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Abstract

1

Background—Use of muscle relaxants is rapidly increasing in the USA. Little is understood
about the role of drug interactions in the known association between muscle relaxants and
unintentional traumatic injury, a clinically important endpoint causing substantial morbidity,
disability, and death.

Objective—We examined potential associations between concomitant drugs (i.e., precipitants)
taken with muscle relaxants (affected drugs, i.e., objects) and hospital presentation for
unintentional traumatic injury.

Methods—In a series of self-controlled case series studies, we screened to identify drug
interaction signals for muscle relaxant + precipitant pairs and unintentional traumatic injury. We
used Optum’s de-identified Clinformatics® Data Mart Database, 2000-2019. We included new
users of a muscle relaxant, aged 16-90 years, who were dispensed at least one precipitant drug
and experienced an unintentional traumatic injury during the observation period. We classified
each observation day as precipitant exposed or precipitant unexposed. The outcome was an
emergency department or inpatient discharge diagnosis for unintentional traumatic injury. We used
conditional Poisson regression to estimate rate ratios adjusting for time-varying confounders and
then accounted for multiple estimation via semi-Bayes shrinkage.

Results—We identified 74,657 people who initiated muscle relaxants and experienced an
unintentional traumatic injury, in whom we studied concomitant use of 2543 muscle relaxant

+ precipitant pairs. After adjusting for time-varying confounders, 16 (0.6%) pairs were statistically
significantly and positively associated with injury, and therefore deemed signals of a potential drug
interaction. Among signals, semi-Bayes shrunk, confounder-adjusted rate ratios ranged from 1.29
(95% confidence interval 1.04-1.62) for baclofen + sertraline to 2.28 (95% confidence interval
1.14-4.55) for methocarbamol + lamotrigine.

Conclusions—Using real-world data, we identified several new signals of potential muscle
relaxant drug interactions associated with unintentional traumatic injury. Only one among 16
signals is currently reported in a major drug interaction knowledge base. Future studies should
seek to confirm or refute these signals.

Introduction

Muscle relaxants are commonly used in the USA. Rates of muscle relaxant prescribing
(and therapy continuations) in ambulatory care settings increased from 15 to 30 per 1000
office visits between 2005 and 2016 [1]. Muscle relaxants have been linked to adverse

drug events (ADES) such as unintentional traumatic injury [2, 3], a substantial cause of
morbidity, disability, and death [4]. Adverse drug events, particularly dizziness, drowsiness,
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and anticholinergic effects, are consistently reported with their use [5, 6] and increase
patients’ risk of injuries including falls and motor vehicle crash [2, 7-10]. The risk can be
exacerbated in the presence of concomitant drugs that may alter their pharmacokinetic or
pharmacodynamic properties [11]. Yet, little is known about which drugs co-administered
with muscle relaxants have the potential to increase the risk of injuries in real-world settings.

Few studies have examined associations between drugs taken concomitantly with muscle
relaxants and risk of injury. An analysis of US Department of Transportation data found

that the combined use of muscle relaxants, narcotics, and anti-anxiety drugs resulted

in a potentiating effect causing extreme disorientation [12]. The US Food and Drug
Administration and Centers for Disease Control and Prevention warned about concurrent use
of central nervous system (CNS)-depressing drugs, including muscle relaxants, with opioids
resulting in notably slowed or difficult breathing, altered mental states affecting driving
ability, and death [13, 14]. Muscle relaxant users often have multiple health conditions [15]
which can increase the possibility of drug—drug interactions (DDIs) with hundreds of other
commonly used drugs. Identifying potential DDI signals via screening studies can provide

a framework for future etiologic research and interventional approaches to minimize patient
harm. Given the limited real-world evidence concerning muscle relaxant DDIs, we examined
potential associations between concomitant drugs (i.e., affecting drugs, i.e., precipitants)
taken with muscle relaxants (affected drugs, i.e., objects) and hospital presentation for
unintentional traumatic injury.

2 Methods

2.1 Data Source

We used Optum’s de-identified Clinformatics® Data Mart Database data from 1 May,

2000 through 30 June, 2019. Optum includes longitudinal enroliment and healthcare billing
data from > 71 million commercially insured and Medicare Advantage beneficiaries of

the largest US-based private health insurer by market share. Data domains include patient
demographics, enrollment, outpatient claims, inpatient claims, ambulatory prescription drug
dispensings, and laboratory results (the latter for a subset of beneficiaries).

2.2 Study Design

We conducted semi-automated, high-throughput, pharmacoepidemiologic screening analyses
using a series of self-controlled case series (SCCS) studies to examine potential associations
between concomitant drugs (i.e., precipitants) taken with muscle relaxants (i.e., objects)

and hospital presentation for unintentional traumatic injury. We selected a self-controlled
design because it: (a) controls for both measured and unmeasured static confounders, as
comparisons are made within an individual; (b) is computationally efficient, as it only
includes people who experience the outcome of interest; (c) permits adjustment for time-
varying confounders; and (d) has been used extensively for DDI screening studies. [16—18]

2.3 Observation Period

We created observation periods comprising new users of the object drugs. Eligible people:
(a) received one or more dispensed muscle relaxant prescription (i.e., object drugs); (b) were
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continuously enrolled in medical and pharmacy benefits during a 183-day period preceding
each first muscle relaxant dispensing (i.e., baseline period); (c) were new users of a muscle
relaxant defined by the absence of prior use during the baseline period; (d) were aged 16-90
years; (e) were dispensed one or more overlapping precipitant drug during their observation
period; and () experienced an unintentional traumatic injury (people without this outcome
of interest do not contribute to an SCCS analysis) [Fig. S1 of the Electronic Supplementary
Material [ESM]). We excluded adults aged older than 90 years because age is capped at 90
years in the Optum database. We excluded children aged younger than 16 years because (a)
the youngest legal driving age in the USA is 16 years; (b) growth and development cause
changes in pharmacokinetic processes including absorption, distribution, metabolism, and
excretion [19]; (c) differences have been found between adults and the pediatric population
in phase | (involving structural modification of the drug molecule) and phase 11 metabolic
enzymes (consisting of drug molecule conjugation with another) [20]; and (d) development
can alter response and action of a drug [21].

The date study subjects met inclusion criteria was assigned as the cohort entry date. Included
people were allowed to contribute more than one treatment episode as long as they re-met
criterion ‘b’ in Fig. S2 of the ESM. To minimize the potential for reverse causality (i.e.,
injury outcome leading to a muscle relaxant dispensing), we considered the drug dispensing
date as the drug fill date + 1 day.

The observation period began when inclusion criteria were met (Fig. 1) and ended at the
earliest of: (a) muscle relaxant discontinuation (i.e., defined as the end date based on days’
supply); (b) switch between muscle relaxants; (c) health plan disenroliment (permitting a
45-day maximum enrollment gap); and (d) end of study period (i.e., 30 June, 2019). Unlike
with a cohort study, an SCCS design does not censor upon occurrence of an outcome. Within
each observation period, we identified candidate precipitants. We classified the observation
period into focal and referent windows. Focal windows (i.e., precipitant-exposed periods)
were observation days defined by concomitant use of the muscle relaxant and candidate
precipitant. Referent windows (i.e., precipitant-unexposed periods) were observation days
defined by use of the muscle relaxant alone. Thus, if a person did not refill a subsequent
prescription for a candidate precipitant, but remained exposed to the muscle relaxant, such
days were classified as referent days. If a person did not refill a subsequent prescription for
the muscle relaxant, observation time was censored upon depletion of the days’ supply.

2.4 Exposure Definition

2.4.1 Object Drugs (i.e., Muscle Relaxants)—We used pharmacy claims to define
new use muscle relaxant episodes (i.e., devoid of prior use during a 183-day lookback
period). Muscle relaxants included baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine,
dantrolene, metaxalone, methocarbamol, orphenadrine, and tizanidine. We considered
people continuously exposed if they refilled prescriptions without exceeding a grace period
between consecutive refills. We calculated the length of the grace period as days’ supply x
0.20.
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2.4.2 Precipitant Drugs (i.e., Co-Administered Drugs)—Within the cohorts of
muscle relaxant new users experiencing injury, we identified exposure to precipitants
defined as orally administered drugs frequently dispensed with muscle relaxants. The
definition for frequent was met if at least five patients were dispensed a given precipitant
during the observation period. We considered people exposed to the precipitant if they
continued to refill their prescriptions without a gap between contiguous refills.

2.5 Outcome Definition

The primary outcome of interest was unintentional traumatic injury defined by /nternational
Classification of Diseases codes present in any position on emergency department claims

or principal position on inpatient claims (/nternational Classification of Diseases, Ninth
Revision codes: fracture, 800-829, dislocation, 830-839, sprain/strain, 840-848, intracranial
injury, 850-854, internal injury of thorax, abdomen or pelvis, 860-869, open wound,
870-897, injury to blood vessels, 900-904, crushing injury, 925-929, injury to nerves or
spinal cord, 950-957, certain traumatic complications and unspecified injuries, 958-959).
International Classification of Diseases, Tenth Revision codes included: injuries to specific
body parts (S00-S99 with a seventh character modifier of A, B, or C only; excluding
superficial injuries indicated by S00, S10, S20, S30, S40, S50, S60, S70, S80, or S90),
unspecified multiple injuries (TO7 with a seventh character modifier of A only), injury of
unspecified body region (T14 with a seventh character modifier of A only), and traumatic
compartment syndrome (T79.A1-T79. A9 with a seventh character modifier of A only). A
detailed description of outcomes definitions is listed in Table S1 of the ESM. This definition
was adapted from that used by the American College of Surgeons’ National Trauma Data
Standard. Our definition excluded late effects of poisonings, toxic effects, and other external
causes, superficial injury, contusion with intact skin surface, effects of a foreign body
entering through an orifice, and burns [22]. Secondary outcomes included typical hip
fracture and motor vehicle crash while the person was driving. We defined typical hip
fracture by /nternational Classification of Diseases codes present in the principal position on
inpatient claims, excluding pathologic and atypical hip fractures. We defined motor vehicle
crash as unintentional traumatic injury (see primary outcome definition earlier) plus an
external cause of injury code for unintentional traffic or non-traffic accident. We excluded
crashes of a self-inflicted, assault, or undetermined manner (consistent with the Centers for
Disease Control and Prevention’s injury mortality framework) [Table S1 of the ESM].

2.6 Time-Varying Covariates

We included the following time-varying covariates (assessed each observation day): (a)
muscle relaxant average daily dose defined by most recent prescription; (b) ever prior injury
diagnosis defined by inpatient or outpatient claims (any position); and (c) follow-up time,
defined as month since cohort entry.

2.7 Statistical Analysis

We summarized characteristics of people under study by the muscle relaxant object drug
of interest. Within each cohort, we compared outcome occurrences during focal vs referent
windows. We used conditional Poisson regression models (xzpoisson with fe option, Stata
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version 16) to estimate rate ratios (RRs) adjusting for time-varying covariates (Sect. 2.6),
then accounted for multiple estimation via semi-Bayes shrinkage [23, 24]. The primary
dependent variable was the outcome (e.g., unintentional traumatic injury) and the primary
independent variable was exposure status (precipitant exposed vs precipitant unexposed). We
deemed a potential DDI as a signal if it had a statistically significant increase in the rate of
unintentional traumatic injury.

We conducted a prespecified sensitivity analysis dropping the use of semi-Bayes shrinkage.
Further, we compared potential DDIs signals identified in the current study to those
documented in two drug interaction knowledge bases: Micromedex (IBM Watson Health,
Cambridge, MA, USA) and Facts & Comparisons eAnswers (Wolters Kluwer Clinical Drug
Information, Inc., Alphen aan den Rijn, The Netherlands). All analyses were conducted
using SAS 9.4 and STATA version 16.

2.8 Institutional Review Board Approval and Role of Funding Source

The University of Pennsylvania’s Institutional Review Board approved this research as
protocol #831486. The US National Institutes of Health had no input on the conduct or
interpretation of this research.

3 Results

3.1 Characteristics of the Study Population

We identified 74,657 people (range: 42 for dantrolene to 35,940 for cyclobenzaprine) who
initiated muscle relaxants, experienced an unintentional traumatic injury, and met study
inclusion criteria (Table 1), in sum contributing = 5 million person-days. People included

in the cohorts had a median age that ranged between 47 and 65 years and were mostly
female, Caucasian, and resided in the South Atlantic USA. The most common injuries
were dislocation/sprain/strain, certain traumatic complications and unspecified injuries, and
fractures, although the distribution differed by category of muscle relaxant (i.e., antispastic
vs antispasmodic). The median observation time ranged from 13 days for metaxalone and
orphenadrine to 104 days for dantrolene. Forty (dantrolene) to 88% (metaxalone) of people
who initiated a muscle relaxant and experienced an unintentional traumatic injury had only
one prescription dispensing for the muscle relaxant. For the secondary outcomes, cohorts of
new users of muscle relaxants with a typical hip fracture were relatively small and ranged
from two for dantrolene to 542 for cyclobenzaprine (Table S2 of the ESM). Similarly,
cohorts of new users of muscle relaxants with motor vehicle crash ranged from one for
dantrolene to 336 for cyclobenzaprine.

3.2 Primary Outcome: Potential DDI Signals for Traumatic Injury

Table S3 of the ESM summarizes the prevalence of time-varying covariates during
observation periods. Summaries of unadjusted and adjusted signals, with and without
semi-Bayes shrinkage, for candidate-interacting precipitants and muscle relaxants for an
unintentional traumatic injury are listed in Table S4 of the ESM and Fig. 2. Confounder-
adjusted analyses after semi-Bayes shrinkage are summarized in Table 2. In short, we
identified 16 DDI signals: five for baclofen (among 396 precipitants examined); two for
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carisoprodol (among 357); two for chlorzoxazone (among 128); four for methocarbamol
(among 323); and three for tizanidine (among 428). See further details in Sect. 4.3.

We identified no DDI signals for cyclobenzaprine (among 465), dantrolene (among 13),
metaxalone (among 268), or orphenadrine (among 165). Table S4 of the ESM summarizes
confounder-adjusted RRs after semi-Bayes shrinkage for muscle relaxants with opioids,
including statistically significant and non-significant interactions.

3.3 Primary Outcome: Detail on the Signaling Object + Precipitant Pairs

Baclofen: Interacting precipitants included morphine (RR: 1.46; 95% confidence interval
[CI] 1.13-1.87), sertraline (RR 1.29; 95% CI 1.04-1.62), atropine (RR 1.70; 95% ClI
1.05-2.74), diphenoxylate (RR 1.79; 95% CI 1.10-2.91), and sitagliptin (RR 1.67; 95%

Cl 1.07-2.60). Carisoprodol: Interacting precipitants included varenicline (RR 2.11; 95%
Cl 1.18-3.75) and lansoprazole (RR 1.72; 95% CI 1.02-2.90). Chlorzoxazone: Interacting
precipitants included cephalexin (RR 2.03, 95% CI 1.00-4.13) and methylprednisolone (RR
1.76; 95% CI 1.02-3.06). Methocarbamol: Interacting precipitants included lamotrigine (RR
2.28; 95% CI 1.14-4.55) ondansetron (RR 1.49; 95% CI 1.08-2.05), levothyroxine (RR
1.43, 95% CI 1.05-1.94), and dexlansoprazole (RR 2.03; 95% CI 1.01-4.10). Tizanidine:
Interacting precipitants included amiodarone (RR 1.65; 95% CI 1.04-2.62), digoxin (RR
1.91; 95% CI 1.13-3.23), and oxybutynin (RR 1.51; 95% CI 1.12-2.02). Only one of

these 16 signals (6.3%) is currently reported in the two examined major drug interaction
knowledge bases.

3.4 Secondary Outcomes: Potential DDI Signals for Typical Hip Fracture and Motor
Vehicle Crash While the Subject was Driving

Table S3 of the ESM summarizes time-varying covariates included in the secondary
analyses. Confounder-adjusted analyses, after semi-Bayes shrinkage, for typical hip fracture
and motor vehicle crash yield no DDI signals (Table S5 of the ESM).

4 Discussion

In this population-based screening study, we identified 16 potential DDI signals with
muscle relaxants that were associated with an increased rate of unintentional traumatic
injuries. This represents 0.6% of the 2543 muscle relaxant-precipitant pairs examined.
These signals included precipitants in the following therapeutic classes: CNS (31%),
gastrointestinal (25%), endocrine and metabolic (19%), cardiovascular (13%), anti-infective
(6%), and renal and genitourinary (6%). The vast majority of these signals (94%) were

not documented in either of two major drug interaction knowledge bases. Our findings
utilizing semi-automated high-throughput screening methods are not intended to provide
strong evidence for causation, but rather to generate hypotheses to inform future etiologic
studies.

Unintentional traumatic injury is a major source of emergency department visits,
hospitalization, and work loss [25]. Over 170,000 Americans die each year from
unintentional traumatic injury [25]. Despite the high burden, few studies have examined
potential DDIs of muscle relaxants. The US Department of Transportation reported
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that the combined use of muscle relaxants, narcotics, and anti-anxiety drugs resulted

in a potentiating effect causing extreme disorientation [12]. The US Food and Drug
Administration and Centers for Disease Control and Prevention warned about concurrent
use of opioids with muscle relaxants, which depress the CNS [13]. Yet, studies of DDIs
involving muscle relaxants that may increase injury rates are scarce. This lack of evidence
is concerning as polypharmacy is common among users of muscle relaxants [15]. Further,
studies report that muscle relaxant use has increased in recent years [1, 26]. From 2005

to 2018, there was an increase in the use of baclofen, tizanidine, and methocarbamol, but
a decline in carisoprodol and metaxalone use. Cyclobenzaprine accounted for ~ 50% of
muscle relaxant prescriptions.

Among our 16 potential DDI signals, only one is currently documented in Micromedex’s
interaction knowledge base (i.e., concern for CNS and respiratory depression with baclofen
+ morphine). We found that concomitant use was associated with an increased rate of
injuries (adjusted RR 1.5; 1.13-1.87); the magnitude of this association is broadly consistent
with our recent findings for injury among opioid users with vs without co-exposure to a
muscle relaxant (adjusted RRs, range 1.8-2.5) [27]. Drug—drug interactions between muscle
relaxants and opioids are biologically plausible given additive pharmacodynamic (e.g., CNS
effects such as disorientation, sedation, and altered mental states) and/or pharmacokinetic
effects (e.g., alteration of cytochrome P450 [CYP] 2D6 and CYP3A4 hepatic enzymes).
Opioid metabolism commonly involves these hepatic pathways [28]. Our inability to
replicate findings for other muscle relaxant-opioid pairs (e.g., methocarbamolcodeine,
orphenadrine-oxycodone) is likely due to limited statistical precision.

We identified several new signals for injury with muscle relaxants + certain CNS-active
precipitant drugs, including sertraline (antidepressant), varenicline (smoking cessation aid),
lamotrigine (anticonvulsant), and ondansetron (antiemetic). Use of the selective serotonin
reuptake inhibitor (SSRI) antidepressant sertraline with baclofen was associated with a 1.3-
fold (1.04-1.62) increase in the rate of injury, a finding supported by a plausible additive or
synergistic CNS depression effect. A recent retrospective cohort study of Medicare patients
reported a higher hazard ratio with concurrent use of muscle relaxants + SSRIs vs SSRI use
alone (hazard ratio = 2.9, 0.93-8.95 vs. 2.3, 2.2-2.4, respectively) [29]. Sertraline is an SSRI
inhibitor that can cause fatigue and drowsiness and has been linked to an increased risk of
fractures in older adults [30]. Selective serotonin reuptake inhibitors as a class can cause
drowsiness, impaired level of alertness and neuromuscular function, and an increased risk
of recurrent falls [31]. Potential DDI signals between antidepressants and muscle relaxants
were noted in our recently published work (adjusted RR range, 1.1-1.9) [18]. Baclofen is a
gamma-aminobutyric acid (GABA) agonist and may produce sedation due to inhibition of
dopaminergic systems. A study reported a higher risk of hospitalization with a fall, fracture,
and hypotension among users of baclofen (vs non-users). [32]

The increased injury rate with carisoprodol-varenicline (2.11, 1.18-3.75) can partially
be explained by rare, although serious, psychiatric side effects of varenicline including
hallucinations and altered alertness [33]. In 2008, post-marketing reports of serious
psychiatric adverse events including traffic accidents and suicide in varenicline-treated
patients led to a boxed warning on a drug label [34, 35], although emerging data later
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resulted in the warning’s removal [36]. Carisoprodol is a centrally acting muscle relaxant
that is metabolized mainly by CYP2C19 to its active metabolite meprobamate [37]. Studies
suggested that the effect of carisoprodol is mainly attributed to meprobamate, which
modulates GABA receptors and probably contributes to its abuse potential [38]. Similarly,
varenicline stimulates the release of GABA in the basal forebrain and hippocampus [39].
The interaction of the two drugs can be potentially explained by the binding of GABA

to many neurons leading to a sedative effect. We found an increased injury rate with
methocarbamol-lamotrigine (2.28, 1.14-4.55) and methocarbamol-ondansetron (1.49, 1.08-
2.05). The mechanisms of methocarbamol and lamotrigine are not fully understood. The
Beers Criteria for Potentially Inappropriate Medication Use in Older Adults suggested
avoiding the use of methocarbamol due to anticholinergic adverse effects, sedation, and an
increased risk of fractures. Ondansetron can also cause drowsiness and sedation through its
selective antagonist effect on 5-HT3 serotonin receptors [40].

We identified several other muscle relaxant DDIs with precipitants in the following
therapeutic categories: gastrointestinal, cardiovascular, endocrine/metabolic, anti-infective,
and renal/genitourinary. These potential signals are biologically plausible. For example,

the increase in injury rates by 1.7-fold with atropine and 1.8-fold with diphenoxylate

can be explained by their CNS-depressant effects and anticholinergic properties. The
increase in injury rate with carisoprodol-lansoprazole (1.72, 1.02—2.90) and methocarbamol-
dexlansoprazole (2.03, 1.01-4.10) can be explained by the direct neuromuscular blocking
action of proton pump inhibitors as reported in an animal-based study [41]. We also

found signals of potential DDIs between tizanidine with amiodarone (1.65, 1.04-2.62)

and digoxin (1.91, 1.13-3.23). Due to hepatic metabolism of tizanidine via CYP1A2,
concomitant administration of inhibitors of cytochrome P450 such as anti-arrhythmic drugs
(e.g., amiodarone, propafenone) may impair drug elimination leading to an increased risk

of ADEs [42, 43]. Amiodarone and its metabolite N, A-dide-sethylamiodarone are major
contributors to DDIs that arise as a consequence of inhibition of CYP1A2 [44]. Increased
injury rates with tizanidine and digoxin can be explained by an additive slow heart rate effect
leading to syncope. Digoxin was also previously found to be associated with an increase in
fall-related injuries. [45]

We also found signals of increased injury rates among users of baclofen-sitagliptin

(1.7, 1.07-2.60), explainable by the potential additive effect between baclofen-related
hemodynamic complications, including severe bradycardia and hypotension [46], and the
potential hypotensive effect of sitagliptin [47]. We also found increased injury rates with
chlorzoxazone-cephalexin (2.0, 1.00-4.13). Oxybutynin is on the Beers list of potentially
harmful drugs in the elderly, has anticholinergic CNS effects, and can cause confusion,
hallucination, and sedation. A retrospective study of Veterans Affairs long-term care
residents reported an increased risk of hip fracture and any fracture among new users

of immediate-release oxybutynin as compared with nonusers (hip fracture: hazard ratio =
3.67, 95% CI 1.46-9.34, “any” fracture: 2.64, 95% CI 1.37-1.50) [48]. We are unaware
of mechanisms to support the following signals: chlorzoxazone-methylprednisolone and
methocarbamol-levothyroxine (1.4, 1.05-1.94). With respect to the former two pairs, it is
possible that clinicians prescribed an antibiotic and/or glucocorticoid in response to an
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injury that did not yet present to the emergency department, and therefore we cannot rule out
reverse causation.

Our study has strengths. First, we used the SCCS design, which inherently controls for
measured and unmeasured static confounders. Second, we used a semi-Bayes shrinkage
method to minimize the false-positive rate. Third, the large sample size allowed us to

study a wide range of muscle relaxant and precipitant drugs. Our study also has notable
limitations. First, we based our exposure definition on dispensed prescriptions, which may
not reflect consumption. There is the potential for misclassification of observation time

and exposure status as muscle relaxants and certain precipitants may be taken as needed
(i.e., pro re nata). Exposure misclassification is possible if drugs obtained over the counter
or through alternative health insurance coverage (e.g., governmental) affected the rates of
injury. Second, the SCCS design is susceptible to reverse causation if physicians prescribed
precipitants to treat early symptoms of injury leading to inflated RRs in the focal window.
The design can also lead to biased estimates if having injuries affects the likelihood of
future exposure to the precipitant of interest. Third, our small sample size of users of muscle
relaxants with the secondary outcomes (i.e., falls and motor vehicle crashes) hampered our
ability to identify potential signals. Fourth, the SCCS design is most robust when the focal
window (defined by exposure to the precipitant drug) is short relative to the observation
period (defined by exposure to the muscle relaxant). Thus, the relatively short median
observation periods for metaxalone and orphenadrine make it likely that focal windows
represented a substantial proportion (or the entirety) of observation time; this would have
minimized our power to identify statistically significant associations. In fact, we identified
no signals for these two muscle relaxants. While dantrolene had a very long observation
period and therefore avoided this concern, its analysis lacked power because of the very few
events among users. This only permitted us to study a few co-dispensed precipitant drugs
for dantrolene. Similarly, we identified no signals for this muscle relaxant. Further, violation
of the event-independent exposure assumption can lead to upward bias if the injury event
decreased the likelihood of subsequent exposure to the precipitant (shorter referent window)
or downward bias if it increases subsequent exposure to the precipitant (longer referent
window). If injury events increase the probability of subsequent exposure to the object drug,
the estimates would be biased toward the null. Fifth, we focused on DDI pairs and did

not examine higher order drug interactions (e.qg., triplets), which may be of interest given
the high prevalence of polypharmacy among people using muscle relaxants. Sixth, although
we adjusted for several time-varying confounders including average daily dose, prior injury
diagnosis, and follow-up time, we were not able to adjust for changes in mobility or
functioning (which may contribute to risk of falls) or practitioner reasoning for prescribing
muscle relaxants because of the lack of information on these variables. The SCCS design
innately controls for confounders that are stable over time (e.g., chronic comorbidities).
Residual confounding from co-prescribed drugs or acute comorbidities is possible. Finally,
our findings may not be generalizable to patients with government-provided insurance or
those without health coverage.

CNS Drugs. Author manuscript; available in PMC 2022 August 13.
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5 Conclusions

In this population-based analysis, we utilized the SCCS design as a screening method to
detect potential DDIs with muscle relaxants. Our analysis identified one anticipated and
several new signals of muscle relaxant DDIs associated with unintentional traumatic injury.
Future studies should seek to confirm or refute these potential interactions.
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Key Points

There is limited population-based evidence concerning muscle relaxant drug interactions.
This is concerning given a national trend of increasing muscle relaxant use and frequent
concomitant use with other central nervous system-depressing drugs, especially but not
solely among older adults.

Using real-world data of a large US-based health insurer, we identified several new
signals of potential drug—drug interactions with muscle relaxants that increased the rate
of unintentional traumatic injury.
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Fig. 1.
Study design

CNS Drugs. Author manuscript; available in PMC 2022 August 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Dawwas et al.

Page 17

450
400
350
300
250
200
150
100
50
0 — A - - — A
Carisoprodol | Cl c orp
357

Baclofen Dantrolene Tizanidine
= Interacting precipitants examined 396 128 465 13 268 323 165 428
a DDl signals* 5 2 2 0 0 0 4 0 3

DDI = drug-drug interaction

* Lower bound of the 95% confidence interval for the rate ratio of interest excluded the null value

Fig. 2.

Counts of interacting precipitants examined and confounder-adjusted drug—drug interaction
signals (after semi-Bayes shrinkage) that were associated with an increased rate of
unintentional traumatic injuries, by muscle relaxant object drug

CNS Drugs. Author manuscript; available in PMC 2022 August 13.



Page 18

Dawwas et al.

Z0 10 70 10 00 70 20 L0 €0 umousun
A A4 [¥a LS TL 18 Ty €'GT z0tT oly1oed
7’8 €6 00T g8 TL 96 L GeT Z01 urejunoy
|enjuad
L'ST L'TT SYT 8'ST TL g'eT WA 18T geT UINOS 153/
lenua)d
Z'8 Sy 69 L'y 7'z 8¢ A 8'G 8'G yinos 1se3
8'z¢e 992 TeC 062 £ee 8'5e 02 692 9Z¢ oUBRY YINoS
lenua)d
] 12T 18 Z8 292 90T 00T g'g 08 UMON 153
|enuad
¥'aT 89z z9T 28T g6 8.7 (g 74 €8 a4’ ULION 1se3
8'e v'e 9¢ L9 4 'S 4 1€ TG onuepy aIppIA
12 Lz v Te vz v 97T 8T T€ pue|buz MmN
9% ‘UoIsIAIp o1lydesBoab Aq ‘eouspisal JO ealy
L'TT TST 70T 8'ST €V 97T zetT 7'eT G'TT umousun
11 1T 8T A 00 8T 97T LT T uelsy
Tl Tl 6L 89 g6 €8 89 6L G0T ojuedsiH
uedlswy
9YT 06 L'6 L9 6'TT z0T 97T g6 92T uedLyY
G'59 829 A €69 €9 189 899 G219 %9 uelseone)
0p ‘90eY
829 295 €65 7'6S 005 6'65 7’19 7'6S 799 % ‘slews4
(67TL (6725 (9799 (5L (€0-T0) uepaw
-7'08) 9719  (§509-L'9€) 6'L1 (8'€9-9'6€) L'1S A W4 -T'ey) T'SS (8'%9-8'6€) 8'TS (6'29-6'6€) 0TS (T'09-L'6€) G567  —+'€S) 0'S9 ‘steak ur aby
solydesBowaq
wns
299'S8€'T ¥29'1S 095'992 9%8'8¢T 1€.6 v11'6YS'T 6TT'TE 718'€T9 21€'v66 ‘UOIBAIBSO JO SAe@
uosiad Jad (€O
(0'60T (02 (0952 (0ezt  -TO) uelpsw ‘pouad
-0€2) 026 (0'5€-0°0T) 0°ET (0'26-0°0T) 0'6T -0'0T) 0°€T —0'2€) 0'70T (0°26-0°€T) 0'6T (0'2e-0€1) 06T  (0'0L—0€T) 0°'2E —0'82) 0'LE uoneAIssqo Jo skeq
1912t = 26YT = 509 = 929 = = 0v6'GE = 629 = 92/G = T86L =
uaulpiuezi]  uaullpeuaydiO U [oweqieoOyP N  UdUOEXeR|\  ususjoiueg  uaulidezueqopAD  uauozexozio|yD  u jopolidosifed U usjojoeg

158481U1 J0 Bnup 10800 Aq ‘ssninful onewNel) [eUONUSIUILN YIIM SIUBXE|S 8]9SNLU JO SI9SN MaU JO SLIOY0D JO SoNSIIgoeIRyD

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

CNS Drugs. Author manuscript; available in PMC 2022 August 13.



Page 19

Dawwas et al.

a|ienb O

saunful
paiy10ads Jayio pue
‘saunful pay1oadsun

8Ty ST L0C €eT €Ty 0'1¢ Tve e 1'9%  dnewnes ureus)
pJo2 eulds Jo

80 v TT 60 194 80 0T 7T 60 sandau 01 Ainful

€0 10 70 70 00 10 70 z0 20 Ainfur Buysnio
S|9SSaA

A TO 20 00 00 T0 0 €0 4] poojq 03 Ainfuj

6¢CT 99 TL 79 'St 69 70T S'6 ST punom usdo
sinfad
10 ‘uswopge ‘xeloy}

v 9T 9T TT 00 €T €T A 07  j0Ainfur reussiul
Ainlun

9t 4 LT €¢ L8 €¢ x4 T€ vy |elueldenu]
urens/ureids

L'y 6'¢L €9 29L €Ty 189 S99 679 69€ Juonedo|sig

14 8'ST T6T V'ET 6°'€C L9T 0Vl L'8T L'8¢ alnjoel4

o ‘Ainfur Jo adAL
wns
‘saunful oewnesy
8EL'E€T 8vaT G739 CLLY *14 958'8¢ €69 €€19 8.68 |euonusuiun
L9TCT = 26vT = 509 = 929t = v = 0v6'GE = 629 = 92LG = T86L =
uaulpiuezi]  uaulpeuaydiQ U joweqielOyP N  UdUOEXeRI\N  usausjoiueg  uaulidezusqopAD  usuozexozliolyD  u jopolidosifed  u usjojoeg

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

CNS Drugs. Author manuscript; available in PMC 2022 August 13.



Page 20

Dawwas et al.

Author Manuscript

X3PaLoJOIA Ul paiuswnaop 193[go uo 1oedwil yim uondessul bniq

q

(spuepayioN 8y L ‘ufiy usp uee usyd|y “A’N JaMn[3] SI91J0AN) SIBMSUYS suostiedwo) pue sioe- sad,

>J0M 2160]018 81niny Ul uonuale Jejnonued Jueliem Aew jeys sjeubis fenusiod ¢ = A/ 1B1YBIY 01 Pap|og 81em 00°Z < SHY

ORI 81el & eunsaluloliseB /9 ‘1einaseAcIpIed A2 ‘WIBSAS SNOAISU [BIUSD SA/D ‘[eAIBIUI 3DUSPLUOD /D

202 1T 18T Areurinojiusb pue jeusy ulAIngAxo

€Ce eT'T 76T ND uixobig

29¢C 70T 99T ND auoJsepolwy aulpiuezi]

oTvy 10T €0¢ 19 ajozesdosue|xaq

v6'T S0'T ev'T J1]0QelsW pue audopug BUIX0JAYI0NT]

S0°¢ 80T 6v'T SNO uoJ1asuepuQ

sien4 vT'T 82'C SND aulbljowe]  [owegsesoysiN

90°€ 0T 9.1 J1j0qeIBW pue duloopug  auojosiupaidjAyis N

€Ty 00T €0 BAI1BJUI-NIUY uixareydad au0zexozIojyd

06¢C 20T LT 19 ajozesdosue]

SL'¢ 8T'T 4 SNO VNI IVET TN JopoidosLied

092 10T 19T 91]0geIaW pue auLdopuT undrBens

16°C 0Tt 6.1 19 arejAxouaydig

vLe S0'T 0L'T 19 auidony

29T 70T 62T SNO aulesuss

18T ETT o1 SND gPudion usjojoeg
1D %s6  HY poBNIpY miomEmU o1nede sy Bnp uendios id Bnp 1wendis g Brup pelqo

Bnup uendioaid ayr Jo Aiohsred annadessyy Aq ‘Ainfur s1rewnesy jeuonusjuiun
10 sajea paseasoul Ajpuesijiubis Ajfeansiels usalb ‘speubis uonoelsiul Bnuap juexe|al ajasnw 1oy abexulys seAeg-1was Ja)je s4yY paisnlpe-iapunojuo)

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

CNS Drugs. Author manuscript; available in PMC 2022 August 13.



	Abstract
	Introduction
	Methods
	Data Source
	Study Design
	Observation Period
	Exposure Definition
	Object Drugs (i.e., Muscle Relaxants)
	Precipitant Drugs (i.e., Co-Administered Drugs)

	Outcome Definition
	Time-Varying Covariates
	Statistical Analysis
	Institutional Review Board Approval and Role of Funding Source

	Results
	Characteristics of the Study Population
	Primary Outcome: Potential DDI Signals for Traumatic Injury
	Primary Outcome: Detail on the Signaling Object + Precipitant Pairs
	Secondary Outcomes: Potential DDI Signals for Typical Hip Fracture and Motor Vehicle Crash While the Subject was Driving

	Discussion
	Conclusions
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2

