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ABSTRACT

Aim: To assess the effectiveness of Clinical Decision Support Tools (CDSTs) in enhancing the quality of care
outcomes in primary cardiovascular disease (CVD) prevention.

Methods: A systematic review was undertaken in accordance with PRISMA guidelines, and included searches in
Ovid Medline, Ovid Embase, CINAHL, and Scopus. Eligible studies were randomized controlled trials of CDSTs
comprising digital notifications in electronic health systems (EHS/EHR) in various primary healthcare settings,
published post-2013, in patients with CVD risks and without established CVD. Two reviewers independently
assessed risk of bias using the Cochrane RoB-2 tool. Attainment of clinical targets was analysed using a Restricted
Maximum Likelihood random effects meta-analysis. Other relevant outcomes were narratively synthesised due to
heterogeneity of studies and outcome metrics.

Results: Meta-analysis revealed CDSTs showed improvement in systolic (Mean Standardised Difference (MSD)=
0.39, 95 %CI=-0.31, -1.10) and diastolic blood pressure target achievement (MSD=0.34, 95 %CI=-0.24, -0.92),
but had no significant impact on lipid (MSD=0.01; 95 %CI=-0.10, 0.11) or glucose target attainment (MSD=-
0.19, 95 %CI=-0.66, 0.28). The CDSTs with active prompts increased statin initiation and improved patients’
adherence to clinical appointments but had minimal effect on other medications and on enhancing adherence to
medication.

Conclusion: CDSTs were found to be effective in improving blood pressure clinical target attainments. However,
the presence of multi-layered barriers affecting the uptake, longer-term use and active engagement from both
clinicians and patients may hinder the full potential for achieving other quality of care outcomes.

Lay Summary: The study aimed to evaluate how Clinical Decision Support Tools (CDSTs) impact the quality of
care for primary cardiovascular disease (CVD) management. CDSTs are tools designed to support healthcare
professionals in delivering the best possible care to patients by providing timely and relevant information at the
point of care (ie. digital notifications in electronic health systems). Although CDST are designed to improve the
quality of healthcare outcomes, the current evidence of their effectiveness is inconsistent. Therefore, we con-
ducted a systematic review with meta-analysis, to quantify the effectiveness of CDSTs. The eligibility criteria
targeted patients with CVD risk factors, but without diagnosed CVD. The meta-analysis found that CDSTs showed
improvement in systolic and diastolic blood pressure target achievement but did not significantly impact lipid or

* Corresponding author at: School of Public Health and Preventive Medicine, Monash University, 553 St Kilda Road, Alfred Precinct, Melbourne, VIC. 3004,

Australia.

E-mail address: Stella.Talic@monash.edu (S. Talic).

https://doi.org/10.1016/j.ajpc.2024.100855

Received 12 May 2024; Received in revised form 20 August 2024; Accepted 5 September 2024

Available online 20 September 2024

2666-6677/© 2024 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:Stella.Talic@monash.edu
www.sciencedirect.com/science/journal/26666677
https://www.journals.elsevier.com/american-journal-of-preventive-cardiology
https://doi.org/10.1016/j.ajpc.2024.100855
https://doi.org/10.1016/j.ajpc.2024.100855
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajpc.2024.100855&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

L. Buzancic et al.

American Journal of Preventive Cardiology 20 (2024) 100855

glucose target attainment. Specifically, CDSTs showed effectiveness in increasing statin prescribing but not an-
tihypertensives or antidiabetics prescribing. Interventions with CDSTs aimed at increasing screening programmes
were effective for patients with kidney diseases and high-risk patients, but not for patients with diabetes or
teenage patients with hypertension. Alerts were effective in improving patients’ adherence to clinical appoint-
ments but not in medication adherence. This study suggests CDSTs are effective in enhancing a limited number of
quality of care outcomes in primary CVD prevention, but there is need for future research to explore the
mechanisms and context of multiple barriers that may hinder the full potential for cardiovascular health out-

comes to be achieved.

1. Introduction

Cardiovascular disease (CVD) is the largest contributor to global
mortality and a substantial factor in the prevalence of disability [1].
According to the World Health Organization (WHO), an estimated 17.9
million people died from CVD in 2019, representing 32 % of all global
deaths [2]. The impact of CVD on public health is particularly evident in
Australia [3], where >1.2 million individuals were affected by CVD in
2018, constituting the underlying cause of 15 % of all deaths in the
country in 2021 [4]. A similar trend is observed globally, with CVD
being the leading cause of death in the European Union (EU), accounting
for one-third (32.7 %) of all deaths in 2020, and resulting in 1.7 million
deaths in the EU [5].

Management of patients at high risk of CVD predominantly occurs
within primary care practices, with a major focus on appropriate life-
style changes and pharmaceutical interventions (i.e. medications). In
2021, CVD medications comprised 37 % of all prescriptions under the
Pharmaceutical Benefits Scheme (PBS) in Australia and is also contin-
uously rising in Europe and North America as well, as reported by na-
tional annual reports on medicine consumption [6,7]. Despite this,
medication adherence in CVD prevention remains suboptimal, with 49
% of patients exhibiting non-adherence within five years following their
lipid prescription [8,9]. Poor adherence to CVD medications, such as
lipid and blood pressure lowering therapies is linked with significantly
worse risk factor control and increased incidence of cardiovascular
events and death [10,11]. A meta-analysis of 161 studies found that the
global prevalence of antihypertensive medication nonadherence ranged
between 27 % and 40 % and no significant change in trend was detected
between 2010 and 2020 [12]. The impact of non-adherence to CVD
medications directly leads to lost therapeutic benefit and wastage of
resources [13].

Clinical Decision Support Tools (CDSTs) have been explored as a
potential method of addressing medication non-adherence and ensuring
best-practice quality of primary care. CDSTs are typically integrated
with electronic health records (EHRs) to prompt clinicians or health
practitioners to administer evidence-based and patient-specific care
[14]. These tools encompass various features such as digital alerts,
pop-ups, and notifications, either active or passive, offering recom-
mendations related to clinical management, diagnostics, or patient
safety [15]. While some studies have explored the potential of CDSTs in
addressing medication adherence, follow-up and screening practices in
CVD care, there is a pressing need to quantitatively assess and evaluate
their effectiveness in the context of primary care [16].

Current evidence on CDSTs is inconclusive for several important CVD
outcomes. While CDSTs have demonstrated success in facilitating re-
ferrals for screening and prompting clinical tests and treatments, [14,
17] their effectiveness in supporting medication adherence and risk
factor attainment is unclear [14]. Furthermore, the most recent sys-
tematic review of CDSTs in CVD care was published in 2015, but with
development of new tools and inclusion of new patient subgroups, a new
analysis on effectiveness is needed. Past research has emphasised the
necessity to quantify the magnitude of improvements in medication
adherence and risk factor attainment resulting from CDSTs rather than
highlighting their features [14]. Therefore, the primary objective of this
review is to systematically examine and assess the effectiveness of

CDSTs in enhancing the quality of care outcomes associated with pri-
mary CVD prevention.

2. Methods

A systematic review was undertaken in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocols [18], with the study prospectively registered with
PROSPERO (CRD42023449368) on 14th of August 2023.

2.1. Eligibility criteria

Studies of patients with one or more risk factors for CVD, such as
hypertension, hyperlipidaemia, diabetes, high Body Mass Index (BMI),
and chronic kidney disease (CKD), were considered eligible for inclusion
and studies focusing on patients with an existing CVD diagnosis (i.e.
atrial fibrillation, myocardial infarction, heart failure, angina pectoris
etc.) were excluded. For this review CDST comprised digital notifica-
tions or alerts delivered through the Electronic Health Record (EHR)
prompted to healthcare providers. Studies employing tools unrelated to
patient care, utilising simulated patients, designed for diagnostic de-
cisions or directed to patients were excluded. Additionally, studies
comparing different types of CDSTs were excluded from this scope of
research.

Studies were included if they reported on at least one of the primary
outcomes and were not published before 2013 to reflect technological
advancements in CDSTs and time since the last systematic review on this
topic was published [17]. Only randomised controlled trials were
considered for inclusion.

Primary outcomes included measures related to the quality of care
and/or patient-related outcomes. Quality of care included: changes in
prescribing or prescription adjustments, changes in ordered screening
tests (i.e. clinical biomarkers) for monitoring of clinical targets attain-
ment and completion of preventive care services. Patient outcomes
encompassed follow-up on medication or appointment adherence, and
attainment of clinical biomarkers (i.e. low-density lipoprotein choles-
terol (LDL-C), blood pressure, glucose levels)

2.2. Search strategy and study selection

A comprehensive search was conducted across Ovid Medline, Ovid
Embase, CINAHL, and Scopus, limited to English literature. The search
strategy underwent validation by a medical librarian (LR) and is docu-
mented in Appendix 1. Covidence was employed for the management of
study selection and quality assessment [19]. Protocols were checked for
updated, published results to identify additional relevant studies. Six
independent reviewers (CN, IB, DB, CT, ST, MOH) screened titles and
abstracts for inclusion, with conflicts resolved by team supervisors (ST,
MOH). Studies passing the initial screening were then assessed for
full-text inclusion by at least two independent investigators (CN, IB, DB,
CT), resolving conflicts through team discussion with senior authors (ST,
MOH).



1. Buzancic et al.
2.3. Data extraction

Data extraction was performed by two reviewers (CN, IB) using an
Excel-based form following Cochrane guidelines [20], capturing infor-
mation on the intervention, effect measures, outcomes, and results.
Extracted data were verified by another investigator (either BC, ST or
JK) to ensure accuracy and relevance.

2.4. Risk of Bias assessment

At least two reviewers (CN, IB, DB, CT) independently assessed the
Risk of Bias (RoB) for each study using a quality assessment form
adapted from the Cochrane RoB-2 tool [21] within Covidence [19]. Each
domain of overall risk was rated as low, unclear, or high. Consensus for
the overall risk of bias in each domain was reached through a senior
third reviewer’s judgement (ST, MOH), and the results were condensed
into an Excel spreadsheet for visualisation. In addition, 3 reviewers (ST,
CT, JK) applied GRADE to independently assess the level of evidence
based on the study’s outcomes as referred to in the supplementary
material.

2.5. Data synthesis

The subsequent phase involved data analysis, where the synthesised
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data were examined and interpreted to draw meaningful conclusions
regarding the impact of CDSTs on quality of care and/or patient-related
outcomes in primary CVD prevention. Due to the differences in the effect
outcomes reported by the included studies, we were limited to per-
forming quantitative data synthesis for studies reporting on the attain-
ment of clinical biomarkers (LDL-C, blood pressure, and glucose levels).
Remaining outcomes were synthesised narratively Means and standard
deviations (SDs) associated with baseline and post-intervention out-
comes were included in the meta-analysis. The mean difference (MD)
was the effect size. A random-effects model was employed to account for
potential heterogeneity among included studies. The restricted
maximum likelihood (REML) method was used to estimate the between-
study variance [22]. Forest plots were generated to visually assess in-
dividual study effects, along with the overall pooled effect estimate and
95 % confidence intervals (Cls). Heterogeneity was assessed using the I*
statistic, where values of 25 %, 50 %, and 75 % represented low, mod-
erate, and high heterogeneity, respectively. Subgroup analyses were
conducted to explore potential sources of heterogeneity based on study
characteristics (Appendix 2). In addition, sensitivity analyses were
performed to assess the robustness of the results by excluding studies
with a high risk of bias or those with specific characteristics that may
influence the overall effect estimate. R programming language, version
4.3.2., was used for statistical computing.

[ Identification of studies via databases and registers ]
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Fig. 1. PRISMA flow diagram.



L. Buzancic et al.

3. Results
3.1. Study selection and exclusion

A comprehensive search initially identified 6337 potential studies.
After screening, 6017 studies were deemed irrelevant based on title and
abstract, and 321 studies proceeded to full-text review. Following
rigorous scrutiny, 183 studies were excluded during full-text review due
to updated criteria (inclusion of randomized controlled trials only), and
a further 43 studies were excluded due to pre-2013 publication. Various
other reasons for exclusion are shown in Fig. 1.

3.2. Characteristics of included studies

Of the 16 studies meeting inclusion criteria, the majority were con-
ducted in high-income countries. Specifically, seven studies originated
from the USA [23-29], three from European countries, one each from
Belgium [30], Italy [31], and Spain [32], two from the UK [33,34], two
from Asian countries [35,36], and one each from Australia [37] and
Ghana [38]. All studies adopted a randomized controlled trial design,
with eight utilising a cluster-randomized control trial design [23-25,27,
30,32,34,35]. The primary settings for these studies were predominantly
within primary care facilities, encompassing primary care departments
and general practitioner practices, with two studies reporting hospital
setting [32,36], and one each an integrated multispecialty group prac-
tice [28] and an academic medical centre [23].

Variability was observed in follow-up durations, ranging from 3
months to 24 months, with a median of 12 months. Although studies
generally maintained a balanced distribution of sex, participant eth-
nicities were predominantly reflective of the most prominent ethnicity
within the respective country. All studies included adults (mean age
ranging 50-73 years), apart from one conducted in adolescents 10-17
years old [26].

The primary prevention cohorts comprised patients with type 2
diabetes mellitus [30,34,36,38], hypertension [26,27,31,35] and
chronic kidney disease [28,29]. Sample sizes ranged from 77 to 74,608,
with larger sample sizes in studies with a greater number of randomized
practices. The most commonly measured outcome was change in clinical
targets such as blood pressure (BP), LDL-C, or glycated haemoglobin
(HbAlc) levels [27,29-32,34-38], followed by changes in adherence to
clinical guidelines such as guideline directed prescribing [23-25,28,34,
371, changes in patients’ adherence [27,29,31,38], and changes in
number of ordered or completed healthcare procedures (i.e. referrals,
tests, follow-ups) [26,28,33,37].

CDSTs were mostly intended to be used by primary care or specialist
physicians [23,24,38,25,28,30,32,34-37], but several were designed for
nursing personnel [26,31,36] and wider clinical staff including phar-
macists, physician assistants, therapists, and healthcare students [27,29,
33].

Diversity was evident in the reporting of CDST descriptions. Only six
studies reported how CDST alerts could be responded to, with three
studies reporting the alerts required an action (accepting or dismissing
the alert) [23,24,27], and three reporting the alert could be ignored [26,
33,35]. Two CDST tools used multiple colour schemes (red, yellow,
green) to draw attention to the clinical reminder [30,38]. The tools
could be grouped into three categories: risk assessment, guideline-based
recommendation, and combination CDST. Risk assessment tools used
clinical data to stratify patients into risk categories [29,33,36,38],
guideline-based CDST employed available clinical guidelines to form
alerts for healthcare providers [23-25,30,31], and combination CDST
employed both methods to inform decisions regarding primary pre-
vention [26-28,32,34,35,37].

Overall, seven studies [23,26,27,29,30,34,37] demonstrated no
effectiveness for either quality of care or patient-related outcomes. Four
studies demonstrated partial effectiveness [25,28,31,32], meaning
effectiveness of the CDST was evident for a portion of reported
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outcomes. In those instances, effectiveness was shown for the quality of
care outcomes of specialist referral and adherence to screening and
treatment guidelines, and for the patient-related outcomes of attainment
of risk factor targets. Five studies demonstrated effectiveness of CDST in
improving quality of care and patient-related outcomes [24,33,35,36,
38]. Table 1 provides additional information on study characteristics,
while Appendix 3 contains a comprehensive table with detailed infor-
mation on selected studies.

3.3. Risk of bias

Owing to the inherent characteristics of the intervention, a consid-
erable number of studies had indeterminate risk of bias concerning the
blinding of both practitioners and participants. This primarily emanated
from practitioners being cognisant of their utilisation of the intervention
tool, and in five instances, patients also being aware. Conversely, a
majority of the studies demonstrated a low risk of bias concerning the
generation of randomization sequences and the reporting of compre-
hensive outcome data. The blinding and concealment processes, how-
ever, were frequently inadequately detailed across studies, posing
challenges in rendering a definitive assessment of paper quality. A
graphical representation of the evaluation of each paper is presented in
Fig. 2, and details on risk of bias assessment for each domain can be
found in Appendix 4.

3.4. Effects of interventions - Quantitative synthesis attainment of clinical
targets (i.e. biomarkers)

A total of ten studies [27,29-32,34-38] reported on attainment of
risk factor targets as a measure for monitoring risk factor improvement,
of which nine focused on blood pressure changes [30-32,35-38], five on
LDL-C levels [30-32,36,37], and three on HbAlc levels [30,32,36]
(Table 1). Based on reported results, six studies were included in the
meta-analysis [30-32,34,36,38] presented in Figs. 3-6. Of the four
studies which could not be included in the meta-analysis, due to dif-
ferences in reported outcome measures, one was assessed as effective in
achieving lower blood pressure levels [35], with the mean difference in
systolic blood pressure between intervention and control group of —7.11
mmHg (95 %CI —13.11 to —2.23 mmHg; p = 0.008), and the mean
difference in diastolic blood pressure of —3.29 mmHg (95 % CI —6.32 to
—0.87 mmHg; p = 0.041) while three were assessed as ineffective in
achieving changes in blood pressure [27,29,37]. Kressin et al. report a
non-significant 0.10 mmHg decrease in systolic blood pressure (p =
0.88) and a 0.70 mmHg decrease in diastolic blood pressure (p = 0.06) in
the reminder group [27]. Similarly, Tuot at al. indicated a
non-statistically different change in systolic blood pressure in the
intervention group (—0.5 mmHg (95 % CI —5.5-4.5)) compared to usual
care (0.5 mmHg (95 % CI —5.2-6.3)) [29]. Webster et al. stated similar
percentages of patients in both groups achieved treatment targets of
blood pressure and LDL cholesterol (19.6 % in the intervention versus
20.1 % in control, RR= 1.06 (95 % CI 0.85-1.32)) [37].

3.5. Attainment of LDL-C

Three studies [30,31,36] with a total of 5705 people involve-
d/randomised and followed up for 6 months were included in the
analysis of the effect of CDST and attainment of LDL-C recommended
targets. Overall pooled analysis suggested an estimated Mean Stand-
ardised Difference (MSD) = 0.01, 95 %CI = —0.10 - 0.11, as represented
in Fig. 3. Risk of bias across these three studies ranged from low/unclear
[30,31] to high [36] (Table 1).

3.6. Attainment of SBP/DBP

Three studies [30,31,38] with a total of 4213 people involve-
d/randomised and followed up for 6 months were included in the
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Table 1
Characteristics of included studies.

Author, year of Total Setting Intervention description ~ Outcome assessed Sample Effect Size/Standard Error Effectiveness Risk of

publication, study Size (95 %CI) of the assessed Bias

country duration intervention

Attainment of clinical targets (i.e. biomarkers)

Adjei et al.%®, 6 months  national newly developed compliance with 200 SBPIG —4.3vsUC —2.8(p=  Effective High
2015, Ghana diabetes clinical reminder - appointment dates and 0.002), DBP IG —5.3 vs UC

management generated pop-ups changes in blood —3.1 (p = 0.001)
and research pressure
centre

Anchala 12 primary health CDSS with guidelines SBP and DBP 1634 SBP:IGvsUC —7.11(—13.11  Effective High
et al.’® 2015, months care centres and alerts - could be differences to —2.23), DBP: IG vs UC
India ignored —3.29 (—6.32 - —0.87)

Chan et al.®°, 4 years Hospital-based JADE portal - change in HbAlc, LDL- 2393 HbAlc: IGvs UC —0.39 % (p  Effective High
2022, and 7 diabetes automated decision C and blood pressure = 0.004), LDL-C: IG vs UC
Multinational ~ months centres support for patients and  levels —0.14 (p = 0.001)

- Asia physicians
Cicolini et al.’!, 8 months  primary care NRP-e - email and changes in fasting 203 SBP change: IG —14.9 vs UC  Effective Low/
2013, Italy practices phone call alerts blood glucose, LDL-C, —10, (p < 0.001), Unclear
blood pressure levels DBP change: IG 11 vs UC
and lifestyle —7.6, (p < 0.001),
parameters LDL-C change: IG —36.9 vs
UC —26.8, p < 0.001)

Heselmans 12 primary care EBMeDS - patient- changein HbAlc, LDL- 3815 HbAlc 12 month change Not effective Low/
et al.®°, 2020, months practices specific reminders, C and blood pressure mean difference —0.40 Unclear
Belgium therapeutic suggestions levels (-0.70, —0.09), LDL-C 12

and diagnoses specific month change mean

guidelines to difference 0.14 (—4.84,

practitioners 5.11), SBP 12 months change
mean difference 0.06
(—2.39, 2.27), DBP 12 month
change mean difference 0.87
(—0.69, 2.44)

Kressin et al.?’, 8 months  primary care EMR reminder for changes in blood 11,528 DBP: IG vs UC —0.70 (p = Not effective High
2016, USA clinics hypertension care pressure and 0.06),

antihypertensive SBP: IG vs UC —0.10 (p =
medication adherence 0.88)

Tuot et al. %, 18 primary care EHR enabled CKD changes in systolic 137 IG —0.5 (05.5t0 4.5), UC0.5  Not effective High
2019, USA months clinics registry tool blood pressure (-5.2-6.3)

Webster 33 general INTEGRATE - achievement of 4477 IG 19.6% vs UC 20.1 %, - RR  Not effective High
etal.?’, 2021, months practices recommendations based optimal blood 1.06 (0.85-1.32)

Australia on individual CV risk pressure and LDL-
cholesterol levels

Willis et al.34, 24 health care IT software prompt achievement of target 2721 OR 7 % increased rate of Not effective High
2020, United months practices appeared at blood pressure and achievement of targets (p =
Kingdom consultation time total cholesterol levels 0.647)

Zamora et al.>2, 3 months  hospitals and HTE-DLP - creates changes in LDL-C and 77 mean change HbAlc: IG 0.2 Effective for Unclear
2013, Spain primary care recommendations based ~ HbAlc vs UC 0.3 (p=NS); LDL

centres on treatment efficiency, mean decreased LDL-C: IG Not effective
safety and cost 63.3 vs UC 33.8, (p = 0.05) for HbAlc

Adherence to clinical guidelines (treatment choices, prescribing)

Adusumalli 12 Penn Medicine, passive and active change in guideline 11,693 active choice 0.2 % change Not effective Low
etal.23, 2021, months University of choice EHR alerts to directed prescribing of (—2.9 - 2.8), passive choice
USA Pennsylvania cardiologists statins 2.4 % change (—0.6 - 5.0

Adusumalli 18 primary care active prompts initiation of statin 4131 IGvsUC5.5% (3.4-7.8) Effective Low
etal.?, 2023, months practices including guidelines for ~ prescription at visit increase in prescribing
USA prescribing

Carter et al.?>, 12 family real time guideline changes in adherence 302 1G 63.3 % t0 67.8 % (p = Partially High
2018, USA months medicine based recommendations  to screening and 0.02); effective*

officers placed into the EHR treatment guidelines UC 64.7 % t0 63.1 % (p =
0.21)
Sequist et al.%5, 18 Harvard referral and proportion of patients 7691 high risk population- Not effective Low/
2018, USA months Vanguard prescription prescribed ACEi or intervention 76% vs control Unclear
Medical recommendations from ARB 79 %; p =0.17
Associates EHR alerts low risk population-
intervention 64% vs 65 %; p
=0.57

Willis et al.>4, 24 health care IT software prompt changes in T2DM, BP, 2721 antihypertensives: mean Not effective High

2020, United months Practices appeared at and cholesterol- difference IG vs UC —3.5;

Kingdom

consultation time

lowering medication
prescribing

OR= 0.84 (0.66-106), p =
0.143

lipid-lowering: mean
difference IG vs UC 3.62;
OR= 0.99 (0.76-1.29), p =
0.955

antidiabetics: mean

(continued on next page)
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Author, year of Total Setting Intervention description ~ Outcome assessed Sample Effect Size/Standard Error Effectiveness Risk of
publication, study Size (95 %CI) of the assessed Bias
country duration intervention
difference IG vs UC 2.41;
OR=1.04 (0.66-1.65), p =
0.862
Webster 33 general INTEGRATE - proportion of patients 4477 not significant: IG 24.4% vs Not effective High
etal.®’, 2021, months practices recommendations based  with intensified UC 26.8 %, RR=0.94
Australia on individual CV risk treatment (newly (0.76-1.16)
prescribed or added
medication)
Screening/Clinical Tests Completed/Ordered:
Gold et al.3, 4 months  primary care clinical staff prompted attendance at the NHS 7564 4.58 % increase attendance, Effective Low/
2021, UK practices with referral for check Health Check OR =2.62(1.46t0 3.55),p < Unclear
0.001
Kharbanda 24 primary care EHR alerts and best- return for followup BP 1824 1G 14.3 %, UC 10.6 % (p = Not effective Unclear
etal.?®,2017, months practices practice advisories that measurement 0.07) return for follow up
USA appear
Sequist et al.?®, 18 Harvard referral and return for follow up 7691 1G 45 %, UC 34 % likely to Effective Low/
2018, USA months Vanguard prescription nephrologist visit/ follow up with nephrologist Unclear
Medical recommendations from urine test (p < 0.001)
Associates EHR alerts IG 45% vs UC21 % likely to
receive urine test (p < 0.001)
Webster 33 general INTEGRATE - proportion of patients 4477 not significant: IG 58.6% vs Not effective High
etal”,2021, months practices recommendations based ~ with appropriate CVD UC 62.2 %, RR=0.99
Australia on individual CV risk risk screening (0.82-1.20), p = 0.11
(smoking status, SBP
and cholesterol levels)
Patients’ adherence:
Adjei et al.%, 6 months  national newly developed adherence to 200 1G 97.8% vs UC89.4 % (p =  Effective High
2015, Ghana diabetes clinical reminder - appointments 0.01)
management generated pop-ups
and research
centre
Cicolini et al.3', 8 months  primary care NRP-e - email and antihypertensive 203 IG 100% vs UC 100 % (p = Not effective Low/
2013, Italy practices phone call alerts medication adherence 0.9) Unclear
Kressin et al.?/, 8 months  primary care EMR reminder for antihypertensive 11,528 IG 85.7% vs UC 84.3 %); Not effective High
2016, USA clinics hypertension care medication adherence p=not significant
Tuot et al.?%, 18 primary care EHR enabled CKD adherence to CKD 137 not significant: mean Not effective High
2019, USA months clinics registry tool medications difference IG —0.1 vs UC

~0.2,p = 0.09

ACEi- angiotensin-converting enzyme inhibitor, ARB- angiotensin receptor blocker; BP- blood pressure; CDSS- clinical decision support system; CI- confidence interval;
CKD- chronic kidney disease; CV- cardiovascular; DBP- diastolic blood pressure; EBMeDS- Evidence-Based Medicine electronic Decision Support; EHR/EMR- electronic
health/medical records; HbAlc - glycated haemoglobin; HTE-DLP- clinical decision support system for dyslipidaemia treatment in high vascular risk patients; IG-
intervention group; INTEGRATE- Integrated combination Therapy, Electronic General practice support tool, pharmacy-led intervention and combination Therapy
Evaluation; IT- information technology; JADE- Joint Asia Diabetes Evaluation web portal; LDL-C- low-density lipoprotein cholesterol; NHS- National Health Service;
NRP-e - nurse-led reminder program through email; NS- not significant; OR- odds ratio, RR- risk ratio; SBP- systolic blood pressure; T2DM- type 2 diabetes mellitus; UC-

usual care * intervention was effective for a portion of reported outcome.

analysis of the effect of CDST and attainment of recommended systolic
blood pressure (SBP) targets. Fig. 4 depicts, overall pooled analysis
suggested an estimated MSD = 0.39, 95 %CI = —0.31 - 1.10. Risk of bias
across these three studies ranged from low/unclear [30,31] to high [38]
(Table 1).

Three studies [30,31,38] with a total of 4213 people involve-
d/randomised and followed up for 6 months were included in the
analysis of the effect of CDST and attainment of recommended diastolic
blood pressure (DBP) targets. Overall pooled analysis suggested an
estimated MSD of 0.34 (95 % CI: —0.24, 0.92; depicted in Fig. 5). Risk of
bias across these three studies ranged from low/unclear [30,31] to high
[38] (Table 1).

3.7. Attainment of HBAIC

Four studies [30,32,34,36] with a total of 8229 people involve-
d/randomised and followed up for 6 months were included in the
analysis of the effect of CDST and attainment of recommended glucose
level targets. Overall pooled analysis suggested an estimated MSD of
—0.19 (95 %CI —0.66, 0.28) The meta-analysis results are presented in
Fig. 6. Risk of bias across these four studies ranged from low/unclear
[30] to unclear [32] and high [34,36].

3.8. Effects of intervention - qualitative synthesis adherence to clinical
guidelines (treatment choices, prescribing of medications)

In total, six studies [23-25,28,34,37] addressed adherence to clinical
guidelines. Five studies explored changes in statin prescribing [23-25,
34,371, four changes in antihypertensives prescribing, such as
angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers [25,28,34,37], and two changes in prescribing of glucose
lowering therapies [34,37]. While the meta-analysis shows CDST did not
significantly impact lipid levels attainment, two studies reported effec-
tiveness of active prompt CDST in increasing initiation of statin pre-
scribing. Adusumalli et al. in 2023. described a 5.5 % (95 % CI 3.4, 7.8)
difference in prescribing between intervention and usual care [24],
while Carter et al. reported an increase in the intervention group from
33.3 % to 67.5 % (p < 0.001) and insignificant change in the control
group (32.9 % to 33.1 %, p= NA) [25]. CDST were not effective in
increasing or changing guideline directed prescribing of antihyperten-
sives (neither for treatment intensification nor for different patient
groups such as high or low risk patients or patients with uncontrolled
hypertension), or glucose lowering therapies.
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Fig. 3. Meta-analysis results for LDL cholesterol attainment.
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Fig. 4. Meta-analysis results for systolic blood pressure attainment.
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Fig. 5. Meta-analysis results for diastolic blood pressure attainment.
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Test for overall effect: Z=-0.79, P=0.431
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Fig. 6. Meta-analysis results for HbAlc attainment.

3.9. Screening/Clinical tests completed/ordered

Besides reporting on results of clinical tests used for biomarker
control, such as blood glucose levels, HbAlc, or cholesterol levels, four
studies reported referrals, follow up visits, or screenings as outcomes
[26,28,33,37] with presence of conflicting results. Kharbanda et al.
found no significant difference between groups in return to follow-up
blood pressure screening (14.3 % in intervention versus 10.6 % in
control group, p = 0.07) and Webster et al. reported no significant dif-
ference between groups in cardiovascular disease risk screening, for the
composite outcome which included recorded smoking status, total and
high-density lipoprotein cholesterol level, and systolic blood pressure
screening (58.6 % in intervention versus 62.2 % in control group;
RR=0.99 (95 % CI 0.82-1.20), p = 0.11) [26,37]. Whereas Gold et al.
reported a significant increase (4.58 % absolute increase and a 61.81 %
relative increase) in follow-up screening attendance in the intervention
group (OR=2.62 [95 % CI 1.46,3.55]; p < 0.001), and Sequist et al.
found CDST was effective in increasing nephrologist referrals and visits,
and urine microalbumin testing (both p < 0.001) [28,33].

3.10. Patients’ adherence

In total, four studies provided insights into patients’ adherence, three
focusing on medication adherence [27,29,31], and one focusing on
adherence to appointments [38]. Due to high heterogeneity in follow-up
periods and measurement/reporting methods, meta-analysis was
deemed unfeasible for this outcome. Kressin et al., Tuot et al., and

Cicolini et al. collectively indicated no significant difference in medi-
cation adherence between intervention and control groups, while Adjei
et al. reported a statistically significant difference between groups in
clinical appointments adherence (97.8 % in intervention versus 89.4 %
in control group, p = 0.010) [27,29,31,38].

4. Discussion

Our systematic review investigated diverse clinical decision support
interventions aimed at improving risk of developing CVD across various
primary healthcare settings and regions. Our findings offer a nuanced
understanding of the effectiveness of these complex health in-
terventions, shedding light on both successful and less impactful in-
terventions. Overall, we found evidence on the effectiveness of CDST on
a limited number of quality of care outcomes, which demonstrates their
potential provided there is a successful implementation, uptake and
duration of use of such tools in clinical settings. These results remained
largely unchanged from the last review performed on this topic [17] and
an earlier review of CDSTs on clinical and economic outcomes in the
general population [39].

Pooled meta-analysis for blood pressure target attainment (i.e. sys-
tolic and diastolic) shows a trend towards improvement with the inte-
gration of CDST in primary care practices, whereas attainment of lipid
and glucose clinical targets (LDL-C and Hbalc) did not seem to improve
with the implementation of CDSTs. It is important to note that these
trends were not statistically significant, but suggest potential benefit. A
systematic review and meta-analysis on the effect of CDSS on
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cardiovascular risk factors in both primary and secondary prevention,
by Groenhof et al., confirms heterogeneity of findings and results
tending towards a beneficial effect of CDST but only for LDL-C attain-
ment in diabetes patients [40]. A cluster randomized trial exploring the
effect of clinical decision support on the risk of cardiovascular disease
reports CDST failed to improve CVD risk, but could be beneficial for
patients with high baseline risk. [41] In regard to adherence to clinical
guidelines for treatment choices and prescribing of medication, the
study by Adusumalli et al. in the US revealed that CDST with a choice of
dismissible (passive choice) and undismissible (active choice) alert EHR
alerts targeted at academic specialist practices had limited effectiveness
in influencing guideline-directed prescribing of statins [23]. Conversely,
the follow-up study [24] in primary care practices demonstrated that
active choice prompts, including guidelines for prescribing, were suc-
cessful in increasing the initiation of statin prescriptions during patient
visits [24]. This may be due to the nature of active prompts in forcing
clinicians to address these alerts. In a family medicine setting, real-time
guideline-based recommendations placed into the EHR showed partial
effectiveness in changing adherence to screening and treatment guide-
lines [25]. In contrast, a large-scale study in the United Kingdom by
Willis et al. using CDSTs alerts in the form of information technology
(IT) software prompts did not demonstrate significant improvements in
the prescribing of medications for blood pressure, blood glucose and
cholesterol management[34]. Additionally, the INTEGRATE interven-
tion in general practices in Australia did not significantly impact the
proportion of patients with intensified treatment, indicating challenges
in achieving treatment optimisation based on individual cardiovascular
risk [37].

In terms of screening and provision of clinical tests completed or
ordered, a study involving staff prompts for a health check in the UK was
successful in increasing attendance, illustrating the positive impact of
targeted reminders on patient engagement [33]. In contrast, EHR alerts
in the US did not significantly influence the return for follow-up blood
pressure measurement [26]. The study by Sequist et al. demonstrated
the effectiveness of EHR alerts in increasing patient follow-up with ne-
phrologists and adherence to urine tests, suggesting the potential role of
targeted interventions in promoting screening and clinical test
completion [28]. However, in Australia, the INTEGRATE recommen-
dations did not significantly impact the proportion of patients under-
going appropriate cardiovascular disease risk screening, emphasising
the challenges in achieving optimal screening rates [37].

In relation to patients’ adherence, a study conducted in Ghana re-
ported that newly developed clinical reminders significantly improved
patient adherence to appointments [38]. However, in an Italian primary
care setting, the NRP-e intervention, involving email and phone call
alerts to patients, significant improvements in antihypertensive medi-
cation adherence within six months were not reported [31]. Similarly in
the US, Kressin et al. found EMR reminders for hypertension care were
not effective in improving patient adherence to antihypertensive medi-
cations [27]. Another US study focusing on chronic kidney disease
(CKD) medications also found the EHR-enabled CKD registry tool did not
significantly impact medication adherence, indicating challenges in
addressing adherence issues in this patient population [29]. Alasiri
et al., in their five-study- systematic review on the role of clinical de-
cision support systems in preventing stroke in primary care, confirm that
CDST can facilitate decision-making process in the primary care setting,
but there are various barriers in designing, implementing and using such
support systems and tools [42].

It is evident that the effectiveness of CDSTs is context-dependent,
influenced by the nature of the intervention, the population under
study, and the healthcare setting and workforce. These findings
contribute to the ongoing dialogue on the optimisation of CDSTs for
enhanced patient care and management of cardiovascular conditions.
The results obtained in our study align with and contribute to the
broader literature on the effectiveness of CDST in healthcare settings.
Comparisons with existing studies highlight both consistencies and

American Journal of Preventive Cardiology 20 (2024) 100855

divergences, offering valuable insights into the complexities of imple-
menting such interventions.

Adusumalli et al.’s research echoes the challenges of achieving sig-
nificant changes in prescribing behaviour solely through passive EHR
alerts, a sentiment supported by studies such as O’Connor et al. and
Olakotan et al. [43,44]. Active prompts, as demonstrated by Adusumalli
et al. (2022), are consistent with the success reported in interventions by
Bright et al. [39] and Persell et al. (2013) [39,45], showcasing the
impact of proactive strategies. It is believed that active alerts are asso-
ciated with higher compliance rates compared with passive alerts. This
is because active presentation causes disruption to the clinical workflow,
increasing urgency for the alert to be actioned. Comparatively, a study
explored the psychological notion that passive alerts provided clinicians
the option to cancel or defer the CDS alert, which is formally con-
ceptualised as a ‘workaround’, resulting in poorer compliance.

Similarly, Carter et al.’s [25] findings of partial effectiveness in
guideline adherence resonate with studies like Cabana et al. [46],
emphasising that comprehensive changes often require multifaceted
interventions. Willis et al.’s [34] challenges in achieving significant
changes in medication prescribing align with observations in studies like
Garg et al. [47] and Bates et al. [48], illustrating the intricacies of IT
software prompts [47,48].

The positive impact of clinical staff prompts on patient appointment
attendance aligns with the success reported in studies such as Sequist
et al. [49] and Anhoj and Hellesge (2004). However, challenges in
influencing follow-up behaviours through EHR alerts, as observed by
Kharbanda et al.2%, are consistent with findings from studies like Sequist
et al. (2011) and Dexter et al. (2018) [26,50].

Patient adherence findings in our study align with broader literature
trends. The positive impact of clinical reminders on appointments con-
cords with findings reported by Stockwell et al. (2007) and Szilagyi et al.
(2002) [51]. Challenges in achieving significant improvements in
medication adherence, as observed by Cicolini et al. (2013) are
consistent with findings in studies by Rasmussen et al. (2007) and
Haynes et al. (2008) [31,52,53].

4.1. Barriers to successful implementation of CDST

Despite the potential for CDST to improve the delivery of patient care
and cardiovascular health outcomes, various barriers hinder its suc-
cessful implementation, thereby limiting its effectiveness in achieving
health targets. A systematic review revealed that 31 out of 58 RCTs
encountered barriers during the implementation of CDS interventions.
The prevalent barriers identified were time and resource constraints,
lack of compatibility with workflow, alert fatigue, technical difficulties
with the CDS system, lack of trust in CDS recommendations and
complexity of real world clinical management of CVD. In relation to time
and resource constraints, clinicians reported that CDS was not well in-
tegrated into daily practice routines where busy practitioners manage
patients with complex conditions. In addition, it was reported that alert
fatigue was a significant contributor to the low uptake of CDS. More
specifically, clinicians would ignore the recommendation made by the
alerts as it did not provide actionable and appropriate recommendations
that are of relevance to their current diagnosis.

Given the complexity of real world clinical situations, the imple-
mentation of CDSTs and its ability to reach cardiovascular health out-
comes may be difficult. A study in the UK with 1493 patients assessed
the effect of a CDS tool for atrial fibrillation. Post-survey results reveal
that more than half of clinicians discussed anticoagulation treatment
with their patients, however only 6 % followed through with the change.
Reasons associated with failure to be receptive to treatment include;
patient preferences, treatment being managed by another specialist, and
concerns associated with adverse risks such as being more susceptible to
falls in elderly patients. Thus, it is important to acknowledge that bar-
riers to implementation of CDS tools exist on multiple levels which can
affect its ability to achieve clinical outcomes. The presence of these
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barriers may contribute to the heterogeneity of our study’s findings.

In summary, our study contributes to a growing body of evidence
emphasising the context-dependent and multifaceted nature of CDSTs in
healthcare. This is significant given the ongoing usage of CDSTs to
enhance primary health care practices in the management and preven-
tion of CVD. Importantly, we highlight that the effectiveness of CDSTs is
context-dependent and that results are largely specific to healthcare
settings and patient populations. Health care systems and providers
should consider the unique characteristics of their environment when
implementing CDSTs.

Secondly, our findings underscore the need for multifaceted ap-
proaches to improve guideline adherence, screening rates, and patient
adherence. Combining interventions, such as active prompts and real-
time recommendations, may enhance overall effectiveness. This aligns
with the evolving consensus in healthcare that no single strategy fits all
scenarios. The success observed with proactive interventions, such as
active prompts, suggests that a more engaged and targeted approach
with both patients and health professionals may be crucial. Healthcare
practices may benefit from incorporating interactive decision support
tools that actively guide practitioners, fostering a more responsive and
patient-centred care environment.

Thirdly, acknowledging the challenges in achieving significant
changes for certain outcomes highlights the complexities faced in real-
world healthcare settings. Practitioners should recognise that the
impact of interventions may vary, and continuous evaluation and
adaptation are essential for sustained improvements.

Lastly, all the interventions reported in this review focused on cli-
nicians, but given the growing literature supporting patient-centred
care, providers should explore this interface or combination of ap-
proaches to reinforce the need to prioritise patient-centred care. The
positive impact of clinical reminders on patient adherence to appoint-
ments highlights the potential for patient engagement strategies.
Healthcare providers should explore ways to involve patients actively in
their care plans, fostering a collaborative and supportive relationship. In
addition, our findings emphasise the dynamic nature of healthcare
practices, and the importance of continuous evaluation and research.
Practitioners and policymakers should stay abreast of evolving evidence
and regularly reassess the impact of interventions to ensure they align
with current best practices and guidelines [54].

The present study lays the groundwork for future research by
revealing the context-dependent nature of CDSTs. Future studies should
delve into comparative effectiveness, exploring variations in design and
interactivity across diverse healthcare settings. Longitudinal in-
vestigations are essential to assess the sustainability of improvements
over time. Integrating patient perspectives, optimising user experiences,
and tailoring interventions to specific organisational structures and
cultural contexts will enhance the relevance and impact of decision
support tools. Future research should explore the global applicability of
these interventions, their potential to address health disparities, and the
economic considerations associated with their implementation. Imple-
menting these research directions will contribute to the ongoing
refinement and optimisation of decision support systems in healthcare
practices.

It is important to note that the duration of follow-up periods in the
reviewed studies may not have been sufficiently long to fully compre-
hend the genuine effectiveness of the intervention. Notably, studies
addressing medication adherence, a process that typically spans five
years, lacked extended follow-up periods, hindering a comprehensive
exploration of medication adherence dynamics’®. The inherent challenge
in quantifying and monitoring medication adherence is evident in the
limited reporting on this aspect across the reviewed studies. Subsequent
research dedicated to investigating medication adherence is imperative
for elucidating the potential role of CDSTs in monitoring and enhancing
outcomes in this domain. However, in the present review, studies with
extended follow-up times or intervention durations did not show sig-
nificant improvements for quality of care or patient-related outcomes.
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This trend may suggest the existence of alert fatigue, or a diminishing
intended usage of the intervention over time. Future investigations
should delve into understanding the underlying reasons for this phe-
nomenon and explore strategies for optimising the sustained effective-
ness of these tools, particularly in the context of primary care. The
nature of the intervention introduced subtle variations in its delivery
across diverse studies. Studies featuring passive choice alerts or alerts
that could be disregarded demonstrated notably lower effectiveness.
This observation underscores the significance of considering alert design
when shaping the development of future CDSTs. However, this must be
balanced with the imperative of aligning future CDSTs with the user-
demands and preferences of healthcare practitioners.

5. Strengths and limitations

Our search was restricted to English literature, potentially excluding
relevant studies conducted in other languages. It is conceivable that
pertinent research may exist in non-English publications, but their
exclusion is a limitation of our study due to language constraints.

This study’s findings are constrained by the geographic and socio-
economic focus on high-income developed countries, with 14 out of 16
studies conducted in such settings, which limits the generalizability of
the review and meta-analysis. Results may affect the applicability of the
findings to low- or middle-income settings. Additional research is
needed to further evaluate the effectiveness and impact of clinical de-
cision support tools in care for cardiovascular patients in developing and
lower-income settings.

Results of this review should be viewed within a wider context of
cardiovascular risk management as well. While this review and meta-
analysis mainly focused on the effectiveness of CDST in enhancing the
quality of care outcomes in primary cardiovascular disease manage-
ment, contributions of healthcare professionals, directly or indirectly
involved in patient care, should not be overlooked. Research shows that
nursing staff, pharmacists, and other allied health professionals can
positively impact and lower cardiovascular risk factors [55-57]. For
complex interventions involving the use of clinical decision support
tools and contribution of various members of the multidisciplinary team,
it could be hard to discern the level of impact each aspect of the inter-
vention had in risk factor management. The absence of blinding among
practitioners and personnel likely introduced a degree of bias into the
studies, acknowledging the inherent challenges in blinding practitioners
when dealing with interventions such as CDSTs. It is plausible that
practitioners, being cognisant of their CDST usage being monitored,
might have exhibited heightened adherence to guidelines and best
practices.

Significant heterogeneity was observed in both outcome measures
and reporting across the studies. Variations in follow-up durations posed
challenges in drawing meaningful comparisons and aggregating data for
meta-analysis. Additionally, discrepancies in the implementation and
design of CDSTs further complicated efforts to pinpoint the specific
components of the intervention that contribute most effectively to out-
comes. This heterogeneity warrants cautious interpretation of the
overall findings.

6. Conclusion

CDSTs exhibit potential in enhancing quality of care outcomes within
primary CVD prevention. However, the presence of barriers that result
in slow uptake of CDS may hinder the ability for cardiovascular health
outcomes to be achieved. This underscores the imperative for further
research to comprehensively explore the mechanisms and contexts
surrounding the use of these tools, aiming to address these barriers that
prevent uptake of CDS and optimise their efficient use in clinical prac-
tice. Such investigations should encompass an in-depth analysis of the
specific features of the tools that can be modified to enhance user
engagement and effectiveness. With the growing interest and use of
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artificial intelligence (AI) in patient care and health risk management,
future development and research of clinical decision support tools
should include the aspect of AI application. Additionally, there is a
pressing need for extended research into the sustained implementation
of these tools over an extended temporal

effectiveness of Cliical Decision Support Tools
@ alancing e quality of care outcomes n primary
cardiovascular disease (CVD) prevention.
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