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Abstract

Background: In a previous drug-drug interaction (DDI) screening study intended to generate
hypotheses, clopidogrel + either eszopiclone or zolpidem (vs. clopidogrel alone) were associated
with serious bleeding.

Objectives: To confirm or refute these DDI signals and examine associations with other
hypnotics in an independent population of United States Medicaid beneficiaries

Methods: We employed a bi-directional self-controlled case series design in eligible individuals
concomitantly exposed to one of 12 hypnotics (precipitants, exposures of interest) plus either
clopidogrel (the object drug) or pravastatin (the negative control object drug). The outcome was
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hospital presentation with serious bleeding. Using conditional Poisson regression, we calculated
confounder-adjusted rate ratios (RRs) and 95% confidence intervals for serious bleeding during
clopidogrel + precipitant use (vs. clopidogrel alone). To distinguish a DDI from a precipitant’s
inherent effect on bleeding, we divided effect measures by the adjusted RR for the corresponding
pravastatin + precipitant pair to obtain ratios of RR (RRRs).

Results: Among 23,194 users of clopidogrel and 3,824 of pravastatin who experienced serious
bleeding during an active prescription for one of these agents, confounder-adjusted RRRs for
serious bleeding were 6.63 (0.39-113.01) and 0.77 (0.53-1.11) with eszopiclone and zolpidem,
respectively, whereas confounder-adjusted RRRs for other hypnotics ranged from 0.18 (0.04-0.85)
for triazolam to 1.79 (0.16-20.44) for zaleplon. Statistical imprecision therefore precluded us from
confirming or refuting these prior signals with eszopiclone and zolpidem.

Conclusions: While we could not confirm or refute previously identified DDI signals,
numerically elevated RRRs for serious bleeding with several clopidogrel + hypnotic pairs warrant
further examination.
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INTRODUCTION

Serious bleeding is one of the most concerning adverse events associated with the use of
antiplatelet agents [1]. In a recent automated, high-throughput pharmacoepidemiologic drug-
drug interaction (DDI) screening and hypothesis-generating study using a bi-directional self-
controlled case series (SCCS) design, Leonard et al. examined the rate of serious bleeding
for an individual receiving clopidogrel—a very widely-used antiplatelet agent and the object
drug of interest—or pravastatin (i.e., negative control object drug) after initiating vs. not
receiving a precipitant drug [2]. Two hypnotics—eszopiclone and zolpidem—were identified
in that study as having a potentially increased risk of serious bleeding when used
concomitantly with clopidogrel (ratios of rate ratios [RRRS] versus pravastatin for serious
bleeding 1.99, 95% confidence interval [CI] 1.12-3.55 and 1.34, 1.11-1.62, respectively) [2].
DDls between clopidogrel and hypnotics are not currently reported in product labeling or in
commonly used DDI knowledge bases such as Lexicomp, Inc. or IBM Micromedex®,
except for one between clopidogrel and trazodone [3]. With the increasing use of hypnotics
in recent years [4], coupled with an aging population with high likelihood of receiving
antiplatelet therapy [5], concomitant use of a commonly prescribed antiplatelet agent such as
clopidogrel with a hypnotic may become more widespread. In fact, 2016 data from the
United States (U.S.) Centers for Disease Control and Prevention identified >545,000 and
>196,000 national office visits during which patients were concomitantly prescribed
clopidogrel with zolpidem and with eszopiclone, respectively. The potential DDI signals
between clopidogrel and these hypnotics thus raised concerns about patient safety and
treatment outcomes. We sought to confirm or refute these signals in an independent database
consisting of U.S. Medicaid beneficiaries from four states from 1999-2012, using the same
bi-directional SCCS design and negative control object drug as the screening study to
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minimize confounding and exposure trend bias, as well as quantitatively comparing
clopidogrel findings [2].

2. MATERIAL AND METHODS

2.1. Overview

We conducted a bi-directional SCCS study for each clopidogrel + hypnotic precipitant drug
pair to examine the rate of serious bleeding in individuals treated with clopidogrel (i.e.,
object drug) during time exposed (i.e., focal windows) vs. unexposed (i.e., referent
windows) to the precipitant, in comparison to the rate of serious bleeding in individuals
treated with pravastatin (i.e., negative control object drug) during focal windows vs. referent
windows. Cohort identification and statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

2.2. Datasource

We used 1999-2012 U.S. Medicaid claims data from four states (California, Florida, New
York, and Pennsylvania), supplemented with Medicare claims (including Part D Event Files
for 2006-2012) for dually enrolled individuals.

2.3. Creating study cohorts of new users of clopidogrel and pravastatin

We constructed separate study cohorts for the object drug (i.e., clopidogrel) and the negative
control object drug (i.e., pravastatin). Adults (age =18 years) with a 183-day baseline period
of continuous Medicaid enrollment and devoid of clopidogrel (or pravastatin) prescriptions
were eligible. We then utilized pharmacy claim dates and days’ supply values to build object
drug (or negative control object drug) exposure episodes consisting of =1 dispensed
prescription for clopidogrel (or pravastatin). We allowed a grace period between consecutive
pharmacy claims for the object drug and at the end of the terminal dispensing, calculated as
20% of the days’ supply of the object drug and rounded up to the nearest integer, assuming
that patients achieved 80% adherence.

2.4. Defining observation and baseline periods

For each new user of clopidogrel or pravastatin meeting aforementioned inclusion criteria,
object drug-specific observation periods began with initiation of the object drug and were
censored at the earliest of the following: 1) lapsed of exposure to object drug (after allowing
for a grace period, defined above), 2) switching to a therapeutic alternative (i.e., ticlopidine,
prasugrel, or ticagrelor for clopidogrel, and another statin for pravastatin), 3) Medicaid
disenrollment, 4) end of study period, or 5) death. We defined focal windows as days
exposed to both object and precipitant drugs and referent windows as days exposed to the
object drug only. We defined indeterminate windows as days exposed to the object drug
following lapsed exposure to a precipitant (defined by the days’ supply of the most recent
precipitant claim) and days during which there was concomitant use of =2 hypnotics.

The baseline period was defined as the 183 days immediately preceding yet excluding the
observation period start date. As mentioned above, we required the baseline period to be
devoid of an interruption in Medicaid coverage and a dispensing for the object or negative
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control object drug under study. We did not exclude from study object episodes preceded by
a baseline dispensing for an alternative antiplatelet or statin, which permitted us to study
second- and later-line therapies.

2.5. Defining exposure of interest and time-varying covariates

The exposure of interest was concomitant use of a hypnotic drug, defined as doxepin,
estazolam, eszopiclone, flurazepam, lorazepam, quazepam, ramelteon, temazepam,
trazodone, triazolam, zaleplon, or zolpidem (i.e., precipitant drugs [6]) during an active
prescription for either clopidogrel (i.e., the object drug [6]) or pravastatin (i.e., the negative
control object drug [6]). Exposure to hypnatics was also defined using pharmacy claims for
these drugs, similar to the aforementioned definition of exposure to the object drug.

We employed a bi-directional self-controlled case series (SCCS) design, which inherently
eliminates confounding by time-invariant factors within individual [7]. Additional time-
varying variables that could potentially be confounders were selected through disjunctive
cause criterion [8] and included exposure to drugs that may increase the risk of serious
bleeding on current day or within previous 30 days, drugs that may interact with clopidogrel
on current day or within previous 14 or 30 days, drugs that are gastroprotective on current
day or within previous 30 days, other hypnotics used within prior 30 days, acute infection on
current day or within previous 14 days, ischemic or cerebrovascular disease on current day
or ever prior (i.e., during the current observation period, baseline period, or any available
data preceding the baseline period), serious bleeding event ever prior, and long-term care
residence on current day or within previous 30 days (Tables A.2 and A.3).

2.6. Identifying outcomes

The composite outcome of interest was serious bleeding—including gastrointestinal
bleeding, nontraumatic intracranial hemorrhage, or epistaxis—ascertained by International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) discharge
diagnoses appearing in the principal position on an inpatient or emergency department claim
(positive predictive values: 81% [9], 77-94% [10-12], and 58.8% [13], respectively) (Table
Al).

2.7. Statistical analysis

We used conditional Poisson regression to calculate confounder-adjusted rate ratios (RRs)
with 95% Cls for serious bleeding occurrence during use of object drug + precipitant drugs
(vs. object drug alone). To quantitatively compare clopidogrel findings to the negative
control object drug, we divided the adjusted RR for each clopidogrel-precipitant pair by the
adjusted RR for the corresponding pravastatin-precipitant pair to obtain the RRR and its
95% ClI, adjusting for covariates [6]. This served to distinguish a potential DDI from a
precipitant’s inherent effect on bleeding.

Additional analyses were performed to clarify the association between exposure and
outcome through stratification by mutually exclusive focal window segments of 0-15, 16-30,
31-60, 61-120, and 121-180 days since concomitant use of object and precipitant drugs. To
assess for potential violation of the independent events assumption underlying the SCCS
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design, we conducted a sensitivity analysis limited to subjects with only one outcome during
the observation period. Additional analyses included unidirectional left (i.e., excluding
observation time before the first focal window) and right censoring (i.e., excluding
observation time after the first focal window) to evaluate the potential for immortal time bias
and reverse causation bias potentially introduced by the bidirectional design [14]; limiting to
subjects alive throughout the entire observation period; modifying the grace period length
for the object drug; and increasing the clopidogrel-free baseline period from 183 to 365
days. We considered an association to be present if both the RR for the clopidogrel-hypnotic
drug pair andthe RRR for the clopidogrel-hypnotic drug pair divided by the corresponding
pravastatin-hypnotic drug pair were statistically significantly elevated.

This study was approved by the Institutional Review Board of the University of
Pennsylvania (protocol #827561).

3. RESULTS

We identified 23,194 users of clopidogrel and 3,824 of pravastatin who experienced serious
bleeding during an active prescription for one of these agents. Individuals in the clopidogrel
group had a median age of 75.5 years (interquartile range [IQR] 66.5-83.0) at the start of
observation, compared to 72.1 years (IQR 62.0-80.1) in the pravastatin group (Table 1). The
plurality of individuals in both groups were female, white, and resided in California. Table 2
shows the adjusted RRs for serious bleeding for each object-precipitant drug pair, as well as
the RRRs for these precipitants used with clopidogrel vs. pravastatin as the negative control
object drug. Quazepam was dropped from the final analysis as no pravastatin users exposed
to this benzodiazepine experienced a serious bleeding event. Neither the RR for zolpidem
(0.97, 95% C1 0.85-1.09), nor the RRR for zolpidem using pravastatin as the negative
control object drug (0.77, 95% CI 0.53-1.11) suggested an elevated risk. The RR for
eszopiclone was nonsignificantly elevated (1.61, 95% CI 0.92-2.82), while the RRR was too
imprecise to provide any useful information (6.63, 95% CI 0.39-113.01). The RR for
temazepam was modestly elevated (1.34, 95% CI 1.12-1.60), while the RRR that used
pravastatin as a negative control object drug was attenuated and non-significant (1.24, 95%
Cl 0.67-2.73). No other RRRs were statistically elevated, and several of the 95% Cls were
quite wide and included large values.

We observed similar results in all sensitivity analyses and did not identify an increased risk
of serious bleeding with concomitant use of clopidogrel and precipitant hypnotic drugs, as
shown in Tables A.4-A.6. When expanding the clopidogrel-free baseline period from 183 to
365 days or when decreasing and increasing grace periods of the object drug (i.e., assuming
90% adherence and 70% adherence, respectively), we also obtained similar findings.
Additionally, when stratifying by focal window segments, we identified no statistically
significant RRRs for serious bleeding.

4. DISCUSSION

Statistical imprecision precluded us from confirming or refuting prior signals of a potential
interaction between zolpidem or eszopiclone and clopidogrel leading to serious bleeding [2].
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Although wide Cls are present for many of our estimates, numerically elevated RRRs for
serious bleeding with several other clopidogrel + hypnotic pairs warrant further examination
in larger datasets.

Potential pharmacokinetic mechanisms may support previously identified signals of
increased serious bleeding when clopidogrel is co-prescribed with either zolpidem or
eszopiclone [2]. Clopidogrel is metabolized to its inactive metabolite primarily by the liver
carboxylesterase 1 (CES1) pathway [15]. Limited data suggest that zolpidem has some
inhibitory effect on hydrolase activities of p-nitrophenyl acetate by the recombinant human
CES1 [16], which could result in more clopidogrel prodrug being available for conversion to
its active metabolite, leading to an increased antiplatelet effect and bleeding risk. Similarly,
zopiclone has been shown to have some inhibitory effect on recombinant human CES1; thus,
we might expect its stereoisomer eszopiclone to have the same effect to a certain extent and
also potentiate clopidogrel’s antiplatelet effect by inhibiting the CES1 pathway [17].
Unfortunately, we were unable to confirm or refute an increased risk of serious bleeding
when either zolpidem or eszopiclone were used concomitantly with clopidogrel in this study
due to statistical imprecision.

5. CONCLUSION

Overall, while we were able to rule out an increased risk greater than 10% with concomitant
use of clopidogrel and zolpidem, we could neither confirm nor refute the earlier DDI signal
for serious bleeding with co-prescribed clopidogrel and eszopiclone [2] based on our
findings due to statistical imprecision. Of note, the trend towards increasing serious bleeding
risk observed in several other clopidogrel + hypnotic drug pairs among this study population
warrants further examination in larger datasets.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Adjusted ’ rate ratios and ratios of rate ratios for serious bleeding by object-precipitant drug pair

RR (95%CI)
for

RR (95%CIl)
for

et | prem | B8R
of of
clopidogrel pravastatin
Estazolam 1.04 (0.18-5.91) ND ND
Flurazepam | 0.77 (0.38-1.53) | 0.59(0.18-2.01) | 1.29(0.32-5.23)
Benzodiazepine hypnotics Lorazepam 1.10 (0.92-1.33) | 1.37(0.82-2.28) 0.81 (0.47-1.40)
Benzodiazepine receptor Temazepam | 1.34 (1.12-1.60) | 1.08 (0.60-1.95) | 1.24 (0.67-2.31)
agonists Triazolam | 0.84 (0.44-1.61) | 4.73 (1.15-19.52) | 0.18 (0.04-0.85)
Non-benzodiazepine z-drugs | Eszopiclone | 1.61(0.92-2.82) | 0.24 (0.02-3.91) | 6.63 (0.39-113.01)
Zaleplon 1.41(0.70-2.82) | 0.79 (0.08-8.14) | 1.79(0.16-20.44)
Zolpidem 0.97 (0.85-1.09) | 1.25(0.89-1.77) | 0.77 (0.53-1.11)
Melatonin receptor agonist Ramelteon 0.88 (0.25-3.11) ND ND
Tricyclic antidepressant Doxepin 1.03 (0.53-2.00) | 0.94 (0.10-8.60) 1.10 (0.11-11.01)
Serotonin Reuptake Inhibitor/Antagonist Trazodone 1.07 (0.82-1.38) | 0.93 (0.49-1.76) 1.15 (0.58-2.30)

ClI: confidence interval; ND: not detectable; RR: rate ratio; RRR: ratio of rate ratios

#

Adjusted for drugs that may increase the risk of serious bleeding on current day or within previous 30 days, drugs that may interact with

clopidogrel on current day or within previous 14 or 30 days, drugs that are gastroprotective on current day or within previous 30 days, other
hypnotics used within prior 30 days, acute infection on current day or within previous 14 days, ischemic or cerebrovascular disease on current day
or ever prior, serious bleeding event ever prior, and long-term care residence on current day or within previous 30 days (more details in Tables A.2

and A.3)
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