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Abstract

Purpose: Spontaneous notification systems are essential in a post-marketing safety
context. However, using this method, only about 6% of all adverse drug reactions are
notified. To overcome this sub-notification problem, new methods need to be devel-
oped to improve and facilitate reporting. In this sense, the use of digital media, mainly
medical mobile apps, has been presented as a powerful tool, including in pharmacov-
igilance. We performed a scope review to identify the available apps used to report
adverse drug reactions around the world to eventually identify which of them best
fits the Portuguese pharmacovigilance system.

Methods: The Joanna Briggs Institute guidelines were considered, and the frame-
work proposed by Arksey and O'Malley was followed. All the articles that met the
inclusion criteria were examined for this review. When the studies lacked in informa-
tion about the app, Google was used to enhance the search for further information.
Results: A final number of five articles were included, revealing seven implemented
mobile apps for adverse drug reaction report (Medwatcher, VigiBIP, Yellow Card, Bij-
werking, Halmed, Med Safety, and ADR PvPi). These apps are implemented in the
United States, France, United Kingdom, The Netherlands, Croatia, and India. Med
Safety was originally designed for multi-region use and is implemented in 12 low and
middle-income countries.

Conclusions: Apps are easier and faster ways of reporting. The integration of such a
tool in an individual care plan would allow to maintain a complete electronic health
record at both individual and global level and could be eventually seen as an added
value by both health professionals and patients. A country specific version of the
WEB-RADR could be a solution for Portugal, in order to introduce an app to notify
ADRs at the national level, due previous successful experiences in European

countries.
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Key Points

care plan.

1 | INTRODUCTION
Pharmacovigilance is a major activity in the health area, with strong
social and commercial implications, and aims to continuously monitor
the benefit/risk ratio of a drug, improving the safety and quality of life
of their users.® Spontaneous notification presents as the main meth-
odology of routine pharmacovigilance, exhibiting several advantages,
such as coverage of entire population and drug life cycle, simplicity,
and cost-effectiveness of the method.?3

Health professionals, marketing authorization holders and general
population have the possibility of reporting using platforms designed
for this purpose: notification forms, telephone call, electronic mail,
online platforms, and mobile applications for quick adverse drug reac-
tions (ADRs) notification.*®

ADR must be understood in its broadest concept, including harm-
ful effects resulting from therapeutic errors, off-label, abusive or
improper drug utilization and from its ineffectiveness.>” The conse-
guences of its occurrence have a strong clinical and economic impact,
resulting in increased morbidity and mortality, longer hospital stays
and increased costs. It is estimated that ADR account for more than
5% of hospital admissions, causing around 200 000 deaths per year in
Europe. In Portugal, between 2000 and 2015, approximately 14.9 mil-
lion admissions were registered in public hospitals, of which 5.8%
were associated with at least one ADR, resulting in a total of 12.6 mil-
lion days of hospitalization and a cost of 4.8 billion euros.’ It is essen-
tial to notify, not only to avoid drug exposure of new susceptible
individuals, but also to promote greater knowledge between pharma-
cological effects and individual susceptibilities.*°

The main limitation regarding the effectiveness of the spontaneous
notification system is the underreporting of suspected ADR. It is esti-
mated that only 6% of all ADR that occur are notified.'**? The main
reasons for underreporting are already identified.® The participation of
health professionals in ADR identification and notification programs,
the improvement of education in pharmacovigilance in teaching, the
reduction of the individual care workload of health seems essential to
allocate time and availability for ADR notification.**

Once it is demonstrated that the biggest failure in the system is
associated with reasons such as lack of time to notify, it is urgent to
consider the simplification of processes and the deconstruction of the

bureaucracy associated with ADR notification.**®

e We found seven mobile apps for adverse drug reaction report (Medwatcher, VigiBIP, Yellow
Card, Bijwerking, Halmed, Med Safety, and ADR PvPi) implemented worldwide.

e Apps are easier and faster ways of reporting and allow a both-way communication between
authorities and notifiers revealing to be solid complementary instruments to the traditional
channels of notification. They contribute to increase the number of reports as well as to
improve the identification of safety signals.

o In the future, the use of the app as a personalized intervention method may also be consid-

ered. For instance, this instrument has the potential scope of integration in an individual

A notification by the user is understood as one that is made on its
own initiative, after suspicion of an ADR, without the prior interpreta-
tion of any healthcare professional.'® With the reform of the
European pharmacovigilance system (2012), citizens were given the
right to report suspected ADR directly to regulatory agencies. In
2015, in the EU, 48782 notifications were registered from users, with
an increase of 30% in the subsequent year.2” The reasons for notifica-
tion have been identified and include altruistic motivations, personal
reasons, ADR seriousness and the dissatisfaction of the user related
to the healthcare provided.*®

Studies refer that users are very relevant in identifying ADR in
specific populations or types of medications and so, they are also sig-
nificant in detecting risk signals.?” For the reasons mentioned, there is
a growing interest in their involvement in pharmacovigilance sys-
tems.'” However, the problem of underreporting also applies when
the notifier is the user. Awareness campaigns about notification and
respective explanation of the process and its importance are scarce.?°
Most citizens remain ignorant or confused towards notification
systems.21

Information systems stand out for their great potential in reduc-
ing costs, improving the quality of healthcare structures and maximize
the coordination of healthcare.?? A good clinical information system is
guided for contributing positively to user safety, for greater efficiency
in the workflow and for guiding decision-making by suitable entities.?®
With the growing dispersion of information and communication tech-
nologies, several health sectors, including the pharmacovigilance one,
have acquired information systems to support them. In Portugal, the
first Portal RAM, an online electronic platform for inserting ADR cases
developed by national authority (INFARMED, I.P.), went into produc-
tion at the end of June 2012, and was later replaced by a second ver-
sion that ran from November 2017 and remains active today.?*

Mobile applications (apps) emerge to provide greater quality to
health services and have been designed to improve disease man-
agement and/or increasing healthy behaviors (e.g., promoting
ADR reporting). As for portable equipment that can have an appli-
cation installed (e.g., smartphones, tablets, or smartwatches),
these contain a wide range of communication functions, such as
text messages, photos, videos, telephone, and internet access,
which makes them indisputably useful tools. In addition to tech-

nique, popularity and mobility factors add tremendous value to
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these technologies in supporting the delivery of healthcare ser-
vices.?® As currently 3.5 billion (44.9%) of people in the world use a
smartphone, and the mobile technology sector is the fastest grow-
ing sector, apps prove to be extremely advantageous for optimizing
healthcare services.?

Thus, apps are emerging for fast notification of ADR. They are
intended to combat underreporting and aim at improving public
health and safety. They make use of the technological developments
mentioned above: they allow connecting communication between
notifiers and receiving entities; they take advantage of resources
that are beneficial to the quality of notifications, such as the photog-
raphy tool to illustrate any visible ADR; they reach a large number of
users and they are strategically positioned in relation to the time fac-
tor, as they allow notification at any time of the day, as long as the
user is accompanied by the mobile device, and significantly reduce
the time required for the act of notification. None of them exist in
Portugal.

The main objective of this research is to perform a scope review
to identify the available apps used to report ADR around the world to
eventually identify which of them best fits the reality and the Portu-

guese pharmacovigilance system.

2 | METHODS

A scoping review methodology was selected to broadly and rapidly
map out the available apps used to report ADR. Scoping reviews can
be particularly useful tools for examine broad and emerging areas,
such as the use of digital media for pharmacovigilance purposes, to
identify gaps on the evidence, clarify key concepts and provide a wide
overview of a topic. For this study, the Joanna Briggs Institute guide-
lines®” were considered and the framework proposed by Arksey and

O'Malley?® was followed.

2.1 | Step 1:identifying research questions
This study aims at identifying existing apps for adverse drug reaction
reporting. Hence, the subsequent questions were made through the

process:

e What are the implemented mobile apps for adverse drug report?
e Where are they used?

e Are they contributing to minimize the sub notification issue?

2.2 | Step 2:identifying relevant studies

A preliminary background search was carried out to identify pertinent
keywords. These keywords were then used to search for relevant
studies using three search engines (PubMed, Google Scholar, and
Google Search). Both peer-reviewed and grey literature were consid-

ered, whereas boolean operators (OR, AND) were applied throughout

TABLE 1 Keywords used for the identification

z
°

Keywords

“mobile phone”

“app”

“adverse drug reaction”

“report”

“pharmacovigilance”

“mobile phone” OR “app”

“mobile phone” OR “report”

“adverse drug reaction” OR “pharmacovigilance”
Combination of 1 AND 3

Combination of 1 AND 3 AND 4
Combination of 1 AND 3 AND 4 AND 5

NV 0O N O DAWN e

RS
= O

the searching process (Table 1). The literature search was performed
in June-July 2021.

2.3 | Step 3:study selection

Inclusion and exclusion criteria were defined for the selection of the
studies. Studies were selected considering the following sequence:
removal of duplicates, review of title and abstract, and full text
review.

After removing duplicates from the different databases, two
review authors individually screened the titles and abstracts of all
records identified to remove articles that were clearly irrelevant; full
text articles were then examined to determine whether they met the
criteria for inclusion in the review. Any divergences were resolved
through discussion or the intervention of a third review author.

Moreover, only literature published in English was considered and
studies were filtered based on being published between 2007 and
2021. Mobile apps have surged mainly from 2007, as this year marks
the launch of the first iPhone generation. Also, in 2008, smartphones
running the Google Android operating system were introduced.

Exclusion criteria for the scoping review were: (1) articles that
reviewed traditional ways of ADR reporting; (2) articles that men-
tioned mobile apps, even in pharmacovigilance context, but whose
purpose was not ADR reporting; (3) articles that only mentioned
mobile apps for ADR reporting but do not explain their functionalities,
characteristics; or results and (4) articles that reviewed proof-of-

concept tests or prototype approaches to app development.

2.4 | Step 4: charting the data

To identify the existing mobile apps for ADR report and their impor-
tance, the selected studies (Step 3) were uploaded to an excel spread-
sheet. Data were extracted on: author, year of publication, type of
literature (peer reviewed or grey literature), name of the app, geo-

graphical area (countries or regions where the app was implemented),
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FIGURE 1 PRISMA flow diagram of
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level of implementation (if the app was created to cover a region, a
country, or more areas), operating system (iOS, Android, or both), type
of owner, target audience (health care professionals, public in general,

or both), type of features used and significant findings.

2.5 | Step 5: collating, summarizing, and reporting
the results

For each study, the previous data referred in Step 4 were first
included in a table. The information concerning each app was then
summarized according to their similarities and differences. The fea-
tures on each app and the data regarding the way they are contribut-
ing for an enhanced national/regional pharmacovigilance system was

finally considered.

3 | RESULTS
A total of 91 studies were identified. After duplicates removal,
84 were screened based on title and abstract, of which 19 remained
for full-text review. A final number of five articles were included in
this systematic scoping review, revealing seven implemented mobile
apps for ADR report (Figure 1). The articles were published in 2012
(h=1),2017 (n = 1), 2018 (n = 1), and 2019 (n = 2).

Launched in September 2012 (Figure 2) and created by Boston
Children's Hospital and Harvard Medical School in collaboration with

the Food and Drug Administration (FDA), MedWatcher was the first
mobile app enabling users to submit voluntary reports of ADR to the
FDA. It was developed to overcome the limitations of traditional
reporting methods (e-mail, phone or online), since it allows an easier
and faster report.%° During the reporting process, the app allows users
to upload images. Additionally, users can customize the app based on
their pathology and medical products of interest and thus choose to
automatically receive information about them. The app is available in
English, in both iOS and Android operating systems and is free.31-32
MedWatcher can be used by healthcare professionals and consumers
(e.g., patients, caregivers).

The French app VigiBIP it was introduced in January 2015 by the
Toulouse University Pharmacovigilance Centre and promoted via
website. It is like MedWatcher in many aspects: a free mobile tool;
available in iOS and Android; and allows healthcare professionals and
public in general to report ADR and receive safety information on
drugs. The following information should be included by the users: age;
sex; history of the patient; name, dosage, and date of administration
of the drug(s); and a short history of the ADR. It also enables photo-
graphs to be uploaded.>*

A previous study®> comparing ADR reports received via VigiBIP,
between 10 January 2015 and 1 February 2017, and those received
through the classical methods suggested a particular interest in this
type of approach to consumers.

The WEB Recognising Adverse Drug Reactions (WEB-RADR) pro-
ject was launched in September 2014 with the aim of using new tech-

nologies and benefits of social media for pharmacovigilance
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WEB-RADR apps

MedWatcher Yellow Card

Halmed ADR PvPI

09/12 01/15 07/15 01/16

VigiBIP Bijwerking

05/16 06/17 09/17

06/17 (Burkina Faso)
06/17 (Zambia)
05/19 (Armenia)

Med Safety 06/19 (Ghana)

09/19 (Ethiopia)

l; 11/19 (Botswana)

12/19 (lvory Coast)

02/20 (Uganda)
04/20 (Democratic Republic of the Congo)
11/20 (Nigeria)
11/20 (Pakistan)
11/20 (Kyrgyzstan)

FIGURE 2 Mobile apps for adverse drug reaction reporting appearance timeline

purposes.®® Within this project, funded by the Innovative Medicines
Initiative (IMI), country-specific mobile apps have been launched
(Figure 2): in the United Kingdom (Yellow Card in July 2015),
Netherlands (Bijwerking in January 2016) and in Croatia (Halmed in
May 2016). All apps share similar features between them and among
those previously described (i.e., MedWatcher and VigiBIP).®” These
three WEB-RADR apps comprised more than 18 000 downloads among
them by the end of December 2017, resulting in 838 suspect ADR
reports.*® Comparing the characteristics, quality, and contribution to
safety signals of reports submitted via the WEB-RADR apps with the
classical methods, it was found that 78%-85% and 78%-98% of all
reports were considered of at least moderate quality when submitted
via the app or by classical methods, and eight potential safety signals
came from app reports, of which four turned out as issued signals.>’

A generic version of the WEB-RADR app, called Med Safety, was
rolled out in 2017, in Burkina Faso (Figure 2). It resulted from a collab-
oration between IMI, WEB-RADR, Medicines and Healthcare prod-
ucts Regulatory Agency, and the World Health Organization (WHO),
and aimed at creating a cheapest approach for ADR data collection.
Med Safety was originally designed for multi-region use and can be
thus adopted in low and middle-income countries within the WHO
Programme for International Drug Monitoring, where access to com-
puters with wired internet connections can be poor and it is sup-
planted by the prevalence of smartphones. So far, Med Safety is
already implemented in 12 countries (Figure 2): Burkina Faso, Zambia,
Armenia, Ghana, Ethiopia, Botswana, lvory Coast, Uganda, Democratic
Republic of the Congo, Nigeria, Pakistan, and Kyrgyzstan.*%41

The ADR PvPi app was launched in India in September 2017
(Figure 2). It is a free use app only available in the Android operating sys-
tem and created by the National Coordination Centre-Pharmacovigilance
Programme of India. This app, as for MedWatcher, VigiBIP and WEB-

RADR apps, allows healthcare professionals and consumers to quickly
report ADR and receive safety information on drugs.*2

Table 2 summarises the information for each app.

As it can be concluded from data presented in Table 2, all the
identified apps are quite similar in terms of characteristics: allow both
operating systems and target audiences, similar launch periods and
type of features. However, country specific versions of the WEB-
RADR app are the ones that were more frequently implemented in
different country and cultures.

4 | DISCUSSION

We identified all the apps available and used to report suspected ADR.
Moreover, it was of our concern understanding if this instrument brings
an additive value to the national pharmacovigilance systems.

Despite all the efforts that have been made to establish more
effective spontaneous notification mechanisms, underreporting of
suspected ADR remains a concern. The traditional routes of notifica-
tion can still be very demanding in terms of how much time is needed
to complete a report.*®

The results of our review study evidenced that apps are easier
and faster ways of reporting. In fact, Medwatcher proved that is pos-
sible to reduce the notification time on at least 75%, when compared
to the traditional routes. This study on Medwatcher app also found
that the received reports were classified with a high average quality,
measured by the vigiGrade completeness score (0.8 on a scale of O to
1). In order to have an accurate causality assessment, it is essential
that high-quality clinical information can be extracted from the sub-
mitted reports. Therefore, the vigiGrade completeness scale was cre-

ated to measure the amount of relevant clinically information
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received.** Regarding the WEB-RADR apps, a comparison between
the quality of the app reports and those received via traditional means
was conducted. For all countries (UK, the Netherlands, and Croatia)
the vigiGrade completeness score was high for both the app and ref-
erence report samples, but overall lower for the app samples. The pro-
portion of reports of at least moderate quality was high in both
samples (app: 78%-85%, reference: 78%-98%), for all countries.*°
This slight loss of quality in the reports received through WEB-RADR
apps may be a result of the less extensive questionnaire that is neces-
sary to complete a report. This, however, should be seen as encourag-
ing since the simplified form matches up the traditional reports in
terms of contribution to the detection of safety signals.>’

By decreasing the number of structured fields, and allowing for
more free text, apps are not only becoming faster means of report,
but also more appealing for public in general. De Vries et al conducted
a study whose results suggest that people prefer to describe the ADR
using their own words instead of having to choose a term between,
for instance, a drop-down menu.*® This mainly occurs for two rea-
sons: people can present difficulty to understand medical terms
and/or may feel that none of the terms describes exactly what they
are experiencing. These reasons can consequently cause a person to
give up on the intention to report.*

Previous studies have also demonstrated that lack of time and diffi-
culties in filling out records or forms, as well as poor access to the phar-
macovigilance system, play a key obstacle in spontaneous reporting. For
instance, it is known that physicians, because of the high workload or
because they postpone the act of reporting, choose not to report, or for-
get.47

capable of removing pressure and optimizing the time from the pharma-

Moreover, an app would be always accessible and a quick option,

covigilance professionals (i.e., healthcare professionals in general).

Even for PV teams working on ADR collecting and processing,
receiving the information through a more harmonized manner and
with practically no time gap between the moment of the report and
the moment of the information arrival to the PV Units would agile this
process for those teams, despite the goal of having more information
to deal with.

According to Fukushima et al, apps facilitates reporting through
two main factors: simplicity and quality. The simplicity was enhanced
by digital features, such as drop-down menus, a defined drug list, and
data file attachment capability. Defining mandatory reporting fields
reduced issues of missing data and increased the overall quality of
reports. However, the limited information collected by such simple
reporting apps needed to be complemented by more comprehensive
reporting afterward.*®

While use of the app to date seems modest in comparison with
other ADR-reporting modalities, it is reasonable to expect that app-
based reporting will grow in importance as a younger generation
increasingly use their mobile devices to access the Internet all around
the world. It can be expected that apps will supplement the traditional
technologies for evaluating a product's risk profile, as quality seems not
to significantly differ, but the profile of reporters and cases seem to pre-
sent some differences.®®* All the seven sins of Inman are certainly not

overcome with the use of apps, but studies point to the fact that

additional information can be obtained on drug's safety profile with the
use of such means, namely due to new reporters with different
profiles.>°

Besides the ADR-reporting component, all apps presented a safety
information-provision component as well. Before the implementation
of WEB-RADR apps, a European survey was conducted to assess the
interest of healthcare professionals and consumers in such implementa-
tion. From those taking part of the study, 61% of the healthcare profes-
sionals and 48% of the consumers were “very interested” in the app.*¢

The already implemented apps presented herein should be seen as
models for future implementations, namely for the Portuguese popula-
tion. In fact, Pierce et al published a set of 27 recommendations on app

development based on lessons from WEB-RADR project.®

Design,
country regulation on personal data and security, characteristics on the
app target group (e.g., type of reporter, health literacy level, access to
new technologies), and through what means will the app be dissemi-
nated are some important aspects that should be addressed in advance.

In the future, the use of the app as a personalized intervention
method may also be considered. For instance, this instrument has the
potential scope of integration in an individual care plan (ICP). Accord-
ing to Lopes, ICP is defined as “a person-centred tool that constitutes
a space for dialogue among all caregivers that supports and facilitates
the management of pathways and the integration of care”.”!

To establish an ICP it is necessary to have an effective electronic
health record capable of gathering essential data on each citizen and
allowing a both-way communication between healthcare professionals,
caregivers and/or patients. Thus, an app with the aforementioned features
not only could be a useful channel for consumers to receive information
and safety alerts on their medication and to report suspected ADR, but
also because it has the potential to be part of an electronic health record
equipped with artificial intelligence apt of supervised machine learning.>?

A strength of this scoping review is that it is the first review of its
type to identify and describe the apps available and used to report
ADR among the world. It is important to be able to compare them and
eventually to be able to create new ones, or to improve the existing
based on lived experiences.

Notwithstanding the value of this research, some limitations must
be acknowledged. Although this review was performed using multiple
databases and grey literature, searching other databases such as
Cochrane Library may have yielded other relevant published papers. In
addition, as this review was limited to papers published in the English, it
is possible that other potentially relevant reviews were omitted. A qual-
ity assessment of the studies included in the review was not under-
taken, as authors considered that it was not relevant for its aim, and

this is also why it is not always necessary for scoping reviews.2’

5 | CONCLUSION

Seven different apps aiming to allow quick ADR reports were identi-
fied in this scoping review. This type of official mobile app still does
not exist in Portugal. It is therefore of paramount importance to

reflect about its national development, based on the existing apps
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described in this review. A country specific version of the WEB-
RADR could be a solution for Portugal, in order to introduce an app
to notify ADRs at the national level, due previous successful experi-
ences in European countries. This will allow to increase the notifica-
tion rate, which remains low, despite all efforts conducted by the
authorities.

The integration of such a tool in an ICP would allow to maintain a
complete electronic health record and could be eventually seen as an

added value by both health professionals and patients.
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