other 109 (0.67101.77)
Diazepam 276 72 444 381 (337 to 427) Multiple 1,05 (0.83 t0 1.33)
Alprazolam 182 63 155 288 (248 t0 332) Benzodiazepine schedule:
Lorazepam 110 64 587 170 (140 to 204) Regularly scheduled 1.00 (reference)
Temazepam 88 57 301 154 (123 t0 187) As needed only 0.98 (0.86t0 113)
Other 20 6 464 309 (189 to 459) Both 107 (0.80 t0 1.43)
Multiple - 221 35365 625 (545 t0710) *Adjusted for sex, age, race, ethnicity, area level poverty, time varying
Benzodiazepine schedule: daily opioid dose, recent admission to hospital related to SUD, Charlson
Regularly scheduled only 449 169 515 265 (241 t0 290) comorbidity index, diagnosis of substance use disorder, post-traumatic
As needed only 638 190933 334 (309 to 361) sFress disorder, other anxiety disorder, depression, bipolar/psychotic
disorder, and cancer, and use of other drugs.
Both 98 14884 658 (535 to 795)

tAdjusted as for model 1 but included only periods when veterans were
currently receiving benzodiazepines.

*Unadjusted overdose rates are estimates for entire source population.
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Table 4 | Adjusted hazard ratios for deaths from drug
overdose by daily opioid dose, stratified by history of
benzodiazepine prescription*

Hazard ratio (95% Cl)
No receipt of benzodiazepine
Daily opioid dose (mg/day):

>0-<20 1.00 (reference)
20-<50 1.57 (1.28 t0 1.91)
50-<100 2.81(2.26 t0 3.50)
>100 3.30 (2.62t0 4.16)

Former receipt of benzodiazepine

Daily opioid dose (mg/day):

>0-<20 1.00 (reference)

20-<50 117 (0.86 to 1.60)
50-<100 2.33(1.69 t0 3.21)
=100 3.00 (219 to 4.11)

Current receipt of benzodiazepine

Daily opioid dose (mg/day):

>0-<20 1.00 (reference)

20-<50 1.54 (1.24 t0 1.90)
50-<100 2.95 (2.37 to 3.66)
2100 3.92 (3.17 to 4.85)

*Separate models created for each daily opioid dose category adjusted
for sex, age, race, ethnicity, area level poverty, time varying daily opioid
dose, recent admission to hospital related to substance use disorder,
Charlson comorbidity index, diagnosis of substance use disorder,
post-traumatic stress disorder, other anxiety disorder, depression,
bipolar/psychotic disorder, and cancer, and use of other drugs.

Strengths and weaknesses of study

The strengths of this study include the large size of
the study cohort and the ability to study a national
sample of patients from the largest health system in
the US. Additionally, we were able to adjust for a
range of potential confounders, including demo-
graphic, socioeconomic, and medical and mental
health diagnostic data. Although we studied a large
national cohort, all study participants were US Veter-
ans and most were men; both of which are character-
istics associated with accidental poisoning
mortality.?® This could limit the generalizability of the
study. Because we examined only treatment received
within the VHA in this study, we might not have cap-
tured encounters that could affect risk of death from
overdose, such as drugs received from non-VHA pre-
scribers. Additionally, as our daily dose calculations
for benzodiazepines and opioid analgesics assume
that veterans take drugs exactly as prescribed, we
might not have accurately measured the amount of
drugs taken on any given day. Veterans might have
retained drugs beyond the period for which they were
prescribed or received additional drugs from non-VHA
prescribers and subsequently took larger doses than
indicated by the prescribers’ instructions. If this
behavior is associated with receipt of benzodiaze-
pines and with death from overdose, then our effect
estimates might have been inflated. Because VHA
pharmacy data are not linked to indications or diag-
noses, we were unable to ascertain the indications for
which the benzodiazepines were prescribed. Thus, we
are unable to know if the association between benzo-
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diazepine prescription and death from overdose dif-
fers by indication or draw inferences to patients with
specific indications.

Findings in context

The findings of this study were largely consistent with
studies that have suggested that there are risks associ-
ated with concurrent benzodiazepine and opioid use.
Dunn and colleagues found an association between
receipt of sedative-hypnotic drugs and increased risk of
combined fatal and non-fatal overdoses.? Other studies
have looked at smaller subgroups of patients taking
opioid analgesics. In a study limited to patients with
severe respiratory disease, receipt of concurrent benzo-
diazepines and opioid analgesics was associated with
increased risk of total mortality.? In a study of veterans
with post-traumatic stress disorder, receipt of concur-
rent benzodiazepines and opioid analgesics, combined
with antidepressants, was found to be associated with
increased risk of adverse events.?° Our study extends
this literature in several ways. We studied a much larger
nationwide sample focusing exclusively on benzodiaz-
epine prescribing patterns and their association with
fatal overdoses. We found a dose-dependent relation
between benzodiazepine dose and death from overdose
and were also able to more rigorously deal with issues
of confounding in our analysis because of the larger
sample size.

Because benzodiazepines were more likely to be
prescribed to those with substance misuse and other
psychiatric disorders, conditions that carry their own
risk for death from overdose,® the association between
receipt of benzodiazepines and death from overdose
might be partially explained by these underlying con-
ditions or the severity of those conditions.?? We
attempted to examine this possibility in two ways. We
adjusted for baseline characteristics of patients,
including demographic information, medical and
mental health diagnoses, and the daily opioid dose, in
amultivariable model. Additionally, by distinguishing
between periods of current and former receipt of ben-
zodiazepines, we dealt with some unmeasured con-
founding. Nonetheless, because those with current
receipt of benzodiazepines might have had more
severe conditions for which benzodiazepines were
prescribed than those with former receipt, some resid-
ual confounding could exist. Patients with more
severe addiction or more severe psychiatric morbidity
could be more likely to take any drugs in greater quan-
tities than prescribed, as well as illicit drugs, leading
to an increased risk of death from overdose. Addition-
ally, it is unclear through our analysis the degree to
which benzodiazepines contributed to the actual
cause of death from overdose. Half of such deaths
occurred during periods when benzodiazepines were
not prescribed, and, although the risk of death from
overdose increased in a benzodiazepine dose-re-
sponse fashion, this could reflect an effect of greater
psychiatric severity, or other differences between
patients who did and did not receive benzodiazepines,
rather than the benzodiazepine itself. Thus it is
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important to note that within the present study,
benzodiazepines might be better conceptualized as a
marker of risk with unknown direct causal links to
death from overdose.

The risk of death from overdose was increased during
periods of former benzodiazepine receipt. In addition to
having a greater risk of death from overdose because of
having the underlying conditions for which benzodiaz-
epines are prescribed, the increased risk in those for-
merly prescribed benzodiazepines could be explained
by continued use of benzodiazepines obtained illicitly
or through non-VHA providers. Although we found that
expanding the period in which veterans were currently
being prescribed benzodiazepines had a negligible
impact on risk of death from overdose, those formerly
prescribed benzodiazepines might still have had left-
over benzodiazepines that they continued to use well
past the end date of their prescription.

Benzodiazepines are often prescribed for patients
who also receive high doses of opioid analgesics.* ®
Studies across several clinical samples and with varying
methods (including the present sample) have now repli-
cated a finding of an association between opioid dose
and risk of death from overdose.? B 32 Qur findings fur-
ther show that this association is not caused by con-
founding by history of benzodiazepine prescription or
by several control covariates we included here that were
not included in the previous study in this sample.’? The
association between opioid dose and death from over-
dose did not seem to differ by history of benzodiazepine
prescription.

Although receipt of benzodiazepines and the benzo-
diazepine dose were associated with increased risk of
death from overdose, the formulation and dosing
schedule were found to be largely unrelated after
adjustment for potential confounders. Temazepam??
and alprazolam?* have been associated with increased
toxicity compared with other benzodiazepines in stud-
ies of deliberate self poisoning with benzodiazepines.
In contrast, we found that, when compared with
clonazepam, temazepam was associated with a
decreased risk of death from overdose. Possible expla-
nations are the pharmacokinetics of the drugs and
selection factors related to the use of temazepam, but
differentiation between these two was beyond the
scope of the present study. More research is needed to
understand why temazepam was associated with a
lower risk of death from overdose. Although there is
limited evidence that an as needed benzodiazepine
dosing schedule could pose risks for patients, particu-
larly in elderly people and those with substance use
disorders,?*3¢ we found no association between as
needed dosing and risk of death from overdose com-
pared with regularly scheduled dosing after adjust-
ment for potential confounders.

Although the design of this study does not allow for
the determination of the extent to which benzodiaze-
pines cause deaths from overdose, it does indicate a
need for clinicians to be aware of the increased risk
among patients currently receiving benzodiazepines
and opioids and that the risk might be higher among
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those receiving higher doses of either or both drugs.
This risk might be due to risks inherent to those pre-
scribed benzodiazepines, such as the presence of an
anxiety condition and/or to the benzodiazepine itself.
Thus, clinicians should be cautious when prescribing
benzodiazepines to this group. Although it is
unknown whether patients with comorbid pain and
anxiety who use opioids and benzodiazepines would
benefit from the same interventions to reduce risk of
death from overdose as patients using opioids alone,
clinicians might consider including this group in
overdose prevention efforts, such as naloxone train-
ing for caregivers.”
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