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What is already known about this subject?

e Tramadol use has increased during the opioid crisis because of its perceived safety and
lower risk of abuse relative to other opioids.

e Given its multimodal mechanism of action, there is a biological rationale that tramadol
could increase the risk of adverse cardiovascular events.

e Little is known about tramadol’s cardiovascular safety.

What this study adds?

e Tramadol was not associated with short-term increased risk of myocardial infarction,
unstable angina, ischemic stroke, coronary revascularization, cardiovascular deaths, and
all-cause mortality, when compared with codeine.

e This population-based cohort study provides important reassurance of the short-term

cardiovascular safety of tramadol as an alternative to codeine for pain control.



ABSTRACT

Aim: The effect of tramadol on the cardiovascular system is largely unknown. There is concern
that, with its multimodal mechanism of action to increase serotonin and norepinephrine levels in
the body, it could increase the risk of arterial ischemia and cardiovascular events. We aimed to
compare the short-term risk of cardiovascular events with the use of tramadol to that of codeine
among patients with non-cancer pain.

Methods: We conducted a retrospective population-based cohort study using data from the
Clinical Practice Research Datalink (CPRD) with new users of tramadol or codeine from April
1998 to March 2017. Exposure was defined using an approach analogous to an intention-to-treat,
with a maximum follow-up of 30 days. The primary endpoint was myocardial infarction, and
secondary endpoints were unstable angina, ischemic stroke, coronary revascularization,
cardiovascular death, and all-cause mortality. Hazard ratios (HRs) were estimated using Cox
proportional hazards models, adjusted for high-dimensional propensity score.

Results: The final cohort included 123,394 tramadol users and 914,333 codeine users. When
tramadol was compared to codeine, the adjusted hazard ratio (HR) of myocardial infarction was
1.00 (95% CI 0.81-1.24). There was also no evidence of elevated risks of unstable angina (0.92;
95% CI 0.67-1.27), ischemic stroke (0.98; 95% CI 0.82-1.17), coronary revascularization (0.97;
95% CI 0.69-1.38), cardiovascular death (1.07; 95% CI 0.93-1.23), or all-cause mortality (1.03;
95% CI 0.94-1.14) when tramadol was compared to codeine.

Conclusions: Short-term use of tramadol, compared with codeine, was not associated with an

increased risk of cardiac events among patients with non-cancer pain.



INTRODUCTION

Tramadol is a synthetic weak opioid[1] used for the treatment of moderate to moderately
severe pain.[2] Its place in therapy for pain management is similar to codeine.[3] Marketed as a
drug with a lower risk of abuse and misuse than other opioid medications, tramadol has been
preferentially prescribed over codeine in the last decade.[4] Prescriptions for tramadol increased
by 65% in United States from 2007 to 2011, ranking third among all opioids prescribed.[5] In
addition, it has been shown to be prescribed more often by family practice and internal medicine
physicians compared to other opioids.[6] Similarly, tramadol prescriptions increased by 7-fold
between 2006 and 2017 in the United Kingdom.[7] The increased rate of tramadol use may also
be explained by its exclusion from the controlled and narcotic drug schedule in many countries
prior to 2014.[8, 9]

Although tramadol and codeine are both weak opioids, their pharmacologic profiles differ

substantially. In addition to being a p-opioid receptor agonist, tramadol also inhibits the reuptake

of serotonin and norepinephrine.[10] This dual mechanism contributes to its analgesic effects, but

it may also result in a different adverse effect profile than the classic opioids. Increased serotonin
levels can result in autonomic hyperactivity, which can lead to numerous cardiac adverse events,
such as tachycardia, hypertension, and cardiac arrhythmia.[11] High serotonin levels are
associated with an increased risk of coronary artery disease.[12] In addition to the vasoconstrictive
effects demonstrated by norepinephrine, both norepinephrine and serotonin can activate platelet
aggregation and increase platelet production.[13-15] Furthermore, tramadol has been shown to
increase blood pressure in both human and animal models, occurring minutes after
administration.[10, 16] In patients who were given preoperative tramadol, postoperative troponin

I level was shown to be the highest at 8 hours post-surgery.[17] Thus, the biochemical changes
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from the rise of serotonin and norepinephrine are likely to occur quickly after tramadol
administration. Given the potential clinical and population health consequences of these
physiologic effects and the increasing use of tramadol in pain management, there is a need to
evaluate the acute cardiovascular safety of tramadol. To our knowledge, there has been four
observational studies that previously investigated the cardiovascular safety of tramadol in a real-
world setting.[18-21] However, these studies had important methodological limitations, including
the use of composite endpoints[18], voluntary reporting bias[19], confounding by indication[19-
21], potential outcome misclassification[21], and conducted in highly-selected patient population
that may not be reflective of routine practice [18-21]. Therefore, the objective of our population-
based cohort study was to compare the short-term cardiovascular safety of tramadol to that of

codeine in patients with non-cancer pain.



METHODS
Data source

We conducted a retrospective, population-based cohort study with data from the Clinical
Practice Research Datalink (CPRD). The CPRD is a computerized healthcare database in the
United Kingdom of general practitioner records from 700 practices and over 79 million person-
years of follow-up starting in 1987. The CPRD contains detailed clinical records that include
demographic data, diagnoses (based on the Read coding system), prescriptions written by the
general practitioner (coded using the British National Formulary), laboratory test data, and clinical
(e.g., blood pressure) and lifestyle information (e.g., smoking). CPRD data have been validated
extensively and shown to be of high quality.[22, 23] We linked CPRD data to hospitalization data
through Hospital Episode Statistics (HES) and vital statistics data from the Office for National
Statistics (ONS).[24] HES contains information on admissions to English hospitals, with
diagnoses recorded as primary or secondary diagnoses using the International Statistical
Classification of Diseases and Related Health Problems 10" Revision (ICD-10) codes and medical
procedures recorded using OPCS Classification of Interventions and Procedures (OPCS-4)
codes.[25] ONS includes official cause of death data (recorded using ICD-9 and ICD-10 codes)
for deaths that occurred both in the community and hospital with details taken from the death
certificate.[24]

The research protocol was approved by the CPRD Independent Scientific Advisory
Committee (ISAC 17_212AMnA) and by the Research Ethics Board of Jewish General Hospital,

Montreal, Canada.



Study population

We identified all patients aged 18 years or older who had a new prescription for tramadol or
codeine between April 1%, 1998 and March 31%, 2017. New use was defined as no prescriptions
for tramadol or codeine in the year before cohort entry; we restricted inclusion to new users to
avoid any bias associated with the study of prevalent users.[26] Cohort entry was defined by the
date of the new prescription of either tramadol or codeine. We excluded all patients with less than
one year of medical history in the CPRD and those who were prescribed more than one type of
opioid on the cohort entry date. We also excluded all patients with diagnosis or treatment for cancer
as defined by Read codes in the CPRD (except for non-melanoma skin cancer) prior to cohort
entry as certain chemotherapies and radiotherapy are known to cause cardiac-related adverse
effects and distinction is often made in cancer-related pain management in research and clinical
guidelines.[27] Patients were followed until an event (described below) or censoring due to death,
end of registration with CPRD, diagnosis of cancer, end of study period (March 31%, 2017), or a

maximum follow-up of 30 days.

Exposure assessment

Exposure was defined using an approach analogous to an intention-to-treat in which
patients were classified according to their cohort entry defining opioid prescription (tramadol or
codeine) and considered exposed to the opioid throughout follow-up. An intention-to-treat
approach was used as these drugs are often used on an “as needed’ basis and prescription duration
data are often missing in the CPRD. Follow-up was restricted to 30 days as we expect little changes

to occur to the initial prescription during this period. We also anticipate patients would be the most



susceptible to the outcomes of interest during this initial administration period as the body adapts

to the physiological changes associated with the use of these drugs.

Outcomes

The primary outcome was hospitalization or death due to myocardial infarction (ICD-10
codes: 121.x, 122.x, 123.x; ICD-9 code: 410.x) in the primary or secondary position of diagnosis.
The secondary outcomes were unstable angina (ICD-10: 120.0; 1CD-9: 411.1), ischemic stroke
(ICD-10: 163.x, 164.x, 167.81, 167.82, 167.89, 167.9, G45.0, G45.1, G45.2, G45.3, G45.8, G45.9,
G46.x; ICD-9: 433.x, 434.x, 437.1, 437.8, 437.9, 435.x), coronary revascularization,
cardiovascular death, and all-cause mortality. Unstable angina and ischemic stroke were defined
using hospitalization and vital statistics data.[28] Coronary revascularization was defined by
OPCS-4 codes in the primary or secondary position in the hospitalization data. Deaths were
defined as cardiovascular if the primary underlying cause of death was related to diseases of the
cardiovascular system (ICD-10: 100 — 182.x; ICD-9: 391.x — 453.x). Finally, all-cause mortality
was defined as any death that occurred during the study period irrespective of the underlying cause.
The event date was defined as the date of admission for hospitalized events or the date of death for

fatal events.

Potential confounders

Potential confounders included demographic and lifestyle information, blood pressure level,
comorbidities, medication use, opioid indication, and measures of overall health. Demographic
and lifestyle characteristics were assessed at baseline and included age, sex, body mass index [BMI]

(<18.5, 18.5-24.9, 25.0-29.9, > 30.0 kg/m?), and smoking (ever, never), with BMI and smoking



assessed in the 5 years before cohort entry. Systolic and diastolic blood pressure were determined
using the most recent measure in the year before cohort entry. Comorbidities, measured any time
prior to cohort entry, were alcohol-related disorders, anxiety, arrhythmia, cerebrovascular disease,
chronic kidney disease, chronic obstructive pulmonary disease, coronary artery disease,
depression, diabetes mellitus, dyslipidemia, heart failure, hypertension, liver cirrhosis, peripheral
vascular disease, rheumatoid arthritis, sleep apnea, venous thromboembolism, previous
myocardial infarction, and previous coronary revascularization.[29-35] Medications, prescribed in
the year before cohort entry, were aspirin (also known as acetylsalicylic acid or ASA), other anti-
platelet agents. anticoagulants, angiotensin-converting enzyme inhibitor, angiotensin-11 receptor
blockers, calcium channel blockers, beta-blockers, statins, non-ASA nonsteroidal anti-
inflammatory drugs (NSAIDs), serotonin-norepinephrine reuptake inhibitors, selective-serotonin
reuptake inhibitors, tricyclic antidepressant, monoamine oxidase inhibitors, loop diuretics, thiazide
diuretics, potassium-sparing diuretics, strong and moderate cytochrome P450 2D6
inhibitors/inducers (Supplementary Table 1), and opioids other than tramadol or codeine.
Indications for opioid therapy such as injury, dental, surgery, and pain related syndromes were
captured in the 90 days prior to cohort entry. Comorbidities and indications for opioid therapy
were defined by Read codes in the CPRD. Finally, we assessed other proxies for overall health
status including number of drug classes prescribed, number of hospitalizations, and number of

general practitioner visits within the year prior to cohort entry.

Statistical analyses
Descriptive statistics were used to describe baseline patient characteristics at cohort entry.

Distributions of baseline characteristics of tramadol and codeine users were compared using



standardized differences, with standardized differences of 0.1 or more considered important.[36]
To minimize potential confounding, we estimated high-dimensional propensity scores (HDPS)
using a logistic regression model that included pre-specified covariates and up to 500 empirically-
identified variables.[37] Initiation year (cohort entry year) of tramadol or codeine were also
included as covariates in the HDPS model. Areas of non-overlap of the HDPS distributions were
trimmed. In our primary analysis, we used a Cox proportional hazards model to estimate the hazard
ratio (HR) and 95% confidence interval (Cl) for myocardial infarction for tramadol versus codeine,
with the outcome model including the exposure variable, indicator variables for HDPS decile, and
interaction terms between HDPS decile and HDPS in its continuous form. In secondary analyses,
we repeated our primary analysis for each of our secondary endpoints. Subgroup analysis was
conducted in patients with or without previous history of cardiovascular disease to assess potential

effect modification.

Sensitivity analyses

We performed ten sensitivity analyses to assess the robustness of our results. First, we
repeated our primary analysis but matching on the logit of the HDPS (1:1 ratio using nearest
neighbour matching with no caliper) to assess potential residual confounding. Second, we repeated
our primary analysis with HDPS modeled using a restricted cubic spline to allow for non-linear
effects. Third, we restricted follow-up duration to 14 days to identify potential misclassification
from shorter or ‘as needed’ usage of tramadol or codeine for acute pain. Fourth, we used a
maximum follow-up of 60 days to examine the impact of the maximum follow-up duration on our
results. Fifth, as codeine and tramadol are available in many combination forms with

acetaminophen, aspirin, and/or caffeine, analyses were repeated restricting exposure to
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formulations containing tramadol or codeine alone. Sixth, the outcome of hospitalization for
myocardial infarction was restricted to those with diagnostic code in the primary position to
examine potential outcome misclassification. Seventh, we also restricted to deaths from
myocardial infarction as one of the underlying causes of death in addition to hospitalization
diagnostic code in the primary position. Eighth, the study period was restricted to before June 10",
2014 as this represents the date in which tramadol was rescheduled as a controlled drug in the UK
to ensure that changes to the drug scheduling did not influence prescriber’s choice of therapy.
Ninth, despite our relatively short duration of follow-up, death from non-cardiovascular causes
represents a potential competing risk that could result in informative censoring. Thus, we repeated
our analysis using inverse probability of censoring weighting to account for potential informative
censoring due to non-cardiovascular death. Finally, the use of an indicator variable for missing
data could lead to bias if the variable with missing data is an important confounder.[38] Therefore,
we used multiple imputation using the fully conditional specification approach to impute missing
data for BMI, smoking, and blood pressure for the primary endpoint of myocardial infarction. All
of the potential confounders described above were included in the imputation model. We imputed

5 datasets, and results were combined using Rubin’s rules.
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RESULTS
Patient characteristics

We initially identified 1,286,816 patients aged 18+ years who received at least one
prescription for tramadol or codeine during the study period (Figure 1). After the application of
our inclusion criteria, 1,037,727 new users of tramadol or codeine were included in our final study
cohort. The cohort included 123,394 patients who were prescribed tramadol and 914,333 patients
who were prescribed codeine.

The mean age at cohort entry was 54.4 years (standard deviation: 17.7) for the tramadol
group and 52.4 years (standard deviation: 19.0) for the codeine group (Table 1). Most baseline
characteristics were similar between both groups. However, important differences were present
in proxies for overall health; tramadol users appeared to visit their general practitioner more often,
take more medications, and were hospitalized more frequently in the previous year. In addition,
tramadol users were more likely to be prescribed non-ASA NSAIDs, other opioids, and tricyclic

antidepressant medications.

Primary and secondary analyses

Table 2 describes the results of our primary and secondary analyses. Overall, there were 752
myocardial infarctions in 84,595 person-years (PYs) of follow-up during the 30-day follow-up
(incidence rate per 1000 PYs [IR]: 8.9; 95% CI, 8.3-9.4). The incidence rates for the secondary
endpoints ranged from 3.3 per 1000 PYs (95% CI, 2.8-3.7) for coronary revascularization to 41.1
per 1000 PYs (95% ClI, 39.8-42.5) for all-cause mortality. Stratified by exposure, there were 106
myocardial infarctions in 10,051 PYs of follow-up in the tramadol group and 646 myocardial

infarctions in 74,544 PYs of follow-up in the codeine group. After adjusting for HDPS, tramadol
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was not associated with an increased rate of myocardial infarction compared with codeine
(adjusted HR, 1.00; 95% CI, 0.81-1.24). Similarly, compared with codeine, tramadol was not
associated with higher rates of unstable angina (adjusted HR, 0.92; 95% CI, 0.67-1.27), ischemic
stroke (adjusted HR, 0.98; 95% CI, 0.82-1.17), coronary revascularization (adjusted HR, 0.97;
95% CI, 0.69-1.38), cardiovascular death (adjusted HR, 1.07; 95% CI, 0.93-1.23), or all-cause
mortality (adjusted HR, 1.03; 95% CI, 0.94-1.14). In our subgroup analysis (Table 3), there was
also no difference in the rate of myocardial infarction in patients with or without previous history

of cardiovascular disease.

Sensitivity analyses

The sensitivity analysis that used inverse probability of censoring weighting to account for
potential informative censoring due to non-cardiovascular death produced an adjusted HR of 1.22
(95% CI, 0.992-1.49). The results of the other sensitivity analysis were consistent with those of

our primary analysis (Supplementary Table 2).
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DISCUSSION

Our study was designed to examine the short-term cardiovascular safety of tramadol in
patients treated for non-cancer pain. There was no evidence of an increased risk of short-term
cardiovascular events with tramadol versus codeine in our population-based cohort study.
Consistent results were observed for our primary and secondary endpoints and across several
sensitivity analyses.

Two recent studies[39, 40] have shown that tramadol is associated with an increased risk of
mortality in the adult population compared to NSAIDs or non-use. However, both study results
were limited by confounding by indication as patients with multiple comorbidities such as
cardiovascular, renal, or bleeding disorders, who were at higher risk of mortality, may have been
prescribed tramadol due to potential contraindication to NSAIDs. When compared to codeine,
tramadol was not associated with increased mortality, which is consistent with our results.[39] To
our knowledge, the association between tramadol and cardiovascular events has been examined in
four previous observational studies.[18-21] Soloman and colleagues[18] conducted a retrospective
cohort study that compared tramadol to hydrocodone, finding no association with a composite
cardiovascular outcome of myocardial infarction, stroke, heart failure, revascularization, and out-
of-hospital cardiac death at 30 days (incidence rate ratio, 0.99; 95% CI, 0.71-1.39). However, the
use of a composite endpoint represents an important limitation as important associations with
individual endpoints may be masked or diluted by the inclusion of other components for which no
association exists.[41] Our study included larger number of tramadol users, which allowed for the
investigation of each outcome individually. A second study[19] relying on pharmacovigilance data
showed tramadol had only 6 reported cardiac adverse drug reactions (reporting odds ratio [OR],

0.43; 95% CI, 0.18-1.11) and 16 reported vascular adverse drug reactions (reporting OR, 0.24;
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95% ClI, 0.14-0.42), with dextropropoxyphene as the reference group. This study was limited by
the underreporting of adverse drug reactions[42] and absence of adjustment for differences in
patient characteristics or cardiovascular risk factors. Such pharmacovigilance studies are also
prone to reporting biases and a lack of denominator, and they should thus be considered hypothesis
generating. In the third study[20], a nested case-control study (11,693 cases and 44,897 controls)
found that the risk of myocardial infarction associated with current use of opioid compared to no
current use was increased (OR, 1.29; 95% CI, 1.19-1.37). Specifically, tramadol use (195 cases,
593 controls) showed a trend towards an increased odds of myocardial infarction compared to non-
use (OR, 1.19; 95% CI, 1.00-1.42). However, some misclassification of exposure is possible as
use was defined as a single prescription in the last 2 years, which may have included a large period
of non-use. In addition, non-use is not a relevant reference group clinically and can lead to
confounding by indication.[43] Finally, a population based cohort study[21] found an increased
risk of incident myocardial infarction among new users of tramadol compared to naproxen among
patients with history of osteoarthritis (HR, 1.68; 95% CI, 1.16-2.41), but no difference compared
to diclofenac or codeine. However, this study had several potential limitations. These limitations
include confounding by indication, patients at higher risk of myocardial infarction may have been
preferentially prescribed tramadol due to the known cardiovascular risks of NSAIDs. Outcome
misclassification is also possible as events were identified using Read codes entered by general
practitioners in the community as opposed to ICD codes in hospitalization data. In addition, this
study was limited by small sample size with a low event rate due to restriction of the study
population to people with a history of osteoarthritis, and more than half of eligible patients were

excluded due to missing values and propensity score matching.
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Despite plausible biological rationale for an increased risk of ischemia with the use of
tramadol due to its effects on the serotonin and norepinephrine receptors, there remains no
evidence that these physiologic changes result in short-term cardiovascular events. It is possible
that the associated adverse effect does not occur at the doses typically used for pain management.
Nevertheless, short-term tramadol use appears to be safe with respect to cardiovascular events
relative to codeine for the treatment of non-cancer pain.

This study had several strengths. With a large sample size, few exclusion criteria, and the
use of population-based, real-world data, the results are applicable to many individuals. Its large
size also resulted in precise treatment effects. Our use of an active comparator, new-user design
avoided the depletion of susceptibles that can occur when studying prevalent users. Furthermore,
with our use of an active comparator (codeine) used for the same indication, we reduced potential
confounding. In addition, both tramadol and codeine are metabolized by CYP2D6 to an active
metabolite; they would therefore be similarly affected due to pharmacogenetic variations in the
population. Finally, our study performed rigorous statistical adjustment and explored various
short-term cardiovascular risks in our secondary outcomes not present in previous studies. A
number of sensitivity analyses were also conducted to ensure the robustness of our results, and
their results were consistent with those of our primary analysis.

Our study also had several potential limitations. First, opioids are often prescribed on an ‘as
needed’ basis for pain management. Consequently, it is unclear how much of the medication the
patient used. Furthermore, the CPRD records prescriptions issued by the general practitioner and
not dispensing records by the pharmacy, further increasing potential exposure misclassification.
This misclassification is likely non-differential and bias the effect estimates towards the null,

which may partly explain the observed null results in our study. Second, we did not adjust for time-
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varying confounding. However, with follow-up restricted to a maximum of 30 days, we expect
changes in covariate values to be minimal. Third, with most opioids prescribed ‘as needed’ and
most prescriptions missing duration values, we used an intention-to-treat approach with our
follow-up period restricted to 30 days. It is possible that this period was too short or too long to
observe events that occurred due to exposure to codeine or tramadol. For this reason, we conducted
two separate sensitivity analyses with follow-up of 14 days and 60 days, which produced results
that were consistent with those of our primary analysis. Fourth, a sensitivity analysis of our primary
outcome was conducted using multiple imputation for the missing data, and our results were
consistent. Nevertheless, our sensitivity analyses suggest that our analyses may be affected by
informative censoring due to non-cardiovascular death; accounting for this potential limitation
resulted in an adjusted HR of 1.22 (95% CI, 0.992-1.49). Finally, we were unable to account for
potential confounders such as diet, substance abuse, and socioeconomic class as they were
unavailable in our data. Due to the observational nature of our study, residual confounding remains

possible.
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CONCLUSIONS

In patients treated for acute or chronic non-cancer pain, tramadol was not associated with
short-term increased risk of adverse cardiovascular events, including myocardial infarction,
unstable angina, ischemic stroke, coronary revascularization, cardiovascular deaths, and all-cause
mortality, compared with codeine. These results provide reassurance with respect to the short-term
cardiovascular safety of tramadol compared to codeine and should be considered when assessing

benefits and risks of different treatment options for non-cancer pain.
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Table 1. Baseline Characteristics of Patients using Tramadol and Codeine

Characteristics® Tramadol Codeine Sta_ndardized
(n=123,394) (n=914,333) Difference
Age, mean (SD), y 544+ 17.7 524 +19.0 0.011
Male sex (%) 53,679 (43.5) 386,232 (42.2) 0.025
Cohort entry year
1998 1,682 (1.4) 19,588 (2.1) 0.059
1999 2,613 (2.1) 27,989 (3.1) 0.059
2000 3,469 (2.8) 32,860 (3.6) 0.044
2001 4,887 (4.0) 41,521 (4.5) 0.029
2002 6,140 (5.0) 45,356 (5.0) 0.001
2003 7,564 (6.1) 51,812 (5.7) 0.02
2004 8,653 (7.0) 55,294 (6.1) 0.039
2005 9,685 (7.9) 68,848 (7.5) 0.012
2006 9,427 (7.6) 65,578 (7.2) 0.018
2007 9,557 (7.8) 65,209 (7.1) 0.023
2008 9,164 (7.4) 64,960 (7.1) 0.012
2009 9,249 (7.5) 62,617 (6.9) 0.025
2010 8,899 (7.2) 60,244 (6.6) 0.025
2011 8,279 (6.7) 56,428 (6.2) 0.022
2012 7,966 (6.5) 54,372 (6.0) 0.021
2013 6,605 (5.4) 47,774 (5.2) 0.006
2014 4,558 (3.7) 39,585 (4.3) 0.032
2015 2,767 (2.2) 29,786 (3.3) 0.062
2016 1,853 (1.5) 20,504 (2.2) 0.055
2017 377 (0.3) 4,008 (0.4) 0.022
Comorbidities
Alcohol related disorders 7,921 (6.4) 52,985 (5.8) 0.026
Anxiety 16,264 (13.2) 111,642 (12.2) 0.029
Arrhythmia 5,834 (4.7) 38,354 (4.2) 0.026
Cerebrovascular disease 5,697 (4.6) 37,547 (4.1) 0.025
Chronic kidney disease 5,589 (4.5) 37,783 (4.1) 0.02
Coronary artery disease 11,878 (9.6) 71,473 (7.8) 0.064
Coronary revascularization 3,297 (2.7) 16,438 (1.8) 0.059
COPD 11,061 (9.0) 71,895 (7.9) 0.04
Diabetes 16,382 (13.3) 110,832(12.1) 0.035
Depression 37,254 (30.2) 241,855(26.5) 0.083
Dyslipidemia 14,489 (11.7) 93,233 (10.2) 0.049
Heart failure 3,039 (2.5) 18,452 (2.0) 0.03
Hypertension 31,396 (25.4) 212,309 (23.2) 0.05
Peripheral vascular disease 3,007 (2.4) 15,607 (1.7) 0.05
Liver cirrhosis 183 (0.2) 821 (0.1) 0.017
Sleep apnea 995 (0.8) 5,348 (0.6) 0.027
Rheumatoid arthritis 2,879 (2.3) 11,105 (1.2) 0.085
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Previous myocardial infarction 4,281(3.5) 26,110 (2.9) 0.035
Previous venous
thromboembolism 6,545 (5.3) 36,972 (4.0) 0.06
BMI
<18.5 kg/m? 1,579 (1.3) 13,533 (1.5) 0.017
18.5 — 24.9 kg/m? 25,423 (20.6) 205,124(22.4) 0.045
25.0 — 29.9 kg/m? 28,598 (23.2) 213,074(23.3) 0.003
>30.0 kg/m? 27,511 (22.3) 180,530(19.7) 0.063
Missing 40,283 (32.6) 302,072 (33.0) 0.008
Health visits in the year prior to
cohort entry
Number of general practitioner visits 3454 26456 0.158
Number of hospitalizations
0 93,218 (75.6) 783,295 (85.7) 0.258
1 21,154 (17.1) 98,051 (10.7) 0.186
>1 9,022 (7.3) 32,987 (3.6) 0.164
Smoking
Ever smoked 64,971 (52.6) 463,128 (50.6) 0.040
Never smoked 37,336 (30.3) 291,545 (31.9) 0.035
Missing 21,087 (17.1) 159,660 (17.5) 0.010
Blood pressure
Systolic, mmHg 133.6 £ 185 132.6 £ 25.3 0.046
Diastolic, mmHg 78.6 +10.4 78.0+10.5 0.049
Missing 50,014 (40.5) 375,883 (41.1) 0.012
Indication
Injury 5,187 (4.2) 43,266 (4.7) 0.026
Musculoskeletal pain 16 (0.01) 101 (0.01) 0.018
Abdominal pain 10,448 (8.5) 59,831 (6.5) 0.073
Dental 838 (0.7) 6,760 (0.7) 0.072
Surgery 14,774 (12.0) 53,613 (5.9) 0.216
Headache 130 (0.1) 1,153 (0.1) 0.061
Neuralgia 106 (0.09) 336 (0.04) 0.02
Other pain 10,834 (8.8) 64,161 (7.0) 0.065
Medications
Number of drug classes® 8.0 (5.7) 6.6 (4.8) 0.277
Aspirin 17,506 (14.2) 111,639 (12.2) 0.058
Other anti-platelets 3,044 (2.5) 16,571 (1.8) 0.045
Anticoagulants 4,197 (3.4) 24,005 (2.6) 0.045
ACE inhibitors 16,978 (13.8) 109,882 (12.0) 0.052
ARBs 6,675 (5.4) 39,435 (4.3) 0.051
Calcium channel blockers 14,992 (12.2) 96,591 (10.6) 0.05
Beta-blockers 15,383 (12.5) 103,615 (11.3) 0.035
Loop diuretics 9,988 (8.1) 52,718 (5.8) 0.092
Potassium-sparing diuretics 3,696 (3.0) 18,692 (2.0) 0.061
Thiazide diuretics 13,320 (10.8) 90,015 (9.8) 0.031
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Statins 21,682 (17.6) 136,810 (15.0) 0.071
SNRIs 2,108 (1.7) 10,740 (1.2) 0.045
SSRIs 15,124 (12.3) 97,220 (10.6) 0.051
TCAs 15,254 (12.4) 64,690 (7.1) 0.179
MOAIs 46 (0.04) 290 (0.03) 0.003
Non-ASA NSAIDs 57,269 (46.4) 347,832 (38.0) 0.17
Opioids [other than tramadol or

codeine] 34,620 (28.1) 96,401 (10.5) 0.455
CYP2D6 inducers 145 (0.1) 632 (0.1) 0.016
CYP2DG6 inhibitors 10,224 (8.3) 64,993 (7.1) 0.044

Abbreviations: ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BMI: body mass index;
COPD: chronic obstructive pulmonary disorder; MOAI: monoamine oxidase inhibitor; NSAID: non-steroidal anti-
inflammatory drugs; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor;

TCA: tricyclic antidepressant

4Data are presented as n (%) or mean + standard deviation.

bNumber of BNF drug classes prescribed in the year prior to cohort entry
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Table 2. Association Between Tramadol vs. Codeine and the Risk of Adverse Cardiovascular Events.

No. of Events

No. of Patients?

No. of Person-

Incidence Rate

Adjusted HR

Years (95% CI)° (95% CI)°

Myocardial infarction

Overall 752 1,037,356 84,595 8.9 (8.3-9.5)

Codeine 646 913,966 74,544 8.7 (8.0-9.4) 1.00 (Ref)

Tramadol 106 123,390 10,051 10.5 (8.7-12.8) 1.00 (0.81-1.24)
Unstable Angina

Overall 307 1,037,414 84,609 3.6 (3.2-4.1)

Codeine 259 914,025 74,557 3.5(3.1-3.9) 1.00 (Ref)

Tramadol 48 123,389 10,052 4.8 (3.6-6.3) 0.92 (0.67-1.27)
Ischemic Stroke

Overall 1149 1,037,509 84,593 13.6 (12.8-14.4)

Codeine 997 914,121 74,545 13.4 (12.6-14.2) 1.00 (Ref)

Tramadol 152 123,388 10,048 15.1 (12.9-17.7) 0.98 (0.82-1.17)
Coronary Revascularization

Overall 276 1,037,632 84,629 3.3(2.9-3.7)

Codeine 236 914,242 74,577 3.2 (2.8-3.6) 1.00 (Ref)

Tramadol 40 123,390 10,052 4.0(2.9-5.4) 0.97 (0.69-1.38)
Cardiovascular Death

Overall 1,687 1,037,415 84,622 19.9 (19.0-20.9)

Codeine 1,439 914,025 74,569 19.3 (18.3-20.3) 1.00 (Ref)

Tramadol 248 123,390 10,054 24.7 (21.8-27.9) 1.07 (0.93-1.23)
All-cause Mortality

Overall 3481 1,037,566 84,635 41.1 (39.8-42.5)

Codeine 2,985 914,178 74,581 40.0 (38.6-41.5) 1.00 (Ref)

Tramadol 496 123,388 10,053 49.3 (45.2-53.9) 1.03 (0.94-1.14)

Abbreviations: Cl: confidence interval; HR: hazard ratio
2 Slight variations were present in the patients included for each outcome due to HDPS trimming,
b Incidence rate are expressed as events per 1000 person-years.

¢ Adjusted for indicator variables for HDPS decile (measured at cohort entry), and interaction terms between HDPS decile and HDPS in its continuous form.
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Table 3. Subgroup Analysis for Myocardial Infarction in Patients with or without Previous History of Cardiovascular Disease

No. of Events

No. of Patients?

No. of Person-

Incidence Rate

Adjusted HR

Years (95% CI)° (95% CI)°

History of Cardiovascular Disease

Overall 423 131,418 10,651 39.7 (36.1-43.7)

Codeine 359 113,069 9,164 39.2 (35.3-43.4) 1.00 (Ref)

Tramadol 64 18,349 1,487 43.0 (33.7-55.0) 1.06 (0.80-1.40)
No History of Cardiovascular Disease

Overall 329 905,941 73,944 4.4 (4.0-5.0)

Codeine 287 800,907 65,381 4.4 (3.9-4.9) 1.00 (Ref)
Tramadol 42 105,034 8,563 4.9 (3.6-6.6) 0.94 (0.67-1.32)

Abbreviations: Cl: confidence interval; HR: hazard ratio

a Slight variation were present in the patients included for each outcome due to HDPS trimming

b Incidence rate are expressed as events per 1000 person-years.

¢ Adjusted for indicator variables for HDPS decile (measured at cohort entry), and interaction terms between HDPS decile and HDPS in its continuous form.
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FIGURE LEGEND
Figure 1. Flow Chart Describing Cohort Construction. Abbreviations: CPRD: Clinical

Practice Research Datalink; HES: Hospital Episode Statistics.
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