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Abstract

Background: Digital Pills (DP) are an innovative drug-device technology that permits to combine traditional
medications with a monitoring system that automatically records data about medication adherence as well as
patients’ physiological data. Although DP are a promising innovation in the field of digital medicine, their use has
also raised a number of ethical concerns. These ethical concerns, however, have been expressed principally from a
theoretical perspective, whereas an ethical analysis with a more empirically oriented approach is lacking. There is
also a lack of clarity about the empirical evidence available concerning the application of this innovative digital
medicine.

Methods: To map the studies where DP have been tested on patients and discuss the ethically relevant issues
evident therein, we performed a scoping review of the empirical literature concerning DP.

Results: Our search allowed us to identify 18 papers reporting on studies where DP were tested on patients. These
included studies with different designs and involving patients with a variety of conditions. In the empirical
literature, a number of issues with ethical relevance were evident. At the patient level, the ethical issues include
users’ interaction with DP, personal sphere, health-related risks and patients’ benefits. At the provider level, ethically
relevant issues touch upon the doctor-patient relationship and the question of data access. At the societal level,
they concern the benefits to society, the quality of evidence and the dichotomy device-medicine.

Conclusions: We conclude that evidence concerning DP is not robust and that more research should be
performed and study results made available to evaluate this digital medicine. Moreover, our analysis of the ethically
relevant aspects within empirical literature underscores that there are concrete and specific open questions that
should be tackled in the ethical discussion about this new technological solution.
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Background
Healthcare is becoming a data intensive environment
where a huge amount of data is both produced and con-
sumed [1]. In this context, digital medicine is assuming
an increasingly important role [2, 3]. Differently from
digital health, a broad term that encompasses all those
technical solutions related to health and medicine, such
as telemedicine or electronic health records [4], the
meaning of digital medicine is narrower. Specifically,
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digital medicine refers to “those products that are under-
going rigorous clinical validation and/or that ultimately
will have a direct impact on diagnosing, preventing,
monitoring or treating a disease, condition or syndrome”
[5]. Digital medicine includes a wide range of devices,
such as temperature-monitoring foot mats capable of
automatically detecting diabetic foot ulcers or clinically
validated smartphone apps for smoking cessation com-
bined with video tutorials and nicotine replacement
therapy [3]. These products share some features with
traditional medications – such as the fact that they need
approval from regulatory bodies before accessing the
market – but they also differ from them. In fact, unlike
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standard medicines, the functioning of several digital
medicine products relies primarily on technological ele-
ments, rather then – for instance – on new active princi-
ples, in an attempt to combine innovative technology with
traditional therapy or medication [6] in what has been also
defined as the emerging field of “digital therapeutics” [7].
One of the most recent and advanced technological

medication developed in the field of digital medicine
are digital pills (DP). DP are drug-device combinations
that collect and transmit individual measurement data
from patients both in the clinical and the research set-
ting to monitor some health-related lifestyle habits
and, in particular, medication-taking behaviour [8].
DP are comprised of three complementary elements:
an ingestible sensor, a wearable patch and a mobile
application connected to an external web server. The
ingestible sensor is a small digital marker that – after
being ingested by patients – is activated by the acid
fluids in the stomach and releases a signal detectable
by the wearable patch. The wearable patch is a plaster
applied to the abdomen of the patient that records not
only data about the occurred ingestion transmitted by
the digital marker, but also other physiological data –
such as heartbeat and daily steps. All information col-
lected through the wearable patch is automatically
transmitted to an application installed on the patients’
phone. The application then uploads the data on a
web-based portal, which makes it potentially access-
ible to the patient herself, as well as her family, and
her healthcare providers. DP have been designed to in-
tegrate traditional drugs, in that the ingestible sensor
can be co-encapsulated with normal medicines to
allow a reliable monitoring of medication-taking be-
haviour and the collection of data concerning other
health-related lifestyle habits [8, 9].
DP have been recognised “as a qualified method for

measuring adherence in clinical trials” by an opinion of
the European Medicines Agency (EMA) in 2016 [10]
and at the end of 2017 the first DP combined with a
traditional drug was granted market approval as a medi-
cation by the Food and Drug Administration (FDA) in
the US [11]. The first DP approved as a medication con-
sists in a combination of this device with aripiprazole, a
drug to treat mental illnesses such as schizophrenia or
bipolar disorder. The review process by the FDA evalu-
ated the evidence produced by the DP developers and
decided for approval arguing that “if the [..] system fails,
patients will not incur additional risk; they will continue
to receive the exact treatment benefits of aripiprazole
tablets without tracking. If the system works as intended
and the patient chooses to share the data with the HCP
[health care providers], the drug ingestion data could
potentially help guide the prescribing physician on treat-
ment interventions” [12].
After the first approval of a DP combined with a trad-
itional drug, it is foreseeable that many other traditional
medications will be digitalised. In particular, the devel-
opers of DP argue that digitalisation of traditional drugs
would be particularly useful for the treatment of chronic
illnesses, such as Type 2 diabetes, hypertension, Alzhei-
mer’s disease and hepatitis C [13]. In fact, medication-
taking behaviour is often suboptimal for patients with
such chronic illnesses, and finding solutions to help
tackle this problem would entail both better health out-
comes and great savings in terms of healthcare resources
[14]. In this respect, DP have been described as a land-
mark advancement, since they would “pioneer a path to-
ward improving the quality and cost of care for the
millions of people suffering from uncontrolled illness”
[15]. Moreover, it has been observed that DP could help
improve the communication and the counselling inter-
ventions of healthcare providers thanks to the possibility
of transmitting real-time reliable data about patients and
their health-related behaviour [16].
The idea that traditional drugs are integrated into DP

in order to automatically collect and share patients’ data
has also generated a great number of ethical concerns. It
has been argued that collecting data through DP might
affect individuals’ autonomy [17], represent an unpleas-
ant form of surveillance [18], introduce elements of co-
ercion in the treatment of patients [19], impact on the
doctor-patient relationship [18, 20], compromise privacy
[21] and over-enhance the idea of responsibility for
health [22]. Some authors have even compared taking
DP to “swallowing a spy”, which would collect and up-
load a huge amount of sensitive data without bringing
any substantial therapeutic benefit to the patients [23].
Others consider DP as a potential first step towards a
biomedical “big brother” [24].
Although the ethical issues that the use of DP might

generate are extensively discussed, the literature provid-
ing ethical analysis of DP is predominantly theoretical in
its nature, whereas an ethical reflection based directly on
the data emerging from studies where DP have been
tested is lacking. With the objective to complement the
existing theoretical literature, the purpose of this scoping
review is twofold. Firstly, it maps published empirical
studies where DP have been tested with patients, in
order to provide an overview of the available empirical
evidence on this digital medicine. Secondly, it provides -
in the context of those studies - a discussion on the eth-
ics of this digital medicine based on the data from the
studies were DP were tested.

Methods
To conduct this scoping review, we followed the meth-
odological framework elaborated by Arksey and O’Mal-
ley [25] and updated by Levac et al. [26]. We also
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followed the recently published PRISMA-ScR checklist
for reporting of scoping reviews [27].
Within this framework, our questions were:

“What empirical research has been done where DP
have been tested to collect patients’ data?

What, if any, ethically relevant aspects concerning the
use of this digital medicine are evident in that
empirical research?”

As recommended by Levac et al. [26], these questions
are both broad and focused. They are broad in that they
address the growing and diverse body of literature con-
cerning DP (i.e. we decided not to limit our quest to the
in-patient or out-patient setting or to the use of DP in
combination with one specific traditional drug). They
are also focused, in that they are limited to empirical re-
search and considered only studies involving patients
(i.e. no healthy volunteers). We were aware that much
literature of a theoretical nature had been published
concerning ethical issues related to DP [28]. However,
we decided to focus our research question only on em-
pirical literature since our objective was to ground an
ethical analysis on the published empirical studies where
DP were tested.

Search strategy
In order to retrieve the relevant studies where DP were
used in the patient setting, we performed a literature
search through four search engines, namely PubMed,
CINAHL, Scopus (MEDLINE) and Embase.1 We built
our search strategy as broad as possible to find all the
studies that combined the two main subject fields of our
quest, namely the DP technology and the context of data
collection. We limited our literature search to publica-
tions from 2010 onwards, since – through a preliminary
search of the literature – we observed that the first DP
prototype received official certification of safety and
quality only then [29]. Our literature search was con-
ducted on 05/09/2018 and produced 475 results (see
Fig. 1).

Study selection
Study selection was divided into three steps, as recom-
mended by Peters et al. [30]. Firstly, duplicates were
eliminated, thus reducing the number of records from
475 to 307. Secondly, a preliminary screening based on
title and abstract was performed independently by two
authors. After the independent abstract screening stage,
1An example of how the search strategy was implemented in a source
string to be used in the databases can be found in the supplementary
material [Additional file 1].
there was an initial discordance with respect to which
records to exclude on 33 papers (10.75%), which was
solved through debate until consensus was reached. It
was finally agreed to exclude 273 records, either because
they were conference abstracts or they did not concern
DP. The 34 records remaining after abstract screening
underwent full-text assessment for eligibility, which was
performed independently by AM, CP and LDG. In this
case, the concordance rate between different assessors
was 100%. Consequently, additional records (n = 19)
were excluded, either because they were theoretical pa-
pers not reporting on empirical studies with patients
(n = 10), or because they were describing a different
digital medicine technology (n = 4), or because they in-
volved only healthy participants (n = 4), or because they
were cost-effectiveness studies based on hypothetical
data (n = 1). The final number of included records
resulting from our literature search (n = 15) was then
complemented by additional papers retrieved via refer-
ence screening (n = 2) and citation search (n = 1). In the
end, the definitive number of records wherefrom data
were extracted consisted of 18 papers.

Data charting
For data charting, we decided to be comprehensive and
extract both general data about the characteristics of the
included studies (e.g. type of intervention, study popula-
tion) and then information concerning which ethically
relevant aspects were evident to the assessors. Every in-
cluded record was analysed independently by two au-
thors to enhance the accuracy and completeness of data
extraction. Data concerning the general characteristics
of the studies were recorded according to a data
extraction form based on the PICO model, adapted to
the specific features of the present review, which in-
cluded studies with quite different designs. In order to
chart data concerning ethically relevant aspects from the
studies, we started from the framework developed by
Klugman et al. [6]. In their theoretical study concerning
digital medicine, Klugman et al. [6] hypothesized that
ethical aspects related to DP and similar technologies
can be of three natures, namely patient-related,
provider-related, and society-related. Although within
this framework they also provided a list of ethically rele-
vant issues, we decided not to be bound by their frame-
work in extracting data, since Klugman et al. [6] admit
their list is only tentative. We adopted a bottom-up ap-
proach and searched for all those aspects in the included
records that had an ethical dimension of a patient-
related, provider-related or society-related nature. To
ensure comprehensiveness and reliability of data extrac-
tion with this bottom-up approach, we met and prelim-
inary discussed what could constitute an ethically
relevant aspect. After two authors examined each paper



Fig. 1 PRISMA flowchart of study selection
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independently, they coded all the information that they
individually considered of ethical relevance. The authors
then met another time to crosscheck the data they
coded, they organised them according to themes and
justified why they considered the different themes of
ethical relevance based on a connection with one of the
principle of biomedical ethics [31]. When disagreement
emerged, this was solved through debate until consensus
was reached. A summary of the reasoning behind the
choice of themes and the justification why they were
considered of ethical relevance is provided in the
Additional file 2. The authors then refined the specific
themes and sub-themes to organise, collate and then re-
port the ethically relevant aspects retrieved from the
analysed records. These were then ordered in the cat-
egories defined by Klugman et al. [6].
Results
General features of the included studied
This scoping review resulted in the analysis of 18 papers
reporting on studies where DP were used to collect indi-
vidual data from patients. Table 1 illustrates and sum-
marises the general features of the included records.
Apart from three studies conducted in the UK and

one in Switzerland, the great majority of the studies
(n = 14) took place in the United States.
In terms of study design, one group (n = 14) of the

studies were prospective and observational. Within this
group, six studies were further described as “pilot” (n =
4) or “feasibility” (n = 2) studies, two terms that normally
refer to trials which are conceived as preparatory to lar-
ger confirmatory studies [50]. Two more of this group
were additionally described as exploratory, which also



Table 1 Overview of the features of the studies

Paper IDa Country Study design Study population Aim(s) of the study REC/IRBb

Approval

Au-yeung
2011 [32]

USA 3 prospective
observational studies

30 patients with Tuberculosis,
8 with Heart Failure, 43 with
Hypertensionc

Evaluate the system
and characterize
technical performance.

Yes

Belknap 2013
[33]

USA Feasibility study:
prospective and
observational.

30 patients with active
tuberculosis (TB)

Evaluate accuracy, safety
and acceptability
of the system.

Yes

Browne 2015
[34]

USA Prospective
observational cohort-
study

5 patients with type II
diabetes

Characterize the at-home
adherence patterns
of patients through modern
methods of visual
analytics.

Yes

Browne 2018
[35]

USA Randomized cross-over
study

12 patients with active
tuberculosis

Address Good
Manufacturing Practice
methods to combine the
ingestion sensor
with oral medications.

Yes

Chai 2017a
[36]d

USA Prospective descriptive
study

16 patient with acute fracturese Report data on opioid
ingestion patterns
detected by DP

Yes

Chai 2017b
[37]d

USA Pilot study:
Prospective, non-
randomized and
observational.

10 patients with acute fractures Determine the feasibility
the digital pill system to
measure opioid ingestion
patterns

Yes

Dicarlo 2016
[38]

USA Feasibility study:
prospective, non-
randomized,
observational.

37 patients with hypertension Record patterns of
medication-taking, step
count, daily blood pressure
and weight. Study
safety and acceptability of
digital pills

Yes

Eisenberg
2013 [39]

Switzerland Exploratory study:
open-label, non-
randomised and
prospective.

20 patients after kidney transplant
under Enteric-coated mycopheno
late sodium (ECMPS)

Evaluate the detection
accuracy, usability, and
safety of DP combined
with ECMPS in kidney
transplants.

Yes

Frias 2017
[40]

USA Pilot study: prospective,
open-label, cluster-
randomized (three
arms).

109 adults with uncontrolled
Hypertension and type II diabetes

Study the effect of digital
pills on blood pressure,
glycemic and lipid control,
engagement, and provider
decision making.

Yes

Kane
2013 [41]

USA Pilot study:
observational, non
randomised.

28 subjects with schizophrenia (16)
or bipolar disorder (12)

Compare the detection
accuracy to that of a
directly observed method.
Characterise safety
and user satisfaction.

Yes

Kopelowicz
2017 [42]

USA Pilot study:
observational, open-
label and non-
randomised.

49 subjects with bipolar disorder,
major depressive disorder, or
schizophrenia

Evaluate the functionality
of an integrated call
center in optimizing the
use of the digital pills
and assess its use.

Yes

Moorhead
2017 [43]

USA Post hoc studies based
on a study following a
cluster randomised
design.

113 patients with uncontrolled
hypertension.

Study the incremental
impact of seeing versus
not seeing DP medication
dose reminders on
medication-taking and assess
the safety of the digital pills
with respect to possible risk
of overdosing.

Yes

Naik 2017
[44]

UK Prospective registry-
based observational
study.

151 patients with uncontrolled
hypertensionf

Characterize patterns of
medication use.
Assess usability and
acceptability of digital pills.

Yes
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Table 1 Overview of the features of the studies (Continued)

Paper IDa Country Study design Study population Aim(s) of the study REC/IRBb

Approval

Noble 2016
[45]

UK Prospective
observational study.

39 patients with uncontrolled
hypertension

Report and summarise the
first use of digital pills by
pharmacists to establish
blood pressure management
recommendations.

Not
required

Peters-
strickland

2016 [46]

USA Phase II open-label

observational study.

67 patients with schizophrenia Assess the usability of the
system, satisfaction,
safety and tolerability.

Yes

Peters-
strickland
2018 [47]

USA Six formative human
factors studies

129 patients with confirmed
diagnosis of schizophrenia, bipolar
I disorder, or major depressive
disorder (MDD)

Assess the safe and effective
use of a system. Assess
whether the three intended
groups of users (patients,
healthcare providers, and
caregivers) can appropriately
use the technology.

Yes

Rohatagi 2016
[48]

USA Phase 4 exploratory
observational study: open-label and
single-arm.

58 stable patients with a diagnosis
of bipolar I disorder (n = 35)
or MDD (n = 23)

Obtain descriptive feedback
from patients, assess safety
and summarize patient
adherence

Yes

Thompson
2017 [49]

UK Prospective observational study 21 patients with either established
cardiovascular disease or high
multifactorial risk

Test the system in a group
of patients at elevated
cardiovascular risk
attending a cardiac
prevention and rehabilitation
program

N/A

a First author and publication year
b Research Ethics Committee (REC) or Institutional Review Board (IRB)
cOnly 40 completed the study
d this study used a version of the ingestible sensor and wearable patch produced by a different company
e Only 15 patients completed the study
f 167 patients were enrolled in the registry, but 16 were excluded from the study

2Some records contained details about more than one study and some
considered more than one illness.
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refers to studies with a strong tentative component. The
remaining studies outside the prospective/observational
group (n = 4) had slightly different designs. One was a
prospective and descriptive study not offering any spe-
cific analysis of the data it produced. The others were a
randomised cross-over study, a post-hoc study and a hu-
man factors study.
The included studies tested DP with patients having a

wide range of conditions or illnesses. In total, the 18
studies included 896 participants ranging from 5 [34] to
151 [44]. Six studies included patients with uncontrolled
hypertension, where DP were co-encapsulated with dif-
ferent types of traditional medications belonging, for ex-
ample, to the category of beta-blockers or angiotensin-
converting-enzyme inhibitors. In five studies, the patient
population was comprised of patients with psychiatric
disorders, such as schizophrenia, bipolar disorder or de-
pression. In these cases, DP were used in combination
with antipsychotic medication, principally aripiprazole.
Three studies included patients with tuberculosis (TB)
and in these cases DP were combined with TB medica-
tions, such as isoniazid and rifampin. In two studies, DP
were tested with patients suffering from acute fractures
and they were used together with opioid medications.
Two studies included patients suffering from type II dia-
betes, and DP were combined with metformin or sulfo-
nylurea. Two studies also addressed patients with
cardiovascular problems and DP were used in combin-
ation with furosemide or other cardiovascular medica-
tions. In the only study where the patient population
consisted of patients having received kidney transplant,
DP were combined with Enteric-coated mycophenolate
sodium.2

In terms of objectives, the studies had different specific
purposes, but they were normally aimed at exploring dif-
ferent features of the DP system, its acceptability and its
accuracy. Only one compared traditional therapy with
DP therapy [40], since participants were cluster rando-
mised in three groups, one with traditional care and two
with DP medications. Only one study [49] compared ex-
plicitly the accuracy of the DP in monitoring
medication-taking behaviour in comparison with self-
reporting by the patient.
Almost every study (n = 16) was approved either by a

REC or an IRB. One study [45] reported that in its case



Fig. 2 Ethically relevant aspects
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ethics approval was not needed. One study [49] did not
report any information concerning ethical review or ap-
proval. In many studies (n = 14), at least one author was
an employee or had a conflict of interest to declare con-
cerning his relationship with the producers or devel-
opers of DP.

Ethically relevant aspects
Within the included records (n = 18), a wide range of
ethically relevant aspects were extracted and presented
in Fig. 2. As recommended by the methodological
framework for conducting scoping reviews [25] and also
often made in scoping reviews with an ethical scope
[51], results are reported in a narrative fashion.3

Patient-related
Patient-related aspects are widely mentioned in the ana-
lysed records and they include considerations about the
interaction between DP and patients, issues concerning
patients’ personal sphere, health-related risks and bene-
fits of DP at the individual level.
Considerations about the interaction between DP and

patients touch on different topics. Many papers (n = 10)
reflect on the usability of DP and generally underscore
that patients give positive feedback concerning the func-
tional aspects of this technology. For instance, one study
3A detailed depiction of the distribution of ethically relevant issues –
clearly organised article per article – is available in the
Additional file 3.
[44] claims that “ninety-two percent (92%) of patients
reported that they did not mind wearing the wearable
sensor. More than 87% of patients reported having a
good experience from using the ingestible [sic] and
thought that it was easy to understand and convenient
to use”. Ten papers explicitly report that using DP re-
quires some form of training for patients, who, on top of
indications concerning the medicine they are taking, also
need to learn how to operate the wearable patch and the
mobile application. For example, one study [46] reports
that “the patients received structured training at baseline
(BL) and additional direct weekly support/remedial
training” and that “optimal performance [of DP] depends
on continuous use of the wearable sensor, which re-
quires a patient’s ability to regularly replace the sensor
and pair it each time with a smartphone application”.
Another important issue concerning the interaction be-
tween users and this digital medicine is whether DP data
accurately mirror patients’ behaviour. Part of the records
(n = 7) tackle the issue of the accuracy of the data re-
corded through DP. Generally, it is underscored that the
system is accurate, either by reporting how precise DP
are in registering the occurred ingestion or by under-
scoring that false positives (i.e. DP recording ingestions
although these have not occurred) were rare. Lastly,
some other papers (n = 7) tackle another relevant factor
to consider for patients in their interaction with DP,
namely the possibility to experience equipment failure.
One paper, for example, stresses that data can be suc-
cessfully transmitted only if the user’s phone has signal
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[37]. Or else, in another paper [42] it is underlined that
data transmission can occur successfully only if patients
regularly keep their phone near them. Another study
[49] also underlines the necessity for patients of contact-
ing technical support to troubleshoot connectivity issues.
Reflections about patients’ personal sphere in the stud-

ies touched upon the themes of data security and priv-
acy. Almost all the records (n = 14) explain that data
collection and data transmission are safe and secure,
mentioning, for example, that personal information is
encrypted [38] or that a secure server is used [39]. Some
papers (n = 9) also refer to privacy considerations, by
underlining the vast amount of personal data that are
collected [34], by reporting that these data are collected
in a private way as data transmission is confined to the
body of patients [32], who are anyway fully aware of be-
ing monitored [44]. In one study testing DP with opioids
medication given to patients suffering from acute frac-
tures [37], it is argued that “formative interviews of study
participants demonstrate their perception that the digital
pill maintains patient privacy. [ …] This suggests that in-
dividuals with other stigmatized conditions [ …] may
also similarly accept the data security offered through
the digital pill”. One study [41] underlines that, despite
the close monitoring of patients’ activities, “no subjects
developed new onset of paranoid ideation”.
The last types of ethically relevant aspects at the indi-

vidual level evident in the studies are health-related risks
and the benefits of DP to the health of patients. Almost
all records (n = 14) address issues related to potential
health-risks. The majority of them simply report the ad-
verse effects of DP, which are mostly related to local skin
irritation produced by the wearable patch. For example,
one study [39] underscores that “2 [patients discontin-
ued treatment prematurely] due to skin intolerance to
the APM [adhesive personal monitor, i.e. the wearable
patch]” and another study [46] that “there were five
TEAEs [treatment-emergent adverse events] (rash, papu-
lar rash, rash pruritic, pruritus, skin discoloration) that
led to study discontinuation of four patients.” Only one
study [34] reports that there were no adverse events re-
lated to DP usage. One study [47] hints at the possibility
that “use errors [ …] might lead to a patient taking a
one-pill extra dose”, but then claims that these cases
“were rare in the validation study”. In terms of the bene-
ficial impacts of DP, only a minority of the studies (n =
8) report them and considerations are quite disparate
and cautious. For example, one study [43] says that its
“findings demonstrated improved medication taking for
patients”, but only when these “are near their mobile de-
vice during medication dose times”. Another study [40]
underlines that “participants [who used DP] had signifi-
cantly greater reductions in SBP [systolic blood pressure]
within 4 weeks than the usual care group” and thus DP
“can help patients improve their level of BP and diabetes
control”.
Provider-related
Two typologies of provider-related ethically relevant is-
sues are addressed in the studies, namely the impact
of DP on the doctor-patient relationship and the
question of data access (i.e. who – and on what con-
ditions – can monitor patients’ data collected through
DP).
Ethically relevant issues concerning the relation be-

tween healthcare professionals and patients are ad-
dressed in several studies (n = 14). Some studies
highlight that DP could foster patient self-care and self-
management. For example, one study [43] says how DP
“continuously engages with patients about the pharma-
cologic and non-pharmacologic therapies of their treat-
ment plan”; another study [38] underlines that thanks to
DP “digital health data [ …] are passively acquired to be
provided automatically to patients as part of ongoing
feedback on their health behaviors”. Other studies, how-
ever, claim that DP require more interventions and more
interaction with medical professionals since “participants
preferred real-time transfer of ingestion data to their
physician, especially if their physician could use their in-
gestion data to intervene at potential times of escalating
use [of the medicine]” [37]. Other studies claim that DP
are adaptable in this respect, since “assistance from a
caregiver was allowed; however, patients were encour-
aged to use the DMS [acronym for DP] independently”
[42]. Eight studies also insist on the idea that DP allow
healthcare providers to receive data concerning medica-
tion adherence that is “actual” or “objective”, in contrast
to other methods relying on patients’ information (e.g.
self-reporting). For example, one study [42], although
not providing any direct evidence as to the accuracy of
data collected through DP, claims that DP “addresses
daily adherence by detecting and registering the inges-
tion of actual doses taken by a patient, it provides an al-
ternative and objective means of closely managing
medication therapy to ensure adherence and optimal
outcomes” (emphasis added). Another study [36] stresses
that “digital pills [ …] can provide direct and definitive
evidence of medication ingestion” (emphasis added).
Part of the papers (n = 8) also deal with the issue of

data access and discuss who can monitor patients’ data
and at which conditions. In all these cases, studies
underline that the patient is in control of data collected
through DP and that she is the only one who can deter-
mine who else (e.g. family members or healthcare pro-
viders) may access it. For example one study [32] states
that “fundamentally, the information gathered by the
networked system belongs to the patient user; he or she
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has the right to determine whether or not and with
whom to share this information.”
Society-related
As far as the societal level is concerned, three types
of ethically relevant issues are present. Firstly, almost
the entirety of studies (n = 14) mention that DP
might bring about considerable societal benefits. Some
(n = 11) mention how DP could improve prescribing
practices and medication-taking. For example, one
study [45] underscores that “the information that is
collected [ …] can be used to determine the root
cause for uncontrolled hypertension during existing
antihypertensive treatment, thereby providing an evi-
dence base for appropriate prescribing recommenda-
tions, and a means for avoiding the medicine
wastage”. Some others (n = 3) highlight that DP can
help rationalise the use of healthcare resources. For
example, it is reported that “the future application of
the system could allow more efficient use of re-
sources, particularly personnel” [33]. Lastly, it is
hypothesised that DP might contribute to the imple-
mentation of individualised medicine (n = 7). For in-
stance, one study [43] highlights that with DP “health
care providers can view patient data with the use of a
patient portal, facilitating more targeted treatment
and lifestyle recommendations”.
Secondly, a considerable number of studies (n = 11)

reflect on the limited quality of the evidence they pro-
duce concerning DP, due to small sample size and lack
of generalizability. For example one study [46] describes
that “most of the enrolled patients were male and black
and were rated as mildly ill [ …] and all were capable of
using the smartphone; therefore, the current results may
not be generalizable to a more typical population of pa-
tients with schizophrenia”. Or else, one other study [33]
reckons that “the sample size for this feasibility study
was small and larger studies are needed to further docu-
ment the sensitivity, specificity, usability, acceptability,
and cost-effectiveness of the system”.
Some records (n = 8) mention a third important issue

at the societal level, i.e. they refer to the fact that the
device-components of DP had already received official
approval as medical devices, although DP not having yet
been approved as medicines, i.e. when used in combin-
ation with a traditional drug for curative purposes. In
fact, the first versions of the components of DP (i.e. the
ingestible marker and the wearable patch) received mar-
ket approval as class IIa medical devices in 2010 in the
EU and they received FDA clearance in 2012 in the US
[38]. On the contrary, the first DP used in combination
with a traditional drug only received approval in 2017
for the US market.
Discussion
This scoping review offers an overview of published lit-
erature where DP have been tested with patients and
presents systematically the ethically relevant aspects.
The first important finding is that published studies are
quite diverse in their design, but are predominantly ex-
plorative, non-randomised and with small numbers of
participants. This suggests that the evidence publicly
available concerning DP is not robust. Indeed, the lack
of rigorous control and double-blind methodology in
studies testing digital medicine have been described as
problematic, since it exposes the validity of research re-
sults to both the placebo effect (i.e. the psychological im-
pact of knowing to be taking the medication) and the
Hawthorne effect (i.e. the impact of the observer/re-
searcher on the behaviour of participants) [52]. More-
over, small sample sizes and flexibility in study designs
have been described as two important factors that affect
substantially the validity of results [53]. It is also surpris-
ing that, although some studies explicitly test the accur-
acy of DP (i.e. whether the device correctly records data
about medication-taking), only one of them [49] some-
how compares the accuracy of DP with that of another
method for assessing medication-taking, namely self-
reporting. More evidence in this respect would be par-
ticularly important since, even if DP are admittedly not
aimed at guaranteeing better medication adherence [54],
they nevertheless constitute a system that claims to ob-
jectively monitor medication-taking behaviour. From an
ethical standpoint, comparing the accuracy of DP in
monitoring medication-taking behaviour with that of
other traditional methods (e.g. pill counts, self-reporting)
would be very important, since it could be a convincing
reason to justify the closer digital surveillance and the
higher privacy risks that DP entail. Another important
finding is the absence of studies on specific age groups,
which might have their particular features and present
different sets of challenges. For example, focusing on
young adults and adolescents might reveal that this age
group has aesthetical concerns related to DP, something
which has been observed with respect to other body de-
vices for diabetes monitoring and treatment [55].
One further relevant finding that emerges from our re-

sults is that DP have been tested in combination with
patients suffering from different illnesses. Such variety
certainly demonstrates that DP may be applied in differ-
ent contexts, but it also reveals that little research has
been published with respect to the use of DP with every
single illness. Although the core elements of this digital
medicine remain the same (i.e. they monitor
medication-taking behaviour), it cannot be presumed
that findings concerning the use of DP with one specific
illness could be equally valid for other types of diseases.
Every illness presents patients and doctors with different
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challenges and it is should be studied more in details
how DP affect those diverse situations. Moreover, we
found only one study [40] that compares DP therapy in-
cluding a digitalised traditional medication with the non
digitalised therapy. Accurately testing whether the digi-
talised version of a medicine has better outcomes in
terms of medication adherence than its non digitalised
variant would be quite important from an ethical point
of view, since it could help decide if there is a substantial
interest, for example in terms of beneficence, for society
to shift from traditional to digitalised medications.
With respect to the ethically-relevant aspects at the

patient level, our results indicate that many issues re-
lated to the personal sphere of patients, especially with
respect to data security, are evident in the empirical lit-
erature concerning DP. In this respect, there are two im-
portant findings to point out. First, our results show that
DP are designed in a way to ensure data security and to
protect privacy. However, results also suggest that the
protection of the personal sphere is reduced to some-
thing that concerns mainly technical aspects (e.g. en-
cryption, security of servers). On the contrary, the moral
dimension of privacy, which is particularly relevant in
the field of health data management [56], remains un-
derappreciated. DP allow to monitor delicate aspects of
people’s lives – such as the fact that they are taking
medications for mental disorders – thus requiring that
also aspects of privacy other than data-security are con-
sidered – such as potential loss of control over the in-
timate sphere and disempowerment. This is particularly
important to decide on the possible future use of DP in
the regular clinical context. In the latter case, protecting
privacy might not be achieved simply by encrypting the
data, but it would require also making sure that patients
do not feel indirectly coerced to opt for DP – for ex-
ample if health insurances expected the use of digitalised
medications as a condition to cover treatment costs or
employers as a guarantee that workers are preserving
their health [57]. Second, the emphasis on privacy being
protected at the technical level through encryption or
the use of secure servers cannot overshadow the fact
that personal aspects of private life are nevertheless
monitored and thus potentially accessible to other par-
ties. In this respect, it must be underlined that DP also
collects lifestyle data, thus potentially exposing other
personal behaviour. Only one study [37] reports that its
participants did not express concerns about privacy in a
less technically oriented meaning, but the study in ques-
tion did not involve directly the use of DP for the treat-
ment of chronic or stigmatising conditions. Moreover,
another study [41] marginally mentions that the close
monitoring of patients seems not to be linked with the
development of paranoid feelings, but it does not explore
in details the potential links between surveillance
through DP and paranoia. Investigating this aspect
would be particularly important, since – as outlined
above – the clinical use of DP involves also the treat-
ment of psychiatric disorders such as schizophrenia.
Our results further reveal that studies acknowledge

how DP create a few complications for their users. The
system is not always accurate because it depends on
some external factors (e.g. that the battery of the wear-
able patch is charged) and it requires training. Consider-
ing these elements is relevant from an ethical
perspective, since their impact – for example in terms of
quality of life – needs to be evaluated to determine
whether DP are truly beneficial for patients. If the prom-
ise of DP is to be “smart” [58], then more evidence is
needed to verify whether the complications that are re-
lated to their technological components do not end up
constituting a burden for patients.
Our results at the provider level reveal that two incon-

sistencies related to the use of DP emerge from the litera-
ture. The first concerns the doctor-patient relationship.
On the one hand, studies discuss that the objective of DP
is to foster self-care and reduce dependency on (and con-
tacts with) healthcare professionals. On the other hand, it
is also claimed that DP would require more interventions
by health professionals, whose role seems to be idealised –
as if they were practically capable of constantly monitoring
patients’ medication-taking data, to then promptly inter-
vene whenever needed [18]. The presence of this dichot-
omy suggests that it is not clear whether DP entail an
increase or a reduction of workload for doctors in the
everyday provision of care. In either case, it is important
to ensure that monitoring devices like DP do not com-
promise the communication between patients and medical
professionals, and the support the latter can offer in the
implementation of any treatment plans. The second in-
consistency concerns data access. By looking at the ethic-
ally relevant aspects at the provider level it emerges that
many studies regard as an essential element that control
over data access is retained by patients, so that they can
decide freely whether data can be shared with other par-
ties (e.g. family members or healthcare providers). At the
societal level, however, studies argue that the advance-
ments in terms of societal beneficence – such as providing
individualised care or improving medication-taking behav-
iour – are essentially dependent on the sharing of data be-
tween patients and other subjects. None of the records
discusses how the apparent contradiction between these
two claims – that patients have free choice whether they
want to share their data and that societal benefits require
sharing of data – can be resolved.
With respect to the societal level, the most relevant re-

sults concern, again, the quality of the empirical evi-
dence available of DP studies. As noted by Vayena and
Ienca [59], an essential element for the ethical
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assessment of digital medicines is the presence of signifi-
cant empirical evidence concerning their functioning,
their benefits and their risks. In particular, it is import-
ant that preliminary studies of a device have representa-
tive samples whose results are generalizable and have
external validity, so that they can be assumed to apply to
the wider public that will make use of the technology
after its approval [60]. Our results show that the great
majority of published DP studies acknowledge significant
limitations related to small sample sizes and thus to the
generalizability of results. This indicates that compre-
hensive evidence to thoroughly assess, for example, if
the extensive use of DP can improve the cost-
effectiveness of certain treatments in a given healthcare
context, is lacking.
Moreover, results concerning the societal level raise

two further important issues. Firstly, the question
emerges whether the use of DP is beneficial from the
collective perspective. In the included studies, there is
emphasis on the societal benefits achievable through the
digitalisation of traditional medicines. However, no con-
crete evidence in this sense is produced directly by the
studies themselves. Societal benefits are simply men-
tioned as hypothetical and future outcomes of the exten-
sive use of DP. To truly prove the cost-effectiveness of
DP, a comparison would have to be made between the
traditional version of a medication and its corresponded
digitalised form, both in terms of outcomes and of costs
[61]. During our literature search, we had retrieved one
cost-comparison study concerning DP [62], but we ex-
cluded it since its findings were based on calculations
using hypothetical data. The second issue concerns the
repetitive mentioning of the approval of the techno-
logical components of DP as medical devices. This un-
derlines that a societal reflection is needed to decide
whether to keep this existing dichotomy, where a much
different path of approval exists for medical devices in
comparison to drugs. The first one is much less restrict-
ive and it is comparable to the type of approval of wash-
ing machines, lawn mowers or videogames consoles
[63]. Moreover, possibilities exist in some states to fur-
ther reduce governmental control concerning approval
for market access if medical devices are deemed to be
substantially equivalent to previously cleared devices –
such as the often criticised 510 (k) process in the US
[64]. Given the profound impact on many aspects of
treatment that digital devices like the ones included in
DP can have, this reinforces the existing claim that the
approval process of this kind of devices should be mod-
ernised [65].

Limitations
Limitations of this review include the fact that the search
strategy was limited to some databases and that the
relatively newness of this digital medicine entails a ter-
minological unevenness amongst publications which
makes it difficult to capture all the published work. Even
DP – the name chosen for this manuscript – is not uni-
formly used throughout the literature. However, the fact
that we complemented our initial search not only by
screening the references, but also by citation search gives
us confidence about some level of completeness of our
review among published data. We nevertheless acknow-
ledge that – due to the nature of the approval process
for digital medicines – there could be other DP studies
that are not published and hence unavailable to the
team. Another limitation is the way we gathered ethic-
ally relevant issues from the included papers, which
could be subjective. To increase transparency of our de-
cision making process, we have explained our rationale
in the Additional file 2. Lastly, being our focus on pub-
lished work of an empirical nature, we have not included
all the literature of a theoretical nature, where many eth-
ical issues concerning DP have been thoroughly dis-
cussed, and unpublished work. Companies developing
DP might not publish some of the studies they have con-
ducted in academic journals and the authors have no re-
sources to contact companies and get such information.
Yet, the purposes of this review were indeed to explore
empirical literature concerning DP and ground an eth-
ical analysis in the elements evident directly therein, in
an attempt to bridge the gap between literature report-
ing on studies where DP were actually tested and the
theoretical literature on this digital medicine.

Conclusions
DP represent an example how digital medicine - and in-
deed more in general the application of technology to
the field of healthcare – is a complex and divisive field
of enquiry, where enthusiasm for innovation and diffi-
dence from the ethical perspective clash. To help over-
come this deadlock with respect to DP, this review has
provided more clarity about the content of empirical re-
search currently available. It has presented an overview
of the empirical literature on DP and has mapped the
ethically relevant issues mentioned therein, in order to
discuss some aspects of new technology with a less the-
oretical approach. This sets the basis for future research
and discussions concerning both the potential and the
concerns related to a wider use of DP and the digitalisa-
tion of traditional drugs.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12910-019-0443-1.

Additional File 1. Search strategy implemented in a search string for
PubMed.

https://doi.org/10.1186/s12910-019-0443-1
https://doi.org/10.1186/s12910-019-0443-1


Martani et al. BMC Medical Ethics            (2020) 21:3 Page 12 of 13
Additional File 2. List of Themes and justification of their ethical
relevance.

Additional File 3. List of Coded Sources and Themes.

Abbreviations
DP: Digital Pills; ECMPS: Enteric-coated mycophenolate sodium;
EMA: European Medicines Agency; FDA: Food and Drug Administration;
IRB: Institutional Review Board; MDD: Major depressive disorder;
REC: Research Ethics Committee; TB: Tuberculosis

Acknowledgements
AM would like to thank Professor Bjørn Hofmann for the external feedback,
the precious inputs and the fruitful discussion. The authors would also like to
thank the reviewers for their useful comments.

Authors’ contributions
AM, LDG, CP and TW contributed to the design and planning of this
literature search. AM, LDG, CP and TW participated in the data collection,
which for this manuscript includes organisation and selection of the records
retrieved through the literature search and data extraction. AM, LDG, CP, CC
and TW participated in data analysis that comprised charting of the data,
their classifications into ethically relevant issues and data interpretation. AM
wrote the first draft of the manuscript. LDG, CP, CC and TW critically and
substantially revised several versions of the manuscript and incorporated
new ideas. All authors read and approved the final version of the
manuscript.

Funding
The authors acknowledge the financial support provided by the Swiss
National Science Foundation (SNF NRP-74 Smarter Health Care, grant num-
ber 407440_167356). The funder was not involved in the collection, analysis,
interpretation of data, and in writing the manuscript. The views expressed in
this article are those of the authors and not those of the funder.

Availability of data and materials
All the data were retrieved from articles from publicly available databases
and it is presented in the tables and the additional files of this manuscript.
The review protocol and the data extraction form are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Institute for Biomedical Ethics, University of Basel, Bernoullistrasse 28, Basel,
Switzerland. 2Faculty of Law, University of Trento, Trento, Italy.

Received: 8 April 2019 Accepted: 27 December 2019

References
1. Krumholz HM. Big data and new knowledge in medicine: the thinking,

training, and tools needed for a learning health system. Health Aff
(Millwood). 2014;33(7):1163–70. https://doi.org/10.1377/hlthaff.2014.0053.

2. Shaffer DW, Kigin CM, Kaput JJ, Gazelle GS. What is digital medicine? Stud
Health Technol Inform. 2002;80:195–204. https://doi.org/10.3233/978-1-
60750-924-0-195.

3. Kvedar JC, Fogel AL, Elenko E, Zohar D. Digital medicine's march on chronic
disease. Nat Biotechnol. 2016;34(3):239–46. https://doi.org/10.1038/nbt.3495.

4. Lupton D. Critical perspectives on digital health technologies. Sociol
Compass. 2014;8(12):1344–59. https://doi.org/10.1111/soc4.12226.

5. Elenko E, Underwood L, Zohar D. Defining digital medicine. Nat Biotechnol.
2015;33(5):456–61. https://doi.org/10.1038/nbt.3222 Erratum in: Nat
Biotechnol. 2016 Nov 8;34(11):1206.
6. Klugman CM, Dunn LB, Schwartz J, Cohen IG. The ethics of smart pills and
self-acting devices: autonomy, truth-telling, and trust at the Dawn of digital
medicine. Am J Bioeth. 2018;18(9):38–47. https://doi.org/10.1080/15265161.
2018.1498933.

7. Sverdlov O, van Dam J, Hannesdottir K, Thornton-Wells T. Digital therapeutics:
an integral component of digital innovation in drug development. Clin
Pharmacol Ther. 2018;104(1):72–80. https://doi.org/10.1002/cpt.1036.

8. DiCarlo L, Moon G, Intondi A, Duck R, Frank J, Hafazi H, Behzadi Y,
Robertson T, Costello B, Savage G, Zdeblick M. A digital health solution for
using and managing medications: wirelessly observed therapy. IEEE Pulse.
2012;3(5):23–6. https://doi.org/10.1109/MPUL.2012.2205777.

9. Chai PR, Castillo-Mancilla J, Buffkin E, Darling C, Rosen RK, Horvath KJ,
Boudreaux ED, Robbins GK, Hibberd PL, Boyer EW. Utilizing an ingestible
biosensor to assess real-time medication adherence. J Med Toxicol. 2015;
11(4):439–44. https://doi.org/10.1007/s13181-015-0494-8.

10. European Medical Agency. Qualification opinion on ingestible sensor
system for medication adherence as biomarker for measuring patient
adherence to medication in clinical trials. https://www.ema.europa.eu/
documents/regulatory-procedural-guideline/qualification-opinion-ingestible-
sensor-system-medication-adherence-biomarker-measuring-patient_en.pdf.
Accessed 20th Nov 2018.

11. FDA. FDA approves pill with sensor that digitally tracks if patients have
ingested their medication. https://www.fda.gov/newsevents/newsroom/
pressannouncements/ucm584933.htm. Accessed 20th Nov 2018.

12. FDA. Drug approval package: abilify mycite. Summary review. https://www.
accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1s000SumR.pdf.
Accessed 20th Nov 2018.

13. Montgomery AR. Just what the doctor ordered: protecting privacy without
impeding development of digital pills. Vand J Ent Tech L. 2016;19(1):147–75.

14. Sabaté E. Adherence to long-term therapies: evidence for action. Geneva:
World Health Organization; 2003.

15. Plowman RS, Peters-Strickland T, Savage GM. Digital medicines: clinical
review on the safety of tablets with sensors. Expert Opin Drug Saf. 2018;
17(9):849–52. https://doi.org/10.1080/14740338.2018.1508447.

16. Vallejos X, Wu C. Digital medicine: innovative drug-device combination as
new measure of medication adherence. J Pharm Technol. 2017;33(4):137–9.
https://doi.org/10.1177/8755122517704212.

17. Swartz AK. Smart pills for psychosis: the tricky ethical challenges of digital
medicine for serious mental illness. Am J Bioeth. 2018;18(9):65–7. https://doi.
org/10.1080/15265161.2018.1498948.

18. Martinez-Martin N, Char D. Surveillance and digital health. Am J Bioeth.
2018;18(9):67–8. https://doi.org/10.1080/15265161.2018.1498954.

19. Carter A, Savic M, Forlini C. Surveillance medicine in the DigitalEra: lessons
from addiction treatment. Am J Bioeth. 2018;18(9):58–60. https://doi.org/10.
1080/15265161.2018.1499832.

20. Tomlinson T. Getting off the leash. Am J Bioeth. 2018;18(9):48–9. https://doi.
org/10.1080/15265161.2018.1498938.

21. Weber K, Loi M, Christen M, Kleine N. Digital medicine, Cybersecurity, and
ethics: an uneasy relationship. Am J Bioeth. 2018;18(9):52–3. https://doi.org/
10.1080/15265161.2018.1498935.

22. Guta A, Voronka J, Gagnon M. Resisting the digital medicine Panopticon:
toward a bioethics of the oppressed. Am J Bioeth. 2018;18(9):62–4. https://
doi.org/10.1080/15265161.2018.1498936.

23. Rosenbaum L. Swallowing a spy - the potential uses of digital adherence
monitoring. N Engl J Med. 2018;378(2):101–3. https://doi.org/10.1056/
NEJMp1716206.

24. Belluck P. First digital pill approved to worries about biomedical “Big Brother”.
New York: New York Times; 2017. Sect: Health. https://www.nytimes.com/201
7/11/13/health/digital-pill-fda.html. Accessed 20th Nov 2018

25. Arksey H, O’Malley L. Scoping studies: towards a methodological framework.
Int J Soc Res Methodol. 2005;8(1):19–32. https://doi.org/10.1080/
1364557032000119616.

26. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010;5:69. https://doi.org/10.1186/1748-
5908-5-69.

27. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann
Intern Med. 2018;169(7):467–73. https://doi.org/10.7326/M18-0850.

28. Gerke S, Minssen T, Yu H, Cohen IG. Ethical and legal issues of ingestible
electronic sensors. Nat Electron. 2019;2(8):1–6. https://doi.org/10.1038/
s41928-019-0290-6.

https://doi.org/10.1377/hlthaff.2014.0053
https://doi.org/10.3233/978-1-60750-924-0-195
https://doi.org/10.3233/978-1-60750-924-0-195
https://doi.org/10.1038/nbt.3495
https://doi.org/10.1111/soc4.12226
https://doi.org/10.1038/nbt.3222
https://doi.org/10.1080/15265161.2018.1498933
https://doi.org/10.1080/15265161.2018.1498933
https://doi.org/10.1002/cpt.1036
https://doi.org/10.1109/MPUL.2012.2205777
https://doi.org/10.1007/s13181-015-0494-8
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-ingestible-sensor-system-medication-adherence-biomarker-measuring-patient_en.pdf
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-ingestible-sensor-system-medication-adherence-biomarker-measuring-patient_en.pdf
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-ingestible-sensor-system-medication-adherence-biomarker-measuring-patient_en.pdf
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm584933.htm
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm584933.htm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1s000SumR.pdf
https://doi.org/10.1080/14740338.2018.1508447
https://doi.org/10.1177/8755122517704212
https://doi.org/10.1080/15265161.2018.1498948
https://doi.org/10.1080/15265161.2018.1498948
https://doi.org/10.1080/15265161.2018.1498954
https://doi.org/10.1080/15265161.2018.1499832
https://doi.org/10.1080/15265161.2018.1499832
https://doi.org/10.1080/15265161.2018.1498938
https://doi.org/10.1080/15265161.2018.1498938
https://doi.org/10.1080/15265161.2018.1498935
https://doi.org/10.1080/15265161.2018.1498935
https://doi.org/10.1080/15265161.2018.1498936
https://doi.org/10.1080/15265161.2018.1498936
https://doi.org/10.1056/NEJMp1716206
https://doi.org/10.1056/NEJMp1716206
https://www.nytimes.com/2017/11/13/health/digital-pill-fda.html
https://www.nytimes.com/2017/11/13/health/digital-pill-fda.html
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1186/1748-5908-5-69
https://doi.org/10.1186/1748-5908-5-69
https://doi.org/10.7326/M18-0850
https://doi.org/10.1038/s41928-019-0290-6
https://doi.org/10.1038/s41928-019-0290-6


Martani et al. BMC Medical Ethics            (2020) 21:3 Page 13 of 13
29. Proteus Digital Health. Proteus Biomedical announces European CE mark
approval of ingestible sensor and monitor system. https://www.proteus.
com/press-releases/proteus-biomedical-announces-european-ce-mark-
approval-of-ingestible-sensor-and-monitor-system/. Accessed 20th Nov 2018.

30. Peters MD, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB.
Guidance for conducting systematic scoping reviews. Int J Evid Based
Healthc. 2015;13(3):141–6. https://doi.org/10.1097/XEB.0000000000000050.

31. Beauchamp TL, Childress JF. Principles of biomedical ethics. 7th ed. New
York: Oxford University Press; 2013.

32. Au-Yeung KY, Moon GD, Robertson TL, Dicarlo LA, Epstein MS, Weis SE,
Reves RR, Engel G. Early clinical experience with networked system for
promoting patient self-management. Am J Manag Care. 2011;17(7):e277–87.

33. Belknap R, Weis S, Brookens A, Au-Yeung KY, Moon G, DiCarlo L, Reves R.
Feasibility of an ingestible sensor-based system for monitoring adherence
to tuberculosis therapy. PLoS One. 2013;8(1):e53373. https://doi.org/10.1371/
journal.pone.0053373.

34. Browne SH, Behzadi Y, Littlewort G. Let visuals tell the story: medication
adherence in patients with type II diabetes captured by a novel ingestion
sensor platform. JMIR Mhealth Uhealth. 2015;3(4):e108. https://doi.org/10.
2196/mhealth.4292.

35. Browne SH, Peloquin C, Santillo F, Haubrich R, Muttera L, Moser K, Savage
GM, Benson CA, Blaschke TF. Digitizing medicines for remote capture of oral
medication adherence using co-encapsulation. Clin Pharmacol Ther. 2018;
103(3):502–10. https://doi.org/10.1002/cpt.760.

36. Chai PR, Carreiro S, Innes BJ, Chapman B, Schreiber KL, Edwards RR, Carrico
AW, Boyer EW. Oxycodone ingestion patterns in acute fracture pain with
digital pills. Anesth Analg. 2017;125(6):2105–12. https://doi.org/10.1213/ANE.
0000000000002574.

37. Chai PR, Carreiro S, Innes BJ, Rosen RK, O'Cleirigh C, Mayer KH, Boyer EW.
Digital pills to measure opioid ingestion patterns in emergency department
patients with acute fracture pain: a pilot study. J Med Internet Res. 2017;
19(1):e19. https://doi.org/10.2196/jmir.7050.

38. DiCarlo LA, Weinstein RL, Morimoto CB, Savage GM, Moon GL, Au-Yeung K,
Kim YA. Patient-centered home care using digital medicine and telemetric
data for hypertension: feasibility and acceptability of objective ambulatory
assessment. J Clin Hypertens (Greenwich). 2016;18(9):901–6. https://doi.org/
10.1111/jch.12787.

39. Eisenberger U, Wüthrich RP, Bock A, Ambühl P, Steiger J, Intondi A, Kuranoff
S, Maier T, Green D, DiCarlo L, Feutren G, De Geest S. Medication adherence
assessment: high accuracy of the new ingestible sensor system in kidney
transplants. Transplantation. 2013;96(3):245–50. https://doi.org/10.1097/TP.
0b013e31829b7571.

40. Frias J, Virdi N, Raja P, Kim Y, Savage G, Osterberg L. Effectiveness of digital
medicines to improve clinical outcomes in patients with uncontrolled
hypertension and type 2 diabetes: prospective, open-label, cluster-
randomized pilot clinical trial. J Med Internet Res. 2017;19(7):e246. https://
doi.org/10.2196/jmir.7833.

41. Kane JM, Perlis RH, DiCarlo LA, Au-Yeung K, Duong J, Petrides G. First
experience with a wireless system incorporating physiologic assessments
and direct confirmation of digital tablet ingestions in ambulatory patients
with schizophrenia or bipolar disorder. J Clin Psychiatry. 2013;74(6):e533–40.
https://doi.org/10.4088/JCP.12m08222.

42. Kopelowicz A, Baker RA, Zhao C, Brewer C, Lawson E, Peters-Strickland T. A
multicenter, open-label, pilot study evaluating the functionality of an
integrated call center for a digital medicine system to optimize monitoring
of adherence to oral aripiprazole in adult patients with serious mental
illness. Neuropsychiatr Dis Treat. 2017;13:2641–51. https://doi.org/10.2147/
NDT.S143091.

43. Moorhead P, Zavala A, Kim Y, Virdi NS. Efficacy and safety of a medication
dose reminder feature in a digital health offering with the use of sensor-
enabled medicines. J Am Pharm Assoc (2003). 2017;57(2):155–161.e1.
https://doi.org/10.1016/j.japh.2016.12.067.

44. Naik R, Macey N, West RJ, Godbehere P, Thurston SC, Fox R, Xiang W, Kim Y,
Singh I, Leadley S, DiCarlo L. First use of an ingestible sensor to manage
uncontrolled blood pressure in primary practice: the UK hypertension
registry. J Community Med Health Educ. 2017;7(1):1–5. https://doi.org/10.
4172/2161-0711.1000506.

45. Noble K, Brown K, Medina M, Alvarez F, Young J, Leadley S, Kim Y, DiCarlo L.
Medication adherence and activity patterns underlying uncontrolled
hypertension: Assessment and recommendations by practicing pharmacists
using digital health care. J Am Pharm Assoc (2003). 2016;56(3):310–5.
https://doi.org/10.1016/j.japh.2016.01.005.

46. Peters-Strickland T, Pestreich L, Hatch A, Rohatagi S, Baker RA, Docherty JP,
Markovtsova L, Raja P, Weiden PJ, Walling DP. Usability of a novel digital
medicine system in adults with schizophrenia treated with sensor-
embedded tablets of aripiprazole. Neuropsychiatr Dis Treat. 2016;12:2587–
94.

47. Peters-Strickland T, Hatch A, Adenwala A, Atkinson K, Bartfeld B. Human
factors evaluation of a novel digital medicine system in psychiatry.
Neuropsychiatr Dis Treat. 2018;14:553–65. https://doi.org/10.2147/NDT.
S157102.

48. Rohatagi S, Profit D, Hatch A, Zhao C, Docherty JP, Peters-Strickland TS.
Optimization of a digital medicine system in psychiatry. J Clin Psychiatry.
2016;77(9):e1101–7. https://doi.org/10.4088/JCP.16m10693.

49. Thompson D, Mackay T, Matthews M, Edwards J, Peters NS, Connolly SB.
Direct adherence measurement using an ingestible sensor compared with
self-reporting in high-risk cardiovascular disease patients who knew they
were being measured: a prospective intervention. JMIR Mhealth Uhealth.
2017;5(6):e76. https://doi.org/10.2196/mhealth.6998 Erratum in: JMIR
Mhealth Uhealth. 2018 Apr 27;6(4):e13.

50. Arain M, Campbell MJ, Cooper CL, Lancaster GA. What is a pilot or feasibility
study? A review of current practice and editorial policy. BMC Med Res
Methodol. 2010;10:67. https://doi.org/10.1186/1471-2288-10-67.

51. Burwell S, Sample M, Racine E. Ethical aspects of brain computer interfaces:
a scoping review. BMC Med Ethics. 2017;18(1):60. https://doi.org/10.1186/
s12910-017-0220-y.

52. Wac K. From quantified self to quality of life. In: Rivas H, Wac K, editors.
Digital health. Health informatics. Cham: Springer; 2018. p. 83–108.

53. Ioannidis JP. Why most published research findings are false. PLoS Med.
2005;2(8):e124. https://doi.org/10.1371/journal.pmed.0020124.

54. FDA. Printed labeling. Drug approval package: Abilify MyCite (aripiprazole).
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1
s000Lbl.pdf. Accessed 20th Nov 2018.

55. Tanenbaum ML, Hanes SJ, Miller KM, Naranjo D, Bensen R, Hood KK.
Diabetes device use in adults with type 1 diabetes: barriers to uptake and
potential intervention targets. Diabetes Care. 2017;40(2):181–7.

56. Arnason V. Coding and consent: moral challenges of the database project
in Iceland. Bioethics. 2004;18(1):27–49.

57. Goold I. Digital tracking medication: big promise or big brother? Law Innov
Technol. 2019. https://doi.org/10.1080/17579961.2019.1665791.

58. FDA snubs first smart pill. Nat Biotechnol. 2016;34(7):678. https://doi.org/10.
1038/nbt0716-678.

59. Vayena E, Ienca M. Digital medicine and ethics: rooting for evidence. Am J
Bioeth. 2018;18(9):49–51. https://doi.org/10.1080/15265161.2018.1498955.

60. Burls A, Caron L, Cleret de Langavant G, Dondorp W, Harstall C, Pathak-Sen
E, Hofmann B. Tackling ethical issues in health technology assessment: a
proposed framework. Int J Technol Assess Health Care. 2011;27(3):230–7.
https://doi.org/10.1017/S0266462311000250.

61. Papola D, Gastaldon C, Ostuzzi G. Can a digital medicine system improve
adherence to antipsychotic treatment? Epidemiol Psychiatr Sci. 2018;27(3):
227–9. https://doi.org/10.1017/S2045796018000082.

62. Au-Yeung KY, DiCarlo L. Cost comparison of wirelessly vs. directly observed
therapy for adherence confirmation in anti-tuberculosis treatment. Int J
Tuberc Lung Dis. 2012;16(11):1498–504. https://doi.org/10.5588/ijtld.11.0868.

63. Frigerio M. Getting approval for new therapeutic medical devices versus
drugs: are the differences justified? Eur Respir Rev. 2016;25(141):223–6.
https://doi.org/10.1183/16000617.0037-2016.

64. Curfman GD, Redberg RF. Medical devices—balancing regulation and
innovation. N Engl J Med. 2011;365(11):975–7. https://doi.org/10.1056/
NEJMp1109094.

65. Garber AM. Modernizing device regulation. N Engl J Med. 2010;362(13):
1161–3. https://doi.org/10.1056/NEJMp1000447.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

https://www.proteus.com/press-releases/proteus-biomedical-announces-european-ce-mark-approval-of-ingestible-sensor-and-monitor-system/
https://www.proteus.com/press-releases/proteus-biomedical-announces-european-ce-mark-approval-of-ingestible-sensor-and-monitor-system/
https://www.proteus.com/press-releases/proteus-biomedical-announces-european-ce-mark-approval-of-ingestible-sensor-and-monitor-system/
https://doi.org/10.1097/XEB.0000000000000050
https://doi.org/10.1371/journal.pone.0053373
https://doi.org/10.1371/journal.pone.0053373
https://doi.org/10.2196/mhealth.4292
https://doi.org/10.2196/mhealth.4292
https://doi.org/10.1002/cpt.760
https://doi.org/10.1213/ANE.0000000000002574
https://doi.org/10.1213/ANE.0000000000002574
https://doi.org/10.2196/jmir.7050
https://doi.org/10.1111/jch.12787
https://doi.org/10.1111/jch.12787
https://doi.org/10.1097/TP.0b013e31829b7571
https://doi.org/10.1097/TP.0b013e31829b7571
https://doi.org/10.2196/jmir.7833
https://doi.org/10.2196/jmir.7833
https://doi.org/10.4088/JCP.12m08222
https://doi.org/10.2147/NDT.S143091
https://doi.org/10.2147/NDT.S143091
https://doi.org/10.1016/j.japh.2016.12.067
https://doi.org/10.4172/2161-0711.1000506
https://doi.org/10.4172/2161-0711.1000506
https://doi.org/10.1016/j.japh.2016.01.005
https://doi.org/10.2147/NDT.S157102
https://doi.org/10.2147/NDT.S157102
https://doi.org/10.4088/JCP.16m10693
https://doi.org/10.2196/mhealth.6998
https://doi.org/10.1186/1471-2288-10-67
https://doi.org/10.1186/s12910-017-0220-y
https://doi.org/10.1186/s12910-017-0220-y
https://doi.org/10.1371/journal.pmed.0020124
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1s000Lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/207202Orig1s000Lbl.pdf
https://doi.org/10.1080/17579961.2019.1665791
https://doi.org/10.1038/nbt0716-678
https://doi.org/10.1038/nbt0716-678
https://doi.org/10.1080/15265161.2018.1498955
https://doi.org/10.1017/S0266462311000250
https://doi.org/10.1017/S2045796018000082
https://doi.org/10.5588/ijtld.11.0868
https://doi.org/10.1183/16000617.0037-2016
https://doi.org/10.1056/NEJMp1109094
https://doi.org/10.1056/NEJMp1109094
https://doi.org/10.1056/NEJMp1000447

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Study selection
	Data charting

	Results
	General features of the included studied
	Ethically relevant aspects
	Patient-related
	Provider-related
	Society-related

	Discussion
	Limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

