This document is downloaded from DR‑NTU (https://dr.ntu.edu.sg)
Nanyang Technological University, Singapore.

eHealth in the future of medications
management: personalisation, monitoring and
adherence
Car, Josip; Tan, Woan Shin; Huang, Zhilian; Sloot, Peter; Franklin, Bryony Dean
2017
Car, J., Tan, W. S., Huang, Z., Sloot, P., & Franklin, B. D. (2017). eHealth in the future of
medications management: personalisation, monitoring and adherence. BMC Medicine, 15,
73‑.

https://hdl.handle.net/10356/83603
https://doi.org/10.1186/s12916‑017‑0838‑0

© 2017 The Author(s). Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated.

Downloaded on 09 Jan 2023 09:24:36 SGT

Car et al. BMC Medicine (2017) 15:73
DOI 10.1186/s12916-017-0838-0

Medicine and the Future of Health

OPINION

Open Access

eHealth in the future of medications
management: personalisation, monitoring
and adherence
Josip Car1,2* , Woan Shin Tan1,3,4, Zhilian Huang1,3, Peter Sloot5,6,7 and Bryony Dean Franklin8,9

Abstract
Background: Globally, healthcare systems face major challenges with medicines management and medication
adherence. Medication adherence determines medication effectiveness and can be the single most effective
intervention for improving health outcomes. In anticipation of growth in eHealth interventions worldwide, we
explore the role of eHealth in the patients’ medicines management journey in primary care, focusing on personalisation
and intelligent monitoring for greater adherence.
Discussion: eHealth offers opportunities to transform every step of the patient’s medicines management journey.
From booking appointments, consultation with a healthcare professional, decision-making, medication dispensing,
carer support, information acquisition and monitoring, to learning about medicines and their management in daily life.
It has the potential to support personalisation and monitoring and thus lead to better adherence. For some of these
dimensions, such as supporting decision-making and providing reminders and prompts, evidence is stronger, but for
many others more rigorous research is urgently needed.
Conclusions: Given the potential benefits and barriers to eHealth in medicines management, a fine balance needs to
be established between evidence-based integration of technologies and constructive experimentation that could lead
to a game-changing breakthrough. A concerted, transdisciplinary approach adapted to different contexts, including
low- and middle-income contries is required to realise the benefits of eHealth at scale.
Keywords: Apps, eHealth, mHealth, Drug monitoring, Information communication technology, Medication adherence,
Medication therapy management, Text message

Background
Up to half of medicines prescribed for long-term conditions are not taken as recommended [1, 2]. An estimated
US$375 billion per year could be saved with improved
medication adherence [3], which could prove to be one
of the most effective interventions for improving health
outcomes [4, 5]. Reasons for non-optimal use of medicines are multifactorial and may be related to patient,
therapy, disease or health system issues [6]. Numerous
studies have aimed to improve medication adherence by
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addressing factors such as health literacy, lack of motivation or understanding, trust in the physician, health behaviour, cognitive factors such as forgetfulness, and
others [7–10].
With regards to the patient, barriers to effective medicines management in chronic illnesses are multifactorial;
medication adherence can be intentional or unintentional [11–14]. Unintentional non-adherence arises due
to several inter-related factors, including inability to
keep up with medication dosing schedules, long duration
and complexity of medication regimens, miscommunication, and capacity limitations such as physical disabilities
and financial constraints [11, 14]. Intentional nonadherence is a more complex problem and involves patients choosing not to take their medications as prescribed due to various behavioural, attitudinal and
socioeconomic reasons [11, 15]. Several interventions
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have shown to improve medication adherence [16], but
most at best by only 10 percentage points [16, 17]. Very
few interventions have been implemented at a large scale
as these interventions are typically complex, labour intensive and costly [18].
We conducted a literature review on topics related to
eHealth and medicines management on PubMed. Conference proceedings and national guidelines were also
searched. This paper is not a systematic review of literature, but a summarised discussion of eHealth in the patients’ medicines management journey. In this discussion,
we explore the role that eHealth (the use of a wide range
of information and communication technologies for
health) (Table 1) could play in primary care, outpatient
and community medicines management, focusing on how
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more personalisation and more intelligent monitoring
could lead to greater adherence (Fig. 1).

The patient’s medicines management journey
The medicines management process usually starts
when the patient first gains access to a healthcare
provider, and jointly decides with the prescriber on
the prescription during a clinical consultation. After
obtaining the medicines at a pharmacy, the patient
must integrate the process of medication taking into
their daily routine. Non-adherence can occur when
the patient does not take the first dose, does not continue with the prescribed treatment at the approriate
frequency or dose, or does not continue taking the
medicines after a period of time [19].

Table 1 eHealth technologies and their application in medicines management
eHealth technology

What is it?

Application in medicines management

Electronic health records EHRs are real-time, patient-centred records that provide
History taking, recording and decision support for medicines
(EHRs)
immediate and secure information to authorised users. EHRs management
typically contain a patient’s medical history, diagnoses and
treatment, medications, allergies, immunisations, as well as
radiology images and laboratory results. A national EHR
system is most-often implemented under the responsibility
of a national health organisation and will typically make a
patient’s medical history available to health professionals in
healthcare institutions and provide linkages to related
services such as pharmacies, laboratories, specialists, and
emergency and medical imaging facilities [62]
Telehealth

Telehealth refers to the delivery of healthcare services,
where patients and providers are separated by distance.
Telehealth uses information communication technologies
for the exchange of information for the diagnosis and
treatment of diseases and injuries, research and evaluation,
and for the continuing education of health professionals. It
is particularly valuable for those in remote areas, vulnerable
groups and aging populations [63]

Web-based monitoring
system

Web-based monitoring systems are internet-based websites Monitoring of medication adherence and education on the
developed to monitor and/or to deliver tailored educational chronic disease, including the required medication (e.g.
content related to a health condition
asthma) [65]. May/may not provide a communication
platform for patients with their healthcare providers [39]

Remote consultations including exchange of information on
chronic disease care and medicines management [64]

Short messaging service SMS, or text messaging, is used as a communication tool to
(SMS)
exchange short messages over the phone, web or mobile
communication system. It is a low-cost method to promote,
inform or remind patients on information relating to their
health or healthcare. It can also be used as a tool to
facilitate communication of health messages between
patients and healthcare providers [36]

Tailored or standardised medicine taking reminders with
either one way or two-way interactions. Studies have shown
improvement in medication adherence, but more high
quality studies are required to establish evidence in this
area [66]

Mobile health apps

Mobile apps are software applications designed to run on
portable devices such as smartphone or tablet computers.
Health apps are designed for a multitude of purposes such
as data collection, health and disease education, disease
and lifestyle management, surveillance, monitoring and
health promotion to support the management of one’s
health

Personalised reminders; medicines organisation;
polypharmacy management; integration of medicines taking
as part of chronic disease management; information
exchange on medicines; medication refill orders

Wearable devices

Wearable devices are gadgets embedded with electronics,
software or sensors that can be worn as clothing or
accessories. Wearable devices are also examples of Internet
of Things, where a network of sensors can perform data
exchange across platforms. These devices are useful for
round-the-clock monitoring and can collect real-time data
through location and activity tracking

App-linked devices with sensors can be worn to alert
asthma patients of impending asthma attacks, for better
medicines management [67]. Biosensors such as wearable
patches or contact lenses can continuously measure blood
glucose for better insulin management [68]; however, the
efficacy and cost-effectiveness of these devices have yet to
be established
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Fig. 1 Role of eHealth in enhancing personalisation and monitoring in patients’ medicines management journey

Access to healthcare providers

eHealth is changing conventions for how patients consult their health providers. For an ever growing number
of scenarios, face-to-face consultations that were once
the norm are being supplemented or replaced with a
range of synchronous or asynchronous remote consulting approaches via text, voice or video. For example, it
might be suggested that the review of medication for patients with a chronic illness that does not require physical examination can be done remotely, patients with
concerns about accidental overdosing can phone for advice, and less urgent queries can be made through an
email or web portal. Remote consulting does not just
improve convenience and access, save travel and waiting
time, but also removes geographical distances and potentially reduces socioeconomic gaps.
Automated telephone communication systems (ATCS)
can deliver pre-recorded voice messages from healthcare
providers to patients through the telephone’s touch-tone
keypad or via voice-recognition software. ATCS have
been shown to provide remote, round-the-clock access
to healthcare advice for patients with lower socioeconomic backgrounds, and are able to facilitate selfmonitoring in various chronic diseases such as diabetes,
heart failure and hypertension, although the evidence is
mixed [20].
Appointment scheduling and reminders for medication reviews can equally benefit from these technologies

[21, 22]. The key challenge is to provide seamless integration into health systems to enable discrete, yet effective communication of prompts and reminders, and
increase flexibility to change scheduled appointments effortlessly if required. Few health systems have achieved
this at scale and made it routine care. Yet, both in terms
of evidence and technology, there are few barriers to
make it happen other than the redesign of older, less effective, processes. This should be realised, as with all
(e)health interventions, within the framework of continuous evaluation to ensure further improvement and
learning.
The options for eHealth technologies are expected to
further expand to allow more flexibility in accessing
healthcare. Smartphones are increasingly all-pervading
healthcare tools, able to offer health advice at just a ‘tap’
away. Medicines can also be ordered through a smartphone app and delivered to patients’ homes. Moving forward, there is a need to establish evidence for the right
balance in use of these novel technologies. Outcomes,
such as quality and safety of care, cost-effectiveness, acceptability, fidelity, etc., all need to be rigorously evaluated in order to understand how best to reap the
potential benefits while minimising potential limitations.
Clinical consultations

When patients enter the privacy and uniqueness of human trust in a medical consultation, what follows is a
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careful history taking, examination and investigation,
diagnosis and review, as needed. Further to making a
diagnosis or review, the physician or other healthcare
professional will explain to the patient their treatment
options and discuss the disease and medicines management. In the past, patients were expected to follow doctors’ choices and recommendations, including those
relating to medicines, without active involvement in
decision-making. Today, it is recognised that personalising healthcare within a shared decision-making framework leads to better outcomes, patient engagement and
increases the level of trust between providers and patients [23].
eHealth is able to improve pre-consultation medical
history taking by digitising information acquisition for
history taking via Computer Assisted History Taking
Systems (CAHTS). The use of CAHTS has the potential
to improve quality and comprehensiveness of information captured, reduce data entry errors, save time and facilitate acquisition of sensitive patient information [24].
It can be used from the convenience of home, while
travelling, or while in the waiting room. CAHTS can
collect information on medication history, adherence
and possible side effects, and can use decision support
trees in data capture, etc. It is more effective than faceto-face consultation in capturing sensitive information
(e.g. about sexually transmitted diseases, or mental illness). Use of CAHTS will increase in the coming years
as it advances in sophistication and becomes more routinely adopted within healthcare.
eHealth is transforming decision-making, information
sharing and patient education. Within medication management, electronic health records (EHRs), computerised
prescription order entry (CPOE) and computerised decision support systems (CDSS) are now considered the
norm in many health systems, albeit with scope for further development [25]. For example, CDSS can improve
patient safety through checks for drug allergies and
drug-drug interactions, and by providing evidence-based
recommendations and prescribing guidelines. Direct
transmission of prescriptions to the pharmacy can also
reduce transcription errors. Relevant information on the
individual’s current and past prescriptions, or medicines
taking behaviour, can support personalisation of care by
informing providers about potential non-adherence and
contraindicated therapies. Patient education and medicines management plans can then be tailored to focus
on individual needs, which is more likely to support adherence to planned treatment.
Dispensing of medication

Similar to the flight attendants’ pre-flight cross-checking
of an aircraft’s doors, the pharmacy acts as a cross-check
for the prescriber by ensuring the medications
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prescribed are safe in terms of dose, frequency and the
presence of other medications, and appropriate for the
patient according to their illness and medication history.
In the future, we anticipate that eHealth could support
and further this cross-checking function. Prior to dispensing the medication at the pharmacy, using interactive technology, eHealth solutions could check for
patients’ understanding of medications based on what
was conveyed by the doctor during the consultation.
This could support patients’ adherence through better
patient education.
ePrescription potentially represents digitisation of both
prescribing and dispensing. With increasing automation
of dispensing, this has the potential to free up pharmacists’ time to spend in clinical roles such as talking to
patients to support adherence. The role of the pharmacist is increasingly shifting from medication dispensing
to the automation of pharmacy dispensing functions
[26]. In addition to the ability to reduce transcription errors through electronic transmission of orders from the
prescriber to the pharmacy, ePrescribing solutions can
also support medication reconciliation, remote monitoring of adherence through refill tracking, and issuing of
automatic refill alerts [27]. Patients can also benefit from
a seamless medication refill process and the convenience
of home delivery of medications. In many high-income
countries, ePrescription has transformed prescribing and
dispensing with automated decision support. Health systems that allow prescribers and pharmacists to access
the information pertaining to an individual’s prescriptions, and support the prescription of formulary alternatives such as generic drugs, could lower the cost to
patients and healthcare systems. Although the technology is mature, adoption among solo or small primary
care practices is still low in third-party payer systems
such as the USA [28]. Being able to expand coverage in
the future to span the entire health economy will also
prevent medication safety issues that arise as a result of
care fragmentation. On the other hand, some countries
do not have healthcare organisations that are supported
by an interoperable information technology network. Although CPOE systems can be standalone, the issue of
fragmentation of medication records could act as a barrier towards reaping the full benefits of an integrated IT
system. This could change in the future with greater integration of IT solutions within healthcare.
In the future, we might expect complete digitisation
and the integration of CDSS and CPOE with personal
health records and medical records to provide a more
seamless patient experience. Being able to interact with
the healthcare system via online personal health portals
has been shown to improve patients’ medication adherence [29] due to the added convenience of online medication refill and also through increased awareness of
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their health status [30]. Due to the impact on revenue
and patient outcomes, the pharmaceutical industry, as
well as public and private funders, are ardently exploring
eHealth technologies to improve medicines management. A number of pharmaceutical companies have
launched apps for medication adherence and chronic
disease medicines management, and moving towards
more partnerships with healthcare institutions to improve the quality and delivery of eHealth technologies.
At the system level, with greater information integration, a self-learning IT system could be created. For example, new information about the individual patient,
especially health behaviour data that might be captured
via wearables, can offer better identification of individuals
who need additional support or change of treatment.

Medicines management in daily life
Self-management and medicines taking occurs after the
patient leaves the pharmacy with the dispensed medicine. Newly diagnosed patients learn about the medicine
(e.g. about its uses, interactions, precautions, side effects,
dosage, storage) and incorporate, with varying degrees of
success, their medicine taking into daily life routines at
home, work or while travelling.
Apart from medicines management education received
in consultation with the prescriber and the pharmacist,
patients may have subsequent questions about the medicines they are taking. The internet and multimedia-rich
mobile phone applications (apps) already act as information sources and will increasingly do so, potentially improving health literacy by providing and reinforcing
education on topics such as the purpose of the medicine,
how to take it, possible side-effects and contraindications.
To reinforce adherent behaviours, electronic reminders
can alert patients to take their medication, to monitor parameters, or about upcoming appointments. Tailoring of
the frequency and timing of mobile phone text messages
is increasingly being used to remind patients of their medicines schedule [31]. Tailored interventions have also
shown superior outcomes in behavioural change compared to standardised text messages [32]. Text messages
in studies showing a benefit were more likely to contain
educational and motivational content and/or were more
tailored to the user or their condition. More basic and repetitive text messages showed fewer benefits [33]. Personalised interventions based on shared decision-making
with patients are more likely to have positive outcomes, as
involving patients in deciding the time and method for receiving interventions from healthcare providers minimises
annoyance from constant notification of health messages
[34]. In addition, studies have found that receptivity towards mobile phone text messages as a healthcare intervention reduces with increasing age, as well as with lower
education and income levels [35]. Therefore, clinicians
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and policymakers need to be cognizant of this and provide
additional strategies for certain patient groups.
Monitoring of patient outcomes and medicines taking
behaviour are important functions to achieve better adherence to medicines. A survey by the WHO on mobile
health (mHealth) reported the highest percentage of patient monitoring activities in high-income countries
compared to other world regions but patient monitoring
emerged as the least established mHealth initiative despite its strong potential for improving outcomes and
cutting healthcare costs [36]. A systematic review also
showed a reduction in all-cause mortality and hospital
admission by approximately 20% in patients with
chronic heart failure undergoing remote monitoring
compared to patients under usual care [37]. The process
of medicines taking can be self-monitored or performed
by the primary care provider using electronic devices.
To enable personalised self-care, smart devices, consumer wearables, electronic pill boxes and applications
(device agnostic, mobile or other) should be designed to
be easy to use with customisable features. These electronic devices could then concurrently support the goal
of information gathering for healthcare decision support.
eHealth advances will continue to drive rapid progress
to close the current gaps within the medicines management process by enhancing the speed and accuracy of
data transmission. The Internet of Things (IoT) is a concept referring to networked everyday objects that interconnect to each other via wireless sensors attached to
them [38]. With the emergence of IoT, information on
consultations, prescriptions and medication refills can be
integrated into a centralised system combined with a
new previously non-existent category of personally collected data about patients, which will allow for a new
level of insight into patients’ progress and new level of
personalisation of treatment. Internet interventions and
short messaging service (SMS) reminders have shown
promising results in enhancing patients’ adherence to
long-term medications [39–41].

Support for carers
The role of carers has grown in importance as support
from friends and family members is a key facilitator of
medication adherence [11]. Many carers are unprepared
for the demands of caring for a chronically ill family
member and will require support and training in the
process of caring for their loved ones. To date, eHealth
has shown moderate effects, for example, on improving
carer stress and depression in caring for people with dementia [42]. Carers of patients with polypharmacy will
likely benefit from peer support, medicine reminders, organisation, information exchange on medicines and
digital encouragement with the support of eHealth.
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Data analytics
The growing trend of ubiquitous continuous monitoring
via mobile phones, wearables, smart pill boxes, IoT, etc.,
present an opportunity to gain a new level of insight into
a wide range of parameters which directly or indirectly
affect health outcomes. Combined with the data gathered by the health system for an individual as well as
whole populations at the level of the clinic, pharmacy,
hospitals, etc., new predictive models and stratification
approaches will be enabled for more accurate medicines
management [43].
Insights from predictive analytics can already be generated more readily and at a lower cost. To date, predictive
models have been used to drive risk scores to identify individuals or sub-populations who are at high risk of
non-adherence to medications in populations with conditions such as HIV [44], hypertension [45], inflammatory bowel disease [46] and diabetes [47]. These models
can identify high-risk populations for further interventions. For instance, an individual belonging to the highrisk group can be identified as likely to be non-adherent
due to a complex medication regimen requiring frequent
dosing. To improve adherence, therapies could be personalised such as by changing the medication to reduce
the frequency of doses.
Most studies have relied on regression models with
data derived from cohort studies that surveyed patient
populations on clinical, behavioural and psychosocial
variables relevant to medication adherence. Future
models will go beyond simple regression techniques with
greater deployment of sophisticated data mining techniques such as machine learning. By improving quality,
comprehensiveness of data and bringing together large
numbers of digitally collected data variables, prediction
accuracy will improve.
On the other side, predictive analytics could also be
used by business entities, such as pharmaceutical companies, to improve market intelligence. Leveraging on
mass data, marketing efforts could be personalised and
well-targeted, but such efforts may lead to higher cost to
the patient and healthcare system while at the same time
promote medications or uses that might not be evidence
based. For health insurance companies, it can be argued
that a greater integration of data might facilitate more
accurate prediction of an individual’s cost profile. However, most jurisdictions, including the US, have moved
towards legislating for community-rated insurance with
all individuals paying the same premium, thereby reducing the potential for providing insurance only for those
at lowest risk.
Although predictive models utilising data from
health IT systems are not new, they are mostly proprietary [48, 49]. In reality, such analytics capabilities
are not yet part of the routine delivery of care. Health
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systems are still in the process of learning how to
harness their value to improve healthcare quality [50]
and medication management.

Overcoming barriers to eHealth implementation
Despite the potential for cost-savings and added flexibility in improving medicines management, challenges in
eHealth implementation must not be disregarded. First,
eHealth implementation requires adequate planning and
consideration of cost-effectiveness [51]. The failure of
the NHS national programme for IT is attributable in
large part to inadequate planning. Ambitious plans to
scale-up the adoption and interconnectivity of EHRs in
the UK backfired when the system was not primed for a
rapid and large scale transformation [52]. eHealth interventions for medicines management should be piloted
and scaled up progressively. Second, digital literacy is
necessary for the adoption of eHealth. Knowledge of
technology can improve engagement and receptivity towards technological changes, which is crucial for digital
interventions to succeed [53]. Additional training is also
required for specific patient sub-groups to improve their
digital literacy prior to eHealth interventions in medicines management. Third, patient safety must not be
compromised. New technologies may expose users to
unintended risks. In a systematic assessment of 46 insulin dose calculator apps, it was found that the majority
had problems with the data input function, did not validate numeric inputs and displayed incorrect dose results [54]. Adequate risk management frameworks must
be in place to mitigate potential risks posed to patient
safety. Finally, health data privacy should be reinforced
to increase confidence in eHealth [55]. The widespread
acceptance of eHealth in medicines management will
occur with time, just like its banking and ecommerce
precedents [56], but only when frameworks and secured
encrypted networks provide assurance of security.
While the prospects of eHealth are promising, widescale adoption of eHealth interventions at the population
level requires further significant research, planning,
communication to different population groups and
skilled health IT personnel [57, 58].
Directions for future research
The rapid innovation in eHealth technologies has challenged policymakers and implementers to find a balance
between evidence-based integration of technologies and
constructive experimentation that could lead to a gamechanging breakthrough [59]. eHealth can impact medications management at all three levels: macro (at the
level of the healthcare system), meso (clinics, pharmacies) and micro (individual patients and carers). At the
micro level, the personalisation of alerts in the way of
regular reminders via mobile phone SMS has been found
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to double the odds of medication adherence [40]. ATCS
was also found to be moderately effective at improving
the monitoring of health outcomes, which positively influences adherence with medicines. These interventions
have high potential for scaling to routine delivery of
healthcare. This should be accompanied with an ongoing
rigorous evaluation to further improve them (e.g. by further personalisation) and create evidence about longterm effectiveness in real-life. No study of reminders for
medication adherence provides data on long-term (over
several years) effectiveness, acceptability, etc. Yet, if
these interventions are to be embedded in routine delivery of healthcare these answers are critically needed.
EHR, CDSS and CPOE vary in the level of benefits
they deliver to health systems in the short term and are
challenging to implement at scale. We urgently need
more effective strategies for organisational change that
ensure adoption, not only by enthusiasts, but by all
healthcare professionals alike. We also require rigorous
independent head-to-head studies across a wide range of
eHealth medicines management and other functionalities of such systems to inform decision-making related
to their adoption. This information will be of equal relevance to low-, middle- and high-income countries, and
evaluation should allow context-specific interpretation;
the same applies to health apps [54, 60, 61].
Greater use of eHealth to improve health literacy at an
individual and population level is an obvious priority area
for research. There are few, if any, technological barriers
and risks are likely to be minimal. For example, simple solutions for electronic provision of patient education materials on medications in low- and middle-income countries
where patient education leaflets are not currently provided
have the potential to significantly raise the standard of
care and positively impact health outcomes. These could
be platform-agnostic (i.e. for use on a computer, tablet or
smartphone) text, audio or multimedia-rich depending on
the context, medication prescribed and patient needs.
The transdisciplinary nature of eHealth calls for a team
approach in research that brings multifarious disciplines
together with methodological innovations. Traditional
randomised controlled trial designs may not be suitable,
for example, for evaluation of apps. In many instances, the
technology might already be obsolete by the time the results are published, let alone implemented at scale. Too
few studies go beyond effectiveness, future eHealth research needs to include and carefully consider, amongst
other dimensions, acceptability, human factors and ergonomics, adoption and adaptability, scalability and fidelity
of interventions at scale (over time and in different contexts), sustainability, training needs, safety, patient and
clinician preferences of different backgrounds, and costeffectiveness to inform resource allocation decisions at the
micro, meso and macro levels.

Page 7 of 9

Acknowledgements
This paper represents independent work supported by the Lee Kong Chian
School of Medicine, Nanyang Technological University (NTU), Singapore, and
the National Institute for Health Research (NIHR) Imperial Patient Safety
Translational Research Centre, UK. TWS would like to acknowledge funding
from the Singapore National Medical Research Council Research (NMRC)
Training Fellowship and the Singapore National Healthcare Group (NHG)
PhD in Population Health Scheme for funding. HZL was funded by the NTU
research scholarship. The views expressed are those of the authors and not
necessarily those of the NTU, the NMRC, the NHG, the NHS, the NIHR or the
Department of Health, UK.
Funding
The Department of Primary Care & Public Health at Imperial College is
grateful for support from the National Institute for Health Research (NIHR)
Collaborations for Leadership in Applied Health Research and Care (CLAHRC)
programme for North West London, the NIHR Biomedical Research Centre
scheme, and the Imperial Centre for Patient Safety and Service Quality. The
research was funded by the National Institute for Health Research (NIHR)
Patient Safety Translational Research Centre. The views expressed are those
of the author(s) and not necessarily those of the NHS, the NIHR or the
Department of Health.
Availability of data and material
No datasets available.
Authors’ contributions
JC conceptualised the review paper, drafted and revised the manuscript.
TWS and HZL contributed to the conceptualisation of the review paper,
conducted a literature review, and wrote the first draft of the manuscript
and subsequently revised it. PS and BDF contributed to the conceptualisation
of the review paper, and revised the manuscript. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Centre for Population Health Sciences, Lee Kong Chian School of Medicine,
Nanyang Technological University, 3 Fusionopolis Link, #06-13,
Nexus@One-North, South tower, Singapore 138543, Singapore. 2Global
eHealth Unit, Department of Primary Care and Public Health, School of
Public Health, Imperial College, London, UK. 3Nanyang Institute of
Technology in Health and Medicine, Interdisciplinary Graduate School,
Nanyang Technological University, Singapore, Singapore. 4Health Services
and Outcomes Research Department, National Healthcare Group, Singapore,
Singapore. 5Computational Science Laboratory, University of Amsterdam,
Amsterdam, The Netherlands. 6ITMO University, Saint Petersburg, Russia.
7
Complexity Institute, Nanyang Technological University, Singapore,
Singapore. 8Research Department of Practice and Policy, UCL School of
Pharmacy, London, UK. 9Centre for Medication Safety and Service Quality,
Pharmacy Department, Imperial College Healthcare NHS Trust, London, UK.
Received: 26 September 2016 Accepted: 16 March 2017

References
1. Brown MT, Bussell JK. Medication adherence: WHO cares? Mayo Clin Proc.
2011;86(4):304–14.
2. Organization, W.H. Adherence to long-term therapies: evidence for action.
Geneva: World Health Organization; 2003; 2014. WHO/MNC/03.01.

Car et al. BMC Medicine (2017) 15:73

3.

4.

5.

6.

7.
8.
9.
10.

11.
12.
13.

14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24.

25.

26.
27.
28.
29.

30.

IMS Institute for Healthcare Informatics. Draft of Technical Paper for the
Ministers Summit 3rd October 2012: The benefits of responsible use of
medicines - Setting policies for better and cost-effective healthcare. 2013.
https://www.fip.org/centennial/files/static/REPORT_MINISTERS_SUMMIT_-_
English_version_final.pdf. Accessed 16 Mar 2017.
NICE, M. and C. Prescribing. Medicines Optimisation: The Safe and Effective
Use of Medicines to Enable the Best Possible Outcomes. 2015. Accessed 16
Mar 2017.
Haynes RB, et al. Interventions for helping patients to follow prescriptions
for medications. The Cochrane Library; 2002. https://www.ncbi.nlm.nih.gov/
pubmed/12076376.
Sabaté E. Adherence to long-term therapies: evidence for action. World
Health Organization; 2003. http://www.who.int/chp/knowledge/
publications/adherence_full_report.pdf?ua=1. Accessed 16 Mar 2017.
Bender BG. Overcoming barriers to nonadherence in asthma treatment. J
Allergy Clin Immunol. 2002;109(6):S554–9.
Cochrane G, Horne R, Chanez P. Compliance in asthma. Respir Med. 1999;
93(11):763–9.
Laforest L, et al. Asthma patients’ self-reported behaviours toward inhaled
corticosteroids. Respir Med. 2009;103(9):1366–75.
Gibson PG, et al. Limited (information only) patient education programs for
adults with asthma. The Cochrane Library; 2002. http://www.cochrane.org/
CD001005/AIRWAYS_limited-information-only-patient-education-programsfor-adults-with-asthma.
Jin J, et al. Factors affecting therapeutic compliance: a review from the
patient’s perspective. Ther Clin Risk Manag. 2008;4(1):269–86.
Mukhtar O, Weinman J, Jackson SH. Intentional non-adherence to
medications by older adults. Drugs & aging. 2014;31(3):149–157.
Hall AE, et al. To adhere or not to adhere: rates and reasons of medication
adherence in hematological cancer patients. Crit Rev Oncol hematol. 2016;
97:247–62.
Leclerc E, et al. Determinants of adherence to treatment in first-episode
psychosis: a comprehensive review. Rev Bras Psiquiatr. 2015;37(2):168–76.
Jimmy B, Jose J. Patient medication adherence: measures in daily practice.
Oman Med J. 2011;26(3):155–9.
Nieuwlaat R, et al. Interventions for enhancing medication adherence. The
Cochrane Library. 2014.
Peterson AM, Takiya L, Finley R. Meta-analysis of trials of interventions to
improve medication adherence. Am J Health Syst Pharm. 2003;60(7):657–65.
Bosworth HB, et al. Medication adherence: a call for action. Am Heart J.
2011;162(3):412–24.
Vrijens B, et al. A new taxonomy for describing and defining adherence to
medications. Br J Clin Pharmacol. 2012;73(5):691–705.
Posadzki P, et al. Automated telephone communication systems for
preventive healthcare and management of long-term conditions. Cochrane
Database Syst Rev. In press.
Car J, Sheikh A. Email consultations in health care: 1—scope and
effectiveness. BMJ. 2004;329(7463):435–8.
Gurol‐Urganci I, et al. Mobile phone messaging reminders for attendance at
healthcare appointments. The Cochrane Library; 2013. http://www.
cochranelibrary.com/enhanced/doi/10.1002/14651858.CD007458.pub3.
Denford S, et al. Individualisation of drug treatments for patients with longterm conditions: a review of concepts. BMJ Open. 2014;4(3):e004172.
Pappas Y, et al. Computer-assisted history-taking systems (CAHTS) in health
care: benefits, risks and potential for further development. J Innov Health
Informatics. 2011;19(3):155–60.
Charles K, et al. Can utilizing a computerized provider order entry (CPOE)
system prevent hospital medical errors and adverse drug events? Perspect
Health Inform Manage. 2014;11(Fall):1b.
Knoer SJ, Eck AR, Lucas AJ. A review of American pharmacy: education,
training, technology, and practice. J Pharm Health Care Sci. 2016;2(1):32.
McKibbon KA, et al. Enabling medication management through health
information technology. 2011.
Pevnick JM, et al. Adoption and use of stand-alone electronic prescribing in
a health plan-sponsored initiative. Am J Manag Care. 2010;16(3):182–9.
Sarkar U, et al. Use of the refill function through an online patient portal is
associated with improved adherence to statins in an integrated health
system. Med Care. 2014;52(3):194–201.
Lyles CR, et al. Qualitative evaluation of a mobile phone and web-based
collaborative care intervention for patients with type 2 diabetes. Diabetes
Technol Ther. 2011;13(5):563–9.

Page 8 of 9

31. Kannisto K. Evaluation of mobile telephone text message reminders for
people with antipsychotic medication. 2016.
32. DeKoekkoek T, et al. mHealth SMS text messaging interventions and to
promote medication adherence: An integrative review. J Clin Nurs. 2015;
24(19-20):2722–35.
33. Park LG, Howie‐Esquivel J, Dracup K. A quantitative systematic review of the
efficacy of mobile phone interventions to improve medication adherence. J
Adv Nurs. 2014;70(9):1932–53.
34. Vervloet M, et al. The effectiveness of interventions using electronic
reminders to improve adherence to chronic medication: a systematic
review of the literature. J Am Med Inform Assoc. 2012;19(5):696–704.
35. Serrano KJ, et al. Willingness to exchange health information via mobile
devices: findings from a population-based survey. Ann Fam Med. 2016;14(1):
34–40. Accessed 16 Mar 2017.
36. Kay M, Santos J, Takane M. mHealth: New horizons for health through
mobile technologies. World Health Organization; 2011: p. 66-71. http://
www.who.int/goe/publications/goe_mhealth_web.pdf.
37. Clark RA, et al. Telemonitoring or structured telephone support
programmes for patients with chronic heart failure: systematic review and
meta-analysis. BMJ: British Medical Journal. 2007;334(7600):942.
38. Gubbi J, et al. Internet of Things (IoT): a vision, architectural elements, and
future directions. Futur Gener Comput Syst. 2013;29(7):1645–60.
39. Linn AJ, et al. Effects of eHealth Interventions on medication adherence: a
systematic review of the literature. J Med Internet Res. 2011;13(4):e103.
40. Thakkar J, et al. Mobile telephone text messaging for medication adherence
in chronic disease: a meta-analysis. JAMA Intern Med. 2016;176(3):340–9.
41. de Bruin M, et al. Electronic monitoring-based counseling to enhance
adherence among HIV-infected patients: a randomized controlled trial.
Health Psychol. 2010;29(4):421.
42. Powell J, Chiu T, Eysenbach G. A systematic review of networked
technologies supporting carers of people with dementia. J Telemed
Telecare. 2008;14(3):154–6.
43. Mohr DC, et al. The behavioral intervention technology model: an
integrated conceptual and technological framework for eHealth and
mHealth interventions. J Med Internet Res. 2014;16(6):e146.
44. Howard AA, et al. A prospective study of adherence and viral load in a large
multi-center cohort of HIV-infected women. AIDS. 2002;16(16):2175–82.
45. Wang PS, et al. Noncompliance with antihypertensive medications. J Gen
Intern Med. 2002;17(7):504–11.
46. Ediger JP, et al. Predictors of medication adherence in inflammatory bowel
disease. Am J Gastroenterol. 2007;102(7):1417–26.
47. Mann DM, et al. Predictors of adherence to diabetes medications: the role
of disease and medication beliefs. J Behav Med. 2009;32(3):278–84.
Accessed 16 Mar 2017.
48. Baum S. Health IT startup can predict adherence and forecast best
intervention strategy. 2013.
49. Shrank WH. Can Data Help People Stay on Medication? [cited 2017 17/03/
2017]; Available from: https://www.cvshealth.com/thought-leadership/candata-help-people-stay-on-medication. Accessed 16 Mar 2017.
50. Elton J, Ural A. Predictive medicine depends on analytics. 2014.
51. Oberjé EJ, et al. Cost effectiveness of medication adherence-enhancing
interventions: a systematic review of trial-based economic evaluations.
Pharmacoeconomics. 2013;31(12):1155–68.
52. Hendy J, et al. Challenges to implementing the national programme for
information technology (NPfIT): a qualitative study. BMJ. 2005;331(7512):331–6.
53. Mohammadyari S, Singh H. Understanding the effect of e-learning on
individual performance: the role of digital literacy. Comput Educ. 2015;82:
11–25.
54. Huckvale K, et al. Smartphone apps for calculating insulin dose: a systematic
assessment. BMC Med. 2015;13(1):106.
55. Wallace C. Medical researchers herald an app driven revolution. 2015.
Financial Times.27 July 2015. Accessed 16 Mar 2017.
56. Christensen MC, Remler D. Information and communications technology in
US health care: why is adoption so slow and is slower better? J Health Polit
Policy Law. 2009;34(6):1011–34.
57. Kreps GL, Neuhauser L. New directions in eHealth communication:
opportunities and challenges. Patient Educ Couns. 2010;78(3):329–36.
58. Best A, et al. Large-system transformation in health care: a realist review.
Milbank Q. 2012;90(3):421–56.
59. Car J, Huckvale K, Hermens H. Telehealth for long term conditions. BMJ.
2012;344:e4201.

Car et al. BMC Medicine (2017) 15:73

Page 9 of 9

60. Huckvale K, et al. The evolution of mobile apps for asthma: an updated
systematic assessment of content and tools. BMC Med. 2015;13(1):1.
61. Huckvale K, et al. Apps for asthma self-management: a systematic
assessment of content and tools. BMC Med. 2012;10(1):1.
62. Services, C.f.M.M. Electronic health records. 2012. [cited 2016 2nd December
2016]; Available from: https://www.cms.gov/Medicare/E-Health/EHealthRecords/
index.html?redirect=/EhealthRecords/.
63. Organization, W.H. Telemedicine opportunities and developments in
member states. Results of the second global survey on eHealth. Geneva:
WHO Press; 2011.
64. Verhoeven F, et al. The contribution of teleconsultation and
videoconferencing to diabetes care: a systematic literature review. J Med
Internet Res. 2007;9(5):e37.
65. Rybin D, et al. Evaluation of a web-based asthma self-management system:
a randomised controlled pilot trial. 2015.
66. Dayer L, et al. Smartphone medication adherence apps: potential benefits
to patients and providers. J Am Pharm Assoc. 2013;53(2):172.
67. Munos B, et al. Mobile health: the power of wearables, sensors, and apps to
transform clinical trials. Ann N Y Acad Sci. 2016;1375(1):3–18.
68. Farandos NM, et al. Contact lens sensors in ocular diagnostics. Adv
Healthcare Mater. 2015;4(6):792–810.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

