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Potential Bias in Medication Adherence
Studies of Prevalent Users

Matthew L. Maciejewski, Chris L. Bryson, Virginia Wang,
Mark Perkins, and Chuan-Fen Liu

Purpose. We examined how the choice of historic medication use criteria for identify-
ing prevalent users may bias estimated adherence changes associated with a medication
copayment increase.

Methods. From pharmacy claims data in a retrospective cohort study, we identified
6,383 prevalent users of oral diabetes medications from four VA Medical Centers.
Patients were included in this prevalent cohort if they had one fill both 3 months prior
and 4-12 months prior to the index date, defined as the month in which medication
copayments increased. To determine whether these historic medication use criteria
introduced bias in the estimated response to a $5 medication copayment increase, we
compared adherence trends from cohorts defined from different medication use crite-
ria and from different index dates of copayment change. In an attempt to validate the
prior observation of an upward trend in adherence prior to the date of the policy
change, we replicated time series analyses varying the index dates prior to and follow-
ing the date of the policy change, hypothesizing that the trend line associated with the
policy change would differ from the trend lines that were not.

Results. Medication adherence trends differed when different medication use criteria
were applied. Contrary to our expectations, similar adherence trends were observed
when the same medication use criteria were applied at index dates when no copayment
changes occurred.

Conclusion. To avoid introducing bias due to study design in outcomes assessments
of medication policy changes, historic medication use inclusion criteria must be chosen
carefully when constructing cohorts of prevalent users. Furthermore, while pharmacy
data have enormous potential for population research and monitoring, there may be
inherent logical flaws that limit cohort identification solely through administrative
pharmacy records.

Key Words. Medication adherence, pharmaceutical policy, cost sharing, research
design, veterans, inclusion criteria

Studies have shown that increased medication cost sharing is associated with
reductions in medication adherence among prevalent users (Goldman, Joyce,
and Zheng 2007), yet the magnitude of adherence reductions has varied across
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studies. Prevalent users of a medication are patients with a history of filling a
medication of interest within a defined lookback period (e.g., 12 months) prior
to the copayment change (Ray 2003). Researchers interested in examining
medication adherence of prevalent users typically utilize pharmacy adminis-
trative data both as a source from which to apply inclusion criteria as well as
the substrate data from which adherence measurements are calculated. Preva-
lent use is typically specified within a defined duration of a lookback period, a
number of intervals within the lookback period (e.g., two 6-month periods),
and a minimum number of medication fills per interval. Such specifications
may vary from inclusive (e.g., one medication fill in the prior 12 months) to
restrictive (e.g., two fills within the prior 6 months).

The impact of different durations of the lookback periods have been
examined in risk adjustment studies (Zhang, Iwashyna, and Christakis 1999;
Preen et al. 2006) and in studies identifying incident, or new, medication users
(Gardarsdottir, Heerdink, and Egberts 2006). However, the impact of apply-
ing different inclusion criteria for identifying prevalent medication users has
not been examined previously and is a potential source of between-study
difference in estimated adherence changes. This has been demonstrated in
two prior evaluations of a $5 VA copayment increase on statin adherence.
Both studies defined prevalent users as patients who filled one or more medi-
cations in the quarter prior to the copayment change (Doshi et al. 2009;
Maciejewski et al. 2010a). One study also required 1+ fills within the
24 months prior to the copayment increase (Doshi et al. 2009) for inclusion,
whereas the second study also required 1+ fills in the 412 months prior to the
copayment increase. The first study with the longer (24-month) medication fill
criteria found a significant reduction in statin adherence (Doshi et al. 2009).
Another study (Maciejewski et al. 2010a) found no significant reduction, sug-
gesting that the chosen lookback period and criteria may unduly influence
findings or inferences. Studies of medication adherence have applied different
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lookback and historic fill criteria to define prevalent users (Table 1), which
may have contributed to the variability in the estimated adherence response
across studies.

Alternative inclusion criteria are likely to retain differing proportions of
poorly adherent, episodic, and highly adherent patients, as well as differing
proportions of current and noncurrent medication users. In the absence of
gold standard inclusion criteria for identifying prevalent medication users, we
conducted two analyses to examine whether the choice of medication use
inclusion criteria causes variation in estimated adherence changes associated
with a copayment increase. In the first analysis, we applied different medica-
tion use inclusion criteria to a sampling frame for a fixed index date (February
2002) when the VA medication copayment increase was implemented. This
first approach allowed us to examine whether different inclusion criteria gen-
erated similar or different adherence trends when the index date was held con-
stant. This is analogous to four research teams independently evaluating the
same policy change, each using a different set of inclusion criteria to identify
prevalent users.

In the second analysis, we applied the same medication use inclusion
criteria to the same sampling frame but at four different time periods. The time
periods included the date of the actual copayment change (February 2002)
when we expected an adherence response, and three alternative time periods
when we did not expect an adherence response because no cost-sharing
changes occurred. These alternative time periods were established 6 months
before the copayment increase (August 2001), 6 months after (August 2002),
and 12 months after the copayment increase (February 2003). We retained
similar proportions of poorly adherent, episodic, and highly adherent patients

Table 1: Summary of Prior Literature on Medication Inclusion Criteria for
Identifying Prevalent User Cohorts in Copay Change Evaluations

Characteristics of Preperiod Inclusion Criteria of Medication Use

Preperiod  Number of Number of

Duration ~ Preperiod  Overlapping  Fills per Each Preperiod
Author (Year) (Months) Intervals Intervals? Interval Interval Length
Maciejewski et al. (2010a) 12 2 No I+ 1+ 3,9
Doshi et al. (2009) 24 2 Yes 1+, 1+ 3,24
Yin et al. (2008) 24 1 No 1+ 24
Blais et al. (2003) 70 1 No 1+ 70
Roblin et al. (2005) 6 1 No 4+ 6
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using a common inclusion criterion. This allowed us to examine whether
adherence trends associated with the copayment change differed from adher-
ence trends observed in time periods when no medication copayment changes
occurred. This second evaluation is analogous to testing the stability in adher-
ence trends in the absence of copayment changes. We would have greater con-
fidence that the adherence changes around the actual copayment increase
were valid if no adherence changes were observed at these alternative three
time points. On the other hand, the validity of our results would be called into
question if similar adherence trends were observed at all four time periods
because the similar trends would suggest that we induced an artifact by our
particular choice of inclusion criteria.

These two analyses are informative for researchers and policy makers
identifying prevalent medication user cohorts from secondary data to evaluate
the effects of policy changes on medication use. To ensure that comparative
effectiveness research (CER) for medication use based on observational stud-
ies generates unbiased results, it is important to understand the possible influ-
ence of inclusion criteria for identifying prevalent users on adherence results.

METHODS

Data, Outcome, and Explanatory Variables

Details on the 2001-2003 data and sample of patients with diagnosed diabetes
were published previously (Maciejewski et al. 2010a). In brief, the original
study used a retrospective, prepost cohort design with a nonequivalent control
group at four VA medical centers (VAMCs). Medication data for constructing
the adherence outcome were obtained from the national Pharmacy Benefits
Management database.

The medication adherence outcome is a dichotomous outcome indicat-
ing whether a patient had sufficient doses available of up to three oral hypogly-
cemic agent (OHA) classes—sulfonylureas, thiazolidinediones, or metformin.
This outcome was based on a validated refill adherence algorithm called
ReComp (Bryson et al. 2007), which estimates the proportion of days covered
for a measurement interval using the date dispensed and the number of days
supplied with each fill.

For each month, we first determined the proportion of days covered
(PDC) for each OHA independently. This included accounting for oversup-
ply from the prior month and applying it to the current month. The methods
are described in detail in the study describing the algorithm (Bryson et al.
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2007). Second, we then averaged the PDC for the regimen. For example, for a
patient with a regimen of glyburide and metformin, if he/she had all 30 days
of glyburide (100 percent) and no days of metformin (0 percent), he/she would
be 50 percent adherent to the entire regimen. Third, we dichotomized these
summary measures to denote adherent patients as having > 80 percent of the
days for that month covered.

Demographic characteristics (age, gender, race, and marital status) were
obtained from VA inpatient and outpatient administrative data, while deaths
for patient exclusion were obtained from the Benefit Identification and Record
Locator System death record. Comorbidity burden was measured by the
Diagnostic Cost Group Hierarchical Condition Categories (DCG) version 6.0
risk adjustment score because it has been shown to reliably predict veterans’
total costs (Maciejewski et al. 2005; Maciejewski, Liu, and Fihn 2009) and risk
of hospitalization or death (Fan et al. 2006). Diabetes severity was measured
by the Diabetes Complication Severity Index (Young et al. 2008).

Identification of Alternative Prevalent User Cohorts and Alternative Time Periods

In the original study, we examined how adherence changed due to a $5 medi-
cation copayment increase among veterans diagnosed with diabetes or hyper-
tension who were prevalent users of oral hypoglycemic agents or
antihypertensive medications.

The initial sample for analysis 1 (different criteria, same timeframe) and
analysis 2 (same criteria, different timeframes) consisted of 60,017 veterans
with diabetes or hypertension who were prescribed a medication for either of
these conditions in 2000 (Appendices 1 and 2). We excluded veterans who
died prior to December 31, 2003 (n = 8,514) and those without diagnosed dia-
betes (n = 36,851) in January 1, 2000-December 31, 2003. This resulted in a
sample of 14,652 veterans with diagnosed diabetes between January 1, 2000
December 31, 2003. From these 14,652 veterans, we replicated the prior
study’s inclusion criteria to identify the original unmatched cohort of 6,383
veterans who were prevalent users of oral hypoglycemic medications prior to
VA copayment increase (February 4, 2002). These patients were identified as
prevalent users if they had one or more fills in the quarter prior to the copay-
ment increase (November 2001-January 2002) and had one or more fills in
the 4-12 months prior to the copayment increase (second, third, or fourth
quarter), which we refer to as the 3&9 criteria in Figure 1and Appendix A.

To assess the possibility that the choice of inclusion criteria of defining
prevalent medication use might generate an artifact in the estimated
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Figure 1: Illustration of Four Sets of Inclusion Ceriteria for Identifying Preva-
lent Medication Users in “Different Criteria, Same Time” Analysis
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adherence trend (Analysis 1), we constructed three alternative cohorts by
applying three different inclusion criteria at the same index date (February 4,
2002) to the sample of 14,652 veterans (Figure 1, Appendix A). In the first
alternative criteria (“2 in 12”), patients were identified as prevalent users if they
had two or more fills in the year before the copayment increase (n = 7,297). In
the second criteria (“6&6”), patients were identified as prevalent users if they
had one or more fills in the two quarters (6 months) prior to the copayment
increase and had one or more fills in the third and fourth quarters (6 months)
before the copayment increase (z = 6,762). In the third alternative (“2 in 6”),
patients were identified as prevalent users if they had two or more fills in the
two quarters (6 months) prior to the copayment increase (z = 6,079). Since
the index date was held constant and was linked to the medication copayment
increase, we expected to observe adherence responses in all four cohorts but
were unsure how the responses would differ across cohorts. To elucidate how
the alternative inclusion criteria might generate different point estimates of the
proportion of adherent patients, we also estimated adherence 12 months
before and 12 months after the actual copayment change, the estimated
change in adherence, and bootstrapped 95 percent confidence intervals (CI).
Next, we constructed three additional alternative cohorts of prevalent
users using the same medication use criteria as the original cohort, but differ-
ent time periods (Analysis 2), which we refer to as the “same criteria, different
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time” analysis (see Appendix B). The first alternative cohort (z = 6,248) was
assigned an index date of 6 months before the actual copayment change
(August 2001). The second alternative (n = 6,245) was assigned an index date
of 6 months after the copayment change (August 2002). The third alternative
(n = 6,129) was assigned an index date of 12 months after the copayment
change (February 2003). We expected to see more modest (or no) adherence
changes in these three alternative cohorts than in the original cohort, since the
inclusion criteria were held constant but the index date in these three alterna-
tive cohorts was not linked to the medication copayment increase.

All analyses were conducted using generalized estimating equations.
The unit of analysis was a person-month with each veteran having up to 36
repeated measures. The study was approved by the Human Subjects commit-
tees at the Durham and Seattle VA medical centers.

RESULTS
Characteristics and Adherence Trends in Different Criteria, Same Time Analysis

Prevalent users were drawn from the same sample of 14,652 veterans, so a vast
majority (91-100 percent) of the patients in the original cohort of 6,383 veter-
ans were represented in the alternative cohorts in the “different criteria, same
time” analysis and there were no significant differences in patient characteris-
tics between cohorts (Table 2). Overall, oral diabetes medication users in the
cohorts had an average age of 64, nearly all (98 percent) were male, 64 percent
were married, 65 percent were white race, and only 15 percent were required
to pay medication copayments. These patients had average DCG risk scores
of 0.95-0.98 and had an average Diabetes Complication Severity Index score
of 2.0-2.1.

Consistent with prior copayment evaluations, adherence for the origi-
nal cohort increased in the months leading up to the $5 copayment increase
in February 2002 and declined thereafter (“3&9” curve, Figure 2). Notably,
the proportion of adherent patients increased markedly in the months just
prior to the medication copayment increase (from 70 percent in October
2001 to 82 percent in January 2002) and then dropped by a similar, sizable
amount in the months just after the copayment increase (from 82 to 71
percent in June 2002).

The adherence trend from the original (3&9) cohort was most closely
mirrored by the “2 in 6” cohort of patients who were defined as prevalent users
if they were required to have two or more fills in the 6 months prior to the
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Table 2: Descriptive Statistics of Prevalent Users in “Different Criteria,
Same Time” Analysis

Cohort #1 Cohort #2 Cohort #3 Cohort #4
Number of Subjects 7,297 6,383 6,762 6,079
Index date February February February February
1,2002 1,2002 1,2002 1,2002
Original or alternative Alternative Original Alternative Alternative
cohort 2in 12 3&9 6&6 2in6
Age (mean/SD) 63.9 (10.6) 64.1(10.5) 64.1 (10.5) 64.1(10.5)
<56 years (%) 25.5 25.0 25.1 25.0
5665 (%) 25.1 25.2 25.2 25.0
66-75 (%) 34.4 34.8 34.7 34.7
76-85 (%) 14.6 14.7 14.7 14.9
>85 (%) 0.3 <1 0.3 0.3
Female (%) 2.1 2.2 2.2 2.1
Married (%) 60.2 60.9 60.6 60.7
White (%) 64.5 64.9 64.5 65.0
Non-white (%) 16.3 15.3 15.8 15.6
Unknown race (%) 19.2 19.8 19.6 19.4
Copay exempt from low 48.0 48.0 48.0 48.5
income (%)
Copay exempt from 37.0 36.6 36.7 36.4
disability (%)
Must pay copay (%) 15.0 15.4 15.3 15.1
DCG score (mean/SD) 1.0 (1.4) 1.0 (1.4) 1.0(1.3) 1.0(1.3)
Diabetes complication 2.1(1.7) 2.1(1.7) 2.1(1.7) 2.1(1.7)
severity index
Hypertension (%) 68.5 68.9 68.4 68.8
Overlap:% of original 100 - 96.4 91.1
cohort present

Note: All comparisons are statistically insignificant.

copayment increase, possibly because these criteria were more likely to
include recent medication fillers in the analytic sample. However, the adher-
ence trends in the other two (“2 in 12” and “6&6”) cohorts were quite different
from the adherence trend of the original cohort. Adherence increased in the
months leading up to January 2002 for the cohort of patients who were
required to have two fills in the 12 months prior to the copayment increase,
but much more modestly than the other three cohorts. Specifically, the pro-
portion of adherent patients for the “2 in 12” cohort peaked at 72 percent in
January 2002, 10 percent points lower than adherence in the original cohort
and 9 percent lower than adherence in the “2 in 6” cohort. The adherence
trend for the “6&6” cohort was higher than the trend for the “2 in 12” cohort,
but lower than the original cohort and “2 in 6” cohort. Adherence in the
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Figure 2: Adherence Trends in the Original and Alternative Cohorts in “Dif-
ferent Criteria, Same Time” Analysis
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“6&6” cohort peaked at 76 percent in January 2002, 6 percent lower than the
original cohort.

The estimated change in the proportion of adherent patients 12 months
before and 12 months after the copayment increase ranged from 0.3 to 6.1
percent across the four sets of inclusion criteria (Table 3). The estimated
change in the proportion of adherent patients was most similar for the “6&6”
cohort (0.3 percent, 95 percent CI: —0.7 percent, 1.4 percent) and the “2 in
12” cohort (0.9 percent, 95 percent CI: —0.2 percent, 2.0 percent), which both
indicated no adherence change. Significant increases in the proportion of
adherent patients were estimated using the original (3&9) cohort (4.6 percent,
95 percent CI: 3.3 percent, 6.0 percent) and the “2 in 6” cohort (6.1 percent,
95 percent CI: 4.7 percent, 7.4 percent). An important source of concordance
between the “6&6” and “2 in 12” cohorts and between the original (3&9) and
“21in 6” cohorts were the proportion of patients in each cohort that had no fills
in the 3 months prior to the copayment increase (October—-December 2001).
In the “6&6” cohort, 8.4 percent of patients had no fills in October—December
2001 compared to 11.1 percent of patients in the “2 in 12” cohorts (results not
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Table 3: Estimated Change in Medication Adherence 12 Months before
and 12 Months after the Actual Copayment Increase from Four Different
Inclusion Criteria in “Different Criteria, Same Time” Analysis

Estimated Estimated

Adherence Adherence Estimated ~ Bootstrapped

12 Months before 12 Months afier ~ Changein  95% Confidence

Copay Change Copay Change Adherence  Interval
Original approach (3&9) 61.9% 66.5% 4.6% 3.3%, 6.0%
Alternative #1 (2 in 12) 59.2% 60.1% 0.9% —0.2%, 2.0%
Alternative #2 (6&6) 64.1% 64.4% 0.3% —0.7%, 1.4%
Alternative #3 (2 in 6) 60.3% 66.4% 6.1% 4.7%, 7.4%

Note: Adherence was defined as the proportion of adherent patients.

shown). In contrast, all of the patients in the original (3&9) cohort filled medi-
cation in October-December 2001 and only 3.0 percent of patients in the
“21in 6” cohort had no fills.

Characteristics and Adherence Trends in Same Criteria, Different Time Analysis

As in the “different criteria, same time” analytic cohorts, a vast majority
(80-84 percent) of the patients in the original cohort were represented in the
alternative cohorts from the “same criteria, different time” analysis. As in the
other analytic cohorts, there were no significant differences in patient charac-
teristics between cohorts (Table 4).

Contrary to our expectations that refill adherence would be stable in the
three alternative cohorts that used the same inclusion criteria but in time peri-
ods without a copayment increase, we observed a significant increase in adher-
ence during the months leading up to the index date (alternative curves in
Figure 2). We also observed a subsequent adherence decline after the index
date that mirrored the decline observed in the original cohort. These “adher-
ence spikes” for these three alternative cohorts were of similar magnitude as
the adherence trend in the original cohort, suggesting that the 3&9 criteria
induced an artifactual spike in the original analysis.

DISCUSSION

Evaluation of changes in adherence to chronic medications following a policy
change (e.g., copayment increase, formulary change) is commonly conducted
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Table 4: Descriptive Statistics of Prevalent Users in “Same Criteria,
Different Time” Analysis

Cohort #1 Cohort #2 Cohort #3 Cohort #4
Number of Subjects 6,248 6,383 6,245 6,129
Index date August 1, February 1, August 1,200 February 1,
2001 2002 2 2003
Original or alternative Alternative 1 True-event Alternative 2 Alternative 3
cohort
Age (mean/SD) 64.1 (10.5) 64.1(10.5) 64.1(10.5) 63.9 (10.5)
<56 years (%) 24.9 25.0 25 25.5
56-65 (%) 25.1 25.2 25.1 25.4
66-75 (%) 349 34.8 35.1 34.6
76-85 (%) 14.8 14.7 14.6 14.2
>85 (%) <1 <1 <1 <1
Female (%) 1.9 2.2 2.3 2.0
Married (%) 60.8 60.9 60.9 60.7
White (%) 64.5 64.9 64.9 64.3
Nonwhite (%) 15.7 15.3 15.4 16.0
Unknown race (%) 19.9 19.8 19.7 19.7
Copay exempt from low 48.2 48.0 47.8 474
income (%)
Copay exempt from 36.4 36.6 37.0 37.2
disability (%)
Must pay copay (%) 15.4 15.4 15.2 15.4
DCG score (mean/SD) 0.97 (1.33) 0.96 (1.35) 0.95 (1.32) 0.95 (1.31)
Diabetes complication 2.10(1.73) 2.07 (1.71) 2.05 (1.71) 2.03 (1.69)
severity index
Hypertension (%) 68.4 68.9 68.4 68.6
Overlap: % of original 100 88.3 84.1 80.7
cohort present

Note: All comparisons are statistically insignificant.

using prevalent user cohorts identified from administrative claims data. There
is great variability in the historic medication use criteria used to identify preva-
lent users in prior research, including the duration of the lookback period,
number of intervals in the lookback period, and a minimum number of medi-
cation fills per interval (Table 1). Each criterion choice impacts the propor-
tions of poorly adherent, episodic, and highly adherent patients that are
included. Many studies defined prevalent users on the basis of two prior medi-
cation fills to include patients who were routinely refilling chronic medications
as directed by their providers prior to the policy change and to exclude histori-
cally less adherent patients. However, no prior studies have examined
whether medication use criteria for identifying prevalent users introduce bias
when estimating adherence changes following a medication policy change.
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In this study and the original study on which this cohort is based (Macie-
jewski et al. 2010a), medication adherence increased in the months prior to
the $5 copayment increase and subsequently declined. As in other studies of
medication copayment increases (Roblin et al. 2005; Yin et al. 2008), we
attributed the initial adherence increase in the preperiod to stockpiling by
patients in anticipation of the copayment increase from $2 to $7 per 30-day
fill. We attributed the decline in adherence after the copayment increase to
cost-related nonadherence to oral hypoglycemic agents.

Based on the “different criteria, same time” analysis, results were not
robust enough to choice of medication use inclusion criteria. Adherence
trends and peak adherence at the time of the copayment increase (Figure 1),
as well as estimated change in the proportion of adherent patients (Table 3),
varied widely across the four sets of inclusion criteria. The adherence trend
from the original cohort was mirrored when patients were included in the sam-
ple if they had two or more refills in the 6 months prior to the copayment
increase, but adherence was much lower if patients were required to have only
two or more refills in the 12 months prior to the copayment increase. In addi-
tion, adherence increased prior to the copayment increase and declined
thereafter in all inclusion criteria sets.

Compared with the original (3&9) adherence trend, the difference in
trends may in part reflect the proportion of patients without any medication
fill in the 3 months prior to the copayment increase as a result of different
inclusion criterion. The “2 in 12” cohort resulted in 11.1 percent of patients
without any medication fill in 3 months prior to the copayment change,
followed by the “6&6” cohort (8.4 percent), “2 in 6” cohort (3.0 percent), and
“3&9” cohort (0 percent). This finding suggests that our original estimated
adherence response to a copayment increase is not robust to the inclusion
criteria for medication use. Estimated adherence changes 12 months before
and 12 months after the actual copayment change were 4.6 percent in the ori-
ginal (3&9) cohort and 6.1 percent in the “2 in 6” cohort, but not statistically
different from zero in the “6&6” and “2 in 12” cohorts. These results suggest
that the choice of these three inclusion criteria (duration of the lookback per-
iod, number of intervals in the lookback period, and a minimum number of
medication fills per interval) will strongly influence the proportions of poorly
adherent, episodic, and highly adherent patients as well as proportions of cur-
rent medication users retained in the final sample. Two sets of criteria (3&9
and “2 in 6”) that differed in all three inclusion criteria (Figure 1) had similar
estimated change in adherence (Table 3) and identical postperiod adherence
trends (Figure 2).
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Our expectation that the “adherence spike” represented stockpiling
leading up to the copayment increase followed by cost-related nonadherence
is also belied by similar adherence spikes in the “same criteria, different time”
analysis (Figure 3) when the same inclusion criteria were applied to alterna-
tive index dates when no copayment changes occurred. Copayments had
already increased 6 months before and 12 months before the index dates of
the second two alternative cohorts, so it is unlikely that patients would be
stockpiling medications in the months around these index dates. By moving
the timing of the inclusion criteria, we demonstrate that the “adherence spike”
in the original cohort was likely attributable to an artifact induced by the spe-
cific historic medication use inclusion criteria. Furthermore, a similar adher-
ence decline was observed across the four cohorts after the index date,
possibly due to regression to the mean because of inclusion of recent medica-
tion users prior to the index date.

These two sets of results suggest that greater attention is needed to iden-
tify a gold standard of inclusion criteria for identifying prevalent users to

Figure 3: Adherence Trends in the Original and Alternative Cohorts in
“Same Ceriteria, Different Time” Analysis
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reduce the likelihood of an artifactual response to a copayment, intervention,
or other policy change. It is critically important to replicate these findings in
other health systems to determine whether this phenomenon is unique to vet-
eran patients or is a more general consequence of this specific choice of his-
toric medication use criteria. If this result is replicated in other health systems,
then it suggests that adherence trends of prevalent users identified from
administrative claims may increase prior to an index date and decline thereaf-
ter regardless of the lookback duration, the number of intervals in the look-
back, and the minimum number of fills per interval. The criteria that defined a
prevalent user if he/she had two or more fills in the 12 months prior to the
copayment increase appears to be much more conservative because the
adherence response was more muted, possibly because these criteria
decreased the proportion of the sample that was recent fillers. Assessing the
impact of different inclusion criteria may identify best practices for construct-
ing prevalent cohorts in administrative data, which are critical in medication
policy evaluation given the greater statistical power of prevalent users
compared with incident user cohorts (Ray 2003).

The results of this study suggest that researchers using these or similar
medication use inclusion criteria should consider three issues. First, a priori
hypotheses regarding preperiod adherence changes are important to avoid
confusing adherence changes that are an artifact resulting from the inclusion
criteria from changes due to anticipatory behavior (e.g., stockpiling or switch-
ing medications). Having a priori hypotheses would inform how adherence
just prior to the policy change may differ from the longer term preperiod
trend, which could be evaluated by conducting “same criteria, different time”
tests (Figure 3). That is, if a copayment increases significantly in a group of
cost-conscious patients, one might expect significant medication stockpiling
and a sizable “spike” in adherence in anticipation of the copayment increase.
If the policy change is likely to have little impact on stockpiling, switching, or
discontinuation, then one might expect that adherence in the period just prior
to the policy change to be consistent with longer term preperiod adherence
trends.

Second, researchers may want to think carefully about defining when
the preperiod ends, when the postperiod begins, and whether a “transition
period” is needed to wash out any artifact induced by the medication use inclu-
sion criteria (Schneeweiss et al. 2002). The inclusion of a transition period
may be particularly important for evaluations of short-term adherence
because any adherence spike may bias short-term postperiod adherence, but
itis unlikely to bias long-term postperiod adherence. In the original evaluation
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of the VA copayment increase (Maciejewski et al. 2010a), we did not include a
transition period between the preperiod and the postperiod. As a result, the
preperiod adherence estimate included the beginning half of this adherence
spike and the decline in adherence after the index date. The inclusion of a tran-
sition period may have resulted in different short-term adherence estimates
but similar longer term adherence.

Third, there may be value in considering novel ways of identifying
prevalent user cohorts in administrative data with very long panels because
patients are observed for many years or even decades (e.g., Medicare, VA).
For example, it may be useful to identify a cohort of patients with a newly
diagnosed condition or attestation of prescriber intention to initiate a medi-
cation for a newly diagnosed patient at some time in the (near) future. With
many years of administrative data, a researcher could then identify the date
of medication initiation and subsequent discontinuation or switches to alter-
native therapies. The subset of patients that do not discontinue the initial
medication or switch to an alternative medication could then represent the
cohort of prevalent users whose response to a policy (e.g., copayment)
change could then be examined. This novel approach would likely require
very large sample sizes for many years (even decades) because the propor-
tion of patients that discontinue or switch medications would probably rep-
resent the majority of patients who were initially diagnosed. The exact
proportion identified as prevalent users would vary by condition and drug
class.

The study is subject to several limitations. The sample was drawn from
four large geographically dispersed VAMC:s, so these results may not general-
ize exactly to medication adherence trends of commercial, Medicaid or Medi-
care beneficiaries or patients with different conditions. However, every study
of medication policy changes by prevalent medication users faces a similar
choice about medication use inclusion criteria, so it is possible that a similar
regression to the mean bias would be observed in these populations. Future
research and perhaps new analyses of those prior studies are needed to vali-
date these results in other settings and populations, as well as to confirm the
assertions made in prior literature.

Rigorous claims-based evaluations of medication policy impacts on
adherence require careful selection of several other factors: (1) an incident
or prevalent cohort; (2) a control group; (3) the specific measure used to
assess adherence (Hess et al. 2006); (4) duration of preperiod adherence
assessment and expected preperiod medication trends; (5) duration of post-
policy follow-up; and (6) extent of covariate adjustment (Trygstad, Hansen,
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and Wegner 2006) and covariate balance in the presence of a control group.
Different medication adherence measures have been used in cost-sharing
evaluations, which partly explain variation in estimated adherence changes
between studies (Hess et al. 2006). Adherence changes may also vary
between studies due to evaluation of different populations (Maciejewski
et al. 2010b) or different subgroups within a given population (Wang et al.
2011). Adherence estimates may also vary due to differences in quasi-exper-
imental study design elements used to control for threats to internal valid-
ity, including use of a control group, as well as the equivalence of treatment
and control groups and duration of preperiod adherence assessment
(Shadish, Cook, and Campbell 2002).

Medication adherence measures derived from administrative data are
being increasingly used as performance measures of providers and health sys-
tems by the Centers for Medicare and Medicaid Services, the National Com-
mittee for Quality Assurance and the Pharmacy Quality Alliance (PQA)
(National Quality Forum 2011; PQA 2011), but how to define prevalent medi-
cation users has received less attention than seems merited. Medication use
criteria has been considered in identifying incident users (Gardarsdottir,
Heerdink, and Egberts 2006), but more work is needed to evaluate alternative
medication use criteria for identifying prevalent users across a range of condi-
tions and drug classes. For observational studies to be a fundamental building
block of CER, it is imperative to develop validated standards for identification
of prevalent user cohorts from widely available secondary datasets. As the
pressure grows to generate consensus on methodology for CER based on
observational study designs (Concato et al. 2010; Danaei, Tavakkoli, and Her-
nan 2012), inclusion criteria for identifying prevalent medication user cohorts
merit greater attention to ensure that future medication policy evaluations
generate unbiased, or at least less biased, results.

These results suggest that researchers may introduce an artifact in
adherence trends depending on which definition they choose for identifying
prevalent users. Additional research is needed to validate these results by
comparing adherence trends with a consistent index date but varying the
medication use criteria (duration of medication use, number of intervals,
and number of fills per interval), and by comparing adherence trends in an
analysis applying consistent medication use inclusion criteria but varying
index dates. This combined approach would provide analysts a nuanced
sense of the impact of medication use inclusion criteria on medication
adherence estimates. These results suggest that more work remains to be
done.
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