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Abstract

Background Comparator selection is an important consideration in the design of observational research studies that evaluate
potential associations between drug therapies and adverse event risks. It can affect the validity of observational study results,
and potentially impact data interpretation, regulatory decision making, and patient medication access.

Objective The aim of this study was to assess the impact of comparator selection bias using two real-world case studies
evaluating an increased rate of acute myocardial infarction (AMI).

Methods Data from the Truven Health Analytics MarketScan® electronic medical claims database were used to conduct
two retrospective observational cohort studies, utilizing a cohort new-user design, comparing AMI risk between testosterone
replacement therapy (TRT) and phosphodiesterase-5 inhibitors (PDES5is) in men treated for hypogonadism, and triptans
versus other prescribed acute treatments for migraine in adults. All patients were enrolled continuously in a health plan (no
enrollment gap > 31 consecutive days) for > 1 year before index. Baseline period was defined as 365 days prior to index.
Exposure was defined by prescription and outcome of interest was defined as occurrence of AMI. Using Cox proportional
hazard models, primary analysis for the TRT cohort compared AMI risk between propensity score (PS)-matched TRT-treated
and untreated patients; secondary analysis evaluated risk between PS-matched TRT-treated and PDESi-treated patients. For
the triptan cohort, primary analysis compared AMI/ischemic stroke risk between PS-matched triptan-treated and opiate-
treated patients; secondary analysis evaluated risk between PS-matched triptan-treated and nonsteroidal anti-inflammatory
drug (NSAID)-treated patients and PS-matched non-prescription-treated migraine patients and general patients.

Results No significant association between TRT and AMI was observed among TRT-treated (N = 198,528, mean age
52.4+11.4 years) versus PDESi-treated men (N = 198,528, mean age 52.3 + 11.5 years) overall (adjusted hazard ratio [aHR]
1.01; 95% CI1 0.95-1.07; p=0.80). Among patients with prior cardiovascular disease (CVD), risk of AMI was significantly
increased for TRT-treated versus PDESi-treated patients (aHR 1.13; 95% CI 1.03—1.25). The triptan study included three
comparisons (triptans [N=436,642] vs prescription NSAIDs [N=334,152], opiates [N=155,234], and untreated migraine
[N=1,168,212]), and a positive control (untreated vs general non-migraine patients [N =11,735,009]). Analyses of MI risk
in migraine patients prescribed triptans versus NSAIDs/opiates had mixed results: the point estimate ranged from 0.33 to
0.84 depending on chosen study window.

Conclusions Cardiovascular outcomes were not worse in hypogonadism patients with TRT versus PDES5i; however, a poten-
tial association with AMI was found in patients with prior CVD receiving TRT versus PDESi. Findings pointed to a pseudo-
protective effect of triptans versus untreated migraine patients or those potentially older and less healthy patients exposed
to prescription NSAIDs or opiates. Triptan users should not be compared with those using other anti-migraine prescriptions
when evaluating cardiovascular outcomes in migraine patients. Presence of high cardiovascular risks may contribute to chan-
neling bias—healthier subjects being selected to receive treatment—highlighting the importance of choosing comparators
wisely in observational studies.

Prior presentations: Parts of this article were previously presented
as a poster presentation at 35th Annual International Conference on
Pharmacoepidemiology & Therapeutic Risk Management (ICPE),
August 24-28, 2019, Philadelphia, PA, USA and at 32nd ICPE,
August 25-28, 2016, Dublin, Ireland.

Extended author information available on the last page of the article
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These two case studies demonstrate that the selected
comparator groups may have significant impacts on
observational study findings.

Due to potential channeling bias resulting from contrain-
dication language in the product label, phosphodiester-
ase-5 inhibitor users are not the appropriate comparator
group when studying the association of testosterone
replacement therapy and myocardial infarction risk, and
triptan users cannot be appropriately compared with any
group undergoing acute anti-migraine prescription treat-
ment when evaluating adverse cardiovascular outcomes
in migraine patients.

The appropriateness of study design must be considered
in comparative drug safety studies. Statistical methods
can mitigate but do not necessarily eliminate confound-
ing bias caused by flawed study design.

1 Introduction

When evaluating the presence or absence of an associa-
tion between a drug therapy and the risk of specific adverse
events, comparator choice can directly affect the validity
of observational study results, which in turn can impact
clinical interpretations, regulatory decision making, and
patient access to medications. This is problematic when
there is population heterogeneity and there is concern
with unmeasured confounding (i.e., an inability to adjust
for differences). For example, several studies investigated
the association between testosterone replacement therapy
(TRT) and the risk of acute myocardial infarction (AMI)
and reported conflicting results [1]. Two observational stud-
ies found a statistically significant association between TRT
and cardiovascular (CV) harm [2, 3]; two reported TRT had
a statistically significant mortality benefit [4, 5]; and one
was considered inconclusive but found that TRT offered
a protective effect against CV outcomes in patients in the
highest quartile of myocardial infarction (MI) risk [6]. In
September 2014, a review of these studies led the United
States Food and Drug Administration to issue a randomized
clinical trial request to determine whether TRT causes car-
diovascular harm [1].

This study explores the potential impact of comparator
selection bias on the findings of two real-world case studies.
Both case studies collected and analyzed retrospective data
from an electronic medical claims database (Truven Health
Analytics MarketScan®) and utilized multiple comparator
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cohorts to demonstrate the impact of study design. The first
case study investigated the association between TRT and the
risk of AMI in a population of adult men treated for hypo-
gonadism. This case study demonstrates how it is possible
to arrive at different results by comparing men treated with
TRT and a group of untreated men versus comparison with
a group of men treated with phosphodiesterase-5 inhibitors
(PDE5is), which must be used with caution in men with
preexisting heart problems [7-9]. These findings demon-
strate the impact of differences in comparator choice on
information about the association between TRT and risk
of AML

The second case study evaluated the risk of AMI and
stroke among treated and untreated adult patients with
migraine and non-migraine controls. Although analgesics
containing opioids or barbiturates are not generally recom-
mended for routine acute treatment of migraine due to the
associated risks of addiction, they are widely prescribed
to migraine patients [10]. Approved acute treatments for
migraine include acetaminophen, nonsteroidal anti-inflam-
matory drugs (NSAIDs), and triptans. However, NSAIDs
have been associated with adverse events including heart
attack or stroke [11], and triptans are contraindicated in
patients with cardiovascular disease (CVD), ischemic bowel
disease, or other cardiovascular conditions [12—18].

As a result of this contraindication, migraine patients
treated with triptan in real-world settings may have a lower
baseline CVD risk compared with migraine patients who
are not exposed to triptans [19]. Studies on the association
between acute treatments for migraine and ischemic events
must consider the CV risk associated with migraine occur-
rence and severity, as well as the extent to which migraine
and migraine severity affect the choice/recommendation of
migraine treatments. To this end, data from the MarketScan
databases were used to conduct a real-world, retrospective,
comparative safety study of triptans versus NSAIDs. The
purpose of the present report is to highlight the importance
of channeling bias, a type of selection bias, as illustrated by
these two representative studies.

2 Methods
2.1 Study Design

Both studies utilized a similar retrospective observational
cohort new-user study design. All patients were enrolled
continuously in a health plan (defined as no enrollment gap
> 31 consecutive days) for > 1 year before the index date.
The baseline period was defined as 365 days prior to the
index date.

The TRT (2004-2013) and triptan cohort (2004-2016)
case studies used data from the United States (US)-based
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MarketScan database, including individual-level healthcare
claims information from health plans and Medicare Part D
Supplemental/Medicaid programs. Exposure was defined by
prescription and the outcome of interest was defined as the
first occurrence of AMI, defined by an inpatient Interna-
tional Classification of Diseases, 9th edition (ICD-9) diag-
nosis code (ICD-9-CM codes 410.X0, 410.X1) or record of
death within 24 hours of an emergency department visit for
ischemic heart disease (ICD-9-CM codes 410.X0, 410.X1,
411.1,411.8X, and 413.X).

All analyses were performed using SAS® version 9.2
(Copyright © 2002-2008 by SAS Institute Inc., Cary, NC,
USA) or SAS® Enterprise Guide version 7.1 (Copyright ©
2017 by SAS Institute Inc., Cary, NC, USA). Due to the
lack of ideal comparator cohorts, both studies used multiple
cohorts including an active comparator and an inactive com-
parator cohort (two comparator cohorts in the TRT study,
and three in the triptan study). Propensity score matching
was performed using a 1:1 greedy matching algorithm [20].
Both case studies collected baseline patient characteristics
(i.e., demographics, hospital utilization, CV risk factors,
comorbidities, and concomitant medications) during the
baseline period and compared across cohorts before and
after propensity matching to assess the presence of chan-
neling bias. These covariates were selected a priori based
on their availability in the database and the plausibility that
they had an association with an exposure status or risk for
CV outcomes (Online Resource 1 and 2, see electronic sup-
plementary material [ESM]).

2.2 Testosterone Replacement Therapy (TRT) Case
Study

2.2.1 Study Population

All subjects eligible for study inclusion were males aged
> 18 years with one or more of the following: one or more
new prescription for TRT after the baseline period, one or
more new prescription for PDESi after the baseline period,
or a diagnosis of hypogonadism (ICD 9 codes 257.2 [other
testicular hypofunction]; 257.8 [other testicular dysfunc-
tion]; 257.9 [unspecified testicular dysfunction]; 758.7
[Klinefelter’s syndrome]). Patients were excluded if they
were female or of dual gender, received their first prescrip-
tions of TRT and a PDESi concomitantly (+ 3 days), or had
a diagnosis of pulmonary arterial hypertension. Patients with
a history of MI were not excluded from the study.

The index date was identified as the first dispensing of
TRT or a PDES5i for treated patients, and, for untreated
patients, the date of the first hypogonadism diagnosis or
a randomly chosen physician visit within the subsequent
cohort accrual block during which they are matched for non-
initiators without a match during their initial accrual block.

2.2.2 Study Cohorts
Study cohorts and matching were as follows:

e The active comparator (PDES5i-treated) cohort included
patients who received one or more prescription for PDESi
and were propensity score-matched to a new TRT patient.

e The inactive comparator (untreated) cohort included
patients who had a diagnostic code for hypogonadism
and did not receive any testosterone prescriptions.

e Patients included in the primary TRT-treated cohort
received one or more prescription for a testosterone prod-
uct and were matched to an untreated patient.

e In the secondary comparison, patients in the TRT-treated
cohort were matched to PDES5i-treated patients who were
censored at the time a PDESi prescription was initiated
during the follow-up period. To be differentiated from the
cohort included in the primary comparison (i.e., TRT-
treated patients vs untreated), this TRT-treated cohort
was then termed the secondary TRT-treated cohort.

2.2.3 Statistical Analysis

Two comparator and two control cohorts were defined using
calendar time-specific propensity score (CTPS) matching
[21]. Thus, patients were matched on the propensity score
(including all measured baseline covariates) within discrete
6-month periods of calendar time. The baseline of the gen-
eral population at the initial 6-month block was assessed
by randomly choosing a physician visit during that block
and using that baseline in the propensity score calcula-
tion. If, after propensity score matching, this patient from
the general population could not be matched to any of the
cohorts, a second random physician visit from a subsequent
6-month block was chosen and propensity score estimation
and matching was repeated until the patient from the gen-
eral population was matched to a patient in one of the other
cohorts. If any baseline covariates remained imbalanced
after CTPS, they were to be included in the multivariate
regression model.

Baseline characteristics before and after CTPS matching
were presented using descriptive statistics [22]. Balance was
assessed with absolute standardized differences (absolute
standardized difference <0.1 indicated a good balance) [22].
Incidence rates of AMI were calculated per 1000 person-
years (PY) with 95% confidence intervals (CIs) [22]. A Cox
proportional hazard model was used to assess the associa-
tion between AMI and TRT use [22]. The assumption of
proportional hazard was checked and no severe violation was
observed; baseline covariates that remained imbalanced after
CTPS were adjusted in the multivariate regression model
[22]. Subgroup analyses also were performed: (i) prior CVD
and (ii) age (18-65 vs > 65 years) [22].
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2.3 Triptan Cohort Study
2.3.1 Study Population

All subjects eligible for study inclusion were adult patients
aged > 18 years during the study period. Patients with
migraine had at least one inpatient or outpatient diagnosis
of migraine (ICD-9 code 346.XX; ICD-10 code G43.XX) or
one prescription of a triptan during the study period. A ran-
dom sample of patients without migraine diagnosis was also
included. Subjects were excluded if they had been diagnosed
with cluster headache (ICD-9 codes 339.00-339.02; ICD-10
codes G44.00X-G44.02X) before the index date. Regardless
of migraine diagnosis, patients were excluded if they had
been exposed to triptans, NSAIDs, or opiate medications
during the baseline period. Patients who were prescribed
medication for other acute/chronic pain indications (patients
with osteoarthritis [ICD-9 code 715.XX, ICD-10 code M15-
19.XX], rheumatoid arthritis [ICD-9 code 714.XX, ICD-10
code M05-06.XX], chronic lower back pain [ICD-9 code
720-724.XX, ICD-10 code M54.XX], other pain due to
injury or trauma [ICD-9 code 338.XX, ICD-10 code G89.
XX1), and patients hospitalized for >3 days within 30 days
before the date they were prescribed medication for acute
treatment of migraine were also excluded. Patients with a
history of MI were not excluded from the study.

2.3.2 Study Cohorts

The case study chose three comparator cohorts (i.e., the
prescription NSAID cohort, opiate cohort, and non-pre-
scription treated [untreated] cohort) to compare with the
triptan cohort. In addition, a positive control analysis was
conducted to compare the untreated migraine cohort with the
non-migraine general patient cohort. Patient cohorts were
defined as follows:

e Triptan cohort: migraine patients who received one or
more triptan prescription (note migraine is the only indi-
cation for drugs of the triptan class; therefore, a diagnosis
of migraine was not required for the triptan cohort).

e Prescription NSAID cohort: migraine patients who
received one or more NSAID prescription. Diagno-
sis of migraine was required within 30 days before the
first NSAID prescription. Exposure to over-the-counter
NSAIDs was not measured in the database.

e QOpiate cohort: migraine patients who received one or
more opiate prescription to treat migraine attacks. Diag-
nosis of migraine was required within 30 days before the
first opiate prescription.

e Untreated cohort: patients who had a migraine diagnosis
but lacked any prior prescription for any acute treatment
for migraine. Untreated migraine patients who initiated a
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new acute treatment for migraine at a later time were eli-
gible for the untreated cohort until the new treatment was
initiated. Given that over-the-counter NSAIDs were not
recorded in the database, it is likely that some patients in
the non-treated cohort used over-the-counter NSAIDs to
treat migraine.

e Non-migraine general patient cohort: patients who did
not have a diagnosis of migraine and did not receive
a prescription for any acute treatment for migraine.
Patients who later received a diagnosis of migraine or
any prescription for acute treatment for migraine were
eligible for the non-migraine general patient cohort until
the diagnosis and/or prescription occurred. Non-migraine
patients were age- and sex-matched to untreated migraine
patients at a 1:4 ratio. The index date was defined as a
randomly selected clinical visit within a 3-month window
when a match was found.

2.3.3 Statistical Analysis

The primary analysis compared AMI/ischemic stroke risk
between propensity score-matched triptan-treated patients
and opiate-treated patients, using a Cox proportional haz-
ard model. The secondary analysis evaluated AMI/ischemic
stroke risk between triptan-treated patients and NSAID-
treated and non-prescription-treated migraine patients versus
general patients.

The exposure window for episodic migraine medica-
tion was defined using an ‘as-treated’ approach in which
each prescription fill began a new exposure interval. For the
index fill of the prescription, the exposure window was the
estimated average duration between the index prescription
and the first refill among the respective treated cohorts (e.g.,
triptans, NSAIDs, opiates). For the first prescription refill,
the exposure window was the observed duration between
the index fill and the first refill. From the second prescrip-
tion refill onward, the exposure window was the average of
the last two observed prior durations. Hence, exposure win-
dows for prescription refills were specific to each individual
patient. The exposure cycles were repeated until no refill was
observed. A washout period was added at the end of each
exposure interval (e.g., 30 days).

Traditional propensity score analysis and Cox propor-
tional hazard regression were used to estimate adjusted
hazard ratios (aHRs) with two-sided 95% confidence inter-
vals (Cls). To minimize confounding bias, propensity score
methods were used to ensure cohorts were comparable
with respect to measured confounders. The balance for all
covariates before and after propensity scoring was assessed
through the analysis of standardized differences (standard-
ized differences > 0.1 indicated a meaningful imbalance
between comparison cohorts). Active cohorts were com-
pared using 1:1 propensity score matching. The following
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patient groups were compared: triptan-treated versus opioid-
treated, triptan-treated versus prescription NSAID-treated,
triptan-treated versus untreated migraine, and untreated
migraine versus non-migraine. Cox proportional hazards
analyses were adjusted for age, sex, and other comorbid
conditions that remained unbalanced after propensity score
matching. Multivariable Cox regression analysis was used to
compare MI risk in untreated migraine patients versus non-
migraine patients. Sensitivity analyses were performed on
the intent-to-treat (ITT) data and after 30-, 60-, and 90-day
washout windows.

3 Results

3.1 Case Study: TRT and Myocardial Infarction (MI)
Risk in Adult Men Treated for Hypogonadism

3.1.1 Baseline and Patient Demographics

After CTPS matching, each of the TRT-treated versus
PDESi-treated cohorts included 198,528 men, and each of
the TRT-treated versus untreated cohorts included 207,196
men (Table 1). Baseline demographic and clinical character-
istics, AMI risk factors, and CVD history for the TRT- and
PDESi-matched cohorts are summarized in Table 1. Before
CTPS matching, the PDESi cohort had a lower prevalence
of all CV risk factors and had a lower prevalence of prior
CVD, all of which contributed to a lower baseline risk of
CVD regardless of prescribed use (Table 1). After CTPS
matching, both cohorts were comparable with respect to
risk factors for AMI and prior CVD. The most commonly
reported prior CVD events were unspecified ischemic heart
disease and other heart disease; prevalence of prior AMI
was <0.7%. Baseline characteristics for TRT and untreated
cohorts were published previously [22] and are summarized
in Table 1.

3.1.2 Outcome Analysis

The crude incidence rates of MI among TRT-treated and
PDESi-treated patients were 4.63 per 1000 PY (95% CI
4.30-4.96) versus 3.93 per 1000 PY (95% CI 3.62-4.23),
respectively. These rates increased significantly among
patients > 65 years old and among those with prior CVD
conditions (Online Resource 3, see ESM). The Cox regres-
sion model revealed no significant association between TRT
use and AMI when comparing TRT-treated (i.e., all admin-
istration routes) versus PDESi-treated patients overall (aHR
0.99; 95% C10.93—1.06) (Table 2). An increased risk of AMI
observed among TRT-treated patients aged > 65 years versus
PDES5i-treated patients aged > 65 years was not significant
(aHR 1.12; 95% CI 0.99-1.26); however, a significantly

increased risk of AMI was observed among TRT-treated
patients with prior CVD versus PDES5i-treated patients with
prior CVD (aHR 1.13; 95% CI 1.03-1.25) (Table 2). Results
of the Cox regression model comparing TRT-treated versus
untreated hypogonadal men were published previously and
are included for comparison; the model revealed no signifi-
cant association between TRT use and AMI when comparing
TRT-treated with untreated cohorts overall or when stratified
by age or prior CVD (Table 2) [22].

3.2 Cohort Study: Triptans and Ml/Ischemic Stroke
Risk in Adults with Migraine

3.2.1 Baseline and Patient Demographics

The selection of the study population and reasons for exclu-
sion are summarized in Fig. 1. Patients were categorized
into five cohorts according to migraine treatment initiated:
triptans (N=436,642), prescription NSAIDs (N=334,152),
opiates (N=55,234), untreated migraine (N=1,168,212),
and general non-migraine patients (N=11,735,009).

Baseline demographic data for each of the cohorts are
presented in Table 3. Detailed information about the baseline
characteristics of the study population have been published
elsewhere [19]. Overall, patients initiating triptan treatment
were younger than untreated migraine patients and patients
initiating prescription NSAIDs or opiates. Patients initiating
triptans also had fewer comorbidities, CV risk factors, and
hospitalizations and emergency room visits compared with
the prescription NSAID, opiate, or untreated cohorts. They
also had fewer prescriptions for several concomitant medi-
cations at baseline than patients treated with prescription
NSAIDs or opiates [19].

3.2.2 Risk of AMI in Migraine Patients by Treatment Cohort

Cox proportional hazards analyses for AMI showed patients
with migraine who were prescribed triptans had significantly
lower risk of MI than patients with untreated migraine using
30-, 60-, and 90-day windows or ITT methods (Table 4).
However, the risk of MI in patients with migraine who were
> 65 years old and were treated with triptans was not signifi-
cantly different than the risk in similarly aged patients with
untreated migraine. Additionally, there was not a significant
difference in MI risk between patients with migraine and
a history of ischemic CVD who were prescribed triptans
versus patients with untreated migraine.

Cox proportional hazards analyses of the risk of MI
in migraine patients prescribed triptans compared with
migraine patients prescribed NSAIDs had mixed results
and, as expected, these estimates pointed towards a protec-
tive effect of triptans on the risk of MI when compared with
patients who were prescribed NSAIDs. The point estimate
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Table 1 Baseline characteristics: Case study vs Li et al. [22]

TRT vs PDESi TRT vs untreated [22]
Pre-matched population CTPS-matched population Pre-matched population CTPS-matched population
N=1,119,484 N =1397,056 N = 688,480 N =414,352
TRT treated  PDES5i treated TRT treated  PDESi treated TRT treated ~ Untreated TRT treated  Untreated
Total number 297,251 822,233 198,528 198,528 356,695 331,785 207,176 207,176
of patients
Mean age at  51.3* (11.5)  54.4%(10.9) 524 (11.4) 52.3 (11.5) 52.2(11.4) 51.5(12.8) 51.8(11.4) 51.8 (12.6)
index, years
(SD)
Healthcare utilization
Patients with 2578 (0.9) 10,133 (1.2) 1609 (0.8) 1475 (0.7) 3040 (0.9) 2910 (0.9) 1820 (0.9) 1796 (0.9)
hospi-
talizations
within
prior
30 days, n
(%)
Office visits ~ 7.1%* (6.3) 5.2*%(5.0) 6.4 (5.7) 6.4 (6.1) 7.1% (6.3) 6.4% (6.2) 7.2 (6.0) 7.2 (6.5)
per patient,
mean (SD)
Drug classes 6.5* (4.8) 5.2% (4.0) 6.1 (4.6) 6.1 (4.7) 6.8% (4.9) 5.7*% (4.7) 6.4 (4.7) 6.4 (4.8)
per patient,
mean (SD)
Total health- 2416* 1609%* 2162 (4780.4) 2172 (5425.5) 2552 (5725.4) 2087 (5221.9) 2360 (5515.7) 2322 (5186.7)
care cost (5619.0) (3853.2)
per patient
(US dol-
lars), mean
(SD)
Charlson 1.0 (1.7) 0.9 (1.5) 1.0 (1.6) 1.0 (1.6) 1.0 (1.7) 1.0 (1.7) 1.0 (1.7) 1.0 (1.7)
Comorbidity
Index, mean
(SD)
Concurrent medications, 7 (%)
Hematologi- 23,720 (8.0) 59,346 (7.2) 15,871 (8.0) 15,939 (8.0) 29,897 (8.4) 23,797 (7.2) 16,102 (7.8) 15,950 (7.7)
cal agents
Sleep medi-  36,549" (12.3) 67,622" (8.2) 21,824 (11.0) 21,948 (11.1) 45,085 (12.6) 31,889 (9.6) 24,287 (11.7) 23,838 (11.5)
cations
Opiates 129,241" 288,389" 80,152 (40.4) 80,010 (40.3) 156,367* 125,038* 87,421 (42.2) 87,213 (42.1)
(43.5) (35.1) (43.8) (37.7)
Psychotrop-  113,382" 206,293 67,528 (34.0) 66,796 (33.7) 135,146* 99,960* 74,436 (35.9) 72,500 (35.0)
ics (38.1) 25.1) (37.9) (30.1)
Comorbidities/medications related to acute MI risk, n (%)
Diabetes 62,950 (21.2) 147,616 40,854 (20.6) 41,294 (20.8) 79,182 (22.2) 66,296 (20.0) 43,798 (21.1) 43,364 (20.9)
(mild to (18.0)
moderate)
Hyperten- 133,183 341,922 86,611 (43.6) 86,487 (43.6) 163,880 143,890 94,788 (45.8) 94,382 (45.6)
sion (44.8) (41.6) 45.9) 43.4)
Hyper- 141,208" 330,417 89,785 (45.2) 89,939 (45.3) 170,138 160,140 102,829 102,777 (49.6)
lipidemia (47.5) (40.2) 47.7) (48.3) (49.6)
or lipid
disorder
Antihyper- 148,469 405,928 99,207 (50.0) 97,621 (49.2) 185,487* 143,677* 101,576 98,919 (47.8)
tensive (50.0) (49.4) (52.0) (43.3) (49.0)
medica-
tions
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Table 1 (continued)

TRT vs PDESi TRT vs untreated [22]
Pre-matched population CTPS-matched population Pre-matched population CTPS-matched population
N=1,119,484 N = 397,056 N = 688,480 N =414,352
TRT treated PDES5i treated TRT treated PDES5i treated TRT treated Untreated TRT treated Untreated
Antihyper- 126,212 330,228 83,582 (42.1) 83,269 (41.9) 158,180* 121,320%* 86,224 (41.6) 85,331 (41.2)
lipidemia (42.5) (40.2) (44.4) (36.6)
medica-
tions
Prior CVD, n (%)
Prior acute 1926 (0.7) 5138 (0.6) 1284 (0.7) 1231 (0.6) 2298 (0.6) 2137 (0.6) 1356 (0.7) 1303 (0.6)
MI
Other 30,694 (10.3) 81,115(9.9) 20,693 (10.4) 20,380 (10.3) 38,715(10.9) 33,826 (10.2) 21,938 (10.6) 21,646 (10.5)
ischemic
heart
disease
CABG/PCI 7246 (2.4) 18,423 (2.2) 4751 (2.4) 4631 (2.3) 8939 (2.5) 8214 (2.5) 5270 (2.5) 5188 (2.5)
Other heart 37,328 (12.6) 92,578 (11.3) 24,535 (12.4) 24,497 (12.3) 46,220 (13.0) 43,382 (13.1) 27,285 (13.2) 27,156 (13.1)
disease
Stroke 8623 (2.9) 19,448 (2.4) 5724 (2.9) 5669 (2.9) 10,827 (3.0) 10,156 (3.1) 6337 (3.1) 6278 (3.0)

CABG/PCI coronary artery bypass grafting/percutaneous coronary intervention, CTPS calendar-time-specific propensity score, CVD cardiovas-
cular disease, MI myocardial infarction, N number of patients, n number of patients in a treatment group, PDE5i phosphodiesterase type 5 inhib-
itor, SD standard deviation, TRT testosterone replacement therapy, US United States

*Standardized difference > 0.1, which represents a statistically significant imbalance between the two comparator cohorts

ranged from 0.33 to 0.84 depending on the chosen study
window (Table 4). However, there was no significant dif-
ference in Ml risk in patients prescribed triptans compared
with patients prescribed NSAIDs or opiates when looking
at only patients > 65 years old or patients with a history of
ischemic CVD.

3.2.3 Positive Control Analysis: Ischemic Stroke Risk
in Migraine Patients by Treatment Cohort

Results of the Cox proportional hazards analyses for
ischemic stroke are also presented in Table 5. The positive
control analysis showed patients with untreated migraine had
a significantly higher ischemic stroke risk than non-migraine
patients (HR 1.87; 95% CI 1.77-1.97; p <0.0001). Risk of
ischemic stroke remained significantly higher in patients
with untreated migraine than in non-migraine patients when
analyses were restricted to patients > 65 years old (HR 1.49;
95% CI 1.36-1.63; p<0.0001) or patients with a history
of CVD (HR 1.60; 95% CI 1.44-1.77; p<0.0001). The
increased risk of ischemic stroke in patients with untreated
migraine remained when ITT sensitivity analyses were per-
formed on the overall patient population (HR 1.65; 95% CI
1.60-1.72; p<0.0001), patients > 65 years old (HR 1.44;
95% CI 1.35-1.54; p<0.0001), or patients with a history
of CVD (HR 1.48; 95% CI 1.37-1.61; p <0.0001). Haz-
ard ratios were unchanged when analyses were restricted to
patients with no contraceptive use, indicating that ischemic

stroke risk was not impacted by contraceptive use (Table 5).
In contrast, such positive association was not observed
regarding MI risk when patients with untreated migraine
were compared with the non-migraine patient population
(HR 0.90; 95% CI 0.83-0.97; p=0.0044) (Table 5).

4 Discussion

These case studies demonstrate that comparator group selec-
tion can influence observational study findings. Because pre-
cautions related to the use of these medications in patients
with CV diseases or risk factors have likely resulted in a
channeling bias, PDES5i users are not an appropriate com-
parator group when studying the association of TRT and
Ml risk, and triptan users are not an appropriate comparator
group when evaluating adverse CV outcomes in migraine
patients. The appropriateness of study design must always
be considered in drug safety studies, and although statis-
tical methods may alleviate some bias caused by flawed
study design, they cannot be depended upon to eliminate
the effects of confounding bias, especially when label infor-
mation may be driving selective prescribing (e.g., patients
with high CV risk or elderly high-risk patients channeled
away from PDES5is or triptans due to labeling restrictions).

Comparison of TRT-treated versus untreated men in
our previous publication revealed no association between
TRT use and AMI in patients > 65 years old or for patients
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Table 2 Treatment differences in the risk of acute MI: Cox regression model based on time-to-first-event analysis (TRT case study)

TRT vs untreated [22]

TRT vs PDES5i

Cohort

Adjusted

Unadjusted

Outcome, n

Adjusted

Unadjusted
95% CI

Outcome, n

95% CI

HR

95% CI

HR

TRT treated Untreated

95% CI

HR

PDES5i treated HR

TRT treated

0.89-1.09

0.99
0.96

0.83-1.01

0.91
0.94
0.98
0.90
0.97

1546
1112

0.93-1.06 639

0.99
0.95
1.12
1.13
0.90

0.94-1.07

1.00
0.95
1.27
1.17
0.89

648
500

759
554
205
387
372

All matched patients

0.86-1.08

0.84-1.05

489

0.89-1.03

0.88-1.02

Age <65 years

0.86-1.29

1.05
0.94

0.80-1.20

434
781
765

150
315

0.99-1.26

1.13-1.42
1.07-1.29
0.82-0.97

148
282
366

Age > 65 years
Prior CVD

0.81-1.08
0.90-1.18

0.78-1.03

1.03-1.25
0.83-0.98

1.03

0.85-1.12

324

No prior CVD

CI confidence interval, CVD cardiovascular disease, HR hazard ratio, MI myocardial infarction, n number of patients in a treatment group, PDE5i phosphodiesterase type 5 inhibitor, 7RT testos-

terone replacement therapy

with prior CVD (Table 2) [22]. The contrasting findings in
the present TRT case study demonstrate the imposition of
potential channeling bias as a result of using PDES5i-treated
patients as a comparator group; although results using
Cox regression analysis showed no difference in MI risk
between TRT-treated and PDESi-treated patients, a signifi-
cantly increased risk of MI was erroneously observed among
TRT-treated patients > 65 years and TRT-treated patients
with baseline CVD likely due to channeling bias. In order to
address confounding by severity, a treated active comparator
with the same underlying disease is better than an untreated
or inactive comparator. It is also important to consider a
drug/drug class at the same stage of disease severity and
with the same or similar contraindications. These are all
important considerations when designing a real-world evi-
dence study.

The TRT case study reinforces methodological con-
cerns; for example, that channeling bias may have existed
in previously published research. Selecting PDESi users
as a comparator group likely introduced channeling bias
into the study by Finkle et al. [2], which found TRT use
to be associated with an overall two-fold increased risk of
MI compared with PDES5i use among TRT-treated elderly
patients and reported an approximately three-fold increase
in incidence rate among TRT-treated younger men with
pre-existing CV conditions [2]. Prescribers are aware that
PDES5is are contraindicated in patients taking organic
nitrates and should not be prescribed to men for whom
sexual activity is inadvisable due to their CV status [7-9];
similar information was not provided to prescribers when
considering treatment with TRT. Considering results of
a meta-analysis suggesting low endogenous testosterone
increased CV risk and risk of CVD death [23], it is rea-
sonably possible that patients with worse CV conditions
were treated with TRT. Because TRT has been associated
with improved sexual function among men with erectile
dysfunction and low testosterone [24, 25], it is also possi-
ble that healthcare practitioners prescribe TRT to hypogo-
nadal patients with high CVD risk and erectile dysfunction
symptoms and prescribe PDES5is to patients without known
heart conditions. This was evident in the TRT case study,
wherein baseline characteristics of pre-matched TRT-
treated patients suggested worse health (i.e., significantly
increased hyperlipidemia) compared with PDES5i-treated
patients. Differences in study designs, patient popula-
tions, comparator groups, availability of laboratory tests,
and statistical analyses may explain the inconsistencies in
study findings.

Migraine has been associated with increased CV risk
including increased risk of ischemic stroke, MI, angina
or coronary revascularization, and CV mortality [26-28].
This retrospective cohort study of acute treatment for
migraine revealed a lack of association between triptan use
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Patients in MarketScan®

MarketScan® (2005-2016)
N=224,409,441

' ) Triptan
Patients meeting cohort entry N=2.968.388

After exclusions due to insufficient
enrollment, baseline <12 months,
patients’ age <18 years with cluster
headache at baseline

After exclusions due to
triptan/NSAIDs/opiates during baseline

After exclusions due to hospitalization 3-
30 days of medication dispensing, other
pain due to injury, trauma, lower back
pain, osteoarthritis, rheumatoid arthritis

N=436,642

NSAIDs
N=2,229,388

N=1,481,032

N=482,504

T
Untreated
N=7,153,369

|
General Patients
N=171,439,439
N=11,735,009

Opiates
N=1,238,466

N=692,769

N=2,599,010

N=11,735,009
N=11,735,009

Fig. 1 Disposition of patients identified from the Truven Health Analytics MarketScan® research database between January 2005 and December

2016. N number of patients; NSAIDs nonsteroidal anti-inflammatory drugs

and CV risk. Although multiple comparators were chosen,
potential channeling bias resulting from contraindications
stated in the triptan product labels may have been strong
enough to select the heathiest patients from among all
migraine patients on acute medications. These findings
are in line with those of a previous analysis in which we
used a prediction model to assess baseline CV risk among
migraine patients prescribed triptans in comparison with
those prescribed opiates or NSAIDs, as well as untreated
migraine patients and general non-migraine patients [19].
In that analysis, patients who were prescribed triptans had
lower CV risk than those prescribed opiates or NSAIDs (in
fact, they were the healthiest among all treatment groups)
[19]. We conclude it is likely that patients with migraine
who also have high CV risk are being prescribed triptans
at lower rates than they are prescribed opiate or NSAID
alternatives.

Similar to the findings of the TRT case study regard-
ing patients with low testosterone, the findings of the ret-
rospective triptan cohort study support the hypothesis that
channeling bias may occur in choosing whether or not to
prescribe triptans for patients with migraine. Given the CV
warnings included in current triptan labeling, the findings
of so-called protective effects of triptans for MI and stroke
compared with alternative treatments suggest channeling of
migraine patients at high CV risk away from triptans in favor
of alternative therapies.

Each of these observational studies is susceptible to the
potential for confounding bias. In real clinical practice, pre-
scriptions are not administered at random, and although the
potential for confounding bias can be adjusted through care-
ful selection or using statistical methods, bias might remain
because no method can alleviate all potential for selection
bias in a study. For example, as a risk factor for many comor-
bidities, diabetes severity can cause residual confounding

or selection bias in real-world comparative studies of anti-
diabetes medication. In a cohort study evaluating non-fatal
major adverse cardiovascular events (MACE), adjustment of
baseline characteristics did not remove baseline differences
between metformin and insulin, as illustrated by increased
HR for pre-exposure MACE (HR 1.85) [29]. Similarly, in
the TRT/hypogonadism case study, confounding by indica-
tion/severity could have been introduced if the PDESi or
untreated cohort had higher serum testosterone levels versus
the treated cohort, because lower testosterone levels have
been linked to higher rates of CV events [30-32] and those
getting treatment likely have lower levels than untreated
patients. In the triptan/migraine cohort study, multiple active
comparators, new user design, propensity score techniques,
and sensitivity analysis were used in an effort to minimize
confounding bias. Typically, having multiple comparators
can provide different population characteristics and is a good
sensitivity analysis to assess for potential confounding (as
with the PDESi example, which showed no increased risk
in untreated patients and an increased risk with PDESi use).
However, this was not the case for triptans because healthier
patients were selected for prescription of triptans because
of the potential vasoconstrictive effect of triptans. The fact
that they had fewer comorbidities, CV risk factors, and hos-
pitalizations and emergency room visits compared with the
prescription NSAID, opiate, or untreated cohorts might have
contributed to the false impression of a triptan protective
effect. In addition, both prescription NSAIDs and opiates
have demonstrated adverse effects on CVD previously [11,
33]; hence, all comparisons showed a false protective effect.

Both studies were informed by several database limita-
tions. First, it is difficult to verify the validity of diagnosis
codes and to refine statistical analyses owing to the limited
clinical details in the MarketScan database. Second, data
regarding important confounding variables (e.g., smoking,
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Table 3 Baseline demographics and patient characteristics of inpatients identified from the Truven Health Analytics MarketScan® research data-

base between January 2005 and December 2016*

Variable® Triptans NSAIDs Opiates Untreated General®
(N=436,642) (N=334,152) (N=55,234) (N=1,168,212) (N=11,735,009)
Age, years, mean (SD) 37.7 (12.4) 39.4 (14.0) 39.7 (13.4) 41.0 (14.6) 45.7 (17.4)
Sex
Female 346,306 (79.3) 266,087 (79.6) 44751 (81.0) 890,744 (76.3) 5,491,517 (46.8)
Migraine at baseline 150,136 (34.4) 334,152 (100) 55,234 (100) 25,646 (2.2) 0

Insurance type

Commercial claims 404,419 (92.6) 281,473 (84.2) 47,379 (85.8) 1,028,623 (88.1) 9,385,586 (80.0)
Hospitalizations in last 30 days 1634 (0.4) 27,135 (8.1) 7611 (13.8) 12,130 (1.0) 36,375 (0.3)
Hospitalizations in last 31—365 days 10,854 (2.5) 13,349 (4.0) 2363 (4.3) 45,349 (3.9) 339,158 (2.9)
Emergency room visits in last 30 days 20,845 (4.8) 27,529 (8.2) 17,518 (31.7) 64,824 (5.6) 61,918 (0.5)
Emergency room visits in last 31—365 days 56,244 (12.9) 75,821 (22.7) 12,518 (22.7) 196,742 (16.8) 747,700 (6.4)
Comorbidities affecting > 5% of patients in any subgroup

Diabetes Dx or Rx 18,728 (4.3) 24,554 (7.4) 4174 (7.6) 73,302 (6.3) 695,962 (5.9)

Hypertension Dx or Rx 79,493 (18.2) 92,668 (27.7) 17,611 (31.9) 278,923 (23.9) 2,315,523 (19.7)

Depression 47,721 (10.9) 42,901 (12.8) 8800 (15.9) 130,811 (11.2) 310,857 (2.7)

Asthma or COPD 29,545 (6.8) 32,258 (9.7) 6572 (11.9) 97,140 (8.3) 422,516 (3.6)

Anxiety 39,814 (9.1) 37,311 (11.2) 7301 (13.2) 114,117 (9.8) 165,436 (1.4)

Hyperlipidemia Dx or Rx 68,813 (15.8)

Concomitant medications taken by >5% of any subgroup, by class

73,049 (21.9)

12,635 (22.9) 248,055 (21.2) 1,831,288 (15.6)

Antihypertensives 65,774 (15.1) 76,450 (22.9) 14,187 (25.7) 216,440 (18.5) 1,980,582 (16.9)
Glucose-lowering agents 13,978 (3.2) 17,890 (5.4) 2942 (5.3) 48,622 (4.2) 525,701 (4.5)
Oral contraceptives 91,042 (20.9) 53,941 (16.1) 9087 (16.5) 182,844 (15.7) 529,821 (4.5)
Sleep medications 27,857 (6.4) 24,406 (7.3) 4828 (8.7) 66,819 (5.7) 243,824 (2.1)
B-Blockers 30,272 (6.9) 36,865 (11.0) 7408 (13.4) 101,288 (8.7) 850,149 (7.2)
Diuretics 20,937 (4.8) 24,310 (7.3) 4375 (7.9) 73,437 (6.3) 818,962 (7.0)
Psychotropics 140,192 (32.1) 124,438 (37.2) 25,281 (45.8) 340,669 (29.2) 1,376,995 (11.7)
Other acute treatments for migraine 44,621 (10.2) 44,264 (13.3) 12,020 (21.8) 95,753 (8.2) 298,326 (2.5)
ACE inhibitors 14,845 (3.4) 18,287 (5.5) 3255 (5.9) 58,649 (5.0) 770,727 (6.6)
Lipid lowering agents 39,425 (9.0) 44,161 (13.2) 7286 (13.2) 141,962 (12.2) 1,355,636 (11.6)

ACE angiotensin-converting enzyme, COPD chronic obstructive pulmonary disease, Dx diagnosis, N number of patients, NSAI/Ds nonsteroidal

anti-inflammatory drugs, Rx prescription, SD standard deviation
“Before propensity score-matching

5 All variables n (%) unless otherwise specified

4 to 1 untreated match

alcohol use, body weight, body height, and social eco-
nomic status) are not available in the claims database.
Such variables are likely to be equally distributed among
the study cohorts; in addition, propensity score matching
was used to reduce any differences in distribution.
Measurement bias is a third important limitation.
Because claims data are generally collected for the pur-
pose of payment rather than research, the presence or
absence of disease may not be accurate; similarly, diagnos-
tic codes may be incorrectly coded or included as rule-out
criteria rather than actual disease. Furthermore, diagnoses,
medical procedures, and medicine dispensing were only

A\ Adis

included in the database if corresponding billing codes
were generated.

Fourth, MarketScan claims databases are based on a
large convenience sample, rather than a random sample.
The included data generally originate from large employ-
ers, and medium and small firms are not well represented.
Because the sample is not random, it may contain biases
and may not be highly generalizable to other populations.
Further, migraine diagnoses are not all recorded in claim
databases, including MarketScan. According to Kolodner
et al., medical and pharmacy claims were highly specific
and moderately sensitive when used to identify patients
with migraine [33]. This may lead to misclassification
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Table 4 Hazard ratios of acute MI risk in migraine patients by type of
acute treatment

Table 5 Hazard ratios for acute MI risk and ischemic stroke risk in
untreated migraine patients versus non-migraine patients

Cohort HR 95% CI Cohort HR 95% CI p-value
Triptans vs untreated migraine Acute MI risk
Overall migraine population Overall population 0.90 0.83-0.97 0.0044
30-day 0.81 0.74-0.89 ITT 096  0.91-1.00 0.0725
60-day 0.80 0.73-0.88 Age > 65 years 086  0.75-0.98 0.0227
90-day 08l 0.74-089 ITT 099  091-1.09 0.9148
1 089 083095 History of ischemic CVD 081 0.67-0.98 0.0337
Age > 65 years
ITT 0.80 0.69-0.93 0.0031
30-day 0.79 0.61-1.02 Ischomi e risk
60-day 0.79 0.62-1.02 schemic stroke ris
90-day 0.80 0.62-1.02 Overall population 1.87 1.77-1.97 <0.0001
T 0.95 078115 ITT 165 1.60-1.72  <0.0001
History of ischemic CVD No contraceptive use 1.87 1.77-1.97 <0.0001
30-day 0.96 0.87-1.05 ITT 1.65 1.59-1.71 <0.0001
60-day 0.94 0.86-1.03 Age > 65 years 1.49 1.36-1.63 <0.0001
90-day 0.95 0.87-1.04 ITT 1.44 1.35-1.54 <0.0001
ITT 1.03 0.97-1.10 History of CVD 1.60 1.44-1.77 <0.0001
Triptans vs NSAIDs ITT 1.48 1.37-1.61 <0.0001
Overall migraine population
30-day 033 0.12-0.90 CI cpnﬁdence interval, CVD cgrdi.ovasa.llar disease, HR hazard ratio,
ITT intent to treat, MI myocardial infarction
60-day 0.37 0.15-0.88
90-day 0.43 0.20-0.95
ITT 0.84 0.64-1.10
Age > 65 years of exposure status in the comparison with non-migraine
30-day 0.62 0.06-6.52 patients and likely draw the association towards a null
60-day 0.42 0.04-4.06 finding.
90-day 0.41 0.04-3.93 Lastly, regarding the retrospective cohort study on acute
ITT 0.97 0.54-1.74 treatment for migraine, only prescribed medications are
History of ischemic CVD recorded in the MarketScan database; it does not contain
30-day 0.77 0.06-9.83 any over-the-counter NSAID medications, which can be
60-day 0.48 0.04-5.27 used widely to treat migraine, pain or inflammation. The
90-day 0.48 0.04-5.28 - . .
lack of over-the-counter drug information may result in
ITT 0.87 0.38-1.97 . i . .
) ) unmeasured confounding, which could potentially impact
Triptans vs opiates . . .
. . the study findings. Furthermore, due to lack of information
Overall migraine population h ter NSAIDs. th Iso b
30-day 0.46 0.26-0.82 on over-.t e-CO}ln er' ' s, there may also be concerns
60-day 0.49 0.29-0.83 about I’l’llSClZ}SSlﬁC&thH with respect to exposure s'ta.tus fmd
90-day 0.49 0.30-0.82 exposure window. It should also be noted that it is diffi-
ITT 0.77 0.64-0.93 cult to estimate the exposure window for medications pre-
Age > 65 years scribed on an as-needed basis. Claims data do not include
30-day 0.37 0.1-1.38 information about which exact days medication was con-
60-day 0.29 0.08-1.04 sumed, whether it was taken as prescribed, or whether it
90-day 0.33 0.11-1.02 was consumed at all. To avoid potential misclassifications
ITT 0.81 0.53-1.24 when assessing drug exposure, exposure windows were
History of ischemic CVD defined using an ‘as-treated’ approach based on prescrip-
30-day 0.90 0.28-2.87 tion fills, and 30-day, 60-day, 90-day, and ITT analyses
60-day 0.80 0.26-2.50 were assessed. To further confirm the above negative find-
90-day 0.94 0.32-2.77 . .. . ..
ings, a positive control analysis (untreated migraine versus
ITT 1.06 0.58-1.95

30-day washout sensitivity analysis, 60-day washout sensitivity
analysis, 90-day washout sensitivity analysis, CI confidence interval,
CVD cardiovascular disease, HR hazard ratio, ITT intent to treat, MI
myocardial infarction, NSAIDs nonsteroidal anti-inflammatory drugs

general non-migraine patients) was constructed in which
some statistically significant increased risk for stroke was
observed.
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5 Conclusions

These case studies demonstrate that the choice of the com-
parator group can influence observational study findings.
The TRT study findings demonstrated how, due to labeling
restrictions, PDE5is may not be a good comparator to select
in studies assessing CV outcomes. Similarly, due to vasocon-
striction and labeling restrictions, triptan users were selected
to have less baseline risk, which prevented researchers from
identifying any appropriate comparator groups when evalu-
ating adverse CV outcomes in migraine patients. In future
real-world CV safety studies, such channeling may pose
substantial challenges when comparing triptans to novel
migraine treatments.

These observations contribute to the evolving understand-
ing of methodological approaches used in observational
research and how the appropriateness of study design must
be considered in future drug safety studies.
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