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Abstract
Medication adherence, which is the extent to which patients take their medica-

tion as prescribed, is essential in treating chronic inflammatory diseases such

as rheumatoid arthritis (RA). Therefore, we nested a subproject in the two-year

multicenter Glucocorticoid Low-dose Outcome in Rheumatoid Arthritis (GLO-

RIA) trial to add a low-dose prednisolone (5 mg/day) or placebo to the stan-

dard care in older people (65+ years) with RA. Adherence was measured with

an electronic monitoring cap that recorded bottle openings in all patients. In

the subproject, we performed an adherence intervention with an advanced

cap that could communicate with an application on the smart device via Blue-

tooth. We randomized patients with a smart device to receive or not to receive

adherence reminders on the smart device for three months. Multiple prob-

lems emerged that precluded an answer to the research question: sample size

(overly optimistic estimates of older patients with a smart device), logistic is-

sues (availability of smartcaps, data extraction), randomization and treatment

allocation errors (despite training of personnel), and low quality of the data

in the intervention group (hardware failure, discovered too late because data

was read in batches). For future trials planning to include a subproject, we rec-

ommend keeping it simple, starting with a field test before the actual study

starts, and monitoring data from the beginning of the study.
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Take home message
It proved difficult to perform a subproject nested within a large investigator-
initiated trial, although we expected it to be easy. We recommend keeping a
nested subproject simple, maintaining active contact with study centers, and
monitoring data from the beginning to resolve emerging problems immediately.

Purpose
The ongoing two-year Glucocorticoid Low-dose Outcome in Rheumatoid
Arthritis (GLORIA) trial examines the addition of daily low-dose (5 mg)

prednisolone or placebo to the standard care in elderly patients (65+ years) with
rheumatoid arthritis; adherence is measured with electronic caps and counting
returned pills. A subproject was nested within the main GLORIA trial, limited
to patients with a smart device who had taken the study treatment for at least
threemonths. The objective was to test the effectiveness of adherence reminders
delivered to the smart device through Bluetooth by a special cap during a three-
month period. Eligible patients were randomized to the intervention group
(receiving reminders) or the control group (no reminders). In the intervention
group, an application was loaded onto the smart device that communicated with
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the adherence-monitoring device loaded into the cap of the drug bottle. The app
sent a reminder message if the patient had forgotten to take the studymedication.
The hypothesis was that after three months, patients in the intervention group
would be more adherent compared to the patients in the control group. Multiple
problems prevented us from answering our research question. This paper
reflects on these problems. The research group was a part of the GLORIA
consortium and was comprised of rheumatologists and researchers from the
Netherlands, Germany, Italy, and Portugal, and the owner of the caps and the
pharmaceutical manufacturer of the study medication from Portugal.

Introduction
Medication adherence, which is the extent to which patients take their medica-
tion as prescribed (Brown & Bussell, 2011), is essential to treat chronic inflam-
matory diseases, such as rheumatoid arthritis (RA; Jungst et al., 2019). Almost
half of patients with chronic diseases are non-adherent (Jungst et al., 2019;
Kini, 2018). Non-adherence substantially increases the risk of a disease flare in
RA (Jungst et al., 2019). In the two-year multicenter Glucocorticoid Low-dose
Outcome in Rheumatoid Arthritis (GLORIA) trial, a low-dose prednisolone (5
mg/day) or placebo was added to the standard care in older people (65+ years)
with RA. We measured adherence with electronic monitoring and pill count in
all patients (Hartman et al., 2021). In a subproject nested within the trial, we
assessed the efficacy of an adherence intervention for the patients with a smart
device.

Methods
The eligibility criteria for the subproject were to: be in possession of a smart
device (smartphone or tablet) and be an active participant in the main GLORIA
trial for at least three months. We planned to include patients with a smart
device from all seven participating countries of the main trial because a pilot
survey indicated that a sufficient number of patients (20%) possessed a smart
device in all countries. Based on this feasibility assessment, we expected to
include 50 patients. Before the training of the study personnel, it appeared that
only Dutch patients had smart devices. Therefore, the training of the study
personnel was only provided in the Netherlands.

Training of study personnel
The study personnel of all participating Dutch sites received an e-mail with
information about the objective of the subproject, eligibility criteria, signing of
the informed consent in duplicate, and an explanation about the randomization
step. In addition, the study personnel received a manual that explained the
subproject procedures (assembling of the cap, installation of application) that
were needed before the patient could start with the subproject. Finally, the
subproject and the related procedures were explained and demonstrated during
the Dutch GLORIA researchers meeting, and an English instructional movie
was sent to all participating centers. One of us (LH) served as the contact
person for questions about the subproject.

Subproject procedure
Eligible patients were informed about the subproject by the research nurse and
were asked to participate. Patients who provided written informed consent

were randomly assigned to either the intervention or control group through the
electronic case record form (eCRF). All patients continued taking the study
medication (one pill per day) from the pill bottle as in the main trial. The
opening and closing events of the pill bottle (to measure adherence) were
registered by the electronic cap for all patients. Patients in the control group
continued their participation in the main study without changes. For patients
in the intervention group, several actions of the study personnel were needed.
The instructions given to study personnel were as follows:

1. Assembling of smart adherence cap:
a. Remove the regular cap from the medication bottle.
b. Close the pill bottle with the plastic replacement cap.
c. Write the kit number of the medication bottle on a label and stick the

label inside the smart adherence cap.
d. Remove the cover of the double-tape on the interior of the smart adher-

ence cap.
e. Assemble the smart adherence cap over the plastic replacement cap on

the medication bottle, correctly aligned, and press it until you reach
resistance. Keep it under pressure for at least 3 seconds.

2. Installation of the GLORIA app on the smart device of the patient:
a. Open the Google Play store (Android)/App Store (iOS) application
b. Search for "GLORIA adherence cap"
c. Install the app and wait until the installation process has been finished
d. Open the GLORIA application

3. Connecting the smart adherence cap and the GLORIA app via Bluetooth
by going through multiple steps in the app. (see page 13-19 of appendix for
the detailed instruction)

The activated app was connected to the smart adherence cap of the medication
bottle via Bluetooth. For patients, no additional actions were required. The
patient only had to open the medication bottle once per day, preferably in the
morning. Both the regular adherence caps in the control group and the smart
adherence caps in the intervention group recorded each opening and closing
event of the medication bottle. The smart adherence cap repeatedly attempted
to open a connection with the GLORIA app via Bluetooth to report whether
the bottle had been opened. If the bottle was not opened between 08:00 a.m.
and 02:00 p.m., the app posted a notification on the opening screen to remind
the patient to open the medication bottle. The patients in the control group did
not receive an activated smart cap nor the reminder app; they were instructed to
open the medication bottle once per day, as in the main trial. At the end of the
three-month period, the bottle was returned, and the remaining capsules were
counted. For patients that started the trial at six months or later, the return of
the bottle was delayed by three months, because clinic visits occurred every six
months. The adherence of both groups based on returned pills was calculated
as follows: If the number of pills dispensed is D, the treatment period in number
of days is P, and the number of pills returned is R, medication adherence (%) is
calculated as: ((D-R)/P)*100. The adherence of the two groups was compared.
Social desirability could have influenced the adherence measurements with
the caps and the number of returned pills. Patients might have returned the
expected number of pills or opened the medication bottle as would be expected.

View interactive version here. Journal of Trial and Error 2021



HARTMAN ET AL. EMPIRICAL

However, we assume that most patients were as adherent as non-trial patients,
because it would be difficult to maintain social desirability during the full two
years of the trial.

Data registration and extraction
Apart from the bottle closing and opening events, which were always registered
if the medication bottle was opened, the smart adherence caps also registered
“pairing success” events, “no communication” events, “keep alive” events
and “reset” events. The “pairing success” events guaranteed that the pairing
of the adherence cap with the app before the study started was successful.
Non-registration of this event indicated that the pairing of the cap and app
was unsuccessful and that the cap was not able to communicate with the
smart device during the entire three months of the study (reported by “no
communication” events). Therefore, caps with no “pairing success” event at
the start of the study were excluded.

Opening events
“No communication” events were registered at 02:00 p.m. if the smart adherence
cap had been unable to communicate with the app on the smart device between
08:00 a.m. and 02:00 p.m. on a given day. The time window from 08:00 a.m.
until 02:00 p.m. was chosen to match the advice to take prednisolone in the
morning. The registration of “no communication” events was independent
of the successful or unsuccessful pairing between the app and the cap. The
“keep alive” event was used to check if the cap still worked and if the battery
was not empty. “Keep alive” events were registered one or more times per
morning, indicating that the cap was functioning even if a patient did not open
the medication bottle. A “reset” event was registered whenever a reset on the
system was detected. This could be related to battery power being too low, or
bad contacts on the battery power supply caused by faulty cables due to falls
or abrupt movements of the cap. If more than one “reset” event was registered,
the cap was excluded. The patients returned the regular caps and adherence
caps to the research nurse, and the caps of each site were sent to the owner
of the caps (BeyonDevices LDA, Sobral de Monte Agraço, Portugal). The
data of the caps were read in batches and were uploaded in data files. The
data files contained the registration of the events described above. The app
generated a reminder message if the cap did not transmit an opening event
between 08:00 a.m. and 02:00 p.m., or if no communication was established
on that day (registered in the cap).

Discussion
Problems in the preparation and execution of the trial

We had multiple misfortunes related to the preparations of the subproject,
technical issues with the app and smart adherence cap, and the randomization
step. Therefore, it was not possible to test the effectiveness of adherence
reminders delivered via the smart device during the three month trial period.
We want to discuss and reflect on the problems and misfortunes that prevented
us from answering our research question. All aspects that influenced the
success of the subproject were discussed, and we reflected on how each aspect
contributed to the subproject’s failure. The discussions and reflections are
mainly related to the researchers from the Netherlands, because only Dutch

patients entered the subproject. The discussions were supported by the scientific
advisory committee, which was set up especially for the GLORIA trial and by
the developers of the adherence caps and the GLORIA app.

Preparations
We had a contract with a company that would deliver the adherence caps and the
application for the subproject, but this company went bankrupt a few months
before the study would start. We had to choose another company in a very short
time frame because the main trial was almost ready to start. This choice was
based on expertise, the projected time for development and implementation
of the smart device reminder app, and an offer with limited costs because
the budget of this investigator-initiated study was limited. Unfortunately, the
chosen company needed more time than expected to develop suitable smart
caps. In total, this caused a delay of 1.5 years in the delivery of the smart caps.

Sample size
The number of potential patients for the subproject proved much lower than ex-
pected. From initial feasibility assessments among the trial centers, it appeared
that around 20% of the elderly patients possessed a smart device. Assuming
that patients with a smart device are technically interested, we expected that
about 80% of them would be willing to participate. Thus, with a sample size
of 450 patients in the main study, we expected around 72 patients in the sub-
project. As it turned out, smart device owners in this senior population were
only located in the Netherlands. This resulted in a significant waste of paid
and unpaid work hours: The app and instruction manual were translated from
English into seven localized versions with the help of the patient panel of the
main trial. To include enough patients in the subproject, we amended the
protocol so that patients could start with the subproject at any moment during
the trial instead of only at the three-months visit.

Complexities for the participating sites
The changed inclusion moment for the subproject (as described above) made
the inclusion procedure more complex for the participating sites. Another
potential source of confusion was that we now had two types of similar-looking
caps: the regular adherence caps used by all patients throughout the whole
main trial, and the smart adherence caps only intended for patients in the
intervention group of the subproject. The only difference between the caps was
the color of the magnetic label on the cap, which had to be removed to activate
the cap. It proved difficult for the research nurses to remember the differences
and objectives of the regular and smart adherence caps. Also, despite the
instructions outlined above, for some study personnel, it was not clear that
patients had to be separately randomized for participation in the subproject
and that the preparations before participation were different for the patients in
the intervention and control group. For the smart adherence caps belonging
to the intervention group, several manual actions were needed before the cap
could be used. This involved a lot of work if a patient was randomized to the
intervention group compared to control patients, where no additional actions
were required.
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Randomization and treatment allocation mistakes
These complexities resulted in mistakes in the randomization and treatment
allocation, despite training of the sites. A total of 126 patients in the main
trial were assessed for eligibility to participate in the subproject (Figure 1).
Most patients were not eligible because they were not in possession of a smart
device. From the non-eligible patients, three were nevertheless randomized
for the subproject by mistake. The adherence data of these patients could
not be used because the patients did not meet the eligibility criteria, did not
give informed consent to use their data, or both. In addition, randomization
and treatment allocation failed for many patients because of mistakes at the
participating sites and technical problems related to the smart adherence cap.
A total of 23 patients received the intervention (smart cap). This included 16
patients that were randomized and properly allocated to the treatment, three
patients originally randomized to the control group (contamination), and four
patients who received the intervention without being randomized. A total of
19 patients received the control intervention (no reminder). This included 15
patients that were randomized to the control group and were properly allocated
to the treatment, one patient originally randomized to the intervention (con-
tamination, the smart adherence cap failed to activate), and three patients who
received the control intervention but were not randomized. The reasons for
the randomization and treatment allocation mistakes are unknown. However,
we have some suggestions for changes to the randomization procedure, which
might decrease the chance of mistakes. In our study, patients could have been
randomized easily to the subproject by first having the patient answer a few
questions in a conversation (among others about the possession of a smart
device), followed by one click on a button in the eCRF. Entry of ineligible
patients could probably have been prevented if the answers to the questions
needed to be entered correctly on the screen before randomization and alloca-
tion could proceed. The problem of contamination, i.e., patients randomized
to one group but receiving the intervention of the other group, was probably
caused by confusion among the research nurses performing the allocation
procedure. It is likely that the explanation given to the research nurses about
the subproject was insufficient. On-site training could have been better, but
this is time-consuming and costly.

Functioning of smart adherence caps
in the intervention group
Upon delivery, we found the smart adherence caps had technical limitations,
but there was no possibility to resolve this limitation by the company. The
medication bottle and smart device had to be close to each other to connect
and exchange information about the opening events. If the medication bottle
and smart device were more than a few meters apart, they did not connect and
the patient received a reminder to open the bottle as a consequence. Of the
23 smart adherence caps applied, only two caps functioned as expected. The
other adherence caps had technical errors from the start of the subproject or
within 1-4 weeks after the start, or the caps were not returned (Table 1). The
malfunctioning of the smart adherence caps in the intervention group was also
reflected in the satisfaction rates reported by 18 of the 23 patients. On a scale
of 0-10, the mean reported satisfaction rate was 5.6 (range 0-10). Multiple
patients gave a low satisfaction rate because they received a reminder despite

taking their medication (i.e., opened the bottle). On the other hand, six patients
reported a grade of 8 or higher. The malfunctioning of the caps could explain
these high rates. The caps did not or rarely communicated with the app and,
therefore, the app never sent reminders. This meant that these patients did not
receive unnecessary reminders when they opened the bottle.

TABLE 1 Functioning of the smart adherence caps in the intervention
group of the GLORIA subproject.

Functioning of
smart adherence cap

Number of patients
(% of patients) (n = 23)

Good functioning

full 12 weeks 2 (9)

6 weeks 1 (4)

3-4 weeks 1 (4)

2-3 weeks 1 (4)

1-2 weeks 2 (9)

< 1 week 9 (39)

Pairing error
(no pairing success event registered)

2 (9)

Cap technical errors
(reset event registered)

1 (4)

Cap not returned 4 (17)

Data extraction and interpretation
The data extraction and interpretation had limitations. The data were read in
batches when the study was almost finished because it was cheaper to send
the caps in batches instead of each single cap from sites in the Netherlands
to the company in Portugal. This prevented early detection of errors and
malfunctioning. The data interpretation was a complicated process. It was
difficult to interpret the different events described in the methods section*, and
to unravel when reminders were sent by the app. This increased the risk of
errors in the data interpretation. It would have been easier if the data file had
only the opening and closing events, and the exact moments when reminders
were sent. Additionally, we had to link the adherence data to the patient data
in the eCRF. The kit number belonging to the patient had to be looked up in
the eCRF, which also increased the risk of errors.

Conclusion
We were unable to answer our research question because of a multitude of
problems. Even with the limited sample size and randomization and allocation
errors, we were initially hopeful that we could compare the adherence of
the two groups as a controlled trial instead of a randomized controlled trial.
However, the quality of the data in the intervention group was unusable due to
almost universal failure of the cap-app dyad. It turned out that it was difficult
to perform a subproject nested within a large pragmatic trial, although we

View interactive version here. Journal of Trial and Error 2021



HARTMAN ET AL. EMPIRICAL

expected it to be easy. For future trials that test new devices or applications, we
strongly recommend a clear plan regarding the requirements. For example, we
recommend conducting preliminary field tests to resolve technical problems of
the materials, optimize study procedures, and ensure that the plans are clear for
all involved parties. The study monitor should also be in active contact with
the study centers when the first patients start, to resolve emerging problems in
real time and to emphasize the aspects that will help the study perform well. In
addition, data stored in the device should be read during rather than after the
study. It is also important to be aware that most seemingly “simple” studies
are typically complex due to issues with people in different roles, technology,
and processes.
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Appendix

F IGURE 1 Flow diagram
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