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Abstract

Purpose: Pharmacy dispensing databases are often used to identify patients' medications at a
particular time point, for example to measure prescribing quality or the impact of medication use
on clinical outcomes. We performed a systematic review of studies that examined methods to
assess medications in use at a specific point in time.

Methods: Comprehensive literature search to identify studies that compared active medications
identified using pharmacy databases to medications identified using non-automated data sources.
Two investigators independently reviewed abstracts and full-text material.

Results: Of 496 studies screened, 29 studies evaluating 50 comparisons met inclusion criteria.
Twenty-nine comparisons evaluated fixed look-back period approaches, defining active
medications as those filled in a specified period prior to the index date (range 84-730 days).
Fourteen comparisons evaluated medication-on-hand approaches, defining active medications as
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those for which the most recent fill provided sufficient supply to last through the study index date.
Sensitivity ranged from 48% to 93% for fixed look-back period approaches and 35% to 97% for
medication-on-hand approaches. Interpretation of comparative performance of methods was
limited by use of different reference sources, target medication classes, and databases across
studies. In four studies with head-to-head comparisons of these methods, sensitivity of the
medication-on-hand approach was a median of 7% lower than the corresponding fixed look-back
approach.

Conclusions: The reported accuracy of methods for identifying active medications using
pharmacy databases differs greatly across studies. More direct comparisons of common
approaches are needed to establish the accuracy of methods within and across populations,
medication classes, and databases.

Keywords

databases; drug prescribing; pharmaceutic; Pharmacoepidemiology; quality of care; research
methodology; systematic review

INTRODUCTION

Automated pharmacy dispensing and claims databases are commonly used to measure
medication exposure. Despite well-described limitations, pharmacy dispensing data are
convenient, objective, and allow the study of large populations for which other methods of
assessing medication exposure may be infeasible.! Increasingly researchers and health
systems have focused on examining prescribing quality and clinical outcomes, which
includes topics of polypharmacy, duplication of therapy, medication interactions, adherence
to prescribing guidelines, and changes in medication use after clinical events. These types of
research questions frequently require that investigators establish a list of medications being
taken by a patient at a fixed point in time, also referred to as an active medication list or
cross-sectional medication list.2:3

In contrast to studies focused on adherence, where standard measures have been established
and compared,*’ there are no consensus measures for establishing active medication lists,
and in many studies, approaches used to identify active medications are incompletely
described.8 Adherence studies generally examine longitudinal medication use, and cohort
entry is often defined as the first fill of the study medication being examined, ie, new user
cohort study designs. However, these approaches are not suited to evaluating cross-sectional
medication use, as cohort entry may be defined by a clinical event, such as occurrence of a
potentially medication related adverse event, hospitalization, test result, or new diagnosis.
Furthermore, case-control studies examining the association between a clinical event (eg,
falls, acute coronary syndrome, infection) and prior drug exposure require careful attention
to defining medication exposure at the time of the clinical outcome of interest.

In the absence of consensus measures, researchers have employed a variety of definitions of
active medication use. Two broad approaches are commonly used. The fixed look-back
period approach examines all medication filled within a set period prior to the study index
date. The medication-on-hand approach (also termed legend duration approach) classifies
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medications for which the most recent fill provided sufficient supply to last through the
study index date as active. However, there is a paucity of literature methodically examining
and comparing these common approaches for establishing active medication lists. The lack
of a comprehensive assessment of validated measures is a major impediment to identifying
best practices and for defining what future work is needed to improve the accuracy of
measurement of active medication use in both pharmacoepidemiology research and quality
improvement initiatives. In the study, we systematically review the literature to identify
studies which evaluated the accuracy of pharmacy database methods for establishing active
medication lists.

21 METHODS
2.11 Search strategy

We conducted a search of English language literature using PubMed, Embase, and Google
Scholar to identify studies that evaluated active medication use using pharmacy databases
which were published between January 1 1990 and October 1 2017. The search strategy was
developed in PubMed using Medical Subject Headings (MeSH) search terms and translated
into searches tailored to Embase and GoogleScholar with the assistance of a research
librarian (EW). Complete search strings for each database listed in Appendix 1. We
additionally searched the reference list for each article which met study inclusion criteria to
identify additional articles of possible interest.

2.2 1 Identification and selection of articles

Two study investigators (TA and EX) independently reviewed study abstracts to identify
potentially relevant articles for retrieval using Covidence. The study protocol was registered
on PROSPERO (CRD42018085584) in February 2018.

For title and abstract screening, we examined all original research publications which used
pharmacy databases to establish a patient-level list of medications being used at a fixed point
in time, regardless of the characteristics of the study population, sample size, setting, or type
of pharmacy database. We included studies which established a comprehensive list of
medications used by a patient and those which established a focused list medication classes
(ie, cardiac medications). Studies which examined medication use over a period of time
(period prevalence) rather than at a fixed point were not included (ie, studies of medication
use during pregnancy).

Two study investigators (TA and EX) independently reviewed the full-text articles, applying
the above exclusion criteria. For studies meeting the initial criteria, we then determined
whether the pharmacy database approaches used to identify active medications were
compared with an alternative approach (ie, patient self-report or medical records) and
included only studies with validation components. Disagreements between reviewers were
resolved by consensus with the input of a third investigator (MAS). See PRISMA flow
diagram for final study population (Figure 1).
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2.3 1 Data analysis

First, we extracted study characteristics including primary aim, country, pharmacy database
examined, clinical setting, study population, sample size, year, and alternative approach
against which pharmacy databases were compared.

Second, we identified the criteria for classifying a medication as active, based upon a
published framework for determining the number of drugs used by a patient.8 Extracted
elements included the scope of medications examined, consideration of prior fill history
(medication fills which occurred prior to the most recent fill in determining if a medication
was active), allowable index gap (the length of time before the index date in which a
medication must be filled to be counted as active), consideration of postindex fills (fills
which occurred after the index date), and any other factors used to determine active
medications.

Third, we extracted the results of the pharmacy database comparison. For each study, we
extracted the number of medications identified as active by the pharmacy database approach
and the comparator approach. This data was used to construct 2 x 2 tables from which we
calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of pharmacy records compared with alternative methods. Though some studies
referred to the pharmacy database as the gold standard, we converted all reported test
characteristics such that the pharmacy database is the test metric compared with the
alternative “gold-standard” approach. While establishing a true gold standard for drug
exposure is challenging, calculating sensitivity and specificity provides important detail on
the direction of misclassification between methods, and thus were our primary analysis. We
secondarily calculated Cohen kappa statistic® and the prevalence-adjusted and bias-adjusted
kappa (PABAK)10 to assess concordance across studies. For studies which did not report the
raw data necessary to construct a complete 2 x 2 table, we extracted the published test
characteristics. For studies which reported test characteristics separately for individual drug
classes, raw data for each class were summed when available; if not available, the median
and range of test characteristics across drug classes were reported.

Lastly, we conducted a qualitative evaluation of the strengths and limitations of each
pharmacy database method for establishing active medication lists.

31 RESULTS

We identified 30 studies from eight countries which validated methods for establishing
active medication lists using pharmacy databases against medication use data obtained from
other sources (Table 1).11-40 Studies had variable patient inclusion criteria, often requiring
evidence of medication claims in the database prior to the study period. The majority of
studies (90%) involved patients recruited for a cohort study or interventional trial.
Participation rates ranged from 38% to 86% but were often unreported. Eleven studies
evaluated national government databases, five evaluated regional government databases,
seven evaluated health system databases, and seven evaluated outpatient pharmacy
databases. Fourteen studies compared pharmacy database approaches with patient interview,
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seven to patient survey, four to chart review, one to pharmacist review of prescribing records,
one to serum drug levels, and two to a combination of sources.

3.11 Pharmacy database methods used to define an active medication

Eighteen studies evaluated a single approach for establishing an active medication list, and
12 compared multiple approaches yielding 51 total comparisons (Table 2). The scope of
medications examined ranged from a single drug class to all prescribed medications.
Twenty-nine comparisons in 20 studies used a fixed look-back period approach, classifying
all medication filled by a patient in a specified time period (range 84-730 days) prior to the
study index date as active. Only one study required more than one fill to classify a
medication as active.36 No studies required fills to have a minimum number of days
supplied. For illustration, Figure 2 depicts hypothetical classifications of medications using
different timeframes for both fixed look-back period and medication-on-hand approaches.

Fourteen comparisons in 11 studies used a medication-on-hand approach. Of these, seven
comparisons had an allowable index gap of zero (no grace period), six included a grace
period or fixed allowable index gap (range 3-60 days), and one included a flexible allowable
index gap (requiring a gap of less than 60 days between the preindex fill and first postindex
fill).38 Only one comparison required multiple fills prior to the index date to be counted as
active.21 Two studies included additional criteria for medications typically used short term or
as needed,20:22

Seven comparisons in three studies used an alternative method to define active medications.
Six comparisons defined active medications as those filled within a fixed period which
included both preindex fills and postindex fills.24:38 One study used a mathematical
modeling approach to calculate personalized drug use periods for each patient based upon
individual drug refill patterns.40

3.21 Performance of pharmacy database methods

The test characteristics of each pharmacy database method compared with other sources of
active medication lists are listed in Table 3. Assessment of measure performance across
studies was limited due to the use of different inclusion criteria, study populations, and
comparator metrics. Comparisons examining fixed look-back period approaches reported
variable sensitivity (48%-93% with majority between 70% and 85%) but high specificity
(82%-100%, with majority greater than 90%). Among comparisons reporting results
stratified by medication class, the sensitivity ranged from 29% to 100% with medications
taken as needed and medications taken for short duration (eg, antibiotics and analgesics)
having lower reported sensitivity than chronic medications. Similarly, the reported
sensitivity of medication-on-hand approaches ranged from 35% to 96% (majority between
75% and 90%), while the reported specificity was generally higher (89%-100%).

3.31 Comparisons of pharmacy database methods within studies

Eleven studies compared multiple pharmacy database approaches within the same study
population. Four studies compared different look-back period durations,13:29.33.34
consistently demonstrating that longer durations resulted in higher sensitivity but lower
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specificity and PPV. Two studies which also included postindex fills also demonstrated that
increasing the overall duration examined resulted in higher sensitivity.2437

Four studies compared a fixed look-back period approach to a medication-on-hand
approach.13-15.28 |n these four studies, the sensitivity of the medication-on-hand approach
was a median of 7% lower (range, 18% higher to 17% lower) than the corresponding fixed
look-back approach, while the PPV was a median of 9% higher (range, 2% lower to 10%
higher). One study compared multiple medication-on-hand approaches to pharmacists'
expert opinion of each subject's active medications based on individualized review of each
subject's pattern of medication dispensing but did not examine a separate source of
medication use data.20

41 DISCUSSION

Our systematic review indicates that methods for establishing active medication lists using
pharmacy databases have not been comprehensively validated in the literature, and while
many approaches have been proposed, they have rarely been compared with one another.
Pharmacy database approaches have primarily been validated against patient self-report of
medication use, through interviews or surveys. The majority of studies are drawn from
cohorts and intervention trials with complex inclusion criteria, which may not be
generalizable to real-world medication use reporting or refill patterns. Prior studies have
evaluated approaches using fixed look-back periods ranging from 12 weeks to 2 years and
medication-on-hand approaches. While reported sensitivity ranged from 48% to 93% for
fixed look-back period approaches and 35% to 96% for medication-on-hand approaches,
interpretation of these results are limited by the use of heterogeneous pharmacy databases,
populations, comparison metrics, and clinical settings.

As researchers increasingly investigate prescribing quality and the temporal relationship
between medication use and clinical outcomes, there remains an urgent need for
development and rigorous testing of pharmacy database approaches to identify active
medications, and a clear understanding of the accuracy of these approaches in commonly
used data sources. Our findings have immediate implications for pharmacoepidemiology and
drug safety researchers seeking to determine cross-sectional drug exposure for which new-
user cohort designs may not be feasible. While new-user cohort study designs are convenient
for examining exposure to a single drug, this approach is not feasible for examining multiple
drug classes (eg, studies of polypharmacy) or populations defined by a clinical event such as
an adverse event or clinical encounter. For example, multiple prior case-control studies
examining the association between drug exposures and hip fracture have used pharmacy
databases to define active mediation use.41-43 In the absence of best practice, these studies
have employed a wide range of active medication definitions: requiring one fill in the prior
30 days,*! one fill in the prior 180 days,*2 and a medication-on-hand approach with a grace
period equaling half of the days' supply.#3 This heterogeneity of approaches and the resultant
differential misclassification may be one factor contributing to inconsistent observed
associations. Thus, our review of the current literature raises several important themes,
which may inform both future efforts to utilize pharmacy databases for studies of drug safety
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and future studies seeking to validate algorithms for establishing active medication lists
(Table 4).

First, it will be important to validate database algorithms by comparison with alternative
sources of information on medication use. The consensus measures now routinely used for
studies of adherence were the result of synthesis of studies comparing pharmacy database
adherence algorithms to alternative sources of medication use information.*® Each
comparison metric has important strengths and drawbacks. Patient interviews, the most
common comparison in this review, are time intensive and susceptible to participation bias
and recall errors. Patient surveys may suffer from low participation rates, unless included as
part of routine clinical care.3”39 Biochemical measures are costly and may misclassify
medication exposure for intermittently used medications or patients with transient
nonadherence. Medication lists documented in electronic health records are likely to be of
variable quality, as they may often reflect automated information populated from ordering
systems which may not have been filled or may have been canceled. When available,
medication reconciliation notes may provide a promising comparison, as they combine
patient interviews conducted by clinicians, as part of regular clinical care, with a review of
ordered prescriptions. However, it will be important for researchers to ensure the quality of
these notes, which may also be impacted by the use of autopopulated medication lists from
electronic health records and by experience of the person conducting the medication
reconciliation, the information available to him or her, and by the degree of effort expended
to obtain an accurate list.

Second, timeframe is likely the most important study design element in choosing algorithms
for identifying active medications as this choice may directly impact the direction of
potential misclassification bias. As depicted in Figure 2, the common approach of using a
fixed look-back period may lead to both false positive and false negative classifications
depending on the chosen look-back duration. Narrow look-back periods, such as 30 days,
may miss active medications which were filled for extended supplies (eg, 90 days),
medications used intermittently, medications taken with imperfect adherence, and
medications which patients had stockpiled from prior fills. Conversely, broad look-back
periods, such as 1 year, may classify medications no longer in use as active. The studies
which compared different look-back periods consistently found that longer periods resulted
in higher sensitivity but lower specificity and PPV,13:29.33.34 The second common approach
identified in our review, the medication-on-hand approach, may improve upon fixed look-
back period approaches by considering the days supplied in a fill, but may also misclassify
active medications as nonactive, such as when patients fill medications late due to transient
nonadherence or previous stockpiling of medications. The four studies to compare fixed
look-back period approaches to medication-on-hand approaches found that medication-on-
hand approaches were generally less sensitive but had a higher PPV than fixed look-back
duration approaches.13-15.28 |nvestigators may consider adding grace periods to account for
transient nonadherence®44 as described in Figure 2. No studies directly compared the
accuracy of medication-on-hand approaches with and without grace periods. Studies which
considered fills following the index date were not directly compared with other approaches
but risk misclassifying medications newly prescribed following the index date as active
during the index date.
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Third, future validation studies should pay careful attention to the scope of medications
examined in pharmacy databases. As Goedken and colleagues have previously described,
certain medication types are less likely to be included in pharmacy databases, such as over-
the-counter medications, vitamins, and supplements.8 Pharmacy database approaches may
need to be specified differently for medications used intermittently, those used with varying
dosages (eg, insulin), and those used in nonstandardized dosage forms (eg, topical
medications). Thus, a tailored rather than uniform approach to establishing active
medications will likely be needed. The reviewed studies indicate that approaches with high
sensitivity and specificity for chronic medications often have poorer accuracy for short
duration and as-needed medications. Future validation studies might establish the accuracy
of general approaches for broad medication categories, such as chronic prescribed
medications versus as-needed medications, while individual research project goals should
dictate which medications and methods are included in observational research studies.

Fourth, researchers should consider whether the pharmacy database of interest is likely to
include all sources of medication of interest.#>4’ In addition to nonprescription medications,
prescriptions paid for with cash or using pharmaceutical samples may not be captured by
certain pharmacy databases.*84% Medications may not be captured by available claims data
due to payment source, for example, Medicare Part D does not capture medications included
as part of hospice care. Approaches for establishing active medication lists which have been
validated in one database may not be as accurate in another, particularly when approaches
validated in comprehensive national prescription registrars are extrapolated to more limited
insurance or health system databases. This is particularly relevant in the United States, as we
found few studies validating the use of \eterans Affairs, Medicare Part D, or private
insurance databases, though all are commonly used in pharmacoepidemiology research.
Consideration of site of care is important, as accuracy of approaches may differ in
outpatient, nursing facility, and hospital settings. Medications used during hospital and
skilled nursing facility stays may be supplied by internal pharmacies and thus not captured
in other pharmacy databases.*

Fifth, future validation efforts should seek to compare multiple pharmacy database
approaches within the same cohort, as our findings indicate that comparing approaches
across different cohorts in different settings and against different comparison groups
provides limited generalizable knowledge. Beyond validation studies, for many research
goals, there may be value in conducting sensitivity analyses comparing more and less
restrictive approaches for identifying active medications in the same cohort. For example,
researchers might use an extended fixed look-back period of 6 months to define possibly
active medications in conjunction with a more restrictive medication-on-hand approach to
define medications very likely to be in active use.

In conclusion, use of pharmacy databases to examine active medication use at specific time
points is increasing as studies focusing on prescribing quality and clinical outcomes become
more common. However, methods for establishing active medication lists using pharmacy
databases have not yet been extensively assessed or validated in the literature. Researchers
planning studies of cross-sectional medication exposure should carefully weigh the tradeoffs
of aforementioned study design choices and must clearly define the approaches used in final
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research products. Rigorous validation studies will be essential to establish best practices
and improve the accuracy of measurement of active medication use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

. Use of pharmacy databases to examine patients’ medication use at specific
time points is increasing, but few prior studies have systematically examined
the validity of pharmacy database methods for establishing cross-sectional
active medication lists.

. Pharmacy database algorithm sensitivity ranged from 48% to 93% for fixed
look-back period approaches and 35% to 97% for medication-on-hand
approaches.

. Interpretation of reported performance was limited by use of different

nonpharmacy comparison metrics and lack of comparison of different
pharmacy database approaches within study cohorts.

. There remains an urgent need for rigorous validation studies comparing
pharmacy database approaches within and across study cohorts to establish
best practices and improve the accuracy of measurement of cross-sectional
active medication use.
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FIGURE 1.

Systematic review PRISMA flow diagram [Colour figure can be viewed at

wileyonlinelibrary.com]
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FIGURE 2.

Comparison of common approaches for establishing active medications at a fixed time point.
In the above diagram, grey bars represent days supplied by medication fills in hypothetical
refill patterns for three medications prescribed to a patient. The index gap (1G) is the period
between the last day supplied by the most recent fill and the index date. Medication A has an
index gap of 0 days, medication B has an index gap of 70 days, and medication C has an
index gap of 10 days. Two common approaches to establishing an active medication list are
demonstrated as follows:

1. Fixed look-back period approach: Defines active medications as those for which any fill
occurred during a specified period prior to the index date. Using a fixed look-back period of
30 days would classify medications A and C as active, while using a fixed look-back period
of 90 days would classify medications A, B, and C as active.

2. Medication-on-hand approach: Also termed legend duration approach. Defines active
medications as those for which the most recent refill date provided sufficient supply to last
through the study index date. Using this approach, only medication A would be classified as
active. An allowable index gap may be added to the medication-on-hand approach, and
would define active medications as those for which the most recent refill provided sufficient
supply to last through the study index date including a grace period, which can be defined
either as a fixed number of days or as a given percentage of the duration of the most recent
fill. Using an allowable index gap of 14 days would classify medications A and C as active.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2020 March 02.
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