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ABSTRACT 

Pharmacist-led medication optimization encompasses interventions that differ in review intensity, patient 

involvement, prescriber collaboration, follow-up, and continuity across care settings. Improvements in prescribing 

processes are frequently reported, but effects on medication-related harm, unscheduled healthcare use, readmission, 

and mortality are less consistent. Interpretation is further complicated when control groups receive overlapping 

medication-management activities and when successful recommendations do not lead to actual treatment 

modification. To determine which components of pharmacist-led medication optimization are associated with hard 

clinical outcomes and to examine how comparator fidelity, achieved treatment modification, and outcome proximity 

alter interpretation of apparently positive or null intervention effects. A systematic review of controlled intervention 

studies published from 2017 through 2024 was conducted using bibliographic, journal/publisher, and citation-chain 

searches. Eligible direct-synthesis studies evaluated pharmacist-led or pharmacist-co-led medication optimization 

and reported at least one patient-important clinical endpoint; co-reported intervention processes, implemented 

treatment changes, and intermediate medication outcomes were extracted to examine the pathway to those endpoints. 

Intervention components, actual comparator content, treatment modification, and outcome proximity were extracted 

separately. Risk-of-bias judgments were assigned only when the reported methodological information supported 

them. Heterogeneous evidence was synthesized without statistical pooling. Seventy-six records were identified, 15 

duplicate or alternate records were removed, and 61 unique records were screened. Twenty-eight records were 

excluded at title/abstract screening; 33 reports were retrieved and underwent full-text assessment. Nineteen full-text 

reports were excluded, leaving 14 unique controlled studies in the qualitative synthesis. Interventions ranged from 

medication reconciliation or one-time medication review to longitudinal, multicomponent programmes spanning 

discharge and follow-up. Hard-outcome benefit was not consistently related to the presence of medication review 

itself. Positive findings occurred in some high-contrast integrated interventions, whereas several intensive 

programmes were null despite medication changes or reductions in inappropriate prescribing. Comparator groups 

varied from routine care with little explicit medication optimization to active medication reconciliation, pharmacist 

input, or medication education. Pharmacist-led medication optimization cannot be interpreted as a uniform exposure. 

The evidence supports a conditional interpretation in which component composition, the incremental contrast over 

actual comparator care, successful implementation of medication changes, and distance to the measured clinical 

endpoint jointly influence observed outcomes. Available multicomponent studies rarely permit causal attribution to 

individual pharmacist activities. 
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Introduction 

Pharmacist-led medication review has accumulated a large intervention literature, but the label obscures 

substantial differences in what patients actually receive. Reviews may incorporate reconciliation, identification of 

drug-related problems, adherence assessment, deprescribing, dose adjustment, prescriber communication, patient 

education, monitoring, and postdischarge follow-up in different combinations. Recent systematic analyses 

demonstrate pronounced variation in patient selection, intervention components, accompanying activities, and 

outcome measurement across trials[1–3]. Consequently, treating medication review as a single exposure can 

conceal the mechanisms through which a pharmacist could plausibly influence a patient-important outcome. 

This heterogeneity becomes particularly consequential when effectiveness is judged using readmission, 

emergency healthcare use, medication-related injury, or survival. Syntheses of hospitalized older patients 

generally find clearer effects on medication appropriateness than on mortality or emergency utilization, with any 

reduction in readmission tending to be small or uncertain[4, 5]. Such findings do not establish that medication 

optimization is clinically irrelevant. They instead expose a long causal distance between identifying a medication 

problem and preventing a future event that may have multiple medication-related and non-medication-related 

causes. 

Service context further changes that distance. Pharmacist–physician collaboration, transition-of-care pharmacy 

programmes, and community medication reviews have each produced encouraging findings, but intervention 

design and study design materially influence estimated effects[6–8]. A pharmacist working within a longitudinal 

multidisciplinary service may have greater opportunity to translate a recommendation into a changed regimen 

than a pharmacist delivering a single review shortly before discharge. 

Transfer-of-care evidence illustrates this distinction. Medication review and reconciliation are prominent 

pharmacist activities when responsibility moves from secondary to primary care, yet the rigor and outcome focus 

of that evidence remain variable[9]. Similarly, pharmacist-led primary-care initiatives have more consistently 

demonstrated changes in prescribing or overprescribing than improvements in patient-level clinical outcomes[10]. 

These observations make the intermediate steps between pharmacist activity and patient benefit scientifically 

important rather than incidental. 

Medication reconciliation provides a particularly clear example. Its immediate purpose is to identify and resolve 

discrepancies between medication lists[11]. Interventions that extend beyond hospitalization can add counselling, 

communication and follow-up, thereby increasing opportunities for medication problems to be acted upon after 

discharge[12]. A reduction in discrepancies, however, is not equivalent to a reduction in readmission. For 

reconciliation to alter a hard endpoint, an identified discrepancy must be clinically meaningful, corrected, 

maintained across subsequent care and sufficiently important to influence an event that would otherwise occur. 

Hard endpoints also require careful definition. Drug-related readmissions remain a measurable burden among 

older adults[13]. Earlier evidence indicates that a meaningful proportion of such readmissions may be preventable, 

although estimates depend strongly on definitions and adjudication methods[14]. Postdischarge medication-

related harm likewise varies widely across studies and includes events ranging from adverse drug reactions to 

medication errors requiring additional healthcare[15]. Prospective work shows that medication-related harm 

requiring healthcare use can be explicitly adjudicated as a patient-important safety outcome, although risk 

prediction remains imperfect[16]. The relevance of particular pathways also depends on population and treatment; 

for example, hypoglycaemia and harms related to insulin or sulfonylureas are prominent contributors to 

medication-related hospital and emergency care among older adults with diabetes[17]. 

The resulting problem is not adequately addressed by counting pharmacist contacts or asking whether a study 

contained a medication review. Interpretation requires four separable questions: what components were actually 

delivered; how much medication-management activity was already present in the comparator; whether 

recommendations produced an implemented change in treatment; and how far the reported endpoint lay from that 

change. This review therefore examines controlled studies through those distinctions while preserving null and 

context-dependent results rather than averaging structurally different pharmacist services into one exposure. 
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Aim 

The primary objective was to determine which components of pharmacist-led medication optimization were 

associated with hard clinical outcomes in controlled studies published from 2017 through 2024. Secondary 

objectives were to determine whether apparent intervention effects changed with the fidelity and activity of the 

comparator, whether recommendations translated into actual treatment modification, and whether outcome 

patterns differed according to the proximity of the measured endpoint to the medication intervention. Component 

causality was considered identifiable only where the study design itself permitted that inference. 

Materials and Methods 

Eligibility and review-unit definition 

The review unit was a unique controlled intervention study. Eligible studies enrolled adult clinical populations 

and evaluated a pharmacist-led or explicitly pharmacist-co-led medication-optimization intervention against a 

concurrent comparison condition. Medication optimization included structured medication review, medication 

reconciliation when linked to optimization activity, deprescribing or appropriateness review, pharmacist–

prescriber medication modification, or multicomponent programmes in which these activities were central. 

To enter the direct efficacy synthesis, a controlled study had to report at least one patient-important hard clinical 

endpoint (P3), including medication-related harm or adverse events, emergency or unscheduled healthcare use, 

hospital admission or readmission, or mortality. Intervention-process (P0), implemented treatment-change (P1), 

and intermediate medication or clinical outcomes (P2) were extracted when co-reported because they informed 

the mechanism linking pharmacist activity to hard outcomes. Controlled pharmacist-led studies reporting only 

P0-P2 outcomes were retained as contextual mechanism evidence rather than counted as direct efficacy units. 

Process-only and implementation studies could also inform mechanism but were not counted as controlled 

efficacy units. Multiple reports from the same study were linked to the parent study to prevent double counting. 

Journal quartile was not an eligibility criterion for individual studies. 

Search and evidence identification 

The evidence-development search covered publications from 1 January 2017 through 31 December 2024. 

Searches combined pharmacist-related terms with medication review, medication reconciliation, medicines or 

medication optimization, deprescribing, intervention, randomized or controlled study, readmission, 

hospitalization, emergency care, adverse drug events, medication-related harm, and mortality. 

PubMed/MEDLINE-indexed literature was supplemented by targeted journal and publisher searches and 

backward and forward citation-chain examination of eligible trials and recent systematic reviews. Identification 

and reporting followed PRISMA 2020 principles[18]. 

Evidence searches were deliberately broader than the final controlled-study eligibility criteria so that prior 

syntheses, endpoint epidemiology, methodological sources, and implementation analyses could inform 

interpretation. Such contextual references were retained in the reference list without being reclassified as included 

controlled studies. 

Screening, study linkage, and data extraction 

Screening proceeded in two sequential stages: title/abstract screening followed by full-text eligibility assessment 

against the controlled-study criteria. Full-text exclusion reasons were classified by clinical/outcome eligibility, 

pharmacist role or intervention centrality, study design, duplicate or secondary-report status, and 

population/date/intervention criteria. Reports were linked where they represented secondary analyses or additional 

publications from the same intervention programme. 

Extraction separated information that is frequently collapsed in medication-review literature. For each included 

study, the extracted fields included study design and setting, population, intervention components, duration and 

continuity of pharmacist involvement, other professionals involved, comparator content, outcome definitions, 

follow-up interval, whether pharmacist recommendations were accepted, whether medication changes were 

actually implemented, and the direction of proximal and hard clinical outcomes. Missing implementation 

information was retained as not reported rather than inferred. 
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Comparator fidelity, treatment modification, and outcome-proximity coding 

Comparator fidelity referred to the degree to which the report allowed the actual medication-management content 

of the comparison condition to be recovered. The comparator was therefore coded from reported care rather than 

from labels such as “usual care.” Overlap was recorded when control participants received medication 

reconciliation, pharmacist services, structured medication education, deprescribing activity, or another 

intervention capable of acting on the same medication pathway. 

Achieved treatment modification required evidence that prescribing or medication use was actually changed. 

Identification of a drug-related problem, generation of a recommendation, or clinician acceptance was not treated 

as equivalent to an implemented medication change. 

Outcomes were organized into four proximity levels. P0 represented intervention processes, including 

discrepancies detected or recommendations generated or accepted. P1 represented implemented treatment 

modification. P2 represented intermediate medication or clinical states, including medication count, potentially 

inappropriate medication exposure, discrepancy burden, or disease-control measures. P3 comprised patient-

important hard outcomes, including medication-related harm, emergency or unscheduled healthcare use, 

admission or readmission, and mortality. The categories were used as an interpretive structure for this review and 

not as a validated causal scale. 

Risk-of-bias appraisal and mechanism-sensitive synthesis 

Risk-of-bias judgments were assigned only when the reported methodological information was sufficient. 

Randomized and cluster-randomized studies were considered against RoB 2 domains, including the randomization 

process, deviations from assigned intervention, missing outcome data, outcome measurement, and selective 

reporting. Nonrandomized controlled studies were considered against ROBINS-I domains, with particular 

attention to confounding, participant selection, intervention classification, and deviations from intended exposure. 

No overall rating was inferred from a study-design label alone. 

Clinical and methodological heterogeneity precluded a single pooled treatment estimate. Intervention 

composition, comparator activity, implementation, outcome definition and follow-up varied to an extent that a 

pooled “pharmacist effect” would obscure the contrast being tested. Synthesis therefore followed SWiM principles 

for transparent synthesis without meta-analysis[19]. Findings were grouped by component delivery, comparator 

contrast, achieved treatment modification and outcome proximity. Within-study comparisons were given greater 

interpretive weight than cross-study comparisons when they provided different intervention intensities against a 

common comparator. 

Results and Discussion 

Search yield and included-study profile 

The search identified 76 records. Fifteen duplicate or alternate records were removed before screening, leaving 

61 unique records. Twenty-eight records were excluded at title/abstract screening. Thirty-three reports were 

sought for retrieval; all 33 were available and underwent full-text assessment (reports not retrieved, n = 0). 

Nineteen full-text reports were excluded: seven lacked an eligible patient-important clinical endpoint or sufficient 

outcome-proximity information, four did not evaluate a pharmacist-led or pharmacist-co-led medication-

optimization intervention, four were uncontrolled or process-only designs, two were secondary or duplicate 

reports without a separate eligible study unit, and two failed another population, date, or intervention criterion. 

Fourteen unique controlled studies were included in the qualitative synthesis. 

The 14-study count refers only to direct efficacy units; contextual, implementation, secondary, and 

methodological references were not counted as included studies (Figure 1). 
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Figure 1. Selection of controlled studies for the mechanism-sensitive synthesis 

Study-selection ledger and risk-of-bias appraisal 

Included direct efficacy studies (n = 14) were Ravn-Nielsen et al. (OPTIMIST) [20], Kempen et al. (MedBridge) 

[21], Johansen et al. (IMMENSE) [22], Grischott et al. [23], Nymoen et al. [24], Martínez et al. [25], El Hajj et 

al. [26], Gurwitz et al. [27], Ceschi et al. [28], Santolaya-Perrín et al. [29], Lexow et al. [30], Vasilevskis et al. 

(Shed-MEDS) [31], Ie et al. [32], and Blum et al. (OPERAM) [33]. Named studies retained as contextual 

mechanism evidence rather than direct efficacy units were Peled et al. [34], Martin et al. (D-PRESCRIBE) [35], 

O'Mahony et al. (SENATOR) [36], Schnipper et al. (MARQUIS2) [37], and the MARQUIS2 on-treatment/site 

analysis [38]. D-PRESCRIBE was consistently classified as contextual because its principal outcome in this 

review was discontinuation of targeted inappropriate medication (P1), rather than a P3 hard clinical endpoint. 

For the study with sufficient nonrandomized-design information to support a formal judgment, El Hajj et al. [26] 

was judged at least moderate risk of bias under ROBINS-I, driven primarily by nonrandomized quasi-

experimental allocation and the associated confounding concern; the reported attenuation of some effects after 

adjustment was consistent with this judgment. No additional overall study-level rating was assigned without 

sufficient domain information. 

Intervention content, delivery, and achieved treatment modification 

The clearest within-study demonstration that intervention intensity mattered came from OPTIMIST. Patients 

received usual care, a basic medication-review intervention, or an extended intervention adding patient interview 

and continuing follow-up across the sector transition. Hard-outcome improvement was concentrated in the 

extended intervention, which reduced 30- and 180-day readmission and the composite of readmission or 

emergency attendance; the design did not isolate which added component generated that difference[20]. 



Fitzgerald et al., Which Components of Pharmacist-Led Medication Optimization Change Hard Clinical Outcomes? A 

Mechanism-Sensitive Systematic Review of Comparator Fidelity and Outcome Proximity, 2017–2024 

 

 

141 

Greater intensity nevertheless did not consistently produce benefit. In the MedBridge cluster trial, hospital 

comprehensive medication review alone and comprehensive review plus postdischarge follow-up failed to reduce 

unplanned hospital visits relative to usual care, and the extended arm was associated with more emergency-

department visits over 12 months[21]. IMMENSE similarly combined several medication-safety steps across 

secondary and primary care but did not reduce emergency visits, readmissions or mortality[22]. A Swiss cluster 

trial combining checklist-guided medication review with enhanced information transfer at discharge did not delay 

readmission[23]. Systematic emergency-department medication review in Norway also failed to reduce unplanned 

hospital contact during 12 months[24]. 

Other studies produced more favorable patterns. Integration of a clinical pharmacist into a Chilean emergency-

department team for medication selection, evaluation and discharge education reduced 30-day revisits compared 

with standard care[25]. In patients discharged after acute coronary syndrome, an intervention combining 

reconciliation, counselling and postdischarge pharmacist follow-up showed a favorable cardiac-readmission 

signal, although the prospective quasi-experimental allocation and attenuation of some effects after adjustment 

limited causal certainty[26]. Conversely, a US intervention for patients receiving high-risk medications—home 

pharmacist assessment, education, primary-care communication and telephone follow-up—did not reduce adverse 

drug-related incidents or clinically important medication errors compared with mailed education[27]. 

More proximal interventions further separated successful delivery from patient-important benefit. Admission 

medication reconciliation in a large Swiss randomized trial corrected the medication-information pathway but did 

not reduce 30-day unplanned hospital visits[28]. A Spanish emergency-department programme based on 

pharmacist STOPP/START review and communication of treatment recommendations had no significant overall 

effect on emergency visits and hospitalization, although more favorable centre-specific findings occurred where 

recommendation acceptance was higher[29]. In long-term care, a one-time pharmacist medication review 

generated more medication changes and resolved some drug-related problems without reducing hospital 

admissions, falls or deaths[30]. 

Recommendation uptake therefore represented an important intermediate state. Implementation evidence outside 

the 14 direct efficacy units showed that acceptance of pharmacist recommendations can change substantially as 

pharmacists become integrated into clinical services[34]. D-PRESCRIBE was retained as contextual mechanism 

evidence because medication discontinuation was its principal endpoint in this review (P1), rather than a P3 hard 

clinical outcome. It nevertheless demonstrated that pharmacist-linked education could generate a large difference 

in discontinuation of targeted inappropriate medications, establishing that treatment modification is 

achievable[35]. Shed-MEDS, which did contribute to the direct synthesis because adverse events were also 

reported, reduced medication burden and potentially inappropriate exposure during the transition to postacute care 

while adverse-event rates remained similar[31]. 

Two larger optimization trials made the same distinction especially visible. A multidisciplinary STOPP/START-

based intervention in older Japanese inpatients reduced potentially inappropriate medication exposure through 12 

months but did not reduce the composite of death, unscheduled hospital visits and rehospitalization[32]. In 

OPERAM, doctor–pharmacist pharmacotherapy optimization generated multiple recommendations and at least 

one recommendation was implemented in a substantial proportion of intervention patients, yet drug-related 

hospital admission was not significantly reduced[33]. The recurring separation between medication change and 

hard clinical benefit argues against using recommendation counts or prescribing improvement as a surrogate for 

patient-important outcomes. 

The intervention configurations and settings underlying these comparisons are summarized in Table 1. 

Table 1. Controlled studies contributing to the direct mechanism-sensitive synthesis 

Study Setting and population 

Design / 

analysed 

population 

Pharmacist-led or 

pharmacist-inclusive 

intervention 

Principal clinical 

endpoint domain 

Ravn-Nielsen 

et al., 2018 

Danish acute hospitals; 

adults using ≥5 medicines 

Three-arm 

randomized 

trial; 1467 

Medication review; extended 

arm added patient interview 

and cross-sector follow-up 

Readmission and 

emergency use 

Kempen et al., 

2021 

Four Swedish hospitals; 

older inpatients 

Cluster 

randomized 

crossover; 2637 

Comprehensive medication 

review with or without 

postdischarge follow-up 

Unplanned hospital 

visits 
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Johansen et 

al., 2022 

Hospital-to-primary-care 

transition; adults ≥70 

years 

Randomized 

trial; 480 

Five-step interdisciplinary 

pharmacist medication-safety 

programme 

Emergency visits, 

readmission, 

mortality 

Grischott et 

al., 2023 

21 Swiss hospitals; age 

≥60 with polypharmacy 

Cluster 

randomized 

trial; 609 

Checklist medication review 

plus enhanced discharge 

information transfer 

Time to 

readmission 

Nymoen et al., 

2022 

Norwegian emergency 

department 

Randomized 

trial; 789 in 

primary 

analysis 

Systematic pharmacist 

medication reconciliation and 

review 

Unplanned hospital 

contact 

Martínez et 

al., 2024 

Chilean university 

emergency department 

Pragmatic 

randomized 

trial; 1001 

Pharmacist integrated into 

medication selection, 

evaluation and discharge 

education 

30-day emergency 

revisits 

El Hajj et al., 

2023 

Qatar; patients discharged 

after acute coronary 

syndrome 

Prospective 

controlled 

quasi-

experiment; 

373 

Reconciliation, counselling and 

pharmacist follow-up at 4 and 8 

weeks 

Hospitalization and 

cardiac 

readmission 

Gurwitz et al., 

2021 

US posthospital care; 

high-risk medications 

Randomized 

trial; 361 

Home pharmacist assessment, 

education, primary-care 

communication and follow-up 

Medication-related 

incidents/errors 

Ceschi et al., 

2021 

Two Swiss hospitals; very 

old/high-polypharmacy 

patients 

Randomized 

trial; 1702 

Best possible medication 

history and pharmacist-led 

admission reconciliation 

30-day unplanned 

hospital visits 

Santolaya-

Perrín et al., 

2019 

Four Spanish emergency 

departments; adults >65 

years 

Multicentre 

randomized 

trial 

STOPP/START review, 

discussion with emergency 

physician and recommendation 

to primary care 

Emergency visits 

and hospital 

admissions 

Lexow et al., 

2022 

Three German long-term-

care facilities 

Prospective 

controlled 

study; 211 

One-time medication review 

and recommendations to 

physicians/nurses/pharmacists 

Hospital 

admission, falls, 

death 

Vasilevskis et 

al., 2023 

Hospital-to-postacute-

care transition 

Randomized 

trial; 284 

intention-to-

treat 

Comprehensive review and 

patient-approved deprescribing 

continued through postacute 

care 

Medication burden 

and adverse events 

Ie et al., 2024 

Japanese inpatient wards; 

age ≥65 with ≥5 

medicines 

Randomized 

trial; 442 

Multidisciplinary 

STOPP/START review, 

optimization proposal and 

discharge transfer 

Death, unscheduled 

visits, 

rehospitalization 

Blum et al., 

2021 

Hospitals in four 

European countries; age 

≥70 with 

multimorbidity/polyphar

macy 

Cluster 

randomized 

trial; 2008 

Doctor–pharmacist 

optimization supported by 

decision software 

Drug-related 

hospital admission 

Comparator fidelity and contrast actually tested 

Control conditions were not interchangeable. In several trials the comparator approximated routine care without 

the structured pharmacist package, producing a comparatively wide incremental contrast. In OPTIMIST, the three-

arm design was particularly informative because it distinguished usual care from basic medication review and 

from a substantially extended pharmacist intervention[20]. The randomized three-arm structure permits a more 

informative comparison of intervention intensity than unrelated cross-trial labels; a difference between 

significance patterns alone, however, does not establish an effect difference between arms. 

In other studies, the comparator already contained parts of the medication-management pathway. MedBridge 

compared additional structured comprehensive medication review with existing hospital care[21]. The Swiss 

reconciliation trial compared pharmacist-led reconciliation against physician-acquired medication history rather 
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than absence of medication assessment[28]. The Japanese optimization trial explicitly described usual care as 

including medication reconciliation[32]. These comparisons tested the incremental value of an added optimization 

layer, not the value of medication management versus no medication management. 

Comparator overlap was even more explicit in the high-risk-medication trial, where control participants received 

mailed educational material[27]. In the acute-coronary-syndrome study, three groups represented structured 

pharmacist follow-up, usual discharge care involving clinical pharmacists, and discharge outside pharmacists' 

working periods, creating materially different treatment contrasts within the same study[26]. A null estimate 

against an active medication-oriented comparator therefore cannot be interpreted in the same way as a null 

estimate against routine care with little overlapping intervention activity. 

Comparator specification also interacted with implementation. The Spanish emergency-department study 

compared structured STOPP/START review and communicated recommendations with standard care, but centre-

specific benefit was observed where recommendation acceptance was higher[29]. The long-term-care study 

documented that only part of the drug-related-problem pathway progressed from identification to forwarded 

recommendation, acceptance or clarification, and final resolution[30]. Accordingly, the nominal randomized or 

controlled assignment represents intervention opportunity; it does not guarantee that the medication regimen 

experienced by the patient was materially different. 

Table 2 separates the comparator described in each controlled study from the incremental contrast that can 

defensibly be attributed to the experimental condition. 

Table 2. Comparator content and the medication-optimization contrast actually tested 

Study 
Comparator as 

reported 

Overlap or co-intervention 

relevant to interpretation 

Incremental contrast actually 

tested 

Ravn-Nielsen et 

al., 2018 

Usual care; separate 

basic-review arm 

Basic arm already received 

pharmacist medication review 

Added patient interaction and 

continuing cross-sector 

pharmacist involvement versus 

basic review/usual care 

Kempen et al., 

2021 
Usual hospital care 

Existing multiprofessional hospital 

care; intervention arms differed by 

follow-up 

Structured CMR, and separately 

CMR plus postdischarge 

follow-up 

Johansen et al., 

2022 
Standard care 

Routine secondary/primary-care 

activities continued 

Added five-step 

interdisciplinary pharmacist 

medication-safety programme 

Grischott et al., 

2023 
Usual discharge routines 

Normal discharge communication 

remained available 

Checklist-guided review plus 

deliberately enhanced 

information transfer 

Nymoen et al., 

2022 

Standard ED 

physician/nurse care 

Routine medication management 

by treating clinicians 

Added pharmacist 

reconciliation and systematic 

medication review during ED 

stay 

Martínez et al., 

2024 
Standard ED care 

Same clinical service without 

integrated clinical pharmacist 

Pharmacist participation in 

medication selection/evaluation 

plus discharge education 

El Hajj et al., 2023 

Usual clinical-

pharmacist discharge 

care and a no-

pharmacist-hours control 

One comparator already contained 

pharmacist care 

Structured 

reconciliation/counselling plus 

repeated follow-up beyond 

routine pharmacist exposure 

Gurwitz et al., 

2021 

Mailed educational 

material 

Medication-safety education 

present in control 

Home pharmacist assessment, 

individualized interaction, 

primary-care communication 

and telephone follow-up 

Ceschi et al., 2021 

Standard physician-

acquired medication 

history 

Medication history already 

performed 

Added best possible medication 

history and pharmacist-led 

discrepancy 

reconciliation/adaptation 
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Santolaya-Perrín 

et al., 2019 
Standard emergency care 

Treating emergency and primary-

care clinicians continued routine 

management 

Added STOPP/START 

pharmacist review, case 

discussion and communicated 

modification recommendation 

Lexow et al., 2022 
Usual long-term-care 

practice 

Existing physician, nursing and 

community-pharmacy care 

Added one-time structured 

medication review with explicit 

drug-related-problem 

recommendations 

Vasilevskis et al., 

2023 

Usual hospital and 

postacute care 

Standard medication management 

throughout transition 

Added comprehensive review, 

patient-approved deprescribing 

and continuation through 

postacute care 

Ie et al., 2024 
Usual care including 

medication reconciliation 
Reconciliation already present 

Added multidisciplinary 

STOPP/START optimization 

proposal and continuity 

information 

Blum et al., 2021 Usual hospital care 
Standard prescribing review 

remained available 

Added structured doctor–

pharmacist optimization 

supported by decision software 

This comparator analysis changes the interpretation of both positive and null findings. A large observed effect 

where the experimental arm adds multiple activities to minimally overlapping routine care may reflect the package 

as a whole. A small or null effect where the control group already receives reconciliation, medication education 

or clinical-pharmacy input may reflect either genuine lack of additional benefit or a reduced incremental contrast. 

The included designs generally cannot separate those explanations quantitatively. Comparator fidelity must 

therefore accompany, rather than replace, conventional risk-of-bias assessment when interpreting pharmacist-led 

medication-optimization trials. 

Outcome proximity and hard clinical outcome patterns 

The included studies showed a recurrent separation between intervention activity, treatment modification, 

intermediate medication outcomes, and patient-important clinical events. This separation was most visible when 

trials achieved a measurable medication change but failed to alter hospitalization or other hard outcomes. 

Medication modification therefore cannot be assumed to function as a validated surrogate for downstream benefit. 

As contextual mechanism evidence at the proximal end of the pathway, D-PRESCRIBE demonstrated that a 

pharmacist-linked educational intervention could substantially increase discontinuation of targeted potentially 

inappropriate medications[35]. Shed-MEDS reduced medication burden and potentially inappropriate medication 

exposure during hospitalization and postacute care while also reporting similar adverse-event rates[31]. The 

Japanese medication-optimization trial produced sustained reductions in potentially inappropriate medication 

use[32]. OPERAM achieved implementation of pharmacotherapy recommendations in many intervention 

participants[33]. These studies demonstrated that prescribing behavior or medication exposure could be changed, 

but treatment modification alone was not sufficient evidence of a corresponding reduction in major healthcare 

utilization or mortality. 

This proximal–distal discordance was also evident in trials focused on medication reconciliation. Admission 

reconciliation did not reduce 30-day returns to hospital despite directly targeting medication discrepancies[28]. 

Emergency-department medication review similarly failed to decrease subsequent unplanned hospital contact[24]. 

These results are compatible with several explanations: the medication problems corrected may not have been 

sufficiently consequential to determine later utilization; some recommendations may not have been implemented 

or sustained; subsequent clinical events may have arisen from non-medication causes; or active comparator care 

may already have addressed part of the medication-related risk. The trials do not permit those mechanisms to be 

ranked definitively. 

Hard-outcome benefit was nevertheless observed in selected configurations. The extended OPTIMIST 

intervention reduced readmission and the composite of readmission or emergency attendance, whereas the basic 

medication-review arm did not show an equivalent pattern[20]. The Chilean emergency-department trial also 

reported fewer 30-day revisits after integration of a clinical pharmacist into medication selection, evaluation and 
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discharge education[25]. The post-acute-coronary-syndrome intervention produced a favorable cardiac-

readmission signal under a structured reconciliation, counselling and follow-up model[26]. These positive studies 

differed in setting and design, but all represented more than the mere identification of medication problems. 

Several equally intensive programmes remained null. MedBridge did not reduce its primary healthcare-use 

outcome despite comprehensive medication review and postdischarge follow-up[21]. IMMENSE did not reduce 

emergency visits, readmissions or mortality despite its multistep cross-setting design[22]. The Swiss discharge 

trial combining medication review and enhanced information transfer did not delay readmission.[23] Gurwitz and 

colleagues found no reduction in adverse drug-related incidents or clinically important medication errors after a 

home-based, multifaceted pharmacist intervention compared with mailed medication education[27]. Intervention 

complexity alone therefore did not discriminate effective from ineffective programmes. 

Table 3 separates the outcome classes represented across the evidence and the inference that each class can 

support. 

Table 3. Outcome proximity in pharmacist-led medication-optimization studies 

Outcome-

proximity level 

Observable study 

event 

Typical manifestations in 

the included evidence 

What success at this 

level establishes 

What it does not 

establish 

P0 — 

Intervention 

process 

Medication 

problem identified 

or 

recommendation 

generated/accepted 

Discrepancy identification, 

recommendation 

generation, clinician 

acceptance, medication-

review completion 

The service reached 

and acted on a 

medication-

management 

opportunity 

That treatment 

changed or patient 

risk was reduced 

P1 — Achieved 

treatment 

modification 

Medication 

regimen actually 

altered 

Drug initiation or 

discontinuation, 

dose/regimen change, 

deprescribing 

A recommendation 

propagated into 

treatment 

That the 

modification 

improved an 

intermediate or hard 

outcome 

P2 — 

Intermediate 

medication or 

clinical state 

Medication 

exposure or a 

proximal clinical 

measure changed 

Lower medication burden, 

fewer potentially 

inappropriate medicines, 

fewer discrepancies 

Medication use or an 

intermediate state 

changed in the intended 

direction 

That 

hospitalization, 

harm or mortality 

was prevented 

P3 — Patient-

important hard 

outcome 

Clinically 

consequential 

event altered 

Medication-related harm, 

emergency or unscheduled 

healthcare use, 

hospitalization/readmission, 

mortality 

The intervention was 

associated with a 

consequence directly 

important to patients or 

healthcare use 

Which individual 

component 

produced the effect 

in a 

multicomponent 

intervention 

The pattern across these levels was asymmetric. Positive findings were more common and mechanistically 

interpretable for P0–P2 endpoints, whereas P3 outcomes were more inconsistent. This should not be interpreted 

as a quantitative dose-response gradient because the studies differed in population, intervention composition, 

follow-up, comparator care and statistical power. It instead indicates that the evidentiary burden increases as the 

endpoint moves farther from the pharmacist's immediate action. 

When the hypothesized route to a P3 outcome is medication modification, several steps must remain intact: a 

clinically meaningful problem must be identified; an appropriate change must be recommended; that change must 

be accepted and implemented; the altered regimen must persist long enough to affect risk; and the preventable 

event must remain medication-sensitive. Failure at any step can attenuate the observed clinical effect without 

showing that every preceding step was ineffective. Conversely, an observed reduction in readmission does not 

identify which component within a multicomponent programme produced the benefit. 

Mechanism-sensitive integration and evidentiary limits 

The evidence does not support ranking medication review, reconciliation, patient education, prescriber 

communication or follow-up as independently effective components for hard outcomes. Most included 

interventions were bundled, and the same component appeared in both positive and null studies. Component 

presence is therefore an insufficient discriminator. 



Fitzgerald et al., Which Components of Pharmacist-Led Medication Optimization Change Hard Clinical Outcomes? A 

Mechanism-Sensitive Systematic Review of Comparator Fidelity and Outcome Proximity, 2017–2024 

 

 

146 

Implementation evidence helps explain why. Recommendation generation is only one stage in the medication-

optimization pathway. Acceptance and implementation can vary with clinical integration, communication and 

organizational context[34]. A service may consequently demonstrate substantial pharmacist activity while 

producing little difference in actual treatment exposure. Conversely, high recommendation acceptance remains an 

intermediate implementation outcome rather than proof of reduced medication-related harm. 

The SENATOR trial provides an additional boundary condition. Computer-supported medication 

recommendations did not reduce adverse drug reactions when recommendation uptake and implementation were 

constrained[36]. Because the intervention was not specifically a pharmacist-led service, it is not part of the 14-

study direct efficacy synthesis. Its relevance is methodological: identifying medication improvements does not 

alter clinical outcomes when recommendations fail to become effective treatment changes. 

Evidence from medication-reconciliation implementation provides a parallel example. MARQUIS2 showed that 

a structured toolkit and mentored implementation could reduce medication discrepancies across participating 

hospitals[37]. Subsequent on-treatment analyses associated several system-level and patient-level reconciliation 

components with fewer discrepancies[38]. These findings help identify plausible active implementation processes, 

but component exposure was not independently randomized and the endpoint remained a proximal discrepancy 

measure. They cannot be converted into claims that those individual components prevent readmission or mortality. 

Taken together, four variables provide the most defensible interpretation of the controlled evidence. First, 

component composition determines what opportunities exist for intervention. Second, comparator content 

determines the incremental medication-management contrast, while comparator fidelity indicates how reliably 

that content can be recovered from the report. Third, achieved treatment modification indicates whether the 

intervention propagated into the patient's regimen. Fourth, outcome proximity determines how many additional 

clinical steps must occur before an effect can appear in the measured endpoint. 

These variables are related but not interchangeable. A multicomponent intervention may have high nominal 

intensity but low achieved modification. A trial may implement medication changes successfully while testing 

them against an active comparator, leaving little between-group contrast. A large contrast may still fail to change 

readmission when the corrected medication problems account for only a small fraction of subsequent events. The 

same nominal pharmacist intervention can therefore produce different observed effects without requiring the 

assumption that one trial is “correct” and another is “wrong.” 

Table 4 integrates these distinctions while retaining the central evidentiary limitation: most individual component 

effects remain non-identifiable. 

Table 4. Mechanism-sensitive interpretation of observed pharmacist-intervention patterns 

Evidence configuration 
Component 

exposure 

Comparato

r contrast 

Achieved medication 

change 

Observed 

endpoint 

pattern 

Defensible 

interpretation 

Component 

identifiabilit

y 

Extended longitudinal 

package with patient 

interaction and cross-setting 

follow-up 

High and 

multicomponent 

Wider than 

basic review 

Present but 

incompletely 

component-specific 

Favorable 

hard-

outcome 

signal 

The package 

may improve 

outcomes 

under this 

service 

configuration 

Not 

identifiable 

individually 

Comprehensive review plus 

postdischarge follow-up 
High 

Context-

dependent 
Variable 

Null hard-

outcome 

pattern 

Greater 

intervention 

intensity alone 

is insufficient 

Not 

identifiable 

individually 

Integrated emergency-

department pharmacist 

service 

Multicomponent 

and embedded 

in team 

Relatively 

distinct from 

standard 

care 

Treatment influence 

plausible 

Favorable 

short-term 

revisit 

pattern 

A high-

contrast 

integrated 

service can 

alter utilization 

Bundle only 
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Reconciliation against an 

existing medication-history 

process 

Narrow/proxima

l 

Modest 

because 

comparator 

already 

manages 

medication 

information 

Discrepancy correction 

possible 

Null 

hospital-

return 

pattern 

A proximal 

process 

improvement 

may not 

propagate to 

utilization 

No isolated 

hard-

outcome 

component 

Deprescribing/appropriatene

ss intervention 

Targeted 

treatment 

modification 

Variable Clearly demonstrated 

Improved 

medicatio

n 

exposure 

with null 

or similar 

hard 

outcomes 

Treatment 

modification is 

achievable but 

not a validated 

surrogate for 

hard benefit 

Treatment-

change effect 

identifiable; 

hard-

outcome 

mechanism 

not 

Pharmacotherapy 

optimization with substantial 

recommendation 

implementation 

Multicomponent Moderate Demonstrated 

Null drug-

related 

admission 

outcome 

Implementatio

n is necessary 

but may be 

insufficient 

when 

competing 

risks and 

endpoint 

distance are 

large 

Individual 

components 

not 

identifiable 

Recommendation or 

reconciliation 

implementation study 

Process-focused 

No 

conventional 

efficacy 

comparator 

Acceptance/discrepanc

y improvement 

demonstrated 

Proximal 

endpoint 

only 

Useful for 

mechanism 

specification, 

not hard-

outcome 

efficacy 

Associative 

only 

The synthesis therefore supports a conditional proposition rather than a universal effectiveness claim. Hard-

outcome benefit becomes more plausible when an intervention creates a meaningful contrast over comparator 

care, produces implemented medication changes and acts on medication problems sufficiently consequential to 

influence the endpoint within the observation period. The available evidence does not establish that satisfying 

these conditions guarantees benefit. 

A converse proposition is equally important. When an apparently intensive pharmacist intervention produces a 

null P3 result, the trial should be interrogated for comparator overlap, incomplete implementation, weak 

medication-event linkage and endpoint distance before concluding that its individual components are ineffective. 

These explanations remain competing hypotheses unless the study directly measures the intermediate pathway. 

The four-variable relationship is summarized in Figure 2. It distinguishes observed intervention content, 

experimental contrast, achieved treatment modification and endpoint distance. It does not depict an unverified 

causal chain from pharmacist activity to clinical benefit. 
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Figure 2. Conditions governing interpretation of pharmacist-led medication-optimization effects 

Conclusion 

Pharmacist-led medication optimization is not a single reproducible clinical exposure, and the available controlled 

evidence does not identify one universally effective component for preventing hospitalization, medication-related 

harm or death. Medication review, reconciliation, patient engagement, prescriber communication, deprescribing 

and follow-up appear in both positive and null programmes. 

The most defensible answer to the review question is conditional. Interpretation improves when the content of the 

intervention is separated from the medication-management activity already present in comparator care, when 

implemented treatment modification is distinguished from recommendations or acceptance, and when the distance 

between medication change and the measured clinical endpoint is made explicit. Several trials demonstrate 

meaningful medication changes without corresponding improvement in hard outcomes, while selected integrated 

interventions demonstrate favorable utilization effects without revealing which individual component generated 

them. 

Future controlled studies should therefore report comparator care with the same precision as the experimental 

intervention, measure whether recommendations become sustained medication changes, and connect proximal 

medication effects with prospectively defined patient-important endpoints. Dismantling, factorial or otherwise 

mechanism-identifying designs are required before individual pharmacist activities can be assigned causal 

responsibility for hard clinical outcomes. 
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