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AbstrAct

Background: smart medication adherence prod-
ucts (smart MAPs) capture and transmit real-time 
medication intake by using various means of con-
nectivity, allowing for remote monitoring. Numer-
ous such products with different features are 
available to address medication nonadherence. 
A comparison of the features of these products 
is needed for clinical decision-making. therefore, 
the objective of this review was to compare smart 
MAPs available for in-home use.

Methods: We searched grey and published lit-
erature and videos to identify smart MAPs. to be 
considered smart, products required 2 features: 
connectivity (the ability for collected data to exist 
outside the physical device) and automaticity 

(the ability for data to be analyzed or processed 
automatically). Products were excluded if product 
descriptions were not available in English, not for 
in-home use and unable to dispense medications.

Results: Of the 51 products identified, 38 com-
mercially available and 13 prototypes met the defi-
nition. Of these, 75% (n = 38) contained alarms, 
24% (n = 12) were unit-dose, 63% (n = 32) were 
multidose, 43% (n = 22) had locking features, 41% 
(n = 21) were portable and 88% (n = 45) sent noti-
fications to patients. the cost of marketed prod-
ucts, excluding subscriptions, ranged from $10 to 
$1500 UsD. some products required a monthly  
(n = 16) or yearly (n = 1) subscription ranging 
from $10 to $100 UsD.

Discussion: there is a growing market of smart MAPs for in-home patient use with variable features. 
clinicians can use these features to identify and recommend products according to the specific needs of 
their patients to address medication adherence. Can Pharm J (Ott) 2021;154:312-323.

Introduction
Medication adherence is a major health care 
challenge worldwide. Studies have shown that in 
developed countries, more than 50% of patients 
with chronic illnesses do not take their medi-
cations as recommended by their health care 
provider.1,2 A systematic review designed to 
determine the prevalence and nature of medica-
tion nonadherence reported that 4% of hospital 

admissions were caused by medication nonad-
herence in the studies identified.3 Furthermore, 
almost all of the hospital admissions identified 
were considered preventable.3 Another study 
aiming to determine impact of nonadherence 
on emergency room visits, hospitalization and 
mortality in patients with heart failure found 
that a 10% increase in adherence caused an 11% 
decrease in emergency room department visits, 
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a 6% decrease in hospital admissions and a 9% reduction in 
overall mortality.4 Two studies have demonstrated a positive 
correlation among medication adherence and health-related 
quality of life in people with chronic illnesses such as diabetes 
and cardiovascular diseases.5,6 As such, nonadherence to med-
ications may cause suboptimal management of disease, leading 
to increased emergency room utilization, hospital readmis-
sions and poor quality of life.3-6

Numerous Internet-based interventions, such as mobile 
phone applications providing disease and medication informa-
tion, electronic reminders via mobile phone text messages or 
emails, electronic pill boxes and web-based systems for medi-
cation monitoring and education, among others, are being 
developed and used to address medication management, with 

the goal of improving medication adherence.7-9 In a systematic 
review of Internet-based interventions for medication adher-
ence, researchers found that these interventions have a prom-
ising impact on medication adherence in patients undergoing 
long-term therapies.10 Medication adherence monitoring can 
be of great value, especially when it promotes discussion 
between patients and health care providers for successful treat-
ment outcomes.9,11

Electronic medication adherence products have the ability 
to record and store dosing events, have audiovisual reminders 
or alarms and provide notifications to patients or caregivers 
if a dose is not taken by the patient, in addition to dispensing 
medication doses.12 In 2017, our research group identified 80 
electronic medication adherence products with various fea-
tures.13 Twenty-one products were randomly selected to assess 
their usability, workload and user experience.14,15 We found 
significant difference in usability and workload of products 
among a participant population of older adults, caregivers and 
health care providers.14 We also concluded that product fea-
tures such as the ability to store multiple medications, porta-
bility, reminder and alarm functions, among others, can be of 
significant importance for older adults.15

Due to the rapid emergence of the Internet of Things 
(IoT), “a collection of smart devices and wearables that col-
lect and communicate data,” the adherence data or feedback 
is now retrievable instantly in some electronic medication 
adherence products.16,17 Products with smart capabilities are 
objects, devices or software platforms that are “embedded with 
processors, sensors, software or connectivity that allow data 
to be exchanged between the products and its environment, 
manufacturer, user and other product systems.”18 Smart medi-
cation adherence products (smart MAPs) are novel adherence 
products that have the ability to track real-time medication 
intake events remotely, via Bluetooth, Long-Term Evolution 
(LTE), Wireless Fidelity (Wi-Fi), wired or other means of con-
nectivity, thus making instant real-time electronic adherence 
feedback a major component of these type of products.17 In 
the past few years, the development and use of these products 
has emerged rapidly, and several reviews have been conducted, 
identifying both smart and electronic products to address 
medication adherence.9,12,17,19

In 2018, a review of medication adherence technologies 
done by Aldeer et al.17 described smart technologies for medi-
cation adherence, including smart pill containers, ingestible 
biosensors, wearable sensors and so on, for medication man-
agement. Another review about electronic measurement of 
medication adherence by Park et al.9 also reported few such 
products, including smart blisters, smart electronic medication 
organizers and smart inhalers, along with electronic adherence 
products. Checchi et al.12 conducted a systematic review of 
electronic medication packaging devices and reported 1 device 
with real-time wireless monitoring. Although these 3 reviews 
referred to smart MAPs generally, they did not report or 

KNOWlEDgE INtO PrActIcE 

 • Numerous Internet-based interventions, such as mobile 
phone applications and web-based systems, are being 
developed and used to address medication manage-
ment with the goal of improving medication adherence.

 • this study provides a comparison of features of smart 
medication adherence products that have been 
designed to address medication management in 
patients’ homes.

 • A comparison of the different features of these prod-
ucts will enable informed decision-making among 
pharmacists when identifying and recommending 
a smart medication adherence device based on the 
patient’s needs, expectations and capacity.

MIsE EN PrAtIQUE DEs 
cONNAIssANcEs                                 

 • De nombreuses interventions basées sur Internet, telles 
que des applications pour téléphones mobiles et des 
systèmes basés sur le Internet, ont été élaborées et 
utilisées pour aborder la gestion des médicaments dans 
le but d’améliorer l’observance thérapeutique.

 • cette étude fournit une comparaison des 
caractéristiques des produits intelligents d’observance 
thérapeutique qui ont été conçus pour la gestion des 
médicaments dans les domiciles des patients.

 • Une comparaison des différentes caractéristiques 
de ces produits permettra aux pharmaciens de 
prendre des décisions éclairées lorsqu’ils choisiront un 
appareil intelligent d’observance thérapeutique et le 
recommanderont, et cela en fonction des besoins, des 
attentes et des capacités du patient.
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compare specific features of such products that differentiated 
them from each other. Another study of electronic monitoring 
devices exclusively reviewed and described the different fea-
tures of smart inhalers; however, as extensive as this study was, 
it did not examine features of devices other than inhalers.19 
Therefore, to the best of our knowledge, there are no studies 
that have made a detailed comparison of features across differ-
ent smart MAPs.

This area of research is growing and adapting quickly, and 
products with smart capabilities are being made available for 
patient use. As a result, it is imperative for clinicians to become 
familiar with the common features of smart MAPs and to be able 
to compare them when considering the use of these or recom-
mending them to their patients. Therefore, the primary objec-
tive of this research is to compare the features of smart MAPs, 
which can inform decisions about which smart MAPs may be 
best suited for patients based on need, expectation and capacity.

Methods

Study design
This review used a systematic approach to conduct a compre-
hensive literature search on smart MAPs for in-home patient 
use. The search was conducted for both published and grey lit-
erature to identify as many products as possible, and results 
were summarized by comparing different features of smart 
MAPs identified.

Search strategy
A comprehensive search was conducted in 3 databases, includ-
ing PubMed, EMBASE and Scopus, until November 30, 2019. 
Keywords and MeSH terms related to “medication adherence,” 
“smart technology” and “dispensing” were used in the search. 
The Boolean operators AND/OR were used to combine search 
terms, and where possible, subject headings were combined 
with keywords in order to build an all-encompassing litera-
ture search. See Appendix 1, available online at www.cpjournal.ca, 
for the detailed search strategy used for all databases. All cita-
tions were imported to Mendeley Desktop (version 1.19.4) 
and duplicates were removed. Title and abstracts of the search 
results were reviewed by 1 researcher (SF) to identify smart 
MAPs. A full-text review of potentially relevant citations was 
completed by a single researcher (SF) to abstract the product 
information.

To complete the grey literature review, search terms and 
keywords for Google and YouTube search engines were based 
on the PubMed MeSH headings. Keywords for the search 
included medication adherence, smart technology, smart 
medication dispenser and smart medication devices. One 
researcher (JI) screened the first 10 pages of Google and first 
100 YouTube videos to identify potentially relevant products. 
Searches were not restricted to the year of publication or geog-
raphy, but only articles and product information published in 

English were included. Two researchers (JI and SF) reviewed 
the final products that met the inclusion criteria from both 
published and grey literature to include for data abstraction.

Inclusion and exclusion criteria
Smart MAPs were defined as any device or product that can be 
used as a medication management aid and that provides real-
time medication intake data using connectivity and automatic-
ity, where connectivity is the ability for collected data to exist 
outside the physical device, and automaticity indicates that the 
data are analyzed or processed automatically or without direct 
human control.20

Products were included if they were for in-home patient 
use. Both marketed and prototype products were included in 
this review. Products were excluded if they were stand-alone 
applications (e.g., mobile applications or software programs), 
if product descriptions were not available in English or if they 
were not designed for in-home use.

Data abstraction
Before the process of data abstraction started, 2 research-
ers developed a list of product features with their definition, 
based on discussion and previous work with electronic medi-
cation adherence products (Table 1). As the data abstraction 
process continued, the list of product features was updated. 
Two researchers independently recorded abstracted data from 
literature, web-based information and YouTube videos using 
a Microsoft Excel file (version 16.16.14). Any disagreements 
between researchers were resolved by discussion. The follow-
ing data were abstracted for each product identified:

a) Product name, status and manufacturer
b) Country where product is available to purchase
c) Type of product
d) Cost of product, including both cost of product and 

subscription fee, if applicable
e) Product features, including storage capacity, number of 

compartments, alarm or reminder functions, portability, 
locking feature and any additional features

f) Product notifications, including type of notification (e.g., 
telephone call, short messaging service [SMS] notification 
and/or email), notification recipient (patient, caregiver 
and/or health care provider)

g) Requirement for a cellular device for optimal product 
functionality

h) The collection and portrayal of real-time medication 
intake information

Results
The database search resulted in 307 citations, of which 19 
met the inclusion criteria and were included for full-text review of 
the product information outlined. The initial Google search 
yielded 1,050,000 results, of which the first 10 webpages or 100 
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TABLE 1 Product features and their definitions

Product feature Definition

Product status

 Marketed the product is available for purchase.

 Prototype the product is still in development.

Product type

 Automated dispenser Medication dispensers allow access to medications in 1 or fewer human-initiated action. 
these devices can hold up to a month’s worth of medications in small cups, strips or 
prefilled boxes. Medications are released when the user presses a button.

 Dosette or pill boxes Electronic dosette or pill box with sensors records the time at which the dosette or pill 
box is opened. some devices may also record which exact compartment is accessed.

 smart vials or vial caps Electronic vial or vial cap with sensors on the cap or bottle that record the time at which 
the vial is opened. Data are transmitted to a cloud portal.

 blister packages or blister  
 package holders

blister package or blister package holder with an electric component with embedded 
sensors that track when a blister is perforated. some devices with sensors hold the 
blister package while others have electronic ink in the foil of the blister package that 
sense when the foil has been punctured.

 storage boxes Electronic medication storage box with sensors that record the time at which the box was 
accessed and transmit this information to a cloud portal.

 Inhaler or inhaler devices Electronic inhaler that digitally records use. can be the inhaler itself or an electronic 
device that attaches to an existing inhaler.9

 Injectors Electronic injector that digitally records use.

Cost

 Upfront cost the monetary cost of buying the product or service. this value did not include 
subscription costs.

 Monthly subscription the monetary cost of monthly subscription use of a product or service. this value includes 
cost that is mandatory for some products and optional for others.21

 Yearly subscription the monetary cost of yearly subscription to use a product or service. this value includes 
cost that is mandatory for some products and optional for others.21

Storage capacity

 Unit-dose the ability to store only 1 dose of 1 medication.

 Multidose the ability to store multiple doses of 1 or more medications.

Locking feature A feature that restricts access to medications without the use of a specific procedure, 
such as using a key or entering a Personal Identification Number or passcode, or that 
incorporates facial recognition software.

Portability Any device that can be easily taken on-the-go and fits inside a purse or small bag.

Alarms Audio or visual alarms produced by or sent from the product to the user.

Notifications Alerts including text messages, phone calls or emails sent by the device to a user, 
caregiver or health care provider.

Mobile phone requirements Any product that requires a user to download an app or own a mobile phone in order to 
set up and use the product. Nonuse of a mobile phone limits the use of features of the 
product or completely limits use of the product.

Connectivity the manner by which a device is connected or interconnected (e.g., Wi-Fi, bluetooth, 
near-field communication) in order to allow for real-time monitoring.

Additional features Features not defined in the list above.
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results were reviewed. The YouTube search did not provide 
an initial number of search results yielded; therefore, the first 
100 results were reviewed. Of the results reviewed from both 
Google and YouTube, 59 were included for full-page review of 
the product information. Supplemental information regard-
ing YouTube videos was searched using Google if not enough 
information was provided in the video. Similarly, if not enough 
information was provided in the Google webpage, supplemen-
tal information was sought through YouTube, product web-
sites or other third-party websites. See Appendix 2 (available 
online at www.cpjournal.ca) for the PRISMA flow diagram.

In total, 78 products were identified through database, 
Google and YouTube searches, of which 14 were duplicates. 
After the duplicates were removed, 64 products were screened 
for eligibility, leaving 51 products in the final review (Table 2).

Of these products, 38 (74.5%) were commercially available 
and 13 (25.5%) were prototypes. Of the commercially avail-
able products, 9 (23.7%) were available globally, 26 (68.4%) in 
North America, 2 (5.3%) in Europe and 1 (2.6%) was available 
globally except in North America. The key characteristics of 
the smart MAPs identified are described in Table 3. For a list of 
smart MAPs and their respective features, please see Appendi-
ces 3 to 5 (available online at www.cpjournal.ca).

Product types
The literature review identified 5 types of oral and 2 types of 
nonoral smart medication adherence products. The oral prod-
ucts included automated dispensers (n = 20), dosette or pill 
boxes (n = 9), smart vials or vial caps (n = 7), blister packages 
or blister package holders (n = 5) and storage boxes (n = 4). 
The non-oral smart MAPs included inhaler or inhaler devices 
(n = 5) and injectable devices (n = 1).

Product features
Storage capacity. Approximately two-thirds of the products 
assessed had the capacity to store multiple doses of 1 or more 
medications and, as such, were classified as having a multidose 
storage capacity. These multidose devices had a wide range 
of compartments allowing for the administration of multiple 
medications at multiple times during the day. For instance, the 
Philips Medication Dispenser can hold 60 cups of medications 
for up to 6 doses per day, whereas MedaCube can hold up 
to 16 medications and dispense for up to 90 days.44,47 These 
multidose smart devices provided different means of holding the 
medications; some (e.g., Wisepill RT 2000) were storage boxes 
that allowed the user to store any kind of medications they had, 
and others (e.g., MedaCube) required that contents of vials be 
transferred to bins in the device, where the device would then 
pick out the number of medications needed from the bin at the 
appropriate time.31,44 Some devices required medications to be 
loaded individually (e.g., Pria or Pillo), and others required blister 
cards (e.g., Emma or RxPense), pill packs (e.g., spencer or Karie) 
or cups (e.g., Philips) to be inserted into the device.27,41,47,50,54,57,69

Twenty-three percent (n = 12) of the smart MAPs identi-
fied were unit-dose devices. These products were smart vials 
or vial caps, injectors or inhalers. A total of 13.7% (n = 7) of 
smart MAPs identified did not report the storage capacity of 
the products.

Locking feature. Of the smart MAPs identified, 43.1% (n = 
22) contained a locking feature that allowed for access to 
medication at the prescribed time, as set up initially by the 
user, caregiver or health care provider. Some devices such as 
Hero have an optional locking feature that uses a passcode 
to restrict who has access to the medications.37 Pria and Pillo 
use a similar system; however, rather than a passcode, facial 
recognition or Personal Identification Number (PIN) code 
is used to restrict medication access.50,54 RxPense contains 
advanced voice biometrics, allowing for authentication of 
medication administration through the user’s voice, by asking 
the user to utter a simple phrase displayed on the screen.57 
Some products like Evendos have locked compartments for 
missed medication doses and restrict who can fill the device 
by only allowing those with a key to access its interior in order 
to remove missed doses and fill the device. This key access is 
given to a health care provider.30

Portability. Approximately 40% of products identified were 
portable. Some portable products included Wisepill RT2000, 
which weighs 130 g and is 30 × 60 × 130 mm in size, and Popit 
Sense, which weighs 12 g and is 31 × 45 × 12 mm.31,53

Alarms and notifications
Alarms. An alarm or reminder function was found in 74.5% 
(n = 38) of the products identified. These alarms ranged from 
visual alarms such as flashing lights, text displayed through the 
device, audible sounds, vibration prompts or a combination 
of these. Alarms were used to remind users that it was time 
to take their medications and, in some instances, would give 
instructions as to which medication or compartment to take, 
how to access the medication and any additional reminders that 
a user may need when taking the medication, such as to take 
with food or take with a glass of water. For instance, RxPense 
provides a series of visual, audible and vibration alerts to the 
user through the device, which can be adjusted based on the 
user’s preference.57 MAYA and JON, by MedMinder, contain 
audio and visual alerts to indicate which compartment should 
be opened and at which time.40,43 The visual alert highlights the 
correct compartment, and the audio alert can be programmed 
to a custom audio message.40,43

Notifications. Notifications were provided by the smart MAPs 
to users, their caregivers and health care providers. Forty-
five products (88%) provided notifications to users, and 26 
(51.0%) provided notifications to caregivers and/or health care 
providers. Of the products that provided notifications to users, 
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TABLE 2 smart medication adherence products included in review (N = 51)

Smart medication adherence product Manufacturer

Airduo digihaler22 teva Pharmaceutical

DoPill23 Domedic

Dyn-e-pill system24 Nr

Electronic Medication Dispenser25 Nr

Elliegrid26 Elliegrid

Emma27,28 INrange systems, Inc.

e-pill Medsmart Plus29 cadex Watch

Evondos30 Evondos

evriMED100031 Wisepll technologies

Findair32 Krakow tech

glowcap33,34 Vitality, Inc./NantHealth

gMs bluetooth Automatic Pill Dispenser35 gMs

Hailie36 AstraZeneca

Hero37 Hero

ilidrx38 irXreminder llc

inPen39 companion Medical

JON40 MedMinder

Karie41 AceAge, Inc.

livi42 Pharmright corporation

MAYA43 MedMinder

Medacube44 PharmAdv

Medicube45 Nr

Medready Mr-357Fl46 Medready

Philips Medication Dispenser47 Philips

Pill connect48 Euclid

Pillgo49 Qualife

Pillo50 Pillo Health

Pillsy51 Pillsy, Inc.

Pilltracker52 Pilltracker

Popit sense53 Popit

Pria54
black+Decker

ProAir digihaler55 teva Pharmaceutical

Propeller sensor56 Propeller Health

(continued)
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Smart medication adherence product Manufacturer

rxPense57 Medipense

sensemedic blister box58 Evalan

sensemedic pill dispenser58 Evalan

sensemedic pill bottle58 Evalan

simpleMed+ Medication Dispenser59 Vacia

smart blister pack60 Nr

smart blister pack61 Nr

smart bottle62 Adheretech

smart Drug dispenser63 balda Health care

smart medication dispenser64 Nr

smart pill box65 Nr

smart Pill box Medicine Management system66 bluestar seniortech

smart pillbox67 Jeyun Medical co

smartMedreminder system68 concordance Health solutions

spencer69 catalyst Health

tabsafe70 tabsafe Medical services, Inc.

time4Med71 Adherence Innovations

Wisepill rt200031,72 Wisepll technologies

Nr = Not reported.

TABLE 2 (continued)

these notifications were commonly SMS notifications or phone 
call reminders following a missed medication dosage. Some 
products provided notifications through a mobile application. 
Of the products that provided notifications to caregivers and/
or health care providers, these notifications were commonly 
SMS notifications, emails or phone calls. In some cases, these 
notifications were also provided through a web-based or 
mobile-based recording platform, primarily to clinicians and/
or health care providers. MAYA and JON reminded the patient 
through a phone call if they missed a dose and would notify 
family members or caregivers by phone, email or text message 
if there was no response following the initial patient phone 
call.40,43 The prototype Smart Drug Dispenser by Balda Health 
Care provides mobile notifications to patients through their 
mobile application.63 Clinicians are notified via SMS or email 
if a patient misses a dosage.63

Mobile phone requirement
Of the smart MAPs identified, 41.2% of products required a 
mobile phone to allow the product to function to its full capac-
ity. In many cases, a cell phone was required to download the 

product’s associated application, to set up and fill the product, 
to demonstrate the user’s adherence rate and/or to track the 
user’s adherence.

Smart medication adherence product connectivity  
and real-time monitoring
Smart MAPs were connected by a variety of means, includ-
ing cellular network (e.g., 2G/3G/4G and LTE, via Subscriber 
Identification Module [SIM] card), Wi-Fi/ Ethernet, near-field 
communication (NFC), radiofrequency identification (RFID) 
or Bluetooth to provide real-time medication monitoring to a 
user’s caregiver or health care provider. Real-time medication 
monitoring was provided to health care providers and caregiv-
ers through a mobile application or web-based portal hosted 
through the cloud.

Cost
The upfront cost of marketed smart MAPs ranged from $10 to 
$1500 USD. Some products (n = 7) required a subscription fee 
along with this upfront cost. Of the products requiring a sub-
scription fee, 42.71% (n = 16) charged a monthly fee ranging 
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TABLE 3 Product features (N = 51)

Product feature % (n)

Product status commercially available 74.5 (38)

 Prototype 25.5 (13)

Product type Automated dispenser 39.2 (20)

 Dosette/pill box 17.6 (9)

 Vial/vial cap 13.7 (7)

 blister pack 9.8 (5)

 Inhaler device 9.8 (5)

 storage box 7.8 (4)

 Injectable 2.0 (1)

Type of subscription for commercially available products Monthly subscription 44.7 (17)

 Yearly subscription 2.6 (1)

 Not reported 7.9 (3)

 No subscription 42.1 (16)

Upfront cost in US dollars of commercially available products* <$50 11.5 (3)

 $50-$99 15.4 (4)

 $100-$500 23.0 (6)

 >$500 15.4 (4)

 Not reported 26.9 (7)

 No charge 7.7 (2)

Monthly and yearly subscription cost in US dollars of commercially available 
products

<$50 50.0 (9)

 $50-$99 33.3 (6)

 >$100 5.6 (1)

 Not reported 16.7 (3)

Storage capacity of device Unit-dose 23.5 (12)

 Multidose 62.7 (32)

 Not reported 13.7 (7)

Locking feature Yes 43.1 (22)

 No 54.9 (28)

 Not reported 2.0 (1)

Portability Yes 41.2 (21)

 No 41.2 (21)

 Not reported 17.6 (9)

(continued)
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Product feature % (n)

Alarm Yes 74.5 (38)

 No 25.4 (13)

Notification to patient Yes 88.2 (45)

 Visual alarms 71.1 (32)

 Audio alarms 64.4 (29)

 sMs messages 26.7 (12)

 telephone call 11.1 (5)

 Email 8.9 (4)

 Vibrating alarms 6.7 (3)

 Not specified 4.4 (2)

 No 11.8 (6)

Notification to caregiver Yes 47.1 (24)

 sMs messages 70.8 (17)

 Email 45.8 (11)

 telephone call 29.2 (7)

 Not specified 4.2 (1)

 No 51.0 (26)

 Not reported 2.0 (1)

Mobile phone requirement Yes 41.2 (21)

 No 58.9 (30)

sMs, short messaging service.
*some products had an upfront cost along with a subscription fee.

TABLE 3 (continued)

from $10 to $100 USD, and 2.6% (n = 1) charged a yearly fee of 
$99 USD (approximately $8.25 per month). Two products had 
an optional subscription fee. EllieGrid had an optional fee to 
obtain report data for approximately $4 per month.26 Wisepill 
had an optional fee of $0.50 per month for on-call support.31 
In some products, such as Hailie, ProAir digihaler and Airduo 
digihaler and inPen, the cost is dependent on copay as per a 
patient’s insurance plan or the dispensing pharmacy.22,36,39,55 In 
this review, we have reported the cost for these devices based 
on the projected price without copay. Two products, Propeller 
Sensor and Smart bottle from AdhereTech, were available for 
patients free of charge.56,62

Additional features
Of the smart MAPs identified, many contained additional fea-
tures that we did not summarize above. For instance, some 

devices such as RxPense, spencer and Evondos have voice and 
videoconferencing directly from the device, allowing for vir-
tual visual visits.30,57,69 Evondos also has the ability for caregiv-
ers and/or health care providers to send messages to the device 
user through the device screen to allow for the collection of 
information, such as “How do you feel after receiving your 
bloodwork today?”30 Some devices, such as Livi, Philips, Karie 
and Pillgo, also allow for an early dose function.41,42,47,49 This 
feature allows users to request access to their medications prior 
to their scheduled dose.

Discussion
This overview summarizes a comprehensive range of features  
of smart MAPs for medication management. The most 
prevalent features of these products that were compared 
in this review include type of product, country or region of 
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availability, cost and product-specific features such as storage 
capacity, audiovisual alarms, locking ability, portability and 
feedback via notification process.

We found that smart MAPs differ in their physical charac-
teristics as well as the features they offer. A number of stud-
ies have begun to investigate the usability and acceptability of 
smart MAPs, along with other electronic medication products 
being released in the market.14,27,73,74 The need for different 
features of these products may depend on particular needs, 
expectations and capacities of the user. For instance, the num-
ber of compartments to hold medications will drive the choice 
of product based on the number of times a user is prescribed 
to take a medication. Convenience in the number of times a 
product will need to be refilled will also affect which product is 
chosen. Therefore, number of compartments in the device is a 
useful feature to consider when choosing a product for patients, 
especially those who are on multiple regular drug therapies 
managing multiple medications (e.g., individuals with chronic 
diseases or older adults with multiple comorbidities). Similarly, 
locking features may be required for patients with memory or 
cognitive impairments in order to prevent accidental double 
dosing due to forgetfulness, or for overdosing in individuals 
prescribed narcotics, or to prevent young children from access-
ing their parents’ or grandparents’ medications.

Our previous research regarding the user experience of 
MAPs has shown that portability is a feature that users con-
sider when choosing a product for their medication manage-
ment needs.15 Similar results were shown by a qualitative study 
regarding patients’ views about electronic adherence devices. 
This study reported that patients preferred products that were 
lightweight and smaller in size due to the fact that they were 
more convenient to carry around.75 As such, portability is an 
important feature to consider when recommending or pur-
chasing a product for individuals who are living independently 
or who have active lifestyles.

Reminders or alarm functions are another important fea-
ture of the smart MAPs reviewed. A systematic review on 
drug reminder packaging has indicated that using devices that 
have alarms or reminder functions can improve adherence.12 
Smart products with reminder functions that allow audio and/
or visual cueing of dosage events may be useful in changing 
the behaviour associated with medication intake, especially 
in patients with nonadherence due to forgetfulness. Given 
increasing risk of declining vision, hearing and sensation as 
individuals age, options for the type of reminders, whether 
visual, auditory and vibratory, are important factors for con-
sideration when choosing a product to use.

Smart MAPs have the ability to record, analyze and trans-
mit medication intake data to a web-based portal in real time. 
When it is time to take the medications or when users do not 
access the medication as scheduled via smart products, these 
products have the ability to analyze that information and 
send messages to patients. Thus, these products not only act 

as a reminder to address forgetfulness or unintentional non-
adherence but also allow health care providers to remotely 
access patients’ adherence data in a timely manner. Conven-
tional methods of measuring adherence such as pill counts, 
patient self-reports and pharmacy refill records are often 
used in practice; however, these methods lack reliability.60,67 
Although real-time medication adherence data cannot guar-
antee that the patient has actually ingested, injected, inhaled 
or applied the medication, these data can allow clinicians to 
act in a timely manner, initiate a conversation about the link 
between adherence and optimal management of diseases and 
avoid unnecessary dose increases or additional therapy.19 The 
availability of real-time adherence data can help clinicians not 
only in clinical decision-making but also as a tool to moti-
vate patients to modify their medication intake behaviour or 
assess why nonadherence is occurring.9 As such, this data can 
be valuable in providing integrated care to complex patients. 
Studies have reported that monitoring real-time medication 
intake behaviour provides an opportunity for health care pro-
viders to achieve positive adherence outcomes in nonadherent 
patients.76 Future studies should examine patient preference of 
these products, product usability, impact on adherence and use 
in routine clinical care.

Strengths and limitations
To the best of our knowledge, this is the first review that sum-
marizes features of smart medication adherence products. The 
searches were limited to products available in English, the first 
10 pages of Google and the first 100 YouTube videos. Therefore, 
this may not be representative of the global market of smart 
MAPs, and some available products may have been missed. 
This review only focuses on describing features of the prod-
ucts through the information available online. As such, these 
products were not purchased or tested by our research team. 
There may be additional features not described in the prod-
uct description available online that may affect the results of 
this review. In addition, not all products included in this study 
were tested with patient populations to enable us to report the 
impact on patient adherence through product use. Further-
more, where adherence has been measured, there is significant 
variability in the definition of adherence utilized in the studies, 
as well as the tools used to measure adherence. Therefore, a 
review of adherence for these products would require another 
systematic review of the studies conducted. However, this 
review simulates the features by which a clinician could review 
the products prior to making a recommendation. Neither the 
usability of these products nor the impact on adherence or 
health outcomes through the use of these products was ana-
lyzed; however, this was not the objective of this study.

Conclusion
Smart MAPs are being developed and are available to purchase 
for patient use. However, due to the variability of their features, 
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it can be challenging for clinicians to search for an appropriate 
product. Clinicians should be able to identify the products on 
the basis of their features and match them with their patients’ 
needs. Our study may serve as a resource to inform clinicians 

about the key features that are currently offered by smart 
medication adherence products. Clinicians can then use this 
knowledge to recommend products that best match patient 
limitations and expectations. ■

From the University of Waterloo School of Pharmacy (Faisal, Ivo, Patel), Kitchener; the Centre for Family Medicine Family Health Team (Patel), Kitchener; the 
Department of Family Medicine (Patel), DeGroote School of Medicine, McMaster University, Hamilton; and the Shlegel-University of Waterloo Research Institute of 
Aging (Patel), Waterloo, Ontario. Contact t5patel@uwaterloo.ca.

Acknowledgment: The authors thank Clea Heathfield for data review.

Conflicts of interest: The authors declare that there is no conflict of interest.

Author Contributions: T. Patel initiated the project and supervised project and final draft; T. Patel, S. Faisal and J. Ivo were responsible for design and methodology; 
S. Faisal and J. Ivo wrote final draft.

Funding: This study received no specific grant from any funding agency in the public, commercial or not-for-profit sectors. 

ORCID iD: Tejal Patel  https://orcid.org/0000-0003-3002-8306

References
1. World Health Organization. Adherence to long-term therapies: evidence 
for action. 2003. Available: https://apps.who.int/iris/handle/10665/42682 
(accessed Mar. 20, 2020).
2. Tsai KT, Chen JH, Wen CJ, et al. Medication adherence among geriatric 
outpatients prescribed multiple medications. Am J Geriatr Pharmacother 
2011;10(1):61-8.
3. Mongkhon P, Ashcroft DM, Scholfield CN, Kongkaew C. Hospital admis-
sions associated with medication nonadherence: a systematic review of pro-
spective observational studies. BMJ Qual Saf 2018;27(11):902-14.
4. Hood SR, Giazzon AJ, Seamon G, et al. Association between medication adher-
ence and the outcomes of heart failure. Pharmacotherapy 2018;38(5):539-45.
5. Khayyat SM, Mohamed MMA, Khayyat SMS, et al. Association between 
medication adherence and quality of life of patients with diabetes and hyper-
tension attending primary care clinics: a cross-sectional survey. Qual Life Res 
2019;28(4):1053-61.
6. Chew BH. Medication adherence on quality of life among adults with type 
2 diabetes mellitus: an exploratory analysis on the EDDMQoL study. Qual Life 
Res 2015;24(11):2723-31.
7. Granger BB, Bosworth HB. Medication adherence: emerging use of technol-
ogy. Curr Opin Cardiol 2011;26(4):279-87.
8. Car J, Tan WS, Huang Z, Sloot P, Franklin BD. eHealth in the future of medi-
cations management: personalisation, monitoring and adherence. BMC Med 
2017;15(1):1-9.
9. Park LG, Howie-Esquivel J, Dracup K. Electronic measurement of medica-
tion adherence. West J Nurs Res 2015;37(1):28-49.
10. Linn AJ, Vervloet M, van Dijk L, Smit EG, Van Weert JCM. Effects of 
eHealth interventions on medication adherence: a systematic review of the 
literature. J Med Internet Res 2011;13(4):e103.
11. Lam WY, Fresco P. Medication adherence measures: an overview. Biomed 
Res Int 2015;2015:1-12.
12. Checchi KD, Huybrechts KF, Avorn J, et al. Electronic medication packag-
ing devices and medication adherence: a systematic review. J Am Med Assoc 
2014;312(12):1237-47.
13. Patel T, Farooqi M, Carter C. Electronic medication adherence technolo-
gies’ classification to guide use in older adults. Can Pharm J 2017;150(4):S26.
14. Patel T, Ivo J, Faisal S, McDougall A, Bauer J, Pritchard S, Chang F. A pro-
spective study of usability and workload of electronic medication adherence 

products by older adults, caregivers and health care providers. J Med Internet 
Res 2020;22(6):e18073.
15. Faisal S, Ivo J, McDougall A, et al. Stakeholder feedback of electronic 
medication adherence products: qualitative analysis. J Med Internet Res 
2020;22(12):e18074.
16. Canadian Medical Association. The future of technology in health and 
health care: a primer. 2018. Available: https://www.cma.ca/sites/default/files/
pdf/health-advocacy/activity/2018-08-15-future-technology-health-care- 
e.pdf (accessed Mar. 29, 2020).
17. Aldeer M, Javanmard M, Martin RP. A review of medication adherence 
monitoring technologies. Appl Syst Innov 2018;1(2):14.
18. Bergmann R, Althoff K-D, Furbach U, Schmid K. Workshop summary: 
artificial intelligence methods for ambient intelligence. In: Mühlhäuser M, 
Ferscha A, Aitenbichler E, eds. Constructing ambient intelligence. Berlin, Ger-
many: Springer Berlin Heidelberg; 2008. p. 1-3.
19. Chan AHY, Harrison J, Black PN, Mitchell EA, Foster JM. Using electronic 
monitoring devices to measure inhaler adherence: a practical guide for clini-
cians. J Allergy Clin Immunol Pract 2015;3(3):335-49.e5.
20. Abramovici M. Smart products. In: The International Academy for Produ, 
Laperrière L, Reinhart G, eds. CIRP Encyclopedia of production engineering. 
Berlin, Germany: Springer; 2015. p. 1-5.
21. Cambridge Dictionary [Internet]. Cambridge (UK): Cambridge Univer-
sity Press; c2021. Subscription; [cited 2021 Jan 25]; [about 1 screen]. Available: 
https://dictionary.cambridge.org/dictionary/english/subscription.
22. AirDuo digihaler. Available: https://www.airduodigihaler.com (accessed 
Dec. 15, 2019).
23. Stip E, Vincent PD, Sablier J, Guevremont C, Zhornitsky S, Tranulis C. A 
randomized controlled trial with a Canadian electronic pill dispenser used to 
measure and improve medication adherence in patients with schizophrenia. 
Front Pharmacol 2013;4:100.
24. Boquete L, Rodriguez-Ascariz JM, Artacho I, Cantos-Frontela J, Peixoto 
N. Dynamically programmable electronic pill dispenser system. J Med Syst 
2010;34(3):357-66.
25. Henriksson J, Tydén G, Höijer J, Wadström J. A prospective randomized 
trial on the effect of using an electronic monitoring drug dispensing device to 
improve adherence and compliance. Transplantation 2016;100(1):203-9.
26. Elliegrid. Available: https://elliegrid.com (accessed Dec. 15, 2019).



CP J / R PC � • � S e p t emb er / OC tOb er � 2 0 2 1 � • � V O L � 1 5 4 , � N O � 5 � 3 2 3

SYSTEMATIC REVIEW 

27. Ligons FM, Mello-Thoms C, Handler SM, Romagnoli KM, Hochheiser H. 
Assessing the impact of cognitive impairment on the usability of an electronic 
medication delivery unit in an assisted living population. Int J Med Inform 
2014;83(11):841-8.
28. INRange. Available: http://www.inrangesystems.com/solutions/myemma/ 
(accessed Dec. 10, 2019).
29. e-pill-MedSmart PLUS. Available: https://www.epill.com/medsmartplus 
.html (accessed Dec. 1, 2019).
30. Evondos. Available: https://www.evondos.com (accessed Feb. 6, 2019).
31. Wisepill. Medication adherence solutions through innovation. Available: 
https://www.wisepill.com/dispensers (accessed Dec. 1, 2020).
32. Findair. Available: https://findair.eu (accessed Dec. 15, 2019).
33. Vitality GlowCap. Available: https://info.nanthealth.com/vitality-glow 
caps-brochure (accessed Dec. 15, 2019).
34. Vitality GlowCap Review. Available: https://www.engadget.com/ 
2011/01/13/vitality-glowcap-review/ (accessed Dec. 15, 2019).
35. GMS Bluetooth Automatic Pill Dispenser. Available: https://www.walmart 
.com/ip/GMS-Bluetooth-Automatic-Pill-Dispenser-28-Compartment-Remi 
nder-for-up-to-6X-Day-Medication/810460849 (accessed Dec. 15, 2019).
36. Hailie. Available: https://www.hailie.com (accessed Dec. 15, 2019).
37. HERO. Available: https://herohealth.com (accessed Nov. 15, 2019).
38. iLIDRX pod and iRX Capture app: iRXReminder Medication Management 
Platform. Available: http://www.medstartr.com/project/detail/200264-iRxRe 
minder-Medication-Management-Platform (accessed Dec. 10, 2019).
39. InPen. Available: https://www.companionmedical.com/inpen (accessed 
Dec. 15, 2019).
40. Jon Locked Pill Dispenser. Available: https://www.medminder.com/pill-  
dispensers-2/jon-locked-pill-dispenser/ (accessed Nov. 20, 2019).
41. Karie. Available: https://kariehealth.com (accessed Nov. 15, 2019).
42. Livi. Available online: https://www.liviathome.com (accessed Nov. 15, 2019).
43. Maya Smart Automated Pill Dispenser. Available: https://www.medmin 
der.com/pill-dispensers-2/maya-pill-dispenser/ (accessed Nov. 14, 2019).
44. MedaCube. Available online: https://www.medacube.com (accessed Nov. 
21, 2019).
45. Medicube/IOT-connected medication dispenser with Voice UI. https://
ifworlddesignguide.com/entry/277937-medicube (accessed Dec. 20, 2019).
46. MedReady MR-357FL. Available: https://www.medreadyinc.net/products/
medication-dispensers/monitored-medication-dispensers/medready-mr-
357fl/ (accessed Dec. 15, 2019).
47. Philips Medication Dispenser. Available: https://www.lifeline.philips.com/
pill-dispenser/health-mdp.html (accessed Nov. 15, 2019).
48. Pill Connect. Could Smart pill bottles dispense a solution to drug non-
adherence? Available: https://www.pharmaceutical-technology.com/features/
smart-pill-bottle-nonadherence/ (accessed Dec. 15, 2019).
49. Pillgo: Your Smart Health partner. Available: https://www.pillgo.co/en/
home-store/ (accessed Nov. 20, 2019).
50. Pillo. Available: https://pillohealth.com (accessed Dec. 4, 2020).
51. Pillsy. Available: https://www.pillsy.com (accessed Dec. 18, 2019).
52. Pilltracker. Available: https://www.pilltracker.com (accessed Dec. 20, 2019).
53. Popit. Available: https://popit.io (accessed Dec. 15, 2019).
54. Pria. Available: https://www.okpria.com (accessed Nov. 10, 2020).
55. ProAir digihaler. Available: https://www.proairdigihaler.com (accessed 
Dec. 15, 2019).
56. Propeller. Available: https://www.propellerhealth.com/how-it-works 
(accessed Dec. 10, 2019).

57. RxPense. Available: https://medipense.com/en/wp-content/uploads/ 
2020/02/RxPense-Product-Brief-2020-EN.pdf (accessed Nov. 30, 2019).
58. Sensemedic Smart Dispensers. Available: https://sensemedic.com 
(accessed Nov. 20, 2019).
59. SIMPLEMED+ A smart medication dispenser. Available: https://www 
.vaica.com/simplemed/ (accessed Nov. 20, 2019).
60. Van Onzenoort HA, Neef C, Verberk WW, Van Iperen HP, De Leeuw 
PW, Van Der Kuy PHM. Determining the feasibility of objective adherence 
measurement with blister packaging smart technology. Am J Heal Pharm 
2012;69(10):872-9.
61. Morak J, Schwarz M, Hayn D, Schreier G. Feasibility of mHealth and near 
field communication technology based medication adherence monitoring. 
Conf Proc IEEE Eng Med Biol Soc. 2012;272-5.
62. Smart pill bottle. Available: https://www.adheretech.com/how-it-works 
(accessed Dec. 15, 2019).
63. Wismer P. Smart pill dispenser—a new tool for improving patient adher-
ence. ONdrugDelivery 2016;2016(68):44-6.
64. Kassem A, Antoun W, Hamad M, El-Moucary C. A comprehensive approach 
for a smart medication dispenser. Int J Comput Digit Syst 2019;8(2):131-41.
65. Abbey B, Alipour A, Gilmour L, Camp C, Hofer C, Lederer R, et al. A 
remotely programmable smart pillbox for enhancing medication adherence. 
25th IEEE International Symposium on Computer-Based Medical Systems. 
2012. pp. 1-4
66. Smart Pillbox Medicine Dose Management. Available: https://bluestarse 
niortech.com/shop/health-products/smart-pillbox-medicine-dose-manage 
ment/ (accessed Dec. 18, 2019).
67. Jung HY, Seong SJ, Choi JY, et al. The efficacy and stability of an infor-
mation and communication technology-based centralized monitoring 
system of adherence to immunosuppressive medication in kidney trans-
plant recipients: study protocol for a randomized controlled trial. Trials 
2017;18(1):1-10.
68. SmartMedReminder system. Available: https://smartmedreminder.com 
(accessed Dec. 15, 2019).
69. Spencer: In-home Medication Dispenser. Available: https://catalystrms 
.com/products/spencer/ (accessed Nov. 24, 2019).
70. TabSafe-In-Home Medication Dispensing System. Available: https://www 
.tabsafe.com (accessed Dec. 2, 2019).
71. Arnet I, Rothen J-P, Albert V, Hersberger K. Validation of a novel elec-
tronic device for medication adherence monitoring of ambulatory patients. 
Pharmacy 2019;7(4):155.
72. Haberer JE, Kahane J, Kigozi I, et al. Real-time adherence monitoring for 
HIV antiretroviral therapy. AIDS Behav 2010;14(6):1340-6.
73. Hoffmann C, Schweighardt A, Conn KM, et al. Enhanced adherence in 
patients using an automated home medication dispenser. J Healthc Qual. 
2017;40(4):1.
74. Arnet I, Walter PN, Hersberger KE. Polymedication Electronic Monitoring 
System (POEMS)—a new technology for measuring adherence. Front Phar-
macol 2013;4:26.
75. Hall J, Bond C, Kinnear M, McKinstry B. Views of patients and profession-
als about electronic multicompartment medication devices: a qualitative study. 
BMJ Open 2016;6(10):1-9.
76. Baines D, Gahir IK, Hussain A, et al. A scoping review of the quality and 
the design of evaluations of mobile health, telehealth, smart pump and moni-
toring technologies performed in a pharmacy-related setting. Front Pharma-
col. 2018;9:678.


