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Abstract

Introduction Hip fractures among older people are a major public health issue, which can impact quality of life and increase
mortality within the year after they occur. A recent observational study found an increased risk of hip fracture in subjects
who were new users of tramadol compared with codeine. These drugs have somewhat different indications. Tramadol is
indicated for moderate to severe pain and can be used for an extended period; codeine is indicated for mild to moderate pain
and cough suppression.

Objective In this observational study, we compared the risk of hip fracture in new users of tramadol or codeine, using mul-
tiple databases and analytical methods.

Methods Using data from the Clinical Practice Research Datalink and three US claims databases, we compared the risk
of hip fracture after exposure to tramadol or codeine in subjects aged 50-89 years. To ensure comparability, large-scale
propensity scores were used to adjust for confounding.

Results We observed a calibrated hazard ratio of 1.10 (95% calibrated confidence interval 0.99—1.21) in the Clinical Practice
Research Datalink database, and a pooled estimate across the US databases yielded a calibrated hazard ratio of 1.06 (95%
calibrated confidence interval 0.97-1.16).

Conclusions Our results did not demonstrate a statistically significant difference between subjects treated for pain with
tramadol compared with codeine for the outcome of hip fracture risk.

1 Introduction
_ Hip fractures are a major public health issue, particularly

When subjects treated with cough prior to the index date for older persons [1]. These fractures of the upper portion
were excluded from the analyses of the US claims data- of the femur, are classified per anatomical location: femoral-
bases, there was a decrease in the number of codeine- neck, intertrochanteric, or subtrochanteric [2]. Hip fractures
treated versus tramadol-treated subjects, suggesting that are associated with a 25% reduction in life expectancy and
codeine was often used for cough instead of pain. approximately 17% of patients who experience fractures

spend their remaining life in a nursing facility [3]. Globally,
hip fractures affect 18% of women and 6% of men and rank
among the top ten causes of disability [4, 5]. Measures that
reduce the risk of hip fracture are therefore important to
patient welfare.

This finding highlights the importance of accounting for
differences in indications, when comparing data from
subjects treated with tramadol versus codeine.

Daniel Fife: Retired. Tramadol is both an opioid agonist and an inhibitor of
norepinephrine and serotonin reuptake and it is indicated for

>4 Erica A. Voss. moderate to severe pain in adults [6]. Although the mode of
evoss3 @its.jnj.com action is not completely understood, the analgesic effect is

! Janssen Research & Development LLC, 920 Route 202, believed to be due to both the agonism of u-opioid recep-
Raritan, NJ 08869, USA tors (the low affinity binding of the parent compound and

2 Observational Health Data Sciences and Informatics the higher affinity binding of the O-demethylated metabo-
(OHDSI), OHDSI Collaborators, New York, NY, USA lite [M1] to p-opioid receptors), and the weak inhibition of

*  Department of Medical Informatics, Erasmus University norepinephrine and serotonin reuptake [7, 8]. Codeine is a
Medical Center, Rotterdam, The Netherlands centrally acting weak p-opioid receptor agonist indicated for

A\ Adis


http://orcid.org/0000-0002-0651-0613
http://orcid.org/0000-0002-9567-6139
http://orcid.org/0000-0002-0817-5361
http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-022-01198-9&domain=pdf

792

E. A.Voss et al.

mild to moderate pain and as a cough suppressant [8, 9]. It
acts on the p-opioid receptor, predominantly via its active
metabolite morphine.

Recently, Wei et al. [6] conducted an observational study
of hip fracture incidence among new users of tramadol (aged
50-90 years) compared with propensity score (PS)-matched
new users of codeine and several nonselective nonsteroi-
dal anti-inflammatory drugs. The study used data from The
Health Improvement Network collected between January
2000 and December 2016. The results showed that the haz-
ard ratio (HR) for hip fractures was higher for new users
of tramadol compared with new users of codeine, HR 1.28
(95% confidence interval 1.13—1.46). Wei et al. hypothesized
that the underlying mechanism of action was that “tramadol
could activate MORs and suppress central serotonin and nor-
epinephrine reuptake, resulting in seizures [10], dizziness
[11, 12], and/or delirium [13]” [6].

Johnson & Johnson (hereafter referred to as the Com-
pany) is the marketing authorization holder of both trama-
dol and codeine-containing products, and therefore has the
responsibility to investigate newly identified adverse events
to these drugs [14, 15]. If an association is confirmed, the
Company takes appropriate actions to address patient safety.
Wei et al.’s study prompted a review of the risk of hip frac-
ture after exposure to tramadol versus codeine. This review
included multiple work streams within the Company includ-
ing the observational study outlined in this publication. The
main objective of this study was to evaluate existing patient
data for evidence of an association between hip fracture
and new exposure to tramadol using the Clinical Practice
Research Datalink (CPRD), and in other databases.

The initial strategy in this study, was to replicate Wei
et al.’s methodology [6]; however, upon review of this, we
were concerned that their results might reflect confounding
effects rather than a medication effect. First, it appeared that
methods such as large-scale PS fitting with least absolute
shrinkage and selection operator regression were not used
[16]. Second, the study did not make systematic use of nega-
tive controls or other similar methods to check for residual
confounding. Third, the study did not document whether the
extent of exposure to tramadol was similar to that of codeine
either in terms of morphine milligram equivalents (MME)
per day or in terms of days’ supply dispensed. Fourth, the
study did not exclude cough and cold preparations that may
contain relatively low doses of codeine. Finally, the study
used data from a single source, thus there is no assurance
of the generalizability of the findings to other databases or
whether the findings may be attributable to unique charac-
teristics of the database. Because of these concerns, in this
study, data from additional databases were analyzed.

The present study, using real-world data, assessed the
risk of hip fracture among subjects who initiated treatment
with tramadol or codeine and were between the ages of 50
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and 89 years. We used data from the CPRD, a UK database
derived from electronic health records, and three US claims
databases. We sought to quantify and characterize whether
tramadol use was associated more strongly than codeine use
with an increased risk of hip fractures.

2 Material and Methods
2.1 Study Design

This was a retrospective, observational, comparative cohort
design study [17]. The protocol and code were publicly
available prior to study execution on GitHub [18], the
study was registered with the European Union PAS register
(EUPAS36038) [19], and the results were kept blinded until
diagnostics were reviewed. Blinding in this setting means
the effect size of interest was not revealed until after diag-
nostics were reviewed and the protocol was finalized. Blind-
ing avoids p-hacking or adjusting an analysis to achieve a
desired result.

2.2 Study Populations

We employed two variants of the target (tramadol; T1 and
T2) and comparator (codeine; C1 and C2) cohorts among
subjects aged 50-89 years with 365 days of continuous
observable time prior to the index date. The index date in
all cases was the first exposure to either tramadol or codeine
that met all cohort criteria.

The first cohort variants (T1, C1) were similar to the
cohorts employed by Wei et al. [6]. Subjects were excluded
if they were exposed to tramadol, codeine, or other opioids
in the 365 days prior to index date. Additionally, subjects
were excluded if they experienced hip fracture, cancer, or
were diagnosed with opioid abuse in the 365 days prior.
As noted above, these cohort definitions may lead to con-
founding by indication because codeine is also used to treat
cough, and we expected that the analysis would show this.
The assumption was that patients who received codeine for
cough would be younger and healthier than patients receiv-
ing tramadol for pain.

The objective of the second cohort variants (T2, C2) was
to make the target and comparator cohorts more comparable
and this was done in two ways. First, by excluding subjects
diagnosed with cough or cold in the 30 days prior to initial
exposure to the opioids of interest and second, by exclud-
ing subjects who were prescribed cold or cough medica-
tions, antibiotics, or antihistamines in the 30 days prior to
initial exposure of the opioids of interest. Code lists can be
accessed in the Electronic Supplementary Material (ESM)
and detailed descriptions of the cohorts can be found in
Tables 1-4 of the ESM.
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2.3 Databases

Data from an electronic health record database from the
UK and three administrative claims databases from the
USA were used in our analyses. The UK database was the
CPRD, which is similar to the The Health Improvement
Network database used by Wei et al. [6]. The US databases
included the IBM® MarketScan® Medicare Supplemental
Database (MDCR), the IBM® MarketScan® Multi-State
Medicaid Database (MDCD), and Optum’s De-identified
Clinformatics® Data Mart—Date of Death (OPTUM_DOD).
Additional information on these four databases can be found
in Table 5 of the ESM. Each database was standardized to
the Observational Medical Outcomes Partnership Common
Data Model, version 5.3.1 [20-22].

Of note, the OPTUM_DOD censors subjects at 90 years
of age. This means that 90-year-old subjects in this database
could actually be older. Therefore, for all cohorts, across all
databases, we decided to censor at age 89 years, while Wei
et al. [6] censored at age 90 years.

2.4 Time-at-Risk and Outcome Definitions

For this study, two time-at-risk (TAR) definitions were used:
on-treatment (OT) and intent-to-treat (ITT). The OT TAR
was calculated from the index date of the first exposure to
the end of treatment, based on days’ supply, allowing for
up to 30-day gaps between the end of days’ supply and the
start of the next prescription. This end date was censored if
a subject died, left the database, reached the age of 89 years,
reached 365 days after the index date, was exposed to the
other opioid of interest (i.e., was censored when patients
in the tramadol cohort were exposed to codeine or when
patients in the codeine cohort were exposed to tramadol),
or experienced the outcome of interest.

The ITT TAR started on the index date and continued
until the target or comparator subject died, left the database,
or experienced the outcome of interest. The ITT TAR is
more sensitive to potentially longer lasting effects of expo-
sure compared with the OT TAR.

The outcome of interest was hip fracture, which was
defined in two different ways. Outcome Definition 1 (O1)
was specifically designed for the CPRD analysis. This defi-
nition included the first occurrence of either a diagnosis
of a hip fracture or a procedure associated with treatment
of hip fracture among subjects aged 50-89 years with 365
days of continuous observable time prior to the index date
(see Table 6 of the ESM for a detailed description). While
the analysis was conducted on Observational Medical Out-
comes Partnership Common Data Models that leveraged
standard terminologies, in an attempt to replicate the Wei
et al. study’s definition [6, 23], hip fracture O1 was defined
via READ codes (which was the coding system used in the

study). Because standardized terminologies were not used,
O1 will only work on databases that use the READ code
system.

The second definition of hip fracture was Outcome Defi-
nition 2 (O2), which was tailored to the US claims databases
(see Table 7 of the ESM). This outcome was developed
based on the algorithms from Ray et al. [1] and Nair et al.
[24] and was defined as the first hip fracture in a subject’s
medical history, among subjects aged 50-89 years with
365 days of observable time prior to the index date. The
O2 definition leveraged standard terminologies found in
the Observational Medical Outcomes Partnership Common
Data Model. Because of the differences in how the outcome
definitions were defined we decided, a priori, to perform the
analysis for risk separately (one for CPRD while perform-
ing individual assessments of and a meta-analysis across
the three administrative claims databases from the USA)
[18, 19].

Negative control outcomes were also assessed in our
study. Negative controls are exposure-outcome pairs where
no causal relationship is believed to exist between the expo-
sure and the outcome, and therefore the true relative risk is
assumed to be 1. To account for the remaining systematic
bias after PS matching, negative controls can be used to cali-
brate the results of an observational study [25]. The negative
control outcomes were selected by choosing conditions with
no evidence of an exposure-associated outcome in products
labels or adverse event reporting, or the literature (process
previously outlined in detail [26, 27]). A total of 221 possi-
ble negative controls were reviewed by two physicians, who
ultimately agreed on 101 of the outcomes, which became our
negative controls (see Table 8 of the ESM).

2.5 Statistical Analyses
2.5.1 Model Specification

In this study, we compared target cohorts with the compara-
tor cohorts for the hazards of O1 or O2 during the TAR by
applying a Cox proportional hazards model conditioned on
PSs. Empirical calibration based on the negative controls
was used to minimize any potential residual confounding
with empirically calibrated HR (CHR), 95% calibrated con-
fidence interval (CCI), and calibrated p-values [25, 28]. The
number of subjects, days of TAR, and outcome events in
each cohort, in each pairwise comparison after PS adjust-
ment, were also reported. The time to event for O1 or O2
among subjects in the target (T1, T2) and comparator (C1,
C2) cohorts was determined by calculating the number of
days from the start of the TAR window (index date), until
the first occurrence of the outcome, and it was right-cen-
sored at the end of the TAR window.
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Propensity scores were used in the analyses to reduce
potential confounding due to an imbalance of baseline
subject characteristics between the target and comparator
cohorts in the pairwise comparisons. The PS is the prob-
ability that a subject received the target exposure versus the
comparator exposure, given a set of observed covariates. The
covariates were chosen via a data-driven approach, which
does not rely on clinical expertise, but instead uses a model,
which can include 10,000-100,000 unique characteristics
[29]. The types of baseline covariates used to fit the PS
model are found in Table 9 of the ESM.

A PS was estimated for each subject using the predicted
probability from a regularized logistic regression model, fit
with a Laplace prior (least absolute shrinkage and selection
operator), and the regularization hyperparameter selected
by optimizing the likelihood in a ten-fold cross validation,
using a starting variance of 0.01 and a tolerance of 2e—7
[30, 31]. Covariates that occurred in less than 0.1% of the
combined target and comparator cohorts in a pairwise com-
parison were excluded prior to model fitting. Subjects were
matched on 1:1 ratio of target to comparator subjects. This
approach used a greedy matching algorithm by applying a
caliper of 0.2 of the standard deviation on the logit scale of
the PS distribution [32].

2.5.2 Evidence Evaluation

For each population-level effect estimate generated by the
study, i.e., each target-comparator-outcome-analysis-data-
base combination, diagnostics were conducted to understand
its potential for bias and threat to a valid interpretation. The
diagnostics included both PS distribution and covariate bal-
ance (before and after PS matching).

Once the PS model was fitted for each pairwise com-
parison, the preference score for the target and compara-
tor cohorts was plotted to evaluate the comparability of
the two cohorts (T1 vs C1, T2 vs C2) before matching. If
the proportion of subjects was in clinical equipoise (i.e.,
the subjects with a PS between 0.3 and 0.7, was less than
50%), then the estimate was not reported [33].

Covariate balance was evaluated by computing the
standardized mean difference of each covariate before PS
matching against the standardized mean difference after
PS matching. After matching, standardized mean differ-
ences with values <0.1 indicate negligible group differ-
ences [34].

2.5.3 Analyses Performed

Six pairwise analysis groups, comparing a tramadol cohort
(T1 or T2) with a codeine cohort (C1 or C2), were performed
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across the TARs (OT or ITT) for a total of 24 analyses
(Table 1). Three of the analysis groups (Analyses 101, 201,
and 301) were performed using the CPRD for a total of six
analyses. The other three analysis groups (Analyses 102,
202, and 302) were performed using the three US claims
databases for a total of 18 analyses. Additionally, for the US
claims database analyses, there was a pre-planned aggrega-
tion of the results using a random-effects meta-analysis. This
meta-analysis did not combine the results for the CPRD and
US databases because of differences in the outcome defini-
tion. In summary, Analyses 101 and 102 were meant as a
replication of Wei et al. [6], Analyses 201 and 202 were
a second replication that excluded some variables in the
PS model that were highly correlated with exposure, and
Analyses 301 and 302 excluded subjects with cough and/or
prescribed cough, antibiotic, cold and cough medications,
and antihistamines in the last 30 days, which resulted in the
tramadol and codeine cohorts being more comparable, i.e.,
not confounded by differences in indication.

Additionally, a priori, we were concerned that the doses
of tramadol and codeine might differ in terms of MMEs [35]
as the risk of an adverse event can be dose dependent. We
characterized the initial dose of both tramadol and codeine
and compared the results before and after PS matching. This
was done by computing the daily dose as the number of oral
tablets times the number of milligrams (mg) of tramadol
or codeine per tablet divided by the days’ supply. It should
be noted that days’ supply was not always provided by the
CPRD; however, for the tramadol and codeine exposures it
was missing less than 0.2% of the time [36, 37]. For the anal-
ysis, exposure to tramadol or codeine was used regardless of
its days’ supply. The MME was calculated by multiplying
this daily dose by a conversion factor (0.1 for tramadol and
0.15 for codeine).

3 Results
3.1 Diagnostics

After PS matching, each analysis was required to be in clini-
cal equipoise and a covariate balance reached. Table 10 of
the ESM presents the 24 analyses and indicates which analy-
sis passed diagnostics.

Analyses 101, 102, and 202 failed these diagnostics
because there was little PS overlap, i.e., the cohorts were
not comparable. Analysis 101 (Fig. 1) failed diagnostics
because there was no preference score overlap and thus no
matches were found, and no diagnostics produced. Analy-
ses 102 (Fig. 2 and Figs. 9—-10 of the ESM) and 202 (Fig. 3
and Figs. 11-12 of the ESM) failed diagnostics as clinical
equipoise was not reached. Thus, all of these analyses have
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Table 1 Analyses performed
Analysis groups Analysis specifications Count

Analysis 101: replication of Wei et al.

T1 vs C1 for O1 2

2 TAR specifications * CPRD database

Analysis 102: replication of Wei et al.

T1 vs C1 6

2 TAR specifications X 3 US claims databases®
Meta-analysis performed

Analysis 201: replication of Wei et al. (excluding some variables  T1 vs C1 for O1 2
from the propensity score model) 2 TAR specifications * CPRD database
Analysis 202: replication of Wei et al. (excluding some variables  T1 vs C1 for O2 6

from the propensity model)

2 TAR specifications X 3 US claims databases®

Meta-analysis performed

Analysis 301: replication using best practices

T2 vs C2 for O1 2

2 TAR specifications * CPRD database

Analysis 302: replication using best practices

T2 vs C2 for 02 6

2 TAR specifications X 3 US claims databases®
Meta-analysis performed

Total analyses

24

C1 comparator cohort 1: codeine, C2 comparator cohort 2: codeine (exclude cough, antibiotic, cold and cough medications, and antihista-
mines in last 30 days), CPRD Clinical Practice Research Datalink, MDCD IBM MarketScan® Multi-State Medicaid Database, MDCR IBM
MarketScan® Medicare Supplemental Database, O/ outcome definition 1: primary hip fracture, 02 outcome cefinition 2: primary hip fracture
emergency room/inpatient diagnosis with hip fracture procedures + 7 days or primary hip fracture procedures with hip fracture emergency room/
inpatient + 7 days, OPTUM_DOD Optum® De-Identified Clinformatics® Data Mart Database - Date of Death, T1 target cohort 1: tramadol, T2
target cohort 2: tramadol (exclude cough, antibiotic, cold and cough medications, and antihistamines in last 30 days), TAR time-at-risk

“MDCR, MDCD, and OPTUM_DOD

preference score distributions that were indicative of cohorts
that should not be compared as the results would not be
generalizable.

Analyses 201, 301, and 302 passed the diagnostics,
which allowed these estimates to be reported. Analyses 201
(Fig. 4), 301 (Fig. 13 of the ESM), and 302 (Figs. 14—16 of
the ESM) demonstrated sufficient between-group equipoise
(> 50%). The objective of Analyses 301 and 302 was to
make the tramadol and codeine cohorts more similar prior
to PS mapping by excluding subjects diagnosed with a cough
or cold. In the CPRD database, a small effect of this was
observed as the percent in equipoise moved from 72.5% in
Analysis 201 to 75.9% in Analysis 301.This effect was more
pronounced in the three US claims databases as the percent
in equipoise moved from 27.7-38.2% to 51.4-65.9%. The
matched populations, Analyses 201, 301, and 302, were well
balanced; the covariate balance score both before and after
PS stratification are presented in Figs. 17-19 of the ESM.

3.2 Subjects

Table 2 shows the number of subjects in each cohort prior
to PS matching or implementation of diagnostics. Of note,
in data from the USA, tramadol exposures dropped by about
30% in T2 and codeine exposures dropped by about 68% in
C2 when subjects were treated for a cough with antibiotics,
cold and cough medications, and antihistamines in the last
30 days were excluded.

Density

0.00 0.25 0.l50 0.75 1.00
Preference score

C1: all subjects treated with
codeine
0.0% in equipoise

T1: all subjects treated with
tramadol

Fig.1 Analysis 101: Replication of Wei et al [6]. Preference score
distribution for the Clinical Practice Research Datalink

Figure 5a and b, present the attrition diagrams for Analy-
sis 201 and Analysis 301, respectively, based on data from
the CPRD. Figure 6a—c present the attrition diagrams for
Analysis 302, for the MDCR, MDCD, and OPTUM_DOD
databases, respectively. After PS matching, there were
166,082 subjects in the T1 and C1 cohorts in Analysis 201,
138,333 subjects in the T2 and C2 cohorts in Analysis 301,
and 119,491 subjects in the MDCR, 18,491 in the MDCD,
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Fig.2 Analysis 102: replication of Wei et al. [6]. Preference score
distribution for the IBM MarketScan® Medicare Supplemental Data-
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Fig.3 Analysis 202: Wei et al. [6] replication (excluding some vari-
ables from the propensity model) preference score distribution for the
IBM MarketScan® Medicare Supplemental Database

and 261,462 in the OPTUM_DOD databases in the T2 and
C2 cohorts for Analysis 302.

Table 3 presents, after PS matching, the number of sub-
jects, person-years at risk, outcome events, and the mini-
mum detectable relative risk for each database, each analysis
group, and each TAR. The mean follow-up in years can be
derived from Table 3 (time + subjects). For Analysis 201
(CPRD), the OT analysis was 0.14 for tramadol and 0.13 for
codeine and the ITT analysis was 5.85 for tramadol and 5.84
for codeine. The mean follow-up in years for Analysis 301
(CPRD) for the OT analysis was 0.14 for both tramadol and
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72.5% in equipoise

Fig.4 Analysis 201: Wei et al. [6] replication (excluding some vari-
ables from the propensity score model) preference score distribution
for the Clinical Practice Research Datalink

Table 2 Number of subjects in target and comparator cohorts before
matching

Cohort CPRD MDCR MDCD OPTUM_DOD
T1 166,884 381,096 111,716 948,214
T2 139,015 283,036 72,113 684,406
C1 1,116,400 551,519 69,065 1,215,785
C2 894,883 182,930 22,720 356,804

C1 comparator cohort 1: codeine, C2 comparator cohort 2: codeine
(excluding cough, antibiotic, cold and cough medications, and anti-
histamines in last 30 days), CPRD Clinical Practice Research Data-
link, MDCD IBM MarketScan® Multi-State Medicaid Database,
MDCR IBM MarketScan® Medicare Supplemental Database, T1 tar-
get cohort 1: tramadol, 72 target cohort 2: tramadol (exclude cough,
antibiotic, cold and cough medications, and antihistamines in last 30
days)

codeine and for the ITT analysis it was 5.94 for both trama-
dol and codeine. The mean follow-up in years for Analysis
302 for the OT analysis was 0.10, 0.12, and 0.09 for trama-
dol and 0.05, 0.06, and 0.05 for codeine for the MDCR,
MDCD, and OPTUM_DOD databases, respectively. The
mean follow-up in years for Analysis 302 for the ITT analy-
sis was 3.67, 3.24, and 3.00 for tramadol and 3.60, 3.00, and
3.02 for codeine for the MDCR, MDCD, and OPTUM_DOD
databases, respectively. It is important to note that the ITT
analysis in this study included more follow-up time than did
Wei et al.’s study [6].

Baseline characteristics of T1 compared with C1 in the
CPRD database, before and after large-scale PS stratification
are shown in Table 4. Prior to PS matching, the tramadol
cohorts had more exposures to drugs from the following
categories (as classified by the Anatomical Therapeutic
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(a)

Exposed:
Target: n = 166,884
Comparator: n=1,116,400

l\...

(b)

Exposed:

Target: n = 139,015
Comparator: n = 894,883

l Yes

Study population:
Target: n = 166,082
Comparator: n = 166,082

Study population:
Target: n = 138,333

Comparator: n = 138,333

No prior outcome 1 Tngee D wel No prior outcome 1 WREger: e 502
No Comparator: n = 2,951 P No Comparator: n = 2,267
: Target:n=24 Target:n=21
H tleast1d t risk i
ave at least 1 days at ris T: Comparator: ns154 Have at least 1 days at risk To- Eomeamtor: n w123

l Yoo l Yes

Matched on propensity Target: n = 150 Matched on propensity Target: n =159

score no| Comparator: n=947,213 score wo| Comparator: n=754,161

l Yas l Yes

Fig.5 Attrition diagram, showing the number of subjects in the target and comparator cohorts after various stages in the analysis. a T1 and C1

and b T2 and C2
(a) (b)
Exposed: Exposed:
Target: n = 283,036 Target: n=72,113
Comparator: Comparator:
n=182,930 n=22,720
1 Yes T Yes

Target: n=1,591

No prioroutcome Comparator: n = 673

No prior outcome
Ng

—»|

Ng

Target: n=94
Comparator: n = 46

1 Yes

1 Yes

Have atleast1days | | Target:n=136

Have at least 1 days | |

Target: n = 34

at risk Ng Comparator: n =91 at risk Nd Comparator:n=6
1 Yes 1 Yes
Matched on Target: n = 161'.8 18 Matched on TgEC A=A
X | Comparator: % i Comparator:
propensity score Ng n=62,675 propensity score Nd n=4177
1 Yes !
- Yes
Study population: Study population:
Target: n = 119,491 Target: n = 18,491
Comparator: Comparator:
n=119,491 n=18,491

Fig.6 Attrition diagram showing the number of subjects in the target
(T2) and comparator cohorts (C2) by database after various stages of
the analysis. a IBM MarketScan® Medicare Supplemental Database,

Chemical Classification System) [38]: Antidepressants,
Antiepileptics, Anti-inflammatory and Antirheumatic Prod-
ucts, Lipid Modifying Agents, Psycholeptics, and, most

(c)

Exposed:
Target: n = 684,406
Comparator:

n = 356,804

| Yes

No prior outcome

Ng

Target: n = 2,004
Comparator: n =715

1 Yes

Have at least 1 days | |

Target: n = 389

atrisk Ng Comparator: n =248
1 Yes
Matched on Target: n = 420,.551
. 1 Comparator:
propensity score [y h = 94379
1 Yes
Study population:
Target: n = 261,462
Comparator:
n =261,462

b IBM Multi-State Medicaid Database, and ¢ Optum’s De-identified
Clinformatics® Data Mart—Date of Death

notably, Drugs for Acid Related Disorders in the 365 days
prior to the index date. Drugs for Acid Related Disorders
include omeprazole, pantoprazole, famotidine, ranitidine,
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Table 3 Number of subjects, years followed, and number of outcome events in the target (tramadol) and comparator (codeine) cohorts after pro-

pensity score adjustment

Analysis group Time-at-risk Subjects Time (years) Outcome events MDRR
Target Com. Target Com. Target Com.
Analysis 201: replication (assuming some propensity score model exclusions)
T1 Cl1 Tl Cl1 Outcome O1
T1 Cl1
CPRD oT 166,082 166,082 23,782 22,073 202 165 1.34
ITT 166,082 166,082 972,351 970,046 2519 2383 1.08
Analysis 301: replication using best practices
T2 Cc2 T2 Cc2 Outcome 02
T2 C2
CPRD oT 138,333 138,333 19,907 18,688 178 123 1.38
ITT 138,333 138,333 821,229 821,911 2100 1987 1.09
Analysis 302: replication using best practices
T2 Cc2 T2 C2 Outcome 02
T2 C2
MDCR oT 119,491 119,491 11,454 6296 175 108 1.40
ITT 119,491 119,491 438,135 430,662 3051 2700 1.08
MDCD oT 18,491 18,491 2263 1200 11 8 3.62
ITT 18,491 18,491 59,906 55,512 162 147 1.38
OPTUM_DOD oT 261,462 261,462 23,546 14,198 177 122 1.38
ITT 261,462 261,462 783,503 789,710 3142 2991 1.07

C1 comparator cohort 1: codeine, C2 comparator cohort 2: codeine (excluding cough, antibiotic, cold and cough medications, and antihistamines
in last 30 days), Com. comparator, CPRD Clinical Practice Research Datalink, /77 intent to treat, MDCD IBM MarketScan® Multi-State Medic-
aid Database, MDCR IBM MarketScan® Medicare Supplemental Database, MDRR minimum detectable relative risk, O/ outcome definition 1:
primary hip fracture, O2 outcome definition 2: primary hip fracture emergency room/inpatient diagnosis with hip fracture procedures + 7 days
or primary hip fracture procedures with hip fracture emergency room/inpatient + 7 days), OPTUM_DOD Optum® De-Identified Clinformatics®
Data Mart Database - Date of Death, OT on treatment, 77 target cohort 1: tramadol, 72 target cohort 2: tramadol (exclude cough, antibiotic, cold

and cough medications, and antihistamines in last 30 days)

esomeprazole, and lansoprazole. Among subjects in the T1
cohort, 42% had exposure to a drug for acid-related disorders
prior to the index date compared with 32% in the C1 cohort.

The baseline characteristics of the T2 cohort compared
with the C2 cohort in the CPRD database are shown in
Table 5. Prior to PS matching, the T2 cohort had more expo-
sures to Antidepressants, Antiepileptics, Psycholeptics, and
Drugs for Acid Related Disorders. Baseline characteristics
of the T2 cohort compared with C2, before and after large-
scale PS stratification in the MDCR, MDCD, and OPTUM _
DOD databases are shown in Tables 11A, B, and C of the
ESM, respectively. While there were some slight differences,
the results were similar to that found in the CPRD. After PS
matching, all characteristics were well balanced, regardless
of cohorts being compared or database.
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3.3 Description of Initial Dose

Ensuring that the MME was balanced after PS match-
ing was important to ensure the cohort comparisons were
not confounded by differences in exposure. Table 6 pre-
sents the first quartile, median, and second quartile for
the MME daily dose for both opioids. Before PS match-
ing, the tramadol MME daily dose was higher than the
codeine daily dose. However, for the CPRD database,
after PS matching, although the tramadol MME dose
remained higher, the difference in the median values
became smaller. For the US claims data, after PS match-
ing, the median codeine MME daily dose was higher in
the MDCR and OPTUM_DOD databases but was lower
in the MDCD database.

For the matched participants, duration of use can be
derived from Table 3. By looking at the OT TAR rows
by time, the average length of duration can be calculated



Tramadol and Hip Fracture Risk 799

Table 4 Subject baseline characteristics before and after propensity score adjustment between the target T1 and comparator C1 cohorts from the
Clinical Practice Research Datalink database

Characteristic Before PS adjustment After PS adjustment
Target Com. Target Com.
% % SMD % % SMD
Participants (n) 166,884 1,116,400 - 166,082 166,082 -
Age group, years
50-54 21.0 222 —0.03 21.1 21.4 —0.01
55-59 17.1 15.9 0.03 17.2 17.3 0.00
60—64 15.6 154 0.01 15.6 154 0.00
65—-69 13.5 13.2 0.01 13.5 134 0.00
70-74 11.8 11.6 0.01 11.8 11.6 0.01
75-79 9.9 9.9 0.00 9.9 10.0 0.00
80—84 7.0 74 —0.01 7.0 6.9 0.00
85-89 4.0 4.4 —0.02 4.0 4.0 0.00
Sex: female 56.4 55 0.03 56.3 56.1 0.00
Medical history: general
Chronic liver disease 0.1 0.1 0.02 0.1 0.1 0.00
Chronic obstructive lung disease 2.1 1.8 0.03 2.1 2.1 0.00
Crohn's disease 0.1 0.1 0.02 0.1 0.1 0.01
Dementia 0.3 0.4 - 0.02 0.3 0.3 0.00
Depressive disorder 24 2.4 0.00 24 2.5 0.00
Diabetes mellitus 3.0 2.7 0.02 3.0 3.1 0.00
Gastroesophageal reflux disease 0.6 0.5 0.02 0.6 0.6 0.00
Gastrointestinal hemorrhage 13 1.0 0.03 1.3 1.4 -0.01
Hyperlipidemia 1.6 1.4 0.02 1.6 1.7 —0.01
Hypertensive disorder 3.7 39 —0.02 3.7 3.6 0.00
Lesion of liver 0.2 0.1 0.02 0.2 0.2 0.00
Obesity 0.5 0.4 0.01 0.5 0.5 0.00
Osteoarthritis 7.5 6.0 0.06 7.4 1.5 0.00
Pneumonia 0.4 0.3 0.01 0.4 0.4 0.00
Psoriasis 0.7 0.7 0.00 0.7 0.8 —-0.01
Renal impairment 2.7 2.1 0.04 2.7 2.8 —0.01
Rheumatoid arthritis 0.4 0.3 0.03 0.4 0.5 0.00
Ulcerative colitis 0.1 0.1 0 0.1 0.1 0.00
Visual system disorder 7.2 7.0 0.01 7.2 7.2 0.00
Medical history: cardiovascular disease
Atrial fibrillation 1.1 1.0 0.01 1.1 1.1 0.00
Coronary arteriosclerosis 0.3 0.2 0.03 0.3 0.3 0.00
Heart disease 4.8 4.0 0.04 4.8 4.8 0.00
Heart failure 0.7 0.6 0.00 0.7 0.7 —0.01
Ischemic heart disease 24 2.0 0.03 24 24 0.00
Peripheral vascular disease 0.4 0.3 0.03 0.4 0.4 0.00
Pulmonary embolism 0.2 0.2 0.02 0.2 0.3 —0.01
Venous thrombosis 1.0 0.8 0.02 1.0 0.9 0.00
Medical history: neoplasms
Malignant neoplastic disease 0.7 0.6 0.01 0.7 0.7 0.00
Medication use
Agents acting on the renin-angiotensin system 28.8 254 0.08 28.8 28.9 0.00
Antibacterials for systemic use 50.0 46.6 0.07 50.0 50.1 0.00
Antidepressants 22.8 17.6 0.13%* 22.8 229 0.00
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Table 4 (continued)
Characteristic Before PS adjustment After PS adjustment
Target Com. Target Com.
% % SMD % % SMD
Antiepileptic agents 6.1 3.6 0.12% 6.1 59 0.01
Anti-inflammatory and antirheumatic products 48.2 42.4 0.12% 48.2 48.8 - 0.01
Antineoplastic agents 1.4 0.9 0.05 1.4 1.5 0.00
Anti-psoriatic agents 1.2 1.1 0.01 1.2 13 0.00
Antithrombotic agents 27.7 24 0.08 27.7 27.8 0.00
Beta-blocking agents 19.2 17.9 0.03 19.1 19.2 0.00
Calcium channel blockers 18.8 17.1 0.04 18.8 18.7 0.00
Drugs for acid-related disorders 41.8 31.7 0.21%* 41.7 42.0 —0.01
Drugs for obstructive airway diseases 20.7 17.5 0.08 20.7 20.9 —0.01
Drugs used in diabetes 9.0 8.0 0.04 9.0 9.2 —0.01
Immunosuppressants 1.7 1.0 0.06 1.7 1.7 0.00
Lipid-modifying agents 314 26.4 0.11%* 31.4 31.6 0.00
Psycholeptic agents 21.8 16.9 0.12% 21.7 22.0 —0.01
Psychostimulants, agents used for ADHD and nootropics 0.1 0.1 0.0 0.1 0.1 0.00

ADHD attention-deficit/hyperactivity disorder, C/ comparator cohort 1: codeine, Com. comparator, PS propensity score, SDM standardized
mean difference; SMD > 0.1 are highlighted with a * T target cohort 1: tramadol

(time + subjects = 365). However, there was some censor-
ship of the data (e.g., a subject died, left the database,
reached the age of 89 years, reached 365 days after the
index date, was exposed to the other opioid of interest,
or experienced the outcome of interest). In the CPRD
database, both for Analyses 201 and 301, subjects were
exposed to tramadol a mean of 52 days and to codeine for
49 days. For Analysis 302, across the US datasets, subjects
were exposed to tramadol between 33 and 45 days and to
codeine between 19 and 24 days.

3.4 Risk of Hip Fracture

The CHRs for the risk of hip fracture after exposure to tram-
adol or codeine from the CPRD database are presented in
Fig. 7, together with the original results from Wei et al. [6].
We observed no significant association between hip fracture
and tramadol use in either Analysis 201 (replication assum-
ing some PS model exclusions) or Analysis 301 (replication
using best practices). This was regardless of the TAR used.

The CHRs for the risk of hip fracture after exposure
to tramadol or codeine for the 3 US claims databases are
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presented in Fig. 8, together with the original results from
Wei et al. [6]. We observed a CHR of 1.10 (95% CCI
0.99-1.21) in the CPRD database, and a pooled estimate
across the US databases yielded a CHR of 1.06 (95% CCI
0.97-1.16). These 95% CCI do not rule out a risk ratio
of up to 1.16—1.21. In the ITT TAR in Analysis 302 for
the MDCR database, we did see a statistically signifi-
cant calibrated effect of 1.12 (95% CCI 1.01-1.23, p =
0.03). These results did not remain significant in the ITT
meta-analysis. In the other analyses, we did not observe a
significant association between hip fracture and tramadol
use.

A post hoc analysis was also performed. Although the
protocol [18] specified that the results for CPRD would
remain separate from those from the US claims databases,
a meta-analysis across all the data sources was performed.
We observed a CHR of 1.07 (95% CCI 0.99-1.16) when the
meta-analysis was performed across all data sources. This
95% CCI do not rule out a risk ratio of up to 1.16.
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Table 5 Subject baseline characteristics before and after propensity score adjustment between the target T2 and comparator C2 cohorts from the

Clinical Practice Research Datalink database

Characteristic Before PS adjustment After PS adjustment
Target Com. Target Com.
% % SDM % % SDM
Participants (n) 139,015 894,883 - 138,333 138,333 -
Age group, years
50-54 21.4 223 —0.02 214 219 —0.01
55-59 17.4 16.2 0.03 17.5 17.6 0.00
60-64 15.7 154 0.01 15.8 15.5 0.01
65-69 13.4 13.2 0.01 13.4 13.2 0.00
70-74 11.6 11.5 0.00 11.6 11.6 0.00
75-79 9.8 9.9 0.00 9.7 9.7 0.00
80-84 6.9 73 —-0.02 6.8 6.7 0.00
85-89 3.8 43 —-0.02 3.8 3.8 0.00
Sex: female 55.8 54.3 0.03 55.7 55.6 0.00
Medical history: general
Acute respiratory disease 6.3 5.6 0.03 6.3 6.3 0.00
Chronic obstructive lung disease 1.5 1.2 0.02 1.4 14 0.00
Crohn’s disease 0.1 0.1 0.01 0.1 0.1 0.00
Dementia 0.2 0.4 —0.02 0.2 0.2 0.00
Depressive disorder 2.3 23 0.00 23 24 0.00
Gastroesophageal reflux disease 0.6 0.5 0.02 0.6 0.6 0.00
Gastrointestinal hemorrhage 1.2 1.0 0.02 1.2 1.2 0.00
Hyperlipidemia 1.6 1.4 0.02 1.6 1.6 0.00
Hypertensive disorder 3.7 4.0 - 0.01 3.7 3.6 0.00
Lesion of liver 0.2 0.1 0.02 0.2 0.2 0.00
Obesity 0.5 0.4 0.01 0.5 0.5 0.00
Pneumonia 0.3 0.2 0.01 0.3 0.3 0.00
Psoriasis 0.7 0.7 0.00 0.7 0.7 0.00
Renal impairment 2.5 2.0 0.04 2.5 2.5 0.00
Rheumatoid arthritis 0.4 0.3 0.03 0.4 0.5 0.00
Ulcerative colitis 0.1 0.1 0.00 0.1 0.1 —0.01
Urinary tract infectious disease 2.1 1.8 0.03 2.1 22 0.00
Visual system disorder 6.9 6.7 0.01 6.9 6.8 0.00
Medical history: cardiovascular disease
Atrial fibrillation 1.1 1.0 0.01 1.1 1.1 0.00
Cerebrovascular disease 1.0 1.0 0.00 1.0 1.1 0.00
Coronary arteriosclerosis 0.3 0.1 0.03 0.3 0.3 0.00
Heart failure 0.6 0.6 0.00 0.6 0.6 0.00
Peripheral vascular disease 0.4 0.3 0.03 0.4 0.4 0.00
Pulmonary embolism 0.2 0.1 0.02 0.2 0.2 —0.01
Venous thrombosis 0.9 0.7 0.02 0.9 0.9 0.00
Medical history: neoplasms
Malignant neoplastic disease 0.6 0.6 0.01 0.6 0.6 0.00
Medication use
Antidepressants 22.1 17.1 0.13* 22.1 22.4 - 0.01
Antiepileptic agents 59 34 0.12% 59 5.8 0.00
Anti-inflammatory and antirheumatic products 49.1 44.6 0.09 49.1 49.3 0.00
Antineoplastic agents 1.4 0.9 0.05 1.4 1.4 0.00
Antipsoriatic agents 1.2 1.1 0.01 1.2 1.2 0.00
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Table 5 (continued)
Characteristic Before PS adjustment After PS adjustment
Target Com. Target Com.
% % SDM % % SDM
Calcium channel blockers 18.4 16.9 0.04 18.3 18.4 0.00
Diuretics 243 22.3 0.05 243 24.1 0.00
Drugs for acid-related disorders 40.4 31.3 0.19% 40.3 40.8 - 0.01
Drugs for obstructive airway diseases 18.1 15.2 0.08 18.1 18.2 0.00
Drugs used in diabetes 8.5 7.7 0.03 8.5 8.6 0.00
Immunosuppressants 1.6 0.9 0.06 1.6 1.6 0.00
Lipid-modifying agents 30.8 26.2 0.10 30.7 30.9 0.00
Psycholeptic agents 21.0 16.5 0.12" 21.0 21.5 —0.01
Psychostimulants, agents used for ADHD and nootropics 0.1 0.1 0.00 0.1 0.1 0.00

ADHD attention-deficit/hyperactivity disorder, C2 comparator cohort 2: codeine (excluding cough, antibiotic, cold and cough medications, and
antihistamines in last 30 days), Com. comparator, PS propensity score, Std. diff standardized difference of means, SDM standardized mean dif-
ference; SMD >0.1 are highlighted with a *, T2 target cohort 2: tramadol (exclude cough, antibiotic, cold and cough medications, and antihista-

mines in last 30 days)

Table 6 Initial morphine milligram equivalent daily dose for the target (tramadol) and comparator (codeine) cohorts before and after PS match-

ing
Before PS matching After PS matching
T1 Cl T1 Cl1
CPRD First quartile 6.7 43 6.7 4.3
Median 10.7 4.8 10.7 8.0
Second quartile 17.9 16.1 17.9 16.1
T2 C2 T2 C2
CPRD First quartile 7.1 43 7.1 4.3
Median 10.7 4.8 10.7 8.0
Second quartile 17.9 16.1 17.9 16.1
MDCR First quartile 15.0 12.0 15.0 13.5
Median 20.0 18.8 20.0 22.5
Second quartile 27.8 30.0 28.1 30.0
MDCD First quartile 15.0 9.0 15.0 12.9
Median 20.0 18.0 20.0 18.0
Second quartile 25.0 27.0 25.0 27.0
OPTUM_DOD First quartile 15.0 13.5 15.0 15.8
Median 20.0 19.3 20.0 22.5
Second quartile 28.6 30.0 30.0 30.0

C1 comparator cohort 1: codeine, C2 comparator cohort 2: codeine (excluding cough, antibiotic, cold and cough medications, and antihista-
mines in last 30 days), CPRD Clinical Practice Research Datalink, MDCD 1BM MarketScan® Multi-State Medicaid Database, MDCR IBM
MarketScan® Medicare Supplemental Database, OPTUM_DOD Optum® De-Identified Clinformatics® Data Mart Database - Date of Death, PS
propensity score, T/ target cohort 1: tramadol, 72 target cohort 2: tramadol (exclude cough, antibiotic, cold and cough medications, and antihis-

tamines in last 30 days)
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Study Time-at-Risk HR (95 CI%) P
Wei et al. Intent to Treat 1.28 (1.13-1.46) —u—
Analysis 201 On Treatment 1.25(0.96-1.62) 013 ——
Analysis 201 Intent to Treat 1.06 (0.96-1.17) 024 ——
Analysis 301 On Treatment 1.42(0.77-2.62) 0.26 L
Analysis 301 Intent to Treat 1.10 (0.99-1.21) 0.08 ——
T T T l
0.50 10 20 40

7 Calibrated Hazard Ratio

Fig. 7 Relative risk of hip fracture for tramadol versus codeine cohorts in the Clinical Practice Research Datalink. The calibrated hazard ratios
(HRs), 95% confidence intervals (CI), and p-values are presented for Analyses 201 and 301 and Wei et al. [6]

Fig.8 Relative risk of hip DB/Study Time-at-Risk 1A2 HR (95 ClI%) P

fracture for target (tramadol) Wei et al. Intent to Treat 1.28 (1.13-1.46) - -

and comparator (codeine) L

cohorts by database (DB: IBM MDCR Intent to Treat 112(1.011.23) 003 -

MarketScan® Medicare Sup-

plemental Database [MDCR], MDCD Intent to Treat 1.29(0.93-1.80) 0.13 —=—

IBM Multi-State Medicaid OPTUM_DOD Intent to Treat 102(092-112) 078 -

Database [MDCD], Optum’s

De-identified Clinformatics® Meta-analysis Intent to Treat 0.33 1.06 (0.97-1.16) 0.18 -

Data Mart—Date of Death T T e e
. MDCR On Treatment 1.21(0.91-1.63 0.22 =

[OPTUM_DOD]) and time- ¢ )

at-risk. The calibrated hazard MDCD On Treatment 0.51(0.11-2.27) 0.38 —_—

ratios (HRs), 95% confidence

intervals (CIs), and p-values are OPTUM_DOD On Treatment 124(0.86-179) 028 —

presented for Analysis 302 and Meta-analysis On Treatment <0.01 1.19 (0.86-1.65) 0.30 —u—

Wei et al. [6] r T T T 1

0.10 050 10 20 40

4 Discussion
4.1 Summary of Results

Hip fractures pose a serious health risk to individuals
who experience them [1, 39, 40]. Measures that reduce
the risk of hip fracture are therefore important for reduc-
ing morbidity and mortality in adult patients. Using real-
world data, we conducted three observational studies; a
replication study of Wei et al. [6] (Analysis 101, Analysis
102), a second replication that excluded some variables
in the PS model (Analysis 201, Analysis 202), and a third
analysis that excluded subjects with evidence of a cold and
cough in the last 30 days (Analysis 301, Analysis 302).

Calibrated Hazard Ratios

For Analyses 101, 102, and 202, we could not unblind the
results because of failed diagnostic tests. For these analy-
ses, the failure was indicative of non-comparable groups.
Analyses 201, 301, and 302 passed diagnostics and there-
fore the results for both TARs could be unblinded. We
failed to reject the null hypothesis for all analyses except
for 1; in the MDCR ITT analysis, we saw a statistically
significant increase in the risk of hip fracture for subjects
exposed to tramadol when compared with those exposed to
codeine. The meta-analysis, which included this result, did
not find a statistically significant increased risk. Addition-
ally, the magnitude of the risk across the unblinded results
seems to be less than the previously published work and
the OT CClIs even included Wei et al.’s results [6].
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While a priori it was not planned to perform a meta-anal-
ysis across CPRD and three administrative claims databases
from the US results, it was performed as a post hoc analysis.
The meta-analysis of the combined data from Analysis 301
(CPRD) and Analysis 302 (US claims) did not reach sig-
nificance and therefore our interpretation of the results did
not change. The forest plot of these results can be found in
Fig. 20 of the ESM.

Subject characteristics prior to PS matching suggest that
the tramadol group was systematically different from the
codeine group (Tables 3A-B, Tables 11A—-C of the ESM).
These differences may be because anti-inflammatory, anti-
rheumatic, and antiepileptic drugs [41] are often prescribed
for severe and/or chronic pain; tramadol, per its indication,
is used for moderate to severe chronic pain, while codeine is
indicated for mild to moderate pain [42—45]. Psycholeptics,
which include anxiolytics, antipsychotics, hypnotics, and
sedatives, are used to treat depression, anxiety, and insom-
nia, all of which are common among patients with chronic
moderate to severe pain [46—53]. Thus, higher rates of these
medications would be expected in the tramadol cohort as
these subjects are more likely to have a higher burden of
chronic moderate to severe pain than subjects in the codeine
cohort. Gastroesophageal reflux disease is common with
long-term exposure to anti-inflammatory medications, which
the tramadol cohort had more exposures to, and this could
explain why there was more exposure to this drug class [54,
55]. Patients with osteoarthritis are more likely to be pre-
scribed tramadol over codeine as clinical practice guidelines
have favored its use for osteoarthritis of the knee [56, 57].

A priori, we expected that before PS matching, the exclu-
sion of cough-related factors prior to the index date would
make the tramadol and codeine cohorts more similar; how-
ever, within the CPRD database, these exclusions did not
lead to substantially different reductions in the two cohorts
(the tramadol cohort was reduced by 17% and the codeine
cohort was reduced by 20%). By contrast, within the US
claims databases, these exclusions caused a 68% decrease
in the codeine cohorts with a 30% decrease in the trama-
dol cohorts. This substantial decrease may be indicative of
codeine treatment for a cold and cough.

In addition to performing different analyses of the trama-
dol and codeine cohorts, we also accounted for unmeasured
confounding using negative controls. In our analyses, the
negative controls did not show much residual systematic
bias, thus suggesting that after PS matching, there was little
remaining systematic error to adjust for.

As noted above, we had concerns about whether the
extent of exposure to tramadol was similar to codeine.
Within the CPRD database, we saw a difference in the total
daily dose MMEs. Before PS matching, regardless of the
cohort type, the median MME for tramadol was 10.7 mg and
4.8 mg for codeine. After matching, the difference between

A\ Adis

the doses decreased (10.7 mg for tramadol and 8.0 mg for
codeine). Within the US claims data, before PS matching,
we observed that the tramadol total daily dose MMEs were
slightly higher than the codeine total daily dose MMEs.
After PS matching, the codeine MME was slightly higher
for the MDCR and OPTUM_DOD databases but remained
the same for MDCD. However, for both the CPRD and US
claims analysis, the clinical differences before and after PS
matching were negligible considering the starting dose of
oral morphine ranges from 10 mg to 30 mg every 4 hours in
opioid-naive patients [58]. Thus, our a priori concern that
there may be substantial difference between the tramadol
and codeine MME was not validated regardless of database
or analysis.

4.2 Strengths and Limitations

The analyses described in this study employed large-scale
PS adjustments with full diagnostics and negative controls.
This strategy ensured balance across any baseline confound-
ers. The study protocol and code were published prior to
study implementation and the results were kept blinded until
after the diagnostics were reviewed. These approaches were
implemented to address concerns of reproducibility and
transparency.

Though our retrospective observational study sought
to address potential confounders with multiple cohort and
study designs, PS matching, and calibration through use of
negative controls, there is still the potential for residual bias
owing to unmeasured and mis-specified confounders. For
example, cytochrome P450 2D6 metabolizer status is not
captured in the databases and may be imbalanced between
the tramadol and codeine cohorts, which could significantly
impact the effects of the opioids by altering the degree of
exposure to potent metabolites. Another potential limitation
is that we did not look for subjects with a specific indication
prior to exposure, and therefore there was a potential for
residual confounding by indication in the analyses. Addition-
ally, our definition of new users of tramadol or codeine does
not guarantee the subjects have never taken these, as the
maximum time period before the index date was 365 days.
The alternative, require no prior exposure ever, still will not
rule out an exposure before the index date as we may not
have a subject’s complete history. Further, this requirement
would have an additional drawback of applying different
criteria to people who joined the practice in the distant past
versus people who join recently. A final limitation to con-
sider is that the indication is not provided by the databases
and causality between drug exposure and any given event
cannot be drawn for an individual case.

There are also specific limitations that apply to our use of
the CPRD database. For example, in the UK, it is possible to
purchase codeine-containing products over the counter and



Tramadol and Hip Fracture Risk

805

therefore we may not have an accurate measure of codeine
exposure. However, to our knowledge, it is not possible to
purchase products containing codeine in the USA, thus this
limitation would not impact those data. Additionally, the
CPRD is a general practitioner centric database and, though
some hospitalization data are recorded by the general prac-
titioner, they are incomplete. We did not request the CPRD
Hospital Episode Statistics linkage data for this analysis.

5 Clinical Implications and Conclusions

Our study did not find a statistically significant increased
risk of hip fracture in subjects treated with tramadol com-
pared with codeine. We believe that comparing tramadol
with codeine without accounting for differences between the
groups would not allow us to accurately compare the two
drugs; diagnostic failures of Analyses 101, 102, and 202
support this. We suggest that at least part of the increased
risk in the tramadol cohort was related to the different indi-
cations of the two opioids, which could significantly affect
baseline comparability between the cohorts. In the future,
comparisons of tramadol versus another weak opioid with a
similar indication should be considered to assess if there is
an increased risk of hip fracture associated with the drug. In
conclusion, for the outcome hip fracture risk after exposure,
our results did not demonstrate a statistically significant dif-
ference between subjects treated for pain with tramadol ver-
sus codeine. Lack of a statistically significant increase in risk
does not preclude an association between tramadol and the
risk of hip fracture. As with all opioids, tramadol-containing
products should be used with caution and physicians should
evaluate their appropriateness based on patients’ needs using
the best clinical judgment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-022-01198-9.
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