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Abstract
Background: Clinical decision support systems (CDSSs) interventions were used to improve the life quality and safety in patients
and also to improve practitioner performance, especially in the field of medication. Therefore, the aim of the paper was to summarize
the available evidence on the impact, outcomes and significant factors on the implementation of CDSS in the field of medicine.
Methods: This study is a systematic literature review. PubMed, Cochrane Library, Web of Science, Scopus, EMBASE, and ProQuest
were investigated by 15 February 2017. The inclusion requirements were met by 98 papers, from which 13 had described important
factors in the implementation of CDSS, and 86 were medicated-related. We categorized the system in terms of its correlation with
medication in which a system was implemented, and our intended results were examined. In this study, the process outcomes (such as;
prescription, drug-drug interaction, drug adherence, etc.), patient outcomes, and significant factors affecting the implementation of CDSS
were reviewed.
Results: We found evidence that the use of medication-related CDSS improves clinical outcomes. Also, significant results were
obtained regarding the reduction of prescription errors, and the improvement in quality and safety of medication prescribed.
Conclusion: The results of this study show that, although computer systems such as CDSS may cause errors, in most cases, it has
helped to improve prescribing, reduce side effects and drug interactions, and improve patient safety. Although these systems have
improved the performance of practitioners and processes, there has not been much research on the impact of these systems on patient
outcomes.
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↑What is “already known” in this topic:
• CDSSs can help to reduce ADEs, medication errors, DDIs,
improve patient safety, and medicine prescriptions.
• CDSSs have the potential to promote practitioners’
performance.
• DSS can lead to improved care and patient safety.
→What this article adds:
•Studies have shown that DSS has led to improvements in
drug-related activities
• The integration of CDSS with other systems, in particular
CPOE, is one of their key success factors, helping to
enhance the effectiveness of the system.
• The participation of key personnel in the system
development is also one of the key success factors of DSS
system implementation
• Practitioners’ performance has also been improved with
the use of DSS.
• Few studies have been conducted concerning the DSS
effect on the outcomes of patients and economies, so it is
recommended that further studies should be conducted in
this regard.
• Almost all CDSS studies reported positive findings for
clinical processes’ outcomes.
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Introduction
Recently, extensive attention has been paid to reduce
medical error and in particular, medication errors (1) as one
of the most common errors in medicine (2, 3). Medication
error is one of the main concerns of health care (2). According to the Institute of Medic ine report, nearly 80000 people
are admitted to hospital in the United States every year
from whom, 7000 die as a result of medication errors that
32-69% of them are definitely or probably preventable (4).
The consequences of medication errors, in addition to complications (adverse events) in patients, result in the imposition of financial burdens on the health care system (3), in
such a way that it harms at least 1.5 million people a year
and adds $ 3.5 billion to the hospital costs (2).
Medication errors often occur during prescribing procedures (5, 6). One study reported that the incidence of prescription error was 3 to 99 errors per 1000 prescriptions in
hospitalized patients, leading to adverse events (ADEs) (6),
and drug-drug interactions (DDIs) (3) that by accessing
timely information and having a sufficient knowledge base,
such as using the computer physician order entry system
(CPOE) system, CDSS, or both (1) are potentially preventable (7).
It seems that one of the most important strategies to reduce errors is to simplify the work procedures and limit paperwork (5).
Information technology (IT), by automating tasks and
monitoring actions, can reduce workload and increase
productivity; therefore, it can reduce errors (8) , improve
patient safety (3) and also solve human problems (7). As a
result, the use of IT-based programs has attracted the attention of many healthcare settings (2, 3). CDSS as one of the
IT-based interventions has been known as a promising
strategy to prevent medication errors (9-15).
It has also been considered as one of the most effective
and efficient tools for improving prescription, avoiding adverse events, and optimizing correct drug dosing (16).
Computerized decision support through drug recommendations, drug-allergy checks, and DDIs advice can help to select a correct drug (17). Hunt et al. defined computer-based:
"clinical decision-making programs designed to specifically assist in matching the characteristic features of each
patient with a computerized information base to provide patient-specific evaluation or advice to be sent to the clinician" (18). In this study, we the term CDSS means the computerized physician order entry, the clinical decision support system, or electronic prescription.
DSS compliance with recommendations will enhance the
ability to change behavior significantly, appropriately, and
consistently. Thus, DSS may result in the appropriate entree to information, thus evidence use, clinical decisionmaking, and enhanced care quality. In addition, studies
have shown that DSS, by reducing side effects, in addition
to savings cost, increases the efficiency of patient care and
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saves the time of physicians (14). DSS can also collect information for easy examination, counseling, and provision
of alternative suggestions that are not immediately become
apparent to a clinical specialist. Therefore, one of the most
important goals of CDSS is improving the quality of care
and paying attention to safety features (19).
To our best knowledge, a number of systematic reviews
(SRs) has been performed on CDSS impacts, but they have
only reviewed a particular aspect of medication, such as
drug prescription and management (20-23), ADEs (24),
therapeutic drug monitoring and dosing (25), DDIs (3),
medication dosing assistants (26), reduction of prescription
errors (27), reduction of unsafe prescription (28), medication safety (29, 30) and assisting in changing prescription
practice (31). Many studies have also been conducted on
the factors affecting the implementation of CDSS and several factors have been identified (3, 31-45). Therefore, in
the present systematic literature review, we aimed to; comprehensively examine the effects of CDSS on more areas of
medicine (reducing ADEs, DDIs, medication errors, prescription improvement, medication adherence, dosing,
medication safety, and monitoring) rather than focusing on
a particular aspect, to assess the CDSS impact on the performance of practitioner and outcomes of the patient, and
finally to identify the most effective factors affecting the
implementation of CDSS to help new developers.

Methods
Search strategy
PubMed, Web of Science, EMBASE, ProQuest, Scopus,
besides databases of the Cochrane Library, were searched
until 15 February 2017. The searches were not limited by
language (studies in other languages were omitted due to
incompatibility with the aim of this study).
The search strategy was based on a combination of the
following two concepts: CDSS and significant factors affecting the implementation of CDSS. In this regard, the relevant systematic reviews were identified and then screened
for inclusion.
The search query for the PubMed database is as follows:
1- ("systematic review" OR "meta analysis")
2- (“Decision Support System” OR “Clinical Decision
Support System” OR “Clinical Decision Support” OR (Decision Support AND Clinical) OR (Support AND Clinical
Decision))
3- (Achievement OR “success factors” OR “system success” OR “effective systems” OR “effectiveness of CDS
systems” OR “critical factor” OR “key features” OR “features critical” OR Effect OR “features effective” OR effectiveness OR “Impact Assessment” OR Influence OR improvement OR quality OR safety OR efficacy OR “quality
assurance” OR Enhancing OR development OR “Cost effectiveness” OR “cost-effectiveness”)
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4- 1 AND 2 AND 3
Selection of studies
The search results were entered into the EndNote software, and the duplicates were removed and re-checked
manually. The articles were then screened based on the titles and abstracts. A total of 665 articles was identified. By
reviewing the full text of the articles, 98 papers were eventually included in our study (Fig. 1).
Inclusion and exclusion criteria
The systematic reviews assessed the CDSS efficiency in
the field of medication were included in this review, including prescription, dosing, reducing medication errors, drug
monitoring, Rx CDSS, medication management, medication safety, ADE, drug allergy, and DDIs. We included
studies if they had; 1) assessed CDSSs (including clinical
decision support system, electronic prescription, and computerized physician order entry system) that had been implemented in the field of medication such as; medication
prescription, reducing medication errors, ADEs, drug-allergy checking, drug dosing support, and etc., and 2) evaluated significant factors affecting CDSS implementation.
We excluded non-systematic review studies, commentaries, opinion papers, editorials, conference proceedings,
summaries etc.
Review procedures and data extraction
We extracted data to summarize the key features of systematic reviews, including information about the researcher
and publication year, research objective, assessed outcomes, and the review’s results, as well as information

Fig. 1. Flow diagram of included and excluded studies
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about significant factors affecting CDSS implementation in
the included studies.
Three thousand three hundred electronic records (after
eliminating copies) were recognized using a combination
of search techniques, and then they were examined for eligibility. First, all titles and abstracts were screened by two
reviewers independently to distinguish related investigations on the basis of the present research aims. For a full
review, 665 hypothetically eligible works were chosen
among the citations. In the next stage, to be included in the
final review, the full-text papers independently were reviewed in detail based on the above-mentioned inclusion
criteria. Any disagreement was resolved either through discussion or involving a third reviewer. In order to handle citations, Endnote version X7 was applied.
Classification of interventions and research outcomes
The system was classified in terms of its correlation with
medication in which a system was implemented, and our
intended results were examined. In this review, the interest
outcomes, in turn, were classified as the process outcomes
(e.g., prescription, drug-drug interaction, drug adherence,
etc.), patient outcomes, and significant factors affecting the
implementation of CDSS.

Results
Description of the studies
PRISMA flow diagrams of included and excluded studies
are shown in Figure 1. In total, 4815 publications were obtained with the search strategy, from which 3300 studies

L. Shahmoradi, et al.
remained after the duplication removal. We screened the titles and abstracts and also reviewed the full text of 665 articles. Finally, 98 articles met the inclusion criteria from
which 86 were medicated-related, and 13 had reported the
successful system implementations.
About a third (27/85, 31.7%) of the articles were focused
on prescription (14, 23, 32, 40, 46-68), eight reviews had
evaluated interventions which were aimed at ADEs (24, 6975), four studies had followed the drug dosing (25, 76-78),
nine reviews were focused on medication error reduction
(22, 27, 71, 74, 79-85), five reviews were about medication
management (1, 20, 86-88), five reviews had discussed
medication practice (89-93), six studies had assessed the effect of system on medication use (94-99), four reviews
were about medication safety (28-30, 100), two reviews
were on medication monitoring (25, 101) one review was
about medication adherence (102), one study had assessed
the impact of DDIs (13), thirteen reviews were focused on
the effects of CDSS on practitioners’ performance and outcomes of patients (21, 26, 103-113) and thirteen reviews
had analyzed the significant factors affecting CDSS implementation (35-38, 43, 107, 114-120).
Synthesis of evidence (interventions’ Efficiency)
In this part, study results were classified based on medication-related processes, patient outcomes, besides significant factors affecting the implementation.

Impact on processes of prescribing: Of twenty-seven
studies investigating prescribing-condition, twenty-four
studies showed positive effects such as prescription improvement, improvements in appropriateness of drug prescription, reduction in prescription errors, optimizing prescriptions, and reducing unsafe or unnecessary prescription
(14, 23, 32, 40, 46-52, 55, 57-68), and also three studies
demonstrated the effectiveness of CDSS on prescription
improvement that were not convincing (53) and required
more investigation (54, 56).
Impact on adverse drug events (ADEs): Three out of
eight studies showed an improvement in reducing drug side
effects (24, 71, 74). Results of other studies have shown
that using integrated DSS with CPOE prevent prescription
of medications that cause side effect (69). Predicting ADE
in clinical settings (72), and reducing ADE by 50% using
COPE were among other benefits of this system (73). Other
studies either did not show any changes in ADE rate or
showed a non-conclusive effect of the system on ADE
(121, 122). This information is given in Table 1.
Impact on drug dosing: As presented in Table 2, In this
category, studies reported that CCDSS could help to improve the care process through drug monitoring and dosing
(25), increase the initial dose of the drug with computerized
recommendations, reduce the time spending in hospital (77,
78) and control the treatment faster through dose adjustment (76).

Impact on the medication-related processes
Table 1. The effect of CDSS on ADEs
References
CDSS focus ( study objective)
(24)
The relationship between CPOE with CDS and
the occurrence of an adverse drug event (ADE)
(69)
Identification of automated/non-automated systems that can eliminate/reduce prescriptions
that may cause ADEs at the patient level and
their effectiveness

Effect measures
Decreased ADEs
Eliminate/reduce prescriptions

(70)

Assessing the effect of computerized laboratory
alerts on lowering ADEs rate and process outcomes

Promotion of choosing
clinical outcomes and
process outcomes

(71)

Assessing the effect of CPOE on elimination/decrease in medicine errors and ADE

Elimination/decrease in
medicine errors and
ADE

(72)

Assessing various clinical alerts such as pharmacy and laboratory signals currently used to
measure ADEs in hospital

Promoting ADEs’ detection

(73)

Detecting factors that are most effective in the
elimination/reduction of medication error and
evaluating the effect of CPOE in the elimination/reduction of preventable ADEs.
Measuring the cost-effectiveness of CPOE and
its capability to eliminate/reduce preventable
ADEs and medication errors
Measuring the capability and economic usefulness of drug interaction detection software
(DIS) in elimination/reduction of ADEs

Substantial decrease in
medication errors and
preventable ADEs

(74)
(75)

Elimination/reduction
of preventable ADEs
and medication errors
ADEs’ rate did not
change

Main findings
80% decrease in ADEs by using CPOE with CDS
Various systems, including CPOE with DSS can reduce/eliminate prescription of medications that cause
ADEs. However, little evidence exists for supporting
that. To show the benefits of such systems in medical
care, further studies are required.
No evidence exists about the usefulness and benefits of
computerized clinical alerts. However, there was some
improvement in process outcomes, including changes in
laboratory behaviors and prescribing behavior. Therefore, more evidence is needed to prove the usefulness of
such systems in electronic medical records.
Findings showed that automated prescription and decision support system could be useful in the elimination/decrease in medicine errors and ADE in clinical settings such as hospitals.
The results showed that clinical alerts such as pharmacy
and laboratory signals had been improved to identify
ADEs. However, more research on this subject is needed
to assess the use of such signals and CDS systems in different settings and analyze the system economically.
More than 50% use of CPOE to decrease preventable
ADEs and medication errors
The combination of CPOE and decision support systems
can eliminate/reduce SDEs and medication errors
The outcomes of DIS (benefits, consequences, and economic usefulness) and its effect on drug safety were not
detected.

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (22 Feb); 35.27.

3

Clinical decision support systems- based interventions to improve medication outcomes
Table 2. The effect of CDSS on drug dosing
References
(25)

CDSS focus (study objective)
Evaluating the effect of CCDSS on
therapeutic drug monitoring and dosing (TDMD)

Effect measures
Therapeutic drug monitoring and
dosing (TDMD) process improved

(76)

Assessing the capability of a computerized decision-making system in anticoagulant treatment

The computerized decision-making system improved dose adjustment

(77)

The effect of electronic advice on
medication dosing

Major reduction in the toxicity of
the drug, an increase in serum concentration and primary, dosing and
shorter treatment time and hospitalization, thus, no effect on side
effects.

(78)

Evaluating the computerized medication dosing compared to non-computerized medication dosing

Main findings
CCDSS can improve the therapeutic drug monitoring and
dosing (TDMD) process, especially vitamin K and insulin
dosing. However, CCDSS should be developed further and
then it should be assessed through different studies using different research methods, particularly in terms of drug safety
and patient outcomes. CCDSS can improve the therapeutic
drug monitoring and dosing (TDMD) process, especially vitamin K and insulin dosing.
Findings referred to the ability of CDSS in adjusting the dose
of anticoagulant
Computerized medication dosing had many benefits, including a major reduction in the toxicity of drugs, an increase in
serum concentration and primary, dosing, and shorter treatment time and hospitalization, thus, no effect on the side effects.
Computerized medication dosing has many benefits, including increased serum concentrations, reduced hospitalization,
and significant reduction of side effects

Impact on medication errors: Almost half of the studies
(44%) showed that, CDSS system, particularly when integrated with CPOE, lead to a reduction of medication error

(27, 74, 80, 84). Other studies have pointed to the effectiveness of electronic prescribing in the reduction of medication error and ADE (71). Moreover, HIT especially DSS,

Table 3. The effect of CDSS on medication errors
References
(79)

(80)
(22)

Assessing the effect of different interventions on reduction of medication errors in NICUs
Evaluating the effects of Decision
Support System (DSS) in the health
care

Effect measures
Reduction of medication errors

Reduction of medication errors
improving the care quality and patient safety, including elimination/reduction of medication and
clinical errors, increasing the economic efficiency, and increase the
knowledge of staffs
Reduction of medication errors

(27)

Assessing the effect of different interventions on reduction of medicine
errors in children's wards

(71)

Evaluating the risk of medication error and ADE by CPOE.

Decrease in medicine error and
ADE risk

(74)

Assessing the advantages and barriers to the implementation of the
CPOE system in clinical settings,
and also assessing the effects of the
system in ADEs and medication errors
Assessing the effect of CPOE on patient safety

Decrease in medical errors and
ADEs,

(84)

4

CDSS focus
( study objective)
Assessing the effect of different interventions on reduction of medication errors in critical care units

Main findings
Clinical decision making (SSCD) support system decreased
medication errors by 67%. However, there is not much evidence to suggest that such systems can reduce medication
errors.
CPOE with a decision support system, medication errors,
and ISs may decrease medication errors
Decision-making support system (DSS) increased compliance with standard care and medication guidelines and also
helps healthcare professionals to eliminate/reduce medication and clinical errors. It also increased economic efficiency
and consequently increased the quality of care.
Medication errors in pediatric wards will be reduced if correct and standard definitions are to be used, and also assessing economic efficiency would also help to achieve desired outcomes
A computerized prescription system is an effective tool that
can eliminate/reduce medication errors and ADEs in clinical
settings
The combination of CPOE and CDSS systems can potentially eliminate/reduce medication errors and ADEs. The unwillingness of healthcare professionals and the high implementation costs are among the barriers

CPOE system has a better effect
on medication errors and ADEs
when is used concurrently with
CDSS resulting in increased patient safety

Significant reduction in medication errors and ADEs were
not seen when a CPOE system alone was implemented; however, the combination of CPOE and CDSS had a greater impact on medication errors’ reduction and increased patient
safety

(82)

Evaluating the health information
technology impacts on quality, efficiency, and cost-effectiveness of
care

Information technology increased
the adherence to care based on
guidelines, improved monitoring/surveillance, and reduced
medicine errors.

The majority of research has been conducted on CDS and
electronic health record systems. Several interventions influenced the quality of care, such as increasing adherence to
care based on guidelines, improving monitoring/surveillance, and reducing medicine errors

(85)

Studying the features of electronic
Patient Medication Record (ePMR),
including alerts and patient safety
measures during the prescribed time
at the pharmacy

Patient
Medication
Record
(ePMR) was effective in alerting
staffs about clinical risks

The features of the electronic Patient Medication Record
(ePMR), including alerts and patient safety measures, were
effective in alerting staff about clinical risks during the prescribed time. There were also some problems, including false
alerts and performance inconsistencies. More study is
needed on this subject in different countries and settings.
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has helped to improve the quality of care by improving disease assessment and compliance with clinical guidelines as
well as reducing medication errors (82). DSS models have
helped the physicians in selecting collect systems to
achieve significant outcomes such as reduction of medical
and medication errors (22). However, a study showed that
interventions could not exclusively be effective in reducing
medication errors (79), as are displayed in Table 3.
Impact on medication management: In regard to the effects of DSS on medication management, as presented in
Table 4, studies have shown that such systems promote the
Table 4. The effect of CDSS on medication management
References
CDSS focus ( study objective)
(1)
Evaluating the effects of computerized systems
(reminders or feedback) to support medication
management of patient safety and medication
management

quality of care and improve medication management (86).
The use of DSSs that offer reminders and feedback is beneficial in improving medication use and different behaviors
related to medication management (1). However, few studies have been conducted on patient safety threats or monitoring of side effects (20).
Medication practice: Almost all studies have shown the
effect of DSS on the medication interventions, outcomes
improvement, drug safety and reducing medication errors
(91), promotion of professional activity, change in the field
of alcohol and other drugs (AOD) using of reminders or

Effect measures
Enhanced patient safety and adherence to medication regimen,
enhanced medication management, enhanced generic prescribing of medication
In general, no risk to patient
safety was found

(20)

Exploring the effects of different intervention
such as medication management in ambulatory
care on patient safety

(86)

Exploring the effect of medication management
information technology (MMIT) on all medicine management phases

Enhanced prescribing behavior,
adherence to medication advice,
and reduced costs

(87)

Exploring the effects of multifaceted interventions in the improvement of depression outcomes in primary care

Promote more active medication management

(88)

Exploring the effects of health information technology on all stages of the medication management process (drug prescribing, ordering, communication, dispensing, administration, and
monitoring as well as education and reconciliation).

Moderate to significant improvement in care with the implementation of MMIT

Table 5. The effect of CDSS on Medication practice
References
CDSS focus (study objective)
Effect measures
(89)
Identifying electronic decision Enhanced medication therapy
support systems that directly
support pharmacists in the hospital or community settings
(90)

Exploring the implementation
of clinical guidelines in pharmacies

CDSS had a significant effect on the outcomes

(91)

Evaluating the health IT impact
on the quality, safety, and efficiency of healthcare

Positive effect on patient safety reduced medication errors

(92)

Improved adherence to guidelines, increased overall prescription time, increased in unattended alerts

Improved adherence to guidelines, increased overall prescription time, increased in unattended
alerts

(93)

Identifying the most effective
strategies related to alcohol and
other drugs (AOD)

The use of reminders had a moderate to significant
effect on process outcomes. Improved prescribing
and adherence to guidelines. Major improvement
in professional practice and client outcomes. Reminders should be used in general medicine clinics to improve alcohol counseling. Feedback indicated 1-16% improvement in professional practice.

Main findings
Computerized systems (reminders or feedback)
can enhance medication management. Factors that
affect implementation should also be considered
There is no evidence to suggest that, implementation of electronic medication management systems in ambulatory settings can potentially cause
risks or harms to patients
MMIT enhanced medication management. The
care quality was improved by approximately half
of the MMIT interventions; however, little research has evaluated clinical outcomes
Factors, including qualified care managers, patient support system, patient education, continuous monitoring, and decision support system is
important in medication management
Studies that have been investigating the cost-effectiveness and clinical outcomes of the MMIT
system had ambiguous results. However, some
qualitative studies have found different perceptions of MMIT effects and outcomes.

Main findings
Very little evidence exists in the literature that
explores electronic decision support system
activities for pharmacy or pharmacists, in
comparison to the countless related literature
for healthcare.
Currently, very little evidence exists to prove
that, implementation of clinical guidelines
has a positive impact on outcomes of patients.
No evidence exists to suggest the best implementation method
Many studies referred to the benefits of using
CDSS and CPOE. Many studies that have explored the effect of implementing health IT
on patient improving patient safety and reducing medication errors
Not much evidence exist to demonstrate that
CPOE systems improve safety and decrease
costs in outpatient situations. Nevertheless,
many studies have found evidence in favor of
improved adherence to guidelines, increased
overall prescription time, increased in unattended alerts
The results suggested the use of d reminders
and feedback to improve AOD. More specific studies are required to explore the use of
reminders and feedback in AOD-related activities in clinical settings.
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feedback (93), and reduction of the cost (92). These are presented in Table 5.
Impact on medication usage: Table 6 shows that half of
the studies have been examining the interventions that facilitate the proper use of polypharmacy in elderly people,
which indicated the improvement in reduction of incorrect
prescription (94, 98, 99). Furthermore, strategies such as
electronic alarms have been proven to be effective in the
better use of medications, especially in the short term (95).
Studies have shown that the decision-making support system and the use of medication were the most common practice and strategies (56%), (96).
Impact on medication safety: Various studies have been
conducted on drug safety and the use of different approaches, which indicated that DSS, in particular when integrated with CPOE, has been associated with the reduced
drug errors and improved drug use (30). DSS leads to improvements in care processes and reduction of drug errors
and positively effects drug dosing and patient outcomes
(29). Also, these interventions have a significant impact on
reducing the risks to safety, which consequently leads to a
significant reduction in drug errors, especially during the
interaction between the doctor and the pharmacist (28) as
Table 6. The effect of CDSS on Medication usage
References
CDSS focus (study objective)
(94)
Evaluating effective interventions in reducing medicationproblems and enhancing the
suitable
application
of
polypharmacy in the elderly.
(95)
Exploring interventions to enhance medicine use in controlled
care
organizations
(MCOs). Specifically in the US
managed care setting.

Impact on practitioners’ performance and patient outcomes
In Table 10, thirteen studies showed the positive impact
of DSS systems on the quality and efficiency of care (21,
26, 103-113). CPOE and DSS have had a positive effect on
patient safety outcomes (113), and have played an im-

Effect measures
Substantial decrease in medication errors and ADEs.

Main findings
Interventions for improving suitable polypharmacy, like pharmaceutical care, led to clinically significant improvement are
yet to be proved; however, the interventions are believed to reduce inappropriate prescribing and medication errors
Many studies indicate the changing of drug use in the US managed care setting. Computerized alerts can improve short-term
outcomes. Few well-designed studies are yet to test their effect
on patient outcomes.

(96)

Examining the interventions’
efficiency to decrease low-value
treatment.

Decreased antibiotic prescribing. Enhanced recommended
laboratory drug monitoring.
Increased overall medication
use.
A substantial rise in anti-depressant adherence
Reduction in inappropriate
prescription acid-suppressive
medications.

(97)

Assessing interventions’ impacts in order to assist consumers in using medications safely
and efficiently.

Improvements in medicines
use and adherence. Reduction
in adverse events and improved clinical outcomes.

(98)

Summarizing effective interventions in reducing medication- problems and enhancing
the suitable use of polypharmacy in the elderly
Evaluating the systematic reviews on enhancing the suitable
use of polypharmacy in the elderly

Decreased
inappropriate
poly-pharmacy. Enhanced adherence to medication.

(99)

6

presented in Table 7.
Impact on monitoring practices: Nieuwlaat et al. concluded that, for therapeutic drug monitoring and dosing
(TDMD), CCDSSs help to improve the process of care, but
there are no clear results about their effect on patient outcomes(25). Fischer et al. showed that, regarding the role of
HIT interventions in monitoring laboratory drugs for ambulatory settings, there are not many studies and conclusive
evidence; therefore, more research is needed to clarify it
(101). This information is presented in Table 8.
Impact on medication adherence and Drug-drug interactions (DDIs): Table 9 indicate that studies on drug adherence and drug interactions, IT-based interventions, especially DSS, have been the most effective interventions to
improve drug adherence and drug interactions (13, 102).

Decreased inappropriate prescribing
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The studies on decision support targeting drug use were most
common. The most significant influence on low-value treatment is multidimensional interventions that consider both patient and provider functions in medication overuse. Although
there are comparatively high data on the effectiveness of clinical decision support, it requires more investigation and development.
The most-reported outcome was adherence to the medication
regimen.
The results of this overview can be used by decision-makers in
implementing interventions for improving medication use by
consumers to realize the best ones for enhancing particular outcomes.
Interventions for improving suitable polypharmacy, like pharmaceutical care leading to significant improvement clinically
are still to be demonstrated. They seem, however, useful in decreasing unsuitable prescriptions.
Cochrane reviews summarized in this article emphasize the lack
of intervention research on enhancing the proper polypharmacy
use in old patients. Generally, the interventions mentioned in
the review revealed benefits in this regard on the basis of a perceived reduction in unsuitable prescriptions.
Nevertheless, if the interventions may result in significant clinical improvements concerning hospital admissions, medicationassociated issues, and life quality of patients are yet to be established. Guidance associated with intervention enhancement, assessment, and report would assist in further future research.
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Table 7. The effect of CDSS on Medication safety
References
CDSS focus (study objective)
(28)
Evaluating the effect of IT intervention in the improvement of drug
safety in primary care.
(29)
The effect of CDSS on drug safety.

(30)

Improving drug safety by using
CPOE and CDSSs.

(100)

Exploring different interventions to
prevent drug safety in hospitals.

Effect measures
CDS reduced the rate of inappropriate
prescriptions
Decrease in medicine error
(dose /prescription). enhancement in medicine
dosing, care process, and
outcomes related to medicine/drug
Reduced medication error
rates.
Improvement in safety,
medication administration,
and reduction of drug errors.

Table 8. The effect of CDSS on medication monitoring
References
CDSS focus (study objective)
Effect measures
(25)
Evaluating the effects of CCDSS Improved therapeutic drug
effects on therapeutic drug moni- monitoring and dosing
toring and dosing (TDMD) in (TDMD)
randomized controlled trials
(RCTs)
(101)
Identifying studies that have in- The was not enough evivestigated the HIT interventions dence to demonstrate the
to enhance laboratory observing HIT impact in enhancing laof chosen high-risk drugs in the boratory observing of particambulatory situation.
ular high-risk drugs for ambulatory patients

Main findings
In general, IT interventions are believed to decrease medication errors. However, IT interventions are not without safety
hazards.
CDSS decreased medicine error and enhanced the care process; however, it did not improve outcomes significantly.
CDSS, reminders, or medicine alerts may enhance courses of
care outcomes; CDSS associated with medicine dosing has
the potential to improve patient outcomes.
CDSSs and CPOE may dramatically decrease medicine error
and provide further vital benefits associated with the use of
medicine.
Evidence suggests the effectiveness of interventions in reducing medicine errors and negative drug measures. However,
the results of a number of studies contradict this.

Main findings
CDSS can improve TDMD, particularly in the dosing of insulin
and vitamin K; however, it needs to be further developed

Overall, practically half of the randomized controlled experiments demonstrated major enhancements in the laboratory observing of particular high-risk drugs. However, The was not
enough evidence to demonstrate the effect of HIT in improving
laboratory observing of particular high-risk drugs for patients
in ambulatory settings; thus, more studies are required.

Table 9. The effect of CDSS on medication adherence and Drug-drug interactions (DDIs)
References
CDSS focus ( study objective)
Effect measures
Main findings
(102)
Assessing the most effective fac- Patient adherence to drugs Findings indicated that factors such as making dosing regimen simpler, patient decision making support system, patient
tors that influence patients’ adher- improved
education, and electronic prescription system were most efence to medication therapy in pafective in patients’ drug adherence in patients with osteopotients with osteoporosis
rosis. However, the patient decision making support system
was the most effective factor.
(13)
Evaluating the effects and charac- Increasing DDI alert adher- The results showed that DDI alert adherence and clinical outteristics of computerized interven- ence and clinical outcomes comes were increased by computerized interventions. The eftions on the outcomes of DDI
with computerized interven- fect of DDI on the medication-related issues such as drug prescription, administration, and dispense at decision making
tions
time

portant role in the various aspects of drug management, patient outcomes, and cost-cutting (112). Bright et al. reported
that CDSS is less effective in clinical and economic activities, and its success depends on providing the correct information at the right moment to the right person (109). With
the integration of DSS with workflow, these systems can
help improve professional performance in promoting preventive care, medication order, and adherence to guidelines. Computer reminders can lead to improvements in
drug interaction warnings, drug prescriptions, and test orders (105, 108). Also, some studies have shown that DSS
can improve the performance of experts by up to 76% using
reminders and up to 66% using drug prescription or dosage
systems, and also it can improve patient outcomes by up to
13% (107). In almost all of these studies, the impact of DSS
on patient outcomes has been less widely considered therefore, we can hardly be conclusive about its impact.
Significant factors affecting CDSS implementation: In
this section, we describe the most important factors affecting the implementation of CDSS mentioned in the studies

as presented in Table 11.
In general, the findings of this study showed that most
studies (about 30%) have considered key employees’ participation in the system development process (42, 117, 118,
123), support of key managers and personnel, training and
monitoring of the system in the early stages of implementation (41, 42, 117, 118), and the need for the predictive
role of specific systems or organizational features (31, 33,
35, 40) as the most important factors. Approximately 23%
of the studies have considered factors such as integration of
the system with other systems such as CPOE (3, 43, 114)
and organizational workflow (3, 43, 114), and also implementing the system at the right time (34, 35, 44), and about
15% of the studies have considered the infrastructure and
adequate resources (42, 123) as effective factors. In other
studies, factors such as the provision of advice for practitioners and patients, and providing CDSS by the developers
of the system (43), factors of the human, organizational and
technology (37), user groups’ perceptions of significant
http://mjiri.iums.ac.ir
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Table 10. The effect of CDSS on practitioners’ performance and patient outcomes
References
(107)

CDSS focus ( study objective)
Assessing the effectiveness of
CDSSs on practitioner performance
and patient outcomes.
Assessing the CDSS system impact
on the performance of clinician and
outcomes of patient
Evaluating the effect of a CDSS on
the performance of practitioners
and outcomes of patients in hospitals

Effect measures
Improve practitioner performance, diagnosis, disease prevention and management, and
drug dosing and prescribing.
improved clinical performance in drug dosing,
disease prevention
Positive effect on practitioner performance
and patient outcome when combined with
systems of drug prescription and preventive
care reminder

(104)

Evaluating CDSS impacts on the
performance of clinicians and outcomes of patients

Improved dosing of toxic drugs, quality of
preventive care, and patient outcome

(21)

assessing CCDSS impacts on
courses of care and outcomes of patients through a cumulative synthesis of related
RCTs.
The role of CCDSSs in the management of medical issues in acute care
situations

Improved process of care and patient outcomes

(106)
(105)

(26)

(103)

(108)

Evaluating the clinical effectiveness of CDSSs and KMSs, identifying features that influence the success of CDSSs/KMSs, evaluating
the impact of CDSSs/KMSs on outcomes, and identifying knowledge
that can be integrated into
CDSSs/KMSs
Reviewing the studies conducted
on CDSS and the integration of
CDSS into the workflow

(112)

Identifying ways to promote the use
of antibiotics through an electronic
prescribing system in a clinical setting

(109)

Assessing the CDSS impact on
clinical outcomes, workload and effectiveness, health care courses,
cost, and patient satisfaction,
Evaluating the care courses and
outcomes using decision support
system and computer reminders at
the care point

(110)

(111)

(113)

Exploring the relationship between
HIT and medical practices and
other health care and providing information for stakeholders to promote and maximize the uptake of
HIT.
Investigating the health IT effects
on safety outcomes of patients in all
clinical areas.

Improved the process of care in medication
dosing and management, alerts/reminders,
management, adherence to guidelines and
diagnosis
The health care process was enhanced by
CDSSs/KMSs

CDSS can have a positive effect on the performance
of practitioners and outcomes of patients when
combined with preventive care reminder systems
and drug prescribing system. CDSS is constantly
developing and changing, so newer CDSS systems
probably have a greater effect on the performance
of practitioners and outcomes of patients
Various CDSSs can improve practitioners’ performance. In order to evaluate their impacts and costefficiency on outcomes of patients, in particular,
more research is required.
CCDSSs improved the process of care measures
and patient outcomes. There was not enough evidence to support patient benefit, harms, and costeffectiveness in adopting CCDSSs for managing
drug treatment.
CCDSSs improved the care course; however, outcomes of patients were not evaluated
Various types of CDSSs/KMSs (systems established locally and commercially) are efficient in
healthcare process development in different settings. They're not much evidence on the effectiveness of CDSSs in clinical outcomes and costs.

Improved disease prevention, adherence to
guidelines, and integration into the workflow.

Clinical decision support systems and practitioner
performance are important; however, new technologies like them can create new challenges such as
data inaccuracies, which may affect the workflow.
Therefore, there is a need for further development
of such systems to suit the needs of users

Enhanced dosing and choosing of antibiotics, enhanced adherence to clinical guidelines, reducing the use of antibiotics to prevent antibiotic resistance, reduced prescription and prescription errors, and reduction in
negative medicine measures, duration of
hospital stay, and drug hypersensitivity and
reaction
Positive effect on drug prescribing, preventive care, and clinical outcomes

CPOE and CDS were the main interventions, but
various aspects of drug management were also included. Clinical assessment such considers various
factors, including processes, cost-effectiveness, and
outcomes in order to better educate the public

enhanced prescribing behaviors, minor to
modest care enhancements

Considerable increase in physician compliance to drug type and dosage recommendation, reduction in pharmacists’ interventions
for incorrect drug doses.
Positive impact on patient safety outcomes.

factors affecting the implementation, technical and organizational support (119), the structure of healthcare organizations, information and decision processes, people policies,
tasks, and incentives (120) have contributed to the success

8

Main findings
CDSS system improves practitioner performance.
However, more studies are required to demonstrate
the effects of such systems on patient health.
CDSS may enhance the care quality
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of the system.

CDSSs are effective at improving the health care
process in diverse settings. However, more evidence is needed for clinical, economic, workload, or
efficiency outcomes.
Computer reminders significantly improved care at
the point of care. Insignificant improvements across
a range of processes. However, in order to implement clinical information systems, the prospect of
offering computerized reminders at the care point
signifies a substantial drive. In order to ascertain
crucial elements that facilitate or predict care promotion, further research is needed.
The results of this study may help the adoption of
HIT/HIS and increase the uptake of evidence-based
practice using HIT/HIS.

There is a need for further research in different
sceneries to comprehend better how health IT influences patients.
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Table 11. Significant factors affecting CDSS implementation
References
Result (critical factors in the implementation of CDSS)
(37)
Human, organization, and technology factors
(123)
External context, the need for supportive laws and regulation, proper standards, policies and incentives, right organization
condition, matching innovations with workflows, staffs’ knowledge and beliefs, processes and systems
Integrating systems in current organizational workflow
(32, 115, 123)
(119)
Users’ perceptions of significant factors in implementation, and technical and organizational support
(3, 43, 114)
The systems integration into other systems
(43)
Reasons for counseling, providing simultaneous advice to practitioners and patients, as well as
(42, 117, 118, 123)
Engagement of key personnel in the system development and implementation processes
(41, 42, 117, 118)
Support of managers and key personnel, training and monitoring the system in the early stages of implementation
(120)
structure of healthcare organizations; information and decision processes; work policies and staffs’ incentives
(38)
Quality of the system and information, and usability of the system
(32, 115)
Hardware availability, technical support, and appropriate clinical messages
(42)
Features of the system itself and a supportive and appropriate environment to improve the quality of patient services
(31, 33, 35, 40)
The need for the predictive role of specific systems or organizational features
(45)
Appropriate attitude and skills of user with good leadership, appropriate IT environment and effective communication
(114)
Implementation of interventions by the system , the lack of user control over output, the retrieval of data from the electronic
medical record and CPOE
(34, 35, 44)
Level of computer interface, provision of advice at the right time for decision making
(36)
Provision of an automated decision support system
(39)
Executive support, understanding the business, IT-business relations, and leadership
(42, 123)
Appropriate and right infrastructure and resources
(118)
Users’ experience and training

Discussion
Main findings
Previous studies have often measured the effects of
CDSS on a particular area of medication, such as a prescription. However, to the best of our knowledge, these systematic reviews have not evaluated a wide range of areas.
Therefore, this overview provides a comprehensive picture
of the effects of CDSS on more aspects of the medication,
such as reducing ADEs, DDIs and drug errors, improving
prescription, drug adherence and dosage, drug safety and
monitoring rather than focusing on a particular aspect. The
present study also evaluated the CDSS impact on the performance of practitioners and outcomes of patients; finally,
it identified the most effective factors affecting the implementation of CDSS to help the new developers.
We found evidence that the use of medication-related
CDSS improves clinical outcomes. Also, significant results
were obtained regarding the reduction of prescription errors
and the improvement in quality and safety of medication
prescribed. These findings are in line with the results of
other studies (33, 124-132). In relation to ADEs, significant
improvements have been achieved in the clinical results of
ADEs, which has been associated with clinical outcomes in
other studies (133-136). Whereas in King et al.'s study, similar effects of ADEs were not found (137). Ranji et al. also
showed that the possibility of error occurrence would be
reduced if such programs are applied carefully, and the production of safer care systems is more closely followed
(138). In regard to the reduction of medication errors, as
with other studies, our findings showed that CDSS is one
of the most effective strategies to reduce the risks of medication errors (137, 139-145). Our findings showed that
CDSS could help physicians to determine the optimal dosage of the drug in proportion to the patient's need, reduce
unwanted side effects of the drug, and increase the benefits
of treatment, which are consistent with the existing literature (146-150). Furthermore, when CPOE systems are integrated into a CDSS to alert doctors and other health care
providers, the reduction of laboratory or medical errors and

improvements in medication safety are significant. This is
in accordance with the result of other studies (126, 151,
152). Kausha et al. showed that IT interventions might not
be able to fully resolve drug safety issues, but they seem to
be an effective approach (142). As seen in studies of
Bindoff et al. and McCoy et al. (153, 154), our findings
showed that CDSS systems could facilitate and improve
medication management.
Drug-drug interactions are one of the most important and
preventable issues through these systems. Tilson et al. reported that a process should be used to develop and maintain a standard set of DDIs for CDSS (155). Böttiger et al.
concluded that, when paired with a clinical decision support
system for DDIs, SFINX can be a useful instrument if employed (156). Saverno et al. showed that a comprehensive
system, such as a CDSS, is necessary to improve the identification of potential DDIs (157). In our study, like the
studies of Cox et al. (158) and Mahoney et al. (159), there
were improvements in medication dosing and monitoring.
In regards to the effectiveness of CDSS in clinical practice and patient outcomes, studies have shown CDSSs are
effective in changing the care processes and can improve
performance (e.g., right drug dosing, appropriate prescribing of medication). However, few studies have demonstrated that CDSSs can improve patient outcomes (33, 160,
161). The results of some studies about improving patient
outcomes are still unclear (162, 163). Moreover, Main et al.
study indicated that the implementation of CDSS is timeconsuming, complex and costly (164).
This study carefully evaluated critical factors that affect
the implementation of CDSS from multiple perspectives.
Different studies have also pointed to various factors. Participation and involvement of physicians in the process of
CDSS development, from the beginning, play a significant
role in accepting the usefulness of that system (165, 166).
Our research results, like Varonen’s study, showed that
having a positive view about the simple use of CDSS and
understanding the benefits of patient outcomes as well as
the usefulness of CDSS will cause physicians to use the
http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (22 Feb); 35.27.

9

Clinical decision support systems- based interventions to improve medication outcomes
system more, and vice versa, a negative view of doctors
about CDSS is a barrier to focusing on the patient, or clinical work (167).
We found that one of the main obstacles to the implementation of CDSS was the threat of physician-patient communication, which was related to the physician's computer
skills.
One study found that when physicians pay attention to
the computer, patients' emotions are ignored. Patients believed that, if doctors maintain eye contact with them, the
use of computer systems does not disturb their communication (168). The results of Trivedi et al.'s study showed
that training doctors before the implementation of CDSS is
one of the most important and effective strategies for optimal use of CDSS (169). Furthermore, to ensure a better
transition period, organizations should emphasize education and training programs at the pre-implementation stage
(170-172). In addition, they must familiarize people with
the capabilities of the system and software before the actual
implementation of the system. They should also change the
attitude of personnel towards the tool. The relevance of educational and training programs about computer skills, physicians’ pattern of use, and availability of on-site information technology, and the provision of individual support
for doctors can also be significant strategies (168, 169,
173). Moreover, proper training for the end-users and peerto-peer training has been shown to have a positive impact
on CDSS implementation (174).
Several studies showed that automated CDSS should provide advice at the right time and at the point of care for decision making (34, 35, 44); while Berlin et al. found that
only in 41% of cases (175). The results of some studies
showed that some doctors prefer to see recommendations
before the patient's visit or at the end of their working day.
This difference can be justified by changing clinical practices and workflows. Therefore, the timing of the CDSS
recommendations should be consistent with the doctor's
workflow (165, 176). With the direct support of IT, physicians can respond quickly when they encounter problems
with the use of the system. The policies and incentives, engagement of key personnel, adequate infrastructure and resources, organizational readiness, the coordination of innovations with workflows, and individuals’ knowledge, beliefs, as well as processes and systems, are important factors that should be considered in the implementation of the
system in the healthcare settings (177).
Studies showed that users are looking for a system that is
both functional and responsive to their professional needs.
In these studies, users indicated that factors such as design
and technical support, interoperability, appropriate content,
productivity, and resources are important and should be
considered (172, 178-181). The system should also be implemented in such a way that it facilitates the exchange of
information between organizations (interoperability) (182,
183). Davis (184) refers to Technology Acceptance Model
and states that the most common factors in accepting the
use of information and communication technology by
healthcare professionals include the system's usefulness (a
clear understanding of the benefits of innovation) and ease
of use, similar to the results of other studies (173, 185-187).
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Meanwhile, the engagement of leaders and key personnel
also helps to understand the usefulness and user-friendliness of the system (186), although this result was not found
in Marcy's study (188). Similar to the results of Gagnon et
al.'s (117) study, Gravel (189) showed that time constraint
is one of the most important obstacles to the adoption of
ICT and shared decision-making implementation in clinical
practice.
Ross et al. showed that inadequate coordination between
ICT applications and clinical workflow is another factor
that leads to the unsuccessful implementation of systems
(116), and these findings are in line with the results of other
studies (45, 190, 191). Other barriers to the implementation
of systems that were stated by Reisman included the users’
failure to use CDSS or the rejection of system recommendations by experts (191). Issues related to characteristics of
system-specific and organizational and personal issues affect the acceptance of new technologies by physicians
(192).
Studies showed that systems that perform the task automatically have a better performance than those that the system's users initiate them, and this is consistent with Kawamoto and Lobach 's findings (36), but Hemens et al.’s study
did not find this result (21). Adaptability and cost were two
important factors that Lee et al. pointed out in e-health intervention (177).
Given the importance of preventing medication-related
errors and safety issues, the use of CDSS systems is one of
the main strategies for improving patient safety, practitioners’ performance, and the quality and efficiency of care.
There is also a need for the development of decision support tools that are consistent with a clinicians’ workflow
that is also customized, as they can have a positive effect
on efficiency and cost-effectiveness.
Strengths and limitations of the review
One of the most important features of this study was that
there was no specific language restriction in this study
(studies in other languages were omitted due to incompatibility with the aim of this study). We almost tried to examine more aspects of the medication rather than focusing on
a particular aspect.
This study has some limitations. One of these limitations
was that related studies such as the grey literature and conferences might have been lost and may be relevant papers
have been excluded due to the search terms. However, there
are valuable conferences that might be even more relevant
to the implementation of CDSS than those in grey literature. A variety of internationally-appropriated keywords
and MeSH headings were utilized within areas of the
search; however, some relevant papers may have been
overlooked.
Implications for further research
Based on the findings of our review, this study highlights
future directions in this area of research. Healthcare organizations would be better to be familiar with the system, its
capabilities, and its applications in order to make a valuable
and extensive investment in this area. Also, system providers can help improve system performance by providing and
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designing user-friendly CDSS systems and knowledgebased tools to make the system use more effective. Educational programs before the implementation of the system
for key users are other important factors that health care organizations should pay attention to. System integration into
other systems such as CPOE, EHR, e-prescribing, and
workflow and interoperability is also one of the key issues
in the development of the system, which will be facilitated
according to terminology and standards. Healthcare organizations can continue to encourage the use of this system by
providing strong and appropriate infrastructure. However,
more studies are needed to examine the effectiveness of
CDSS on patient safety outcomes, to determine success factors in its implementation and also to investigate the effect
of CDSSs on economic in clinical settings especially in the
medication-related fields.

Conclusion
The results of this study show that, although computer
systems such as CDSS may cause errors, in most cases, it
has helped to improve prescribing, reduce side effects and
drug interactions, and improve patient safety. Although
these systems have improved the performance of practitioners and processes, there has not been much research on the
impact of these systems on patient outcomes. Moreover, the
factors such as the participation of key personnel in the process of development and implementation of the system,
training, and monitoring of the system in the early stages of
implementation, and the integration of the system with
other systems, in particular CPOE, have been the most important factors influencing the success of CDSS implementation.
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