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Health care professionals not only have to provide patients with the correct diagnosis
and appropriate therapy. They must also enable patients to “take their medication as prescribed”, a seemingly simple behavior which is known as medication adherence.1
A review of 50 years of adherence research estimates a mean adherence rate of
75.2%, ranging from 65.5% for sleep disorders to 88.3% for HIV.2 Nonadherence, or
the failure to take medication as prescribed, strongly relates to negative outcomes. 3 The
development of effective interventions to improve adherence is a quest many researchers
and practitioners have been pursuing for decades. Due to its inherent complexity, there
is no one-size-fits-all solution to combat nonadherence.4 A simple method is the use
of a device that holds a predefined number of medications organized by day and time
according to a patient’s individual therapy plan. Such medication management aids
(MMAs) exist in various forms and they are widely used for presumably nonadherent
patients, especially older adults.5
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Objective: To collect opinions on medication management aids (MMAs) in general and on an
electronic MMA (e-MMA) dispensing prepackaged polypharmacy in sealed pouches.
Study setting: The setting involved community-dwelling older adults in Basel, Switzerland,
in 2013.
Study design: The study involved 1) a 14-day trial with the e-MMA and 2) a focus group
to identify general attributes of MMAs, their applicability to the e-MMA, and possible target
groups for the e-MMA.
Data collection methods: Six participants using long-term polypharmacy and willing to
try new technologies completed the 14-day trial and participated in the focus group. Inductive
content analysis was performed to extract data.
Principal findings: Participants rated ten of 17 general attributes as clearly applicable to the
e-MMA and five as unsuitable. Attributes pertained to three interrelating themes: product design,
patient support, and living conditions. Envisaged target groups were patients with time-sensitive
medication regimens, patients with dementia, the visually impaired, and several patients living
together to prevent accidental intake of the wrong medication.
Conclusion: The evaluated e-MMA for prepackaged polypharmacy met the majority of the
requirements set for an MMA. Patients’ living conditions, such as mobility, remain the key
determinants for acceptance of an e-MMA.
Keywords: pharmaceutical care, medication adherence, medication management aids, automated drug dispensing
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Annotation of relevant literature
Between 62% and 75% of older adults report at least
part-time use of MMAs.6,7 MMAs can be managed by
the patient or are prefilled at a pharmacy or by another
caregiver.8 Despite their widespread use, the authors of a
review of the effects of MMA concluded that the design and
targeting of these devices need further research.5 MMAs
generally target therapy-related factors, condition-related
factors, and social factors of nonadherence, aiming to
improve unintentional nonadherence during the implementation phase.1 Given the fact that all doses need to be
prepared in advance for each intake time, patients are able
to see whether they have already taken their medication or
not. Hence, MMAs classify as “feedback and monitoring”
interventions according to the behavior change technique
taxonomy.9 Until now, the measurement of adherence with
MMAs was restricted to indirect or subjective measures like
pill counts, timeliness of refills, or patients’ self-report.10
Electronic measurement is considered a “gold standard”,
but with polypharmacy, this method is in its early stages.10
Recently, electronic MMAs (e-MMAs) emerged, reminding
patients with acoustic or visual alerts to take their medication, dispensing the right medication at the right time, and
tracking each event. These developments allow for the objective measurement of adherence. We could identify only very
few studies about e-MMAs, either focusing on measuring
adherence only11,12 or on the technical specifications.13–15
In a study assessing the satisfaction of 96 older adults with
an electronic medication-dispensing device in home care,
participants accepted the device as “very easy to use, very
reliable and helpful in the management of their medications”.16 Although a high rejection rate was reported, the
study report did not address participants’ motivation to use
or reject the device in the first place. The final report on a
project with e-MMAs aiming at improving self-management
among nonadherent patients concluded that “anyone who
has difficulty remembering to take their medication” may
benefit from such an intervention.17 Of 380 participants
of this project, more than 30% were in the early stages of
dementia and approximately 20% had physical disabilities
such as dexterity issues or visual impairment. Approximately
10% left the study because they did not like the dispenser
and approximately 7.5% because they were nonadherent.
Approximately half of all patients approached to participate
declined for various reasons, eg, they did not like the look
or the sound of the dispenser, they felt the dispenser was
taking control of their medication management, or they did
not want to take the device out to social events.
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Thus, we hypothesized that programs using e-MMAs
often missed targeting the optimal users. The goal of this
study was to gather information regarding the use of an
e-MMA by community-dwelling older adults using chronic
polypharmacy. The aims were:
1. to collect and evaluate attributes of MMAs important to
patients;
2. to evaluate the use of a specific e-MMA with poly
pharmacy prepackaged in pouches in relation to these
attributes; and
3. to identify the target group that could benefit most from
the e-MMA.

Materials and methods
Participant selection
The investigators (IA and KEH) recruited a convenience
sample of community-dwelling older adults with selfdisclosed long-term use of polypharmacy and willingness to
try innovative technologies from a community pharmacy in
Basel, Switzerland. This study did not require ethics approval
according to Swiss law. Informed consent was obtained from
all participants.

MMA
An automatic tablet-dispensing and packaging system (Desk
Type JV-30DE; HD-Medi, Düsseldorf, Germany) was used
to repack all solid oral prescription medications for each participant into unit-of-dose pouches. Each pouch was imprinted
with the patient’s name, date of birth, and date and time for

Figure 1 Unit-of-dose pouches with prepacked oral solid medication from front
(A) and back (B).
Note: Patient’s name and date of birth were concealed for privacy reasons.
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intake, as well as the number, name, color, and shape of the
medication contained (Figure 1). Every participant received a
roll with pouches for 14 days loaded into a dispenser installed
at their homes. The dispenser (Medido®; Innospense BV,
Den Haag, the Netherlands) was a remote-controlled
e-MMA reminding the patients with acoustic alerts to
take their medication (Figure 2). Pushing the “OK” button
stops the alarm and delivers the pouches with prepackaged
medication. Date and time of delivery are simultaneously
recorded with general packet radio service technology.
Delivery of doses ahead of schedule is possible by pushing
the OK button for 5 seconds. This important feature, named
pocket-doses, enables patients to go out of the house during intake times. Time of dispensing was individually set
according to participants’ preferences. One investigator
(SSA) demonstrated the use of the dispenser during the
installation and provided written instructions with telephone
numbers to call an investigator for assistance in case of
technical problems.

Data collection
Participants were asked to write down any dispensing of
pocket-doses, malfunctions, or noteworthy events during
the 14 days of use. Upon returning the dispenser, they were
interviewed based on a short interview guide with the following questions to collect spontaneous reactions:
1. How was the operation of the device?
2. How did you integrate the device into your daily life?
3. What additional benefits can the device provide for daily
medication intake?
4. What monthly fee would you be willing to pay for the
device?

Patient views on a polypharmacy electronic dispensing device

Additionally, we invited all participants to attend a
focus group. Focus groups provide concentrated interactions in a short time frame and allow the generation of data
based on the synergy of the members in a group.18 For this
exploratory study, only one focus group was carried out using
a semi-structured approach. Based on the answers from the
short interviews and literature, a preliminary list of attributes
was compiled by the investigators. A focus group script was
developed and pilot-tested with regard to comprehension and
timeline with an 83-year-old female using chronic polypharmacy who was not enrolled in the study.
The focus group took place in a conference room of the
University of Basel (Basel, Switzerland) and lasted 2 hours.
First, participants filled out a short form including demographics and data about their medication therapy. After a
brief introduction, participants were guided through the
following four steps:
1. write down attributes of MMAs in general judged as
important (every participant individually);
2. clarify the meaning of the attributes (plenary discussion);
3. vote on the applicability of the attributes to the electronic
dispenser, inclusive of additional attributes from the
preliminary list; and
4. define target groups for the dispenser based on one’s
14-day experience.
SSA moderated the focus group, while IA took notes
and compared the proposed attributes with the preliminary
list. Participants used playing cards to vote on the attributes:
one color (red hearts) for “yes I agree”; another color
(black clubs) for “no I disagree”; and the joker to initiate
a discussion. Whenever a joker was raised, participants
discussed issues and repeated their voting afterward, until
no joker was displayed. The focus group was held in Swiss
German and audiotaped. One researcher (SSA) orthographically transcribed the recording in German, preserving dialect expressions. Attributes and quotes mentioned in this
article were translated into English by SSA and IA.

Content analysis

Figure 2 Remote-controlled, electronic dispenser, Medido®, used in this study as
specific electronic medication management aid for the unit-of-dose pouches.
Notes: Height × width × length: 140 mm × 140 mm × 225 mm. Weight: 1,486 g.
The inset shows the power cord.
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Inductive content analysis was used as theoretical framework
based on Krueger’s approach19 as outlined by Rabiee.18 In brief,
this method uses categories, which are derived directly from the
data, as opposed to deductive content analysis that is based on
earlier work.20 Krueger’s approach includes five interrelating
stages: familiarization; identifying a thematic framework; indexing; charting; and mapping and interpretation.18 The data were
coded by SSA, reviewed by IA, and discussed by both for validation. Inconsistencies were resolved by consensus. Attributes
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were grouped in sets to form major themes. No attributes were
excluded.
Qualitative data were entered into the software MAXQDA 11 (VERBI GmbH, Berlin, Germany) to support the
analyses.
The study data are reported according to the COREQ
guideline, a checklist with consolidated criteria for reporting
qualitative research.21

Results
Seven persons were contacted between February and May
2013. All agreed to participate and completed the full 14-day
assessment period. One participant refrained from participating in the focus group due to conflicting dates and was
excluded from the analyses. Six participants (four women,
two men) aged 55 to 76 years (mean 65.3 years) attended
the focus group (Table 1). All but two women were retired
and all declared they conducted, on average, 38% of their
daytime activities (excluding weekends) at home. Three
women lived alone (50%), and the other participants shared
a household with a partner. Participants were taking, daily,
two to five (mean 3.3) solid oral medicines with a dosing
schedule of one to three intake times and at least one intake in
the morning. All 168 scheduled doses were delivered (100%
reliability). All patients retrieved, in total, 28 doses (17%) as
pocket-doses for intake outside of the home.
During step 1, participants wrote down 13 individual
attributes of MMAs judged as important. Two further attributes emerged from the discussion (step 2), and another two
were proposed from the preliminary list, summing to a total
of 17 attributes (Table 2).
Participants rated ten attributes as clearly applicable
to the electronic dispenser (Table 2). Five attributes were
rated as unsuitable, including the consumption of power and
production of waste (ecological aspect), lack of mobility,
insufficient information about the prepackaged medication,

and perceived inflexibility of the intake times. Participants
also expressed the desire to receive reminders of upcoming
refill events and appointments with the physician. The votes
on two attributes (good-looking and place-saving) were
equally distributed.
The themes that emerged during step 2 (discussion) were
interrelated and concerned product design, patient support,
and living conditions.

Product design
This theme relates to tangible attributes of the dispenser, which
can be directly modified by changing its hardware or software
(eg, the size, ease of use, and reliability). Participants controversially discussed the size and appearance of the dispenser,
which was compared to a “monster” and a “toaster” by participant P5. The same participant found it difficult to find a place
for the dispenser, wanting to hide it in “a corner of the home”
(“eine Ecke in der Wohnung”). Conversely, P3 described the
dispenser as “more beautiful than expected” (“schöner als
erwartet”). Participants agreed that the appearance was subject
to individual likings, as was the location where it was placed.
All participants found it easy to use the dispenser as instructed.
P3 found the OK button quite “rough-running”, but had no
problems operating the device. P2 stated that the dispenser
should allow narrower intervals than the 10-minute intervals to
set reminders. P1, P2, and P6 mentioned the light emitted from
the device was relatively bright, and the sound quite loud. P5
stated that the design became less important when she started
experiencing benefits from the dispenser:
If I had to rely on it [the dispenser], I would have looked
for some corner in the home, where it wouldn’t be very
dominant [laughs]. However, the look didn’t play such a big
role anymore. That has taken a back seat. (Ja wenn ich jetzt
darauf angewiesen wäre, hätte ich irgend eine Ecke in der
Wohnung gesucht, wo es nicht gerade dominant ist [lacht].

Table 1 Description of the six patients completing 14 days of medication management with prepackaged pouches and an electronic
medication management aid and individually set intake times
Participant

Sex

Age
(years)

Employment
status

Living
condition

Daytime
activities at
home (%)

Number of daily oral,
solid prescription
medications

Intake time/s

P1
P2
P3
P4
P5
P6
Mean

F
M
F
M
F
F

65
67
55
76
72
57
65.3

R
R
W
R
R
W

A
P
P
P
A
A

50
50
30
50
10
40
38.3

3
4
3
5
3
2
3.3

7 am, 10 pm
7.50 am, 7 pm
7 am
7.30 am, 12 pm, 6.30 pm
9.20 am
6.10 am, 6.40 am, 6.20 pm

Abbreviations: A, alone; F, female; M, male; P, with partner; R, retired; W, working.
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Table 2 Attributes of medication management aids judged
important and participants’ votes on applicability to the electronic
dispenser trialed
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Attribute (times written)

Is easy to use (4)
Provides mental support (4)
Assures timely intake (3)
Assures regular intake (3)
Assures correct dosing (2)
Reduces regimen complexity (2)
Functions autonomously (1)
Is unobtrusive (1)
Is reliablea
Is hygienicb
Looks good (1)
Is space-saving (1)
Permits flexible intake timesa
Provides medication information (1)
Is mobile (1)
Prompts for refill (2)
Is ecologicalb

Applicable
to electronic
dispenser
Yes

No

6
6
6
6
6
6
6
6
6
6
3
3
2
1
0
0
0

0
0
0
0
0
0
0
0
0
0
3
3
4
5
6
6
6

Notes: Participants wrote down individual attributes of medication management
aids judged as important. A plenary discussion to clarify the meaning of the attributes
followed. Participants used playing cards to vote on the applicability of the attributes
to the trialed dispenser: a raised joker entailed a discussion between the participants
and a repeated voting, until no joker was displayed. Unsuitable attributes are marked
in bold. aEmerged from the discussion; bproposed from a preliminary list.

vorher, wenn ich drei Medikamente nehmen muss. Weil es
wie von alleine die drei gewesen ist). [P4]

However, participants voiced concerns about the handling
of medication changes when there were still pouches in the
dispenser:
I find it difficult, when I have to go to a doctor and I receive
a new drug, it’s not in the pouches. How does one do it,
do I take it myself until the roll is finished, the additional
drug? Or when something needs to go out, does one empty
out all pouches into a pill box, so it’s not wasted? (Ich finde
es noch schwierig, wenn ich jetzt zum Arzt muss und ein
neues Medikament erhalte, ist das nicht in den Beuteln. Wie
macht man das, nehme ich es dann einfach selber bis die
Rolle fertig ist, das zusätzliche Medikament. Oder wenn
etwas raus muss, leert man alle Beutel in ein Dosett, damit
es keine Verschwendung ist?) [P1]

Similarly, participants had the feeling of losing knowledge about their medication:
It is a danger; one simply takes what comes out and doesn’t
think about how they [the drugs] act and how it plays
together. (Es ist schon die Gefahr, man nimmt einfach was
da hinaus kommt und überlegt sich gar nicht, wie die wirken
und wie es zusammenspielt). [P1]

Aber es hat ja das Aussehen hat dann keine so grosse Rolle
mehr gespielt. Das ist in den Hintergrund getreten).

The prepackaged medication in pouches was perceived as
extremely reassuring and convenient. Simultaneous recording of the dispensing time did not worry the participants.

Patient support
This theme relates to the impact of the dispenser on
patients’ abilities to adhere to their therapy (eg, the effectiveness of the dispenser in assuring the regular and timely
intake of the correct dose). P1 mentioned that the dispenser
acted as an alarm clock in the morning and that she took
her medications on time, while she would otherwise just
take them “any time before going to bed” (“irgendwann
vor dem ins Bett gehen”). Participants also discussed the
complexity of medication regimens, stating that the dispenser seemingly reduced the burden of taking multiple
medications:
Because I only had one pouch, I only took one. It was like,
less than before, when I have to take three drugs. Because it

Two participants felt relieved by the device and mentioned that they had not to think about taking their medication
because the dispenser took care of everything:
He [the dispenser] thinks for me and he beeps and then
he spits it [the medication] out, everything ready, found
it wonderful actually. Well, it is a luxury for me, you see,
I don’t need it but it is, er, would be a great luxury. (Der
denkt für mich und er piepst und dann spickt er es hinaus,
alles parat, habe es wunderbar gefunden eigentlich. Also
ist Luxus für mich oder brauche es nicht aber ist äh wär ist
ein toller Luxus gewesen). [P5]

Living conditions
This theme covers the attributes flexibility of intake times
and patient mobility. Three participants felt under pressure and other-directed because they had to be at home at
specific times. P4 described a feeling of resistance to “take
commands” from the dispenser. P2 reacted by switching the
device off when leaving the house:

was like the three were on their own. (Weil ich nur eine Tüte

Well, for me it was stress, especially in the evening. When

hatte, habe ich nur eins genommen. Es war wie, weniger als

I knew I wasn’t there I just switched it [the dispenser] off.

Integrated Pharmacy Research and Practice 2015:4
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And then I switched it on again in the morning and it started
up and that was no problem. (Gut für mich war auch Stress,
vor allem am Abend. Wenn ich gewusst habe dass ich nicht
da bin habe ich ihn einfach abgestellt. Und dann habe ich
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ihn am Morgen halt wieder eingeschaltet dann hat es wieder
aufgestartet und das ist kein Problem gewesen).

P6 acknowledged the usefulness for retrieving pocketdoses for planned absences, but not for unplanned
belatedness.
The impressions and expectations at first sight changed for
most participants over time, sometimes dramatically. P3 and P5
declared initial negative attitudes toward the product design,
which changed to a positive attitude after using the dispenser
for 2 weeks. Conversely, P2, P4, and P6, with initially neutral or
positive expectations, developed strong negative feelings over
time, describing aggression and stress. P6 was expecting no
problems but felt enslaved and had the feeling of “not taking the
medication out of free will” (“es war nicht mein freier Wille”).
The participant (P5) with the most positive experiences after
the 14-day use was also the only one to report prior difficulties
with taking the medication.

Target groups for the dispenser
All participants agreed that the dispenser could be beneficial to some patients. The envisaged target groups were
patients with time-sensitive medication regimens (transplant
patients, HIV patients), patients with dementia, the visually
impaired, or generally patients requiring assistance with their
medication. P4 mentioned that the dispenser could help distinguish the medication of several patients living together and
prevent accidental intake of someone else’s medication. P4
mentioned the possibility of using the dispenser for feedback
purposes to discuss irregularities in a patient’s medicationtaking behavior. Participants had contradictory opinions
about the appropriate age to start using the dispenser. On one
hand, they stated that the dispenser would be appropriate only
when patients could not cope without external assistance.
On the other hand, they favored an early inception when
patients were still capable of adopting to new technologies.
Participants agreed that the device would be appropriate
only for patients spending most of their time at home, or
when only taking medication in the morning. All participants
emphasized the importance of individually assessing patients’
motivation and need of such a device.
When asked for the monthly fee participants would be
willing to pay, the answers ranged from 0 to 25 Swiss francs
(SFr) per month (0 to 28 USD). P6 noted that 25 SFr would
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be appropriate when the dispenser could show a clear beneficial effect. In contrary, P2 stated that the dispenser should
be free of charge when someone is in need of it. However,
if someone is able to cope without the dispenser but wishes
to use it, a monthly fee of 10 to 20 SFr seems appropriate,
according to this participant. The same participant pointed
out that one might treat the device carelessly when provided
at no charge.

Discussion
The concept of an e-MMA, or “smart pillbox”, is not new,
and an increasing number of devices combine the functionality of an MMA with electronic monitoring.22 e-MMAs
with prepackaged pouches mostly target patients living at
home who receive support from home care services for their
medication therapy. Instead of the daily visit(s) to prepare the
doses and supervise correct intake, the caregiver only has to
refill the dispenser at predefined intervals while maintaining
supervision of correct dosing.
Our results show that the assessed e-MMA meets most
of the general requirements set for an MMA in the areas of
patient support and implications on patient habits. The participants reported no technical problems with the e-MMA,
probably due to careful oral and written instructions before
use and their interest in electronic technologies. The major
limitation voiced by our participants concerned the restricted
mobility inherent to a bulky device that needs continuous
power supply. This aspect may restrict the applicability of
the e-MMA to patients with limited mobility. Similarly, a
report published by the University of Birmingham reviewing
electronic dispensers also stated that “people who regularly
leave the home may also find it less practical”.23 Retrieving
pouches before intake times (pocket-dose) to overcome this
limitation was not often put into practice by our mobile
participants. Anticipating an absence that will collide with an
intake time requires cognitive abilities known as prospective
memory.24 A lack of prospective memory is associated with
nonadherence.24 Therefore, the patients who could benefit
from an e-MMA may be those who are unlikely to anticipate
an absence during a later intake time. Alternately, the mobile
patients who could most benefit from the dispenser may be
those with only one intake time in the morning, since they
do not need to be at home at specific times in the afternoons
or evenings. Obtrusiveness was not an issue; however, the
participants only judged the physical dimension of the term
(ie, technology is not perceived as undesirable and physically prominent,25 giving the German word “unauffällig”).
The psychological dimension of the term (ie, the tendency
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to intrude, especially upon privacy)25 was not mentioned as
a drawback of the e-MMA, even though all participants were
aware of the electronic real-time monitoring. Two participants
declared a certain reluctance to “follow” a machine, which,
however, is not an objection to the e-MMA per se, but much
more refers to their personal relationship to the aspect of
dependence, and its loss of functions and abilities.25 Thus,
according to the model of obtrusiveness in telehealth,26 our
e-MMA possesses an adequate size (physical dimension),
is user-friendly (usability dimension), does not violate the
personal sphere (privacy dimension), and has optimal performance (function dimension).
The design of an MMA is important, as acknowledged
by other authors.5 Our results suggest that design might be
an initial barrier but is likely to fade after the patient experiences concrete benefits from the device. Thus, health care
professionals should point out more the potential benefits
of the device on the regulated intake and less the external
appearance. The fact that the voting for the two attributes
“looks good” and “is space-saving” were distributed equally
demonstrates the mixed feelings of the participants. However,
since appearance and size are subject to personal liking,
those attributes should not be emphasized by the health
professional. Further, participants of our study became
accustomed to the e-MMA in only 14 days and were likely to
change their preconceived opinions about the device during
this short period. Therefore, it may be appropriate to propose
an evaluation period of 2 to 4 weeks to reluctant patients and
to offer the device at no cost for this accommodation time.
Patients’ characteristics represent only one of the five
dimensions of nonadherence (socioeconomic, condition,
therapy, patient, and health care system).27 An adherence
intervention like an e-MMA can have a significant influence on clinical outcomes, as long as it targets patients with
the need for and the motivation to use an e-MMA. Thus,
each case needs individual assessment and, eg, intentionally
nonadherent patients should be ruled out, as stated in the
University of Birmingham report.23
We could not find any publication concerning the
appropriate age to propose an e-MMA to a patient taking
chronic medication. Our study participants recognized that
the main condition for adopting and integrating an e-MMA
into daily routine remains that it fits patients’ habits. This
favors an early inception of the device, since mental flexibility may decrease with advancing age. As a consequence,
cognitive dysfunction or dementia may be incompatible
with an e-MMA, although some authors suggest that those
patients represent the target group for the provision of an
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e-MMA to combat nonadherence.28 In the Automated Pill
Dispenser Project, more than 70% of participants were
75 years of age and older, and almost half of them were
older than 85 years.17 The same study also advised against
the use of such aids in patients with moderate-to-severe
dementia. Further studies should investigate these contradictory suggestions.
We acknowledge some limitations to this study. Our
sample was not representative for the general population.
This may limit the external validity and generalizability of
our findings, since other participants could have judged different attributes important. This could be overcome by conduction of additional focus groups in different populations.
The literature suggests conducting at least three to four
focus groups to reach theoretical data saturation.18 We
chose to conduct only one focus group since the topic of
electronic medication devices is not new, and a preliminary
list of attributes could be generated from the literature. As a
consequence, we considered the literature as the reflection
of several experts’ opinions and our focus group as the final
opinions-gathering group.
Our study shows some strengths. Consensus on the most
attributes of the e-MMA was obtained unanimously. Because
participants voted by raising their cards simultaneously and
individually without seeing the others’ choices, this consensus cannot mirror the desire to vote in accordance with the
group.
Our results have theoretical and practical implications,
such as the need to improve the design and targeting of
MMAs. Not only the appearance of the MMA, but also its
functionality and the whole medication supply process should
be considered during the design process. Further prospective,
randomized, and controlled intervention trials should aim
at quantitatively evaluating the validity of our findings in
larger populations of patients with time-sensitive medication
regimens, patients with dementia, the visually impaired, and
several patients living together.
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