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Abstract
Background Concurrent opioid and benzodiazepine use (“double-threat”) and opioid, benzodiazepine, and muscle relaxant 
use (“triple-threat”) are linked to increased adverse events compared to opioid use alone. Objectives To assess prevalence 
of double-threat and triple-threat in the US and to measure association between double- and triple-threat and emergency 
department visits. Setting Nationally representative, 2-year health database of the United States. Method A retrospective 
cohort study was conducted using the national medical expenditure panel survey. Two-year prevalence of combination use 
was measured. Association between 2013–2014 double- and triple-threat exposure and emergency department visit com-
pared to non-users, opioid-users, and all other exposure combinations assessed using logistic regression. Main outcome 
measures Survey-weighted prevalence of triple-threat and double-threat in 2013 and 2014 was measured. The outcome 
variable of at least one emergency department visit in a study year was utilized for the logistic regression. Results Opioids, 
benzodiazepines, and muscle relaxants were used in 11.9% (38.4 million lives), 4.2% (13.5 million), and 3.4% (10.9 million) 
individuals respectively in 2013, and 12.2% (39.3 million), 4.6% (14.8 million), and 3.6% (11.6 million), respectively in 2014. 
Prevalence of individuals on double-threat rose from 1.6 to 1.9% from 2013 to 2014. Triple-threat prevalence was unchanged 
at 0.53% in that interval. Triple-threat patients had increased emergency department visit probability with ORs of 9.19 (95% 
CI 9.17–9.22) in 2013, 9.82 (95% CI 9.79–9.85) in 2014, and 5.90 (95% CI 5.89–5.92) for longitudinal 2013–2014 analysis 
compared to non-users. Double-threat patients had increased emergency department visit probability with ORs of 4.57 (95% 
CI 4.56–4.58) in 2013, 6.66 (95% CI 6.65–6.68) in 2014, and 4.49 (95% CI 4.48–4.50) for 2013–2014 analysis compared 
to non-users. Conclusions Concurrent opioid and benzodiazepine use and opioid, benzodiazepine, and muscle relaxant use 
increased probability of emergency department visit. Amplified efforts in surveillance, prescribing, and default follow-up 
for concurrent opioid, benzodiazepine, muscle relaxant use are needed to reduce this public health concern.

Keywords  Benzodiazepine · Combined use · Emergency visits  · Muscle relaxant · Opioid · Potentailly inappropriate 
medications · United States of America

Impacts on practice

•	 Patients on double-threat and triple-threat are signifi-
cantly more likely to experience an emergency depart-
ment visit than those not taking opioids or taking an 
opioid, benzodiazepine, or muscle relaxant, individually.

•	 Review of patients’ medication records should always be 
performed before adding these medications and a longi-
tudinal plan to attempt deprescribing must be defined if 
care necessitates concurrent usage of these agents.
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Introduction

The Centers for Disease Control and Prevention (CDC) 
reported that more than 400,000 opioid-related overdose 
deaths occurred between 1999 and 2017 in the US [1]. To 
put that number in perspective, it is roughly the number of 
American fatal casualties in world war II and is more than 
six times the number of American fatalities in the Vietnam 
war [2, 3]. The rate of overdoses continues to grow each 
year reaching 70,237 deaths in 2017 alone [1]. While it is 
well understood that opioids increase risk of death due to 
respiratory depression, concurrent consumption of other 
types of depressants of the central nervous system (CNS) 
synergize dampening of the respiratory system and the 
associated lethality of opioids [4]. Benzodiazepines are a 
known health concern with abuse potential due to sedat-
ing properties, associated dependency, and withdrawal 
symptoms upon rapid discontinuation [5]. While the risks 
of benzodiazepines have become clearer, the number of 
benzodiazepine prescriptions has continued to increase 
unabated with the number of adults who filled a benzo-
diazepine prescription growing 67% between 1996 and 
2013 [6]. In a large study of more than 300,000 subjects 
prescribed opioids with continuous coverage between 
2001 and 2013, the percentage of persons also prescribed 
benzodiazepines rose to 17% in 2013 from 9% in 2001 
[7]. These trends continue despite the most recent CDC 
guideline for prescribing opioids for chronic pain that 
explicitly recommended against co-prescribing of opi-
oids and benzodiazepines [8]. Similar to benzodiazepines, 
muscle relaxants such as carisoprodol, cyclobenzaprine, 
and metaxalone pose a risk when co-administered with 
opioids due to CNS depression and synergistic respiratory 
depressive pharmacodynamics [9]. While muscle relaxants 
have been documented to increase risk for central nervous 
system-related morbidity and mortality, a recent payer-
perspective utilization analysis found that more than 32% 
of injured workers prescribed an opioid were also taking 
a muscle relaxant. In this analysis, the percentage simulta-
neously taking an opioid with a muscle relaxant exceeded 
the proportion taking both an opioid and a benzodiazepine 
(10.5%) [10].

The federal National Institute on Drug Abuse of the 
National Institutes of Health reported that greater than 
thirty percent of opioid induced overdoses involved con-
current use of a benzodiazepine [1]. The concurrent use 
of opioids, benzodiazepines, and muscle relaxants for the 
treatment of chronic conditions has been associated with 
increased adverse events compared to opioids alone [11, 
12]. Analysis that examined the additive risk of opioids 
for benzodiazepine users found a 24–55% increased risk 
of serious adverse events for those consuming both types 

of medications compared to those using benzodiazepines 
alone [13]. Due to the synergistic deleterious effect when 
opioids and benzodiazepines are prescribed simultaneously, 
both the Food and Drug Administration (FDA) and CDC 
have issued boxed warnings for concurrent prescribing of 
opioids and benzodiazepines [8, 11]. However, quantifica-
tion of the increased likelihood of emergency department 
visit for those taking concurrent opioid and benzodiazepine 
use (commonly called “double-threat”) and opioid, ben-
zodiazepine, and muscle relaxant use (“triple-threat”) in a 
nationally representative longitudinal database has not been 
completed [14].

Study aims

The goals of this study were to utilize US. Department of 
Health & Human Services (HHS) medical expenditure panel 
survey (MEPS) data to quantify the national prevalence of 
concurrent opioid and benzodiazepine use (commonly called 
“double-threat”) and opioid, benzodiazepine, and muscle 
relaxant use (“triple-threat”) [14, 15]. MEPS is drawn from 
a nationally representative subsample of households that 
completed the National Health Interview Survey (conducted 
by the National Center for Health Statistics) in the prior 
year. Conducting interviews in the household, MEPS col-
lects information for each person in the household on use 
of medical services including prescription drug usage [16].

Secondary study objectives were to assess longitudinal 
association of double-threat and triple-threat with emer-
gency department (ED) visits. The incremental relationship 
on ED visit likelihood in patients on “triple-threat” and 
“double-threat” compared to those on opioids, benzodiaz-
epines, and muscle relaxants was also assessed in the US 
population.

Ethics approval

This retrospective database study project #160343XX was 
issued exempt status by the UC San Diego Human Research 
Patient Protections Program Institutional Review Board.

Method

Data assembly

The 2013 and 2014 MEPS-Panel 18 longitudinal data from 
HHS and the affiliated 2013 and 2014 prescribed medicines 
file were utilized for this analysis [15]. The cohort surveyed 
in MEPS has been weighted to be reflective of the US pop-
ulation. The demographic and healthcare utilization data 
were obtained from a MEPS combined file consisting of 
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healthcare utilization data for the study years. The pooled 
file was analyzed for longitudinal trends in benzodiazepine, 
opioid, and muscle relaxant usage and utilized to quantify 
the association between double and triple-threat usage with 
the outcome of ED visit.

Longitudinal analysis of benzodiazepine, opioids, 
and muscle relaxant usage

The medication files were combined with longitudinal 
MEPS-Panel 18 by matching subject numbers. The panel-
based approach of MEPS involves survey completion for 
reach respondent at three standardized intervals per year. 
Each of these intervals is referred to as a “round”. Multiple 
prescriptions of the same drug prescribed per patient within 
a designated round were summed together to obtain total day 
supply per round based on average daily dose. Medications 
without dose or medication quantity were excluded from 
this analysis.

Prevalence estimation of “double‑threat” 
and “triple‑threat”

Using the final pooled analysis data set, concurrent use of 
muscle relaxants, benzodiazepines, and/or opioids were 
categorized as either “double-threat” and/or “triple-threat.” 
Thus, those on triple-threat included those on double-threat 
for the purpose of the prevalence estimations. Final national 
prevalence estimations of muscle relaxant, benzodiazepine, 
opioid, double-threat and triple-threat usage were calculated 
using affiliated population survey weights.

Association of high risk medication exposure 
with emergency department visits

Analyses were performed to quantify the association between 
double and triple-threat to ED within the same year (2013) and 
the following year of medication exposure. We measured the 
likelihood with the normalized outcome of odds ratio (OR) 
of ED visit due to exposure of any single study medication or 
combinations of study medications using a designated refer-
ence group.

Statistical analysis plan

Multiple logistic regression was performed to measure asso-
ciation quantified as ORs of medication exposures with the 
outcome of ED visit. Study subjects were categorized into 
exposure groups as non-users (non-use of opioids, benzodi-
azepines, or muscle relaxants), opioid users, benzodiazepine 

users, muscle relaxant users, “double-threat” users, and “tri-
ple-threat” users. For the purposes of regression analysis 
estimations, all exposure groups were mutually exclusive. 
In separate regression models, the reference groups were 
varied to determine the incremental increase in odds of ED 
visit for each exposure group compared to a specified con-
trol category. Chi-squared tests were applied for changes 
in proportions of medication use. Analyses were conducted 
using RStudio® 1.1.5 (Boston, MA) with α-level < 0.05 for 
all comparisons.

Results

Prevalence analysis

A total of 16,715 respondents in MEPS survey-weighted to 
represent 321 million people living in the US. A total of 49 
(0.5%) medication records were dropped from the analysis 
due to absence of quantity. Opioids, benzodiazepines, and 
muscle relaxants were prescribed in 11.9% (38.4 million 
lives), 4.2% (13.5 million), and 3.4% (10.9 million), respec-
tively, of the individuals in 2013, and 12.2% (39.3 million), 
4.6% (14.8 million), and 3.6% (11.6 million), respectively 
in 2014. In 2013, 1.6% of the population were on double-
threat and 0.53% of the population were on triple-threat. In 
2014, 1.9% of the population were on double-threat while 
the population on triple-threat remained at 0.53%.

Of the total 9961 medication records for study medica-
tions, 62.3% were opioids, 21.9% were benzodiazepines, 
and 15.8% were muscle relaxants. From 2013 to 2014, the 
average days’ supply per patient in 2013 for opioids was 
18.9 days and in 2014 was 19.2 days. From 2013 to 2014, 
the average days’ supply per patient was 39.9 days in 2013 
and 41.7 days in 2014 for benzodiazepines. Muscle relax-
ants average days’ supply in 2013 was 27.8 days and 2014 
was 31.8 days.

Triple‑threat and double‑threat comparison 
to non‑opioid users

Patients on either double-threat or triple-threat were at 
increased probability of emergency department visits com-
pared to non-users. Analysis revealed patients on triple-
threat had an increased probability for ED visits with ORs 
of 9.19 (95% CI 9.17–9.22) for the 2013 analysis, 9.82 
(95% CI 9.79–9.85) for the 2014 analysis, and 5.90 (95% CI 
5.89–5.92) for longitudinal 2013–2014 analysis compared to 
non-users. Patients on double-threat had an increased prob-
ability for ED visits with ORs of 4.57 (95% CI 4.56–4.58) 
for 2013 analysis, 6.66 (95% CI 6.65–6.68) for 2014 analy-
sis, and 4.49 (95% CI 4.48–4.50) for longitudinal 2013–2014 
analysis compared to non-users (Table 1).
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Triple‑threat and double‑threat comparison 
to opioid alone users

Patients on triple-threat had increased odds for ED visits 
compared to those taking opioids alone with OR of 2.20 
(95% CI 2.19–2.20), 1.73 (95% CI 1.72–1.73), and 3.02 
(95% CI 3.01–3.03) for years 2013, 2014, and 2013–2014 
longitudinal analysis. Patients on double-threat had 

increased odds for ED visits compared to those taking opi-
oids alone with OR of 1.09 (95% CI1.09–1.10), 1.17 (95% 
CI 1.17–1.17), and 2.30 (95% CI 2.29–2.30) for years 2013, 
2014, and 2013–2014 longitudinal analysis (Table 1).

Table 1   Odds ratio for emergency department visit likelihood for the study population by exposure status and reference group

Reference group Exposure group

No medication Muscle relaxant Benzodiazepine Opioid Double threat Triple threat

No medication
2013 exposure w/
2013 ED visit ≥ 1

3.01
[3.00–3.01]

3.37
[3.37–3.38]

4.19
[4.18–4.19]

4.57
[4.56–4.58]

9.19
[9.17–9.22]

2014 exposure w/
2014 ED visit ≥ 1

3.33
[3.33–3.34]

3.43
[3.42–3.44]

5.69
[5.68–5.69]

6.66
[6.65–6.68]

9.82
[9.79–9.85]

2013 exposure w/
2014 ED visit ≥ 1

2.22
[2.22–2.23]

2.92
[2.91–2.92]

1.96
[1.95–1.96]

4.49
[4.48–4.50]

5.90
[5.89–5.92]

Muscle relaxant
2013 exposure w/
2013 ED visit ≥ 1

1.12
[1.12–1.13]

1.39
[1.39–1.40]

1.52
[1.52–1.53]

3.06
[3.05–3.07]

2014 exposure w/
2014 ED visit ≥ 1

1.03
[1.03–1.03]

1.71
[1.70–1.71]

2.00
[1.99–2.01

2.95
[2.93–2.96]

2013 exposure w/
2014 ED visit ≥ 1

1.31
[1.31–1.31]

0.88
[0.88–0.88]

2.02
[2.01–2.03]

2.65
[2.64–2.66]

Benzodiazepine
2013 exposure w/
2013 ED visit ≥ 1

1.24
[1.24–1.24]

1.36
[1.35–1.36]

2.73
[2.72–2.74]

2014 exposure w/
2014 ED visit ≥ 1

1.66
[1.66–1.66]

1.94
[1.94–1.95]

2.86
[2.85- 2.87]

2013 exposure w/
2014 ED visit ≥ 1

0.67
[0.67–0.67]

1.54
[1.54–1.55]

2.03
[2.02–2.03]

Opioids
2013 exposure w/
2013 ED visit ≥ 1

1.09
[1.09–1.10]

2.20
[2.19–2.20]

2014 exposure w/
2014 ED visit ≥ 1

1.17
[1.17–1.17]

1.73
[1.72–1.73]

2013 exposure w/
2014 ED visit ≥ 1

2.30
[2.29–2.30]

3.02
[3.01–3.03]

Double threat
2013 exposure w/
2013 ED visit ≥ 1

2.01
[2.00–2.02]

2014 exposure w/
2014 ED visit ≥ 1

1.47
[1.47–1.48]

2013 exposure w/
2014 ED visit ≥ 1

1.31
[1.31–1.32]

Triple threat
2013 exposure w/
2013 ED visit ≥ 1
2014 exposure w/
2014 ED visit ≥ 1
2013 exposure w/
2014 ED visit ≥ 1
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Triple‑threat to double‑threat comparison

Compared to patients on double-threat, patients on triple-
threat had statistically significant increased odds of ED vis-
its of 2.01 (95% CI 2.00–2.02), 1.47 (95% CI 1.47–1.48), 
and 1.31 (95% CI 1.31–1.32) for years 2013, 2014, and 
2013–2014 longitudinal analysis respectively (Table 1).

Discussion

This is the first comprehensive analysis using a longitudinal 
US nationally-representative database of the additive likeli-
hood of an ED visit outcome for patients with concurrent use 
of opioids, benzodiazepines, and muscle relaxants. While 
a limited number of studies have attempted to describe the 
pharmacology behind the increased toxicity with combined 
use of opioids, benzodiazepines and muscle relaxants, no 
comprehensive clinical utilization studies have been con-
ducted [6, 17, 18]. Results using this validated 2013–2014 
longitudinal survey showed that patients on triple-threat are 
at enhanced probability for ED visits compared to non-users 
and to those on double-threat.

This study demonstrated a year upon year increase in 
patients concurrently using opioids and benzodiazepines. 
The proportion using all three study medications of opi-
oids, benzodiazepines, and muscle relaxants was consistent 
from 2013 to 2014. This analysis demonstrated patients on 
triple-threat had a minimum 9.19-fold increased odds for 
experiencing a same year ED visit compared to non-users. 
Double-threat patients had a minimum 4.57-fold increased 
odds for experiencing a same year ED visit compared to 
non-users. Users of triple-threat and double-threat were 
more likely to have an ED visit compared to users of opi-
oids alone. Triple-threat and double-threat patients were at 
elevated probability of ED visit compared to opioid users. 
This study showed users of triple-threat and double-threat 
were statistically more likely to experience an ED visit than 
users of any one of the study medications of opioids, ben-
zodiazepines, or muscle relaxants. As would be expected, 
triple-threat patients had an increased probability of ED visit 
compared to double-threat patients.

Given the increased association of a catastrophic outcome 
with concurrent use of these medications, it is important to 
amplify processes to reduce unnecessary use. Several state-
wide protocols and regulations have been established to 
reduce the potential misuse of these medications. For exam-
ple, The state of California has established a mandatory sys-
tem to document and survey patients’ dispensed controlled 
substances. The controlled substance utilization review and 
evaluation system (CURES) is a prescription drug monitor-
ing program in California that documents patients’ prior dis-
pensed controlled medication to give healthcare providers a 

resource to monitor for potential medication abuse. Since the 
implementation of this system, CURES has been integrated 
in both hospital and outpatient pharmacies [19]. Although 
CURES documents the patterns of patients’ prescribed 
medications, it does not alert the provider nor pharmacy 
of any concurrent use of high-risk medications [20]. Thus, 
medication reconciliation involving these medications relies 
on prescriber awareness and discretion. With the demon-
strated association now defined, prescription drug monitor-
ing programs should be bolstered to alert prescribers and 
pharmacists automatically when double-threat and triple-
threat prescribing has occurred.

Manifold other approaches are now being initiated to 
reduce high-risk medication use. Some states in the US have 
developed approaches to minimize opioid and benzodiaz-
epine associated risks applying other types of monitoring 
systems [21–23]. Several managed care organizations have 
implemented medical electronic alerts as surveillance strat-
egies to improve medication safety [24–26]. Other experts 
have suggested that extending monitoring to at-risk special 
populations, such as older adults, would greatly aid in indi-
vidualizing the medication regimen to prevent additive tox-
icity. The Centers for Medicare & Medicaid Services (CMS) 
has planned on finalizing new policies for 2019 to prevent 
opioid overuse [27]. Expansion and coordination of surveil-
lance efforts at the state and national level in the US would 
likely harmonize healthcare systems and decrease gaps in 
care coordination.

Review and identification of past or existing double-threat 
and triple-threat medication therapy should be completed 
prior to the initiation of any new opioid, benzodiazepine, or 
muscle relaxant for all patients. This may involve usage of 
prescription drug monitoring programs if present or review 
of available administrative claims data to detect potentially 
offending medications. Ideally, an automated prompt in the 
electronic health record itself would inform the prescriber 
of the synergistic risk of adding the agent to the current 
regimen. For patients that are candidates for double-threat 
or triple-threat therapy based on the evidence, the clinician 
care plan should entail automatic follow-up on at least a 
monthly basis to ensure validated, longitudinal measurement 
of symptom outcomes and attempts at gradual dose reduc-
tion or de-prescribing. Pharmacist-to-patient consultation to 
ensure patient understanding of treatment goals, potential 
risks, adverse events, including availability of opioid over-
dose reversal agents such as naloxone, must also be com-
pleted. While this analysis focused on the US population, the 
enhanced probability of an emergent outcome is pertinent 
in any global region where these medications exist. The US 
is currently beleaguered by a fragmented health care sys-
tem that disrupts prescription data coordination. However, 
the presence of regional and national prescription data in 
many countries offer the prospect of enhanced monitoring 
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of concurrent use of high-risk medications that could benefit 
for prevalence and trend measurement.

Limitations

This is a survey-based analysis and thus potentially subject 
to study respondent error or recall bias. For this analysis, 
the 2-year panel-design of the MEPS longitudinal database 
allows assessment of association between exposure and 
outcome rather than a causal linkage between them. While 
the longitudinal analysis from 2013 exposure of double-
threat and triple-threat to 2014 ED visit outcome provides 
firmer correlation between possible cause-and-effect, the 
relationship cannot be fully characterized in this database. 
That given, MEPS is a validated database sponsored by the 
Agency for Healthcare Research and Quality of HHS and 
routinely used for national estimation by researchers and the 
federal government [28].

Conclusions

Double-threat and triple-threat exposure are associated 
with increased probability for an emergency department 
visit compared to non-users. Improved monitoring to pre-
clude unnecessary use and planned longitudinal follow-up to 
attempt deprescribing of combination use of opioids, benzo-
diazepines, and muscle relaxants for each patient is critical 
to reduce consumption of these agents and the translational 
harm these medications produce.
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