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Abstract

Background: Recent decades have seen rapid growth in the implementation of Electronic Medical Records (EMRs)
in healthcare settings in both developed regions as well as low and middle income countries. Yet despite substantial
investment, the implementation of EMRs in some primary care systems has lagged behind other settings, with
piecemeal adoption of EMR functionality by primary care physicians (PCPs) themselves. We aimed to review
and synthesise international literature on the attitudes of PCPs to EMR adoption using the Clinical Adoption
(CA) Framework.

Methods: MEDLINE, PsycINFO, and EMBASE were searched from 1st January 1996 to 1st August 2017 for studies
investigating PCP attitudes towards EMR adoption. Papers were screened by two independent reviewers, and eligible
studies selected for further assessment. Findings were categorised against the CA Framework and the quality of studies
assessed against one of three appropriate tools.

Results: Out of 2263 potential articles, 33 were included, based in North and South America, Europe, Middle East and
Hong Kong. Concerns about the accessibility, reliability and EMR utility exerted an adverse influence on PCPs' attitudes
to adoption. However many were positive about their potential to improve clinical productivity, patient safety and care
quality. Younger, computer-literate PCPs, based in large/multi-group practices, were more likely to be positively
inclined to EMR use than older physicians, less-skilled in technology use, based in solo practices. Adequate
training, policies and procedures favourably impacted on PCPs' views on EMR implementation. Financial factors were
common system level influencers shaping EMR adoption, from start-up costs to the resources required by ongoing use.

Conclusions: By using the CA Framework to synthesise the evidence, we identified a linked series of factors influencing
PCPs attitudes to EMR adoption. Findings underline the need to involve end-users in future implementation programmes
from the outset, to avoid the development of an EMR which is neither feasible nor acceptable for use in practice.

Trial registration: PROSPERO CRD42016038790.
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Background

Recent decades have seen rapid growth in the imple-
mentation of Electronic Medical Records (EMRs) in
healthcare settings [1]. By supporting the systematic col-
lection and storage of patient data, the potential benefits
of EMRs are manifold. They can help: increase com-
pleteness and minimise error in patient records [2]; im-
prove the quality of healthcare, for example by
supporting enhanced adherence to clinical guidelines [3];
and promote increased efficiency in clinical workflows
by facilitating structured data sharing across organisa-
tional and geographic boundaries [4, 5]. Whilst trad-
itionally their main function has been to support
day-to-day clinical practice, EMR data offer a range of
potential secondary uses, from supporting commission-
ing and healthcare planning [4, 6, 7], to helping patients
have more control over their records [8, 9].

Effective implementation of EMRs in primary health-
care provides a unique opportunity to collect a wide-
range of ecologically valid patient data to support under-
standing of disease burden and health trajectories over
the life-course [10]. From the mid-1990s, there has been
substantial investment in the information technology
capabilities of primary care systems, particularly in de-
veloped regions such as Western Europe, North America
and Australia [11, 12]. However examples of EMR initia-
tives are found increasingly in low and middle income
countries (LMIC), such as Kenya and Brazil [13]. Indeed
it has been suggested that by making more efficient use
of resources, EMRs could help counter relative scarcity
in the LMIC clinical workforce [14].

However, there are significant challenges associated
with the introduction of EMRSs: they are costly initiatives
to implement, requiring time to tailor systems to suit
local contexts, and to train end users [15]. This can
prove a particular barrier for resource-poor settings,
who may lack the qualified and experienced workforce
to support their effective adoption [14]. Moreover, some
of the benefits of EMRs have been disputed, particularly
whether they have resulted in tangible improvements in
the quality or efficiency of care [16—19]. Lack of inter-
operability between proprietary systems has limited the
potential for efficient data-sharing, and patients and pro-
viders alike have expressed concerns about the security
of personal health information stored in EMRs [20].
Such challenges may explain why, despite substantial in-
vestment, the implementation of EMRs in some primary
care systems has lagged behind other settings [5, 12],
with piecemeal adoption of EMR functionality by pri-
mary care physicians (PCPs) [21], especially those in
small or solo practices [22].

To date, consideration of the structural factors shaping
EMR implementation has limited the attention given to so-
cial and psychological influencers [20, 23]. However, as
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frontline users of EMRs, PCP attitudes have a significant
impact on successful adoption [23, 24]. We aimed to review
international literature on the attitudes of PCPs to EMR
adoption in routine practice, using the Clinical Adoption
(CA) Framework to guide categorisation and assessment of
the evidence (Registration: PROSPERO CRD42016038790).
The CA Framework consists of micro, meso and macro di-
mensions encompassing: the quality, accessibility and func-
tionality of the EMR system; the people, organisation and
process involved in EMR implementation; and the societal,
political and legislative context [25, 26]. Figure 1 provides a
conceptualisation of the framework in diagrammatic form,
with further narrative describing the micro, meso and
macro dimensions of the CAF outlined in Table 1.

Methods

Data sources and search strategy

We searched MEDLINE, PsycINFO and EMBASE on 1st
August 2017 for papers published from 1st January 1996 to
search date. Search terms encompassed four concepts: (1)
PCPs; (2) primary care; (3) attitudes; (4) EMRs. Terms were
coupled with relevant MeSH/thesaurus terms, truncated as
appropriate, and variant spellings used. Bibliographies of re-
lated reviews, outputs of key journals and reference lists
held by reviewers were hand-searched. Only published
peer-reviewed articles were retrieved for further review.

Inclusion criteria

EMRs were defined as computerised medical information
systems that collect, store and display patient information
[27]. The main user of the EMR had to be a medically
qualified physician who provided primary healthcare, in-
cluding general practitioners, family doctors, family physi-
cians and family practitioners. Primary healthcare was
defined as general healthcare covering a broad range of pre-
senting problems, which can be accessed by a wide range of
patients on demand, and not as the result of a referral for
specialist care [28]. Studies needed to investigate attitudes
towards the adoption of EMRs. We defined ‘attitude’ as a
psychological disposition that is expressed by evaluating a
particular entity favourably or unfavourably [29].

Outcome measures of interest were: (1) any reported
measure of PCPs’ knowledge, attitudes or satisfaction with
EMRs; (2) any objective or blind measure of EMR use (by
standardised patient, other trained observer or video/
audio recording). Papers not reporting either of these out-
comes of interest were excluded, as were studies based on
secondary data. Due to the rapid expansion of digital tech-
nology in healthcare from the mid-1990s, we restricted
eligibility to studies published from 1996.

Data selection and extraction
Search results were downloaded to EndNote version X7
and de-duplicated. Titles and abstracts of potentially
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relevant references were screened independently by two
researchers (AOD, CS), who also reviewed full-texts of eli-
gible papers. Disagreements were resolved by discussion
with a third team member. A structured form guided data
extraction of key study characteristics, including setting,
participants, aim and methodology. Findings were mapped
and categorised against the CA Framework (see Fig. 1).

Quality assessment

Quantitative studies were quality assessed using the appro-
priate Center for Evidence-Based Management’s Critical
Appraisal Checklist [30, 31]. Qualitative studies were
assessed using the Critical Appraisal Skills Programme
(CASP) Research Checklist [32]. Mixed-methods studies
were assessed using a combination of these tools.

Results

Characteristics of the included studies

We identified 33 articles (see Fig. 2): 15 based in the
USA [33-47]; 11 Europe [48-58]; two Canada [59, 60]; and
one each in Saudi Arabia [61], Brazil [62], Hong Kong [63]
and Israel [64]. The literature was methodologically diverse,
including 11 qualitative studies [35, 36, 41, 44, 47, 49, 54,
59, 63-65], 17 cross-sectional surveys [33, 34, 37, 39, 42,
43, 45, 46, 50-52, 55-58, 60, 62], one longitudinal survey
[53] and four mixed methods studies [38, 40, 48, 61]. Publi-
cation years ranged from 2001 to 2016. Of the 15 papers
based on qualitative studies (including mixed methods
studies with a qualitative component): one was deemed of
low [61]; nine moderate [33, 35, 36, 41, 48, 49, 54, 64, 65];

and five high quality [44, 47, 59, 63]. Of the 20 papers
based on cross-sectional studies (or a cross-sectional
component): 14 were moderate [37, 38, 40, 42, 43, 45,
46, 48, 55-58, 60, 61] and six high quality [34, 39, 50—
52, 62]. The final study employing cohort methods was
categorised as moderate quality [53]. Full study details
are available in Table 2.

Micro level

Quality of information, system and service

Over half of the papers discussed the impact that the qual-
ity of the EMR itself exerted on PCPs attitudes to adop-
tion. Common factors ranged from the ease of access,
efficiency and functionality of the system, to its technical
reliability once in use [34, 36, 38, 41, 42, 44, 46-49, 51, 52,
59, 60, 62—65].

Three papers identified the user interface design, includ-
ing ease of log-in, as an important factor influencing
adoption: even if an EMR had advanced features, if the ini-
tial interface was challenging, PCPs were likely to reject it
[47, 59, 63]. Several articles focussed on dissatisfaction
with the speed of the EMR, sometimes relative to the
perceived superior performance of paper-based records
[38, 42, 47, 62]. Navigating the EMR to locate key patient
information was sometimes viewed as time-consuming
[41, 48]. System complexity [59], such as long lists from
which to choose the appropriate code [49], was
highlighted as problematic, alongside criticism of the nu-
merous steps needed to complete a clinical transaction
[38, 47]. However, templates were welcomed as a
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Table 1 Micro, meso and macro level dimensions and
categories of the Clinical Adoption Framework

Dimension Category

Micro level Health Information System (HIS) quality, which refers to
the accuracy, completeness and availability of the clinical
information content; features, performance and security of

the system; and responsiveness of the support services.

Usage quality which refers to HIS usage intention/
pattern and user satisfaction in terms of usefulness,
ease of use and competency.

Net benefits, which refer to the change in care quality,
access and productivity as a result of HIS adoption by
clinicians. Care quality includes patient safety,
appropriateness/ effectiveness, and health outcomes.
Access refers to provider/patient participation and
availability/access to services. Productivity covers

care coordination, efficiency and net cost.

Meso level People meaning the individuals/groups involved,
their personal characteristics and expectations,

and their roles and responsibilities with the HIS.

Organization which refers to how the HIS fits with
the organization’s strategy, culture, structure/
processes, info—/infrastructure, and return on value.

Implementation which involves the HIS adoption
stages, project management approaches and the
extent of the HIS's fit for the practice.

Macro level Healthcare standards in terms of the types of
HISs organizational performance and professional

practice standards in place.

Funding and incentives which refer to the added
values, remunerations and incentive programs.

Legislation/policy and governance in terms of the
influence of legislative acts, regulations/policies and
governance bodies, such as professional associations/
colleges and advocacy groups, and their attitudes
toward HIS.

Societal, political and economic trends which include
public expectations and the overall socio-political and
economic climates with regards to technologies
healthcare and HIS.

structured means of entering data, and memory joggers,
such as lists of key codes, were also considered helpful
[47, 49].

A perceived mismatch between EMR functionality and
the needs of PCPs in practice was a common theme.
EMRs were often viewed as lacking an easily accessible
overview of key patient data, particularly family histories
[34, 41, 44, 48, 62]. Problem lists were seen as overly
long, containing redundant or irrelevant information
[65]. One study highlighted the problems caused by the
limited amount of available screen real estate (browser
window size), which meant that immediate information
needs could not always be accommodated within a sin-
gle screen [41]. However one paper found PCPs were
satisfied with EMRs in terms of data-related comprehen-
siveness, organization, and readability [64], and another
suggested mostly positive impacts on the organisation
and accessibility of patient data [36].
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PCPs found it challenging to track patients through
the health system via EMRs, either over time or
across care boundaries [34, 38]. Lack of interoperabil-
ity of primary care EMRs with secondary care IT sys-
tems, alongside an inability to transfer electronic
records between practices, were also highlighted as bar-
riers to adoption [52, 60]. It was challenging to convert
third-party diagnostic results into searchable structured
data, with practices usually reliant on scanning paper doc-
uments into the EMR as PDF files [65]. Several papers fo-
cussed on system reliability as a barrier to adoption [38,
59, 60, 62], emphasising the major disruption to office op-
erations and patient care caused by even occasional EMR
system or server crashes [38, 62], often exacerbated by the
lack of technical support available to practices [38, 59, 60].
Thus post-implementation technical support was import-
ant to support effective EMR adoption over time [63].

Use and user satisfaction

PCPs’ satisfaction with EMRs in routine practice was
the most frequently reported influencing factor, men-
tioned by 22 papers [34-36, 38, 40-42, 44, 46-50, 52,
55, 56, 58-60, 63—65]. Two reported on incompatibil-
ities between rigid EMRs and the complex, dynamic,
medical decision-making process [41, 65]. Concerns
were raised in nine about the potential negative influ-
ence of computers on the doctor-patient relationship
[36, 46-48, 50, 56, 59, 60, 64], some highlighting the
intrusive nature of having the computer screen in the
consulting room [52], alongside the pressure of data
entry, which could distract attention from the patient
[36, 38, 40, 42, 48, 55, 63]. However, two papers sug-
gested that PCP IT skills, especially blind typing and
the use of keyboard shortcuts and templates, could
help mitigate these issues [63, 64]. Moreover, if used
to involve patients in their care, by screen-sharing or
using elements as a visual learning tool, two papers
identified the potential for EMRs to boost engage-
ment [44, 47].

Several papers highlighted the difficulties experi-
enced when using EMRs to record certain types of
patient data [35, 49, 57]. One study reported that
PCPs found it challenging to record emerging diagno-
ses and/or vague symptoms, particularly when a diag-
nosis was potentially sensitive or stigmatising [49]. It
was suggested that certain information was sometimes
excluded from the EMR out of respect for the pa-
tient's wishes or because of the potential conse-
quences for the patient if external agencies accessed
the information [35]. Another study emphasised how
recording behaviour was shaped by PCPs’ perception
of the value of information recorded [54]. For ex-
ample, smoking was most frequently recorded and
updated because it was used to help calculate an
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Fig. 2 Flow chart showing the number of potentially relevant references identified by searches and number meeting inclusion criteria and

included in the review

individual’s cardiovascular risk score. The recording of
alcohol consumption, physical activity and eating
habits was far less routine [54].

Four papers discussed the positive influence of long
term EMR use on adoption attitudes [34, 39, 44, 58].
Users were more likely than non-users to believe that

current EMRs were helpful [39, 58]. PCPs working in
practices with even a relatively basic system were signifi-
cantly more likely than those without to hold positive
opinions about increased EMR use [34]. Positive user ex-
periences were also related to the perceived usefulness
of the information gathered via the EMR, such as
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helping to direct patient care based on family histories
or for building rapport [44].

Net benefits in terms of care quality, productivity and
access

Twenty five papers discussed PCPs’ perceived (dis)benefits
of EMR adoption across a range of areas [34, 36, 38—40,
42-44, 46-54, 56, 57, 59—-65]. A number of studies fo-
cussed on their potential to improve clinical productivity
[36, 38—40, 44, 48, 50—54, 59-65], for example by reducing
the coding mistakes commonly encountered in
paper-based records [61]. Anticipated gains also resulted
from the automation of key clinical functions, such as pre-
scription renewals and issuing referral letters [48, 59, 65].
Increased efficiency due to the improved accessibility of pa-
tient data was a common theme [36, 38, 40, 54, 59, 64],
with PCPs in two studies thinking that EMRs would elimin-
ate the problems caused by poor organization of paper
charts and illegible handwriting [36, 64].

The positive impact of EMRs on practice communica-
tion was reported in five papers [38, 40, 50, 51, 65].
Some PCPs highlighted use of the patient problem list,
task assignment functions, and to-do lists as communi-
cation tools between clinicians, administrators, and pa-
tients [38]. For others, EMRs enabled improved
coordination within the practice by making patient notes
more legible, organized and retrievable [65]. Users were
also more likely than non-users to view systems as im-
proving the security and confidentiality of patient re-
cords [39].

Patient safety and care quality were two further areas
perceived as benefiting from EMR introduction [38-40,
49, 65], particularly by more experienced users [39]. The
potential of EMRs to support audit and feedback was an
important motivating factor for adoption [49, 54], as was
the ability to generate reports for quality-improvement
purposes [38]. PCPs in a number of studies anticipated
that the adoption of EMRs would result in improved
medication management [36, 51, 63-65]. By enabling
more accurate, comprehensive, and automated docu-
mentation of medications [63, 65], EMRs could help to:
identify and flag drug interactions [64]; identify patients
affected by a drug recall; and manage prescriptions for
controlled drugs more effectively [36].

Focussing on perceived disbenefits of EMR adoption,
the time [38, 53, 59, 63] and cost [43, 46, 52, 56, 60, 63]
associated with installing a new electronic system were
flagged. Three studies drew attention to the additional
time required to enter patient data in EMRs [38, 47, 59],
which reduced PCPs’ time for patient care. The initial
capital outlay required for EMR implementation was
highlighted as a barrier by several papers; most sug-
gested that PCPs felt unlikely to benefit directly from
such investment due to the increased workload
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associated with using the system [46, 56, 60, 63].
Start-up costs emerged as the main barrier, but the on-
going financial commitment of maintaining EMRs, in-
cluding training practice staff, was also an obstacle
highlighted by PCPs [43, 52, 63].

Contradictions emerged with regards to the perceived
benefits of EMRs reported above. PCPs in three studies
were either neutral or negative about their impacts on
care quality [37, 42, 50], and a small number of respon-
dents in one study raised concerns about patient privacy
and safety [37]. Less than half of PCPs’ believed that
EMRs would reduce errors in medical records in one
paper [37]. Another raised concerns that EMR use could
actually introduce new types of medical errors, including
typos, adding information to the wrong patient’s chart,
and unintentionally selecting an erroneous item (diagno-
sis or medication) from scroll-down lists [64].

Meso level

People

Fifteen papers described PCP characteristics potentially
associated with attitudes to EMR adoption [33, 39, 41,
42, 45, 46, 50, 53, 58—64]. Three highlighted gender as a
significant influencer, although in one, male PCPs dem-
onstrated higher levels of EMR adoption [50], whereas
the opposite was true for the remainder [58, 62]. Age
was a commonly occurring factor. Four papers suggested
that younger PCPs were more likely to adopt EMRs than
older PCPs [46, 50, 56, 62], and another highlighted a
perception that such increased adoption rates were be-
cause the benefits of EMRS were greater for younger
PCPs [59]. One study found that older PCPs were more
likely to express satisfaction with EMR use [62], but this
contrasted with findings elsewhere [45].

Several papers highlighted PCPs’ lack of basic comput-
ing and keyboard skills as a substantial barrier to the level
[42, 53, 59, 60] and quality [64] of EMR adoption. Three
suggested that PCPs with prior computing experience
were more likely to demonstrate positive attitudes towards
adoption and regular use [58, 61, 62], with non-users
much less positive [39]. However two further studies
found computing and/or EMR experience to be a rela-
tively neutral [33] or infrequently mentioned influencing
factor [46]. In terms of broader clinical experience, one
study found that PCPs with fewer years in medical prac-
tice appeared more positively inclined to EMR use [50], al-
though another [62] found this relationship weak, and a
further study suggested that more clinically experienced
PCPs were actually higher adopters [42].

Organization

Practice characteristics also influenced adoption atti-
tudes [38, 43, 46, 48, 50, 56, 62, 65], particularly size [38,
43, 50, 56], with adoption higher in large [50] and group
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practices [40, 43, 56]. Advanced EMR use (i.e. using data
for monitoring and evaluation purposes) was more often
seen in practices owned by large, healthcare organisa-
tions, in part due to availability of technical and admin-
istrative support [38]. PCPs working in single-handed
practices were more likely not to have any computer or
to have computers for reception purposes only, which
impacted negatively on their attitudes towards EMR
adoption [43, 46, 50]. Only one study found that practice
size was not associated with PCPs’ barriers to EMR
adoption [46]. However findings from another suggested
that individual practices had more impact on EMR
adoption than larger practice networks [43].

Additional organisational factors shaping adoption
concerned the alignment of EMRs within existing work-
ing practices, roles and responsibilities, and patient
throughput; although here evidence was conflicting [46,
62]. A final study highlighted a perception that EMR
introduction led to a shift in administrative workload
from health secretaries to PCPs [48].

Implementation

The EMR implementation process influenced PCP views
in ten studies [33, 38, 42, 46, 51-53, 59, 60, 63], with
training the most frequently mentioned factor. Lengthier
training provision impacted positively on both PCPs’
views on implementation and their ongoing use of the
system [33]. Three papers reported that inadequate
training was an important barrier to EMR use [42, 46,
53]; another highlighted the need for ongoing training
post-implementation [59]. Lack of expertise, time and
knowledge to manage the implementation process was
also a barrier to adoption [60]. Practices that experi-
enced smoother transitions to EMR use had redesigned
work processes and developed policies and procedures
to support implementation [38]. Finally, having a desig-
nated EMR champion could facilitate improved EMR
adoption [59].

Macro level influencers

Funding and incentives

Financial factors shaped PCP’s adoption attitudes in ten
studies [38, 39, 43, 46, 49, 52-54, 59, 63, 65]. The costs
associated with purchasing the technology [38, 53, 59]
alongside additional human resource demands, were
highlighted as key barriers to adoption [59]. Lack of fi-
nancial incentives resulted in more limited, less inte-
grated use of EMRs [65]; one paper suggested this was
construed as a lack of priority for both the work in-
volved in implementing EMRs and the data collected
[54]. Several suggested that provision of grants and re-
imbursement schemes for EMRs would result in more
effective implementation [43, 63]. However, sustained
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use over time increased PCPs willingness to invest in
EMRs [39].

Legislation, policy and governance
Six studies flagged policy and legislative influences [35,
46, 51, 52, 54, 56]. Concerns around data security were
highlighted [52, 56], although one paper suggested that
availability of robust privacy laws could facilitate more
comprehensive EMR use [35]. Evidence was inconsistent
regarding the extent to which PCPs felt supported by
policy makers in either the design or implementation of
EMRs [51, 52].

No papers explicitly identified healthcare standards or
societal, political and economic trends as macro level
factors influencing adoption.

Discussion

This systematic review found that multiple and interre-
lated influencers shape PCPs’ attitudes towards EMR im-
plementation in routine practice, although several
common themes emerged across the literature. As
highlighted in previous reviews [18, 23, 24, 66—68], con-
cerns about the accessibility, reliability and overall utility
of the EMR appear to exert a sizeable adverse influence
on PCPs’ attitudes to adoption. Like Boonstra and Broe-
khuis [23], we found that PCPs perceived a mismatch
between the rigid functionality of the EMR and their
more complex, dynamic needs as family physicians,
which negatively affected productivity. Lack of EMR
interoperability, limiting physicians’ ability to exchange
electronic information between other general practices
or with secondary care IT systems, was also highlighted
as a barrier; again a strong theme emerging in other evi-
dence syntheses [23, 24, 27, 68, 69]. At the same time, as
Audet et al. found [22], many PCPs were positive about
EMRSs’ potential to improve clinical productivity, and
valued the automation of key clinical functions, like pre-
scription renewals. Echoing Nguyen et al’s evaluation
[68], there was also a perception that patient safety and
care quality could benefit from EMR introduction, by
supporting the audit-and-feedback process, alongside
improved medication management. However other re-
views have found less conclusive evidence for this point
[66, 70].

Certain PCP characteristics themselves appeared to be
associated with views on EMR adoption. Younger PCPs,
with an appropriate level of computing skills, and based
in larger or multi-group practices, were more likely to
be positively inclined towards using EMRs than older,
physicians, less-skilled in technology use, and working in
solo practices [see also 22, 66 on this point]. Like Cas-
tillo et al. amongst others [20, 23, 24, 27], we found that
efforts made to implement EMRs, including adequate
training provision both during and post-implementation,
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up-to-date policies and procedures, and the presence of
a designated EMR champion, had a favourable impact
on both PCPs’ views on EMR adoption, and their on-
going use of the system.

Financial factors were the most common system level
dimension shaping PCP’s adoption of EMRs, from the
initial costs of purchasing the technology, to the add-
itional demands required by their ongoing use: an issue
emphasised in numerous existing reviews [23, 27, 65, 66,
68, 69]. A lack of financial incentives or reimbursements
to support installation resulted in more limited, less in-
tegrated EMR use by PCPs. However this was not a uni-
form finding, with other studies finding ambiguous
evidence for the effectiveness of financial incentives on
EMR adoption [71]. There was mixed evidence on the
extent to which PCPs felt supported and represented by
policy decisions linked to the design and implementation
of EMR systems. Ross et al. stress the adverse impact
that absent or inadequate policy and legislation can have
on the adoption of e-health systems in general [69].
Finally, whilst concerns around data security were men-
tioned, in contrast to other studies [23, 66], this was a
relatively minor theme overall in our review.

Our findings serve to highlight that EMR programmes
are complex interventions which must be implemented
in dynamic socio-technical health systems [72]. Figure 3
illustrates the key features a successful plan to boost
EMR adoption should include based on our results .

However, as Lau et al. stress [73], whilst these features
may be conceptualised at either the micro, meso or mi-
cro level, in reality, they operate interdependently. Thus
an effective EMR programme needs to take into account
not just these features in static isolation, but also
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consider how they interact and evolve over time [74].
Further, with accelerating adoption of electronic records
across health and social care settings [68], and increas-
ingly complex population health needs [75], there is a
real need to improve interoperability across systems, to
ensure that patients receive coordinated care of consist-
ent quality [76]. Various obstacles exist to realizing this
aim, from how we can allay patient and practitioners’
valid concerns around the ethics of personal data shar-
ing, to the challenge of overcoming more technical and
semantic hurdles. Whilst progress is being made towards
building data systems that permit functional interoper-
ability [77], sharing and using data effectively will also
require the adoption of common standards, ontologies
and terminologies across multiple sectors and institu-
tions [78].

Ultimately, however, EMR adoption is determined by
the attitudes and behaviours of the individual clinician
themselves [24]. Decades of research emphasises the
positive effects of early user involvement in design and
development on the eventual success of implementing
new technology [19]. Yet a dominant theme in this re-
view was a perceived lack of fit between proprietary
EMR systems, and the values, priorities and work prac-
tices of PCPs themselves [79-81]. For example, the ad-
verse impact of EMR adoption on the doctor-patient
relationship was an enduring concern that was
highlighted across the period covered by the included lit-
erature [36, 38, 40, 42, 44, 46, 48-50, 52, 55, 56, 59, 60,
63—65]. Future implementation programmes must pro-
vide a forum for end-users to play an active role in the
design process from the outset, and consider the
socio-technical “connectives” between clinician, system
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navigation
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* Technical and administrative
EMR support
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Fig. 3 CA Framework of micro, meso and macro factors facilitating positive PCP attitudes to EMR adoption
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and patient [82]. This would help to boost a sense of
psychological ownership of new systems [83], resulting
in greater support for technological change [84], as well
as harnessing their expertise and experience, thereby
avoiding the development of an EMR which is neither
feasible nor acceptable for use [85, 86].

Limitations

The systematic review methodology, a moderately sized
and geographically varied evidence-base of 33 studies,
were strengths of this study. However, our review was re-
stricted to peer-reviewed papers, which could introduce
publication bias [87]. Additionally, as highlighted in previ-
ous reviews [23, 66], the literature in this field can be
poorly referenced within bibliographic databases, due to
nonstandard use of terminology and lack of consensus on
a taxonomy relating to e-health technologies [88].

We were also limited by the shortcomings of the lit-
erature based on methodological rigor, with the majority
of included studies deemed of only moderate quality.
Around half of the studies (17 out of 33) were structured
surveys, using closed-ended questions to capture data,
which inevitably limited respondents’ opportunities to
highlight any issues not already prescribed in the ques-
tionnaire. Greenhalgh has written extensively about the
need to move beyond positivist methodologies when
evaluating eHealth programs [89]. Her framework for
the evaluation of the introduction of shared electronic
summary records in England incorporates social, tech-
nical, ethical and political dimensions [90]. However,
there was limited data on macro or system level influen-
cers, including policy and legislation, despite the fact
that implementation science emphasises the importance
of contextual factors in shaping adoption of new inter-
ventions and technologies [91].

The use of an alternative framework may have altered
data synthesis and thus influenced findings. There are a
number of potential theories, models and frameworks
available to help understand EMR adoption, from
broader implementation theories such as Roger’s classic
Diffusion of Innovations [92], or the Consolidated
Framework for Implementation Research [69], to more
specific models like the Technology Acceptance Model
(TAM) [67, 93-96], and new taxonomies developed by
Boonstra and Broekhuis [23] or Castillo et al. [24]. In
contrast to previous approaches however, the CA Frame-
work provides a conceptual model to help describe the
factors shaping EMR adoption which has been specific-
ally contextualised to the healthcare setting, which also
allows us to capture influencing factors operating at the
organisational level and beyond [73, 97].

Evidence exploring the patient perspective on EMR use
was outside the scope of this review, including the accept-
ability of patient-held medical records. Yet previous
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research emphasises that adoption of these two systems
are inextricably linked [98]. Whilst our focus on PCPs was
deliberate, it may limit the generalizability of our findings
beyond primary healthcare [20, 99], as effective implemen-
tation of a comprehensive, system-wide EMR, would need
to take account of the norms, values, and work practices
of the full socio-technical network involved [90].

Conclusions

By using the CA Framework to synthesise the evidence
base, we have identified a linked series of factors influen-
cing PCPs attitudes to the adoption of EMRs, which
could usefully inform future implementation initiatives.
Policymakers and system architects designing such ini-
tiatives need to recognise that EMR programmes are
complex interventions, which must be implemented in
dynamic social-technical systems, but that adoption is
ultimately determined by the attitudes and preferences
of the individual clinician.
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