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Abstract

Objective: Digital health is described as the use and development of all types of digital technologies to improve health out-
comes. It could be used to prevent medication errors, a priority for health systems worldwide. However, the adoption of such
tools remains slow. This study aims to identify factors (attitudes, knowledge and beliefs) acting as barriers and/or facilitators
reported by healthcare professionals (HCPs) for the adoption of digital health-related tools for medication appropriateness.

Methods: A systematic review was performed by searching the literature in the MEDLINE PubMed, and EMBASE scientific
databases for original articles regarding qualitative and quantitative data.

Results: Fifteen articles were included and a total of 125 barriers and 108 facilitators were identified, consolidated and cate-
gorized into technical (n= 48), organizational (n= 12), economical (n= 4), user-related (n= 34), and patient-related (n= 8)
components. The most often reported barriers and facilitators were technical component-related ones concerning the need
for additional training (n= 6), the time consumed (n= 6), and the easy way of using or learning how to use the tools (n= 9),
respectively. Regarding setting analysis, agreement with clinical decision recommendations and impact on the doctor–
patient relationship were more valued in primary care, while the user interface and system design were in the hospital.

Conclusions: The barriers and facilitators identified in this study provide relevant information to developers and it can be
used as a starting point for the designing of successful digital health-related tools, specifically related to medication appro-
priateness. Future research includes economic evaluation-focused studies and in-depth case studies of specific barriers and
facilitators.
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Introduction
Digital health is understood as the use and development of
all types of digital technologies to improve health out-
comes,1 encompassing eHealth (information and communi-
cation technologies), mHealth (mobile health) and big
data.2 The widespread use of health information technology
has become one of the main strategies to improve the effi-
ciency, accessibility, quality and safety of health systems,
clinical decision making, and medication management,
helping to avoid errors at ordering and prescribing
stages.3,4 In fact, in one study, the likelihood of medication
errors in hospitals decreased 48% when a prescription drug
order was performed through a computerized provider order
entry (CPOE) system.5

Nowadays, healthcare professionals (HCPs) and patients
have access to many digital technology resources involving
electronic health records (EHRs), electronic prescribing
(ePrescribing), electronic medication administration records
(eMARs), remote monitoring, telehealth, websites and appli-
cations available for computers, tablets, or smartphones, edu-
cational videogames, CPOE, clinical decision support
systems (CDSS), bar code medication administration
(BCMA), automated medication dispensing cabinets
(ADCs) and patient data management systems (PDMSs)
among others.4,6–9 Currently, more than 350,000 health
applications are available, and 250 new ones are released
every day.10 Data showed that 58.23% of smartphone users
in the United States used and downloaded health-related
applications.11 These tools could have several beneficial
functionalities such as support for clinical diagnosis or deci-
sion making, patient adherence, or simply providing educa-
tion.12 It is estimated that the digital health market should
reach nearly 660 billion dollars by 2025.13 Previous studies
found that the implementation of these technologies has
been demonstrated to reduce costs by saving time and to
improve patients’ health outcomes through a reduction of
the occurrence of ADR caused by medication errors.9,14–18

In addition, the widespread of digital health could help to
eliminate health disparities worldwide.19

Despite the advantages presented above, the adoption of
digital health-related tools remains slow.20,21 As the digital
era emerges, major changes in HCPs’ workflow arise,
sometimes with a lack of regulation or guidelines, which
has led to many HCPs remaining reluctant to adopt digital
health technologies.22,23 Important knowledge gaps
related to digital health education were also identified,
reinforcing the need for wider support for HCPs.24

Previously, one study found that only five of 280 diabetes
mobile applications evaluated were associated with clinic-
ally meaningful improvement, revealing that clinical effect-
iveness is not always guaranteed.25

Addressing factors that could hamper or promote the
adoption of digital health-related tools can help to create

technologies that better meet the needs of HCPs and
provide patients with higher-quality care.24,26 Therefore,
preferences of end-users should be considered for the tech-
nology design. HCPs will benefit from clinically meaning-
ful digital solutions, while healthcare systems will need to
obtain financial returns or save costs by acquiring digital
health technologies.27 Therefore, to improve digital health
adherence, an understanding of barriers and facilitators
that can influence the adoption and use of digital tools by
HCPs is the first step required.

Previous reviews on barriers and facilitators for the
implementation of eHealth or mHealth in general,21 or the
acceptance of medication-related CDSS,28 or in a specific
setting29,30 showed the following as the most reported bar-
riers and facilitators: time consuming,28,29 security and
privacy concerns,21,23,31 limited knowledge and liter-
acy,21,31 weakened communication and interaction with
others,23,29 and financial support21,23,31 as barriers; ease
of use,21,23,28 and equipment availability and reliabil-
ity21,28,29 as facilitators. However, there is a lack of system-
atized information on the barriers and facilitators for the use
of the various digital tools available to support the appropri-
ate use of medicines. Challenges to the implementation of
such technologies should be studied; therefore, with our
review, we aim to expand previous findings by covering
all types of digital health-related tools for medication appro-
priateness and to identify factors that are reported by HCPs
to act as barriers and/or facilitators in the adoption of digital
health-related tools for medication appropriateness.
Therefore, outcomes from this systematic review will add
more reliable information to the existing body of evidence
for developers and all stakeholders involved in the design
and creation of successful digital health-related tools.

Material and methods
To provide a comprehensive understanding more useful for
clinical decision making and health care decision makers,
and to help researchers focus on the most relevant barriers
and/or facilitators when developing any types of digital
health-related tools, we performed a systematic review fol-
lowing the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 guidelines
(Table S1).32 The research protocol is registered on
PROSPERO (CRD42022363235).

Search strategy

A literature search was conducted on 28 October 2022 on
the MEDLINE PubMed and EMBASE scientific databases
for articles published since 1 January 2000. The search
strategy intended to identify relevant studies addressing
barriers and/or facilitators identified by HCPs in adopting
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digital health-related tools for medication appropriateness,
using the following broad-based search terms strategy:
“(barrier OR facilitator OR attitudes OR beliefs OR knowl-
edge) AND (adopt OR adoption OR implementation*)
AND (health professional OR health provider OR clinician
OR physician OR GP OR general practitioner OR nurse
OR pharmacist) AND (digital health-related tool OR
digital health tool OR mobile health OR mhealth OR
m-health OR electronic health OR ehealth OR e-health
OR telehealth OR clinical decision support system OR
computerized clinical decision support system) AND
(medication appropriateness OR drug appropriateness
OR appropriate medication OR inappropriate medication
OR inadequate prescription OR quality prescription OR
adequate prescription)” (Table S2). The reference list of
relevant articles and the author’s files were also searched
to identify potential additional articles (snowballing
technique).

Study selection

The following inclusion criteria were applied: (i) studies
that identify factors (such as attitudes, knowledge, and/or
beliefs) acting as barriers (factors hampering) or facilitators
(factors promoting) in the adoption of digital health-related
tools for medication appropriateness; (ii) studies directed to
HCPs in any healthcare context (also including studies in
which HCPs are a part of a heterogeneous sample when
the data are presented separately for HCPs); (iii) studies
that did not have investigating barriers and facilitators to
be a mandatory aim; (iv) studies reporting the results of
primary data; (v) studies published in Portuguese,
English, or Spanish. For this review, an HCP was consid-
ered as any individual who requires a degree qualification
to practise in their respective healthcare field and to
provide healthcare treatments and advice based on formal
training and experience.33

We excluded studies that do not present an analysis of
barriers or facilitators as an outcome, reviews,
meta-analyses, opinions, letters to the editor that do not
provide original data, comments, reports, protocols, dupli-
cate studies and the grey literature. We excluded usability
studies, as these look more to analyse system-specific
usability problems rather than barriers and facilitators.
Studies that analyse electronic prescribing systems which
do not address medication appropriateness were also
excluded. Studies that identify barriers and facilitators but
did not associate them with the intention of HCPs to
adopt or use digital health-related tools were excluded.

Two researchers (DR and MR) independently screened
all titles and abstracts retrieved from the databases accord-
ing to the inclusion criteria and evaluated the eligibility of
full-text articles. All discrepancies were resolved through
discussion with the help of a third researcher (MTH, AF
or FR).

Outcome measures

Our primary outcome measure was the data establishing the
specific barriers and/or facilitators reported by HCPs in
adopting digital health-related tools for medication
appropriateness.

Quality assessment

The quality and susceptibility to bias were independently
evaluated by two researchers (DR and MR) for each
included study. The Mixed Methods Appraisal Tool
(MMAT) version 2018 was used to assess the quality of
qualitative, quantitative, and mixed methods studies.34,35

All discrepancies were resolved through discussion with a
third researcher (MTH, AF or FR).

Data extraction

Data were extracted from all studies by two authors (DR
and MR) using a data extraction sheet. Data on authors
(year), country, study design, setting, sample size, health
professionals’ category, methods of data collection, digital
health tools, description of tools, types of treatments/
drugs, and patients’ subgroups were extracted from each
article included. Further data about barriers and facilitators
were extracted and analysed.

Data analysis

We defined a barrier as a factor hampering the adoption of
digital health-related tools and a facilitator as a factor pro-
moting the adoption of digital health-related tools.
Barriers and/or facilitators extracted from the included
studies were independently analysed by two researchers,
and grouped into the following categories: (i) technical,
concerning all barriers and/or facilitators related to digital
health tools itself and the associated technology and train-
ing; (ii) user-related, including all aspects related to the
behaviours, concerns and feelings of HCPs; (iii) econom-
ical, aspects associated with costs, funding, financial incen-
tives and/or reimbursement; (iv) organizational, including
all barriers and/or facilitators related to the organizational
structure and support in which digital health tools are inte-
grated (or where it’s supposed to be); (v) patient-related,
including all concerns related to the patient and the
quality of care provided. Discrepancies were resolved
through discussion with the help of a third researcher.
This analysis was conducted for each category concerning
barriers and/or facilitators, regardless of the authors’ cat-
egorisation. The quotes transcribed in the included studies
were also analysed. Subgroup analyses were conducted
for the types of barriers and facilitators, and setting (hospital
and primary care).
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Results

Study selection

The search of the databases yielded 1340 citations by system-
atically searching the literature in the scientific databases
MEDLINE PubMed (n= 1312) and EMBASE (n= 28).
After screening titles and abstracts, 13 duplicated articles
were removed, and four were added using the snowballing
technique. A total of 1327 articles were screened and 87
potentially met the inclusion criteria. Since six articles
were not retrieved, only 81 articles were fully screened.
Among these articles, 66 were excluded because they did
not present an analysis of barriers or facilitators as an
outcome (n= 14), did not address medication appropriate-
ness (n= 49), did not present primary data (n= 1), and did
not associate barriers and/or facilitators with the intention
of HCPs to adopt or use digital health-related tools (n= 2)
(Table S3). As a result, 15 articles conducted in 11 countries
fulfilled the inclusion criteria and they were included in this
systematic review (Figure 1).36–50

Studies characteristics

A general description of the characteristics of the included
studies is presented in Table 1. Among them, nine were
conducted in Europe,36,37,39–42,46,48,50 five in North
America,43–45,47,49 and one in Asia.38 Most of the studies
were qualitative (n= 9),36,37,39–41,44,45,47,48 followed by
mixed methods studies (n= 4)38,42,43,50 and quantitative
studies (n= 2).46,49 Regarding the setting, the most frequent
was primary care (n= 7),36,39–41,43,44,46 followed by hospi-
tals (n= 2)37,38 or both (n= 1),48 ambulatory care (n= 1),47

an academic internal medicine residency training clinic
(n= 1),49 and a paediatric oncology centre (n= 1).50 In
nine studies, the sample size was composed of a multidis-
ciplinary team of several HCPs,36,40–44,47,48,50 three with
physicians only,37,38,49 two with general practitioners
(GPs)39,46 and one with nurses.45 The sample size ranged
from 15 to 98 subjects. Four studies were conducted only
through interviews36,37,39,44 and four through focus
groups;40,41,47,48 two resorted to surveys,46,49 and the
remaining five used a combination of methods.38,42,43,45,50

Figure 1. PRISMA diagram of the literature selection in this systematic review.
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The most common type of digital health-related tool was
CDSS (n= 11),36–41,43–45,48,50 followed by electronic pre-
scribing systems (n= 2),47,49 CDSS with e-prescribing (n
= 1),46 and a smartphone application (n= 1).42 Three
studies were directed for antimicrobial drugs,37,42,43 one

was for Potentially Inappropriate Medication (PIM),39

one for chemotherapy,50 one for insulin therapy45 and
one for multiple diseases;41 the remaining eight studies
were not directed to any specific pathology or treat-
ment.36,38,40,44,46–49 In one study, the patient subgroup

Table 2. Quality assessment of the included studies through the mixed methods appraisal tool (MMAT) version 2018.

Mixed Methods Appraisal Tool (MMAT) for qualitative studies

No Methodological quality criteria

Number of studies
(n= 13)

Yes No Can’t tell

1.1 Is the qualitative approach appropriate to answer the research question? 13 0 0

1.2 Are the qualitative data collection methods adequate to address the research question? 12 1 0

1.3 Are the findings adequately derived from the data? 13 0 0

1.4 Is the interpretation of results sufficiently substantiated by data? 10 3 0

1.5 Is there coherence between qualitative data sources, collection, analysis and interpretation? 13 0 0

Mixed Methods Appraisal Tool (MMAT) for quantitative descriptive studies

No Methodological quality criteria Number of studies
(n= 6)

Yes No Can’t tell

4.1 Is the sampling strategy relevant to address the research question? 1 5 0

4.2 Is the sample representative of the target population? 3 3 0

4.3 Are the measurements appropriate? 4 2 0

4.4 Is the risk of nonresponse bias low? 4 2 0

4.5 Is the statistical analysis appropriate to answer the research question? 5 1 0

Mixed Methods Appraisal Tool (MMAT) for mixed methods studies

No Methodological quality criteria Number of studies
(n= 4)

Yes No Can’t tell

5.1 Is there an adequate rationale for using a mixed methods design to address the research question? 2 2 0

5.2 Are the different components of the study effectively integrated to answer the research question? 4 0 0

5.3 Are the outputs of the integration of qualitative and quantitative components adequately interpreted? 3 1 0

5.4 Are divergences and inconsistencies between quantitative and qualitative results adequately addressed? 4 0 0

5.5 Do the different components of the study adhere to the quality criteria of each tradition of the methods
involved?

2 2 0

Rodrigues et al. 9



Table 3. Classification (and acronyms) of barriers.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Technical barriers 14 9 2 3

Alert fatigue AF 4 4 0 0 36,37,41,47

Bothersome to use BTU 1 0 0 1 38

Ensure data security EDS 1 1 0 0 39

Hard to use HU 1 0 0 1 38

Hardware problems HP 1 1 0 0 47

Lack of acceptable, standardized
product software

LASPS 1 0 1 0 46

Lack of accuracy LA 1 0 0 1 38

Lack of connection with other medical
software

LCOMS 2 2 0 0 39,41

Lack of customizability LC 2 1 0 1 38,41

Lack of learning capacity of the system LLCS 1 1 0 0 41

Lack of prioritization of reminders LPOR 1 1 0 0 40

Lack of protocol reminders LPR 1 1 0 0 45

Limited value of the alerts LVA 4 3 0 1 40,41,43,48

The low specificity of alerts LSA 2 2 0 0 41,47

Need for training NT 6 2 1 3 36,38,41,43,49,50

Not considering suspended/paused
medications

NCSPM 1 1 0 0 40

Not consistent in terms of usability NCTU 1 0 0 1 38

Not well-integrated functions in the
system

NIFS 2 1 0 1 47,50

Outdated medication information OMI 1 1 0 0 40

Poor user interface and system design PUISD 5 4 0 1 38,40,41,45,48

Slow the clinical system down SCSD 1 1 0 0 36

Time-consuming TC 6 6 0 0 37,39–41,44,45

Unreliable transmission of
information

UTI 1 1 0 0 47

(continued)
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Table 3. Continued.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Unusual to use UTU 1 1 0 0 39

Organizational barriers 9 7 1 1

Alters workflow AW 1 0 0 1 43

Double documentation DD 1 1 0 0 45

Lack of a strategic plan for
implementation

LSPI 1 0 1 0 46

Lack of common instructions in the
organization

LCIO 1 1 0 0 40

Lack of internet LI 3 1 0 2 39,42,43

Limited access to computers and other
devices

LACOD 3 0 0 3 42,43,50

Medico-legal issues and liability MLIL 3 2 0 1 37,45,50

System sustainability SST 1 1 0 0 44

Use smartphone devices at work USDW 1 0 0 1 42

Economical barriers 5 3 1 1

Lack of funding and/or financial
incentives

LFFI 5 3 1 1 36,39,46,47,50

User-related barriers 14 9 2 3

Deters residents from learning the
evidence-based guidelines

DRLEBG 1 1 0 0 44

Difficulties navigating the system DNS 2 1 0 1 47,50

Disagreement with the clinical
decision recommendations

DCDR 2 1 0 1 39,43

End-user unfamiliarity with the device
and technology

EUUDT 4 3 0 1 37,40,42,44

Fear of misuse of data FMD 1 1 0 0 39

Forgetting or delay in changing
medication

FDCM 1 1 0 0 39

Flexibility to override the system FOS 1 0 1 0 46

Lack of comfort using the system LCUS 1 1 0 0 44

Lack of time LT 3 3 0 0 39,41,47

(continued)
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was older adults;39 in one study, it was children;50 in one
study, it was multimorbid patients.44 Twelve studies were
not targeted at any specific population.36–38,40–43,45–49

Quality assessment

The quality assessment result of each study is reported in
Table 2. Twelve articles fulfilled more than 80% of the
exploratory questions.36–41,43,44,46–49 Regarding qualitative
studies, the main limitation was related to the fact that
sometimes the results are not sufficiently substantiated by
the data. In quantitative studies, the sampling strategy and

the representativeness of the target population were the
major limitations.

Barriers and facilitators related to the use of digital
tools on medication appropriateness

In the 15 included studies, 125 barriers and 108 facilitators
were identified. After they were consolidated, 59 unique
different types of barriers (Table 3) and 47 unique different
types of facilitators (Table 4) were obtained. Among the
barriers, 24 were classified as technical, 22 were user-
related, one was considered economical, nine were

Table 3. Continued.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Lack of trust in the system LTS 3 2 1 0 39,41,46

Less rigorous consideration for
individual patients

LRCIP 1 0 0 1 50

Long time to get used LTGU 1 0 0 1 38

Loss of clinical autonomy LCA 3 2 1 0 37,46,48

Negative impact on the doctor–patient
relationship

NIDPR 4 4 0 0 36,41,44,48

No perceived usefulness NPU 1 1 0 0 44

Only doctors can access the system ODCAS 1 1 0 0 40

Preference for hand-written
prescriptions

PFHWP 1 0 1 0 49

Pressure to follow the protocol strictly PFPS 1 0 0 1 50

Previous experience with imperfect/
dysfunctional systems

PEIDS 1 1 0 0 48

Reluctance to change RC 3 2 0 1 37,43,48

Reluctance to discontinue medication
prescribed by other specialists

RDMPOS 1 1 0 0 39

Use smartphone devices in the
presence of patients

USDPP 1 0 0 1 42

Patient-related barriers 2 1 0 1

Medication priorities of the patient MPP 1 1 0 0 39

Patient cooperation in changing
medication

PCCM 1 1 0 0 39

Patients with multiple complaints PMC 1 0 0 1 43
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Table 4. Classification (and acronyms) of facilitators.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Technical facilitators 13 7 2 4

Active profile management APM 1 1 0 0 36

Beneficial calculators BC 1 1 0 0 40

Easy access to up-to-date
information

EAUTDI 2 2 0 0 36,37

Ease of use and learning how to use EULHU 9 6 1 2 36–38,40,44,47–

50

Educational role ER 3 2 0 1 36,47,50

Enhance medication safety EMS 2 2 0 0 36,40

The flexibility of the system FS 1 1 0 0 48

Free of commercial advertisement FCA 1 1 0 0 39

High sensitivity HS 1 0 1 0 46

Improve prescribing quality IPQ 1 0 1 0 46

Independent from the
pharmaceutical industry

IPI 1 1 0 0 39

Integrates functions well IFW 1 1 0 1 38

Pleasant presentation of data PPD 2 1 0 1 47,50

Practice support PS 5 4 1 0 36,39,40,47,49

Reduction in medication errors RME 3 2 1 0 37,46,47

A reliable base of knowledge RBK 1 1 0 0 48

Simplifies the prescription renewal
process

SPRP 1 1 0 0 47

Staff members able to troubleshoot
system problems

SMATSP 1 0 0 1 43

System security SS 1 0 0 1 50

Time-saving and fast TSF 5 3 1 1 36,37,39,43,49

Training provided TP 3 2 0 1 37,43,48

Update and complement knowledge UCK 2 1 0 1 39,42

Useful lab monitoring alerts ULMA 1 1 0 0 40

(continued)

Rodrigues et al. 13



Table 4. Continued.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Useful reminders UR 4 4 0 0 39,40,47,48

Organizational facilitators 2 0 1 1

Possibility to accommodate practice
workflow

PAPW 1 0 0 1 43

Non-medical clinical staff having
access to the system

NMCSAS 1 0 0 1 43

Willingness to invest greater
resources in the future

WIGRF 1 0 1 0 46

Economical facilitators 4 4 0 0

Financial incentives FI 1 1 0 0 47

Adequate budgeting AB 1 1 0 0 48

Improve cost effectiveness ICE 2 2 0 0 36,37

User-related facilitators 12 6 2 4

Agreement with the clinical decision
recommendations

ACDR 2 1 0 1 39,43

Comfort in using it CFU 1 1 0 0 44

Commitment to use it CU 4 0 2 2 38,43,46,49

Encourages health professionals to
reflect on their practice

EHPRP 3 2 0 1 36,39,50

Familiarity with the system and
technology

FST 2 1 1 0 44,46

Improve adherence to policies IAP 1 0 0 1 42

Improve communication IC 2 1 0 1 47,50

Increases awareness of prescribing
guidelines

IAPG 1 0 0 1 43

Increases clinician confidence ICC 1 1 0 0 39

Matches expectations ME 2 1 1 0 44,49

Societal trend ST 1 1 0 0 44

Trust in the system TS 6 4 0 2 36–39,45,50

Patient-related facilitators 4 2 1 1

(continued)
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organizational, and three were patient-related. Regarding
facilitators, 24 were of the technical category, 12 were user-
related, three were considered economical, three were
organizational, and five were patient-related. Barriers and
facilitators according to each study can be found in
Table S4.

Technical barriers and facilitators. The most reported tech-
nical barriers were the need for training (n= 6)36,38,41,43,49,50

and time consumed (n= 6),37,39–41,44,45 closely followed by
the poor user interface and system design (n= 5),38,40,41,45,48

alert fatigue (n= 4),36,37,41,47 and the limited value of the
alerts (n= 4).40,41,43,48 Less reported ones were the lack of
connection with other medical software (n= 2),39,41 the lack
of customizability (n=2),38,41 the low specificity of the
alerts (n= 2),41,47 and the lack of well-integrated functions
in the system (n= 2).47,50 The remaining technical barriers
were reported only one time.

The most cited technical facilitators were the ease of use
and learning how to use (n= 9),36–38,40,44,47–50 the support
given to clinicians (n= 5),36,39,40,47,49 time saved (n=
5),36,37,39,43,49 and useful reminders (n= 4).39,40,47,48

Next, the educational role (n= 3),36,47,50 reduction in medi-
cation errors (n= 3),37,46,47 and the training provided (n=
3) were cited.37,43,48 The least described ones were the
easy access to up-to-date information (n= 2),36,37 the possi-
bility to enhance medication safety (n= 2),36,40 the pleasant
presentation of data (n= 2),47,50 and the opportunity to
update and complement knowledge (n= 2).39,42 The
remaining ones were reported only one time.

User-related barriers and facilitators. Regarding user-related
barriers, the most reported were end-user unfamiliarity with
the device and technology (n= 4),37,40,42,44 the negative
impact on the doctor–patient relationship (n= 4),36,41,44,48

the lack of time (n= 3),39,41,47 the lack of trust in the
system (n= 3),39,41,46 the loss of clinical autonomy
(n= 3)37,46,48 and the reluctance to change (n= 3).37,43,48

Less reported ones were the difficulties navigating in the
system (n= 2)47,50 and the disagreement with the clinical
decision recommendations (n= 2).39,43 The remaining bar-
riers were reported only one time.

The most reported user-related facilitators were the trust
in the system (n= 6),36–39,45,50 the commitment to use it
(n= 4)38,43,46,49 and the opportunity for HCPs to reflect it
in their practice (n= 3).36,39,50 The less reported ones
were the agreement with the clinical decision recommenda-
tions (n= 2),39,43 the familiarity with the system and the
technology (n= 2),44,46 the improvement of communication
between HCPs (n= 2),47,50 and the system meeting expec-
tations (n= 2).44,49 The remaining user-related facilitators
were reported only one time.

Economic barriers and facilitators. Only one economic
barrier was reported concerning the lack of funding and/
or financial incentives (n= 5).36,39,46,47,50

Regarding economic facilitators, the most cited was the
improvement of cost-effectiveness (n= 2).36,37 Financial
incentives (n= 1)47 and adequate budgeting (n= 1)48 were
the least reported ones.

Organizational barriers and facilitators. The most reported
organizational barriers were the lack of internet (n=
3),39,42,43 the limited access to computers and other
devices (n= 3),42,43,50 and medico-legal issues and liability
(n= 3).37,45,50 The remaining ones were only cited once.

Only three organizational facilitators were reported, the
possibility to accommodate practice workflow (n= 1),43

the possibility of non-medical staff having access to the
system (n= 1),43 and the willingness to invest greater
resources in the future (n= 1).46

Patient-related barriers and facilitators. Three patient-related
barriers were described, the willingness to change accord-
ing to the medication priorities of the patient (n= 1),39

patients’ cooperation in changing medication (n= 1),39

Table 4. Continued.

Classification Acronym
Total
studies (n)

Qualitative
studies (n)

Quantitative
studies (n)

Mixed methods
studies (n) References

Enhance patient medication safety EPMS 1 1 0 0 39

Improve communication with the
patient

ICP 1 0 0 1 43

Improve patient education IPE 1 0 0 1 43

Improve quality of care provided IQC 2 1 1 0 44,49

Patient approval PA 1 0 1 0 49
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and the inconvenience to use the system for patients with
multiple complaints (n= 1).43

The most cited patient-related facilitator was the
improved quality of care provided to patients (n= 2).44,49

The remaining ones were only reported once.

Setting analysis

Alert fatigue, the time consumed, and the ease of use were
common technical barriers and facilitators among primary
care36,39–41,44 and hospitals37,38,45 (Table S5). Trust in the
system was the common user-related facilitator.36–39,45

However, some differences were also found. Regarding
the technical component, HCPs valued the need for training
(n= 3) in primary care36,41,43 and the poor user interface
and system design (n= 2) was more outlined in hospi-
tals.38,45 While in primary care, the lack of internet was
an organizational barrier (n= 2),39,43 medico-legal issues
and liability were most reported in hospitals (n= 2).37,45

Negative impact on the doctor–patient relationship (n= 3)
and lack of trust in the system (n= 3) were user-related bar-
riers in primary care,36,39,41,44,46 while in hospitals, HCPs
gave more importance to the end-user unfamiliarity with
the device and technology (n= 2).37,42 Finally, besides
the trust in the system, HCPs also reported the encourage-
ment to reflect on their practice (n= 2),36,39 the agreement
with the clinical decision recommendations (n= 2)39,43

and the commitment to use the system (n= 2)43,46 as user-
related facilitators in primary care for the adoption of digital
health-related tools.

Discussion
Our review revealed that there are more barriers than facil-
itators in the adoption of digital health-related tools for
medication appropriateness, suggesting that there is a lot
of work to be done. The included studies mostly reported
barriers and facilitators related to the technical component
of the tool, more specifically, the need for additional train-
ing and the time consumed as barriers, and the easy way of
using or learning how to use it as a facilitator.

HCPs do not want to waste time that could be spent with
patients during the consultation with a digital tool that
requires too much additional work rather than simplifying
it,41,51 possibly lowering the quality of care provided.37

Otherwise, there is a propensity for simple systems that
require minimal effort to use, view and understand, with
an easy way to navigate through them.36–38,40,44,47–50 To
overcome the need for training and the time needed for
technology adoptation, user-centred approaches concerning
literacy needs, skills, and capabilities should be developed
and incorporated into the design of digital health
technologies.52

Aligned with our findings, a previous systematic review
about barriers and facilitators for the acceptance of

medication-related CDSS identified the time consumed as
the most reported barrier, and the ease of use as the most
reported facilitator.28 Similar results were found in one
study with a specific focus on digital health technology
adoption for hypertension management53 and in EHR adop-
tion by physicians.51 User-friendliness was also reported as
one of the most important factors identified by patients and
clinicians about digital technology regarding cardiovascular
care,54 and as the most important predictor of the imple-
mentation of eHealth services and digital health technolo-
gies.21,55 Our results corroborate with a recently
published overview of systematic reviews, which found
that infrastructure and technical issues are a source of
concern for HCPs in utilizing digital health technologies.56

To surpass such constrains, digital tool developers should
guarantee that user interfaces are intuitive, and technical
support is properly supplied.57 Investment in infrastructure
upgrades may also be necessary to improve equipment and
network connections.

Regarding user-related barriers and facilitators, end-user
unfamiliarity with the device and technology was reported
as a barrier to the adoption of new technologies.
Reluctance to change and the lack of trust in the system
were also important barriers reported by HCPs since they
may be accustomed to traditional methods, resisting to
embrace digital technology.58 User-friendly interfaces and
well-designed digital tools that guarantee long-term sustain-
ability and maintenance are essential for HCPs to integrate
these tools into their daily practice, even without extensive
technical knowledge.19,27 Besides, as a facilitator, the
recommendations provided by these technologies can
represent an opportunity for HCPs to reflect them in their
practice and to consider alternative treatment options,
leading to more informed decision making and making
their practice even more patient-centred.59

The improved quality of care provided to the patient was
also reported as one patient-related facilitator. On the other
hand, inconvenience to use such tools in patients with mul-
tiple complaints was reported as one patient-related barrier,
maybe due to the complexity of their health conditions and
the need for a more comprehensive assessment and care
plan.60 Therefore, a digital tool must be flexible. Sometimes
patients can also resist to medication changes; however,
digital health technologies could help to improve treatment
adherence and completion.61 Reaching patient cooperation
requires effective communication and education by HCPs.

Concerning the organizational domain, medico-legal
issues and liability were reported as barriers. This could
be related with misdiagnosis or errors such as providing
inaccurate information, diagnostic suggestions, or treatment
recommendations which could lead to patient harm, imply-
ing that digital tools may face liability claims.62 Otherwise,
the growing recognition of significant benefits that technol-
ogy can bring to healthcare increases the willingness to
invest greater resources in digital health-related tools.58
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The barriers and facilitators identified in our review
aligned with existing models and frameworks theorizing
user adoption of new technologies including: the Theory
of Planned Behaviour (TPB),63,64 in which perceived
behavioural is determined by the perceived availability of
resources, opportunities and skills (like user unfamiliarity
with the device and technology, or difficulties navigating
through the system); the Theory of Interpersonal
Behaviour (TIB)64,65 and the Social Cognitive Theory
(SCT),64,66 with emotions, social and environment factors
and habits being identified as the main factors influencing
the intention to use (such as societal trend and the increase
in clinicians’ own confidence); the Technology Acceptance
Model (TAM),64,67 reflected in the perceived ease of use
and attitude toward use; the Motivational Model
(MM),64,68 being the improvement of the quality of care
provided a motivation factor for the adoption of the
digital tool for medication appropriateness.

Regarding the setting, most differences between primary
care and hospitals are related to the technical component of
the digital tool and user-related barriers and facilitators. In
primary care, medication-related digital tools provide infor-
mation to HCPs at the point of care for decision making and
direct intervention.69 Therefore, agreement with the clinical
decision recommendations and the impact on the doctor–
patient relationship are very important factors.70 Besides,
the relationship between HCPs and patients is one of the
main factors influencing the delivery of good therapy and
high-quality care.71 In hospitals, medication-related digital
technology is directed towards therapeutic drug monitoring
and clinical calculators,42,45 explaining why user interfaces
and system design were more valued. A previous system-
atic review focused on hospital setting identified hardware
and network problems, such as malfunctions and cumber-
some access procedures, slow systems, and poor function-
ality as key barriers for the implementation of electronic
systems for the prescribing, dispensing and administration
of medicines.29 Also, it had already been reported that
HCPs working in hospitals have the perception that
CDSS may be used against them in the event of medico-
legal controversies.72 Clear documentation and legal pro-
tection when using digital tools is advised.

The studies included in this review are reported in differ-
ent years, with up to 20 year of difference, and it is possible
to perceive that some barriers and facilitators remain over
time. Although there is a recommendation from the
United Nations73,74 and World Health Organization
(WHO)1 for health digitalization, this study demonstrates
that the lack of funding and financial incentives continues
to be an important barrier that has not yet been over-
come,36,50 as also reported by other studies.75–77 Funding
challenges could be related to the cost of purchasing the
system, expensive equipment, installation charges and
staff training costs, among others.36,39,46,47,50,76

Unfortunately, an insufficient level of sustainable funding

is an enormous obstacle to implementing digital health
technologies.21,78,79 Knowledge about digital health out-
comes is essential to overcome this barrier,1 with designing
and planning for longitudinal cost analysis at the outset.80

Therefore, investment should be directed towards reducing
these barriers and enhancing the facilitators when develop-
ing tools and with interventions adapted to cultural and
sociodemographic differences. Regarding facilitators,
HCPs continue to give the same importance to the ease of
use of systems, the capacity to trust in digital tools, and
the encouragement to reflect on their practice.36,50 Having
a system that easily adapts to the needs and capabilities of
HCPs is a timeless quality. Trust in digital health technolo-
gies can be positively influenced by a variety of factors,
such as the system’s capacity to provide the information
needed at the point of prescribing, the ability to provide
accurate messages, and the credible source of recommenda-
tions available in the system.36–39,45,50,81 Digital health
systems can be a source of information that could support
reflective practice and behaviour change of HCPs,82 and
make the decision to prescribe a more conscious
process.36,39,50 This is closely related to the educational
role technical facilitator also identified in this study, since
the alert information provided may educate the HCP
about a potential interaction or prompt him/her to look up
more information or confer with a colleague.36,47,50

Over the last 20 years, most of the studies were con-
ducted in Europe, showing that the impact of digital tools
for medication appropriateness on health was not well
documented, especially in African countries. Despite
reports of the use of mobile phones, and information and
communication technologies to improve public health in
developing countries,83 its application remains slow and
inequitable, far from being high.84 This could be related
to the lack of HCPs in these countries, the high cost of tech-
nology implementation, unstable power supply, the exces-
sive burden of diseases85 or the limited access to digital
technologies.85,86 However, according to the WHO
Global Strategy on Digital Health, there is an urgent need
to invest and overcome the major obstacles felt by develop-
ing countries in engaging and accessing digital health tech-
nologies.1 Therefore, a commitment and engagement with
stakeholders are needed to advance digital health in these
countries.

The data of this study also suggested that CDSS are the
most used type of digital health-related tool for medication
appropriateness, often making use of web applications, and
in EHR or CPOE systems, maybe because several studies
have shown that the use of these systems decreased the inci-
dence of medical errors, improving the quality of care pro-
vided and patient safety.80,87–89 The high use of CDSS can
also be explained by its capacity to develop multiple func-
tions beyond medication reconciliation, such as computer-
ized guidelines, order sets, patient data reports,
documentation templates, and clinical workflow tools.80
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They can also be found in different ways such as desktops,
tablets, smartphones, biometric monitoring, and wearable
health technology. Furthermore, CDSS can be cost-
effective for health systems.80

With this study, we intend to give relevant information
to developers and to all stakeholders for the creation and
implementation of digital health-related tools for medica-
tion appropriateness. The strengths of this review also
include the cross-checking of the reference lists of the
included studies to avoid missing papers, and the independ-
ent and duplicate process of the screening, data extraction,
and quality assessment. Besides, we made a reflection on
differences regarding types of barriers and facilitators, and
between settings. However, some limitations are also
present. Firstly, a search in grey literature was not per-
formed. However, we believe that it does not influence
our results since the grey literature is not peer reviewed
and is not indexed in major bibliographic resources.
Secondly, the search strategy was limited to articles
written only in English, Portuguese, and Spanish.
Besides, the included studies were heterogeneous concern-
ing digital health-related tools, although most studies used
CDSS; the description can be variable in each study.
Furthermore, medication appropriateness is generally
understood as a guarantee that a specific medication is
chosen as the most suitable, effective, and safety option
aligned with the individual patient’s specific clinical and
healthcare needs, minimizing adverse effects and improv-
ing therapeutic outcomes.90,91 However, authors of the dif-
ferent studies included in this systematic review may have a
different definition.

Despite the limitations presented, we believe that our
main findings are pertinent. The data collected assessed
the barriers and facilitations identified by HCPs for the
adoption of medication-related digital tools, adding reliable
information for all stakeholders, from developers to policy-
makers, allowing them to develop and implement useful
and friendly health technologies, and to contribute to the
improvement of services and healthcare.

Conclusion
The barriers and facilitators identified in this study can be
used as a starting point by developers and all stakeholders
involved in the design and creation of successful digital
health-related tools. The results suggest that the main barriers
are related to usability and technical issues, user attitudes and
perceptions, and infrastructure challenges; adherence to
digital tools can be facilitated by practice support, user-
friendly design and functionality, and quality improvement.
The implementation of such tools should mostly follow a
technical and user-centred approach, being easy-to-use
essentially for HCPs without being time-consuming.

Future research is needed on economic evaluation-
focused studies to surpass barriers and to better invest

resources in medication-related digital tool development
and implementation. In-depth case studies of specific bar-
riers and facilitators should also be conducted.

Contributorship
Research idea was conceived and conceptualization was
performed by Daniela A. Rodrigues, Maria Roque,
Ramona Mateos-Campos, Adolfo Figueiras Guzmán,
Maria Teresa Herdeiro and Fátima Roque. Material prepar-
ation, data collection and analysis were performed by
Daniela A. Rodrigues and Maria Roque. The first draft of
the manuscript was written by Daniela A. Rodrigues. All
authors reviewed, edited, and commented on previous ver-
sions of the manuscript. All authors read and approved the
final manuscript.

Declaration of conflicting interests: The author(s) declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: Not applicable.

Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article: This work was developed within the scope of the
CICS-UBI projects UIDB/00709/2020 and UIDP/00709/2020,
financed by national funds through the Portuguese Foundation
for Science and Technology (FCT)/MCTES. Daniela
A. Rodrigues is funded by an individual grant from the
Foundation for Science and Technology (FCT) (ref
2022.10605.BD).

Guarantor: FR.

Supplemental material: Supplemental material for this article is
available online.

ORCID iDs: Daniela A. Rodrigues https://orcid.org/0000-0002-
4708-8965
Fátima Roque Esson https://orcid.org/0000-0003-0169-3788

References
1. WHO. Global strategy on digital health 2020–2025. Geneva:

World Health Organization, 2021.
2. Fahy N and Williams GA. Use of digital health tools in

Europe: before, during and after COVID-19. Policy brief 42.
3. Agrawal A. Medication errors: prevention using information

technology systems. Br J Clin Pharmacol 67. Epub ahead
of print 2009. DOI: 10.1111/j.1365-2125.2009.03427.x.

4. Black AD, Car J, Pagliari C, et al. The impact of ehealth on
the quality and safety of health care: A systematic overview.
PLoS Med 8. Epub ahead of print 2011. DOI: 10.1371/
journal.pmed.1000387.

18 DIGITAL HEALTH

https://orcid.org/0000-0002-4708-8965
https://orcid.org/0000-0002-4708-8965
https://orcid.org/0000-0002-4708-8965
https://orcid.org/0000-0003-0169-3788
https://orcid.org/0000-0003-0169-3788
http://doi.org/10.1111/j.1365-2125.2009.03427.x
http://doi.org/10.1111/j.1365-2125.2009.03427.x
http://doi.org/10.1371/journal.pmed.1000387
http://doi.org/10.1371/journal.pmed.1000387


5. Radley DC, Wasserman MR, Olsho LEW, et al. Reduction in
medication errors in hospitals due to adoption of computerized
provider order entry systems. J AmMed Inform Assoc 20. Epub
ahead of print 2013. DOI: 10.1136/amiajnl-2012-001241.

6. OMS/WHO. Classification of Digital Health Interventions
v1.0. Acad J Manuf Eng 2018; 14: 1–19.

7. Stroetmann KA, Artmann J and Stroetmann V. Developing
national eHealth infrastructures–results and lessons from
Europe. In: AMIA. Annual symposium proceedings/AMIA
symposium AMIA symposium, 2011.

8. Alotaibi YK and Federico F. The impact of health information
technology on patient safety. Saudi Med J 38. Epub ahead of
print 2017. DOI: 10.15537/smj.2017.12.20631.

9. Devin J, Cleary BJ and Cullinan S. The impact of health infor-
mation technology on prescribing errors in hospitals: A sys-
tematic review and behaviour change technique analysis.
Syst Rev 9. Epub ahead of print 2020. DOI: 10.1186/
s13643-020-01510-7.

10. Hall R. How mobile health apps are improving healthcare:
saving costs, saving lives. Online: MindSea, 2023.

11. Krebs P and Duncan DT. Health app use among US
mobile phone owners: A national survey. JMIR Mhealth
Uhealth 3. Epub ahead of print 2015. DOI: 10.2196/
mhealth.4924.

12. Rowland SP, Fitzgerald JE, Holme T, et al. What is the clin-
ical value of mHealth for patients? NPJ Digit Med 3. Epub
ahead of print 2020. DOI: 10.1038/s41746-019-0206-x.

13. Statista. Projected global digital health market size from 2019 to
2025, https://www.statista.com/statistics/1092869/global-digital-
health-market-size-forecast/ (2022, accessed 18 October 2023).

14. Kruse CS, Mileski M, Syal R, et al. Evaluating the relation-
ship between health information technology and
safer-prescribing in the long-term care setting: A systematic
review. Technol Health Care 29. Epub ahead of print 2021.
DOI: 10.3233/THC-202196.

15. Gates PJ, Hardie RA, RabanMZ, et al. How effective are elec-
tronic medication systems in reducing medication error rates
and associated harm among hospital inpatients? A systematic
review and meta-analysis. J Am Med Inform Assoc 28. Epub
ahead of print 2021. DOI: 10.1093/jamia/ocaa230.

16. Ammenwerth E, Schnell-Inderst P, Machan C, et al. The effect
of electronic prescribing on medication errors and adverse drug
events: A systematic review. J Am Med Inform Assoc 15. Epub
ahead of print 2008. DOI: 10.1197/jamia.M2667.

17. Nuckols TK, Smith-Spangler C, Morton SC, et al. The effect-
iveness of computerized order entry at reducing preventable
adverse drug events and medication errors in hospital settings:
A systematic review and meta-analysis. Syst Rev 3. Epub
ahead of print 2014. DOI: 10.1186/2046-4053-3-56.

18. Wechkunanukul K, Parajuli DR and Hamiduzzaman M.
Utilising digital health to improve medication-related
quality of care for hypertensive patients: An integrative litera-
ture review. World J Clin Cases 8. Epub ahead of print 2020.
DOI: 10.12998/wjcc.v8.i11.2266.

19. Brewer LPC, Fortuna KL, Jones C, et al. Back to the future:
achieving health equity through health informatics and
digital health. JMIR Mhealth Uhealth 8. Epub ahead of
print 2020. DOI: 10.2196/14512.

20. Adler-Milstein J, Kvedar J and Bates DW. Telehealth among
US hospitals: several factors, including state reimbursement

and licensure policies, influence adoption. Health Aff 33.
Epub ahead of print 2014. DOI: 10.1377/hlthaff.2013.1054.

21. Schreiweis B, Pobiruchin M, Strotbaum V, et al. Barriers and
facilitators to the implementation of eHealth services: system-
atic literature analysis. J Med Internet Res 21. Epub ahead of
print 2019. DOI: 10.2196/14197.

22. Mesko B and Győrffy Z. The rise of the empowered physician
in the digital health era: viewpoint. J Med Internet Res 21.
Epub ahead of print 2019. DOI: 10.2196/12490.

23. Gagnon MP, Ngangue P, Payne-Gagnon J, et al. M-Health
adoption by healthcare professionals: A systematic review. J
Am Med Inform Assoc 23. Epub ahead of print 2016. DOI:
10.1093/jamia/ocv052.

24. Jimenez G, Spinazze P, Matchar D, et al. Digital health com-
petencies for primary healthcare professionals: A scoping
review. Int J Med Inf 143. Epub ahead of print 2020. DOI:
10.1016/j.ijmedinf.2020.104260.

25. Veazie S, Winchell K, Gilbert J, et al. Mobile Applications for
Self-Management of Diabetes. Mobile Applications for
Self-Management of Diabetes.

26. Nazeha N, Pavagadhi D, Kyaw BM, et al. A Digitally compe-
tent health workforce: scoping review of educational frame-
works. J Med Internet Res 22. Epub ahead of print 2020.
DOI: 10.2196/22706.

27. Mathews SC, McShea MJ, Hanley CL, et al. Digital health: A
path to validation. npj Digit Med 2. Epub ahead of print 2019.
DOI: 10.1038/s41746-019-0111-3.

28. Westerbeek L, Ploegmakers KJ, de Bruijn GJ, et al. Barriers
and facilitators influencing medication-related CDSS accept-
ance according to clinicians: A systematic review. Int J Med
Inf 152. Epub ahead of print 2021. DOI: 10.1016/j.ijmedinf.
2021.104506.

29. Hogan-Murphy D, Tonna A, Strath A, et al. Healthcare pro-
fessionals’ perceptions of the facilitators and barriers to imple-
menting electronic systems for the prescribing, dispensing and
administration of medicines in hospitals: A systematic review.
Eur J Hosp Pharm 22. Epub ahead of print 2015. DOI: 10.
1136/ejhpharm-2015-000722.

30. Meunier PY, Raynaud C, Guimaraes E, et al. Barriers and
facilitators to the use of clinical decision support systems
in primary care: A mixed-methods systematic review. Ann
Fam Med 21. Epub ahead of print 2023. DOI: 10.1370/afm.
2908.

31. Zakerabasali S, Ayyoubzadeh SM, Baniasadi T, et al. Mobile
health technology and healthcare providers: systemic barriers
to adoption.Healthc Inform Res 27. Epub ahead of print 2021.
DOI: 10.4258/HIR.2021.27.4.267.

32. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: An updated guideline for reporting system-
atic reviews. The BMJ 372. Epub ahead of print 2021. DOI:
10.1136/bmj.n71.

33. World Health Organization. Transforming and scaling up health
professionals’ education and training. Annex 1, Definition and
list of health professionals. Geneva: WHO Publication.

34. Hong QN, Fàbregues S, Bartlett G, et al. The Mixed Methods
Appraisal Tool (MMAT) version 2018 for information profes-
sionals and researchers. Educ Inf 34. Epub ahead of print
2018. DOI: 10.3233/EFI-180221.

35. Hong QN, Pluye P, Fàbregues S, et al. Improving the content
validity of the mixed methods appraisal tool: A modified

Rodrigues et al. 19

http://doi.org/10.1136/amiajnl-2012-001241
http://doi.org/10.1136/amiajnl-2012-001241
http://doi.org/10.1136/amiajnl-2012-001241
http://doi.org/10.15537/smj.2017.12.20631
http://doi.org/10.1186/s13643-020-01510-7
http://doi.org/10.1186/s13643-020-01510-7
http://doi.org/10.1186/s13643-020-01510-7
http://doi.org/10.1186/s13643-020-01510-7
http://doi.org/10.1186/s13643-020-01510-7
http://doi.org/10.2196/mhealth.4924
http://doi.org/10.2196/mhealth.4924
http://doi.org/10.1038/s41746-019-0206-x
http://doi.org/10.1038/s41746-019-0206-x
http://doi.org/10.1038/s41746-019-0206-x
http://doi.org/10.1038/s41746-019-0206-x
https://www.statista.com/statistics/1092869/global-digital-health-market-size-forecast/
https://www.statista.com/statistics/1092869/global-digital-health-market-size-forecast/
https://www.statista.com/statistics/1092869/global-digital-health-market-size-forecast/
http://doi.org/10.3233/THC-202196
http://doi.org/10.3233/THC-202196
http://doi.org/10.1093/jamia/ocaa230
http://doi.org/10.1197/jamia.M2667
http://doi.org/10.1186/2046-4053-3-56
http://doi.org/10.1186/2046-4053-3-56
http://doi.org/10.1186/2046-4053-3-56
http://doi.org/10.1186/2046-4053-3-56
http://doi.org/10.12998/wjcc.v8.i11.2266
http://doi.org/10.2196/14512
http://doi.org/10.1377/hlthaff.2013.1054
http://doi.org/10.2196/14197
http://doi.org/10.2196/12490
http://doi.org/10.1093/jamia/ocv052
http://doi.org/10.1016/j.ijmedinf.2020.104260
http://doi.org/10.2196/22706
http://doi.org/10.1038/s41746-019-0111-3
http://doi.org/10.1038/s41746-019-0111-3
http://doi.org/10.1038/s41746-019-0111-3
http://doi.org/10.1038/s41746-019-0111-3
http://doi.org/10.1016/j.ijmedinf.2021.104506
http://doi.org/10.1016/j.ijmedinf.2021.104506
http://doi.org/10.1136/ejhpharm-2015-000722
http://doi.org/10.1136/ejhpharm-2015-000722
http://doi.org/10.1136/ejhpharm-2015-000722
http://doi.org/10.1136/ejhpharm-2015-000722
http://doi.org/10.1370/afm.2908
http://doi.org/10.1370/afm.2908
http://doi.org/10.4258/HIR.2021.27.4.267
http://doi.org/10.1136/bmj.n71
http://doi.org/10.3233/EFI-180221
http://doi.org/10.3233/EFI-180221


e-Delphi study. J Clin Epidemiol 111. Epub ahead of print
2019. DOI: 10.1016/j.jclinepi.2019.03.008.

36. Jeffries M, Salema NE, Laing L, et al. The implementation,
use and sustainability of a clinical decision support system
for medication optimisation in primary care: A qualitative
evaluation. PLoS One 16. Epub ahead of print 2021. DOI:
10.1371/journal.pone.0250946.

37. Catho G, Centemero NS, Catho H, et al. Factors determining
the adherence to antimicrobial guidelines and the adoption of
computerised decision support systems by physicians: A
qualitative study in three European hospitals. Int J Med
Inform 141. Epub ahead of print 2020. DOI: 10.1016/j.
ijmedinf.2020.104233.

38. Jung SY, Hwang H, Lee K, et al. Barriers and facilitators to
implementation of medication decision support systems in
electronic medical records: mixed methods approach based on
structural equation modeling and qualitative analysis. JMIR
Med Inform 8. Epub ahead of print 2020. DOI: 10.2196/18758.

39. Rieckert A, Sommerauer C, Krumeich A, et al. Reduction of
inappropriate medication in older populations by electronic deci-
sion support (the Prima-eds study): A qualitative study of prac-
tical implementation in primary care. BMC Fam Pract 19. Epub
ahead of print 2018. DOI: 10.1186/s12875-018-0789-3.

40. Koskela T, Sandström S, Mäkinen J, et al. User perspectives
on an electronic decision-support tool performing comprehen-
sive medication reviews – A focus group study with physi-
cians and nurses. BMC Med Inform Decis Mak 16. Epub
ahead of print 2016. DOI: 10.1186/s12911-016-0245-z.

41. Lugtenberg M, Weenink JW, Van Der Weijden T, et al.
Implementation of multiple-domain covering computerized
decision support systems in primary care: A focus group
study on perceived barriers. BMC Med Inform Decis Mak 15.
Epub ahead of print 2015. DOI: 10.1186/s12911-015-0205-z.

42. Charani E, Kyratsis Y, Lawson W, et al. An analysis of the
development and implementation of a smartphone application
for the delivery of antimicrobial prescribing policy: lessons
learnt. J Antimicrob Chemother 68. Epub ahead of print
2013. DOI: 10.1093/jac/dks492.

43. Litvin CB, Ornstein SM, Wessell AM, et al. Adoption of a
clinical decision support system to promote judicious use of
antibiotics for acute respiratory infections in primary care.
Int J Med Inform 81. Epub ahead of print 2012. DOI: 10.
1016/j.ijmedinf.2012.03.002.

44. Vedel I, Lapointe L, Lussier MT, et al. Healthcare profes-
sionals’ adoption and use of a clinical information system
(CIS) in primary care: insights from the Da Vinci study. Int
J Med Inform 81. Epub ahead of print 2012. DOI: 10.1016/
j.ijmedinf.2011.11.002.

45. Campion TR, Waitman LR, Lorenzi NM, et al. Barriers and
facilitators to the use of computer-based intensive insulin
therapy. Int J Med Inform 80. Epub ahead of print 2011.
DOI: 10.1016/j.ijmedinf.2011.10.003.

46. Hor CP, O’Donnell JM, Murphy AW, et al. General practi-
tioners’ attitudes and preparedness towards Clinical
Decision Support in e-Prescribing (CDS-eP) adoption in the
West of Ireland: A cross sectional study. BMC Med Inform
Decis Mak 10. Epub ahead of print 2010. DOI: 10.1186/
1472-6947-10-2.

47. Weingart SN, Massagli M, Cyrulik A, et al. Assessing the
value of electronic prescribing in ambulatory care: A focus

group study. Int J Med Inform 78. Epub ahead of print
2009. DOI: 10.1016/j.ijmedinf.2009.03.007.

48. Varonen H, Kortteisto T and Kaila M. What may help or
hinder the implementation of computerized decision support
systems (CDSSs): A focus group study with physicians.
Fam Pract 25. Epub ahead of print 2008. DOI: 10.1093/
fampra/cmn020.

49. Schectman JM, Schorling JB, Nadkarni MM, et al.
Determinants of physician use of an ambulatory prescription
expert system. Int J Med Inform 74. Epub ahead of print
2005. DOI: 10.1016/j.ijmedinf.2005.05.011.

50. Bury J, Hurt C, Roy A, et al. A quantitative and qualitative
evaluation of LISA, a decision support system for chemother-
apy dosing in childhood Acute Lymphoblastic Leukaemia.
Stud Health Technol Inform 107. Epub ahead of print 2004.
DOI: 10.3233/978-1-60750-949-3-197.

51. Ajami S and Bagheri-Tadi T. Barriers for adopting electronic
health records (EHRs) by physicians. Acta Inform Med 21.
Epub ahead of print 2013. DOI: 10.5455/aim.2013.21.129-134.

52. Kayser L, Kushniruk A, Osborne RH, et al. Enhancing the
effectiveness of consumer-focused health information tech-
nology systems through ehealth literacy: A framework for
understanding users’ needs. JMIR Hum Factors 2. Epub
ahead of print 2015. DOI: 10.2196/humanfactors.3696.

53. Palacholla RS, Fischer N, Coleman A, et al. Provider- And
patient-related barriers to and facilitators of digital health
technology adoption for hypertension management: scoping
review. JMIR Cardio 3. Epub ahead of print 2019. DOI: 10.
2196/11951.

54. Whitelaw S, Pellegrini DM, Mamas MA, et al. Barriers and
facilitators of the uptake of digital health technology in car-
diovascular care: A systematic scoping review. Eur Heart J
– Digit Health 2. Epub ahead of print 2021. DOI: 10.1093/
ehjdh/ztab005.

55. Gonçalves RL, Pagano AS, Reis ZSN, et al. Usability in tele-
health systems for non-communicable diseases attention in
primary care, from the COVID-19 pandemic onwards: A sys-
tematic review. (Preprint). J Med Internet Res. Epub ahead of
print 10 November 2022. DOI: 10.2196/44209.

56. Borges do Nascimento IJ, Abdulazeem H, Vasanthan LT, et al.
Barriers and facilitators to utilizing digital health technologies
by healthcare professionals. NPJ Digit Med 6. Epub ahead of
print 2023. DOI: 10.1038/s41746-023-00899-4.

57. Satzinger J, Jackson R and Burd S. Systems analysis and design in
a changing world, 7th ed.. Australia, Brazil, Mexico, Singapore,
United Kingdom, United States: Cengage Learning, 2015.

58. Stoumpos AI, Kitsios F and Talias MA. Digital transform-
ation in healthcare: technology acceptance and its applica-
tions. Int J Environ Res Public Health 20. Epub ahead of
print 2023. DOI: 10.3390/ijerph20043407.

59. Red S. Healthcare technology: enhancing medical services
and patient outcomes. Int Multidisciplin J Sci Technol Bus
2023; 2: 18–21.

60. Venditti SA, Sazegar P, Fuchs LC, et al. Family Medicine
Resident and Faculty Perceptions About the Strengths and
Limitations of Telemedicine Training. PRiMER 6. Epub
ahead of print 2022. DOI: 10.22454/primer.2022.665996.

61. Ridho A, Alfian SD, van Boven JFM, et al. Digital health
technologies to improve medication adherence and treatment
outcomes in patients with tuberculosis: systematic review of

20 DIGITAL HEALTH

http://doi.org/10.1016/j.jclinepi.2019.03.008
http://doi.org/10.1371/journal.pone.0250946
http://doi.org/10.1016/j.ijmedinf.2020.104233
http://doi.org/10.1016/j.ijmedinf.2020.104233
http://doi.org/10.2196/18758
http://doi.org/10.1186/s12875-018-0789-3
http://doi.org/10.1186/s12875-018-0789-3
http://doi.org/10.1186/s12875-018-0789-3
http://doi.org/10.1186/s12875-018-0789-3
http://doi.org/10.1186/s12911-016-0245-z
http://doi.org/10.1186/s12911-016-0245-z
http://doi.org/10.1186/s12911-016-0245-z
http://doi.org/10.1186/s12911-016-0245-z
http://doi.org/10.1186/s12911-015-0205-z
http://doi.org/10.1186/s12911-015-0205-z
http://doi.org/10.1186/s12911-015-0205-z
http://doi.org/10.1186/s12911-015-0205-z
http://doi.org/10.1093/jac/dks492
http://doi.org/10.1016/j.ijmedinf.2012.03.002
http://doi.org/10.1016/j.ijmedinf.2012.03.002
http://doi.org/10.1016/j.ijmedinf.2011.11.002
http://doi.org/10.1016/j.ijmedinf.2011.11.002
http://doi.org/10.1016/j.ijmedinf.2011.10.003
http://doi.org/10.1186/1472-6947-10-2
http://doi.org/10.1186/1472-6947-10-2
http://doi.org/10.1186/1472-6947-10-2
http://doi.org/10.1186/1472-6947-10-2
http://doi.org/10.1186/1472-6947-10-2
http://doi.org/10.1016/j.ijmedinf.2009.03.007
http://doi.org/10.1093/fampra/cmn020
http://doi.org/10.1093/fampra/cmn020
http://doi.org/10.1016/j.ijmedinf.2005.05.011
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.3233/978-1-60750-949-3-197
http://doi.org/10.5455/aim.2013.21.129-134
http://doi.org/10.5455/aim.2013.21.129-134
http://doi.org/10.2196/humanfactors.3696
http://doi.org/10.2196/11951
http://doi.org/10.2196/11951
http://doi.org/10.1093/ehjdh/ztab005
http://doi.org/10.1093/ehjdh/ztab005
http://doi.org/10.2196/44209
http://doi.org/10.1038/s41746-023-00899-4
http://doi.org/10.1038/s41746-023-00899-4
http://doi.org/10.1038/s41746-023-00899-4
http://doi.org/10.1038/s41746-023-00899-4
http://doi.org/10.3390/ijerph20043407
http://doi.org/10.22454/primer.2022.665996


randomized controlled trials. J Med Internet Res 24. Epub
ahead of print 2022. DOI: 10.2196/33062.

62. Rowland SP, Fitzgerald JE, Lungren M, et al. Digital health
technology-specific risks for medical malpractice liability.
NPJ Digit Med 5. Epub ahead of print 2022. DOI: 10.1038/
s41746-022-00698-3.

63. Ajzen I. The theory of planned behavior. Organ Behav Hum
Decis Process 1991; 50: 179–211.

64. Taherdoost H. A review of technology acceptance and adoption
models and theories. In: Procedia manufacturing, 2018. Epub
ahead of print 2018. DOI: 10.1016/j.promfg.2018.03.137.

65. Triandis HC. Values, attitudes, and interpersonal behavior.
Nebr Symp Motiv 1980; 27: 195–259.

66. Bandura A. Health promotion from the perspective of social
cognitive theory. Psychol Health 13. Epub ahead of print
1998. DOI: 10.1080/08870449808407422.

67. Venkatesh V and Davis FD. Theoretical extension of the tech-
nology acceptance model: four longitudinal field studies.
Manage Sci 46. Epub ahead of print 2000. DOI: 10.1287/
mnsc.46.2.186.11926.

68. Davis FD, Bagozzi RP and Warshaw PR. Extrinsic and
Intrinsic Motivation to Use Computers in the Workplace. J
Appl Soc Psychol 22. Epub ahead of print 1992. DOI: 10.
1111/j.1559-1816.1992.tb00945.x.

69. Bryan C and Boren SA. The use and effectiveness of elec-
tronic clinical decision support tools in the ambulatory/
primary care setting: A systematic review of the literature.
Inform Prim Care 16. Epub ahead of print 2008. DOI: 10.
14236/jhi.v16i2.679.

70. Cresswell KM, Bates DW and Sheikh A. Ten key considera-
tions for the successful implementation and adoption of
large-scale health information technology. J Am Med Inform
Assoc 20. Epub ahead of print 2013. DOI: 10.1136/
amiajnl-2013-001684.

71. Aziz HA, Bearden RL and Elmi A. Patient-physician relation-
ship and the role of clinical decision support systems. Am Soc
Clin Lab Sci 28. Epub ahead of print 2015. DOI: 10.29074/
ascls.28.4.240.

72. Liberati EG, Ruggiero F, Galuppo L, et al. What hinders the
uptake of computerized decision support systems in hospitals?
A qualitative study and framework for implementation.
Implement Sci 12. Epub ahead of print 2017. DOI: 10.1186/
s13012-017-0644-2.

73. United Nations. 70/125. Outcome document of the high-level
meeting of the General Assembly on the overall review of the
implementation of the outcomes of the World Summit on the
Information Society. Resolution adopted by the General
Assembly on 16 December 2015, https://unctad.org/system/
files/official-document/ares70d125_en.pdf (2015, accessed 8
November 2023).

74. United Nations. 73/218. Information and communications
technologies for sustainable development. Resolution
adopted by the General Assembly on 20 December 2018,
https://unctad.org/system/files/official-document/
ares73d218_en.pdf (2018, accessed 8 November 2023).

75. Lee Ventola C. Mobile devices and apps for health care pro-
fessionals: uses and benefits. P and T 2014; 39: 356–364.

76. Kruse CS, Kristof C, Jones B, et al. Barriers to electronic
health record adoption: A systematic literature review.

J Med Syst 40. Epub ahead of print 2016. DOI: 10.1007/
s10916-016-0628-9.

77. Lluch M. Healthcare professionals’ organisational barriers to
health information technologies-A literature review. Int J Med
Inform 80. Epub ahead of print 2011. DOI: 10.1016/j.
ijmedinf.2011.09.005.

78. Sittig DF and Singh H. Legal, ethical, and financial dilemmas
in electronic health record adoption and use. Pediatrics 127.
Epub ahead of print 2011. DOI: 10.1542/peds.2010-2184.

79. Peterson C, Hamilton C and Hasvold P. From innovation to
implementation – eHealth in the WHO European Region.
United Kingdom: Book.

80. Sutton RT, Pincock D, Baumgart DC, et al. An overview of
clinical decision support systems: benefits, risks, and strat-
egies for success. npj Digit Med 3. Epub ahead of print
2020. DOI: 10.1038/s41746-020-0221-y.

81. Adjekum A, Blasimme A and Vayena E. Elements of trust in
digital health systems: scoping review. J Med Internet Res 20.
Epub ahead of print 2018. DOI: 10.2196/11254.

82. Janssen A, Kay J, Talic S, et al. Electronic health records that
support health professional reflective practice: A missed oppor-
tunity in digital health. J Healthc Inform Res 2022; 6: 375–384.

83. Zurovac D, Talisuna AO and Snow RW. Mobile phone text
messaging: tool for malaria control in Africa. PLoS Med 9.
Epub ahead of print 2012. DOI: 10.1371/journal.pmed.
1001176.

84. Adeola O and Evans O. Digital health: Ict and health in
Africa. Actual Problems in Economics 2019; 10: 66–83.

85. Kiberu VM, Mars M and Scott RE. Barriers and opportunities
to implementation of sustainable e-Health programmes in
Uganda: A literature review. Afr J Prim Health Care Fam Med
9. Epub ahead of print 2017. DOI: 10.4102/phcfm.v9i1.1277.

86. Amoakoh-Coleman M, Borgstein ABJ, Sondaal SFV, et al.
Effectiveness of mHealth interventions targeting health care
workers to improve pregnancy outcomes in low- and middle-
income countries: A systematic review. J Med Internet Res
18. Epub ahead of print 2016. DOI: 10.2196/jmir.5533.

87. Wasylewicz ATM and Scheepers-Hoeks AMJW. Clinical
decision support systems. In: Kubben P, Dumontier M and
Dekker A (eds) Fundamentals of clinical data science.
Cham: Springer International Publishing, 2019, pp.153–169.

88. Magrabi F, Ammenwerth E, Hyppönen H, et al. Improving
evaluation to address the unintended consequences of health
information technology: A position paper from the working
group on technology assessment & quality development.
Yearb Med Inform. Epub ahead of print 2016. DOI: 10.
15265/iy-2016-013.

89. Rodrigues DA, Plácido AI, Mateos-Campos R, et al.
Effectiveness of interventions to reduce potentially inappro-
priate medication in older patients: A systematic review.
Front Pharmacol 12. Epub ahead of print 24 January 2022.
DOI: 10.3389/fphar.2021.777655.

90. Spinewine A, Schmader KE, Barber N, et al. Appropriate pre-
scribing in elderly people: how well can it be measured and
optimised? Lancet 370. Epub ahead of print 2007. DOI: 10.
1016/S0140-6736(07)61091-5.

91. Buetow SA, Sibbald B, Cantrill JA, et al. Appropriateness in
health care: application to prescribing. Soc Sci Med 45. Epub
ahead of print 1997. DOI: 10.1016/S0277-9536(96)00342-5.

Rodrigues et al. 21

http://doi.org/10.2196/33062
http://doi.org/10.1038/s41746-022-00698-3
http://doi.org/10.1038/s41746-022-00698-3
http://doi.org/10.1038/s41746-022-00698-3
http://doi.org/10.1038/s41746-022-00698-3
http://doi.org/10.1038/s41746-022-00698-3
http://doi.org/10.1016/j.promfg.2018.03.137
http://doi.org/10.1080/08870449808407422
http://doi.org/10.1287/mnsc.46.2.186.11926
http://doi.org/10.1287/mnsc.46.2.186.11926
http://doi.org/10.1111/j.1559-1816.1992.tb00945.x
http://doi.org/10.1111/j.1559-1816.1992.tb00945.x
http://doi.org/10.1111/j.1559-1816.1992.tb00945.x
http://doi.org/10.14236/jhi.v16i2.679
http://doi.org/10.14236/jhi.v16i2.679
http://doi.org/10.1136/amiajnl-2013-001684
http://doi.org/10.1136/amiajnl-2013-001684
http://doi.org/10.1136/amiajnl-2013-001684
http://doi.org/10.1136/amiajnl-2013-001684
http://doi.org/10.29074/ascls.28.4.240
http://doi.org/10.29074/ascls.28.4.240
http://doi.org/10.1186/s13012-017-0644-2
http://doi.org/10.1186/s13012-017-0644-2
http://doi.org/10.1186/s13012-017-0644-2
http://doi.org/10.1186/s13012-017-0644-2
http://doi.org/10.1186/s13012-017-0644-2
https://unctad.org/system/files/official-document/ares70d125_en.pdf
https://unctad.org/system/files/official-document/ares70d125_en.pdf
https://unctad.org/system/files/official-document/ares70d125_en.pdf
https://unctad.org/system/files/official-document/ares73d218_en.pdf
https://unctad.org/system/files/official-document/ares73d218_en.pdf
https://unctad.org/system/files/official-document/ares73d218_en.pdf
http://doi.org/10.1007/s10916-016-0628-9
http://doi.org/10.1007/s10916-016-0628-9
http://doi.org/10.1007/s10916-016-0628-9
http://doi.org/10.1007/s10916-016-0628-9
http://doi.org/10.1007/s10916-016-0628-9
http://doi.org/10.1016/j.ijmedinf.2011.09.005
http://doi.org/10.1016/j.ijmedinf.2011.09.005
http://doi.org/10.1542/peds.2010-2184
http://doi.org/10.1542/peds.2010-2184
http://doi.org/10.1038/s41746-020-0221-y
http://doi.org/10.1038/s41746-020-0221-y
http://doi.org/10.1038/s41746-020-0221-y
http://doi.org/10.1038/s41746-020-0221-y
http://doi.org/10.2196/11254
http://doi.org/10.1371/journal.pmed.1001176
http://doi.org/10.1371/journal.pmed.1001176
http://doi.org/10.4102/phcfm.v9i1.1277
http://doi.org/10.2196/jmir.5533
http://doi.org/10.15265/iy-2016-013
http://doi.org/10.15265/iy-2016-013
http://doi.org/10.15265/iy-2016-013
http://doi.org/10.15265/iy-2016-013
http://doi.org/10.3389/fphar.2021.777655
http://doi.org/10.1016/S0140-6736(07)61091-5
http://doi.org/10.1016/S0140-6736(07)61091-5
http://doi.org/10.1016/S0140-6736(07)61091-5
http://doi.org/10.1016/S0140-6736(07)61091-5
http://doi.org/10.1016/S0277-9536(96)00342-5
http://doi.org/10.1016/S0277-9536(96)00342-5
http://doi.org/10.1016/S0277-9536(96)00342-5

	 Introduction
	 Material and methods
	 Search strategy
	 Study selection
	 Outcome measures
	 Quality assessment
	 Data extraction
	 Data analysis

	 Results
	 Study selection
	 Studies characteristics
	 Quality assessment
	 Barriers and facilitators related to the use of digital tools on medication appropriateness
	 Technical barriers and facilitators
	 User-related barriers and facilitators
	 Economic barriers and facilitators
	 Organizational barriers and facilitators
	 Patient-related barriers and facilitators

	 Setting analysis

	 Discussion
	 Conclusion
	 Contributorship
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


