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Introduction

Medication errors are life-threatening and are one of the leading causes of errors in healthcare  (Nabovati et al., 2017). Polypharmacy, or taking multiple (five or more) medications, has been associated with adverse drug events that result in deterioration of function, exacerbation of symptoms and unnecessary hospitalization (Fried et al., 2014). As the ageing population increases, there is also an increasing frequency of polypharmacy, particularly for older adults with multiple conditions (Guthrie et al., 2015). Prescribing numerous medicines increases costs in an already stretched Health Care System. Including patients in a collaborative clinical decision process poses procedural and logistical problems that add to the clinician's workload (Saastamoinen and Verho, 2015). 

Medication reviews ensure that Medication is current with current evidence-based practice and has been shown to decrease medical-related problems and reduce costs (Holland et al., 2008). However, in the same instance, most medication errors often occur during prescribing procedures as these are time and resource-intensive (Kaushal, Shojania and Bates, 2003). In the primary community setting, several prescribers have different prescribing practices and are inundated with copious medical guidelines and complex evidence-based research (Curtain and Peterson, 2014). 

The community-integrated health and social care services in Bridgend are a cluster of services that provides multidisciplinary care to patients as close to home as possible. Medication management is given collaboratively by the pharmacy team regardless of health or social care organization. The service aims to provide a value-based health care (VBHC) provision that ensures specific outcomes that matter to the patients and their families relative to the costs. Optimizing medication management for the elderly population in the community by providing high-value and low-cost care in a changing practice and complex organizational structure is a difficult task without digitization.
A computerized Clinical Decision Support System (CDSS) is a potential solution for managing compounded data to provide pertinent knowledge to healthcare providers to improve practice and decrease errors. This is conducted by matching individual patient characteristics from a targeted knowledge base of the patient's health information and matching with current evidence-based medication guidance (Sutton et al., 2020). Value-based information can be included as one of the sources of information that can be applied to ensure to co-production of services and the sustainability of costs. (Nuño-Solinís, 2019). 

A CDSS in medication management for elderly care follows value-based healthcare principles to ensure that outcomes are effective, salient and financially sustainable in a community service with an increasingly elderly population. Using CDSS in medication management can gather relevant information from a vast pool of data regarding medication characteristics  (e.g., efficacy and costs) that can aid in collaborative decision-making between clinicians, patients and their families (Mouazer et al., 2022). Algorithms can be applied to patients' data to optimize and individualize patient outcomes, ensuring value is defined by the patient receiving care. When embedded within the medication review pathway, CDSS has the potential to increase efficiency, identify and mitigate risks and reduce costs (Jia et al., 2016).

This paper aims to review the literature on the use of CDSS in medication management following value-based healthcare principles of high quality, high value and low-cost outcomes. It will then discuss the implementation barriers and mitigation to ensure adoption in an integrated health and social care setting. Lastly, it will discuss evaluation metrics that can be used in utilizing CCDSS in practice.

Evidence review

Method of acquiring and evaluating the quality of literature

The search strategy used in this paper focused on acquiring literature on CDSS to improve medication management for the elderly within a value-based healthcare (VBHC) framework. Three sets of word phrases were combined: (1) clinical decision support system, (2) medication management, (3) value-based healthcare (4) elderly care. A literature search was performed on PubMed and Cochrane, as these are the central database for biomedical literature. Google Scholar and library searches were used to retrieve journal articles. The PRISMA-ScR guidelines for systematic reviews were used to systematically collate the research papers (Tricco et al., 2018).

Generated academic papers were reviewed based on the title and abstract to find highly relevant documents. Reference lists of relevant articles were also examined to identify further appropriate resources. Inclusion criteria included (1) CDSS that targets medication management, (2) the system has principles of value-based healthcare: outcomes, saliency and cost, (3) the article is published from 2003 to 2023, and (4) aimed for individuals 65 years or older. Exclusion criteria included (1) the system at the planning stage and (2) not implemented CDSS. No grey literature was included in the literature review due to time constraints. 

The Downs and Black Scale was used to grading the evidence of the effectiveness of the literature. This scale has 27 items that evaluate the methodology of randomized and nonrandomized intervention studies using multiple criteria, including reporting, external validity, internal validity and power (Downs and Black, 1998; Trac et al., 2016). This checklist gives a corresponding level of quality based on a numerical result to judge the quality of academic literature: excellent (26-28), good (20-25), fair (15-19) and poor <14.

Based on the search strategy above, no literature used CDSS in medication management for the elderly in the community that integrated all value-based healthcare (VBHC) principles of value, efficacy and cost. Articles with at least two VBHC directions included in the research goals were then selected. The study was excluded if the title or abstract did not relate to using CDSS to enhance medication safety for the elderly population. 




Figure 1: shows the systems that were selected. 
Search Terms:
 clinical decision support system or decision support system or CDSS or diagnostic decision support system or DDSS or personal health record decision support or electronic health record decision support or computer based decision support AND drug or medication or medication management or  medication review or drug review or drug interaction or adverse drug event or adverse drug reaction AND value based healthcare patient goals or patient preference or patient experience or patient reported outcome measures or cost or VBHC 
Database searched:
MEDLINE search 2003-2023
Google Scholar search 2003-2023
University of Wales Trinity Saint David Library















There were only three articles that used CDSS to improve medication management of the elderly population in the community. One included patients’ preference and personal goals, and two included costs of medications. These articles were reviewed to gain details on the aim of the study, methodology, risk and mitigation during implementation, and evaluation procedures.

Out of the three that was reviewed, two graded good (21/27, 23/27 ) and one fair (19/27) in Downs and Black scale (Downs and Black, 1998). All of the studies are only double blind as the clinicians would know who the patients are included in the study affecting potential internal validity. The latter study with fair score does not have measures to account for adverse effects and subjects lost to follow-up. All the studies used a double-blindrandomizedd sampling from the clinical cohort thus representing the correct cases and population. The characteristics of the patients were clearly described in the study and are representative of the target population. All studies were conducted in the community where the staff, patients and facilities were representative of the actual patients using the CDSS.The goals, hypothesis and methodology were clearly defined. In addition, statistical tests were used in all three studies and a mixed methods analysis were implemented to ensure triangulation of the data. 
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Table  1: Summary of reviewed articles 
	

Reference

	Grade
	Summary
	meds mgmt
	Include patient input /value
	Cost
	Advantages

	Disadvantages

	Risk and mitigation
	Evaluation

	
	
	
	
	
	
	
	
	
	User experience
	Effective-ness
	Safety
	Efficiency

	﻿Implementation of the Goal-directed Medication review Electronic Decision Support System (G-MEDSS)© into home medicines review: a protocol for a cluster-randomized clinical trial in older adults(O’Donnell et al., 2020)
	21/27 
Good

Not blinded to the study group

Internal validity bias
	The study evaluated the implementation of Goal-directed Me dictation Review Electronic Decision Support System ( G-MEDSS©). This is a clinical decision support tool that helps prescribers to tailor made medication plans to meet elderly patients’ goals and facilitate shared decision between GP, Clinical Pharmacists, patients and their carers


	Y
	Y
	N
	· patient cantered care 
· collaborative process 
· robust study design 
· gathered clinical and procedural outcomes
· recruitment of authentic end users – older people eligible for medical r/vs
· cluster randomised trials w  pharmacists similar community experience +trained in CDSS + nee d to pass test)Maximized methods analysis with data triangulation 

	· The clinical 
outcomes used were built in the CDSS so it creates internal bias in evaluation 
· Limited statistical power 
· GPs not included in evaluation
· No measures of quality of life
· No measures of costings 
	· Additional non-automated tests in CDSS can cause strain for clinician and patient 
· - allocate time to complete
· -provide patient support
· Potential for anxiety when patient is given more reports 
· -provide explanation to patient and answer questions relating to report 

	Y
	Y
	Y
	N

	﻿Impact of an Evidence-Based Computerized Decision Support System on Primary Care Prescription Costs (McMullin et al., 2004)
	19/27
	Study evaluated the use of a commercially available CDSS (the Affinity Health System) in medication management to provide evidence based recommendations and reduce costs of new prescriptions using a pharmacy claims database.

	Y
	N
	Y
	Clinicians using CDSS have in total statistically significant lower prescription costs for new medications

Evidence based care
	Significant decrease in costings

Efficient as relevant data automatically displayed during the prescription      process displayed 
	Not plan to explain adverse events, patients lost to ff-ups
	N
	Y
	N
	Y

	﻿Twelve-Month Drug Cost Savings Related to Use of an Electronic 
Prescribing System With Integrated Decision Support in Primary Care (McMullin, Lonergan and Rynearson, 2005)
	23/27
	The study tested if using CDSS, the cost savings are sustained for 12 months for new prescriptions, cost reduction for all medications, explore prescribing behaviours among the 8 high cost drug category  
	Y
	N
	Y
	Mixed model analysis 
Continued to have reduced costs after 12 months for both new prescriptions and overall prescriptions 

Changed behaviours to prescribe low cost drugs esp. for high cost medications

Cost effective as the savings offset the subscription of the CDSS
	Patients clustering and individual data not available, analysis was high level costings  e.g. total number per month 
	Alerts were automatically displayed on first screen to include “messages of the day”. These might be distracting to the clinicians and not  always relevant
	N
	Y
	N
	Y



Improving medication management and including patients' goals are the two VBHC principles contained in this study. O'Donnell et al. (2020) reported using a CDSS in medication reviews for the elderly population in the community. The CDSS is called the Goal-Directed Medication review Electronic Decision Support System (G-MEDSS). They have developed this CDSSS to aid pharmacists in the community when conducting a medication review with the primary aim of de-prescribing anticholinergic and sedative medications. Aside from the efficacy of medication management, the CDSS also includes parameters so that the patient's goals, preferences, and attitudes towards their drugs are identified and included in the collaborative decision-making on what medications to be continued and stop.
The main goal of decreasing the proportion of patients who were exposed to anticholinergic and sedative drugs was achieved. The CDSS includes the Drug Burden Index Calculator (DBI), which identifies Medication with anticholinergic and sedative effects and can automatically measure the patient's exposure and risk based on their current medication plan from their electronic patient records. The CDSS incorporated patient-centred ethos in medication reviews by gathering patients' insights from a validated questionnaire using the revised Patient's Attitudes Towards Deprescribing (rPATD). The answers by patients and their carers and summarised and included in the CDSS report to be discussed during the medication review and as well as contained in the report that was given to the GP. It effectively gathered the attitudes, beliefs, and personal experiences of the end users even for patients with dementia as these were co-designed and validated with people who have cognitive impairment. The reports also facilitated a collaborative discussion to increase adherence to Medication. In addition to de-prescription, the researchers also gather secondary clinical outcomes, including physical, cognitive, falls, institutionalization, and morbidity. It also measured changes in patient process outcomes during the medication review. 
The following two studies explored the VBHC principle of clinical outcomes and costs. McMullin et al. (2004) reported using a commercially available CDSS (WELLINX, ST. Louis, Mo) to provide current evidence-based medication recommendations and measure cost savings when prescribing new medications for elderly adults in the community. They also measured the behaviour change of pharmacists regarding ten high-cost drug categories for the intervention and control groups to explore if prescribing practice will change after access to drug costs at the time of prescription. This study showed statistically significant cost reduction for all new prescriptions in a short time of 6 months. 
McMullin, Lonergan and Rynearson (2005) tested the sustainability of cost reduction after 12 months and across new and old prescriptions from primary care drug costs. They compared the impact of CDSS on all primary claims in a community setting on a member per month expenditures with an intervention vs a control group. They also tested the change in efficiency and prescribing behaviours of pharmacists using CDSS for the top 10 high-cost drug categories when using the CDSS Purkinje. The study showed that cost savings could be maintained after 12 months. There was also a marked behaviour change with pharmacists who are now cost-effective in prescribing drugs within the top 10 high-cost drug categories. 

The three articles above showed how CDSS effectively improves the provision of updated evidence-based medication management. This data is easily retrieved or provided while using the CDSS during the medication review sessions. In addition, it is able to provide the clinician with the opportunity to meet other VBHC principles of cost reduction and patient inclusion. For a clinician practising in the community, having a CDSS that can co-design management and enhance care while ensuring sustainability truly adds value to their practice.
However, some disadvantages of   CDSS were identified from the three studies. Having a CDSS with multiple data repositories is advantageous and provides an accurate, patient-centred, holistic report for the team. However, manually inputting these (e.g. mini cog results to test cognition, the National Home and Community Care service Functional Screening Instrument (NHCC SFSI) and the Short Physical Performance Battery) will cause more time strain for the clinician rather than reducing inefficiencies. The efficacy of clinical outcomes for the three studies may not be valid as these outcomes were built in the CDSS, creating an internal bias for the evaluation. The biggest disadvantage is that most of the CDSS only include some VBHC principles that have significant positive outcomes for the patient, family and the organization providing care. 													
Gaps in the existing evidence base 
There are minimal studies integrating value-based healthcare principles using CDSS in medication management. Although several studies focused on developing CDSS that includes costs and patient-specific preference in medication decision-making, most have not implemented and evaluated this in real life. (Larasati, Setianingrum and Wardhani, 2017) Expanded a CDSS to include patient preference when choosing medications during consultation. The authors' goal was to create a CDSS that improves medication adherence and efficiency of care. Although the study claims that the CDSS includes patient preference, it did not show a robust narrative on patients' chosen specific medication features or defined medication characteristics to match evidence practice. In addition, the researchers failed to justify how preference scores were determined. For example, the cost is weighed to have a higher value (5/5) than comfort (1/5) when taking medications. These preference scores do not consider the context of the patient's care. In our palliative care service, for instance, a patient at the end of life would value comfort more than medication compliance or relative cost.
(Vallet et al., 2018) Applied a more rigorous approach in developing user preference and medication markers. They created an "acceptability reference framework" after mapping and clustering multiple factors that affect the ability of an elderly patient to use a drug as initially intended. The researchers used two variable groups: explanatory variables and observational variables. Explanatory variables included the primary drug information (e.g. name, strength, 
required dose, dosing frequency, the active ingredient, method of administration etc.). Patient information ( e.g. social demographic, medical, treatment history, activities of daily living etc.) was analyzed with observation variables (e.g. the result of intake: taken fully etc.) using an acceptability map. This process created more robust profiles of selected medications that the elderly population defined as "positively accepted" or "negatively accepted". An example, as most elderly patients have compounding health conditions that can affect swallowing, the model has shown how swallowing ability plays a significant issue in affecting medication administration. It presented consistent negative acceptability for patients with swallowing disorder but positive for patients without it. 

Comparison with other decision support
Other types of CDSS were not used for medication management but included VBHC principles of costs and patient goals in clinical decision-making. Ruland, (1999) had a patient preference to affect clinicians' decision-making and improve clinical outcomes when planning care for elderly patients. CDSS was developed to elicit elderly patients' choices about their care, including their self-care capability and preference for communicating with clinical staff. Providing an avenue for patients to advocate for themselves has been shown to modify nursing care priorities to align with the patient's goals. Nursing priorities have changed to follow preference. This has also provided patients with opportunities to define outcome measures based on the patient's preferred achievement and satisfaction metrics. Over time, there is higher consistency between patient preference and nursing care priorities. This study is an excellent example to show how CDSS can elicit patient selection and can be included in clinical decisions that, in turn, increase patient outcomes. 

Implementation issues 
Amidst the advantages of CDSS in medication management for elderly care, there are risks and constraints in applying this digital system in clinical practice within the community. Shahmoradi et al. (2021) conducted a review of CDSS. They reported that 30% of implementation difficulties stem from a need for more critical stakeholders' participation and co-design of the system with the end users. In designing a system, there needs to be a collaborative approach to identify primary features and understand the precise needs of the end user. To also ensure sustainability, there needs to be the inclusion of stakeholders who will participate in the evaluation and continuous training that will not only improve the system but also up-skill the users in a sustainable way. Support from key people of influence, managers and organization leaders is critical, particularly during the early stages of implementation.    Gagnon et al. (2012) 
reported how CDSS could threaten professionals' autonomy in the clinical workforce. Thus, positive leadership that influences and support can maintain morale during uncertain transformation processes. Lastly, there needs to be patient input, during design, development and evaluation. By including patients and their families in the digital transformation process, we can understand their needs using their language to better meet their needs and improve holistic care (Dullabh et al., 2022).

There is also a risk that CDSS can create more work for the clinicians rather than facilitating a more efficient way of working. The CDSS must provide evidence-based and context-specific information embedded within the current workflow. The current workflow must be compatible with the processes in the CDSS (Moxey et al., 2010). Alerts that are irrelevant with interruptive dialogue boxes can reduce efficiency, create distractions and hinder prompt decisions. Alerts need to be used sparingly and need to provide suggested actions, or this can cause alert fatigue. There is a strong tendency for clinicians to ignore alerts that are too frequent and irrelevant; this affects the confidence of users to use the CDSS (Rommers et al., 2013). Aside from the organizational workflow design, it is also essential that there is consistency with language, colour and font to represent any hierarchy and visual importance of data (Horsky et al., 2013).

CDSS, which does not have a method that detects malfunctions or identifies outdated recommendations, can be dangerous. Wright et al. (2016) Suggested that there needs to be an integrated mechanism that detects, communicates, and, when possible, resolves errors within the system. This is particularly significant if there is interoperability between other CDSS within the system. Lastly, adequate resources and equipment must be provided when implementing the new CDSS. This significantly affects end users' perception, confidence and motivation to use the CDSS (Laka, Milazzo and Merlin, 2021).

Evaluation
To ensure that the CDSS meets the demands and needs of the multiple stakeholders, a thorough evaluation is required to ensure that this meets the end user's needs. Evaluation is pertinent to ensure that it is effective, safe and efficient. It provides a positive experience of care. 

Evaluating User Experience
 O'Donnell et al., (2020) used a questionnaire to gain the patients' experience when evaluating a CDSS that uses patient goals and expectations when participating in a collaborative medication review. (Kim et al., 2012) used satisfaction measures via questionnaires given to the clinical workforce: nurses, pharmacists and doctors to explore departmental support and engagement when using the CDSS for medication management in a hospital setting. The above researchers also measured the percentage of medication orders modified by the clinician in response to an alert. This gives an idea of the workforce's confidence in using the CDSS to guide their practice and manage the severity and frequency of risks. 

Evaluating Effectiveness 
To evaluate the effectiveness of a CDSS in medication management, Marasinghe, (2015) reported on several outcome measures used by long-term care facilities that used  CDSS. This: the number of prevented adverse drug events and severity,  reduction of unwarranted Medication and proportion of appropriate drug prescription. Drug modification, dose changes and deprescription were among the actions taken in response to alerts, showing the CCDSS' ability to improve prescribing decisions.

Evaluating Safety  
Rommers et al., (2013) identified seven risk categories when using CDSS in Medication prescribing. To report medication safety using CDSS, the studies focused on appropriate dosage, administration frequency, medication avoidance, warnings of missing information, detecting adverse drug reactions, discontinuation, and side effects. They also noted whether alarms prompted staff to address issues or when these were ignored. They noted that the team tends to recognize the alerts for high-risk patients but needs to be consistent with warnings involving patients in routine care. They also compared the severity and frequency of risk and the influence of CDSS in improving medication safety.

Limitation and Conclusion
This paper attempted to critically evaluate intervention literature that used CDSS in medication management for elderly patients in the community that uses value-based health care principles. VBHC ensures that the care provided is holistic and involves the patient's goals, sustainable costings and practical advice that the clinician needs to provide appropriate drug therapeutics. However, there is only limited quality literature that incorporates all VBHC principles. A few research papers reported on at least two VBHC principles. The quality of studies was good on average but needed to address the aim of the literature review, so this should be interpreted with caution. 

Even though the literature review did not directly provide specific information on medication management using CDSS to meet VBHC for elderly patients in the community, overall findings suggest that CDSS can improve prescribing decisions to facilitate medication safety and patient inclusion and reduce costs. It also has the potential to change prescribers' behaviour; however, serious implementation issues need to be addressed to reduce risk and facilitate adoption in primary integrated care. When designed with key stakeholders, there is a potential to improve efficiency, improve Staffa wellbeing, reduce the added burden to the NHS. and reduce staff stress. There needs to be more innovation to include VBHC in CDSS and appropriate research to evaluate essential factors such as user experience, effectiveness and safety.
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