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Background: The Medication Possession Ratio (MPR) is a ubiquitous and central measurement
for adherence in the health care industry. However, attempts to standardize its calculation have
failed, possibly due to the opacity of a single, static MPR, incapability of directly lending itself
to a variety of studies, and challenges of comparing the value across studies. This work shows
that the MPR strictly depends on the length of the time interval over which it is measured as
well as on the dominant dispense quantity for short time intervals. Furthermore, removing a
proportion of the patient cohort based on the number of acquisitions may also have a severe
impact on the MPR. Therefore, it is suggested that the MPR is represented as a trend over a
range of time intervals. To this end, an upper and lower bound of the MPR trend is developed
with an upper bound acknowledging patients who change their treatment and the lower bound
acknowledging patients who discontinue their treatment.

Purpose: Introducing a representation of the MPR value as a trend rather than a static number
by developing a quantitative description of an upper and lower bound of the MPR trend, while
shedding light on the impacts on prefiltering the patient cohort.

Patients and methods: Anonymized patient-level data was utilized as an example for a
suggested calculation of an upper and lower bound of the MPR.

Results: Representation of the MPR for a predefined time interval precludes a reliable MPR
assessment. A quantitative approach is suggested to generate an upper and lower trend of the MPR
while emphasizing the impact on removing patients with a limited number of acquisitions.
Conclusion: An upper and lower trend makes the MPR more transparent and allows a better
comparison across different studies. Removing patients with a limited number of acquisitions
should be avoided.

Keywords: MPR, adherence, pharmacy claims, quantitative calculation, compliance, admin-
istrative claims data

Introduction

Many treatments with medications are designed to accumulate and maintain a defined
concentration of an active ingredient in the patient’s system. To this end, the rate of
loss of the active ingredient needs to equal the rate of'its ingestion (dosage).' Therefore,
in order to sustain a steady-state system, it becomes imperative that taking medica-
tion at prescribed intervals and doses is of paramount importance. Diverging from the
prescribed dosage, frequency, or completely discontinuing treatment directly affects
the concentration of the active ingredient in the patient’s system. The degree to which
a patient conforms to a prescribed course of medication has been termed adherence,
while conformity with the prescribed period of treatment is referred to as persistence.
Notably, persistence is usually defined as a categorical variable and defined as an
adherence of 80% or higher.? Official definitions of these terms were developed by the
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Nonadherence in patients has been a concern of health
professionals for a long time as it correlates with an increase
in prehospitalization, morbidity, and mortality.*¢ Poor
adherence not only has been shown to adversely affect the
patient’s health, but also puts financial strain on the health
care system.”® As such, measuring adherence is a highly
sought-after parameter in the health industry and has been
proposed to be used for evaluating the quality of care.’
Furthermore, it has also been used to quantify the medication
sales performance in the pharmaceutical industry.

In recent years, administrative claims data have increas-
ingly been utilized to measure adherence as a relatively
inexpensive, negligibly invasive, and easy-to-obtain source.'’
Numerous studies employing administrative claims data
for measuring adherence have been compiled and reviewed
in Andrade et al.!! Andrade et al'! report that only a small
number of studies use methods such as switching and
discontinuation of treatment, while the majority of studies
employ the Medication Possession Ratio (MPR) methods or
their modifications such as “Proportion of Days Covered”,"?
“Continuous, Single Interval Measure of Medication
Acquisition”,'® “Medication Refill Adherence”," and so on.
Usually, the MPR value determines the proportion of days
of medication supply within a time interval, although a small
number of studies have also focused on the proportion of
days without supply within a given time interval.’> How-
ever, both methods have been reported to perform equally
well.'*1> Numerous MPR calculations have been developed
and discussed in the literature.'"'*'” However, many of these
calculations are identical,”” and only a limited number of
MPR approaches have ubiquitously been used in the litera-
ture. Despite a wealth of discussions on MPR parameters
and attempts to standardize the calculations,'*!> confusion
remains regarding terminology, how to appropriately report
the values, the impact of filtering such as removing a propor-
tion of the patient cohort, and their interpretation on the MPR.
This confusion may be due to the lack of transparency of the
MPR and its modifications as it is usually represented as a
single and static figure. Moreover, a single figure obstructs a
rigorous comparison across different study constraints such
as the kind of treatment, type of medication, and patient
cohorts; it also conceals itself from being equally useful to
health professionals as well as the pharmaceutical industry.
Notably, Franklin et al*® describe a method that considers a
longitudinal trend utilizing binary indicators of adherence
combined with a statistically driven clustering of patient’s
medication adherence.

Notably, this study will not repeat the exercise of com-
paring all different equations of the MPR methods and the
reader is referred to Karve et al'* and Hess et al'* for insight.
Instead, we develop a workflow utilizing two accepted
and commonly used calculations, discuss their limitations,
impacts of filtering, and finally propose an absolute, ubig-
uitously useful, and transparent MPR trend as opposed to a
static number. Where given standard deviations are reported
at a one sigma level, we empirically apply this workflow to
a comprehensive administrative claims dataset.

MPR equation
MPR formulates a ratio between the days of medication
supply of all prescription fills (Rxs) within a time interval:

End of interval period
Days supply of Rx;

MPR = ~ . . (M
Days of interval period

The MPR takes on positive numbers including zero. MPR
of zero means no adherence, while an MPR of one means
perfect adherence. An MPR above one indicates the patient
took too high a dose of medication, henceforth referred to as
overdosing, while an MPR of below one indicates too low
a dose of medication within the interval period, henceforth
referred to as underdosing.

The Variable MPR (VMPR) and Fixed MPR (FMPR)
approaches have been repeatedly found in the literature,
although sometimes under different names.!*!>182! The
FMPR value has been shown to correlate well with rehospi-
talization rates and has been recommended as the preferred
measurement for adherence.'*?> The VMPR value, on the
other hand, has been shown to overestimate adherence and
correlate less well with rehospitalization.'*!>!® These two
approaches have been widely used and tested, and their merit
for a rigorous adherence investigation is discussed in this
study. Both approaches underlie the fundamental equation
given in Equation 1.

The FMPR approach keeps the denominator constant at
a fixed interval period. Most authors have used a 365-day
period,”* although other interval periods may be considered
when dealing with nonchronic treatments lasting shorter
periods. If all treatment days of the acquisition’s supply
fall within the interval period, the numerator is straightfor-
ward and is the total sum of quantities of all acquisitions
(Figure 1A). If, however, a proportion of the treatment days
of the last acquisition’s (ie, end of therapy) supply extends
beyond the end of the interval period, the excess days’ supply
is truncated (Figure 1B).
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Figure | Three different ways for calculating the MPR value.

Notes: (A) Fixed MPR with days’ supply of the last acquisition falling within the time interval. (B) Fixed MPR with days’ supply beyond the time interval being truncated

(C) Variable MPR.

Abbreviations: FMPR, Fixed MPR; MPR, Medication Possession Ratio; VMPR, Variable MPR; Rx, prescription fill.

Alternatively, rather than truncating the days’ supply in
the numerator, the number of days in the denominator can be
extended to the last day for which the patient has medication
allocated from their last acquisition; then, the calculation
represents the VMPR. As such, the interval period for the
VMPR is defined by the days between the date of the patient’s
first acquisition (ie, start of therapy) and last acquisition plus
the days’ supply of their last acquisition (Figure 1C).

In order to arrive at the final result, the MPRs of indi-
vidual patients are averaged, which is then referred to as the
overall parameter. Notably, the calculations in this study are
only for one medication and an individual patient. For multi-
medication calculations, the interested reader is referred to
Choudhry et al'® and Martin et al."”

Dataset, methodology, and MPR
calculations

In this study, we use anonymized patient-level data, acquired
by Patient Connect and collected at the point of dispensing

from 820 pharmacies evenly distributed across the UK.
These anonymized patient-level data assemble an unfil-
tered cohort of 108,682 unique patients who collected a
specific cardiovascular medication between June 2013
and May 2016. The data include the dispensing date and
quantity (usually prescribed at one tablet daily), unique
patient ID, as well as age and gender. From this dataset,
patients have been identified with an index date, between
June 2014 and May 2015 (ie, 12 months after the start of the
dataset). Index date is here defined as the earliest occurrence
of a unique patient ID in the dataset, hence the patient’s
first acquisition within the dataset. This query isolated
25,724 unique patient IDs, which are referred to as “new”
patients. Limiting the dataset to only new patients attempts
to identify a cohort of patients who started treatment at a
similar time, hence generating more comparable samples
within the population. Of the isolated patient cohort, 55%
are male, 44% are female, and 1% is unspecified. The aver-
age age is 73116 years, although the distribution is skewed
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toward older patients, which reflects the prevalence of the
treated condition.

A first pass analysis of the patient’s adherence can be
performed through comparing the frequency distributions
of acquisition quantities (Figure 2A) and days between two
subsequent acquisitions (Figure 2B). At a dose of one tablet
a day, ideally, a patient would be expected back to the phar-
macy after the number of days that equate to the number of
tablets of the patient’s last acquisition. As such, for a perfect
adherence, the quantities dispensed would be expected to
correspond to the gaps between two subsequent acquisitions
and a cross-correlation* of these theoretical histograms would
result in unity. While the histogram of acquisition quanti-
ties reveals that 87% of the dispensings of cardiovascular
medication are at quantities of 28 (~59%), 56 (~19%), and
seven (~9%) tablets, the histogram of days between two
subsequent acquisitions reveals spikes at 28, 7, and 56 days.
A cross-correlation between the first 365 samples (at one
sample representing 1 day) of both the histograms results in
a correlation coefficient of about 0.63 (with a significance

of above 99% using a Student’s #-test), revealing a clear
primary event in the correlation correlogram (Figure 2C).
The discrepancy of the magnitudes of the spikes between
the two histograms reflects the not perfect adherence. This
correlation is a good estimate of adherence. In comparison,
for a 365-day interval, the FMPR and VMPR parameters
based on Equation 1 are 0.5520.37 and 0.95%0.24, respec-
tively. However, like the correlation coefficient, these two
parameters are static numbers.

In this study, rather than representing the parameter
as a static number, we develop an FMPR trend, gradually
increasing the interval period from 1 to 365 days after the
patient’s index day using an increment of 1 day. Notably,
the VMPR calculation has no degree of freedom for the time
interval and cannot be represented as a trend. Therefore, in
order to allow a direct comparison between the FMPR and
VMPR parameters at identical time intervals, we introduce
a modification to the VMPR calculation and refer to it as
the VMPRm parameter, where ‘m’ stands for modified. For
this modification, the calculation of an individual VMPRm

Rx
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Figure 2 (A) Histogram of acquisition quantities (n=212,875). (B) Histogram of days between two subsequent acquisitions (n=193,328). (C) Cross-correlation correlogram

of both histograms.
Abbreviation: Rx, prescription fill.
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is identical to the FMPR method. However, when averaging
the individual values, the VMPRm values are only included in
the average when the time interval is smaller or equal to the
conservatively determined time interval of the VMPR value.
Unlike the FMPR method, where a patient is being tracked
throughout the entire length of the interval period, that is,
not excluded from the average at any time, the VMPRm
method excludes a patient from the average after their last
acquisition’s supply has run out. This has the advantage that
the VMPRm parameter can also be represented as a trend.
Significantly, the sample number in the averages of the FMPR
trend remains constant, whereas the sample number in the
averages of the VMPRm trend gradually decreases. Notably,
as the index date in the FMPR calculation is aligned across
patients, the sample number may vary for the index date over-
lap period at the end of the time interval. However, this can
be easily avoided through adjustment of the time interval or
limiting the index date overlap across patients if desired.

The individual FMPR and VMPRm values are limited
to one, neglecting the case of overdosing. This approach has
been discussed in the literature and has even led to different
terminologies for the MPR.'>!7!8 Notably, this cap is not
applied to each acquisition and carrying over of medication
into the subsequent acquisition is allowed, that is, excess
medication can be stockpiled for later use.

Notably, the standard FMPR value evaluated as per the
literature can be located on the FMPR trend. However, the
VMPR parameter cannot be located on the VMPRm trend.
This is because unlike the VMPRm parameter, the VMPR
parameter represents an average of individual VMPR values
based on a range of time intervals.

Results

The FMPR and VMPRm trends exhibit different magnitudes
and shapes (Figure 3). The FMPR trend starts at one and
decreases slowly within the first 28 days, reflecting the fact
that most patients have 28 days’ supply (Figure 2A). After
another 28 days, the drop-off is more significant, as only a pro-
portion of patients return for a second acquisition immediately
after completion of their first acquisition on their index date
(Figure 2B). Subsequent increments of 28 days show a less
pronounced drop-off, given that acquisitions become less
aligned across patients. The number of individual FMPR val-
ues involved in the average is constant at 25,724, reflecting the
number of patients isolated, throughout the 365-day interval.
The VMPRm trend of this study, in contrast, is consistently
above 0.8, suggesting a significantly higher adherence.
Analogous to the FMPR trend, the VMPRm trend exhibits a
drop-off for the first two 28-day increments. However, unlike
the FMPR trend, the VMPRm trend displays a minimum
at about 212 days and subsequently increases slowly. The
number of individual VMPRm values involved in the aver-
age is 25,724 at day 1, again reflecting the number of isolated
patients, and decreases to 10,919 at day 365, reflecting the
number of patients who are still returning to the pharmacy.
Two sudden declines in sample number size are striking at 28
and 56 days, reflecting the loss of patients after their first and
second acquisition representing the most common acquisi-
tion’s quantity of 28 days’ supply (Figure 2).

The FMPR, VMPR, and VMPRm parameters calculated
in this study underlie different assumptions and require dif-
ferent interpretations. The trends calculated in this study
show that the results of Equation 1 strongly depend on the
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Figure 3 VMPRm and FMPR trends together with their sample sizes as well as the weighted average.
Abbreviations: avg, average; FMPR, Fixed MPR; MPR, Medication Possession Ratio; VMPR, Variable MPR; VMPRm, Variable MPR modified.
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length of the time interval. Therefore, averaging variable
time intervals as for the VMPR parameter is not a sensible
approach. The VMPRm trend circumvents this limitation,
which makes a direct comparison to the FMPR trend possible.
The difference between the FMPR and VMPRm trends must
be seen in the light of the exclusion criterion applied to the
individual values that leads to the overall parameter. Non-
exclusion, that is, tracking a patient along the entire length
of the interval period, as applied to the FMPR parameter,
implies no adherence after the patient’s last acquisition.
In contrast, exclusion, that is, removing the patient from
consideration after their last acquisition, as applied to the
VMPRm parameter, implies the patient leaves the program.
There are numerous examples that justify an exclusion sce-
nario eg, when a patient switches to a different medication,

A

changes the pharmacy, deceases or is cured. In contrast,
an example for a nonexclusion criterion is when a patient
discontinues their medication course.

The rapid decrease in the FMPR trend can be attributed to
patients with a limited number of acquisitions within the time
interval. The dataset in this study suggests that 24% of patients
do not return to the pharmacy after their index date. Therefore,
a gradual decrease of the FMPR parameter is observed. FMPR
trends generated from patients with two or fewer acquisitions
within the interval period display a trend consistently lower
than the overall average. In contrast, FMPR trends generated
from patients with seven or more acquisitions display a trend
consistently higher than the overall average (Figure 4A).

The significantly less rapid decline of the VMPRm trend
reflects the fact that medication doses can only be missed
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Figure 4 (A) FMPR trends for patients with different numbers of acquisitions. (B) VMPRm trends for patients with different numbers of acquisitions. Note that trends have
been truncated when the sample number is below 3% of the initial sample number (25,724).
Abbreviations: FMPR, Fixed MPR; MPR, Medication Possession Ratio; VMPR, Variable MPR; VMPRm, Variable MPR modified.
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between two subsequent acquisitions; hence, the possibility
of'a discontinuation of the treatment is discarded. Therefore,
patients who have visited the pharmacy only once exhibit a
perfect adherence, while patients with short gaps between
subsequent acquisitions exhibit a good adherence. Therefore,
only patients with extended gaps between two subsequent
acquisitions contribute to a decrease in the VMPRm
parameter. However, the number of these patients is limited.
Thus, the decrease in VMPRm parameter is most pronounced
within the first days, but decelerates with time until it slowly
increases again as the number of patients with more regular
acquisitions dominate the average. For this dataset, trends
generated for patients with seven or fewer acquisitions
consistently plot below the overall average, whereas trends
for patients with nine or more acquisitions consistently plot
above the overall average (Figure 4B).

Discussion

The VMPRm parameter may be regarded as close to an upper
limit as it removes patients who discontinue treatment, while
the FMPR may be regarded as close to a lower limit as it
removes patients who leave the program. A more realistic
value lies in between these two parameters.

One possible approach to estimate a more realistic trend
may be through an average of the FMPR and VMPRm trends
weighted by sample number (Figure 3). Notably, this study
did not have information of the required detail at disposal
to confirm that this average reflects an accurate approach to
the true adherence measurement. However, removing 7% of
all patients, coinciding with the mortality rate of 7% for all
cardiovascular diseases,” produces an FMPR trend which

is still below the weighted average trend. Notably, we tested
FMPR trends for different age groups and did not find sig-
nificant differences, suggesting that natural mortality rates
have no effect on the trends. A more important factor may be
the pharmacy loyalty, that is, the number of patients visiting
the pharmacy or going to a different pharmacy for individual
acquisitions, as well as the proportion of patients who switch
to another cardiovascular medication. We encourage inves-
tigators to test this average, for example, through patient
interviews or other techniques.

Figure 5 shows how removing patients with only a limited
number of acquisitions shifts the overall FMPR parameter
significantly up, in particular after eliminating patients with
only one single acquisition. It is ubiquitous in the literature
that patients are selected with a minimum number of acquisi-
tions, ascertaining the patient is taking part in the program,*-’
although Karve et al'* discourage this approach as it does
not take into account early discontinuation of the treatment.
Averaging the VMPRm and FMPR parameters is an attempt
to find a balance between the two extremes of discontinuing
treatment early and leaving the program.

Another type of common filtering is capping individual
MPRs at one,'>!78 which is part of the Proportion of Days
Covered definition in Benner.!? On one hand, this kind of
filtering may be justified in circumstances where patients
return to the pharmacy early without having finished their
previous batch, for example, stockpiling or losing medica-
tion; on the other hand, overdosing may be a real problem in
circumstances where, for example, the medication is difficult
to dose, such as in liquids or possibly where the medication is
addictive. In cases of overdosing, however, it may be argued
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0.0 | T [ | P | T R M
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Figure 5 FMPR trends for different minimum numbers of acquisitions.
Abbreviation: FMPR, Fixed Medication Possession Ratio.
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that patients exhibit a compliance as poor as underdosing
patients not conforming to medical instructions. Allowing
MPR values greater than one leads to balancing out MPR
values <1. Thus, this approach is masking nonadherence,
suggesting perfect adherence. We acknowledge that over-
dosing patients is less severe an issue to the pharmaceutical
industry than to the health system. However, masking the
proportion of underdosing patients would also provide the
pharmaceutical industry with a false sense of their patient
cohort’s behavior.

If, however, overdosing patients needs to be addressed,
care must be taken. Overdosing patients may be reported
through applying a minimum limit of one, isolating MPRs >1,
simply reporting overdosing patents as a proportion, or
grouping overdosing and underdosing patients in the
same bins depending on their absolute distance to perfect
adherence.

For the VMPRm approach, the proportion of overdosing
patients in this study is 49% at a time interval of 365 days,
resulting in a VMPRm parameter of 0.98 compared to 0.86
when no cut-off is applied. Figure 6A shows a histogram
of the individual VMPRm parameters without the cut-off
applied. For the FMPR approach, the proportion of overdos-
ing patients in this study is 18% at a time interval of 365 days,
resulting in an FMPR parameter of 0.55 compared to 0.57
when no cut-off is applied. Figure 6B shows a histogram
of the individual FMPR parameters without the cut-off
applied. The smaller change for the FMPR approach is due
to the fact that tablet excess can spread out into periods
where underdosing exists. These periods are limited to inter-
vals between two subsequent acquisitions for the VMPRm

parameter. Notably, the traditional VMPR parameter changes
from 0.95 to 0.98 when no cut-off is applied.

Karve et al'* support capping FMPR values at one,
although they report that differences between a cap and no
cap are limited. This study confirms this finding only for
long time intervals and finds capping essential for short
time intervals.

The authors acknowledge that filtering, such as removing
patients with a limited number of acquisitions or implement-
ing specific caps on individual adherence values, may be a
sensible approach when supported by clinical context and
data. For example, removing patients with a limited number
of acquisitions may be considered in circumstances where
a medication is only prescribed for a defined therapy period
or where the patient’s medication journey is known, that is,
switching habits from one medication to another. Caps on
the individual MPR values may be adjusted appropriately
when a medication has a range of prescribed doses, such as
in inhalers. However, in the absence of strong evidence and
pure emphasis on the performance of a specific medication
rather than the dispositions of a patient cohort, these filters are
discouraged. Notably, information on an individual patient
gets lost when calculating an average from a patient cohort.
In order to unravel individual-level information, patient
cohorts of interest can be isolated and their adherence mea-
surement computed separately. Franklin et al,”® in contrast,
do not isolate the patient cohort a priori, but instead cluster
similar adherence patterns and subsequently summarize char-
acteristics of the patient cohorts contributing to each cluster.
This novel approach can be readily adapted to the individual
FMPR and VMPRm values, subsampling the individual
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18 00 02 04 06 08 10 12 14 16 18
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Figure 6 Histograms of individual (A) FMPR values and (B) VMPRm values for a time interval of 365 days after the patient’s index date and without capping at one.
Abbreviations: FMPR, Fixed MPR; MPR, Medication Possession Ratio; VMPR, Variable MPR; VMPRm, Variable MPR modified.
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trends. However, care must be taken when clustering the
VMPRm values, given that their longitudinal trends include
different follow-up periods, which impacts the probability
of membership to each cluster.?

Finally, this study develops a workflow for establishing
an upper and lower bound for the MPR parameter. However,
it applies this workflow to only one dataset and does not
test these limits with absolute values derived from indepen-
dent datasets using alternative approaches for measuring
adherence. Furthermore, administrative claims data do not
allow confirmation of the dispensed quantity of medication
that was being ingested and as such, the parameters rather
represent refill adherence. It can also not take into account
patients who have never acquired their prescribed medica-
tion, reflecting an adherence of zero. Various other limitations
exist to utilizing administrative claims data that have been
discussed in the literature'"-'>?! and also apply to this study.

Conclusion

The FMPR and VMPR parameters gradually change with
the length of the time interval, and features of the trends
are sensitive to the most frequently dispensed acquisition
quantities. Thus, a fixed time interval represents an arbitrary
cut-off. For a more rigorous investigation of the MPR, we
recommend displaying trends rather than static numbers, with
the FMPR trend as a lower limit and the VMPRm trend as an
upper limit. This gives a better transparency of the adherence
measurement and allows a better comparison across studies.
Filtering by removing proportions of the patient cohort may
change the parameters significantly. Forming a weighted
average between the VMPRm and FMPR trends is our
recommended alternative approach to filtering the patient
cohort using limits to the number of acquisitions. Capping
individual FMPR and VMPRm values at one is crucial, in
particular, for shorter time intervals. If overdosing needs to
be measured, a separate consideration of overdosing and
underdosing patients seems to be more sensible.
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