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Abstract

Background: The permissible gap method is an extensively used approach for defining

episodes of continuous treatment use in pharmacoepidemiology. This method uses the

amount of drug redeemed, when available, and researcher-defined temporal gaps to fill

the interval between the calculated end of coverage of a redeemed prescription and

the date of redemption of the next prescription in the same treatment episode. The

final scope is defining periods of continuous use of medications. There are strong phar-

macological and epidemiological arguments for adding the gap at the end of each treat-

ment episode. However, the evidence is scarce on the impact that such a practice has

on measures of association. This study aims to compare the impact of adding or not

adding the researcher-defined gap time to the end of a treatment episode on the inci-

dence of drug discontinuation and the incidence rate for a simulated outcome that

occurred during an observational window. Additionally, the study aims at assessing the

magnitude of misclassification of exposure time between the two methods.

Methods: A simulated dataset of 100 patients available in the R package AdhereR

that contains 1080 redeemed prescriptions was used. A gap time of 90 days was

used for constructing treatment episodes in an observational window of 365 days

following the first redeemed prescription. Two approaches were used for defining

treatment episodes that were named “gap+” and “gap–” and that respectively add

and did not add the gap time at the end of a treatment episode. An outcome was sim-

ulated by using an exponential baseline hazard function with scale parameter λ = 0.5

and censoring at time t = 365 days. The incidence rate ratio for the simulated out-

come between the two approaches was computed.

Results: The 100 patients were followed for a median time of 183 days (interquartile

range, IQR 50–365 days) and a median time of 273 days (IQR 140–365 days), respec-

tively using “gap–” and “gap+”. During the first 100 days of the follow-up period,

none of the patients was found to discontinue the treatment with the method “gap+”
while 38 patients discontinued using the method “gap–”. The approach “gap+”
exerted a higher incidence rate for the simulated outcome among the exposed
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(0.98 events/person-years) when compared to the “gap–” (0.82 events/person-years)

during defined periods of continuous treatment use. When comparing the two approaches

and using the method “gap–” as the reference group, the incidence rate ratio for the simu-

lated outcome was 1.20 (95% confidence interval: CI 0.72–2.02) among the exposed.

Conclusions: This study showed that not adding the gap at the end of the treatment

episodes leads to an overestimation of drug discontinuation, particularly at the begin-

ning of the observational window, and an underestimation of the incidence rate of a

hypothetical outcome during the period of exposure to the medication.
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Key Points

• The permissible gap method is a widely used pharmacoepidemiological approach to define

treatment episodes while using observational data.

• The gap time needs to be added at the end of treatment episodes to account for the pro-

tracted pharmacological effect following drug exposure and to avoid the introduction of epi-

demiological biases.

• This study used simulated data to investigate the magnitude of misclassification of exposure

time of adding or not adding the gap time to the end of a treatment episode.

• Not adding the gap time to the end of a treatment episode leads to an overestimation of

discontinuers and an overestimation of the incidence rate of the study outcome for

discontinuers.

1 | INTRODUCTION

In pharmacoepidemiological studies using observational data, a key step

is to assess for how long an individual has been exposed to pharmaco-

logical treatments within the observational window. This procedure is

known as the construction of treatment episodes, and it is performed

using available information such as the number of redeemed prescrip-

tions and their expected coverage within the observational window.

Several approaches are available for such a purpose trying to deal with

different sources of complexity such as stockpiling of medications,

irregular patterns of use of medications, and competing events for dis-

continuation of the pharmacological treatments. These approaches rely

on methodological and clinical assumptions such as the timing of initia-

tion of the treatment, the daily dose prescribed which is needed to

define treatment coverage,1,2 and the length of a permissible temporal

gap between redeemed prescriptions to define treatment continuation

and discontinuation.3–5 These assumptions are often needed when

using secondary data sources in which such information could be miss-

ing or incomplete. A widely used approach to define treatment epi-

sodes and continuous use of a drug while using observational data is

the permissible gap method.6,7 The method considers redeemed pre-

scriptions of a drug included in the same treatment episode of continu-

ous use if the time from the end of the coverage of the redeemed

prescription under investigation, and the date of redemption of the

subsequent, is equal or shorter of an allowed number of days. The

allowed number of days between consecutive redeemed prescriptions

is referred to in pharmacoepidemiology as gap time. Consecutive

prescriptions that are not redeemed during the gap time are considered

as belonging to the next treatment episode, and the time in between

treatment episodes is considered as unexposed time due to discontinu-

ation of the treatment.

The theoretical foundation for such a practice has been described in

the scientific literature,8,9 however, to date, evidence on the magnitude

of misclassification introduced by implementing this practice using differ-

ent approaches is scarce. In particular, little is known on the impact on

misclassification of exposure time and the impact on measures of associ-

ation in pharmacoepidemiological studies using observational data.

To overcome this knowledge gap, this study used simulated data

to investigate the magnitude of misclassification of exposure time of

adding or not adding the gap time to the end of a treatment episode

while constructing treatment episodes and its impact on measures of

association between drug exposure and a simulated outcome

occurred during the observational window.

2 | METHODS

2.1 | Data source

A simulated dataset of 100 patients available in the R package

AdhereR version 0.6.1 (“med.events”)10 which contains 1080

redeemed prescriptions with detailed information regarding the date

of redemption of the medical prescription and the recommended dose

prescribed for the medication supplied (“medA”) was used. This
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information allows computing how many days the medication sup-

plied would last (coverage) if used as prescribed. Based on this infor-

mation, the AdhereR package was used to compute the end date of

coverage for the supply of each redeemed prescription as follows:

endof coverage¼date of redemptionþcoverage:

Additionally, AdhereR was used to compute the duration of the treat-

ment episodes without considering carryover (ignoring overlapping

days between prescriptions for both methods “gap+” and “gap–”)
within the observational window of 365 days and using a maximum

permissible gap time of 90 days. The overall use of “med A", mea-

sured with the proportion of day covered, ranged between 5.5% and

100% with a median of 54.8%. The outcome was simulated using an

exponential baseline hazard function with scale parameter λ = 0.5 and

censoring at time t = 365 days.11–14 The simulation produces the

time-to-event according to the random draw from the exponential

distribution with the described scale parameter. If the time-to-event

was ≤365 days, the patient was assigned as having the outcome, if

the time-to-event was >365 (greater than the observational window)

the patient was censored at 365 days without an outcome. To mimic

the biological scenario in which the simulated outcome may occur for

a maximum of 90 days following the end of coverage of the last

redeemed prescription of “med A”, all outcomes occurring after

90 days were removed. Consequently, the incidence rate for the out-

comes drops towards zero after 90 days following the end of cover-

age of the last redeemed prescription.

2.2 | Data analysis

Two different methods denominated “gap+” and “gap–” were used

for constructing treatment episodes. The method “gap+” required the

maximum permissible gap time to be added for the computation of

the end date of treatment episodes in the observational window of

365 days following the first redeemed prescription for each patient.

This approach is in line with those described by Gardarsdottir et al.6

The method “gap–” did not require the maximum permissible gap to

be added for the computation of the end date of treatment episodes

in the observational window (Table 1).

To investigate how the two methods differed with respect to the

duration of the period of drug exposure and the incidence of discon-

tinuation, the density functions of follow-up times and the cumulative

incidence for drug discontinuation were computed. Similarly, to inves-

tigate how the two methods influenced the association between drug

exposure and the simulated study outcome described in Section 2.1,

the cumulative incidence, the incidence rate, and the incidence rate

ratio for the study outcome were computed. The incidence rate was

plotted using a forest plot and the outcomes were classified as occur-

ring during the treatment episode of continuous use of the drug

(“exposed”), or during “not exposed” time.

3 | RESULTS

The cumulative incidence curves for drug discontinuation and density

functions of follow-up times for the two methods are provided in Fig-

ures 1 and 2, respectively. The 100 patients were followed for a

median time of 183 days (interquartile range, IQR 50–365 days) using

the method “gap–” and a median time of 273 days (IQR 140–

365 days) using the method “gap+” with the lowest observed follow-

up time of 20 and 110 days, respectively for “gap–” and “gap+”. Dur-

ing the first 100 days of the follow-up period, none of the patients

was found to discontinue the pharmacological treatment with the

method “gap+” while 38 patients discontinued using the method

“gap–” (Figure 2). During the entire observational window, the

approach “gap+” exerted a higher cumulative incidence and incidence

rate among exposed for the simulated outcome (58.9% and 0.98

events/person-years) when compared to the “gap–” (52.1% and 0.82

events/person-years) (Figures 3 and 4). When comparing the two

methods the incidence rate ratio was 1.20 (95% confidence interval:

CI 0.72–2.02) among exposed when using the method “gap–” as the

reference group. Among “not exposed” the incidence rate ratio for

the simulated outcome was 0.59 (95% CI 0.27–1.29) when using the

method “gap–” as the reference group.

F IGURE 1 Comparison of drug discontinuation between the two
approaches Gap+ and Gap–

TABLE 1 Methods for constructing treatment episodes with
maximum permissible gap

Methods for constructing treatment episodes

Gap+ End date of the treatment episode = date of redemption of

the last prescription in the episode + coverage

+ maximum permissible gap time

Gap– End date of the treatment episode = date of redemption of

the last prescription in the episode + coverage
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4 | DISCUSSION

This study showed that when compared to the method “gap+”, the
method “gap–”, which does not add the gap time to the end of a

treatment episode, overestimates the incidence of drug discontinua-

tion, particularly at the beginning of the observational window. In this

context, drug discontinuation should be considered as discontinuation

of pharmacological effects derived from drug exposure. When investi-

gating the association between drug discontinuation and the study

outcome, the overestimation of discontinuers observed for the

method “gap–” leads to an overestimation of the incidence rate of the

outcome for discontinuers. Additionally, the method “gap–” underes-

timates the exposure duration and consequently the incidence rate

for the outcome among exposed.

The method “gap+” should be considered a suitable approach to

use in pharmacoepidemiological studies given the pharmacological

and epidemiological considerations beyond the selection of the gap

time. From a pharmacological perspective, the reason for adding the

F IGURE 2 Comparison of density functions of follow-up times
between the two approaches Gap+ and Gap–

F IGURE 3 Comparison of cumulative incidence functions for the simulated outcome between the two approaches Gap+ and Gap–. Exposed:
during the treatment episode of continuous use. Not exposed: after discontinuation

F IGURE 4 Comparison of incidence rates for the simulated
outcome between the two approaches. Exposed: during the
treatment episode of continuous use. Not exposed: after
discontinuation
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gap time to the end of treatment episodes is based on the consider-

ation that the gap time needs to account for the protraction of phar-

macological effects of a drug for a certain time after its use. The

period of protraction of pharmacological effects is strongly related to

the drug's pharmacokinetics and pharmacodynamics properties. Dur-

ing the period of protraction of pharmacological effects, despite an

individual does not intake further medication, he or she is still exposed

to the pharmacological effects of the medication and this period

should be considered when defining drug exposure.15 From an epide-

miological perspective, the gap time should be added to the computed

period of coverage of the drug to avoid determining exposure status

looking into the future exposure, potentially introducing bias in drug

associations investigated.8,16 This problem is particularly relevant

when using observational data already collected since researchers

have data on all redeemed prescriptions within the observational win-

dow. The bias is intuitively recognizable when comparing the defini-

tion of drug exposure for individuals included in a cohort study using

observational data aleady collected and those included in a cohort

study in which researchers will collect the data prospectively. In the

latter, while constructing treatment episodes, researchers will assess

exposure time for an individual by following him or her from the first

day of exposure to the pharmacological treatment until the end of

coverage of the last redeemed prescription (which will include the gap

time) within the treatment episode. The individual will be considered

as exposed continuously during the treatment episode if the date of

redemption of a consecutive redeemed prescription occurred within

the end of the coverage of the previously redeemed prescription plus

the gap time, and all the consecutive redeemed prescriptions within

the treatment episode satisfy this assumption. To assess this assump-

tion, researchers need to follow an individual until the last day of cov-

erage of each redeemed prescription. Consequently, only at the end

of coverage of each redeemed prescription plus the gap time, a

researcher will be able to assess if an individual discontinued the phar-

macological treatment because the subsequent redeemed prescription

occurred after the end of coverage of the previously redeemed pre-

scription plus the gap time. In the scenario of a cohort study using

observational data, a researcher may immediately check if a redeemed

prescription is occurring after the end of coverage of the previously

redeemed prescription plus the gap time and, therefore, may remove

the gap time from the end date of a treatment episode. By doing so,

the researcher will condition on future data to determine the status of

exposure to medications, which may introduce immortal time bias and

selection bias. In studies requiring multiple redeemed prescriptions as

inclusion criteria immortal time bias may be introduced since individ-

uals with subsequent redeemed prescriptions will have the time to

the subsequent prescription as immortal.17,18 Selection bias may be

introduced because of the selection of the comparator groups based

on continuous use of a drug conditioning on future exposure.8,19 In

this simulation study a gap time of 90 days was arbitrarily chosen but

the length of the gap time, which choice could be driven by pharma-

cological considerations such as the half-life of a drug and prescription

approaches used in different countries, does not affect the pattern of

associations shown in the results.

5 | CONCLUSION

To account for the protracted pharmacological effect following drug

exposure and to avoid the introduction of epidemiological biases the

gap time should be added when considering the end of treatments

episodes in the observational window.
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