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Abstract

Introduction In Germany, an extended-release (ER) com-

bination of the high-potency opioid (HPO) oxycodone and

the antagonist naloxone was approved in 2006. In recent

years, the cardio- and cerebrovascular safety of opioid

antagonists and of opioids themselves has been discussed.

Objectives The objective of this study was to estimate the

risk of major ischemic cardio- and cerebrovascular events

in patients receiving ER oxycodone–naloxone compared

with those receiving other ER HPOs.

Methods We used the German Pharmacoepidemiological

Research Database (GePaRD) to conduct a nested case–

control study (2006–2011) within a cohort of ER HPO

users. Cases were defined as patients hospitalized for acute

myocardial infarction (MI) or ischemic stroke (IS). For

each case, up to ten controls were selected by risk-set

sampling. Using conditional logistic regression, con-

founder-adjusted odds ratios (aORs) and 95% confidence

intervals (CIs) were obtained for the risk of MI/IS associ-

ated with (1) current HPO treatment, (2) recent discontin-

uation, or (3) recent switch of HPO therapy compared with

past treatment.

Results In 309,936 ER HPO users, 12,384 MI/IS events

were detected, resulting in a crude incidence rate of 19.48

(95% CI 19.14–19.82) per 1000 person years. A small but

significantly elevated aOR was found for morphine (1.12;

95% CI 1.04–1.22) but not for oxycodone–naloxone. Recent

discontinuation and recent switch of any ER HPO also had a

significant impact on the outcome (aOR 1.12; 95% CI

1.04–1.21 and 1.25; 95% CI 1.03–1.52, respectively).

Conclusions Our study does not indicate an association

between oxycodone–naloxone and ischemic cardio- or cere-

brovascular events. However, our findings do suggest that every

change in ER HPO therapy should be conducted with caution.

Key Points

Older age, female sex, and a diagnosis of cancer

predicted initiating treatment with extended-release

(ER) oxycodone–naloxone instead of ER oxycodone

alone.

Adjusted for relevant cardio- and cerebrovascular risk

factors and co-medication, this study did not detect an

increased risk for acute myocardial infarction or

ischemic stroke for ER oxycodone–naloxone

compared with other ER high-potency opioids.

1 Introduction

The number of opioid prescriptions has risen substantially

in recent decades [1–4]. A common and bothersome

adverse effect associated with this type of pain therapy is

opioid-induced constipation (OIC), which affects about
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40% of patients with chronic non-malignant pain and

70–95% of those treated for cancer pain [5]. In contrast to

other side effects, OIC is often observed throughout the

whole treatment period.

One way to reverse OIC is to combine the opioid agent

with an opioid receptor antagonist that will not compro-

mise pain reduction [6]. An example of this approach is the

oral extended-release (ER) fixed combination of the high-

potency opioid (HPO) oxycodone with naloxone as opioid

antagonist. ER oxycodone–naloxone was first launched in

Germany in 2006, then in other European countries, and is

indicated for the treatment of severe pain that can be

adequately managed only with opioids, providing analgesic

efficacy comparable to that of oxycodone while counter-

acting OIC by blocking opioid receptors in the gut [7, 8].

In contrast, ER oxycodone–naloxone was approved by

the US FDA in 2014 as an abuse-deterrent agent to treat

pain severe enough to require daily, around-the-clock,

long-term opioid treatment for which alternative treatment

options are inadequate [6, 9, 10].

In recent years, the cardiovascular safety of opioid

antagonists intended for use in OIC has been discussed [11].

For example, the FDA restricted use of the peripherally

acting opioid receptor antagonist alvimopan to short-term in-

hospital treatment because of the potential risk of myocardial

infarction (MI) associated with long-term use [12]. The most

commonly proposed mechanism for an association between

ischemic cardiovascular events and opioid antagonists is

physiologic stress induced by withdrawal, leading to

increased myocardial work [11]. Though data linking opioid

withdrawal resulting from abrupt discontinuation to adverse

cardiovascular complications are limited [13], and other

opioid antagonists for use in OIC have been recently

approved in the USA [6] and in Europe [14, 15], this potential

risk might also affect the fixed-dose ER combination of

oxycodone and naloxone since symptoms of opioid with-

drawal may occur in these patients given the opioid antag-

onistic properties of naloxone [10]. Furthermore, some

studies have indicated a potential relationship between opi-

oids themselves and cardio- and cerebrovascular outcomes

[16–18]. A recent investigation found that prescription of

long-acting and ER opioids for chronic non-cancer pain,

compared with anticonvulsants or cyclic antidepressants,

was associated with a significantly increased risk of all-cause

mortality, including cardiovascular deaths [19].

Despite these safety concerns, the use of ER oxy-

codone–naloxone has increased considerably in Germany

in recent years, accounting for more than 40% of all dis-

pensed defined daily doses of oxycodone in 2014 [20].

Therefore, the objective of this study was to quantify the

risk of major ischemic cardio- and cerebrovascular events

in patients using ER oxycodone–naloxone compared with

those using ER oxycodone or other ER HPOs.

To assess potential channeling of patients with cardio-

vascular and cerebrovascular risk factors to either ER

oxycodone–naloxone or ER HPOs without naloxone, we

also explored predictive factors for the choice of ER HPO.

2 Methods

2.1 Data Source and Study Design

Data for this analysis were obtained from the German

Pharmacoepidemiological Research Database (GePaRD)

established by the Leibniz Institute for Prevention

Research and Epidemiology—BIPS. GePaRD is based on

data from four statutory health insurance (SHI) providers

covering over 20 million people from all regions of Ger-

many. For each insurance member, GePaRD contains

demographic characteristics, information on hospitaliza-

tions and outpatient physician visits, and outpatient dis-

pensation data.

We conducted a retrospective study based on the years

2006–2011 in a cohort of subjects receiving ER oxy-

codone–naloxone and other ER HPOs included in the

German Narcotic Drugs Act (electronic supplementary

material [ESM] 1). Patients were enrolled in the study

cohort if they had filled at least one outpatient prescription

of an ER HPO approved for pain after a continuous

insurance time of at least 12 months (baseline period).

Patients receiving only immediate-release HPOs were not

eligible to be included in the cohort. The date of the first

ER HPO dispensation after the baseline period was defined

as cohort entry. Cohort exit was set as the first of the fol-

lowing dates: (1) end of study, (2) death from any cause,

(3) hospitalization for MI or ischemic stroke (IS), or (4)

interruption of insurance status for more than 3 days or

deregistration from the insurance provider.

We also conducted a nested case–control study match-

ing up to ten controls to each hospitalized MI/IS case with

respect to sex, year of birth, and SHI provider using risk-set

sampling. An index day was assigned to each control

resulting in the same length of follow-up as for the corre-

sponding case. Cohort members who were hospitalized at

the index day of the case were excluded from the set of

potential controls because they were not at risk of hospi-

talization due to MI/IS. Patients might have served as

controls for more than one case and were eligible to be

selected as controls until they became a case [21].

In Germany, the use of health insurance data for sci-

entific research is regulated by the Code of Social Law. All

involved SHI providers and federal and regional authorities

approved the use of the data for this study. Patient

informed consent was not required by law because the

study was based on pseudonymous data.
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2.2 Extended-Release High-Potency Opioid

Exposure

The duration of exposure for each ER HPO during the

study period was estimated using the number of entities

dispensed and according to the dosage scheme provided by

the respective Summary of Product Characteristics analo-

gously to a prior GePaRD-based study examining ER

HPOs (ESM 1) [22]. The potency and strength of each

dispensation were assessed using conversion factors based

on morphine equivalents. Daily ER HPO doses C90 mg

morphine equivalents were considered high [16, 23]. A

grace period, defined as 20% of the supply of the previous

dispensation, was allowed between subsequent dispensa-

tions to account for variable opioid dosing patterns.

In the case–control analysis, current ER HPO use was

defined as exposure overlapping the index day. Patients were

considered recent users if they had discontinued ER HPO

treatment up to 30 days before the index day (recent dis-

continuation). All patients not classified as current or recent

users were categorized as past users. Furthermore, a switch

was considered recent if treatment had changed from one ER

HPO substance to another in the 30 days before the index

day. Concurrent use of different ER HPO substances or the

addition of one ER HPO to continuous treatment with

another ER HPO was not considered a switch.

2.3 Outcome

The outcome was defined as hospitalization for acute MI or

IS identified by the main discharge diagnoses reflecting the

reason for the hospitalization (ESM 2). The time of the

event was defined as the hospital admission date.

2.4 Covariates

Baseline covariates were assessed in the 12 months pre-

ceding cohort entry. Comorbidity including cardio- and

cerebrovascular risk factors was obtained from inpatient and

outpatient diagnoses (ESM 2), and a history of cardiovas-

cular medication was retrieved from outpatient dispensa-

tions (ESM 3). Patients diagnosed with mental and

behavioral disorders due to opioid use and/or receiving

opioid-replacement therapy were considered to be abusing or

dependent on opioids. Addictive habits such as mental and

behavioral disorders due to the use of alcohol or cannabi-

noids were classified as other substance use disorders.

Potential indications for ER HPO use were examined

during the 6 months preceding cohort entry and at cohort

entry. Patients were assumed to have received HPOs for

cancer pain if they had at least one diagnosis of cancer. Further

indications such as arthrosis or intervertebral disc conditions

were classified according to a recent analysis of German

claims data (ESM 2) [24]. For the case–control study, con-

comitantly used drugs were also assessed from outpatient

dispensations during the 90 days before the index day. They

encompassed immediate-release HPOs, low-potency opioids

(LPOs) approved for pain therapy, and adjuvant analgesics.

Drugs associated with increased cardio- and cerebrovascular

risk, such as nonsteroidal anti-inflammatory drugs (NSAIDs)

or antipsychotics were also assessed (ESM 3).

2.5 Statistical Analyses

Crude incidence rates (IRs), overall and stratified by sex and

age group, were calculated per 1000 person-years (PYs).

Corresponding 95% confidence intervals (CIs) were deter-

mined with the substitution method, assuming the number of

events was Poisson distributed [25]. Furthermore, a logistic

regression model was used to identify predictors for

initiating treatment with ER oxycodone–naloxone or ER

oxycodone, including baseline covariates, recent hospital-

izations, and the specialty of the prescribing physician.

Finally, we conducted a nested case–control analysis using

conditional logistic regression to obtain confounder-adjusted

odds ratios (aORs) with corresponding 95% CIs for the risk

of MI or IS associated with (1) current HPO treatment, (2)

recent discontinuation, or (3) recent switch of HPO therapy

compared with past treatment. We calculated aORs using

the SAS procedure PHREG with the BRESLOW option for

the handling of ties and used a backward selection procedure

including ER HPO treatment-related variables and known

cardio- and cerebrovascular risk factors as fixed variables.

Analyses were performed using SAS software (version 9.2;

SAS Institute Inc., Cary, NC, USA).

2.6 Sensitivity and Subgroup Analyses

In a sensitivity analysis, no grace period was allowed

between subsequent dispensations. Subgroup analyses were

based on (1) patients with \90 mg morphine equivalents

on the index date and (2) those without prior MI/IS,

respectively. Analyses were also stratified by outcome, sex,

and age group. To examine whether a switch to ER oxy-

codone–naloxone was associated with an increased risk of

MI/IS, a recent switch to ER oxycodone–naloxone was

compared with no switch in current ER oxycodone–

naloxone users in a further subgroup analysis.

3 Results

During the study period, 309,936 patients received at least

one ER HPO. Median age at cohort entry was 70 years, and

approximately two-thirds of patients were female

(Table 1). The most common ER HPO leading to cohort
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entry was fentanyl (38.4%), followed by oxycodone

(16.3%) and morphine (13.2%). Overall, 83.8% of patients

had not received any HPO in the 6 months preceding

cohort entry, nearly three-quarters of patients were treated

with only one substance during the study period (ESM 4),

and 80% of patients received only ER HPOs during the

study period. Patients receiving fentanyl were oldest (me-

dian age 76 years), followed by those treated with

buprenorphine (73 years). A history of ischemic heart

disease, congestive heart failure, diabetes mellitus, or

cerebrovascular diseases was most common among

patients receiving fentanyl or buprenorphine.

Older age and female sex increased the probability of

treatment with oxycodone–naloxone instead of oxycodone

alone in patients new to ER HPO (Fig. 1). Patients

receiving their first prescription from a specialist or having

a diagnosis of cancer were also more likely to initiate

treatment with the combination product (aOR 1.38; 95% CI

1.32–1.44 and 1.11; 95% CI 1.07–1.15, respectively).

Among cardio- and cerebrovascular risk factors, only

atherosclerosis/peripheral vascular disease increased the

likelihood of ER oxycodone therapy. Patients who started

ER HPO therapy later in the study period had a higher

probability of receiving the combination product (by the

factor 6–15). Opioid abuse/dependence had no significant

impact, but other substance use disorders increased the

probability of receiving oxycodone alone (aOR 0.87; 95%

CI 0.81–0.94).

During the study period, 5585 MI and 6799 IS events

occurred, resulting in a crude IR of 19.48 (95% CI

19.14–19.82) per 1000 PYs (ESM 6). Among individual

ER HPOs, the highest crude IRs were observed for fentanyl

and buprenorphine. Crude IRs were lower for MI (8.78;

95% CI 8.56–9.02) than for IS (10.69; 95% CI

10.44–10.95).

Current use of any ER HPO compared with past use

yielded an aOR for MI/IS of 1.01 (95% CI 0.96–1.06;

Table 2). Among specific ER HPOs, a small but signifi-

cantly elevated aOR was observed only for morphine (1.12;

95% CI 1.04–1.22). Recent discontinuation and recent

switch of any ER HPO had a significant impact on the

outcome (aOR 1.12; 95% CI 1.04–1.21 and 1.25; 95% CI

1.03–1.52, respectively). Furthermore, morphine equiva-

lents C90 mg on the index day yielded an aOR of 1.10

(95% CI 1.03–1.17).

With respect to the outcome, current use of any ER HPO

compared with past use yielded an aOR for MI of 1.17

(95% CI 1.09–1.26). Among specific ER HPOs, signifi-

cantly elevated aORs were observed for morphine (1.30;

95% CI 1.14–1.47), oxycodone (1.18; 95% CI 1.04–1.34),

and fentanyl (1.17; 95% CI 1.06–1.30). Recent switch of

any ER HPO also had a significant impact on the outcome

(aOR 1.38; 95% CI 1.02–1.86). For IS, current use of any

ER HPO compared with past use yielded an aOR of 0.95

(95% CI 0.88–1.02). For this outcome, only recent dis-

continuation revealed a small but significantly elevated

aOR (1.14; 95% CI 1.02–1.27).

Allowing no grace period between subsequent dispen-

sations, basing the analysis only on patients with \90 mg

morphine equivalents on the index day, or excluding those

with prior MI/IS events yielded results comparable to those

from the main analysis (Table 3). A recent switch of sub-

stance among patients currently receiving oxycodone–

naloxone revealed an aOR of 0.91 (95% CI 0.23–3.67)

compared with no switch (ESM 8).

4 Discussion

We examined the risk of ischemic cardiovascular and

cerebrovascular events in a large cohort of patients

receiving ER HPO. Adjusted for relevant risk factors and

co-medication, this study did not observe an increased

risk of MI/IS with ER oxycodone–naloxone compared

with other ER HPOs. This result is supported by a recent

study assessing disproportionate reporting of adverse

cardiac events associated with naloxone across large

international pharmacovigilance systems [13]. The

authors of that study found no increase in the relative

reporting of cardiovascular disorders associated with

naloxone monotherapy or in fixed-dose combinations with

opioids.

We examined treatment predictors and found that older

age, female sex, and a diagnosis of cancer were significant

predictors of initiating use of the combination product

instead of oxycodone alone. In contrast, comorbidity had

no significant influence on treatment choice, indicating that

channeling based on cardio- and cerebrovascular risk fac-

tors was of minor importance. This is plausible, as the

discussion on oxycodone–naloxone in Germany focused on

costs and effectiveness rather than safety [26, 27]. Calendar

year as the strongest predictor for oxycodone–naloxone

reflected the large uptake seen in the overall German pre-

scription statistics [20]. In our study, neither opioid abuse/

dependence nor substance use disorders predicted treat-

ment with ER oxycodone–naloxone, which is supported by

the fact that, in Germany, the antagonist is not intended to

deter abuse but to prevent OIC [7, 28].

By stratifying the outcome, we found that any ER HPO

use, as well as current treatment with morphine, oxy-

codone, or fentanyl or a recent switch of ER HPO treat-

ment, significantly increased the risk of MI, whereas only

recent discontinuation of ER HPO was associated with an

increased risk of IS. Again, no significantly increased risk

was observed for either outcome with the oxycodone–

naloxone combination. These findings corroborate the

Oxycodone–Naloxone and Cardio- and Cerebrovascular Risk 509
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increased risk of MI reported by previous studies [16, 18]

and indicate that opioid treatment is not associated with

ischemic cerebrovascular outcomes.

The aORs we observed for any ER HPO use and for

morphine for the composite outcome as well as for MI only

were lower than those reported by a recent nested case–

control study based on 1.7 million non-cancer patients with

no major risk factors for MI and a record of at least one

opioid prescription from the Clinical Practice Research

Datalink (CPRD) [18]. Based on about 12,000 incident MI

cases and compared with non-use, the study showed an

aOR of 1.28 (95% CI 1.19–1.37) for current use of any

opioid and a 1.71-fold (95% CI 1.09–2.68) increased risk

for morphine use. However, comparison with this and other

studies is hampered by differences in the definition of the

reference group and characteristics of users because the

availability or use of opioids varies across countries.

Our findings regarding a recent discontinuation of ER

HPO treatment support the assumption that ischemic car-

dio- and cerebrovascular events may be triggered by opioid

withdrawal, particularly upon abrupt cessation of long-term

opioid treatment [29]. Our study also suggests that a switch

of ER HPO treatment might increase cardio- and cere-

brovascular risk, but there is no indication that converting

therapy to ER oxycodone–naloxone is associated with an

increased risk of MI/IS.

Overall, the IRs we found per 1000 PY were 8.78 for MI

and 10.69 for IS, which are higher than observed in other

recent studies. For example, a US claims-based cohort

analysis found an IR of 6.04 (95% CI 5.68–6.41) for MI

[16], and a study using IMS� Disease Analyzer data

reported even lower IRs per 1000 PY for MI (2.7; 95% CI

bFig. 1 Predictors of treatment with oxycodone–naloxone vs. oxy-

codone in incident users of oxycodone–naloxone or oxycodone,

where ‘incident’ means that no high-potency opioids were dispensed

in the 6 months preceding cohort entry. See the electronic supple-

mentary material 5 for the characteristics of incident users of

oxycodone–naloxone or oxycodone. ‘Recent hospitalization’ refers to

the 7 days preceding cohort entry, ‘physicians’ specialty’ refers to the

physician issuing the index extended-release high-potency opioid

prescription, and ‘other CV medication’ includes antihypertensive

drugs, diuretics, beta-blocking agents, calcium antagonists, angioten-

sin-converting enzyme inhibitors, and angiotensin-2 antagonists. CI

confidence interval, COX-2 cyclooxygenase 2, CV cardiovascular, GP

general practitioner, NSAIDs nonsteroidal anti-inflammatory drugs,

OR odds ratio

Table 2 Myocardial infarction/ischemic stroke associated with current or recent use of extended-release high-potency opioids compared with

past use of extended-release high-potency opioids

Overall Adjusted ORb

Cases

(N = 12,382)

Controls

(N = 123,605)

Adjusted ORb Myocardial

infarction

Ischemic stroke

Current medicationa

Any ER HPO 5128 (41.4) 50,530 (40.9) 1.01 (0.96–1.06) 1.17 (1.09–1.26) 0.95 (0.88–1.02)

Morphine 779 (6.3) 7198 (5.8) 1.12 (1.04–1.22) 1.30 (1.14–1.47) 1.06 (0.93–1.20)

Oxycodone 817 (6.6) 7987 (6.5) 1.06 (0.98–1.15) 1.18 (1.04–1.34) 0.96 (0.85–1.08)

Oxycodone–naloxone 537 (4.3) 5409 (4.4) 0.97 (0.88–1.06) 1.05 (0.90–1.22) 0.91 (0.79–1.05)

Hydromorphone 477 (3.9) 4482 (3.6) 1.00 (0.90–1.12) 1.04 (0.88–1.24) 0.99 (0.84–1.16)

Tapentadol 17 (0.1) 248 (0.2) 0.66 (0.40–1.08) 0.78 (0.34–1.82) 0.64 (0.34–1.23)

Fentanyl 2606 (21.0) 24,650 (19.9) 1.03 (0.97–1.09) 1.17 (1.06–1.30) 0.94 (0.85–1.03)

Buprenorphine 551 (4.5) 5884 (4.8) 0.94 (0.86–1.03) 0.94 (0.81–1.10) 0.94 (0.82–1.08)

Recent discontinuation of any ER

HPOa
1112 (9.0) 9871 (8.0) 1.12 (1.04–1.21) 1.11 (0.98–1.25) 1.14 (1.02–1.27)

Recent switch of substancea 145 (1.2) 981 (0.8) 1.25 (1.03–1.52) 1.38 (1.02–1.86) 1.19 (0.89–1.58)

Cases and controls were matched by year of birth, sex, and statutory health insurance provider. Characteristics of cases and controls are displayed

in the electronic supplementary material 7. Data are presented as n (%) or adjusted OR (95% confidence interval)

ER extended-release, HPO high-potency opioid, OR odds ratio
a Reference: past use of ER HPO
b Adjusted for hypertensive disease, ischemic heart disease, transient cerebral ischemic attacks, cerebrovascular disease, atherosclerosis/pe-

ripheral vascular disease, diabetes, atrial fibrillation and flutter, congestive heart failure, obesity, intervertebral disc illnesses, arthrosis, multi-

morbidity, headache, antithrombotic drugs, cardiac glycosides, vasodilators, antihypertensive drugs, diuretics, beta-blocking agents, calcium

antagonists, angiotensin-converting enzyme inhibitors, angiotensin-2 antagonists, non-selective nonsteroidal anti-inflammatory drugs,

cyclooxygenase-2 inhibitors, conventional antipsychotics, antidepressants, antiepileptic drugs, low-potency opioids, immediate-release HPOs,

morphine equivalents
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1.9–3.7) and stroke (5.3; 95% CI 4.1–6.2) for Germany

[30]. However, these studies excluded patients with a

baseline history of cancer, did not restrict opioid use to

HPOs, and did not examine events during the first

6 months of treatment. In contrast, a US study examining

IRs for safety events among propensity score-matched

older adults with arthritis initiating opioid treatment

reported substantially higher rates of 29 (95% CI 21–38)

per 1000 PY for MI and 18 (95% CI 13–26) for stroke, but

this was based on a broader outcome definition [17]. Fur-

thermore, the study population was considerably older

(mean age 80 years) than in our analysis.

With respect to individual ER HPOs, crude IRs for MI/

IS were found to be highest for fentanyl and buprenor-

phine, mirroring the substantial differences with respect to

age and comorbidity in patients receiving these ER HPOs

compared with the other agents. However, these effects

were not apparent in the case–control analysis after

matching by age, sex, and SHI provider and adjusting for

relevant risk factors and co-medication, including imme-

diate-release HPOs.

The strengths of this study are its size and the repre-

sentativeness of the data, which provided complete cov-

erage of all age groups, and the lack of non-response

because of the administrative nature of the data [31]. By

determining exposure based on pharmacy dispensing data,

recall bias can be ruled out, and information on dispensa-

tion date and product is precise [32]. Opioid prescriptions

in GePaRD have been shown to be representative for

Germany [33] and, since all opioids approved for pain

therapy are available by prescription only, ascertainment of

HPO exposure is assumed to be complete. Furthermore, the

high uptake of ER oxycodone–naloxone since approval

[20], and the overall preference for ER HPOs in chronic

pain conditions [34, 35], which has been reported in pre-

vious studies [4, 22], make German data well suited for

comparing ER oxycodone–naloxone with other ER HPOs.

A limitation of the study is that GePaRD does not pro-

vide prescribed daily doses and intended or actual treat-

ment durations. This study was based on ER HPO

analgesics usually given on fixed-dosage schedules, so we

used a previously implemented algorithm to determine

treatment durations [22]. Allowing no grace periods

between subsequent prescriptions and thus varying the

assumed duration of treatment did not change our results.

Therefore, misclassification of exposure time appears less

important.

This study did not include a review of individual patient

files which for data protection reasons is not feasible in

Germany. However, several studies [36, 37] have reported

good validity for MI and IS identified from claims data. In

GePaRD, MI/IS as outcomes have been investigated

extensively in collaborative studies including different

European and US healthcare databases [38, 39], and the

validity of our outcome definition based on hospital dis-

charge diagnoses is assumed to be high.

A further limitation is that, in Germany, outpatient

diagnoses are coded quarterly; therefore, events such as

withdrawal symptoms not necessarily leading to hospital-

ization refer only to the quarter of a year rather than an

exact date. As we were also unable to examine whether

discontinuation was conducted by tapering the dose, e.g.,

by splitting tablets, we could not investigate the potential

causal chain between opioid discontinuation without

downward titration, withdrawal symptoms, and the occur-

rence of ischemic cardio- and cerebrovascular events.

Accordingly, it was not possible to assess whether

switching was performed abruptly or by slowly decreasing

one ER HPO while titrating the new substance to effect

[40]. Furthermore, the clinical consequences of both dis-

continuation and switch of treatment might be associated

with the overall duration of opioid treatment or other

patient-related factors, such as pain status or adverse drug

reactions, not included in this analysis.

Finally, as we used administrative data, we could not

assess all potential confounders such as smoking, and drugs

available over the counter, including laxatives and low-

dose NSAIDs are not covered, which might lead to residual

but probably non-differential confounding.

Overall, our findings were consistent and robust. In

contrast with other studies, this study does not provide a

comparison with the general population or with patients

receiving other analgesics such as NSAIDs but instead

provides insight into the risks of ischemic events during

treatment with individual ER HPOs.

5 Conclusion

Based on nearly 310,000 ER HPO users, our study does not

postulate an association between oxycodone–naloxone and

ischemic cardio- and cerebrovascular events. However, our

findings regarding discontinuation and switch do suggest

that every change in therapy with ER HPOs should be

conducted very cautiously.
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