
Exploratory Research in Clinical and Social Pharmacy 6 (2022) 100141

Contents lists available at ScienceDirect

Exploratory Research in Clinical and Social Pharmacy

j ourna l homepage: www.e lsev ie r .com/ locate / rcsop
Data-enriched edible pharmaceuticals (DEEPs): Patients' preferences,
perceptions, and acceptability of new dosage forms and their digital
aspects – An interview study
Meie Chao a, Natalja Genina a, Netta Beer a, Sofia Kälvemark Sporrong a,b,⁎

a Department of Pharmacy, University of Copenhagen, Universitetsparken 2, 2100 Copenhagen, Denmark
b Department of Pharmacy, Uppsala University, Box 580, 751 23 Uppsala, Sweden
⁎ Corresponding author at: Department of Pharmacy, Uni
E-mail addresses: natalja.genina@sund.ku.dk (N. Genina

http://dx.doi.org/10.1016/j.rcsop.2022.100141
Received 24 October 2021; Received in revised form
2667-2766/© 2022 The Authors. Published by Elsevie
0/).
A B S T R A C T
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Keywords:
 Background: In the field of pharmaceuticals, there is a shift away from the traditional “one-size-fits-all” concept to a
more patient-centered one. A potential approach to obtain personalizedmedicine is with printed Data-Enriched Edible
Pharmaceuticals (DEEPs). DEEPs that are printed in the pattern of QR codes contain both the patient-tailored dose and
data that can be used to give patients personalized drug information and combat counterfeit medicines.
Objectives: The study aims to explore patients' preferences, perceptions, and acceptability of DEEPs, and the digital as-
pects of them.
Methods: Thirteen participants, living in Denmark, were interviewed twice using a semi-structured approach. Inter-
views were conducted face-to-face or via video calls. The interviews were transcribed, translated, and analyzed
using thematic coding analysis.
Results: The participants found it useful to participate in the design of their ownmedicine. The orodispersible nature of
DEEPs and the possibility to select color, embedded images, flavors, and physical dimensions of DEEPs were consid-
ered beneficial for patients' adherence. Patients' personal preferences, convenience, and aesthetics were the main
drivers for their favored design of DEEPs. The acceptability of digital healthcare in connection to DEEPs was found
to be related to the participants' level of digital literacy.
Conclusions: The participants generally had a positive attitude towards DEEPs and the digital aspects of them.However,
to accept digital healthcare in connection to DEEPs, it should be adaptable and easy to use for everyone. The combi-
nation of digital healthcare and on-demand fabricated DEEPs could potentially contribute to higher patient adherence
and safety in the future.
Personalized medicine
Additive manufacturing
QR-codes
Patient-designed medicine
Patient preferences
Qualitative interviews
1. Introduction

Since the completion of the Human Genome Project (HUGO) back in
2003, the focus on personalized medicine has become bigger than ever
before.1 In 2018, 42% of the new molecular entities approved by the
Food and Drug Administration (FDA), were under the category “personal-
ized medicine”.2 This indicates that current research is leaning more to-
wards patient-tailored therapies instead of the traditional “one-size-fits-
all”, which has been the concept for decades. Besides the targeted design
of drug molecules based on pharmacogenomics, personalized medicine
also includes tailoring the dose, dosage form, and drug release kinetics of
a drug product, and in addition customization of its physical appearance
and functionality.3 The flexible opportunities regarding adjustment of the
drug's appearance make it possible for patients to be co-designers of their
medication when it comes to color, pattern, and more.4 This, in turn, can
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be used to increase medication adherence by meeting patients'
(e.g., polypharmacy patients) preferences and needs.4–6

One promising way to achieve personalized medicine is by additive
manufacturing (AM), which covers 2-dimensional (2DP) and 3-dimensional
printing (3DP).7 AM is computer-controlled and offers on-demand
manufacturing.8,9 Thismeans that themanufacturing process can be digitally
well-controlled, and precise doses tailored for individual patients can be eas-
ily achieved.10,11 Also, it is flexible when it comes to production sites, it can
be produced in, for example, hospitals, pharmacies, or other locations.12 At
the moment, there is only one 3D-printed drug product, Spritam developed
by Aprecia, approved by the US Food and Drug Administration (FDA). It
was approved in 2015 and is available on themarket infixed doses produced
by mass manufacturing in the pharmaceutical industry.13

Data-enriched edible pharmaceuticals (DEEPs) have been proposed as
new solid dosage forms that are manufactured by AM, where an ink
ken 2, 2100 Copenhagen, Denmark.
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formulation, containing an active pharmaceutical ingredient (API), is
imprinted in the pattern of Quick Response (QR) codes on edible
orodispersible ‘paper’ (substrate).14–16 The QR encoded pattern containing
the patient-tailored dose (i.e., the API) can be manufactured on-demand,
and at the same time the QR code pattern encapsulates unique patient infor-
mation that can be used for traceability and instantaneous on-dose verifica-
tion of a single dosage form. The latter is a term used for a method that can
verify an individual dosage form as an original drug product, evenwhen re-
moved from the primary and/or secondary packaging.17 According to the
World Health Organization (WHO), more than 10% of the global medicine
market consists of counterfeit and falsified medicine, and in Asia, Africa,
and the Middle East, it makes up 20% to 30% of the medicine market.17

One way to combat counterfeit medicine could be to use new dosage
forms with digital aspects like DEEPs.15 Moreover, patients with swallow-
ing problems, such as many in the pediatric and geriatric groups, can ben-
efit from DEEPs as they disperse in the mouth without a need to swallow
a large object.18,19

This type of solid dosage form with digital elements is also closely
linked to digital healthcare and self-monitoring, where patients can moni-
tor critical health parameters longitudinally and unobtrusively by, for ex-
ample, wearable digital devices and a smartphone.3 For example, the
smartphone can be used as a “sensor for medication adherence” as it can
act as a reminder or engagement service to avoid missing a dose or double
dosing. It could also act as a tool for processing and displaying parameters
received from wearable devices, such as pulse meters and/or oxygen satu-
ration monitors. This information can be digitally shared with healthcare
professionals for follow-up purposes and for tracking drug intake. A DEEP
with an embedded QR code can contain patient-tailored and patient-
collected information that is useful, and digitally as well as real-time acces-
sible for both patients and healthcare professionals, on their demand, and
in the desired format (e.g., language, specific information). Furthermore,
a daily drug update can be recorded and monitored by scanning the DEEP
with a smartphone and sharing this information on an online platform.
This available and processed information could help healthcare profes-
sionals to have a better treatment overview and make informed decisions
for subsequent treatment options that would ultimately result in better ther-
apeutic outcomes.3 Fig. 1 illustrates the concept behind the potential imple-
mentation of DEEP in a real-world scenario.

Digital healthcare has the potential to improve issues with non-
adherence.20,21 However, a challenge for digital healthcare is that it relies
on the engagement of healthcare professionals and patients in order to be
successful. Age and level of digital literacy are important factors for pa-
tients' willingness to self-monitor and accept digital healthcare. UNESCO
defines digital literacy as: “a set of basic skills which include the use and pro-
duction of digital media, information processing and retrieval, participation in so-
cial networks for creation and sharing of knowledge, and a wide range of
professional computing skills”.22 Geriatric patients are considered to be the
most likely group to question digital healthcare and self-monitoring due
to low digital literacy.23

To fully achieve patient adherence to and satisfaction with new dosage
forms and the possible use of digital healthcare, it is important to gain
knowledge about patients' needs and concerns.6 The aim of this study was
Fig. 1. Illustration of the concept behind the potential implementation of data-enrich
medicine; (B) a patient has an opportunity to co-design his/her medicine; (C) customiz
(D) secured data retrieving from a DEEP with the use of a smartphone; (E) secured data
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to explore the preferences, perceptions, and acceptability of DEEPs as
new dosage forms, and the acceptability of digital healthcare among differ-
ent patient groups in Denmark.

2. Material and methods

To explore the preferences, perceptions, and acceptability of DEEPs, a
qualitative approach with semi-structured interviews was used.

2.1. Setting and participants

Maximum variation sampling (i.e. striving for a wide variety of partici-
pants/perspectives) was used to explore different dimensions of the topic.24

Characteristics like age, medical and social background were considered to
achieve this, including personswith different cultural backgrounds and par-
ents. Initially, participants who experienced problems with their medicines
were recruited, thereafter, participants with a foreign background, partici-
pants representing the geriatric group, and parents of the pediatric group.
These groups were recruited as they potentially either would have difficul-
ties with DEEPs (e.g. language, culture) or be relevant groups for using
DEEPs (difficulties with swallowing, need for monitoring). Inclusion
criteria for participants were that they were 18 years or older, resided in
Denmark, and used at least one prescribed oral medicine daily. For the par-
ents, the criterion was that they had given their children at least one oral
prescription medicine. Recruitment was done through snowballing,
starting from the researchers' networks, however, none of the participants
had personal relations with the researchers.

A recruiting post was sent to potential participants on FacebookMessen-
ger, email, or handed out physically. The participants received no incen-
tives for participation.

2.2. Ethical considerations

Individuals who were interested in participating in the study received
an information letter describing the study and the interview process. A con-
sent form was sent by email or handed out physically at the interview. The
participants had the opportunity to ask questions before the interviews
started, were promised anonymity, and gave their permission to audio re-
cording of the interviews. The interviews were voluntary, and participants
were given the opportunity to withdraw their consent at any time.

The processing of personal data in this study was approved by The
Faculty of Health and Medical Sciences (no.: 514-0504/20-3000) in accor-
dance with the rules of the General Data Protection Regulation (Regulation
2016/679).

2.3. Data collection and analysis

To make it convenient and give the participants time to reflect, the in-
terviews were divided into 2 rounds due to the length and the extensive
number of questions. The interview guide for the first interview was devel-
oped from the study aim and earlier research.4 It investigated participants'
medical backgrounds, preferences, and perceptions towards personalized
ed edible pharmaceuticals (DEEPs): (A) a healthcare professional prescribes the
ed medicine (DEEP) is manufactured, for instance, in the compounding pharmacy;
storage, where only authorized parties have access.
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DEEPs as a potential dosage form. Topics in the interview guide included
issues with current medicines, flavors, visuals, and possibilities with
DEEPs compared to current medicines. In addition, pictures of DEEP proto-
types in different sizes, shapes, colors, patterns with and without incorpo-
rated images were shown to the participants to visualize the concept (see
Fig. 2). The interview guide for the second interview investigated partici-
pants' attitudes towards digital health, and preferences for a potential app
in connection with DEEPs.23,25 Also, pictures of potential app features
were shown (see Fig. 3). To further explore digital literacy, questions
about what phone and (health) apps the participants used were asked, for
example, “Which phone do you have?” and “Which health apps do you
use?”. No modifications were made to the interview guides regardless of
the adult participants' background. For the interviews with parents, the in-
terview guides were revised to get answers about their children's use of
medicine.

Between the 2 interviews, participants' preferred DEEPs (sizes, shapes,
colors, type of patterns) from the first interview were printed out and
shown in the second interview. For those participants, whowanted both in-
terviews conducted on the same day, several DEEPs were printed out on ed-
ible paper beforehand, to give them an opportunity to see some examples.
The interviews were conducted by the first author, who at the time was a
master's student in pharmacy, on Skype or face-to-face, and audio recorded
with VoiceMemos on Mac OS and iPhone. All data were transcribed verba-
tim in the language used in the interview, in Word 2020 (Microsoft). A the-
matic coding analysis was done, by the first author, supervised by the last
author (a social scientist experienced in qualitative research), using the
six phases proposed by Braun and Clarke.26 Digital literacy was determined
by an overall analysis of the participants' answers, with emphasis on ques-
tions on phones, apps, and the responses to the potential app they were
shown at the second interview. High or low digital literacy was decided
based on UNESCO's definition (see Introduction). All authors (second and
third authors have backgrounds in pharmacy and global health, respec-
tively) discussed the preliminary analyses during data collection and the
final analysis after data collection. NVivo 12 (Mac) was used during data
analysis, and relevant quotes originally in other languages were translated
into English.
Fig. 2. The visual features of the potential DEEPs. MORFIN =
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3. Results

Interviewswere conducted betweenMarch andAugust 2020. Six partic-
ipants were interviewed on 2 different days with 1–7 days between each in-
terview, while 7 participants wanted both interviews to be conducted on
the same day. Interviews with 5 participants were conducted face-to-face,
the remaining online. Interviews were conducted in one of the languages
the interviewer could speak (8 in Danish, 2 in English, and 3 in another lan-
guage) and lasted from 44 to 106 min per participant.

3.1. Characteristics of the participants

Thirteen participants from different regions in Denmark were
interviewed. Eleven of them used oral medicine daily and 2 of the partici-
pants were parents, who had given oral medicine to their children. The
age of the participants ranged from 21 to 78 years, and they used between
1 and 7 different prescribedmedicines. The parents had children in the ages
1–8 years and had given them 1 to 3 different oral prescription medicines
before the interviews. See Table 1 for participant characteristics.

3.2. Patient designed DEEPs

3.2.1. Orodispersible formulation and flavors
Participants expressed that the orodispersible formulation seemed to be

more comfortable to take than their current medicine. Especially the par-
ents and participants, who had indicated that they had swallowing difficul-
ties, found the orodispersible dosage forms valuable.

“It's very good, especially when you take a lot of pills as I do. It's much better
[that it dissolves in the mouth]. I'm so tired of swallowing the pills” (P11).

Most of the participants preferred berry-like flavors (strawberry, rasp-
berry, or blackcurrant), and citrus flavors like lemon, orange, or lime. The
berrylike flavors were all chosen due to a positive taste experience from
candy and other medicines. The participants, who chose the citrus flavors,
all expressed that the citrus flavors were the most refreshing flavors for
medicine. Other participants also noted that more flavors should be avail-
able for daily medicine takers instead of just one flavor.
Morphine; MAN 20:00 = Monday 8 pm; TIRS = Tuesday.



Fig. 3. Examples of features of a potential app.

Table 1
Participant characteristics (Letter P refers to the adult participant and his/her number (1 to 11), whereas the parents are referred to as Parent 1 or 2.

Participant Age (years)
*age of child

Gender
(gender of child)

Occupation Type of oral medicines
(Tablets per day)

Digital
literacy

P1 21 Female Student Hormonal oral contraceptives, antihistamines (2) High
P2 65 Male Work Cholesterol-lowering (3) High
P3 26 Female Student Hormonal oral contraceptives (1) High
P4 49 Female Work Antidepressants, antibiotics, antihistamines (3+) Low
P5 24 Female Work Hormonal oral contraceptives, antacids (2+) High
P6 71 Male Retired VKA, beta-blocker (3+) High

P7 62 Female Retired
Cholesterol-lowering, oral antidiabetic, ACE-inhibitor, antiplatelet, antihistamine, high dose vitamin,
analgesics (7+)

Low

P8 75 Male Retired Cholesterol-lowering, ARBs, anticoagulant (3) Low
P9 73 Male Retired Oral antidiabetic (1) Low
P10 72 Female Retired VKA, antihormone, beta-blocker, calcium (5+) Low

P11 78 Female Retired
Cholesterol-lowering,
antiplatelet, oral antidiabetic, laxative, ACE-inhibitor (10+)

Low

Parent 1 1*
Female
(*girl)

Work Analgesics (not relevant) High

Parent 2 2* and 8*
Male
(*2 girls)

Work Antibiotics, analgesics (not relevant) High

Abbreviations: VKA= Vitamin K antagonists; ARBs = Angiotensin II Receptor Blockers; ACE-inhibitors = Angiotensin-Converting Enzyme inhibitors.
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“You could make like different variants with several flavors depending on if
you have to take it [the medicine] daily, like all the time and over many years.
It could happen that you will get tired of just one flavor” (P3).

3.2.2. The physical appearance of DEEPs
A majority of the participants preferred the DEEP to have a rounded

edge rather than completely squared as a regular QR code (see Fig. 2).
The rounded edges were experienced as more user-friendly and an adher-
ence factor, as some of the participants were concerned about the sharp
edges on a square. Furthermore, the size of the dosage form was found to
be critical, and should, according to the participants, not be bigger than
the tongue, despite the orodispersible properties of DEEPs. Therefore, a
size of 2 × 2 cm2 was perceived as being optimal.

All the participants preferred either a blue or a red pattern of QR codes
in DEEPs except for one participant who chose a pink color (see Figs. 2 and
4). The main reason for choosing blue was as it was perceived as neutral. A
few also associated it with the evening. The participants who chose red se-
lected it due to easy recognition and personal preferences. They expressed
that it was the “clearest” of the shown colors (see Figs. 2 and 4). It was
also noticed that 3 out of 4 participants, who chose red, had a non-Danish
background. However, some found red and other colors unacceptable and
associated them with being too “funky”, “candy-like” and “toxic”. Dark
4

colors such as brown and black reminded some of the participants of
feces and poison and were therefore not chosen. Another concern about
the colors was whether or not they would make stains on the tongue due
to the presence of dye in the printed QR code pattern. The parents chose
green and pink for their children based on the favorite colors of the chil-
dren.

According to the participants, the patterns of the QR code should either
be the original pattern or the small dots (see Figs. 2 and 4). Participants'
main reason for choosing the original pattern was the recognizable pat-
terns, and for the small dots it was aesthetics. The dots were perceived as
more modern and good-looking than the other two patterns. The partici-
pants perceived the small dots as the pattern with the lowest ink concentra-
tion and thereby a lower risk of adverse drug reactions (ADRs) and stains on
the tongue.

Themajority of the participants found an embedded image on a DEEP to
be useful, especially images of heart, sun,moon, and text (see Figs. 2 and 4).
The heart was chosen by several of the participants because it was represen-
tative of “life”. Participants who wanted a text on the DEEPs, for example,
time, day, or initials, perceived it as a useful element - an extra help to re-
mind themwhen to take their medicine. This was especially true for partic-
ipants, who took their medicine irregularly. One parent perceived
characters, such as Peppa Pig, as a good way to help and give a good



Fig. 4. Participants' preferences for the appearance of the DEEPs. MAN 20:00 = Monday 8 pm.
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experience for her childwhen takingmedicine. In contrast, the other parent
was against images of cartoon characters on the DEEPs as it, for him, was
associated with toys and should not be mixed with medicine.

Most participants found the opportunity of designing the appearance of
their own medicine useful. Several participants said that it would be a way
for them to remember the medicine because they would feel like being part
of the development of it. All participants saw the possibility of a dose tai-
lored to their needs, as a positive opportunity and the biggest advantage
of DEEPs. It was seen as a solution to avoid ADRs and unnecessary doses,
which participants viewed as helpful for both patients and health care pro-
fessionals.

The possible price of a DEEP was an important factor for the partici-
pants. Only a few participants would choose the DEEP if it wasmore expen-
sive than their current medicine. Especially participants who were retired
or birth control pill users would not choose it if the price was higher. This
was due to financial reasons and not enough advantages of the DEEPs as
compared to existing solutions, respectively. The participants expressed
that the price was one way for patients to successfully accept the product.

“People may be conservative, but something that stops people from being con-
servative is money” (P13).

3.3. Digital healthcare

All except one of the participants had a smartphone with a camera and
internet access. Despite this, 6 of the participants could be categorized as
having low digital literacy as they lacked fundamental skills regarding a
smartphone, such as entering digital platforms, and processing and retriev-
ing information. Some of them had to receive help from friends and family
to get access to apps. Even though the majority of these 6 persons could use
basic functions such as calling and messaging, none of them understood
how to do more advanced functions like installing an app on the smart-
phone. One participant did not know how to enter the camera function.

The acceptability of digital healthcare was strongly connected to the
participants' level of digital literacy. It was mainly the older participants
and immigrants that did not fully accept or were in control of digital
healthcare. Both groups were found to be more prone to deny digital
healthcare due to language barriers and/or incapability of self-monitoring.

3.4. App features and self-monitoring

The majority of the participants found the shown examples of potential
app functions useful (see Fig. 3), however, a few of the participants with
low digital literacy had trouble understanding what it was. Medicine over-
views and reminders were the 2 most chosen features. A suggested chat
robot was the least preferred. Some of the participants, who got blood
tests several times a year, also suggested an overview of the test results in
5

the potential app. Other functions that were mentioned to be helpful,
were online patient information leaflets and language options.

As for the QR codes, some were unsure about the use of the code, to
beginwith, but they all understood the concept at the end of the interviews.
The participants viewed the QR code as an extra safety since the code was
unique and could contain information tailored for the individual. However,
most of the participants did notwant to scan theQR code on the DEEP every
time they took the medicine.

Regarding drug authenticity, the majority of the participants expressed
they had trust in the Danish drug regulations and the pharmacies. However,
when asked about a function that could verify the authenticity of a drug, it
was accepted by all participants except one. Especially participants, who
came from or had worked in another country, found the drug authenticity
function useful. None of the participants would, however, use the function
as a part of their daily routine.Hence, it was perceivedmore as an extra sup-
plement rather than actual help.

One of the most common requests for the potential app was that it
should not be an extra app “floating around” on the phone, but preferably
be part of, or interact with, already existing health apps. Furthermore, a
general perception was that it was essential for the app to be simple and
user-friendly. Despite the different preferences, the majority of the partici-
pants accepted the use of a potential app, although they thought it should
be voluntary and possible to deselect.

“It would be fine to have an app. It would also be fine not to have it. There
shouldn't be a demand to use it. If Mr. Jensen doesn't want to use it or can't use
it, it should not ruin his medical treatment” (Parent 2).

The participants found a potential app to be time-saving for both pa-
tients and health care professionals. Especially, if more self-monitoring
could be included in the therapy, it would be an advantage according to
several participants with self-monitoring experience. Some participants
were concerned about the lack of personal contact if more interaction be-
tween the patient and healthcare provider took place digitally. For some
of the elderly participants, the digitalization of health care was also per-
ceived as dehumanizing.

“…in this case, it could be detrimental because I believe in personal contact./
…/ We are humans and relations should not be related to a machine but should
be personal like the meeting we are having now. I think it's a part of the joy of liv-
ing and being realistic. So, there are many things we cannot perceive from elec-
tronic information, but only personally” (P9).

4. Discussion

4.1. The physical appearance of DEEPs

The patients' possibility to influence the design of the DEEP was per-
ceived positively by the majority of the participants, suggesting that an
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influence on their own treatment may lead to better adherence and treat-
ment outcomes.6 The preferences, perceptions, and acceptability towards
the appearances of the DEEPs were related to the participants' personal
preferences and convenience. The colors seemed to affect the participants'
acceptability indirectly. Studies have shown that the color of medicines
has different meanings depending on the culture.27 In this study, the selec-
tion of red color for DEEP by non-Danish patients emphasizes the influence
of the cultural background on the patients' preferences.

Findings from the study showed that the orodispersible nature of DEEPs
was perceived as an advantage by all participants. In recent studies, it was
found that orodispersible and chewable dosage forms were preferred over
conventional solid oral dosage forms, such as tablets, among children.28,29

This suggests that orodispersible dosage forms like DEEPs could contribute
to more convenience for all patients, although especially the pediatric and
geriatric groups as they more often experience problems with their current
medicine, such as swallowing issues and lack of precise doses.3,28–30

4.2. Digital health

Acceptability of digital healthcare and potential self-monitoring was
strongly connected with the participants' level of digital literacy. It was
seen thatmainly the older participants and participantswith a foreign back-
ground had challenges accepting digital healthcare. This could be a prob-
lem as the older group is one of the biggest medicine consumers, and
their acceptability of digital healthcare is therefore crucial.31

Similar to other studies, participants, who had the experience of self-
monitoring, were highly accepting of it and felt confident with the use of
digital devices.32 The participants' acceptability towards self-monitoring
could also be related to the feeling of being in control of morbidities.33 In
contrast, participants, who did not want to self-monitor, had concerns
about conducting for example health measurements. For the geriatric
group, it was also associated with fear of missing personal contact. This
might also explain why the chat robot function was the least preferred fea-
ture in a potential app. It has also been shown that geriatric patients are
open to digital healthcare, as long as it does not replace face-to-face
meetings.23 This suggests that, because of the diversity in digital literacy,
it is important to support patientswith low digital literacy or lack of interest
in for example self-monitoring, in order to implement digital devices in the
healthcare regimen.23

An important factor for the participants was to not have an extra app
with separate functions, but an app collaborating with already existing
healthcare apps. Also, the patients' low willingness to scan every QR code
might challenge the self-reporting of a routine drug intake and on-dose
drug verification possibility that DEEPs with QR codes offer.15,17 Even
though a drug authenticity function might not be as relevant for the Danish
population (counterfeit medicines are rare in Denmark), it could still bene-
fit other populations where the extent of counterfeit and falsified medicine
is greater.34

Several studies point in the direction that personalized medicine, in-
cluding DEEPs and related apps, will be more expensive than conventional
medicine.35–37 Even though the participants found DEEPs beneficial in sev-
eral ways, the pricewas a factor that could change their acceptance of them.
The price acceptance depended strongly on the individual participant's so-
cial and economic background, and most of them did not want to pay more
thanwhat theywere used to. This could potentially contribute to health dis-
parities in a society, depending on the health care system.37 Furthermore,
studies have shown that on average, Android users in the US have a
lower income than iPhone Operating System (iOS) users.37 Hence, to
avoid further disparity, any QR code-related applications should be inclu-
sive of any system related to patients' digital devices.

The participants had opinions on the things theywere asked about, even
though some of it, for example, the concept of DEEPs, was new to them.
This shows both the feasibility and the importance of including the patient
perspective in all phases of the development and implementation of person-
alized medicine using new techniques and digital healthcare. This can help
developers achieve positive outcomes for patients.23,38
6

4.3. Limitations

A limitation of this study was that the participants could not taste nor
see the final dosage forms. They only saw a prototype version due to the
COVID-19 lockdown and the inability to access the laboratories in time.
Therefore, the answers were based on associations with other medicines
that they had taken in the past. The final dosage forms were more flexible
than the prototype.15 Moreover, there may have been too many design op-
tions for the participants to choose from during the interviews. In general,
too many choices can overwhelm patients and impair their abilities in
decision-making.39

Probably, saturation was not reached in this study. As DEEPs are new
dosage forms, not yet in use, this is a very explorative study. It would be
hard to knowwhen content saturation was reached as we can only hypoth-
esize about what factors would be important to consider, for example when
selecting participants. However, we included a heterogeneous sample to get
as many perspectives as possible. Repeat interviews made it possible for
participants to reflect on their answers in the first interview, and to get
used to the idea of DEEPs. In addition, the sampling was made in steps to
make it possible to include perspectives not covered by the first interviews.
The transferability of the results is dependent on the populations in any
other context. For example, Denmark is a country with rather high digital
literacy.

5. Conclusions

The study showed that most patients were open-minded towards
DEEPs. Especially the orodispersible dosage form, the possibility for indi-
vidualized doses, and multiple design choices were considered as helpful
factors that could benefit their daily medicine intake. The preferences, per-
ceptions, and acceptability towards the appearance of DEEPs depended on
personal preferences, convenience, and aesthetics. Acceptability of digital
healthcare in connection toDEEPswas closely related to the patients' health
and digital literacy. For patients to engage in it, the digital solutions should
be adaptable and user-friendly, and not an excessive addition to their cur-
rent healthcare. Overall, this study suggests that the opportunities of
DEEPs and digital healthcare could contribute to better treatment outcomes
by increasing patient adherence and safety in the future.
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