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Abstract

Background: Computerised clinical decision support (CDS) can potentially better inform decisions, and it can help
with the management of information overload. It is perceived to be a key component of a learning health care
system. Despite its increasing implementation worldwide, it remains uncertain why the effect of CDS varies and
which factors make CDS more effective.

Objective: To examine which factors make CDS strategies more effective on a number of outcomes, including
adherence to recommended practice, patient outcome measures, economic measures, provider or patient satisfaction,
and medical decision quality.

Methods: We identified randomised controlled trials, non-randomised trials, and controlled before-and-after studies
that directly compared CDS implementation with a given factor to CDS without that factor by searching CENTRAL,
MEDLINE, EMBASE, and CINAHL and checking reference lists of relevant studies. We considered CDS with any objective
for any condition in any healthcare setting. We included CDS interventions that were either displayed on screen or
provided on paper and that were directed at healthcare professionals or targeted at both professionals and patients.
The reviewers screened the potentially relevant studies in duplicate. They extracted data and assessed risk of bias in
independent pairs or individually followed by a double check by another reviewer. We summarised results using
medians and interquartile ranges and rated our certainty in the evidence using the GRADE system.

Results: We identified 66 head-to-head trials that we synthesised across 14 comparisons of CDS intervention factors.
Providing CDS automatically versus on demand led to large improvements in adherence. Displaying CDS on-screen
versus on paper led to moderate improvements and making CDS more versus less patient-specific improved adherence
modestly. When CDS interventions were combined with professional-oriented strategies, combined with patient-oriented
strategies, or combined with staff-oriented strategies, then adherence improved slightly. Providing CDS to patients slightly
increased adherence versus CDS aimed at the healthcare provider only. Making CDS advice more explicit and requiring
users to respond to the advice made little or no difference. The CDS intervention factors made little or no difference to
patient outcomes. The results for economic outcomes and satisfaction outcomes were sparse.
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Conclusion: Multiple factors may affect the success of CDS interventions. CDS may be more effective when the advice is
provided automatically and displayed on-screen and when the suggestions are more patient-specific. CDS interventions
combined with other strategies probably also improves adherence. Providing CDS directly to patients may also positively
affect adherence. The certainty of the evidence was low to moderate for all factors.

Trial registration: PROSPERO, CRD42016033738

Keywords: Clinical computerised decision support systems, Practice guidelines, Guideline adherence, Evidence-based

medicine, Implementation, Systematic review

Introduction

The amount of knowledge required to make well-informed
health choices is moving beyond unassisted human capacity
[1]. Computerised clinical decision support (CDS) can po-
tentially better inform decisions, and it can help with the
management of information overload [1, 2]. According to
the US Institute of Medicine, CDS is a key component of a
learning health care system where new knowledge makes
its way into practice without undue delays [1]. CDS tech-
nology uses patient-specific data to provide relevant med-
ical knowledge at the point of need. Worldwide, the
implementation of this quality improvement intervention is
increasing. CDS interventions are also becoming larger and
more complex [1, 3].

Summaries of the evidence regarding CDS effective-
ness estimate modest increases in guideline adherence
[4] and modest reductions in morbidity [5]. However,
there is considerable variation in the ability of CDS
intervention to produce the desired results: some trials
report large increases in adherence to recommended
practice while others find little or no change, and some
reported unintended negative consequences [6-8]. It is
unclear how to best implement CDS and achieve better
outcomes, costs, and satisfaction with healthcare [9, 10].

Several reviews have examined why some CDS efforts
succeed and others fail [11-14]. These reviews suggested
that multiple factors (such as providing decision support
to both clinicians and patients and giving recommenda-
tions rather than only assessments) may correlate with
greater CDS success. However, the findings in these re-
views were derived by meta-regression analyses (an ob-
servational type of analysis) and are therefore more
prone to bias than studies with direct comparisons. Fur-
ther, some of the findings have been inconsistent: some
reviews have suggested that CDS that is integrating with
electronic charting and order entry systems is associated
with greater chance of success while others suggest the
opposite [11, 15, 16].

To our knowledge, only one study has systematically
reviewed head-to-head trials and provided direct com-
parisons of factors modifying the success of CDS [12].
The review was limited to 11 trials of both manual- and
computer-based decision support, all of which were

published before 2004. Many new trials have been pub-
lished since then, and there is a need for a new review of
head-to-head trials.

We conducted this systematic review to examine which
factors make CDS strategies more (or less) effective on a
number of outcomes, including adherence to recom-
mended practice, patient outcome measures, economic
measures, provider or patient satisfaction, and medical
decision quality, and based on direct evidence from studies
that compare one strategy to another. The review also
informs the GUideline Implementation with Decision Sup-
port (GUIDES) project where we develop a checklist to
help CDS implementation teams increase the success of
CDS [17].

Methods

The author group includes experts with a strong com-
mitment to evidence-based medicine and informed
health choices and broad expertise related to the devel-
opment, implementation, and evaluation of CDS.

Protocol and registration
We registered the protocol for this systematic review in
the PROSPERO database (CRD42016033738) [17].

Study selection criteria

We included randomised and non-randomised con-
trolled trials and controlled before-and-after studies. We
excluded observational studies and studies without a
control group (such as uncontrolled before-and-after
studies and interrupted time series studies).

We included studies of computer-generated decision
support that was either displayed on screen or provided
on paper and directed at healthcare professionals or tar-
geted at both professionals and patients in any healthcare
setting. We excluded studies in which the population was
limited to simulated patients or to the use of CDS by
students only.

We considered CDS with any objective (e.g. diagnosis,
treatment, test ordering, screening) for any health condition.

We included studies that directly compared an inter-
vention with CDS that featured a factor that could
potentially affect intervention success (such as directing
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CDS at clinicians and/or patients, having to provide rea-
sons for not adhering to advice, the automatic provision
of CDS versus on-demand CDS, providing advice linked
to evidence-based information, the endorsement of CDS
by opinion leaders, the timing or frequency of the deci-
sion support, using actionable CDS that makes it easy to
adhere to the advice, and providing training in the use of
CDS) versus an intervention with CDS that did not fea-
ture that factor.

We also included trials with CDS in both arms that
evaluate the effect of any adjacent interventions to the
CDS (e.g. CDS combined with patient-oriented strategies
versus CDS only). We did not predefine inclusion cri-
teria in terms of the success features; instead, we defined
the list of success factors by the type of comparisons
that we identified. We used the GUIDES framework to
categorise the comparisons according to different factors
that may affect the success of CDS interventions [18].

To qualify for inclusion in this systematic review, studies
had to include an assessment of at least one outcome
specified in the main categories of outcomes presented by
the Cochrane Effective Practice and Organisation of Care
(EPOC) review group, namely patient outcomes, quality of
care, utilisation or coverage of services, resource use,
healthcare provider outcomes (for example workload or
burnout), social outcomes, equity, and adverse effects
[19]. We also included studies with outcomes on the satis-
faction of healthcare providers and/or patients and on
medical decision quality.

We excluded studies in which use of the CDS or
compliance with its advice was mandatory. We also
excluded papers in which the intervention focused
on reminder messages for attendance at upcoming
healthcare appointments.

Information sources and search

We searched for relevant studies in the Cochrane Central
Register of Controlled Trials (CENTRAL) through The
Cochrane Library (http://mrw.interscience.wiley.com/coch
rane/), MEDLINE and EMBASE through the Ovid plat-
form (www.ovid.com), and CINAHL, through EBSCO
(the search was conducted on 20 December 2016). To fur-
ther identify relevant studies, the reference lists of relevant
systematic reviews and trials were screened, and we used
our own files of relevant studies. We did not apply lan-
guage or publication period restrictions. The search string
(Additional file 1) for this systematic review was based on
the search string from related Cochrane reviews and the
terms available in a set of 26 relevant studies that we were
aware of before starting the search [20, 21].

Selection of studies
Four reviewers (AH, ND, PR, SV) worked in pairs to select
studies from titles and abstracts, to screen potentially
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relevant full texts, and to exclude studies that did not
meet the inclusion criteria. The reviewers resolved dis-
agreements on the selection of studies by discussion. We
used Covidence systematic review software throughout
this process (https://www.covidence.org).

Data extraction and risk of bias assessment

We involved seven reviewers (AH, DS, HC, LB, LMR,
ND, SV) to extract data from the selected studies and to
evaluate the quality of the included studies. Pairs of
reviewers independently extracted data and assessed risk
of bias for half of the studies. For the remaining studies,
a single reviewer extracted the data and appraised the
risk of bias, and another reviewer checked the summar-
ies with the original papers. We contacted the authors of
the trials published in the last 10 years to obtain further
details on missing or unclear data fields.

The reviewers used the EPOC data collection checklist
which we modified for the needs of this review and the
risk of bias criteria suggested by EPOC [19].

Summary measures only were used in instances in
which studies reported both summary measures (e.g. all
cause morbidity) and specific measures (subscales for
different dimensions on quality of life). We extracted the
outcomes for the longest available follow-up interval if
the studies reported multiple follow-up intervals. We ex-
tracted secondary outcome data that were not subject to
statistical testing in the primary study if this comparison
was of interest. Some studies made within-group com-
parisons instead of comparisons across groups. In such
situations, we used the available data and compared the
results across the relevant trial arms while adjusting for
baseline values. Other studies compared outcomes (from
different relevant trial arms) with a usual care control
group. In such instances, we extracted the data for the
comparison groups of interest for our review and com-
pared the results for those groups.

For each study, we made a summary assessment of the
risk of bias. If we judged at least one risk of bias domain
to be high risk, we categorised the study as having high
risk of bias. If we judged one or more domains to be an
unclear risk and no domains were high risk, we cate-
gorised the study as having an unclear risk of bias. If all
the risk of bias domains were low risk or if it was un-
likely that any bias could have had a serious impact, we
judged the study to have a low risk of bias [19]. We used
the GRADE approach to assess the certainty of evidence
for each comparison/outcome [22].

Data synthesis

Given the heterogeneity of the identified studies, we did
not use standard meta-analysis techniques. An additional
issue is that the data was derived from both cluster and
non-cluster randomised trials. If clustering is not taken
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into account when conducting the statistical analysis of
cluster RCTs, unit of analysis errors occur leading to
misleading low p values and narrow confidence intervals
[23]. Cluster RCTs were the dominant design of the
included studies. We therefore planned an alternative
strategy in the protocol based on EPOC methods for
results for which the use of a meta-analysis is not appro-
priate [19]. This alternative method, which uses medians
and interquartile ranges to present summary measures,
was first developed by Grimshaw et al. in a review of
guideline dissemination and implementation strategies
and has been used in multiple Cochrane EPOC reviews
[21, 24-29].

In this review, we report outcomes in the following
categories: dichotomous process measures, continuous
process measures, dichotomous patient measures, and
continuous patient measures. We also report on eco-
nomic and satisfaction measures and measures of the
use of CDS resources.

Primary analyses

The primary analyses of this review focus on dichot-
omous process measures that reflect adherence to
recommended practice and on dichotomous patient
outcome measures that reflect changes in clinical out-
comes. We selected these measures for the primary
analyses because behaviour change is a key goal of CDS,
and the interpretation of the magnitude of change for
dichotomous outcomes is sufficiently consistent to allow
comparisons across interventions. Dichotomous process
measures were also the most frequently evaluated
outcome measure. Better informed medical decisions
are also a key goal of CDS, but these were rarely
evaluated.

We only included studies that provided data on base-
line outcomes in the primary analyses. We adjusted risk
differences (RD) for baseline outcome values [26, 27].
Baseline outcome differences occur frequently in cluster
randomised trials and unadjusted effect measures can
bias the analysis. We calculated the adjusted RD as
(Intervention %p0sr — Comparison %pes;) — (Intervention
%pre — Comparison %pre). A RD of, for example, 12%
represents an absolute improvement of 12 percentage
points in adherence to the recommended practice (or
for patient outcomes when these are dichotomous).

The primary analyses were also limited to data from the
primary outcome that the study authors had defined in
their articles. For studies in which the authors had not de-
fined a primary outcome, we defined the primary outcome
as the one that had been used for the sample size calcula-
tion [25]. If the primary outcome was not clear, we calcu-
lated the median effect size across all the outcomes per
outcome category.
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Secondary analyses

In the secondary analysis, we explored the consistency
of the primary analyses with the results of the un-
adjusted differences (if no baseline outcome data was
provided) and with the results of the other outcome
measures that were not included in the primary analyses
[29]. For continuous outcomes that provided baseline
outcome data, we calculated the adjusted change relative
to the comparison group as {(Intervention mean,,s —
Comparison meanp,s) — (Intervention meanp,. — Com-
parison mean,,.)} / Comparison meanp,s. We did not
report medians and interquartile ranges as summary
estimates for continuous measures because the magni-
tude of relative change for a continuous outcome meas-
ure depends on the scale being used when the mean
difference is not standardised.

Subgroup analysis

For the comparison ‘CDS combined with patient-oriented
strategies versus CDS only, we explored variation in sum-
mary estimates based on the type of targeted behaviour.
We compared the summary estimates for CDS targeted at
prevention and screening, versus CDS targeted at treat-
ment of acute or chronic diseases. We made this compari-
son, because reminders for vaccinations could potentially
be more effective [30]. We used the Mann-Whitney
two-sample test to compare the effects for the two sub-
groups of studies.

Reporting

We described the results for dichotomous process mea-
sures as follows: ‘small’ for RD values of < 5%, ‘modest’ for
RD values from 5 to < 10%, ‘moderate’ for RD values from
10 to < 20%, and ‘large’ for RD values > 20% [24].

In some studies, an improvement corresponded to an in-
crease in the measure (higher values indicated improve-
ment). In others, an improvement corresponded to a
decrease in the measure (lower values indicated improve-
ment). We therefore standardised the direction of effect, so
that higher values represented an improvement.

Some studies compared groups in which the interven-
tion differed in relation to more than one CDS factor
(e.g. CDS provided at a different point in time and deliv-
ered through a different channel). In such situations, the
study was not included in the analysis but the findings
are reported as an additional note to the comparison.

Differences between the protocol and review

Our decision to use the two-step approach, focusing ini-
tially on the primary and then on the secondary analysis,
was taken after publication of the protocol but before
starting on the data synthesis. We decided to perform the
subgroup analysis after the data synthesis was completed.
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Results

Study selection

We screened 4338 studies and included 66 in the review.
Figure 1 provides further details about the selection
process.

Study characteristics

Most studies (53/66; 80%) had clustered designs. Fifty-
three studies (80%) were conducted in the USA, five in
Canada, and five in the Netherlands. The three remaining
studies were conducted in Israel, New Zealand, and
Switzerland.

Forty-one studies (62%) targeted only the healthcare
provider, and 25 studies (38%) targeted both the health-
care provider and the patient. Fifty-eight studies (88%)
were conducted in clinical outpatient settings, six studies
were in inpatient settings (9%), and two studies (3%)
were based in both. The purpose of the CDS was to
support decision-making in preventive care in 22 studies
(33%), acute conditions in 4 studies (6%), chronic condi-
tions in 22 studies (33%), and management of miscellan-
eous conditions (e.g. CDS related to prevention and/or
acute conditions and/or chronic conditions) in 18 stud-
ies (27%).

The CDS was delivered on-screen to the healthcare
professionals in 41 studies (62%) and on paper in 20
studies (30%). In three studies, the CDS was delivered
using both on-screen and paper methods; in two studies,
it was unclear how the CDS has been provided. Twelve
studies (18%) were published before 2000; 30 studies
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(46%) between 2000 and 2010; and 24 studies (36%) be-
tween 2010 and 2016.

Fifty-five studies (83%) assessed dichotomous process
measures and 15 studies (23%) evaluated dichotomous
patient measures. Fourteen studies (21%) reported con-
tinuous process outcomes; and continuous patient out-
comes were reported in 16 studies (24%). Fourteen
studies measured economic outcomes (21%), three stud-
ies evaluated patient satisfaction, and two studies re-
ported provider satisfaction. Dichotomous process
outcomes measured typically the proportion adherence
with guidelines. Continuous process outcomes included
for example the number of tests ordered, mean drug
doses, rates of use of medications to avoid, or a continu-
ity of care score. Dichotomous patient outcome mea-
sures included for example proportion of patients with
clinical improvement, with abnormal test results or with
various types of morbidity. Examples of continuous pa-
tient outcomes included mean blood pressure, quality of
life score, or number of hospitalisations or emergency
department visits.

Risk of bias within studies

Most studies (43/66; 65%) were at high risk of bias. Most
frequently, the causes of a high risk of bias included
contamination between comparison arms and differ-
ences in baseline characteristics and baseline outcomes
(Fig. 2). Five (8%) were at low risk of bias and risk of
bias was unclear in 18 studies (27%). Four studies (6%)
received commercial funding.

4,338 studies screened
against title and abstract

v

261 full text articles screened

\4

66 studies included

Fig. 1 Study selection flowchart

194 studies excluded
112 Irrelevant interventions
51 Irrelevant comparators
11 Non-eligible study
designs
1 Non-eligible outcomes
1 Non-eligible participants
1 Non-eligible settings
4 No full-text available
(conference presentations)
13 References related to
other screened studies
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Random sequence generation [ INEEEEGEEGEGEGEEN ||
Allocation concealment |GG ]
Baseline outcomes similar NG ]
Baseline characteristics similar [N | ]
Incomplete outcome data [N |
Blinding of outcome assessment [N 1
Contamination NG |
Selective reporting I NG ||
Risk of bias overall [l |
0% 20% 40% 60% 80% 100 %
M Low risk of bias Unclear risk of bias W High risk of bias
Fig. 2 Risk of bias assessment

Results of individual studies
Data for each individual trial is available in Additional files 2
and 3.

Synthesis of results—effect of CDS intervention factors
across studies

Table 1 provides an overview of the results of the pri-
mary and secondary analyses for adherence to recom-
mended practice and for patient outcomes. The data is
limited to dichotomous outcomes. Detailed description
and summary of finding tables for all the comparisons
are available in Additional file 4.

We synthesised the trials across 14 factors based on
the comparisons of aspects related to the CDS interven-
tion. Five comparisons related to the content of the
CDS, five comparisons related to the CDS system, and
four comparisons related to the implementation of the
CDS interventions. Three comparisons are not included
in Table 1. The comparison ‘CDS provided before versus
during the patient visit' was not included because the
evidence was only indirect due to the simultaneous com-
parison of multiple aspects related to the CDS interven-
tions. Two comparisons are not included in Table 1
because the nature of the CDS factors was very specific
(namely, comparisons in relation to the usability of the
CDS system and comparisons in relation to the amount
of CDS).

Adherence

Evidence for the effect of CDS factors on adherence
ranged from no effect to large positive increases
(Table 1). For example, CDS that required users to re-
spond to advice (versus no requirement to respond)
showed no effect (RD 0.1% in the primary analysis, low
certainty evidence) and CDS provided automatically by
the system (versus on demand) showed the largest effect

(RD 22.2% in the secondary analysis, low certainty evi-
dence). Overall, the results of the primary analyses and
secondary analyses were similar. In three instances, no
data were available for the primary analysis.

Displaying CDS on-screen may lead to moderate im-
provements in adherence (RD 15.6%, low certainty
evidence), but these findings are inconsistent with the
secondary analysis which showed no change. This factor
included two studies, where one study targeted healthcare
provider behaviour and the other study focussed on
shared decision-making. Making CDS more patient-
specific probably improves adherence modestly (RD 6.2%
in the primary analysis, moderate certainty evidence).

Using CDS interventions combined with professional-
oriented strategies (RD 4.8% in the primary analysis, low
certainty evidence), combined with patient-oriented strat-
egies such as patient education (RD 3.1% in the primary
analysis, moderate certainty evidence), or combined with
staff-oriented strategies (RD 4.1% in the primary analysis,
moderate certainty evidence) probably improves adherence
slightly. Professional-oriented strategies included for ex-
ample the use of opinion leaders or educational sessions;
patient-oriented strategies included for example patient
education or counselling. Examples of staff-oriented strat-
egies are the support of a case manager or the provision of
CDS to different healthcare provider roles. Additional file 4
provides further details.

Providing CDS to patients may slightly increase
adherence versus CDS aimed at the healthcare provider
(RD 5.1% in the primary analysis, low certainty evi-
dence). Noteworthy is the negative first quartile value,
which suggests that compliance might also deteriorate
when CDS is targeted directly at patients. It is uncer-
tain from our subgroup analysis, whether the targeted
behaviour (prevention/screening versus treatment) was
associated with changes in adherence.
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Table 1 Overview of the main results
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Factor Outcome Number of studies*  Absolute improvement (RD) Certainty of evidence
(GRADE)
More versus less evidence-based Adherence - - ®000
CDS advice 5 50% Low
Range of ORs: 3.5 (Cl 1.1-11.5) to 1.0
(C0.3-28)
More versus less patient-specific Adherence 1 6.2% ®000
CDS (by using additional patient data) 3 3.0% 108 1.2 0 5.9 Moderate
Patient outcomes - - ®600
3 8%, IOR 0 to 8.9 Low
More versus less explicit CDS advice Adherence 1 -04% ©000
(by providing recommendations or not) ; 0% Moderate
Patient outcomes - - YL Te)
1 -0.7% Moderate
More versus less explicit CDS advice Adherence - - [2X:TeTe)
(by presenting specific patient data or not) ; 0% Low
CDS that does (versus does not) require Adherence 1 0.1% ®PO0
users to respond to the advice 3 — 2.0% I0R — 2.9 t0 80 Low
CDS provided automatically by the Adherence - - ®00
system versus on demand by the user 3 22,29, I0R 9.4 t0 28.0 Low
CDS displayed on screen versus Adherence 1 15.6% ®0600
delivered on paper 1 Range of ORs 0.3 (C1 0.1-1.0) to 0.7 Low
(C02-2.1)
CDS combined with other professional- Adherence 3 48%, IQR =39 to 10.8 @DOO
oriented strategies versus CDS only ; 6.2% Low
Patient outcomes - - ®e00
2 —-0510R-5t04 Low
CDS combined with patient-oriented Adherence 10 3.1%, QR —201t0 50 ®d00
strategies versus CDS only 5 2.8%, IOR 1.5 t0 6.5 Moderate
Patient outcomes 1 - 5% ®000
1 18.2% Low
CDS aimed at the patient versus CDS Adherence 3 5.1%, QR —53to 134 D00
aimed at the healthcare provider 5 4%, 10R 0 10 83 Low
Patient outcomes - - XS] ele)
2 —2.4%, IOR — 8.1 to 3.3 Low
CDS for physician and another provider Adherence 1 4.1%, I0R 34 to 7.2 P®0
type versus CDS for physician only 5 5.2% I0R 44 t0 6 Moderate
Patient outcomes - - ®D00
2 1.4% (IOR + 1 to +1.7) Low

*The upper row presents the results for the primary analyses (normal print) and the lower row presents the secondary analyses data (in italics). The primary
analyses only included studies with risk differences that were adjusted for baseline differences; the secondary analyses present results for studies where it was not

possible to adjust for baseline differences

*The results of the studies are presented as absolute improvement (risk difference). We present the median and interquartile range (IQR) if multiple studies were
available for an analysis. Odds ratios (OR) and 95% confidence intervals (Cl) are presented if no risk data was available
*GRADE Working Group grades of evidence: High certainty @@®®@®: Further research is very unlikely to change our confidence in the estimate of effect. Moderate
certainty @@®: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low certainty
@@: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low certainty

@: We are very uncertain about the estimate
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Making CDS advice more explicit and requiring users
to respond to the advice may make little or no difference
to adherence (low certainty evidence).

Patient outcomes

The amount of evidence is limited for patient outcomes,
and no data were available for some of the comparisons.
Overall, the different CDS intervention factors may
make little or no difference to patient outcomes (low
certainty evidence). Only the factor ‘more versus less
patient-specific CDS’ showed modest improvement ef-
fects (RD 8% in the secondary analysis, low certainty evi-
dence). The trials included for this factor provided CDS
suggestions that were more specific to the patient situ-
ation by collecting and using additional patient data (e.g.
risk factors, patient concerns). For the factor CDS to pa-
tients versus CDS aimed at the healthcare provider, we
point at the findings from one study that found a 14.7%
relative increase in the emergency department encounters
when computer generated information was directed at the
patient versus directed at a healthcare provider [31].

Other outcomes

The results for economic outcomes and satisfaction out-
comes were sparse and could not be combined per fac-
tor. The three studies that measured patient satisfaction
found no meaningful differences. Within the compari-
sons related to the usability of the CDS system, one
study found more conducted searches, less time spent
seeking information, and a higher impact of the informa-
tion seeking with topic specific infobuttons [32]. For the
factor more versus less evidence-based information, one
study evaluated patient empowerment as an outcome,
but this study found little or no change in scores [33].
Access to the decision support adjusted for the number
of decision support opportunities was higher (RD 11%)
when CDS was provided automatically by the system
(versus on demand) [34]. Additional file 4 provides fur-
ther details per factor.

Discussion
Summary of evidence
We synthesised 66 trials across 14 factors based on the
comparisons of aspects related to the CDS intervention.
The CDS intervention factors resulted in small to large
improvements in adherence to recommended practice,
but we found little or no difference to patient outcomes.
A lack of sensitivity to measure small but relevant clinical
outcomes can potentially explain this observation [35, 36].
Factors with larger interquartile ranges suggest variability
with potentially larger effects when the strategy is well-de-
signed and congruent with the local context.

The findings that CDS provided to patients improved
adherence are consistent with the findings of previous
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meta-regression analyses [6, 11]. Lobach et al. [6] and
the subgroup analysis by Shojania et al. [20] also found
that CDS which is combined with professional-oriented
strategies resulted in better adherence. This factor was
not associated with CDS success in a review by Rosha-
nov [11]. Evidence about the automatic provision of
decision support is consistent with the findings of two
meta-regression analysis by Lobach et al. and by Fill-
more et al,, but contradicts the findings of Roshanov et
al. and the subgroup analysis by Shojania et al. [11, 15,
6, 20]. Lobach et al., Roshanov et al., and Arditi et al.
found that requesting providers to confirm agreement or
to provide reasons for not adhering to the advice was a
factor that was associated with CDS success [6, 11, 30].
These findings were not consistent with the evidence in
our review which showed little or no difference in adher-
ence. Lobach et al. also reported that the provision of a
recommendation (and not just an assessment) was more
effective. This finding was not supported in the sub-
group analysis by Arditi et al. and neither supported by
the evidence in our review [30]. Arditi et al. and Lobach
et al. also found better outcomes with decision support
that are evidence-based or supported by references.
Roshanov did not identify this as a success factor. More
patient-specific advice was not an effect modifier in Sho-
jania et al., while more patient-specific advice resulted in
higher adherence in our review [20].

A potential reason for these differences is that the
meta-regression and subgroup analyses and our review
have included different studies. The meta-regression and
subgroup analyses in these studies did not specifically
compare CDS with and without a given factor. Instead,
the analyses evaluated if studies including a factor more
often were associated with success compared to studies
without such a factor. Further, the studies by Arditi and
by Shojania focussed on a subset of CDS trials that ei-
ther delivered the advice on paper or on screen [30, 20].
The differences may also be due to bias by confounding,
which is an important limitation of meta-regression
analyses [37]. The majority of the trials in the meta-re-
gression analyses included combinations of different fac-
tors that may be correlated.

Strengths and limitations
Our systematic review identified a substantial number of
head-to-head comparisons of CDS intervention factors.
Our approach of using the RD for adherence, rather
than relative effect sizes (e.g. relative risk), may make it
easier for readers to interpret the magnitude of the
changes in adherence and in patient outcomes that we
report. Whenever possible, the data are corrected for
baseline differences.

We have rated the certainty of the evidence using the
GRADE system, and the review is more explicit than
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other reviews on the certainty that can be placed in the
findings. Many of the studies included in this review had
a high risk of bias or methods that were insufficiently
clear to allow for an assessment of the risk of bias.
Ideally, the evidence from all these studies should have
been extracted and appraised independently by two
people. But the size of this task and the limited re-
sources available meant that only half of the studies were
processed in this way. For the other studies, one author
double-checked the data extraction and risk of bias
assessment with the original paper as a quality control
mechanism.

Given the broad inclusion criteria, the studies in this
review have a wide contextual, clinical, and program-
matic diversity for nearly every comparison. In our as-
sessment of the certainty of evidence, we used the
GRADE approach which takes inconsistency in the study
effects into account [38]. In situations with widely differ-
ing effect estimates or in situations with only one study
included in the comparison/outcome, we downgraded
certainty in the evidence. While different contextual fac-
tors might affect the treatment effects, we have not tried
to investigate the reasons for inconsistency within this
review given the small amount of studies available per
comparison. Except for the factor ‘CDS combined with
patient-oriented strategies versus CDS only, we explored
variation in summary estimates based on the type of tar-
geted behaviour.

We described the results as ‘small; ‘modest, ‘moderate,
and ‘large’ like this was done in key systematic reviews
about implementation strategies [24]. While the terms
modest and moderate can convey the sense of being not
important, it might be unrealistic to expect magic bul-
lets. Therefore, we should not discard the modest or
moderate improvements that some features can bring on
population level and for individual patients [39].

Our reporting of the median RD across the included
studies does not take the precision of the study effect
into account. We did not report confidence intervals of
the reported effect sizes, and we do not know if these
intervals overlapped with ‘no effect’. However, it was not
possible to use conventional meta-analysis methods and
the median effect approach that we implemented has
been used in many Cochrane reviews. Interrupted time
series also form a robust study design but these require
a different type of analysis. In a future review, we could
include interrupted time series and analyse them
separately.

The effectiveness of CDS may be affected by many
other factors that are not assessed in this review. Some
of these have been studied in contexts other than CDS.
Brandt et al. compared the presentation of guideline
recommendations in a digitally structured format with
standard formats and showed that optimised guideline
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presentation formats can potentially lead to higher
adherence [40]. Other factors do not lend themselves to
evaluations within a trial and therefore process evalua-
tions or syntheses of qualitative research may help to
answer questions on stakeholders’ perceptions and ex-
periences regarding the use of CDS. The GUIDES pro-
ject has synthesised the information from the best
current evidence, and we hope that the development of
the CDS implementation checklist will help teams to
increase the successful use of CDS [17].

Further research

Despite the large number of head-to-head trials, fur-
ther trials with direct comparisons for a range of
CDS intervention factors are needed to draw firm
conclusions on how to improve the effectiveness of
CDS. To reduce baseline differences between trial
arms and prevent contamination across trial arms,
studies should use appropriate randomisation when-
ever possible. Consideration of unit of analysis errors
is important for cluster RCTs [23]. Economic evalua-
tions and measurements of satisfaction should also be
incorporated in trials. A seldom reported measure re-
lated to provider satisfaction would be whether the
CDS is time-saving. Studies where CDS users could
make an informed choice on which outcomes they
want to improve, and CDS that assists in achieving
those outcomes are warranted.

Conclusions

Stakeholders need to be informed about how best to em-
ploy CDS in ways that improve (1) healthcare, (2) health
outcomes, (3) cost management, and (4) patient and
provider satisfaction [9, 10]. To do this, it is important
that stakeholders understand how to enable effective
CDS. The findings of this review suggest that multiple
factors may affect the success of CDS interventions.
CDS may be more effective when the advice is provided
automatically and displayed on-screen and when the
suggestions are more patient-specific. CDS interventions
combined with professional-oriented strategies, com-
bined with patient-oriented strategies, or combined with
staff-oriented strategies probably also improves adher-
ence. Providing CDS directly to patients may also posi-
tively affect adherence. The effects of the different
factors may vary with how the intervention is set up and
carried out.

The certainty of the evidence was low to moderate
for all the factors. This review provides useful insights
about how to increase the effectiveness of CDS, but it
is important to be aware of the uncertainty of these
results.
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