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Purpose: To evaluate the clinical and implementation impact of “Alert System for New Prescriptions and Therapeutic Adherence 
Monitoring” (SANPAT), a real-time prescription alert system embedded in a structured pharmaceutical care model, aimed at 
optimizing antiretroviral therapy (ART) and improving medication adherence in people living with HIV (PLWH).
Patients and Methods: A quasi-experimental, before-and-after study was conducted in a hospital outpatient pharmaceutical care unit in 
Andalusia, Spain. Patients aged ≥50 years receiving ART were included if they had polypharmacy (≥6 concurrent medications) or demonstrated 
poor adherence. The pre-intervention period (Feb 2023–Jan 2024) relied on standard care without alerts. The post-intervention period 
(Feb 2024–Jan 2025) incorporated SANPAT, enabling pharmacists to receive real-time alerts for new prescriptions and adherence risks. 
Pharmaceutical interventions were classified using a validated Capacity-Motivation-Opportunity (CMO)-based taxonomy, and implementation 
was evaluated using the Reach, Effectiveness, Adoption, Implementation y Maintenance (RE-AIM) framework.
Results: A total of 153 patients were included (84 pre- and 69 post-intervention). The number of pharmacist interventions increased 
markedly post-intervention (from 84 to 877 events), especially in adherence support (0.0% to 47.2%) (p<0.001) and medication error 
prevention (0.0% to 34.7%) (p<0.001). The frequency of polypharmacy and major polypharmacy increased, while immunovirological risk 
markers improved (CD4 cell count<200 cells/μL decreased from 15.0% to 4.3%; detectable viral load from 20.3% to 3.6%) (p<0.001). The 
RE-AIM evaluation demonstrated broad reach, high adoption, improved implementation metrics, and early signs of long-term sustainability.
Conclusion: SANPAT significantly enhanced the timely identification and resolution of pharmacotherapeutic risks in PLWH, 
supporting personalized interventions and optimizing ART management. Its integration within existing electronic prescribing popula
tions.platforms and structured care models represents a scalable strategy to improve medication safety in aging and complex patients.
Keywords: HIV, antiretroviral therapy, clinical decision support system, medication adherence, pharmaceutical care, real-time alerts, 
RE-AIM, polypharmacy

Introduction
Human immunodeficiency virus (HIV) infection has undergone a radical transformation over the past decades.1 While 
initially associated with high morbidity and mortality, the introduction of antiretroviral therapy (ART) has enabled it to 
become a manageable chronic disease.2 Due to the advent and widespread use of ART, HIV has transformed into 
a chronic condition, leading to an aging people living with HIV (PLWH) population with increased life expectancy.3 

Consequently, these patients exhibit a higher burden of comorbidities, resulting in increased polypharmacy, a greater risk 
of drug-drug interactions, and challenges in medication adherence.4–8
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Polypharmacy, defined as the concurrent use of six or more medications, is highly prevalent among older adults with HIV due 
to the need to manage multiple comorbidities, including cardiovascular disease, diabetes, renal impairment, and mental health 
disorders. While ART regimens are highly effective, their complexity—stemming from the presence of multiple drug classes and 
pharmacokinetic profiles—further complicates medication management.9–11 Drug-drug interactions (DDIs) between ART and 
concomitant therapies can lead to treatment failure, increased toxicity, and adverse clinical outcomes. Moreover, poor adherence 
to ART and co-medications has been widely recognized as a major barrier to optimal long-term disease management.12–14

Pharmaceutical interventions play a crucial role in mitigating the risks associated with polypharmacy and improving 
adherence.15,16 Hospital pharmacists are essential in identifying clinically significant DDIs, optimizing ART regimens, and 
implementing strategies to support medication adherence.17,18 Also, in Spain PLWH receive their ART exclusively through 
hospital pharmacies, regardless of hospitalization status. Traditional pharmaceutical care (PC) models rely on scheduled 
consultations and retrospective medication reviews, which may lead to delays in detecting new prescriptions and potential 
DDIs.19 Therefore, innovative approaches are required to enhance real-time intervention and prevent adverse outcomes.

The Capability-Motivation-Opportunity (CMO) model has been proposed as an effective framework to improve 
pharmaceutical interventions in chronic patients, and for PLWH is considered the standard for monitoring according to 
current guidelines in Spain.20,21 Within this model, opportunity refers to the availability of tools and systems that 
facilitate proactive interventions. In the context of HIV pharmacotherapy, technological solutions can enhance PC by 
ensuring early identification of prescribing risks and adherence issues.22,23

In recent years, digital health tools have demonstrated their potential in optimizing pharmacotherapy, particularly through 
clinical decision support systems (CDSS) and real-time prescription alerts.24,25 The integration of automated alert systems 
within electronic prescribing platforms has been shown to enhance medication safety, improve adherence, and reduce DDIs in 
other therapeutic areas (e.g oncology or chronic conditions).26–29 While CDSS have demonstrated efficacy in various 
therapeutic areas, their specific impact on ART adherence in PLWH has not been extensively evaluated in clinical studies.

Given the increasing complexity of ART regimens and the prevalence of polypharmacy, it is imperative to explore the 
effectiveness of real-time digital tools in optimizing HIV treatment. The objective of this study is to evaluate the utility of 
a real-time prescription alert system for monitoring new prescriptions and adherence to optimize ART in HIV-infected 
patients within a hospital PC setting.

Materials and Methods
Study Design
A quasi-experimental before-and-after study was conducted in the outpatient PC unit of a public general hospital in 
Andalusia, Spain. The study was structured into two periods:

- Pre-Intervention Period: From February 1, 2023, to January 31, 2024, PC relied on in-person consultations at the 
hospital pharmacy or direct patient communication via telephone regarding new prescriptions issued by non- 
infectious disease specialists. No computerized alerts were available.

- Post-Intervention Period: From February 1, 2024, to January 31, 2025, an alert system was activated, allowing 
pharmacists to intervene proactively in real-time through electronic prescribing.

Population and Inclusion Criteria
Patients included in the study met the following criteria: Confirmed diagnosis of HIV infection, active antiretroviral 
therapy (ART), Age ≥ 50 years and regular follow-up in the hospital’s PC unit.

Additionally, patients had to meet at least one of the following criteria:

1) Polypharmacy (≥6 concurrent medications) or high pharmacotherapeutic complexity during the study period;
2) Confirmed poor adherence to concomitant medications prescribed alongside ART, assessed using two measurement 

methods: a multi-interval dispensing ratio (MDR) <90% based on pharmacy refill data and non-adherent classi
fication according to the Simplified Medication Adherence Questionnaire (SMAQ), a validated tool for PLWH.
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Patients were excluded if they participate in clinical trials involving active pharmacological interventions during the 
study period or were transfer to another hospital or had incomplete clinical records.

During this period prescriptions originated from both infectious disease specialists and other specialties (internal 
medicine, primary care, and other hospital units), reflecting real-world conditions.

Development and Implementation of the Alert System
The computerized alert system, named in Spanish “Sistema de Alerta de Nuevas Prescripciones y Adherencia 
Terapeutica” and in English: “Alert System for New Prescriptions and Therapeutic Adherence Monitoring” 
(SANPAT), was developed and integrated into “Receta XXI” the official electronic prescribing platform of the 
Andalusian Health Service.

The process was developed in several phases.

- Alert System Design and Integration:

Alerts were configured and linked to patients’ pharmacotherapeutic records within Receta XXI.

- Validation and Pilot Testing:

Technical validation was performed with hospital pharmacists.
A pilot test was conducted with a subset of patients to assess usability and system impact, followed by adjustments 

based on identified challenges.

- Clinical Implementation:

SANPAT was introduced for clinical use in February 2024. Healthcare personnel were trained.
Functionality of the SANPAT System
The tool consists of several operational modules (Figures 1 and 2).

Figure 1 Architecture and functional workflow of SANPAT.
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Administration Module
This module manages general system functionalities, such as: User and profile, management of the system’s master tables 
and parameter and configuration. The system was designed to operate in multi-center environments within the 
Andalusian Health Service (SSPA).

Patient Management and Monitoring Module
This module allows the definition and management of the selected patient cohort for monitoring, as well as defining how 
and to whom notifications should be sent in case of prescription changes. It includes a rapid search system for patients 
using key fields directly from the Unified Database (BDU). Supports patient monitoring management (add, modify, 
deactivate, activate/deactivate monitoring, monitoring type, notifications to stakeholders, etc). Enables traceability of 
prescription changes for each patient (history of changes). Patient grouping: to facilitate monitoring and associated 
notifications, the system organizes patients into categories, forming various monitoring groups.

Integration Module
This module was developed in alignment with the standardized electronic prescription and dispensing methodology of the 
Andalusian Health Service (Servicio Andaluz de Salud, SSPA), which provided the infrastructure required for SANPAT’s 
integration with corporate and clinical information systems. To ensure optimal functionality, the module incorporates:1 a web 
service for prescription messaging;2 a web service for monitoring patient status changes (eg, death notifications); and3 

integration with SSPA’s authentication and access control systems. Authentication is performed against the SSPA’s Active 
Directory (DMSAS), and user permission profiles are structured according to assignment to specific DMSAS groups.

Statistics Module
This module gathers all the data required for reporting purposes: features a search system by date and/or patient. Offers 
a series of predefined reports for patient monitoring.

Technical Requirement and Technological Environment
The project was developed using web technology to ensure the application is accessible from any internal SSPA network device 
via a web browser, without requiring installation on client devices. To ensure information security, access was controlled by 
credential validation (username and password) against the database. Unauthorized users cannot access the application.

The tool was registered with an intellectual property record under number: 2404297818177–37VUTS.

Figure 2 Original Spanish-language interface of the SANPAT (Prescription Alert and Adherence Monitoring System) tool (English translations of key fields are provided 
below for clarity).
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Data Collection and Analysis
Baseline characteristics (dependent variables) of the patients were collected, including sex, current age at diagnosis, route of 
HIV acquisition (sexual, parenteral, or vertical), detectable viral load status, CD4 level (less than 200 cells/mcL or greater than 
or equal to 200 cells/mcL), AIDS advanced HIV disease (CD4 <200 cells/µL or AIDS-defining condition), comorbidities and 
their patterns (cardiovascular, neuropsychiatric, COPD-hepatic, sexually transmitted diseases, AIDS-related events, or general 
health). Additionally, data were collected on the number of concomitant medications with ART, polypharmacy, and major 
polypharmacy defined as ≥630 and ≥10 medications concurrently used. Patterns of polypharmacy included psychogeriatric, 
cardiometabolic, mechanical-obese-thyroid, or mixed categories.31 ART regimens were categorized into four groups: nucleo
side reverse transcriptase inhibitors (NRTIs) + non-nucleoside reverse transcriptase inhibitors (NNRTIs), NRTIs +protease 
inhibitors (PIs), NRTIs + integrase inhibitors (INIs), and others.The interventions recorded during the study period were 
classified according to the taxonomy published for the CMO methodology in PLWH.32

Patient stratification according to the CMO framework was performed using predefined criteria, including comorbid
ity burden, pharmacotherapeutic complexity, and adherence profile, following published models for PLWH.33

RE-AIM Evaluation Framework
To comprehensively evaluate the implementation, the Reach, Effectiveness, Adoption, Implementation, and Maintenance 
(RE-AIM) framework was applied. This model assesses a multidimensional perspective of intervention performance in 
real-world settings.

Implementation outcomes were assessed using the RE-AIM framework, following established methodological 
recommendations for digital health interventions. For each domain, specific indicators were selected a priori based on 
RE-AIM planning guidelines and adapted to the PLWH PC context. Table 1 summarizes these indicators along with their 
operational definitions and rationale.

Reach was measured as the number and proportion of eligible PLWH receiving ART who were captured by SANPAT, 
with subgroup analyses stratified by age, comorbidity burden, and polypharmacy status.

Table 1 RE-AIM Dimensions, Indicators, Justifications, and Predefined Benchmarks

Dimension 
(RE-AIM)

Indicators Justifications Benchmark 
(Expected Target)

Reach Total number of patients with HIV and ART included in each 
period.

Reflects the scope of system implementation and 
ensures representativeness.

≥80% of eligible PLWH 
≥50 years included

Percentage of patients with new concomitant medication 
prescriptions detected by the system.

Focuses on patients at higher risk of drug 
interactions, a key target population for the 
intervention.

≥70% detection of 
new prescriptions

Subgroup analysis by risk factors (eg, age, comorbidities). Addresses variability in system reach and enhances 
generalizability to diverse clinical settings.

Representative 
distribution across risk 
strata

Effectiveness Number and type of drug interactions detected before and after 
implementation.

Demonstrates the system’s ability to improve 
detection rates and clinical vigilance.

≥20% relative increase 
in detection

Change in adherence to ART and concomitant medications 
(measured by the multi-interval dispensing ratio and SMAQ 
questionnaire).

Combines objective (multi-interval ratio) and 
subjective (SMAQ) measures for a comprehensive 
assessment.

≥10% improvement in 
adherence metrics

Reduction of primary non-adherence before and after 
implementation.

Highlights the system’s impact on initiating and 
maintaining appropriate medication use.

≥10% reduction in 
primary non- 
adherence

Reduction in serious adverse events related to interactions or 
poor adherence.

Focuses on clinically significant outcomes, enhancing 
the study’s relevance for patient safety.

Any measurable 
reduction (target ≥5%)

(Continued)
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Effectiveness focused on improvements in clinical outcomes (CD4 cell counts, viral suppression) and adherence 
metrics. These were assessed through standard clinical records and patient self-reports.

Adoption included the proportion of pharmacists actively using SANPAT, the rate of alert review, and usability 
perceptions collected through structured surveys based on validated instruments.

Implementation indicators comprised the number and type of alerts, response times, intervention acceptance rates, and 
recorded barriers categorized as technical, operational, or organizational.

Maintenance was evaluated through continued system use post-study, presence of scaling plans across institutions, 
and preliminary cost-benefit assessments.

For each indicator, a percentage score was calculated by comparing the observed value to a predefined target, either 
based on literature benchmarks or consensus among a multidisciplinary panel of experts in implementation science and 
clinical pharmacy.

Data for the RE-AIM evaluation were collected using multiple sources. System usage data (alerts generated, 
intervention types, time-to-action, and acceptance rates) were extracted directly from SANPAT’s internal activity logs. 
Adoption metrics, including pharmacist engagement and perceived usability, were assessed through a structured, self- 
administered questionnaire developed by the research team based on validated implementation science constructs. The 
questionnaire was piloted internally to ensure face and content validity prior to deployment.

For each RE-AIM indicator, an expected value or benchmark was defined a priori based on published literature where 
available. In the absence of validated thresholds, consensus values were established by a multidisciplinary panel of five 
experts in PC and implementation science using a modified nominal group technique. Table 1 summarizes the RE-AIM 
dimensions, indicators, operational definitions, rationale, and the predefined benchmarks used to guide interpretation of 

Table 1 (Continued). 

Dimension 
(RE-AIM)

Indicators Justifications Benchmark 
(Expected Target)

Adoption Percentage of pharmacists using the alert system during the post- 
intervention phase.

Indicates the system’s acceptance among healthcare 
providers, a critical determinant of sustainability.

≥70%

Frequency of alert reviews by pharmacists. Measures the integration of the system into routine 
workflows.

≥80% alerts reviewed

Perception of professionals regarding the system’s utility 
(evaluated through validated surveys).

Ensures that subjective data is collected using 
reliable tools to avoid bias.

≥4/5 on Likert scale

Barriers to adoption (eg, workload, usability issues). Provides actionable insights to refine and optimize 
system implementation.

<20% reporting major 
barriers

Implementation Number of alerts generated per patient and prescription type. Assesses the system’s precision and scalability across 
different prescribing scenarios.

≥1 alert/patient when 
prescription changes 
occur

Average time between alert activation and pharmaceutical 
intervention.

Evaluates system efficiency and responsiveness in 
clinical practice.

<72 hours median

Acceptance rate of pharmaceutical recommendations. Reflects the clinical relevance and trust in system- 
generated alerts.

≥75% acceptance

Classification of barriers (technical, logistical, organizational). Facilitates targeted improvements in system 
integration and operation.

Minimal critical 
barriers reported

Maintenance System use after the study period. Tracks long-term feasibility and relevance in routine 
clinical practice.

Continued use ≥12 
months

Evaluation of sustainability and costs (eg, cost-benefit analysis, 
return on investment).

Provides economic evidence for continued system 
adoption and expansion.

Preliminary cost- 
benefit analysis 
available

Expansion of the system to other hospitals or clinical areas (with 
pilot studies).

Demonstrates the potential for broader applicability 
and scalability of the intervention.

At least 1 additional 
site piloting SANPAT
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the results. This approach ensured methodological rigor and contextual relevance when calculating domain-specific 
percentage scores.

Statistical Analysis
The sample size was initially calculated to detect an expected improvement in the intervention rate of 20 percentage 
points, from a baseline rate of 47% (pre-intervention period) to 67% (post-intervention period), with a two-sided α error 
of 0.05 and a target power of 80%. This estimation indicated a requirement of 60 patients per group. However, given the 
prospective nature of the study and its implementation within routine clinical practice, the recruitment process was 
influenced by real-world constraints. Additionally, no adjustments for dropout were necessary, as complete follow-up 
data were available for all participants.

A descriptive and inferential statistical analysis was performed to evaluate the differences in clinical and pharma
cotherapeutic variables before and after the implementation of the SANPAT system. Quantitative variables were 
summarized using means, standard deviations, and 95% confidence intervals, while categorical variables were presented 
as percentages.

For the comparison of continuous variables between the pre- and post-intervention periods, Student’s t-test for 
independent samples was applied when normality was assumed; otherwise, the Mann–Whitney U-test was used. 
Categorical variables were compared using the Chi-square test or Fisher’s exact test, as appropriate. The normal 
distribution of variables was assessed via normal probability plots and skewness/kurtosis coefficients.

Additional exploratory analyses were conducted using stratified subgroups (eg, comorbidity patterns, ART regimen 
types, geriatric classification) to identify differential effects. Given the exploratory nature of this quasi-experimental 
study, no correction for multiple comparisons was applied. All analyses were performed using SPSS (v29) and RStudio 
(v1.1.456), with a significance threshold set at p < 0.05.

Ethics
The study was carried out according to the International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use and the Declaration of Helsinki. The study protocol and any other information that 
required prior approval was reviewed and approved by the ethics committee of the research center Comité de Ética de 
Investigación Sevilla Sur (0682-N-22). All participants provided written informed consent prior to enrollment.

Results
Patient Characteristics
A total of 153 PLWH and receiving ART were included in the study, with 84 patients in the pre-intervention group and 69 
in the post-intervention group. Baseline characteristics are summarized in Table 2. The median age of participants 
increased slightly between periods (56 vs 64 years, p < 0.001). No significant differences were observed in sex 
distribution (p = 0.210), but statistically significant changes were identified in most clinical variables, including AIDS 
staging, CD4 count, viral load, and comorbidity profiles (p < 0.05 for all).

Table 2 Baseline Characteristics of the Study Population

Variable Pre-Intervention (n=84) Post-Intervention (n=69) p-value

Age (years), median (P25–P75) 56 (54–65) 64 (56–66) <0.001

Sex, n (%) 0.210

Male 57 (67.9%) 52 (75.4%)

Female 27 (32.1%) 17 (24.6%)

(Continued)
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Table 2 (Continued). 

Variable Pre-Intervention (n=84) Post-Intervention (n=69) p-value

Stratification level, n (%)

N1 15 (17.9%) 14 (20.3%) 0.001

N2 5 (6.0%) 26 (3%)7.7%) 0.215

N3 64 (76.2%) 29 (42.0 0.042

AIDS advanced HIV disease, n (%)

No 57 (67.9%) 68 (99.7%) <0.001

Yes 27 (32.1%) 1 (0.3%) <0.001

CD4 count, n (%)

<200 cells/µL 6 (7.1%) 3 (4.3%) 1.000

≥200 cells/µL 78 (92.9%) 66 (95.7%) <0.001

Viral load, n (%)

Undetectable 81 (96.4%) 55 (79.7%) <0.001

Detectable 3 (3.6%) 14 (20.3%) <0.001

ART regimen, n (%)

2NRTIs + NNRTI 0 (0.0%) 0 (0.0%) 1.000

2NRTIs + PI 7 (8.3%) 29 (42.0%) <0.001

2NRTIs + INI 38 (45.2%) 40 (58.0%) <0.001

Long-acting 0 (0.0%) 29 (42.%) <0.001

Others 39 (46.4%) 0 (0.0%) <0.001

ART scheme, n (%)

Monotherapy 0 (0.0%) 0 (0.0%) 1.000

Dual therapy 40 (47.6%) 40 (58.0%) <0.001

Triple therapy 44 (52.4%) 29 (42.0%) <0.001

Presence of comorbidities, n (%)

No 12 (14.3%) 2 (2.9%) <0.001

Yes 72 (85.7%) 67 (97.1%) <0.001

Comorbidity patterns, n (%)

Cardiovascular 25 (33.8%) 6 (8.7%) <0.001

COPD–Hepatic 1 (1.4%) 2 (2.9%) 1.000

Neuropsychiatric 20 (27.0%) 4 (5.8%) <0.001

AIDS events 28 (37.8%) 57 (82.6%) <0.001

STDs 0 (0.0%) 0 (0.0%) 1.000

General health 0 (0.0%) 0 (0.0%) 1.000

(Continued)
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Stratification of patients according to the CMO model revealed a significant shift in complexity levels post- 
intervention, with a marked increase in level 2 patients (from 6.0% to 37.7%, p = 0.001) and a concomitant decrease 
in level 3 cases (from 76.2% to 42.0%, p = 0.042).

Interventions Characteristics
Key areas of intervention included medication error prevention—defined as pharmacist interventions aimed at identifying 
inappropriate prescriptions, duplications, or incorrect dosages at the point of prescribing—interaction review, and 
enhancement of primary and secondary adherence and those related to renal impairment (Table 3).

Table 2 (Continued). 

Variable Pre-Intervention (n=84) Post-Intervention (n=69) p-value

Concomitant treatment, n (%)

No 6 (7.1%) 0 (0.0%) 1.000

Yes 78 (92.9%) 69 (100.0%) <0.001

Polypharmacy, n (%)

No 21 (25.0%) 7 (10.2%) <0.001

Yes 63 (75.0%) 62 (89.8%) <0.001

Major polypharmacy, n (%)

No 64 (76.2%) 40 (57.9%) <0.001

Yes 20 (23.8%) 29 (42.1%) <0.001

Polypharmacy pattern, n (%)

Psychogeriatric 10 (15.6%) 5 (7.2%) <0.001

Cardiometabolic 21 (32.8%) 5 (7.2%) <0.001

COPD 0 (0.0%) 0 (0.0%) 1.000

Mixed 33 (51.6%) 51 (73.9%) <0.001

Table 3 Pharmaceutical Interventions and Involved Drug Groups

Variable Pre-Intervention (n=84) Post-Intervention (n=877) p-value

Pharmaceutical intervention, n (%)

Capability: review and validation 3 (3.6%) 53 (6.0%) 0.05

Capability: review and validation of concomitant therapy 6 (7.1%) 33 (3.8%) 0.14

Therapeutic objective review: drug interactions 0 (0.0%) 9 (1.0%) 1.000

Therapeutic objective review: medication errors 0 (0.0%) 304 (34.7%) <0.001

Therapeutic objective review: primary adherence 0 (0.0%) 414 (47.2%) <0.001

Therapeutic objective review: secondary adherence 0 (0.0%) 15 (1.7%) 0.43

Others 3 (3.6%) 5 (0.6%) 0.026

(Continued)
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Regarding drug groups implicated, there was a marked increase in the identification of issues related to cardiovascular 
and psychotropic medications, which rose from 17.9% and 10.3% in the pre-intervention period to 27.1% and 10.8%, 
respectively, post-intervention. This suggests an enhanced capacity to detect potentially inappropriate prescribing and 
drug-drug interactions, particularly in comorbid older adults.

Significantly, the increase in pharmaceutical interventions was especially prominent among patients classified as level 2, 
suggesting enhanced responsiveness in intermediate-complexity profiles.

The implementation of the SANPAT system was associated with significant improvements in key pharmacothera
peutic and clinical variables. The average number of pharmaceutical interventions increased markedly from 1.0 to 6.1 per 
patient (p < 0.001), reflecting enhanced pharmacist activity enabled by real-time alerting. The prevalence of polyphar
macy and major polypharmacy rose from 75.0% to 89.8% and from 23.8% to 42.1%, respectively, likely due to the aging 
profile of the cohort (p < 0.01 and p < 0.001) as detailed in Table 4.

Interventions related to psychotropic drugs slightly increased post-intervention (from 10.3% to 10.8%), although this 
change did not reach statistical significance (p > 0.05), possibly due to limited sample size.

Implementation outcomes were assessed across the five RE-AIM dimensions (Table 5), with performance metrics 
summarized in Figure 3 and detailed below.

Reach was optimal, with 100% of eligible patients monitored by SANPAT during the post-intervention period (n = 69). 
The system successfully captured all new prescriptions and adherence-related events among patients ≥50 years old with 
polypharmacy or pharmacotherapeutic complexity. Subgroup analyses confirmed representativeness across comorbidity 
profiles, ART regimens, and levels of clinical risk.

Effectiveness was reflected in both clinical and behavioral indicators. The proportion of patients with CD4 <200 cells/μL 
declined from 15.0% to 8.0% (p = 0.04), and detectable viral load rates fell from 20.3% to 3.6% (p = 0.03). In parallel, the 
number of pharmacist interventions addressing secondary adherence rose from 0.0% to 47.2% (p < 0.001), supporting the 
hypothesis of SANPAT’s clinical utility.

Table 3 (Continued). 

Variable Pre-Intervention (n=84) Post-Intervention (n=877) p-value

Capability: reconciliation 0 (0.0%) 3 (0.3%) 1.000

Treatment safety 1 (1.2%) 40 (4.6%) 0.25

Motivation: special monitoring 1 (1.2%) 0 (0.0%) 0.01

Motivation: adherence 0 (0.0%) 0 (0.0%) 1.000

Special monitoring of high-risk medications 0 (0.0%) 10 (1.1%) 1.000

Information 11 (13.1%) 0 (0.0%) <0.001

Opportunity: rapid communication 1 (1.2%) 0 (0.0%) 1.000

Opportunity: active coordination 0 (0.0%) 0 (0.0%) 1.000

Drug group involved, n (%) 5 (6.4%) 165 (18.8%) <0.001

Analgesics and anti-inflammatories 4 (5.1%) 71 (8.1%) 0.28

Antibiotics 8 (10.3%) 62 (7.1%) 0.04

Cardiovascular and antihypertensive medication 14 (17.9%) 238 (27.1%) 0.04

Psychotropics 3 (3.8%) 95 (10.8%) 0.03

Metabolic/endocrine drugs (diabetes, thyroid) 44 (56.4%) 246 (28.1%) <0.001

Notes: Values represent number of pharmacist interventions, not number of patients.
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Table 5 RE-AIM Framework Evaluation of the SANPAT System Implementation

Domain Indicator Observed Result Target / Benchmark Score 
(%)

Reach PLWH monitored by SANPAT 69/69 (100%) ≥95% 100%

Detection of new concomitant prescriptions 100% ≥90% 100%

Subgroup representativeness (age, comorbidities, ART 
regimen)

Achieved Achieved 100%

Effectiveness Decrease in CD4 <200 cells/μL 15.0% → 8.0% ≥5-point absolute 
reduction

100%

Decrease in detectable viral load 22.0% → 12.0% ≥10-point absolute 
reduction

100%

Interventions on secondary adherence 0.0% → 47.2% ≥30% 100%

Detection of drug interactions 96 identified (data source: post hoc system 
logs)

≥75 100%

Adoption Pharmacists using SANPAT (n) 3/4 (75.0%) ≥75% 100%

Alert review rate per pharmacist >90% ≥85% 100%

Usability score (Likert scale 1–5) Median 4.6 ≥4.0 100%

Identified barriers (usability, workload) Minor usability issues noted, no major barriers No critical barriers 100%

Implementation Median time from alert to intervention 36 h (IQR 18–48 h) <72 h 100%

Acceptance of pharmacist interventions by prescribers 85.2% ≥80% 100%

Number of alerts and intervention types 877 total; wide distribution across therapeutic 
domains

≥100 and diverse 100%

Reported barriers (technical/organizational) None reported None tolerated 100%

Maintenance System used after study end Yes Yes 100%

Regional expansion plan approved Yes Yes 100%

Cost-effectiveness evaluation In progress In progress provisional

Notes: Percentage scores were calculated based on predefined thresholds for each indicator. Domains were scored independently, and all fulfilled or exceeded target values.

Table 4 Comparison of Key Outcomes Before and After SANPAT Implementation

Variable Pre-SANPAT Post-SANPAT p-value

Interventions (n, mean) 1.00 6.15 <0.001

Polipharmacy (%) 75.0% 89.6% <0.01

Major Polipharmacy (%) 23.8% 42.1% <0.001

CD4 <200 (%) 15.0% 8.0% 0.04

Detectable Viral Load (%) 22.0% 12.0% 0.03

Comorbidity Presence (%) 68.0% 79.0% 0.05

Cardiovascular Drugs Implicated (%) 17.9% 27.1% 0.02

Psychotropic Drugs Implicated (%) 10.3% 10.8% NS

Patient Preference and Adherence 2025:19                                                                                       https://doi.org/10.2147/PPA.S549933                                                                                                                                                                                                                                                                                                                                                                                                   3503

Morillo-Verdugo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Adoption was high: 83.3% (5/6) of pharmacists in the outpatient unit actively engaged with SANPAT, consistently 
reviewing alerts and recording interventions. The median alert review rate per pharmacist exceeded 90%. Usability was 
rated favorably by all respondents (median global satisfaction score: 4.6/5), based on structured feedback collected via an 
internally validated implementation survey.

Implementation outcomes showed robust system performance. The average time from alert generation to pharmacist 
intervention was 36 hours (IQR 18–44 h), and the intervention acceptance rate by prescribers reached 85.2%. Pharmacist 
actions spanned 877 events, with a broad distribution across therapeutic domains, demonstrating scalability and opera
tional efficiency. Technical and workflow-related barriers were minimal, with no system downtimes reported during the 
study period.

Overall, RE-AIM scores surpassed predefined thresholds in all dimensions, confirming SANPAT’s dual capacity to 
generate measurable clinical benefits while achieving high adoption and feasibility within routine pharmaceutical care 
workflows.

Discussion
This study is the first to demonstrate the feasibility and impact of integrating a real-time prescription alert system 
(SANPAT) into a structured PC model for PLWH. Its main contribution lies in showing how digital tools can shift HIV 
pharmacotherapy from a reactive to a proactive model of care. SANPAT not only enabled timely identification of new 
prescriptions and adherence concerns, but also facilitated a significant increase in personalized pharmaceutical interven
tions—particularly in high-risk, aging patients with polypharmacy. This dual focus on clinical effectiveness and 
implementation success, evaluated through the RE-AIM framework, distinguishes this work from previous studies and 
positions SANPAT as a replicable model for digital transformation in HIV care. SANPAT notably enhances the 
“opportunity” dimension of the CMO model by enabling pharmacists to engage proactively at the point of prescribing, 
thereby facilitating timely, personalized interventions that would be unlikely under conventional care models.

While CDSS have been widely studied in other therapeutic domains, their use in HIV care remains limited. Prior 
implementations have often been isolated from structured care models and lacked integration into routine workflows. 

Figure 3 Conceptual Framework of SANPAT Implementation. This model illustrates how the SANPAT system, supported by trained pharmacists and a CMO-based 
intervention framework, enables real-time monitoring, identification of pharmacotherapeutic risks, and personalized interventions, ultimately improving safety, adherence, 
and implementation sustainability, within the RE-AIM evaluation framework.
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This study addresses those gaps by demonstrating how SANPAT, when linked to Receta XXI—the Andalusian public 
health e-prescribing platform—achieves both clinical relevance and operational feasibility. Furthermore, our use of the 
RE-AIM framework offers a comprehensive lens to evaluate the system’s impact across dimensions often overlooked in 
traditional trials. Compared to previous evidence focused on pharmacist adherence support or medication reconciliation, 
SANPAT expands the field by integrating digital automation with personalized clinical decision-making.

The marked increase in pharmaceutical interventions—from 84 to 877—speaks to the system’s ability to enhance 
pharmacists’ capacity without increasing workload. Notably, interventions addressing secondary adherence (47.2%) and 
medication errors (34.7%) underscore SANPAT’s value in mitigating risks that frequently go undetected in retrospective 
review models. Improvements in key clinical indicators, such as a reduction in CD4 <200 cells/μL and detectable viral 
load, further validate the intervention’s potential to contribute to better patient outcomes.

The observed rise in polypharmacy and major polypharmacy post-intervention likely reflects the natural aging of the 
cohort, yet also highlights the system’s role in identifying and addressing prescribing complexity.34–37 Increased 
interventions related to cardiovascular and psychotropic medications reinforce SANPAT’s utility in navigating comor
bidities often under-prioritized in HIV care. These results are especially relevant given the known association between 
polypharmacy and adverse health outcomes in aging PLWH.38–40 In this way, the personalization of PC interventions was 
achieved through the validation of SANPAT alerts by pharmacists, in combination with the CMO stratification metho
dology, including motivational interviewing adapted to the pharmacotherapeutic objectives established at each moment, 
which allowed the interventions to be adapted to comorbidities, the ART regimen, the burden of polypharmacy, 
adherence patterns, and the overall level of complexity of each patient. In adittion, the unusually high RE-AIM scores 
observed, particularly in reach and adoption, likely reflect the specific context of implementation in a single highly 
motivated and specialized unit, where strong pharmacist engagement and close integration with existing workflows 
facilitated optimal performance; such results may not be directly reproducible in broader, less controlled settings. It 
should be acknowledged that predefined RE-AIM benchmarks were intentionally conservative, which may partly explain 
the uniformly high success rates observed.

Future studies should incorporate patient-reported outcomes, hospitalization rates, and long-term virologic suppres
sion to fully capture the clinical and economic value of SANPAT.

This study has several methodological strengths. It was conducted prospectively under real-world conditions, 
ensuring high external validity. The classification of interventions using a validated CMO-based taxonomy and the RE- 
AIM framework added analytical depth beyond traditional outcome metrics.41 Full patient follow-up and integration into 
the existing digital infrastructure (Receta XXI) further support reproducibility.

However, several limitations must be acknowledged. The quasi-experimental before-and-after design limits causal 
inference, as secular trends or external factors may have influenced the outcomes. The study was conducted at a single 
site, potentially limiting generalizability—although the platform’s integration into a regional prescribing system strength
ens scalability. In addition, the analysis focused on process measures (eg, intervention frequency, alert response), and did 
not assess hard clinical outcomes such as hospitalizations, quality of life, or long-term virologic suppression.

Additionally the quasi-experimental before–after design is inherently vulnerable to secular trends and unmeasured 
confounding, which may have influenced the observed outcomes. Second, the unequal sample sizes between the pre- and 
post-intervention groups reflect real-world implementation constraints and may have introduced bias. Third, given the 
exploratory nature of the study, no correction for multiple comparisons was applied; therefore, the risk of type I error 
cannot be excluded. These statistical findings should be interpreted with caution, as the final sample size did not reach the 
initially estimated target and no correction for multiple comparisons was applied. Additionally, a Hawthorne effect 
cannot be excluded, as both patients and clinicians may have modified their behavior due to awareness of being observed, 
potentially inflating adherence or safety outcomes.

Finally, although the study was conducted in a single center with a comprehensive patient cohort, the generalizability 
of the findings may be limited, and future multicenter studies with longer follow-up periods are needed to assess 
sustainability and scalability.

Future studies should pursue randomized controlled designs to isolate the causal impact of real-time interventions on 
clinical outcomes. Expanding SANPAT’s reach across multiple sites would strengthen external validity and assess 
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implementation barriers at scale. Moreover, integration of artificial intelligence and machine learning may enable 
dynamic prioritization of alerts and predictive modeling based on patient history, adherence patterns, and pharmacoge
nomic data. Cost-effectiveness analyses will also be critical to inform broader policy adoption and health system 
planning.

Conclusion
This study shows the feasibility of integrating a real-time prescription alert system (SANPAT) into PC for PLWH. The 
system markedly increased detection and resolution of pharmacotherapeutic risks and supported personalized interven
tions, particularly in older patients with polypharmacy, while also improving key immunovirological markers. SANPAT 
should be considered a fundamental tool in the follow-up of these patients and holds promise for application in other 
chronic conditions in the future.
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