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Abstract

Background: Electronic inhalation monitoring devices (EIMDSs) are available to remind patients with respiratory diseases to
take their medication and register inhalations for feedback to patients and health care providers as well as for data collection in
research settings.

Objective: Thisstudy aimed to assess the validity aswell as the patient-reported usability and acceptability of an EIMD.

Methods: Thisobservational study planned toinclude 21 community pharmaciesin the Netherlands. Patient-reported inhal ations
were collected and compared to EIMD registrationsto eval uate the positive predictive val ue of these registrations as actual patient
inhalations. Patients received questionnaires on their experiences and acceptance.

Results: A convenience sample of 32 patients wasincluded from across 18 pharmacies, and 932 medi cation doses were validated.
Of these, 796 registrations matched with patient-reported use (true-positive, 85.4%), and 33 inhal ation registrations did not match
with patient-reported use (false-positive, 3.5%). The positive predictive value was 96.0%, and 103 patient-reported inhalations
were not recorded in the database (false-negative, 11.1%). Overal, patients considered the EIMD to be acceptable and easy to
use, but many hesitated to continue its use. Reminders and motivational messages were not appreciated by all users, and more
user-tailored featuresin the app were desired.

Conclusions: Patients' interaction with the device in real-world settings is critical for objective measurement of medication
adherence. The positive predictive value of this EIMD was found to be acceptable. However, patients reported false-negative
registrations and a desire to include more user-tail ored features to increase the usability and acceptability of the EIMD.

(J Med I nternet Res 2019; 21(5):e13551) doi: 10.2196/13551
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Introduction

Electronic monitoring devices areincreasingly important in the
self-management of chronic diseases such as chronic obstructive
pulmonary disease and asthma. These two chronic respiratory
diseases affect an estimated 384 and 235 million people
worldwide, respectively [1,2]. According to the prevailing
clinical guidelines, daily intake of inhaled corticosteroidsisthe
cornerstone for optimal asthma treatment, and inhaled
corticosteroids are also used in chronic obstructive pulmonary
disease, together with bronchodilators [2,3].

An electronic inhalation monitoring device (EIMD), which
measuresinhal ation actuations, provides detailed data.on patient
adherence to treatment for both patient and health care providers
[4-7]. EIMDs, in combination with audiovisual reminders and
feedback, have the potential to improve medication adherence
and health care outcomes by facilitating self-management and
aiding in clinical (shared) decision making [8-15]. Previous
studies have shown that involving patients in monitoring their
own symptoms can lead to improved awareness and competence
in disease management [16].

Besidesclinical practice, EIMD datacould be used as objective
outcome measuresfor medication adherenceinresearch [17-19].
Theintegrated time stamp enables comprehensive data collection
in research populations on the timing and pattern of inhaler
actuation, including dose dumping [20]. This way of data
collection was stated to be more accurate and objective for the
evaluation of medication use and is considered to be superior
to self-report, canister weighing, or pharmacy dispensing data
[17,21].

However, the widespread use of EIM Dsfor measuring patients
medication adherence in clinical practice and research setting
depends on the acceptability by patients as well as health care
providers and researchers, respectively. From the perspectives
of both patient care and research, it isimportant that the EIMD
isaccurate and valid [20,22-24]. Earlier in-vitro studies (product
vaidation studies) evaluating the validity of an EIMD, following
afixed protocol and simulating inhalations, found 99.2% overall
accuracy of detection [25]. On the contrary, small-scale studies
reported malfunctioning devices and potential loss of data as
well as overrecording of doses that did not reflect actual
inhalations [22-24,26]. Use of EIMDs as objective measures
for medication adherence for research purposesin areal-world
setting depends not only on technical capabilities, but also on
how the user interacts with the system in rea life. In other
words, results in laboratory settings might not apply to EIMD
validity and reliability in the broad use by community-dwelling
patients. As EIMDs could be used for measuring rea-time
medication adherence in clinical trials, evidence on their
potential to measure patient inhal ationsin community-dwelling
patientsis relevant.

For the implementation of EIMD in clinical practice, it is
important to acknowledge the complexity of theimplementation
process, influenced by patients' acceptance and ability to use
information technology tools[27,28]. Hence, beforethe EIMD
is implemented and used as an accurate and reliable measure
for patients’ actual medication adherencein areal-world setting
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(in both clinical decision making and research), a rigorous
evaluation of the technical performance, usability, and
acceptability in clinical practice is required.

This study aimed to assess the validity and patient-reported
usability and acceptability of an electronic adherence monitor
and reminder device for patient care and research.

Methods

Study Design
This prospective observational study on agreement between

EIMD measurements and patient-reported inhalations was
conducted between April 18 and May 25, 2018.

Setting

This study was conducted by 21 students in the second year of
their master’s program in pharmacy from the University of
Leiden, the Netherlands, during their internshipsin community
pharmacies. The students were asked to validate EIMD
registrations for two patients each, for 3 weeks, and they
received additional training on the use of the EIMD program.
The individual monitoring of patients was time consuming
because of the protocol-specific information requirements, and
consequently, dedicated personswith enough time were needed
in the pharmacy. Additionally, the acquaintance with an
innovative device to be implemented into daily practice and
individual patient coaching were relevant learning objectives
for the students.

Dutch pharmacists have a professional and legal responsibility
to provide drug treatment for their patients and, as most patients
inthe Netherlands attend one community pharmacy, pharmacists
usualy possess the complete medication histories of their
patients [29].

Ethics Approval

The study protocol was approved by the Ethical Committee of
the Radboudumc Nijmegen (approval number, 2018-4153).
Written informed consent was obtained from all individual
participants included in this study, prior to the study.

Electronic Monitoring

The EIMD to be assessed was the Turbu+ V2.1 (AstraZeneca
UK Limited), consisting of three components: (1) the electronic
devicethat could be attached to theinhal er of the corresponding
product “ Symbicort Turbuhaler,” (2) an app to be installed on
the patient’s mobile phone, and (3) an online portal allowing
the health care professional access to the same actuation data.
During patient inhal ation, the device was actuated and the date
and time of the actuations were recorded. The data were
synchronized with the app on the mobile phone by Bluetooth,
and the app visualized the timeline of these data up to the
previous month. All EIMD data for measured actuations were
automatically and electronically linked to the online portal of
the health care provider for his’her patients and an additional
research database containing the same data but anonymized.
The research database has been setup to study patterns of
medication adherence and to evaluate the effectiveness on
interventions for medication adherence across multiple studies.
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Actuation data from all health care professionals included in
this study were aggregated into one central research database
containing data on all included patients from the participating
pharmacies.

Patients could only use the EIMD program after they were
enrolled and trained by their health care provider. After entering
the name, birth of date, sex, dose regimen settings, and email
address, the patient automatically received an email with the
link to download the app. The time(s) for a pop-up reminder in
the app could be set individualy by the patient at the time of
scheduled inhalation(s). If patientsdid not take their medication,
30 minutes after the scheduled inhal ation, a* missed-medication”
motivational message was sent automatically. Patients received
aweekly motivational push notification in the app (eg, “ Great
week. You've been following your prescription thisweek! Keep
itup!”).

Patient Inclusion

Patientswereeligibleto participateif they (1) were current users
of budesonide/formoterol Turbuhaler (Anatomic Therapeutic
Chemical code RO3AKQ7) [30] with at least two prescriptions
in the previous 12 months; (2) were of age = 18 years; (3) were
regular patients in the pharmacy (registered in the pharmacy
system and receiving dispensings from this pharmacy only);
(4) had access to a smartphone, and (5) were able to use the
internet. We aimed to include current users who were familiar
with theinhaer. At random, eligible patientswereinvited during
regular pharmacy visits or by phone. If interested, patients
received an information leaflet on the study and an informed
consent form. Patientsinterested in participating were asked to
provideinformed consent, allowing the student to collect genera
data about gender, age, use of short corticosteroid courses
(indicating exacerbations), and refills from the pharmacy
database (to assess adherence rates). Eligible patients were
invited to the pharmacy for an intake visit.

Intake Visit

During the intake visit, the students provided the patient with
an EIMD and (oral and written) instructions. The patients
attached the device to the inhaler and installed the app during
the visit or at home following the instructions. Additionally,
the students verified the pharmacy’s information collected on
drug use, patient’s refill adherence to inhaled corticosteroids,
and the number of oral corticosteroid courses in the previous
year. Subsequently, the patients completed the Beliefs About
Medicines Questionnaire (BMQ), consisting of two parts: the
BMQ Specific list, which measures perceptions of specific
medicines, and the BMQ General list, which measures general
beliefs about medicines. The BMQ Specific list comprises two
scales—one assessing patients' beliefs about the necessity of
preventer medication for maintaining present and future health
(Necessity scale) and the other for ng their concerns about
the potential adverse consequences of using such medication
(Concerns scale) [31,32]. All items were rated on a 5-point
Likert scale, with arange of 5-25 possible scoresfor both scales.

The students explained that they would call the patients 6 times
within 14-21 days to check on their actua drug intake on the
previous days and agreed on the most suitable days and timeto

http://www.jmir.org/2019/5/€13551/

Kuiperset a

cal. If patients wished to, they were allowed to use a paper
diary.

Accuracy and Patient-Reported Use of the Electronic
Inhalation Monitoring Device: Proceduresand
Measures

During thefollow-up period of 14-21 days, the students phoned
the patients 6 times to check on their actua drug intake and
EIMD performance from the previous day, and if possible, up
to the day of the earlier phone call. The student collected and
reported information on the number and time of daily
inhalations, and all particularities or other circumstances that
the patient reported were registered by the student in an Excel
file. These were subsequently centralized into one patient
self-reported database.

To avoid socialy desirable answers and to collect reliable data,
patients were instructed that this study focused on the accuracy
of the device (instead of their medication use), and they were
asked to use the medication at their usual dose and frequency
and to use only the EIMD prepared device during the study
period and no other inhalers of this medication. Semistructured
questionswere used during the phone call; for example, “When
did you use your medication for the last time?’ and “Do you
see any registrations in your app that do not represent real
medication use?’

During the phone call, the student had immediate access to the
EIMD data and compared the data from the research database
with the information reported by the patient (and registered in
the patient self-reported database). Any discrepancies were
directly discussed with the patient and registered.

Usability and Acceptability of the Patient Electronic
Inhalation Monitoring Device: Proceduresand
M easures

To evaluate patients usability, patients received two
guestionnaires at the end of the study, including the System
Usability Scale (SUS), which is a validated instrument for
evaluating the usability of awide range of productsand services
[33,34]. The SUS score can range from 0 to 100. For products
with a score less than 70, improvement options should be
considered [34].

The second questionnaire addressed the experiences and
acceptability of the program and the expectations on the
pharmacists’ role in counselling. This part consisted of 12
statements, formulated positively or negatively, measured on a
5-point Likert Scale (1=strongly disagree, 5=strongly agree),
followed by 3 multiple-choice questions regarding the frequency
of using the app and whether the patient would like to continue
the program and by 4 open questions on advantages,
disadvantages, and targets for improvements.

Data Analysis

The main outcome measure was the positive predictive value
(PPV), calculated as (the number of correctly registered doses
according to the patient self-reported database and registered
database)/(the total number of registered doses [true and false
positives])* 100. Results of the questionnaires were analyzed
using descriptive statistics. Responses to the open questions
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were coded and summarized for patients' opinions, wishes, and
barriers encountered using the EIMD program to identify key
topics viathe grounded theory approach [35].

Patient-specific characteristics were assessed with the scores
for the BMQ Specific and BMQ General questionnaires,
represented on a continuous scale. The BMQ necessity and
concerns scoreswere split at the scale midpoints to distinguish
between four subgroups. accepting (high necessity, low
concerns), ambivalent (high necessity, high concerns), skeptical
(low necessity, high concerns), and indifferent (low necessity,
low concerns) [36]. Refill adherence was calculated as the
proportion of days covered in the prior 12 months (dueto prior
dispensings up to 15 months).

Table 1. Patient characteristics (N=32).

Kuiperset a

Results

Patient Demographicsand Questionnaire Completion

A total of 32 patients were included by 18 students (Table 1).
In 3 pharmacies, no patients eligible and willing to participate
were available. The mean age of the included patientswas 48.1
years (range, 20-69 years), and 17 patientswere femal e (53.1%).
Medication adherence in the previous year calculated from
dispensing datawas 81.3%. Most patients used their medication
twiceaday (n=26). Three patients (9%) used an additional diary
to note their daily inhalations. Twenty-five patients (78%)
completed the questionnaires and provided individual comments
on the EIMD (Table 2 and Textbox 1).

Characteristic Value

Age (years), mean (range) 48.1 (20-69)

Female, n (%) 17 (53.1)

Number of oral corticosteroid coursesin the last year, mean (range) 0.31 (0-4)
Medication adherence in the previous year calculated from dispensing data (n=28), mean % (range) 81.32 (17.53-194.80)
BMQ? General Harm score (n=29; possible range: 4-20), mean (range) 10.21 (5-16)

BMQ General Overuse score (n=29; possible range: 4-20), mean (range) 8.04 (4-13)

BMQ Specific Necessity score (n=30; possible range: 5-25), mean (range) 17.70 (10-24)

BMQ Specific Concerns score (n=30; possible range: 5-25), mean (range) 10.97 (6-17)

3BMQ: Beliefs About Medicines Questionnaire.

Table 2. Patients' acceptability of the Electronic Inhalation Monitoring Device (EIMD) program. Vaues in italics indicate the highest percentage(s)

per statement.
Statement Disagree (score 1-2), Neutral (score 3), Agree (score 4-5),
n (%) n (%) n (%)
The EIMD programme does provide useful insightsin my medication use® 11(44) 3(12) 11(44)
The EIMD programmeis useful to me 6 (24) 8(32) 11 (44)
The EIMD programme is time-consuming 19 (76) 2(8) 4(16)
The motivational messages in the EIMD app feel positive for me 11 (44) 10 (40) 4(16)
The reminders of the EIMD programme help me to take my medicationintime 10 (40) 6 (24) 9 (36)
The EIMD programme contributes to dealing with my illness® 10(40) 5(20) 10(40)
The EIMD programme contributes to the interaction with my pharmacist 10 (40) 8(32) 7(28)
The EIMD programme hel ps establishing a habit to use my medication 11 (44) 9 (36) 5(20)
The EIMD programme gives me confidence to help manage my disease 10 (40) 9 (36) 6 (24)
The pharmacist’s monitoring of my medication use with this programme helpsme 13 (52) 6 (24) 6 (24)
to use my medication better®
When someone can monitor my medication intake, | take my medication as usual® 4(16) 3(12 18(72)
| see added value of the EIMD programme to manage my medication intake® 11 (44) 5(20) 9 (36)
| would recommend the EIMD programme to other patients 7(28) 12 (48) 6 (24)
The pharmacist can play an important role in counselling 2(8) 3(12) 20 (80)

8 tem was phrased as a negative statement.
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Textbox 1. Selection of patients’ free-text comments about the Electronic Inhalation Monitoring Device program. Values in brackets represent gender
and age of the participants (eg, F24=female, 24 years).

Technical functionalities:
If the app synchronises the data, this may take a long time (maybe this can be improved). In the end, the registration
of my puffs did not go well. [F24]
Until now, the app missed three inhalation registrations in the morning. | clicked twice within a minute, but only one
[inhalation] was registered. [M52]

Patient-technology interaction:
Not all inhalationswere registered [in the app on my mobile phone], so | inhal ed again and used too much medication.
[F45]

The app is not always working. If medication istaken, thisis not always measured. Even if the medication has already
been taken (before thetime set), still a reminder was sent. The app does not provideinsight into whether the medication
has been taken in the right way. [F20]

The alarmyou can set will never go off. So you have no reminder. [F45]

The Turbu+ did not register when the app was [physically] not around, and it was therefore not possible to register
2 inhalationsin 1 day. [M55]

The notifications did not work with my Galaxy s7 Edge. [M57]
Patients’ opinions and acceptability of the program:
Regarding the device/app:
The device itself feels rather rickety. The two parts did not really fit together. [M51]

Theidea is good, | also see the commercial need, but think about the return for the patient. Information in the app
for how many days medication is still available in the inhaler, would be such convenient return for the patient. For
example, before he goes on holiday, he knows if there are extra medicines needed. [M55]

| feel that tracking medication use can be useful for many patients. However, it remains very difficult, because the
connection of the device and the app is not clear. As a result, it [medication use] is registered at some time, but not
on other times, for unclear reasons. Wth this, possible useful options of the app will immediately disappear. [M43]

Regarding reminders:
If you are not adherent, the Turbu+ can be convenient as a reminder for using the medication. [F39]
[Useful] when you forget [ medication intake] (but | never forget this). [M42]

| personally liked the reminders, and it was also very pleasant that | could monitor myself whether | had taken it or
not! [F24]

| would like to modify the app myself for what | agreed on with my doctor (about minimum and maximum use per
day). [F47]
[1 would prefer] a clearer reminder sound signal. [V56]
Regarding motivational messages:
The tone of the written messages deserves carefulness: the patient is the boss, the app only gives advice. [F47]
Regarding attitude to electronic monitoring:
| would only use the app if only | can see it [the data]. Watching by pharmacist should not be the default for each
patient. [F47]
| amintrinsically motivated to use my medication and do not really need an app for that. [M55]

Oncetheroutineistheretotake aninhalationtwice aday, it haslittle added value for the users. It givestheimpression
that it is only useful for the pharmacist and the manufacturer to collect Big Data. [M55]

| always take my medication when brushing my teeth. So there was no need for help with theintake. In addition, | am
ableto feel when | have to use my medication more often, according to my needs. | think that the app can help people
who have difficulties with this. [M 28]

[An advantage is] to check when | am not sure about forgotten medicines. Insights into patterns in periods when |
have more symptoms help me to anticipate. [F48]

Thirty patients (94%) completed the BMQ Genera and Specific  medication: 4 patients were ambivalent and 7 were indifferent.
guestionnaires at the start of the study. The majority of them No patients were classified as skeptical.
could be classified as acceptant (n=19) regarding their inhalation
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Accuracy and Patient-Reported Use of the Electronic
Inhalation Monitoring Device

Of the 32 patients, 28 completed all 6 phone calls. Overdl, the
18 students verified 932 medication doses (mean=29.1 doses
verified per patient; range=3-88). A total of 796 dosesregistered
in the research database matched patient-reported inhalations
captured in the patient self-reported database (true-positive,
85.41%). In addition, 33 inhalations were registered in the
research database that did not match the actual drug intake, as
reported by the patients in the patient self-reported database
(false-positive, 3.5%). Further, 22 patients reported an average
of 4.7 inhalations (range, 1-20) that were not recorded in the
research database, accounting for a total of 103 inhalations
(false-negative, 11.1%).

Information on registration of 6 of the 32 devices was in full
agreement with the patient-reported inhalations. The PPV of
al registrations in the research database was 96.0%.Some
patients reported technical problemswith EIMD datarecording
and synchronization of the EIMD datawith their mobile phone.
Delayed data synchronization resulted in two patients taking
more medication than prescribed under the assumption that they
had forgotten their dose.

Usability and Acceptability of the Electronic Inhalation
Monitoring Device

The majority of patientsindicated that the app was easy to use
and not unnecessarily complex; the mean SUS score was 68.9
(SD 11.34; range, 52.5-90).

In the acceptability questionnaire, patients rated the EIMD
generaly as useful (76% neutral or agree) and 84% rated the
EIMD program as not time-consuming (Table 2). With regard
to recommending the EIMD to other patients, the mgjority rated
thisitem as neutral (n=12, 48%). In addition, 80% of the patients
indicated that they were not willing (n=15) or uncertain
(“maybe,” n=5) about continuing the program themselves, and
70% (n=14) of these patients reported that they had only
participated in this study because they wanted to help the
students fulfil their assignment and facilitate the research. The
five patientswho were positive about continuation reported that
they participated mainly to gain personal insight into their
inhalation patterns. The patients generally felt positive about
the pharmacists’ rolein counselling.

Written feedback on the advantages, disadvantages, and targets
for improvements was provided by 25 patients. This feedback
was clustered into four themes: EIMD functionality, reminders,
motivational messages, and attitude toward electronic
monitoring (Textbox 1).

Some of the previously mentioned technical issues reported by
some patients resulted in a level of frustration or confusion
because of missed or unnecessary reminders due to missing
data, which impacted their acceptance of the app (Textbox 1).
The reminders and motivational messages were appreciated by
9 and 4 patients, respectively. Several patients suggested more
individualization of the settingsin the app, such asinclusion of
a personal choice to share data with a specific heath care
provider and management of their dose regimen settings.
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Discussion

Principal Findings
In this study, we found an acceptable PPV: 96.0% of the
registered doses represented patient-reported drug intake.
However, we found a high number of fase-negative
registrations: 11.1% of patient-reported inhalations were not
recorded by the EIMD.

These unrecorded patient-reported inhal ations could have been
theresult of anumber of factors, either technical or user-related
issues, that should be discussed. Although in earlier studies,
loss of dataor missing datawere associated with technical issues
such asbattery drain, thiswas not likely to have occurred during
the short duration of our study [7,24,26]. The high number of
false-negative registrations could possibly be the result of
overreporting by the patients or suboptimal use of the device
(eg, Bluetooth not activated, EIMD not paired to the phone, or
EIMD not within a 5-meter distance from the phone during
inhaler actuation). Assessment of user experience reveal ed that
the written instruction did not contain detailed information about
the data synchronization protocol, which, combined with
instructions at enrolment, may have led to some of the reported
observations. In earlier research with the same EIMD, the
researchers had presumed the possibility of false-negative as
well as false-positive registrations, but they were unable to
verify the registrations by patients’ actua inhaations or the
data on user interaction with the system to interpret their
findings [15].

Thisstudy demonstrated the importance of validating medication
adherence datain real-world settings. Patients’ interaction with
the device is critical for objective measurement of medication
adherence in research and clinical settings. We emphasized on
the importance of evaluating technical performance to identify
technical/user issues and stressed the need of eval uating usability
and acceptability across multiple components of the EIMD.

Previous studies on EIMD performance focused on accuracy
and reliability in laboratory settings and lacked data collected
in a red-life setting where patients interact with the EIMD.
Furthermore, previous studies did not access patient
acceptability and user experience [7,20,23,24,26,37,38], both
of which are essential for successful implementation and
sustained use in daily practice [39]. This is the first study to
demonstrate theimportance of evaluating and validating EIMDs
inareal-world setting. The accuracy of inhal ation measurement
is essential from not only a research point of view, but aso a
clinical perspective, as false-negative registrations lead to
unnecessary signals and reminder messages. Furthermore, it
falsely reports patients as nonadherent, and this could lead to
underestimation of adherence, incorrect clinica decision
making, and overuse of medication when patients assume to
have forgotten their dose.

Patient Experiencesand Acceptability of theElectronic
Inhalation Monitoring Device
Our findings on acceptability and user experiences further

underline the importance of evaluating EIMDs on acceptahility,
preferably early in the implementation process. There is a
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growing body of evidence on electronic health apps, in general,
that do not perform as expected in clinical practice, becausethe
app turns out to be unacceptable or does not fit the users’ needs
[40-43]. Although patients indicated that the app was easy to
use and not complex, the majority did not intend to use the app
in the future, apparently because there was no clear personal
need to use the EIMD. They were primarily motivated to use
the EIMD to facilitate the research rather than having anintrinsic
motivation to gain personal insightsinto their inhal ation patterns,
and their medication adherence in the previous year calculated
from dispensing data was already high. Patients with intrinsic
motivation to improve their disease management (eg, based on
low adherence or impaired disease control) would possibly
benefit morefrom the EIMD. Therefore, understanding different
types of patient segments is important to succeed in the
implementation; the EIMD needs to match with the patient
profile (eg, adherence and asthma control), needs, and
preferences. In addition, the fact that the majority of patients
did not intend to continue with the EIMD may have been the
result of a suboptimal technical performance, for example, loss
or troubles with the Bluetooth connection, which was regularly
experienced; delay in the synchronization of datafromthe EIMD
to the mobile app; and inhalations taken just before midnight
not visible on the intended day. These technicalities can
probably easily be improved and thereby increase the chance
of acceptance and successful implementation. Moreover, health
care providers and patients would benefit from further
development of the EIMD, so that it can not only detect inhaler
actuation, but also check the inhalation quality, breath force,
and inhalation technique.

Our findings emphasized the need for clear patient selection
and a more individualized, tailored device. In this study, half
of the people found the reminders helpful in taking the
medication on time, while the other half found them useless.
We found similar resultsfor the motivational messages. Hence,
when designing a self-management intervention containing
multiple self-management strategies (ie, motivational messaging,
reminders, and audio-visual behaviora feedback), it isimportant
to critically review each component on usability separately and
preferably tailor the intervention to the needs of the patient.

Strengths and Limitations

This study has some limitations. First, the actual inhalations
were self-reported by the patients, which could have led to bias
by overreporting actual use (and thus aso an overestimation of
unrecorded actuations), as patients might tend to provide socialy
desirable answers. However, as a 24-hour patient observation
was not feasible, this was the best way to collect data on
patients actual drug intake within this setting. To prevent
socially desirable answers, patientswereinstructed at theintake
that this study was on verifying the registrations of the EIMD
rather than their medication use or adherence, and during the
phone calls, the students asked open questions. Additionally,
patients were questioned about their actual inhalation mainly
at the same and previous days, with amaximum of 5 daysprior.
Thus, the phone calls for data evaluation focused on the most
recent momentsof drug intakein order to reduce possiblerecall
bias. In further analysis regarding the possible impact of recall
bias, we did not observe any differences between measurements

http://www.jmir.org/2019/5/€13551/
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on day 5 and those on the earlier days, or between different age
groups (data not shown). As earlier studies have shown that
thereis considerable variation in the accuracy of diariesto note
medication intake [44], the use of a diary was nhot mandatory.
As patients frequently reported technical issues as a possible
explanation for both missing and extra registered inhalations,
we do not expect much bias from this setting.

Second, all pharmacies were related to the master’s education
program of pharmacy from the University of Leiden. Datawere
collected in different pharmacies and by different students, to
prevent bias from specific settings. However, such bias could
not be fully excluded. Although the students were not yet
registered health care providers, they were quite motivated and
technically skillful. The students sel ected a convenience sample
of patients, although it seemed difficult to find patients with the
origina inhalation medication that was fit for the EIMD; in
some pharmacies, no patients could be selected at all. Third,
the short inclusion time of this study, due to the internship
period, could have led to selection of patients who were more
willing to help the students with their task rather than being
interested in their own medication performance or adherence.
This was reflected in patients' individual comments: They
regularly indicated that the program could be especially useful
for other patients, but that it was of little value to them. Some
patients reported that they did not need “help with the
inhalation” or “an app for taking the medication.” With amean
medication adherence of >80%, this seems to be a group with
relatively high adherence and could indicate selection bias of
the more adherent patients, for which the device may be less
useful. Further research is needed on how health care providers
should preselect patients for an EIMD on the basis of their
experiences.

A strength of this study was the intensive follow-up from
students, with more than 900 validated measurements. Although
the number of included patientswas limited, the number of drug
intake comparisons was sufficient to detect omissions in the
recorded actuations. However, the small population may have
affected the representativeness of the results of the acceptability
guestionnaire. The statements in this questionnaire were
formulated positively or negatively to reduce the risk of
positively biased answers. This questionnaire was adapted to
this specific EIMD and not validated beforehand. As a
conseguence, some patients might have experienced difficulties
in comprehending the language used or the variety in both
positively and negatively formulated questions.

Implications for the Future

It isrecommended that the discussed technical issues should be
further elucidated and solved before using EIMD data as an
obj ective adherence measurement, and medication overuse may
also be of interest. In order to fully benefit from the EIMD and
guarantee reliability and validity, an EIMD should be validated
in a setting where the users interact with the system and can
encounter technical or user issues. Furthermore, EIMDs and
the accompanying self-management program should be
evaluated on usability in daily practice. This study provided an
example of how to do this. Validation of EIMDs in real-world
settingsislikely toimprove usability in daily practice; the EIMD
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should be easy to use and measure all actuations correctly, even
when the patient is not technically skilled. Future research
should pay sufficient attention to different types of patient
segments, as the EIMD needs to match with the patient profile
(eg, adherence and asthma control), needs, and preferences.

Conclusions

Comparison of EIMD data with patient-reported inhalations
showed that EIM D registrations represented patient inhal ations

Kuiperset a

registrations were likely to underreport actual drug intake by
11%. Technical improvements should address the Bluetooth
connection and data synchronization. Additionally, patient
characteristics contribute to the validity of EIMD measurements,
and larger sample sizes are needed to explore their influence.
For the acceptance of a self-management program with an
EIMD, patientswho benefit from self-monitoring and reminders
should be targeted by tailoring the possibilities to the needs of
theindividual user.

to an acceptable degree, with a PPV of 96%, but these

Acknowledgments

We thank al the patients, students, and community pharmacists who participated in this study. This work was supported by
unconditional research grants from the Royal Dutch Association for the advancement of pharmacy (grant number PR16_1410)
and AstraZeneca (grant number 2603949255).

Conflicts of Interest
None declared.

References

1.  World Hedth Organization. AsthmaURL: https.//www.who.int/en/news-room/fact-sheets/detail/asthma [ accessed 2019-01-30]
[WebCite Cache ID 750PywQIX]

2. TheGlobal Initiative for Chronic Obstructive Lung Disease. 2018 Global Strategy for Diagnosis, Management, and
Prevention of COPD URL.: https://goldcopd.org/gold-reports-2017/ [accessed 2019-01-30] [WebCite Cache D 750QX0EUM]

3. 2018 Global Strategy for Asthma Management and Prevention. Global Initiative for Asthma URL : https.//ginasthma.org/
gina-reports/ [accessed 2019-01-30] [WebCite Cache ID 750QTDICX]

4.  MeévinE, CushingA, Tam A, KitadaR, Manice M. Assessing the use of BreatheSmart® mobile technology in adult patients
with asthma: aremote observational study. BMJ Open Respir Res 2017;4(1):e000204 [FREE Full text] [doi:
10.1136/bmjresp-2017-000204] [Medline: 29071077]

5. HuckvaeK, Morrison C, Ouyang J, Ghaghda A, Car J. The evolution of mobile apps for asthma: an updated systematic
assessment of content and tools. BMC Med 2015;13:58 [FREE Full text] [doi: 10.1186/s12916-015-0303-x] [Medline:
25857569]

6. MarcanoBelisario JS, Huckvale K, Greenfield G, Car J, Gunn LH. Smartphone and tabl et self management appsfor asthma.
Cochrane Database Syst Rev 2013;11:CD010013. [doi: 10.1002/14651858.CD010013.pub2] [Medline: 24282112]

7.  Foster MM, Smith L, Usherwood T, Sawyer SM, Rand CS, Reddel HK. The reliability and patient acceptability of the
SmartTrack device: a new electronic monitor and reminder device for metered dose inhalers. J Asthma 2012
Aug;49(6):657-662. [doi: 10.3109/02770903.2012.684253] [Medline: 22741746]

8.  Silow-Carroll S, Smith B. Clinical management apps: creating partnerships between providers and patients. | ssue Brief
(Commonw Fund) 2013 Nov;30:1-10. [Medline: 24312989]

9. Roberts CA, Geryk LL, Sage AJ, Sleath BL, Tate DF, Carpenter DM. Adolescent, caregiver, and friend preferences for
integrating social support and communication features into an asthma self-management app. J Asthma 2016
Nov;53(9):948-954. [doi: 10.3109/02770903.2016.1171339] [Medline: 27116540]

10. Chan AHY, Stewart AW, Harrison J, Camargo CA, Black PN, Mitchell EA. The effect of an electronic monitoring device
with audiovisual reminder function on adherence to inhaled corticosteroids and school attendance in children with asthma:
arandomised controlled trial. Lancet Respir Med 2015 Mar;3(3):210-219. [doi: 10.1016/S2213-2600(15)00008-9] [Medline:
25617215]

11. Chan AHY, Stewart AW, Harrison J, Black PN, Mitchell EA, Foster JM. Electronic adherence monitoring device performance
and patient acceptability: arandomized control trial. Expert Rev Med Devices 2017 May;14(5):401-411. [doi:
10.1080/17434440.2017.1322505] [Medline: 28434269]

12. CharlesT, Quinn D, Weatherall M, Aldington S, Beasley R, Holt S. An audiovisual reminder function improves adherence
with inhaled corticosteroid therapy in asthma. J Allergy Clin Immunol 2007 Apr;119(4):811-816. [doi:
10.1016/j.jaci.2006.11.700] [Medline: 17320942]

13. Foster M, Usherwood T, Smith L, Sawyer SM, Xuan W, Rand CS, et al. Inhaler reminders improve adherence with
controller treatment in primary care patients with asthma. J Allergy Clin Immunol 2014 Dec;134(6):1260-1268.€3. [doi:
10.1016/j.jaci.2014.05.041] [Medline: 25062783]

14. Burgess SW, Sly PD, Devadason SG. Providing feedback on adherenceincreases use of preventive medication by asthmatic
children. J Asthma 2010 Mar;47(2):198-201 [FREE Full text] [doi: 10.3109/02770900903483840] [Medline: 20170329]

hittp:/Awww.j mir.org/2019/5/e13551/ JMed Internet Res 2019 | vol. 21 | iss. 5 | €13551 | p. 8

(page number not for citation purposes)


https://www.who.int/en/news-room/fact-sheets/detail/asthma
http://www.webcitation.org/

                                            75oPywQIx
https://goldcopd.org/gold-reports-2017/
http://www.webcitation.org/

                                            75oQX0EUM
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
http://www.webcitation.org/

                                            75oQTDICX
http://europepmc.org/abstract/MED/29071077
http://dx.doi.org/10.1136/bmjresp-2017-000204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29071077&dopt=Abstract
http://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0303-x
http://dx.doi.org/10.1186/s12916-015-0303-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25857569&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD010013.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24282112&dopt=Abstract
http://dx.doi.org/10.3109/02770903.2012.684253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22741746&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24312989&dopt=Abstract
http://dx.doi.org/10.3109/02770903.2016.1171339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27116540&dopt=Abstract
http://dx.doi.org/10.1016/S2213-2600(15)00008-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25617215&dopt=Abstract
http://dx.doi.org/10.1080/17434440.2017.1322505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28434269&dopt=Abstract
http://dx.doi.org/10.1016/j.jaci.2006.11.700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17320942&dopt=Abstract
http://dx.doi.org/10.1016/j.jaci.2014.05.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25062783&dopt=Abstract
http://paperpile.com/b/hu04M3/qzKa
http://dx.doi.org/10.3109/02770900903483840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20170329&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kuiperset a

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.
36.

37.

38.

39.

Kuipers E, Wensing M, de Smet P, Teichert M. Self-management research of asthma and good drug use (SMARAGD
study): apilot trial. Int JClin Pharm 2017 Aug;39(4):888-896 [FREE Full text] [doi: 10.1007/s11096-017-0495-6] [Medline:
28597176]

Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA
2002 Nov 20;288(19):2469-2475. [Medline: 12435261]

Riekert KA, Rand CS. Electronic Monitoring of Medication Adherence: When Is High-Tech Best? Journa of Clinical
Psychology in Medical Settings 2002 Mar;9(1):25-34 [EREE Full text] [doi: 10.1023/A:1014131928789]

Chan AHY, Harrison J, Black PN, Mitchell EA, Foster JM. Using electronic monitoring devicesto measureinhaler adherence:
apractical guidefor clinicians. JAllergy Clin Immunol Pract 2015;3(3):335-49.el. [doi: 10.1016/].jaip.2015.01.024]
[Medline: 25840665]

Chan AHY, Reddel HK, Apter A, Eakin M, Riekert K, Foster JM. Adherence monitoring and e-health: how clinicians and
researchers can use technol ogy to promote inhaler adherence for asthma. JAllergy Clin Immunol Pract 2013;1(5):446-454.
[doi: 10.1016/j.jaip.2013.06.015] [Medline: 24565615]

Simmons M S, Nides MA, Kleerup EC, Chapman KR, Milgrom H, Rand CS, et a. Validation of the Doser, a new device
for monitoring metered-dose inhaler use. J Allergy Clin Immunol 1998 Sep;102(3):409-413. [Medline: 9768581]

Farmer KC. Methods for measuring and monitoring medication regimen adherence in clinical trials and clinical practice.
Clin Ther 1999 Jun;21(6):1074-90; discussion 1073. [doi: 10.1016/S0149-2918(99)80026-5] [Medline: 10440628]
Tashkin DP. Microel ectronic adherence monitors for metered-dose inhalers: who monitors the monitors? J Allergy Clin
Immunol 1999 Jul;104(1):22-24. [Medline: 10400834]

Julius SM, Sherman JM, Hendeles L. Accuracy of three electronic monitors for metered-dose inhalers. Chest 2002
Mar;121(3):871-876. [Medline: 11888975]

Wamboldt FS, Bender BG, O'Connor SL, Gavin LA, Wamboldt MZ, Milgrom H, et al. Reliability of the model MC-311
MDI chronolog. J Allergy Clin Immunol 1999 Jul;104(1):53-57. [Medline: 10400839]

Gradinarsky L, L66f T. Inhalation Adherence Monitoring Using Smart Electronic Add-on Device - Accuracy evaluation
using simulated real -lifetest program. 2014 Presented at: 4th International Conference on Wireless Mobile Communication
and Healthcare; Nov 3-5, 2014; Athens, Greece URL : https.//ieeexplore.ieee.org/document/7015930

Brueckner JW, Marshik P, Sherman J, Hendeles L. Reliability of the Medtrac MDI Chronolog. J Allergy Clin Immunol
1997 Oct;100(4):488-491. [Medline: 9338542]

Hardiker NR, Grant MJ. Factorsthat influence public engagement with eHealth: A literaturereview. Int JMed Inform 2011
Jan;80(1):1-12. [doi: 10.1016/j.ijmedinf.2010.10.017] [Medline: 21112244]

Grol R, Wensing M. Implementatie. Effectieve verbetering van de patiéntenzorg. Maarssen: Elsevier Gezondheidszorg;
2011.

BuurmaH, Bouvy ML, De Smet PA, Floor-Schreudering A, Leufkens HG, Egberts AC. Prevalence and determinants of
pharmacy shopping behaviour. J Clin Pharm Ther 2008;33(1):17-23. [Medline: 18211612]

World Health Organization Collaborating Centre for Drug Statistics Methodology. ATC/DDD Index 2019 URL : https./
/www.whocc.no/atc_ddd index/ [accessed 2019-01-30] [WebCite Cache ID 750Qpl Xpl 8]

Horne R, Weinman J. Patients' beliefs about prescribed medicinesand their rolein adherenceto treatment in chronic physical
illness. J Psychosom Res 1999 Dec;47(6):555-567. [Medline: 10661603]

Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire: The development and evaluation of a new
method for assessing the cognitive representation of medication. Psychology & Health 1999 Jan;14(1):1-24. [doi:
10.1080/08870449908407311]

Brooke J. SUS - A quick and dirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland AL, editors.
Usability Evaluation in Industry. London: Taylor and Francis; 1996:189-194.

Bangor A, Kortum PT, Miller JT. An Empirical Evaluation of the System Usability Scale. International Journal of
Human-Computer Interaction 2008 Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]

Green J, Thorogood N. Qualitative Methods for Health Research. London: Sage Publications; 2014.

Menckeberg TT, Bouvy ML, Bracke M, Kaptein AA, Leufkens HG, Raaijmakers JA, et a. Beliefs about medicines predict
refill adherenceto inhaled corticosteroids. J Psychosom Res 2008 Jan;64(1):47-54. [doi: 10.1016/j.jpsychores.2007.07.016]
[Medline: 18157999]

Patel M, Pilcher J, Travers J, Perrin K, Shaw D, Black P, et al. Use of metered-dose inhaler electronic monitoring in a
real-world asthma randomized controlled trial. J Allergy Clin Immunol Pract 2013 Jan;1(1):83-91. [doi:
10.1016/j.jaip.2012.08.004] [Medline: 24229826]

Pilcher J, Shirtcliffe B, Patel M, McKinstry S, Cripps T, Weatherall M, et a. Three-month validation of a turbuhaler
electronic monitoring device: implications for asthma clinical trial use. BMJ Open Respir Res 2015;2(1):e000097. [doi:
10.1136/bmjresp-2015-000097] [Medline: 26629345]

De Vito Dabbs A, Myers BA, Mc Curry KR, Dunbar-Jacob J, Hawkins RP, Begey A, et al. User-centered design and
interactive health technologies for patients. Comput Inform Nurs 2009;27(3):175-183 [FREE Full text] [doi:
10.1097/NCN.0b013e31819f7c7c] [Medline: 19411947]

hittp:/Awww.j mir.org/2019/5/e13551/ JMed Internet Res 2019 | vol. 21 | iss. 5 | €13551 | p. 9

(page number not for citation purposes)


http://europepmc.org/abstract/MED/28597176
http://dx.doi.org/10.1007/s11096-017-0495-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28597176&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12435261&dopt=Abstract
https://link.springer.com/content/pdf/10.1023%2FA%3A1014131928789.pdf
http://dx.doi.org/10.1023/A:1014131928789
http://dx.doi.org/10.1016/j.jaip.2015.01.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25840665&dopt=Abstract
http://dx.doi.org/10.1016/j.jaip.2013.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24565615&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9768581&dopt=Abstract
http://dx.doi.org/10.1016/S0149-2918(99)80026-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10440628&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10400834&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11888975&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10400839&dopt=Abstract
https://ieeexplore.ieee.org/document/7015930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9338542&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21112244&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18211612&dopt=Abstract
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
http://www.webcitation.org/

                                            75oQplXpI8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10661603&dopt=Abstract
http://dx.doi.org/10.1080/08870449908407311
http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1016/j.jpsychores.2007.07.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18157999&dopt=Abstract
http://dx.doi.org/10.1016/j.jaip.2012.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24229826&dopt=Abstract
http://dx.doi.org/10.1136/bmjresp-2015-000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26629345&dopt=Abstract
http://europepmc.org/abstract/MED/19411947
http://dx.doi.org/10.1097/NCN.0b013e31819f7c7c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411947&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kuiperset a

40.

41.

42.

43.

Nijland N, van Gemert-Pijnen J, Boer H, Steehouder MF, Seydel ER. Evaluation of internet-based technol ogy for supporting
self-care: problems encountered by patients and caregivers when using self-care applications. J Med Internet Res
2008;10(2):e13 [FREE Full text] [doi: 10.2196/jmir.957] [Medline: 18487137]

Kelders SM, van Gemert-Pijnen JE, Werkman A, Seydel ER. Evaluation of aweb-based lifestyle coach designed to maintain
a healthy bodyweight. J Telemed Telecare 2010;16(1):3-7. [doi: 10.1258/jtt.2009.001003] [Medline: 20086259]
Verhoeven F, Tanja-DijkstraK, Nijland N, Eysenbach G, van Gemert-Pijnen L. Asynchronous and synchronous
teleconsultation for diabetes care: asystematic literature review. J Diabetes Sci Technol 2010 May 01;4(3):666-684 [FREE
Full text] [doi: 10.1177/193229681000400323] [Medline: 20513335]

van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et a. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res 2011;13(4):e111 [FREE Full text] [doi:
10.2196/jmir.1672] [Medline: 22155738]

Jentzsch NS, Camargos PAM. Methods of ng adherence to inhal ed corticosteroid therapy in children and adol escents:
adherence rates and their implications for clinical practice. J Bras Pneumol 2008 Aug;34(8):614-621 [FREE Full text]
[Medline: 18797747]

Abbreviations

BMQ: Beliefs About Medicines Questionnaire
EIMD: electronic inhalation monitoring device
PPV: positive predictive value

SUS: System Usability Scale

Edited by G Eysenbach; submitted 30.01.19; peer-reviewed by J Boven, C Li; comments to author 28.02.19; revised version received
20.03.19; accepted 23.03.19; published 30.05.19

Please cite as:

Kuipers E, Poot CC, Wensing M, Chavannes NH, de Smet PAGM, Teichert M

Sdlf-Management Maintenance I nhalation Therapy With eHealth (SELFIE): Observational Sudy on the Use of an Electronic Monitoring
Devicein Respiratory Patient Care and Research

J Med Internet Res 2019;21(5):€13551

URL: http://mmw.jmir.org/2019/5/€13551/

doi: 10.2196/13551

PMID: 31148542

©Esther Kuipers, Charlotte C Poot, Michel Wensing, Niels H Chavannes, Peter AGM de Smet, Martina Teichert. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 30.05.2019. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journa of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

hittp:/Awww.j mir.org/2019/5/e13551/ JMed Internet Res 2019 | vol. 21 | iss. 5| €13551 | p. 10

RenderX

(page number not for citation purposes)


http://www.jmir.org/2008/2/e13/
http://dx.doi.org/10.2196/jmir.957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18487137&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2009.001003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20086259&dopt=Abstract
http://europepmc.org/abstract/MED/20513335
http://europepmc.org/abstract/MED/20513335
http://dx.doi.org/10.1177/193229681000400323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20513335&dopt=Abstract
http://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1806-37132008000800012&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18797747&dopt=Abstract
http://www.jmir.org/2019/5/e13551/
http://dx.doi.org/10.2196/13551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31148542&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

