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Abstract

Objective: Co-prescription of opioids and benzodiazepines (BDZ) is associated with adverse
outcomes, including greater healthcare utilization and overdose risk. This study aims to examine
opioid and BDZ co-prescription, dosing, and mortality among patients with and without opioid use
disorder (OUD) in a large healthcare system.

Methods: Using data from the California state Prescription Drug Monitoring Program during
2010-2014 linked with a large healthcare system electronic health record database and mortality
records from the Centers for Disease Control National Death Index, this study examined 5,202
patients (1,978 with OUD, 3,224 controls). Multiple logistic regression analyses were conducted
to examine relationships between most recent BDZ and opioid prescription, and their interaction
with respect to mortality.

Results: 10.5% of the sample died on or before December 31, 2014. 17.7% were prescribed BDZ
during the final month of observation. Individuals with OUD were prescribed higher average BDZ
and opioid doses than those without OUD. After adjusting for covariates, increased prescribed
doses of BDZ (odds ratio [OR]=1.34, 95%CI: 1.15-1.55 per 10 mg/day increment) and opioids
(OR=1.04, 95%CI: 1.02-1.05 per 10 mg/day increment) were positively associated with mortality.
Non-OUD patients who received both BDZ and opioid prescriptions had a higher mortality than
those who received only BDZ or opioids (The ratio of odds ratio (ROR) =3.83, 95%Cl: 1.78-
8.21).

Conclusions: Study findings highlight significant mortality associated with the co-prescription
of opioids and BDZ in a general healthcare setting. Further research is needed to elucidate factors
associated with mortality among non-OUD patients who are co-prescribed opioids and BDZ.
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Introduction

A significant proportion of opioid overdose deaths occur in the presence of benzodiazepines
(BDZ), sedative medications commonly prescribed for anxiety and insomnial=3.
Benzodiazepines increase the risk of fatal overdose from respiratory suppression when taken
together with other central nervous system depressants such as opioids or alcohol2. Though
recent clinical guidelines caution against co-prescription of BDZ and opioids?*, BDZ are
commonly co-prescribed with opioids?°, and rates of co-prescription in outpatient settings
have risen in recent decades’. The number of BDZ prescriptions filled in the United States
rose by two-thirds between 1996 and 2013, and in 2015 nearly a quarter of individuals

who died from opioid overdose also tested positive for BDZ8. Among individuals prescribed
opioids in the U.S., the proportion with co-prescribed BDZ rose from approximately 2001
to 2014°°, Studies during a similar period suggest increased BDZ quantity and dosage
among those filling prescriptions®. Among individuals with non-cancer diagnoses prescribed
opioids, BDZ co-prescription is associated with a higher prescribed opioid dose and longer
duration of prescriptionl9. Co-prescription is associated with emergency department visits
and inpatient admissions®11, and elevated rates of medical, mental and substance use
comorbidities!?.

Prior work has suggested associations between BDZ use and all-cause mortality, even for
short durations of use!314, as well as associations with specific causes of death including
cardiovascular disease and cancer!®:16, though findings have been mixed and inconclusivel’.
Studies investigating specific harms of BDZ and opioid co-prescription utilizing electronic
health record (EHR) data linked with prescription drug monitoring databases (PDMP), and
those focusing on at-risk populations, including those with OUD, are relatively lacking.
Extant studies that have utilized EHRs of single healthcare systems or Medicaid claims8:19
do not capture a broader, comprehensive range of populations filling prescriptions from
multiple providers and pharmacies, including simultaneous prescriptions.

We previously demonstrated that escalating prescribed opioid dose was associated with
all-cause mortality in a large health system?°. Linking individuals’ medical, death, and
PDMP records, the present study expands our previous efforts to investigate BDZ and opioid
co-prescribing and dosage among patients with OUD and matched patients without OUD in
relation to their mortality. We hypothesized that patients with OUD would be more likely

to be prescribed BDZ than non-OUD patients; average daily dose of prescribed BDZ would
be higher in OUD patients than non-OUD patients; higher BDZ dose would be associated
with greater mortality in both OUD and non-OUD patients; and that co-prescription of BDZ
and opioids would be associated with greater mortality than either alone in both OUD and
non-OUD patients.
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Study participants

Measures

The sample is derived from 7,728 patients treated in an academic health center in Los
Angeles, consisting of 2,576 patients with OUD diagnosis (International Classification of
Diseases [ICD]-9th Edition-CM codes 304.0x, 304.7x, or 305.5x) in the EHR aged 18 to

64 years at their first OUD diagnosis and 5,152 control patients, matched by sex, date of
birth (within three years), first encounter (within one year), and the Elixhauser Comorbidity
Index20. Data from 2006 to 2014 were collected from an electronic health record (EHR)
system utilizing Epic software. Among the 7,728 individuals, 5,202 individuals (1,978 cases
and 3,224 controls) during 2010-2014 were matched in PDMP and were included in the
study. This study was approved by the Institutional Review Boards at UCLA and the State of
California.

The primary outcome was all-cause mortality status at the end of follow-up, which was
December 31, 2014, for the alive patients or date of death for the deceased patients.
Mortality records, available through December 31, 2014, were obtained from the Centers
for Disease Control and Prevention (CDC) National Death Index (NDI).

The California state Prescription Drug Monitoring Program (PDMP), also known as CURES
is a database of prescription records of Schedule II, 111, and 1V controlled substance
prescriptions dispensed in California. The description of PDMP data and conversion

of opioid medications to morphine milligram equivalent (MME) have been described
previously20. All opioid prescriptions except buprenorphine were included in the analysis

of opioid use (as its primary use is for treating OUD). We defined most recent opioid use

as at least one opioid prescription in the last 30 days of observation (30 days prior to death
or 12/31/2014). The daily opioid dose was calculated by averaging MME of all opioid
prescriptions in the last month of observation over 30 days.

BDZ medications were converted to diazepam milligram equivalents (DME) for comparison
purposes?1.22, We defined most recent BDZ use as at least one BDZ prescription in the last
30 days of observation. The daily BDZ dose was calculated by averaging DME of all BDZ
prescriptions in the last month of observation over 30 days.

Covariates were obtained from the medical records. Sociodemographic variables included
age, sex, race, and insurance status. Clinical variables were defined from the ICD-9 codes.
Included comorbidities were physical conditions (diabetes, sexually transmitted disease
(STD), cancer, heart disease, respiratory disease, liver disease, sleep disorder, chronic

pain, human immunodeficiency virus (HIV), and Hepatitis C (HCV); psychiatric conditions
(depression, anxiety, bipolar disorder, psychotic disorder, and other); and substance use
disorders (alcohol, amphetamine, cannabis, cocaine, hallucinogen, and tobacco).
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Data Analysis

Results

We conducted t-tests for continuous variables and chi-square tests for categorical variables
to examine differences in demographics, comorbidities, prescription patterns, and mortality
status between OUD and non-OUD patients. For multivariate analyses, a logistic regression
model was used to examine the association between the prescription of BDZ together with
opioids and mortality. In addition to the primary independent variable (OUD diagnosis in the
EHR, and BDZ and opioid prescriptions in the last month of observation), other significant
covariates (e.g. age, sex, race, insurance status, alcohol use disorders, heart disease) from
univariate analyses were included to build additional models. Covariates considered as
potential confounders were identified based on a combination of clinical significance and
significant p value. Akaike Information Criterion (AIC) and deviance were calculated. Also,
after stratifying by OUD diagnosis, an interaction term of BDZ and opioid use in the last
month of observation was included in the models with same covariates as the third model to
examine the moderating effect of co-prescription on mortality. All statistical tests were based
on a significance level of a <.05. Analyses were conducted using SAS 9.4 (SAS Institute,
Cary, NC).

Patient demographics and comorbidities

Association

We compared sample characteristics of demographics and comorbidities by OUD diagnosis
(Table 1). Compared to the non-OUD patients, OUD patients had a higher proportion of
white and self-pay individuals. In terms of substance use disorders, alcohol, amphetamine,
cannabis, cocaine, hallucinogen, and tobacco use disorders were more prevalent (all
p<0.001) among the OUD compared to non-OUD patients. Also, the OUD patients had
more physical conditions (chronic pain (66.5% vs. 56.4%), HIV (2.3% vs. 1.4%, p<0.05),
HCV (22.2% vs 10.7%); all p<0.001 unless noted otherwise) and psychiatric comorbidities
(e.g. anxiety (35.9% vs. 31.4%), bipolar disorder (13.4% vs. 7.4%), psychotic disorder
(10.9% vs. 8.2%, p<0.01); all p<0.001 unless noted otherwise)) relative to non-OUD
patients.

between opioid and BDZ prescription, OUD diagnosis, and mortality

In total, 10.5% of the sample (n=547) died at the end of follow-up (Table 2). The proportion
of death was higher among OUD relative to non-OUD patients (13.7 % vs. 8.6%, p<0.001).
BDZ and opioid prescriptions were calculated for the last month of follow-up. 17.7% of the
sample (n=920) were prescribed BDZ during the last month of follow-up. More individuals
with OUD were prescribed BDZ in the final month of follow-up than those without OUD
(25.2% vs. 13.1%, p<0.001), and at higher average BDZ doses (DME, Mean: 1.9mg (SD
7.8) vs. 0.6mg (SD 3.1), p<0.001). OUD patients were prescribed higher average opioid
doses (MME, Mean: 19.2mg (SD 105.9) vs. 4.0mg (SD 29.9), p<0.001). The proportion

of co-prescription of BDZ and opioids in the final month of follow-up was higher among
OUD compared with non-OUD patients (18.3% vs. 7.4%). Among those who received BDZ
prescription in the last month of follow-up, the average opioid dose was higher among OUD
relative to non-OUD patients (MME, Mean: 49.1mg (SD 165.7) vs. 19.2mg (SD 68.2),
p<0.001,) in Supplementary Table 1.
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Association between co-prescription of BDZ and opioids and mortality

Association between mortality and most recent medication use was examined using logistic
regression models (Table 3). After adjusting for covariates including social-demographic
factors, substance use disorders, and comorbidity in Model 3, increased average daily dose
of BDZ (odds ratio [OR]=1.34, 95%ClI: 1.15-1.55 per 10 mg/day increment) and opioid
prescriptions (OR=1.04, 95%CI: 1.02-1.05 per 10 mg/day increment) was associated with
elevated mortality. Results of multiple regression analyses showed that specific demographic
and comorbidity variables were associated with mortality. Older age (OR=1.02, 95%Cl:
1.01, 1.03) or self-pay for health care (OR=8.61, 95%CIl: 6.72, 11.02) was associated with
increased mortality. For substance use disorders, having a diagnosis of opioid (OR=1.42,
95%Cl: 1.13, 1.77) or alcohol use disorder (OR=1.47, 95%Cl: 1.16, 1.86) was associated
with increased mortality. In terms of physical comorbidities, heart disease, liver disease,
cancer, and HCV were statistically significant. In stratified analyses, addition of interaction
terms did not change any model 3 findings. However, the multiplicative interaction between
BDZ and opioid prescription on mortality was significant among non-OUD patients (The
ratio of odds ratio (ROR) =3.83, 95%Cl: 1.78, 8.21) meaning that non-OUD patients who
received both BDZ and opioid prescriptions had higher mortality than those who received
only BDZ or opioids. However, the multiplicative interaction was not significant among
OUD patients (ROR=1.29, 95%Cl: 0.63, 2.62),

Discussion

Using the state’s PDMP records linked with EHR and CDC NDI data, this study explored
the co-prescription of BDZ and opioids and its association with all-cause mortality among
patients in a large healthcare system. We found that 1) OUD patients had higher rates of
other substance use disorders, mental and physical comorbidities relative to non-OUD; 2)
OUD patients were prescribed both BDZ and opioids in significantly higher doses compared
to non-OUD patients; 3) most recent average daily BDZ or opioid prescription dose was
significantly associated with increased all-cause mortality after adjusting for covariates, and
4) there is a significant interaction between BDZ and opioid co-prescription on mortality
among non-OUD patients. Though this study analyzed records prior to 2015, national
efforts and guidelines have been implemented since that time to help combat problems
associated with co-prescription of BDZ and opioids. Findings from this study support
recommendations to minimize co-prescription of BDZ and opioids whenever possible?, and
to use lowest effective doses when prescribing BDZ or opioids.

OUD vs. non-OUD patients

Our study extends prior literature by examining a general patient population from a large
health care system with a larger proportion of privately insured individuals and focusing

on a population at risk given OUD diagnosis history. Compared to non-OUD patients, we
found higher rates of all-cause mortality and higher average doses of BDZ prescribed among
OUD patients. Prior research has demonstrated an increased likelihood of BDZ prescription
in persons with chronic noncancer pain prescribed higher doses of opioids'223, We also
observed elevated rates of physical and mental health comorbidities in OUD patients
relative to non-OUD patients. Accumulating evidence has supported the positive association
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between opioid use and physical or psychiatric comorbidities, which presents considerable
management challenges in clinical practice and contributes to mortality risk24:25.

Opioid and BDZ prescriptions and mortality

The findings in this study suggest that use of either opioids or BDZ is significantly
associated with all-cause mortality, which is consistent with our previous findings2° and
prior studies?®. Furthermore, our finding of the association between opioid dosage and
mortality was in accordance with prior studies demonstrating mortality risk associated with
opioid prescribing in a dose-dependent manner?7:28, The CDC guideline recommends risk
review and mitigation for opioid dosages greater than 90 MME per day*; dosages as low

as 50 MME per day can increase the risk for drug-related adverse events for patients

with chronic pain?®. For BDZ, we found 36.3% (98/270) of deaths among OUD patients
and 34.7% (96/277) among non-OUD patients were BDZ involved. We also found that
increased daily BDZ dosage was associated with mortality risk after adjusting for potential
confounders, which is consistent with prior literature focused on overdose risk®30 as well
as all-cause mortality1315 associated with BDZ. Prior studies have reported BDZ dose
relationships with mortality as quantified by cumulative prescribed doses over observation
periods4:31: this study extends prior work to include average prescribed dose in the final
month of observation. This finding of increased mortality associated with BDZ dose may be
related to management of underlying medical conditions closer to time of death, medication
interaction effects, or other factors.

The association between co-prescription of opioids and BDZ and overdose risk or mortality
has been reported among Medicare32 and Medicaid33:34 enrollees and veterans30. Findings
from this study extend to a primarily privately insured population. In our study;, it is worth
noting that there was a significant interaction between BDZ and opioid co-prescription on
all-cause mortality among patients without OUD diagnosis, but not in those with a diagnosis
of OUD, despite elevated rates of physical and psychiatric comorbidities in those with
OUD. Although our observational study cannot determine the etiology of this differential
finding, a contributing factor might be higher opioid tolerance to the effect of respiratory
suppression among OUD patients compared with non-OUD patients. As reported, higher
doses of opioids and BDZ were prescribed in patients with OUD. Clinicians should be
cautious about prescribing BDZ to patients using opioids, whether or not they have a
diagnosis of OUD, and should be aware of the high rates of comorbidity in this population.
More studies are warranted to help elucidate the potential medication interaction of opioid
and BDZ.

Other factors associated with mortality

The results of this study revealed several covariates associated with increased risk for
all-cause mortality in addition to opioid and BDZ use. We found that self-pay for health
care was a strong risk factor associated with mortality compared with public and private
insurance; this could be related to health care access or utilization in this population or
other factors and warrants further study. Not surprisingly, older age, alcohol use disorder
comorbidity, and some physical health comorbidities, such as heart, liver, cancer, and HCV,
were significantly associated with all-cause mortality.
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Limitations

This study has several limitations. First, findings based on EHR data are limited by provider
diagnostic coding and documentation choices, which are influenced by clinical experience
and billing requirements. This may affect the accuracy of the data as it was not collected
specifically for research purposes; diagnoses may be over- or under-captured. Like other
records-based research, diagnoses and prescriptions are limited to this healthcare system and
PDMP records; those obtained outside of the system were not captured, and thus dosages
may not accurately reflect the total amount consumed. It is possible that patients used
remaining BDZ or opioids from prescriptions prior to the last 30 days of the follow-up or
from other sources such as friends or illicit purchases. Therefore, our findings are likely a
conservative estimate. Second, the number of overdose deaths is relatively low in this study,
and overdose deaths may be misclassified, so we decided to use all-cause mortality instead.
Participants were predominantly white, insured individuals living in the Los Angeles area,
limiting the generalizability of findings. Lastly, residual confounding is still possible, even
after adjusting for many demographic and comorbidity covariates.

Conclusions

This study replicates and extends literature highlighting elevated mortality risk associated
with BDZ and opioid co-prescription, particularly among individuals without OUD. Further
research is needed to elucidate factors associated with mortality among patients who are
co-prescribed opioids and BDZ.
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Table 1.

Sociodemographic characteristics, other substance use disorders, physical and psychiatric comorbidity

Characteristic

OUD (n=1,978)

Non-OUD (n=3,224)

Total (N=5,202)

Age at the end of follow-up (Death or 12/31/2014)

<30
30-49
50-69
=270

Female

Race/Ethnicity o
Asian
Black
Hispanic
Other
White

Insurance ™
Medicaid
Medicare
Private
Self-pay

Substance use disorder (ever diagnosed)
Alcohol
Amphetamine e
Cannabis ™
Cocaine ™™
Hallucinogen o

Tobacco ™™™
Physical comorbidity (ever diagnosed)
Diabetes
STD
Cancer
Heart disease
Respiratory disease
Liver disease
Sleep disorder

. L Ak
Chronic pain

*

HIV

*AA

HCV

Psychiatric comorbidity (ever diagnosed)

Any mental disorder o

324 (16.4)
787 (39.8)
859 (43.4)
8(0.4)
815 (41.2)

37 (L.9)
152 (7.7)
64 (3.2)
174 (8.8)
1,551 (78.4)

233 (11.8)
293 (14.8)
455 (23.0)
997 (50.4)

503 (25.4)
238 (12.0)
224 (11.3)
259 (13.1)
62 (3.1)

402 (20.3)

276 (14.0)
24 (1.2)
286 (14.5)
1,104 (55.9)
1,014 (51.3)
404 (20.4)
371 (18.8)
1,316 (66.5)

45 (2.3)

439 (22.2)

1,360 (68.8)

465 (14.4)
1,248 (38.7)
1491 (46.2)

20 (0.6)
1,334 (41.4)

156 (4.8)

279 8.7)

150 (4.7)
574 (17.8)
2,065 (64.1)

190 (5.9)
424 (13.2)
1,239 (38.4)
1,371 (42.5)

680 (21.1)
71(2.2)
151 (4.7)
113 (3.5)
15 (0.5)
273 (8.5)

444 (13.8)
40 (1.2)
468 (14.5)
1,806 (56.0)
1,725 (53.5)
622 (19.3)
666 (20.7)
1,818 (56.4)

45 (1.4)

346 (10.7)

1,957 (60.7)

789 (15.2)
2035 (39.1)
2350 (45.2)
28 (0.5)
2,149 (41.3)

193 (3.7)
431(8.3)
214 (4.1)
748 (14.4)
3,616 (69.5)

423(8.1)
717 (32.6)
1,604 (32.6)
2,368 (45.5)

1,183 (22.7)
309 (5.9)
375 (7.2)
372(7.2)
77 (L5)

675 (13.0)

720 (13.8)
64 (1.2)
754 (14.5)
2,910 (55.9)
2,739 (52.7)
1,026 (19.7)
1,037 (19.9)
3,134 (60.3)

90 (1.7)

785 (15.1)

3,317 (63.8)
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Characteristic OUD (n=1,978) Non-OUD (n=3,224) Total (N=5,202)
Depression 938 (47.4) 1,510 (46.8) 2,448 (47.1)
Anxiety 710 (35.9) 1,011 (31.4) 1,721 (33.1)
Bipolar disorder ¥ 265 (13.4) 237 (7.4) 502 (9.7)
Psychotic disorder 216 (10.9) 265(8.2) 481(9.3)
Other mental conditions ™ 713 (36.1) 844 (26.2) 1,557 (29.9)

T-test for continuous variables and chi-square test for categorical variables;

*
p<.05,

*:

*
p<.01,

Aok

*
p<.001
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Table 2.

Mortality status and prescription patterns in the final month of follow-up

Page 13

Characteristic

OUD (n=1,978)

Non-OUD (n=3,224)

Total (n=5,202)

Death status at the end of follow-up, n(%) o

Prescribed BDZ in the last 30 days, n(%) o

BDZ dose in the last 30 days (diazepam milligram equivalent per day), mean
A AA

(SD)
Prescribed opioid in the last 30 days, n(%)

Opioid dose in the last 30 days (morphine milligram equivalent per day), mean
kA

(SD)

Co-prescription of BDZ and opioids, n(%) o

270 (13.7)
499 (25.2)

1.9(7.8)

1083 (54.8)
19.2 (105.9)

362 (18.3)

277 (8.6)
421 (13.1)

0.6 (3.1)

1692 (52.5)
4.0 (29.9)

238 (7.4)

547 (10.5)
920 (17.7)

1.1(5.4)

2775 (53.3)
9.8 (69.8)

600 (11.5)

T-test for continuous variables and chi-square test for categorical variables;

*
p<.05,

Aok

p<.01,

*ok

*
p<.001
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Table 3.

Logistic regression model for mortality at the end of follow-up

OR (95% CI)

Parameter Model 1 Model 2 Model 3
OUD (vs. non-OUD) 1.44 (1.20-1.73) 7 1.49 (1.22-1.81) ™ 1.42 (1.13-1.77)""
BDZ prescription in the last month (vs. none) 2,58 (2.11-3.14) """ 2.80 (2.26-3.48) 7

Opioid prescription in the last month (vs. none) 1.73 (1.43-2.10) 168 (1.37-2.06) el

10 DME per day in the last month 1.34 (1.15-1.55) "
10 MME per day in the last month 1.04 (1.02-1.05) "
Socio-demographics
Age at the end of follow-up (years) 1.05 (1.04-1.06) """ 1.02 (1.01-1.03) ***
Female (vs. male) 0.66 (0.54-0.81) 0.85 (0.67-1.06)
White (vs. non-white) 1.00 (0.81-1.24) 0.92 (0.73-1.15)
Self-pay/other (vs. public and private insurance) 6.71 (5.35-8.41) "™ 8.61 (6.72-11.02)
Substance use disorders
Alcohol 1.47 (1.16-1.86) ™
Amphetamine 0.65 (0.42-1.01)
Cocaine 0.72 (0.49-1.06)
Marijuana 1.26 (0.88-1.80)
Tobacco 0.96 (0.72-1.28)
Comorbidity
Heart 2.69 (2.07-3.49) "
Liver 3.07 (2.38-3.95) "
Cancer 2.07 (1.60-2.67)
Chronic pain 1.08 (0.85-1.36)
HIV 1.44 (0.70-2.96)
HCV 1.55 (1.18-2.04) ™
Any mental disorders 1.15 (0.92-1.45)
AlIC 3345.06 2883.19 2598.18
-2 Log-likelihood 3337.06 2867.19 2558.18

Note: OUD, opioid use disorder; BDZ, benzodiazepine; DME, diazepam milligram equivalents; MME, morphine milligram equivalent.
*
p<0.05,
Ak
p<0.01,

Aok

*
p<0.001
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Table 4.

Page 15

The interactions between opioid and benzodiazepine prescriptions in the last month of follow up on mortality,
stratified by OUD diagnosis

ouD Non-OUD
Opioid prescription  BDZ prescription OR (95% CI) ROR OR (95% CI) ROR
No No 1.00 1.00
No Yes 2.00 (1.10-3.62) " 1.64 (0.86, 3.14) e
1.29 (0.63, 2.62) 3.83(1.78, 8.21)
Yes No 1.20 (0.82-1.74) 1.22 (0.86, 1.72)
Yes Yes 3.08 (2.02, 4.69) 7.65 (4.94, 11.84) "

ROR: the ratio of odds ratio; Adjusted for all covariates in the Model 3 (

*
p<0.05,

*:

*ok

ok
p<0.01,

*
p<0.001)
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