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Abstract

Background Researchers using observational data to
understand drug effects must make a number of analytic
design choices that suit the characteristics of the data and
the subject of the study. Review of the published literature
suggests that there is a lack of consistency even when
addressing the same research question in the same
database.

Objective To characterize the degree of similarity or
difference in the method and analysis choices made by

The OMORP research used data from Truven Health Analytics
(formerly the Health Business of Thomson Reuters), and includes
MarketScan® Research Databases, represented with MarketScan Lab
Supplemental (MSLR, 1.2 m persons), MarketScan Medicare
Supplemental Beneficiaries (MDCR, 4.6 m persons), MarketScan
Multi-State Medicaid (MDCD, 10.8 m persons), MarketScan
Commercial Claims and Encounters (CCAE, 46.5 m persons). Data
also provided by Quintiles® Practice Research Database (formerly
General Electric’s Electronic Health Record, 11.2 m persons)
database. GE is an electronic health record database while the other
four databases contain administrative claims data.

Electronic supplementary material The online version of this
article (doi:10.1007/s40264-013-0103-1) contains supplementary
material, which is available to authorized users.

P. E. Stang - P. B. Ryan
Janssen Research and Development LLC,
Titusville, NJ, USA

P. E. Stang (I<)

1125 Trenton-Harbourton Road,
Room K30205, 200,

Titusville, NJ 08560, USA
e-mail: pstang @its.jnj.com

J. M. Overhage
Siemens Health Services, Malvern, PA, USA

observational database research experts when presented
with research study scenarios.

Research Design  On-line survey using research scenarios
on drug-effect studies to capture method selection and
analysis choices that follow a dependency branching based
on response to key questions.

Subjects Voluntary participants experienced in epidemi-
ological study design solicited for participation through
registration on the Observational Medical Outcomes Part-
nership website, membership in particular professional
organizations, or links in relevant newsletters.

Measures Description  (proportion) of respondents
selecting particular methods and making specific analysis
choices based on individual drug-outcome scenario pairs.
The number of questions/decisions differed based on stem
questions of study design, time-at-risk, outcome definition,
and comparator.

Results There is little consistency across scenarios, by
drug or by outcome of interest, in the decisions made for
design and analyses in scenarios using large healthcare
databases. The most consistent choice was the cohort study
design but variability in the other critical decisions was
common.

M. J. Schuemie
Department of Medical Informatics, Erasmus University
Medical Center Rotterdam, Rotterdam, The Netherlands

A. G. Hartzema
College of Pharmacy, University of Florida, Gainesville, FL,
USA

P. E. Stang - P. B. Ryan - J. M. Overhage -

M. J. Schuemie - E. Welebob

Observational Medical Outcomes Partnership, Foundation for
the National Institutes of Health, Bethesda, MD, USA

A\ Adis


http://dx.doi.org/10.1007/s40264-013-0103-1

S16

P. E. Stang et al.

Conclusions There is great variation among epidemiolo-
gists in the design and analytical choices that they make
when implementing analyses in observational healthcare
databases. These findings confirm that it will be important
to generate empiric evidence to inform these decisions and
to promote a better understanding of the impact of stan-
dardization on research implementation.

1 Background

The advent of large claims and electronic health record
databases has given rise to a number of applications in
epidemiology, health economics, comparative effective-
ness, and health services research. However, the avail-
ability of these data has also introduced a number of
complexities into the key analytic decisions for the study of
the safety of medical interventions. As these data were
collected for reasons other than research, these data often
lack the features, detail, or data accuracy that would be
desirable and treatment has not been assigned randomly
increasing the likelihood of confounding [1, 2]. There are
many ways to attempt to mitigate these limitations, leaving
the researcher to make analytic design choices that suit the
characteristics of the data and the subject of the study. For
example, in certain situations, using a ‘self-controlled
design’ such as the self-controlled case series (SCCS) [3]
might be best to limit the effect of between-subject con-
founding. On the other hand, case-control studies, devel-
oped in an era where the cost of data collection or the time
required was a critical concern, are often used in the study
of rare outcomes or as an exploratory approach where little
is known about the association between the exposure and
health outcome of interest [4]. While case-control studies
provide only relative estimates of effect (relative risk,
rates), cohort studies allow for a direct calculation of these
effects as well as providing absolute measures of incidence.
Cohort designs are also intuitively easier to understand and
explain as they track with the passage of time and more
closely resemble other research study designs, particularly
the clinical trial. Cohort designs are also more favorably
rated in the hierarchy of evidence used in assessing clinical
evidence [5]. Decisions are required not only about the
general method (e.g. cohort vs. case-control vs. self-con-
trolled case series) but also on the definition of the Health
Outcomes of Interest (HOI), and depending on the method,
choice of comparator, the duration of follow-up during
which events are “counted” as associated with a particular
exposure, and the selection of covariates for adjustment
among others [1, 2].

In previous work [6] testing 14 analytic methods, the
number of different combinations of analysis choices (eg,
‘parameter’ decisions) varied from 48 (for case-control and
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case-crossover designs) to 162 (for observational screen-
ing) and included definition of time-at-risk, identification
of HOIs based on first occurrence or all occurrences of
diagnosis codes, choice of comparator group, exposure and
HOI definitions, and specific confounding adjustment
strategy. This spectrum of choice, even within the same
method, suggests that there is ample opportunity across
researchers to differ in their decisions of how to implement
a method in a healthcare database. Our study of the vari-
ation in choice of HOI definitions [7] confirms this but
systematically reviewing publications of database studies,
even for the same research question, will not capture all of
the possible decisions nor all of the analyses that were
actually performed.

In order to characterize the degree of similarity or dif-
ference in the method and analysis choices, we sought to
determine what choices observational database research
experts would make in a series of reasonably clearly
articulated scenarios. A greater understanding of the
choices that are made among a group of experienced sci-
entists can help inform an active drug surveillance system
as well as any validation and standardization work that will
be required.

2 Methods
2.1 Study Design

An online survey format was used to reach a broad par-
ticipant pool and to maximize the likelihood of participa-
tion. This study was approved by the Indiana University
Institutional Review Board.

2.2 Survey Development

The questions were developed by the Observational Med-
ical Outcomes Partnership (OMOP) research team and the
survey was fielded using SurveyGizmo™. This tool allows
for the use of branching questions based on respondent
answers, as well as allowing the respondent to pause during
a survey, save their answers, and return at a later time to
complete the survey which, given the content and length of
the survey, was particularly important. The survey was
piloted with 10 individuals for quality and clarity checks,
as well as to identify any logistical problems.

2.3 Survey Content

The initial screening required the respondent be able to
read and write English and actively consent to participa-
tion. There were no quotas sought for the sample and no a
priori sample size estimates were determined. An initial
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series of questions captured respondent’s academic back-
ground, relevant years of experience, and experience with
the particular databases, medications, and HOIs which
were used to categorize expertise. Respondents were ran-
domized into one of the five groups of 6 drug-HOI pairs,
each covering 2 different drugs and 3 different HOISs,
representing two positive controls (ie, drug-HOI pairs
believed to describe a true adverse drug reaction) and four
negative controls (ie. drug-HOI pairs where no causal
relationship is believed to exist) (see http://omop.org). This
approach of using known positive and negative associa-
tions is part of the overall OMOP program of research and
in the present case, allowed us to examine response pat-
terns for potential associations that would not be familiar to
participants. Respondents were presented with a specific
drug-HOI pair and asked a series of questions about how
they would design an epidemiology evaluation study. The
pairs were selected from the positive and negative controls
already identified in the OMOP program of research [8].
After completing the first group of drug-HOI pairs,
respondents were invited to repeat the exercise for as many
of the 4 other groups of 6 drug-HOI pairs as they wished.
The specific questions asked for each drug-HOI pair are
provided in the “Appendix”. The five groups were:

Group 1: Drugs: Angiotensin-converting-enzyme [9]
inhibitors, Antiepileptics HOIs: Angioedema, Aplastic
anemia, Gastrointestinal (GI) ulcer hospitalization

Group 2: Drugs: Benzodiazepine, Warfarin HOIs: Hip
fracture, Bleeding, Aplastic anemia

Group 3: Drugs: Antibiotics, Bisphosphonates HOIs:
Acute liver injury, Gastrointestinal (GI) ulcer hospitaliza-
tion, Acute myocardial infarction (MI)

Group 4: Drugs: Tricyclic antidepressants, Amphoteri-
cin B HOIs: Acute myocardial infarction, Acute renal
failure, Acute liver injury

Group 5: Drugs: Typical antipsychotics, Bisphospho-
nates HOIs: Acute myocardial infarction, Acute renal
failure, GI ulcer hospitalization

The questions for each drug-HOI pair varied by
responses and question branching based on design features
of a given method chosen but were consistent across all
drug-HOI pairs. The choices and branching were designed
to reflect actual practice as exemplified in the many dif-
ferent ways to define an HOI. For every drug-HOI pair, we
asked the participants to select one of several possible HOI
definitions. For acute myocardial infarction, for example,
the respondent was given the option of selecting the
occurrence of a single diagnostic code (ICD-9 CM 410*
‘Acute myocardial infarction’), occurrence of one of mul-
tiple codes (ICD-9 CM 410* ‘Acute myocardial infarc-
tion’, 411.1 ‘Intermediate coronary syndrome’, 411.8
‘Other acute coronary occlusion’), or the occurrence of a
combination of diagnosis and procedure codes that

included time windows from the diagnosis code. The full
list of HOI definitions used can be found at http://omop.
org/HOI [7]. Completion of one drug-HOI pair was fol-
lowed by initiation of the next drug-HOI pair in the
sequence. The questionnaire for each drug-HOI pair was
expected to take approximately 10 min.

2.4 Subject Recruitment

We employed a wide variety of methods to recruit partic-
ipants. Solicitation emails were sent through OMOP to all
registrants of the OMOP public website (http://omop.org)
(approximately 1,500). Recipients were encouraged to
forward the invitation to their staff, colleagues and other
contacts that may be interested but not registered on the
OMOP website. Similar solicitation e-mails or newsletter
links were distributed through the Brookings Institute, the
International Society for Pharmacoepidemiology (ISPE),
and by individual researchers active in OMOP. A link to
the survey was also posted on the OMOP website, Foun-
dation for the National Institutes of Health (FNIH) website,
and LinkedIn. Once on the survey website, the respondent
was required to endorse a statement of agreement to par-
ticipate in the survey before initiating the survey.

Because of the time and potential complexity of this
survey, two levels of incentives were available by lottery.
Respondents who complete all 6 pairs within a group were
entered into a drawing for Prize #1: a $100.00 Amazon gift
card. This prize was drawn for every 50 respondents who
complete the initial 6 pairs so the chance of winning was
1/50; completion of all 5 groups (30 drug-HOI pairs)
entered the respondent into a drawing for Prize #2: a
$1,000.00 Amazon gift card which was drawn for every 25
respondents who completed all 5 groups so the chance of
winning at this level is 1/25.

2.5 Data analysis

The survey system captured the data directly as the
respondent answered the survey questions and was later
exported into SAS datasets for analysis. An e-mail address
was the only personally identifiable information collected
to allow saving and re-entry into the survey, reminders to
encourage survey completion, and to notify the prize
winners. E-mail addresses were not available to the data
analyst. All analyses conducted on the survey results were
descriptive, reported as population-level summaries across
all respondents or specific subpopulations of the respon-
dents based on their self-reported educational/professional
background or stated experience with specific types of
study methods, drugs, or HOIs. In order to stratify results
for analysis, we defined ‘experts’ as respondents meeting
the following 3 self-reported criteria: a doctoral-level
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degree (PhD, ScD or MD), either a graduate degree in
Epidemiology or current job position in Epidemiology, and
having either been a principal investigator or lead the
design of an observational database study.

For each drug-HOI pair, multiple choice questions were
summarized as categorical variables by the proportion of
respondents within each response category. Question
responses were compared across drug-HOI pairs within
respondent to determine which questions yield different
answers when the drug and/or HOI are changed and to
identify which, if any, questions generate consistent
responses that are independent of the drug and/or HOIL. We
focused our analyses on the 4 HOIs that are of particular
interest in drug safety and formed the basis of subsequent
research in OMOP: acute kidney injury, acute liver injury,
acute myocardial infarction, and gastrointestinal ulcer
hospitalization.

3 Results

The survey was fielded October 15-December 31, 2011. At
the close of the survey, 136 individuals had completed at
least one drug-HOI pair of whom 79 met our criteria for
‘expert’ (Table 1). Because of the open solicitation through
a number of channels that overlap and the unknown
‘expert’ status of non-responders, a response rate could not
be estimated. In total, respondents completed 721 drug-
HOI scenarios that were used to assess consistency and
agreement.

Respondents classified as ‘experts’ averaged 5.7 studies
conducted in the past 12 months, with 76 % of ‘expert’
respondents reporting work on at least 3 studies. ‘Experts’
had 11 years since graduation on average, with 66 % of
those respondents having more than 5 years since their last
degree. For all drug-outcome pairs, fewer than 25 % of
respondents reported having prior experience conducting a
study of the target drug and the target outcome of interest.

Table 1 Respondent background (Categories are not mutually
exclusive)

Respondents N

Total 136
Has MD or PhD 101
Has Epidemiology degree 87
Has Epidemiology position 86
Has principal investigator experience 80
Has study design experience 105

‘Expert’ : 1) has PhD or MD or DSc, 2) either had graduate 79
degree in Epidemiology or current position in Epidemiology,
and 3) has either been principal investigator or lead design on
observational database study
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As a result, complete subgroup analyses among respondent
reporting past domain experience were not completed.
However, within the small samples available, heterogene-
ity in response was observed. For example, among the five
‘expert” respondents who reported experience studying
antibiotics and acute liver injury who were asked to design
a study of the potential antibiotic-liver injury effect, three
selected a cohort design, one selected a case-control
design, and one selected a case-crossover design. Across all
drug-outcome combinations with 2 or more respondents
selecting the new user cohort design, there was lack of
concordance in the primary confounding adjustment strat-
egy to be used. At least one respondent selected each of
available confounding adjustment options, which included
stratification by age and sex, multivariate logistic regres-
sion, propensity score stratification using 5 strata, propen-
sity score stratification using 20 strata, including the
propensity score as covariate in the outcome model.
Additionally, respondents specified other strategies,
including propensity score matching and marginal struc-
tural modeling.

The study method choices made by respondents are
reflected in Fig. 1. For most drug-HOI pairs, the cohort
method was favored over the other methods, most pro-
nounced in the study of acute myocardial infarction and GI
ulcer hospitalization regardless of drug. Acute liver injury
by contrast showed a more even distribution of study
method choice as did many of the combinations for acute
renal failure. The distribution of choice of method by
experts followed a similar pattern, although experts were
seemingly more willing to implement self-controlled and
case-crossover methods than non-experts. It is noteworthy
that, despite a modest endorsement of a particular method
by a substantial proportion of respondents, the results do
not reflect a consensus nor the appearance of near con-
sensus in any of the drug-HOI pairs presented.

Intra-respondent consistency in study method selection
within a given HOI was also assessed (Table 2). Most
striking is that 71 % of respondents would choose the same
study method (cohort) to study GI ulcer, regardless of drug
involved. Acute kidney injury was the HOI least likely to be
studied across drug exposure with the same study method.

Choice of preferred HOI definition also shows little
consistency among respondents regardless of the HOI
being studied or the number of possible definitions (Fig. 2).
GI Ulcer hospitalization definition choice (only 3 HOI
definition choices) was evenly divided between two of the
definitions while acute liver injury, acute MI, and acute
renal failure varied across medication and across defini-
tions. Variability increased with increasing number of HOI
definition choices.

The critical decision of the ‘Time at Risk’ window
choice is depicted in Fig. 3. While 30 days after the end of
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Fig. 1 Frequency of Analytic Method Choice by Drug-HOI Pair by ‘expert’ (darker colors) and ‘non-expert’ (lighter colors)

Table 2 Intra-respondent Consistency of Method Choice

Outcome Total Number % of respondents

of Respondents who selected same
method for all drugs
Acute Kidney Injury 29 45 %
Acute Liver Injury 31 65 %
Acute Myocardial Infarction 34 62 %
Gastrointestinal Ulcer 38 71 %

the exposure era was the most frequent choice, particularly
within cohort method, there is some variation by both drug
and HOI, notably the prominence of ‘all post-exposure
time’ for acute MI regardless of drug and tricyclic anti-
depressants across 3 of the 4 HOIs.

Among ‘expert’ respondents who selected new user
cohort designs, there was substantial variation in choice of
confounding adjustment strategy. Among the 22 respon-
dents designing a cohort design for bisphosphonates and GI
ulcer, less than one third of respondents agreed to the same
confounding adjustment strategy: 7 chose propensity score
stratification with 5 strata, 4 chose propensity score
matching, 3 chose propensity score stratification using 20
strata, 3 chose multivariate logistic regression, and 3 chose
to include the propensity score as a covariate in the out-
come model.

As Table 3 shows, there was little agreement amongst
‘expert’ respondents regarding which of 10 types of dat-
abases they would most likely use in analysis of each of the
drug-outcome pairs. Among the 19 respondents evaluating
ACE inhibitor and angioedema, 58 % thought aggregated
employer-based administrative claims would be used while
42 % did not select this data as applicable. In only 39 cases
among the 280 drug-outcome-database combinations
evaluated (14 %) did >80 % of respondents agree that a
data source was mostly likely to be used for that analysis.

Health information exchanges like Regenstrief Institute
and clinical records from Veterans Affairs were the only
two types of data which were selected by a majority of
respondents for all 28 drug-outcome pairs evaluated.
Administrative claims data captured at the point of care
(e.g., Surveillance Data Inc), was the least likely type of
data to be selected, on average, but still 36 % of respon-
dents deemed it appropriate for the pairs of interest. The
respondents were mostly divided on the potential utility of
data from a consortium of providers using a common
electronic health record (e.g., GE Centricity), with 19 of 28
drug-outcome pairs having a proportion of that data type
selected between 40 % and 60 %.

Figure 4 provides a clear example of a single drug-
HOI pair (bisphosphonates and GI ulcer hospitalization)
and the distribution of survey responses over 4 levels of

A\ Adis



S20 P. E. Stang et al.

Acute Liver Injury Acute Myocardial Infarction Acute Renal Failure Gl Ulcer Hospitalization
20 s = Expert
= |
ER I Not expert
0 —HAm ¥
20 =
£
10 =2
w
0 _——_-- —--- ——.—_ £
20 >
e
g 10 g
£ cmmBim_— m=lm —mll :
g s,
s 10 g2
© A
g 0 =] . i
o
£ 20 =3
2 e=
i i mll ¢
=
20 2
=A
n i 52
=n
(1 1 1 | ——- —-.—-
2 z
” 53
1
-
o wmemll 0 m-lE. . .__l.. . L
01 2 3 4 5 6 7 0 1 2 3 4 5 6 7 01 2 3 4 5 6 7 01 2 3 4 5 6 7
Outcome definition number
Fig. 2 Choice of health outcome of interest definition by ‘expert’ and non-expert
Acute Liver Injury Acute Myocardial Infarction Acute Renal Failure Gl Ulcer Hospitalization
s [l Case-control
20 . gg B Cohort
10 - Fm [sccs
o —_— — a
— == >
0 E;
===
10 E ] . . =3
) p———— (S ey Py [—— (S 2
Z
| El
g O -
T 10 g
- I [ EN—— —_———__ ;
1]
g I
s m
g — e — =
“w
. — = tk
0] o e e | SN — e — =N
20 i = ;?
: _ O =
] ] g5
o — — —an - — . — o S— — °
>
S
20 3
o — —_— —-— . — s L
5 = 58 B 5 5 = 58 B 5 5 = 58 B 5 5 = 58 B 5
B R%E 22 2F B £ OB i O L i 2 F g8 i i £ &
g3 B3 5% =g g% g% s5 =sg g% B: 5% s¢ 8% g% 8% S5
§ =% g § =% g § 2% g § =% g

‘Time at Risk’ window definition

SCCS = self-controlled case series
Fig. 3 ‘Time at Risk’ window choice by drug-health outcome of interest pair
questions. Most striking is the divergent selections with ~ HOI definitions quickly gives rise to 15 comparator-

each dependent decision parsing into at least 2 selections  method combinations after 3 steps in the decision-mak-
for each subsequent decision. A selection of one of 3  ing process.

A\ Adis



S21

ign

in Choice of Study Des

riation in

Val

amjreq sonoyoAsdnuy
% ¥8 % 91 % 9 % 9¢ % 9 % 9¢ % ¥8 %b vy % TS % Tt 44 [BUSY MOy [eordA L,
sonoyoAsdnuy
% 88 %b vy % SL % 18 % SL % €9 % 69 % 18 % 18 % 69 91 1004 [eordA L,
amreq sjuessardopnuy
% T8 % ¥ % €S % 88 % 1L % S€ % 9L %b €S % IL % €S LT [eUSY ANy 1AL
sjuessaidopnuy
% €L % 08 P SS % LL % €L % Sv % 6S Pb S % 89 %D 9 (44 INV RUBTSIAN
Kmfug sjuessardopnuy
% ¥6 % 61 % 9S % 88 % 69 % 0S % 18 % 69 % 18 % €9 91 JOAITT MY 1AL,
uonezieydsoq
% 06 % 8y % 9L % 6L % 69 % TS % 65 % 6S % 6L % 69 6¢ 0[N [D  seyeuoydsoydsig
amyre
% 08 % €€ % L9 % €L % L9 % €S % L8 %b €S % 08 % €S S1 [eusy oMoy  sdjeuoydsoydsig
% 96 % 6S % 8L % S8 % 18 % 65 % YL % L9 % 18 % 8L LT INV  soreuoydsoydsrg
Km(ug
% 88 % ST % €9 % SL % 69 % €9 % €9 %b v % vv %b v 91 ToArT amdy - sojeuoydsoydsig
% 89 % 0% % 89 % 9¢ %b ¥9 % 9¢ % 9¢ % ¥9 % ¥8 % ¥9 44 amery diy  seurdozerpozuog
% LL % ¥ % 6S % LL % ¥9 % 89 % 89 % ¥9 % €L % ¥9 [44 Suipeajg  sourdozerpozuag
% 08 % €€ % 09 % Ly % 09 % 09 % L8 % 09 % 09 % 09 ¢1  erwouy onse[dy - sourdozerpozuog
uopnezife)dsoy
% 16 % SY % €L % €L % €L % €L % SS % SY % Sy % €L I1 2010 1D sondopidonuy
% €L % LT % ¥9 % ¥9 % €L % S¥ % 16 % 9€ % S¥ % S¥ 11 erwouy onseidy sondopidonuy
% €8 % 0S % SL % SL % L9 % L9 % 0S % 0S % 0§ % L9 4! BWOPaOISUY sondoyidonuy
uonezieyndsoq
% ¥6 % v % SL % SL % SL % v % 18 % 69 % SL % 69 91 1010 1D sonoIquuy
% 18 % 1€ % €9 % €9 % €9 % v % SL % €9 % 69 % SL 91 TNV sonoIqhuy
Amfuy
% 98 % 8% % 79 % 18 % LS % TS % TL % €€ % ¥ % T 1T JOAITT MY sonoIquuy
amyre
% 08 % Ly % 09 % 08 % L8 % LY % €L % 09 % L9 % 09 S1 [USY MOy g uoudoydwy
% L8 % €S % €L % €L % L8 % LY % 09 % 09 % L9 % €L S1 TNV g unteoydwry
Km(ug
% L8 % 0% % L9 % €L % 08 % O % 08 % 09 % 08 % L9 Sl JOAITT NdY g uoudoydwy
uonezieydsoq
% S8 % 8¢ % 9 % 69 % 69 % 79 % 9% % 8¢ % ¥S % 69 €l 1010 1D 10MqIu 4OV
% 1L % 1¢C % LS % ¥9 % 1L % 9¢ % 6L Db €V %b v % 9¢ yI  enweuy onsedy 10Mqiquy 4oV
% YL % 9 % 8S % €S % €S % LY % v %b €S % 8§ % 8S 61 BWAPR0ISUY 10Mqiyur 4OV
woIsAs
KIOAT[Op Quies
(Kyunwwod oy jo 1red
(presy (OWH 10 uoI3a1 AJ1ressaoou
1as ‘89) [euorgax B UMM JOU Ing WISAS QoueInsur uopnendod
KouoSe [eropay  (uerd oouensur ‘So)  suoneziueSio PI0odaI yi[eay QIRJIPOA pansut
® £qQ pa1aA0d Tepnoned PAYISEN SS0Io® JIUONII[d sanfea reyuowerddns Kporeand
uonendod € 0) anbrun KIOAT[OP uoneuLIojur owes uisn - A1ojeroqe| ym aseqeiep  yym uonendod ‘swrefo
UBIDA 10U) oI paeIgaru] Qreoyiedy  sisiferoads pue pauswajddns swieyd paImsul  SANENSIUNUPE
103 sp10%31  Jo juiod ay) Je 10Ked o3re| / woIsAs Jo aimded s1ouonnoeid uonendod  oAnensmuIwpe  -A[[RIOIOWIWOD paseq  sjuopuodsar
oanensiurupe  parmded swred woIy SWIe[d  2Iedoy[eay S1U0199]9) [e1oudd swreyd PIedIpIAl woly swrepd -1okorduwo Aradxo,
puB [BOIUI[)  QANRISIIWPY  SANBNSIUNUPY [euoI3oy AIH  JO WNNIOSuo)  QANRNSIUIWPY QeIS-NMN  SANRNSIUTUPY paesaIssy Jjo# QwoanQ Sniq

suoneuIqUIOd [QH-SnIp ssoloe syadxa Aq UONo9[as Iseqele ¢ dqeL

A\ Adis



S22

P. E. Stang et al.

Clinical and

Administrative

Administrative
claims from
large payer

Regional

HIE

Consortium of

general

Administrative

Multi-state
claims

Administrative
claims from

Aggregated
employer-
based

of

Outcome

Table 3 continued

Drug
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administrative
records for
Veteran

claims captured
at the point of
care (not

healthcare
system /

(electronic
capture of

Medicaid

‘expert’

practitioners

population

administrative

claims

commercially-

insured

respondents

Integrated
delivery
network

(eg,

healthcare

and specialists

using same
electronic

supplemented

administrative

claims,

population
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4 Discussion

We can draw two main conclusions from these results.
First, there is not a plurality of epidemiologists in our
sample who would make the same choices when imple-
menting an analysis for the same drug-HOI pair. Second,
recent empirical evaluations of the performance of study
methods and method choices casts doubts on the appro-
priateness of the most common choices made by the
respondents [10-20]. These findings are consistent with the
literature and systematic reviews with observational data,
where we also see inconsistency of analytic method choi-
ces across the study of the same HOI [7]. For example, a
meta-analysis of observational studies of nonsteroidal anti-
inflammatory drugs (NSAIDs) and myocardial infarction
by Hernandez-Diaz et al. [21] included 16 studies, 15 of
which were in healthcare databases. Four of these studies
were cohorts while the remaining 12 were case-control
studies (9 nested case-control studies). Loke and colleagues
[22], in their meta-analysis of 16 studies of thiazolidined-
iones and MI included 4 case-control studies (all nested)
and 12 cohort studies all in healthcare databases. Similarly,
the literature (including lay press) is rife with conflicting
studies of the same drug-HOI pair (sometimes using the
same data source) whose results are contradictory yet dif-
fering by only one or two decisions in how a study was
implemented. One only needs to examine the impact of
subtle choices in some published studies. For example, the
risk of esophageal cancer among users of oral bisphos-
phonates was studied by two different groups using the
same database (the United Kingdom General Practice
Research Database-General Practice Research Database)
[23, 24]. Their studies differed in choice of study method
(cohort vs. case-control), time-at-risk, matching criteria,
and exclusions which resulted in one study determining as
high as a 2-fold relatively higher risk vs. the second study
finding no increased risk.

Our survey appears to be the first of its kind in
attempting to document the choices made by an
informed group of practitioners who have expertise in
the implementation of epidemiologic studies in large
healthcare databases. Although similar findings might be
inferred from the published literature, meta-analyses, and
personal experience, the current study sought to sys-
tematically investigate the extent to which there is
agreement on the basic implementation choices that
would be inclusive of a larger group of scientists and
would not be restricted to those analyses appearing in
the peer-reviewed literature.

Our results document the degree of consistency (or lack
thereof) across choice of study method and HOI definition.
One would have expected consistency across respondents
when addressing the same drug-HOI combination and more
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Fig. 4 Depiction of variation in 4 key choices in assessing Bisphosphonates and GI Ulcer Hospitalization (dependencies as reflected in the

survey)

variation across these examples. Our findings show that the
intra-respondent consistency for the same outcome across
different drugs was very high but did differ somewhat by
outcome. It is difficult to determine if this is because of
comfort with a particular method, expediency in partici-
pating in the survey but it does suggest that the findings
from research that may suggest better alternatives may be
met with some resistance among experts. Although no real
standard appears to exist, there have been recent efforts in
pharmacoepidemiology to develop a structured approach to
determining a study method based on the features of the
exposure, HOI and source of potential confounding [25,
26]. However, our survey shows that we are far from
implementing consistent approaches to design feature
selection. Many of the decisions are based largely on non-
empiric assessments of their impact, but efforts to measure
the impact of some of these decisions have been under-
taken [10]. Together, these conclusions suggest that the
field needs to adopt a more systematic approach to

choosing study designs, defining parameters, and imple-
menting controls for potential confounding.

We attempted to capture insights on a number of key
decisions made however we did not address all possibilities
that may exist outside of method, database, and definitions.
Our attempt to study control for potential confounding
outside of the confounding adjustment embedded in many
of the method and analysis choices is a case in point.
Previous research by Vessey and others [27-29] has illus-
trated that people experiencing an event often have a pre-
disposing or alternate proximal cause. In the context of the
current research, those with a predisposing cause might be
less likely than others to be using the drug of interest. The
predisposing cause may be difficult to determine and
attribute using existing data; controlling for these effects
and/or considering them (or excluding subjects with them
from the case definition) were not explicitly solicited in this
survey but are considerations in the control of potential
biases when assessing drug-outcome associations. The
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work by Hernan et al. [30] has also shown that it is not just
confounding but selection criteria regarding cases that can
be very important, and selection bias of this type may be
more important than confounding itself. Perrio et al. [31]
have attempted to catalogue the use of ‘exclusion criteria’
in pharmacoepidemiologic studies and defined 5 broad
categories related to data, disease, exposure, patient, and a
miscellaneous category wherein they specifically detail
some of the controversy surrounding the implementation of
‘disease-related’ exclusions as a way to control for some
confounding.

Our study has other potential limitations. We did not
have 100 % response from those invited to participate but
did focus our analysis on those respondents deemed to be
qualified, capable and therefore more likely to successfully
undertake this type of research and communicate its find-
ings to a decision-maker. While the sample size is modest,
the findings of variability are still valuable. We also accept
that the potentially artificial nature of asking someone to
define a study design and general study without opportunity
to fully review literature, prior studies, pharmacology,
database characteristics, and possible confounders may not
completely reflect how a study would be implemented.

5 Conclusions

There is great variability among epidemiologists in the
design choices that they would make when implementing
analyses in observational healthcare databases. Because of
the growing importance of these data in determining the
effects of medical interventions and in guiding regulatory
actions, it will be important to inform these decisions to
help standardize approaches with more empiric evidence.
This standardization, and an understanding of the under-
lying impact of study decisions, could help make the evi-
dence emanating from research in large healthcare
databases more credible.
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