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Abstract

Objectives: Aging people with HIV are increasingly affected by multimorbid-

ity and polypharmacy, which heighten the risk of drug–drug interactions

(DDIs) and potentially inappropriate medications (PIMs). This study evaluated

a multidisciplinary, AI-supported quality improvement intervention designed

to optimize polypharmacy management in older people with HIV.

Methods: People with HIV aged ≥50 years attending the Modena HIV Meta-

bolic Clinic (MHMC) were invited to submit photos of their medications via

WhatsApp. Images were processed by AI for optical character recognition and

automatically reconciled with the electronic patient chart (EPC). AI recogni-

tion accuracy was 94% when validated against manual review. Pharmacists

reviewed AI-generated reports from the NavFarma® decision support system,

generated alerts for PIM, defined according to Beers and the STOPP/START

criteria, DDIs, anticholinergic burden (ACB), and risks of QTc prolongation

and nephrotoxicity. Primary outcome was agreement between patient-reported

and EPC-recorded medications. Secondary outcomes included pill burden,

total prescribed drugs and actionable alerts.
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Results: Of 181 participants (median age 63 years; 72% male), 111 (61.3%)

showed complete agreement between EPC and patient lists, while 70 (38.7%)

had discrepancies. Pharmacist evaluation identified major DDIs in 70.4% of

cases, ACB in 26.5%, QTc-prolonging drugs in 81.6% and nephrotoxic agents in

95.9%. Participants with ≥10 total prescribed drugs had higher frailty, pill bur-

den and PIM.

Conclusions: AI-assisted medication reconciliation combined with pharma-

cist review improved the identification of PIM and medication-related risks,

supporting safer prescribing in people with HIV. This model aligns with inter-

national calls to improve prescribing safety and offers a scalable framework for

integrating digital tools into multidisciplinary HIV care.
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BACKGROUND

As people with HIV age, the clinical management of their
health becomes increasingly complex due to the rising
prevalence of multimorbidity and the resulting burden of
polypharmacy [1, 2]. With the success of antiretroviral
therapy (ART), HIV has become a chronic condition,
leading to a growing population of older people with HIV
who often face a constellation of age-related comorbid-
ities, including cardiovascular disease, diabetes, osteopo-
rosis and cognitive impairment [3, 4]. Managing these
comorbidities typically requires the use of multiple con-
comitant medications, which significantly increases the
risk of adverse drug reactions (ADRs), drug–drug interac-
tions (DDIs), increased pill burden, reduced adherence
and overall poorer health outcomes [5].

Polypharmacy, commonly defined in the context of HIV
as the concurrent use of five or more medications excluding
ART, may be appropriate when multimorbidity is present.
However, inappropriate polypharmacy, defined as the use
of medications that are no longer clinically indicated or pre-
scribed at incorrect doses, remains a major challenge. In
this study, potentially inappropriate prescriptions were
defined according to explicit criteria embedded in the
NavFarma® clinical decision support system, primarily
based on the 2023 American Geriatrics Society Beers Cri-
teria and the STOPP criteria. These criteria were applied to
the reconciled medication list, taking into account age,
comorbidities, renal function and concomitant drug expo-
sure, to identify medications with an unfavourable risk–
benefit profile in older people with HIV [6]. Appropriate
polypharmacy entails the intentional use of multiple medi-
cations to achieve defined therapeutic goals, tailored to the
patient's clinical condition, preferences and life

expectancy [7]. In contrast, inappropriate polypharmacy
involves medications without a clear indication, those that
may no longer provide benefit, or combinations that
increase the risk of ADRs, therapeutic duplication, reduced
adherence and mortality [8].

Several interventions have been proposed to mitigate
these risks, including pharmacist-led medication reviews,
deprescribing protocols supported by decision algorithms
and the use of technology to facilitate medication recon-
ciliation [9]. Evidence shows that such interventions can
improve prescribing accuracy, reduce adverse outcomes
and enhance patient satisfaction, especially when embed-
ded within multidisciplinary care models [10].

Despite growing awareness, important gaps remain in
the management of polypharmacy among people with
HIV. These include insufficient integration of medication
review into HIV care workflows, limited training in geri-
atric pharmacotherapy for HIV specialists and the under-
use of decision support tools tailored to this population.
Furthermore, patient engagement in medication-related
decisions is often suboptimal, limiting the effectiveness of
deprescribing efforts.

Quality improvement (QI) strategies aimed at ratio-
nalizing medication use are thus essential components of
comprehensive HIV care in aging populations. Yet, inte-
grating these practices into routine clinical workflows
remains challenging, especially in resource-constrained
or time-pressured settings.

The aim of this study was to describe the implementa-
tion of an innovative, multidisciplinary, AI-supported QI
intervention at the Modena HIV Metabolic Clinic
(MHMC), designed to optimize medication management
in aging people with HIV. Specifically, the study
addressed: (i) drug recognition and reconciliation,
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assessing the agreement between medications recorded
in the electronic patient chart (EPC) and those reported
by the patient; (ii) quantification of total number of active
pharmacologic agents and pill burden, as well as identifi-
cation of actionable alerts generated per patient, includ-
ing DDIs, inappropriate prescriptions, anticholinergic
burden (ACB) and exposure to drugs associated with QTc
prolongation and nephrotoxicity; and (iii) the rate of phy-
sician acceptance of pharmacist recommendations and
their integration into patient care plans. The overarching
goal was to enhance medication safety, improve treat-
ment efficacy and promote person-centred care through
the integration of digital tools, pharmacist-led recom-
mendations and personalized clinical decision-making.

METHODS

Study design and setting

This was a cross-sectional observational study including
ART-experienced people with HIV ≥50 years attending
the MHMC, a tertiary-level, multidisciplinary specialty
care clinic embedded within the Infectious Diseases Unit,
providing comprehensive geriatric, metabolic and neuro-
cognitive evaluations for aging people with HIV. The
MHMC does not deliver primary care but focuses on
the management of complex multimorbidity, polyphar-
macy and frailty through an integrated specialist model.
Potential participants were identified through the clinic's
electronic scheduling system and contacted approxi-
mately 1 week before their scheduled visit via an auto-
mated WhatsApp message inviting them to submit
photos of their current medications. During the study
period, 297 eligible people with HIV were invited, and
181 (60.9%) completed the medication submission pro-
cess and were included in the analysis. The study proto-
col was approved by the Area Vasta Emilia Nord Ethics
Committee (protocol number 0028673/23), and all partic-
ipants provided written informed consent.

QI project

This QI project consisted of (i) real-time medication data
collection through AI-enhanced recognition and subse-
quent generation of reconciliation list, (ii) AI integration
of collected data with NavFarma database, (iii) pharmacist
review and recommendations and (iv) multidisciplinary
decision-making. A detailed description of the project is
detailed in the Annex 1.

Patients submitted photos of their medications via
WhatsApp 1 week before their scheduled visit. Images

were processed through an AI-based system without
human intervention; human review occurred only at sub-
sequent stages, including physician validation and phar-
macist evaluation of AI-generated alerts (accuracy: 94%)
that coded medications and integrated them into the
EPC. Details of the process are described in the Annex
2 (AI-Supported Medication Collection Tool).
The standardized medication dataset was then integrated
with the NavFarma® clinical decision support system
(Infologic), a platform designed to optimize pharmacologi-
cal therapy and identify medication-related risks.
NavFarma® cross-checked drug and diagnostic data and
generated alerts for potentially inappropriate medications
(PIMs) defined as DDIs, ACB and risks of QTc prolongation
and nephrotoxicity. The system also incorporates the 2023
American Geriatrics Society Beers Criteria and the STOPP/
START criteria for potentially inappropriate prescription in
older people, taking into account patient age, comorbidities
and concurrent medications [11]. Clinical pharmacists
reviewed the NavFarma® reports and provided structured
recommendations including deprescribing, substitution of
high-risk medications, dose adjustment and prioritization of
monitoring, within a person-centred decision-making pro-
cess within the EPC (Figure S1).

Physicians were required to actively review these rec-
ommendations during the clinical visit, as they were
embedded within the visit workflow. Review and accep-
tance were verified through documentation in the EPC,
including explicit notation of accepted recommendations
and corresponding therapy modifications (Annex 1).

Collected variables

In addition to detailed information on medications obtained
through the AI system described above, the dataset com-
prised demographic characteristics and HIV-related vari-
ables such as current and nadir CD4 cell count, CD4/CD8
ratio, time since HIV diagnosis and history of exposure to
ART with nucleoside reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (PIs), integrase inhibitors
(INSTIs) and boosted regimens. Data on comorbidities and
frailty index were also collected. Frailty was assessed using
a deficit accumulation frailty index, calculated according to
the method proposed by Rockwood and Mitnitski as the
ratio of accumulated health deficits to the total number of
deficits considered [12]. This study used a 37-item frailty
index (FI) previously validated at MHMC and constructed
from health variables collected at the same study visit [13].
Comorbidities were defined according to the latest EACS
guidelines and encompassed hypertension, dyslipidaemia,
cardiovascular disease, chronic kidney disease, liver disease

HIV MEDICINE 3
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and osteoporosis [14]. Multimorbidity was defined as the
presence of three or more comorbidities.

Outcomes

The primary outcome was the level of agreement
between the medications listed in the EPC and those
reported by the patient. Discrepancies were categorized
as medications reported by the patient but absent from
the EPC or medications listed in the EPC but no longer
taken by the patient. Complete agreement was defined as
100% concordance, while values below 100% were consid-
ered suboptimal.

Secondary outcomes were the number of actionable
alerts generated per patient (PIMs, DDIs, ACB calculated
using the Anticholinergic Cognitive Burden (ACB)
scale [15], renal toxicity), total pill burden, number of all
active pharmacologic agents and HIV-active agents and
the proportion of pharmacist recommendations accepted
by physicians and incorporated into patient care plans.
An actionable alert for ACB was generated for a cumula-
tive ACB score ≥1.

Statistical analysis

Continuous variables were summarized as medians
(interquartile range, IQR) and categorical variables as
counts and percentages. Group comparisons were per-
formed using the Kruskal–Wallis test for continuous vari-
ables and the χ2 test for categorical variables.

RESULTS

A total of 181 people with HIV submitted photos of medi-
cations from November 2024 to July 2025. Median age
was 63 years (IQR, 8), 131 (72%) were male, median nadir
CD4 cell count was 200 cells/μL (IQR, 208), current CD4
count was 747 cells/μL (IQR, 395) and median time since
HIV diagnosis was 31 years (IQR, 13). In 98 (54.1%) partic-
ipants, the reconciled medication list was evaluated by a
clinical pharmacist for major drug interactions, ACB, and
cardiac or renal toxicity. Pharmacist review was targeted
to participants with at least one actionable alert identified
by the AI-supported system, reflecting higher pharmaco-
logic complexity. Among these patients, 69 (70.4%) had at
least one major drug interaction, 25 (26.5%) had drugs
contributing to ACB, 80 (81.6%) had medications associ-
ated with QTc prolongation and 94 (95.9%) had drugs
linked to nephrotoxicity (Figure 1).

Primary outcome

Among participants, 111 (61.3%) demonstrated complete
agreement between medications documented in the EPC
and those reported by the patient, while 70 (38.7%)
exhibited discrepancies. Of these, 51 (28.2%) were pre-
scribed medications recorded in the EPC but not
reported by patients, while 62 (34.3%) were taking
medications not documented in the EPC. Furthermore,
21 (11.6%) initiated new medications, and 19 (10.5%)
had medications discontinued during the visit. Overall,
the median daily pill burden was 6 (IQR, 4.8), while

FIGURE 1 Prevalence of anticholinergic burden (panel a), QTc prolongation risk (panel b) and renal toxicity (panel c).
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the total number of concomitant medications (non-
ART drugs) was 10 (IQR, 5).

These undocumented medications most frequently
included cardiovascular agents (antihypertensives and
low-intensity lipid-lowering drugs), proton pump inhibi-
tors, psychotropic agents, supplements and intermittent-use
medications such as non-steroidal anti-inflammatory drugs.
In most cases, these therapies had been initiated or modified
by non-HIV specialists or primary care providers or were
continued by patients beyond the intended duration of treat-
ment. Furthermore, 21 (11.6%) initiated new medications,
and 19 (10.5%) had medications discontinued during the
visit. Overall, median daily pill burden was 6 (IQR, 4.8),
while the total number of concomitant medications (non-
ART drugs) was 10 (IQR, 5).

Pharmacist evaluation identified PIMs in a relevant
proportion of participants. The most frequent examples
included long-term proton pump inhibitor use without a
clear indication, low-intensity statins in individuals at
high cardiovascular risk, chronic benzodiazepine or
sedative-hypnotic use, anticholinergic agents and chronic
non-steroidal anti-inflammatory drug use in patients with
chronic kidney disease or elevated cardiovascular risk.

Among new prescriptions, 13 (61.9%) were lipid-
lowering agents, 3 (14.3%) were antidepressants and
7 (33.3%) included other drug classes, mainly antihyper-
tensive agents, antidiabetic medications, urological drugs,
respiratory agents and vitamin or mineral supplements.
Among discontinued drugs, 11 (57.9%) were low-intensity
lipid-lowering agents, 3 (15.8%) were proton pump inhib-
itors and 5 (26.3%) included other classes, predominantly
antihypertensive agents and supplements. A total of
98 participants were evaluated by the NavFarma® system
and a clinical pharmacist. In three (1.7%) cases, medica-
tions were discontinued by the pharmacist.

Table 1 presents the comparison between participants
with suboptimal agreement (n = 70, 38.7%) and those
with complete agreement (n = 111, 61.3%). No significant
differences were observed across demographic or HIV-
related characteristics. Median current and nadir CD4
counts, CD4/CD8 ratio and time since HIV diagnosis
were comparable. Exposure to ART classes, including
NRTIs, NNRTIs, INSTIs and PIs, was also similar
between groups (Table 1).

With respect to comorbidities and frailty, the preva-
lence of hypertension, dyslipidaemia, cardiovascular
disease, diabetes, chronic kidney disease, liver disease,
osteoporosis and multimorbidity did not differ signifi-
cantly. Frailty index values were also comparable
between groups. No significant differences were
detected in pill burden, number of concomitant medi-
cations (non-ART drugs) or drug interaction measures
(Table 1).

Pill burden

Supplementary Table S1 shows that participants with
higher pill burden (≥6 pills/day) had longer HIV duration,
were more frequently exposed to protease inhibitors and
boosters and had a higher prevalence of diabetes compared
with those with lower pill burden. The frailty index was sig-
nificantly higher in the high pill burden group, which also
had greater numbers of concomitant medications, more
HIV-active agents, higher ACB and more frequent major
and minor interactions, as well as higher exposure to QTc-
prolonging and nephrotoxic drugs (Table S1).

Active pharmacologic agents

Table S2 presents the study population according to the
number of total active pharmacologic agents. Participants
with ≥10 prescribed drugs more often had hypertension
and a higher frailty index compared with those with fewer
drugs. They also had a greater daily pill burden, more HIV-
active agents and lower agreement with the treating physi-
cian. Polypharmacy-related risks, including major and
minor interactions, QTc-prolonging drugs and nephrotoxic
drugs, were also higher in this group (Table S2).

DDIs and pharmacologic risks

Following integration of AI-supported medication analy-
sis and pharmacist review, 70 clinically relevant major
DDIs and 59 minor interactions were identified.
Major DDIs frequently involved central nervous system
depressants, pharmacokinetic interactions with antiretro-
virals (notably dolutegravir and cobicistat-boosted regi-
mens), cardiovascular agents (ACE inhibitors, sartans,
aspirin), anticoagulants and statins (Figure 2a). Minor
DDIs most often affected glycaemic control, blood pres-
sure regulation and calcium metabolism (Figure 2b).

Regarding ACB, 26.9% of reviewed cases showed high
cumulative risk (Figure 1a), mainly due to psychotropic or
respiratory agents (Figure 3a). QTc prolongation risk classi-
fied as high or moderate was identified in 41.3% of cases
(Figure 1c), with common agents including escitalopram,
mirtazapine, tacrolimus and alfuzosin (Figure 3b). In our
study, renal toxicity was flagged in 38.3% of cases (Figure 1c).
Renal toxicity alerts reflected the presence of potentially
nephrotoxic medications in patients with impaired or border-
line renal function, based on routinely monitored serum cre-
atinine and estimated glomerular filtration rate, rather than
observed acute renal events, most frequently linked to
NSAIDs, ACE inhibitors/sartans, tacrolimus, metformin, pro-
ton pump inhibitors and statins (Figure 3c).
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All pharmacist observations were recorded in the
EPC and linked to actionable suggestions, which were
subsequently reviewed by clinicians to guide therapy
optimization in aging people with HIV.

DISCUSSION

This QI intervention at MHMC demonstrated both feasi-
bility and acceptability within a real-world clinical setting

of older people with HIV. The photo-based submission
approach enabled precise reconciliation of drug lists by
identifying undocumented and discontinued medica-
tions, creating opportunities for therapeutic optimization.
Nearly 40% of participants had discrepancies between
EPC records and actual drug use, a prevalence consistent
with prior studies in aging people with HIV that empha-
size the frequency of undocumented medications and
their clinical impact. Importantly, these mismatches were
not explained by age, sex, immunologic status or time

TABLE 1 Characteristics of the study population according to level of agreement between patient-reported and electronic medication

lists.

Variable
Suboptimal agreement,
N = 70 (38.7%)

Complete agreement,
N = 111 (61.3%) p

Demographic characteristics

Age, years, median (Q1, Q3) 62 (59, 66) 64 (60, 67) 0.222

Male sex, N (%) 49 (70%) 82 (73.9%) 0.691

HIV-related variables

Current CD4 cell count, median (Q1, Q3) 730 (531, 959) 751 (582, 956) 0.686

Nadir CD4 cell count, median (Q1, Q3) 210 (100, 300) 200 (81, 305) 0.925

CD4/CD8 ratio, median (Q1, Q3) 1.42 (0.9, 1.81) 0.85 (0.7, 1.12) 0.078

Time since HIV diagnosis, years, median
(Q1, Q3)

32 (25, 36.5) 30.5 (21.75, 36) 0.474

Current exposure to NRTIs, N (%) 48 (68.6%) 77 (69.4%) 0.999

Current exposure to NNRTIs, N (%) 26 (37.1%) 36 (32.4%) 0.625

Current exposure to INSTIs, N (%) 54 (77.1%) 91 (82%) 0.546

Current exposure to PIs, N (%) 8 (11.4%) 10 (9%) 0.784

Current exposure to boosters, N (%) 6 (8.6%) 10 (9%) 0.999

Comorbidities and frailty

Hypertension, N (%) 36 (51.4%) 47 (42.3%) 0.252

Dyslipidaemia, N (%) 55 (78.5%) 93 (83.8%) 0.664

Diabetes mellitus, N (%) 4 (5.7%) 13 (11.7%) 0.335

Osteopenia/Osteporosis, N (%) 51 (72.9%) 84 (75.7%) 0.757

Multimorbidity, N (%) 59 (84.3%) 100 (90.1%) 0.443

Frailty index, median (Q1, Q3) 0.22 (0.18, 0.27) 0.24 (0.19, 0.3) 0.310

Polypharmacy, pill burden and drug interactions

Daily pill burden, median (Q1, Q3) 7 (4.62, 9) 6 (4, 8.75) 0.180

Number of active agents, median (Q1, Q3) 11 (7, 12) 9 (7, 12) 0.103

Number of HIV-active agents, median
(Q1, Q3)

3 (2, 3) 2 (2, 3) 0.459

Anticholinergic burden score, median
(Q1, Q3)

0 (0, 0.25) 0 (0, 1) 0.841

Major interactions, median (Q1, Q3) 2 (1, 4) 1 (0, 3) 0.196

Minor interactions, median (Q1, Q3) 1 (0.75, 2) 1 (0, 2) 0.070

QTc-prolonging drugs, median (Q1, Q3) 2 (1, 3) 1 (1, 2) 0.052

Potential nephrotoxic drugs, median
(Q1, Q3)

2.5 (2, 4) 3 (2, 4) 0.966
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since HIV diagnosis, likely reflecting the complexity of
polypharmacy and the fragmentation of care when multi-
ple specialists are involved [16].

Similar challenges have been reported in other
cohorts of aging people with HIV across Europe, where
undocumented drugs or supplements increased the risk
of clinically significant DDIs [17]. For example, in a
French cross-sectional study of 496 people with HIV, 32%
were found to have unknown co-medications [17], while
in the Italian gestione ambulatoriale politerapie cohort of
556 people with HIV, undocumented treatments were
linked to increased DDI risk, virologic failure and drug
toxicities [18]. These results reinforce the global challenge
of polypharmacy, highlighting the need for harmonized
strategies promoted by the WHO Medication Without
Harm programme [19] and EACS guidelines [14].

Most discrepancies in our study involved within-class
substitutions or dose modifications, suggesting that sys-
tematic reconciliation, rather than single interventions,

can ensure longitudinal safety. The most common new
prescriptions were high- or moderate-intensity lipid-
lowering agents, while low-intensity statins were most
frequently discontinued, reflecting adaptation of prescrib-
ing to evolving evidence and cardiovascular prevention
algorithms [20]. These findings resonate with recent
updates in HIV and cardiovascular guidelines following
the REPRIEVE trial, which demonstrated statin efficacy
in people with HIV with low-to-moderate cardiovascular
risk [21].

The novelty of this QI project lies in integrating AI-
driven drug recognition into the EPC, combined with
patient engagement via familiar digital tools such as
WhatsApp. This not only increased accuracy but also pro-
moted active patient participation, consistent with litera-
ture advocating participatory approaches to drug
reconciliation in older populations [22–24]. This low-
barrier, scalable model could be implemented across
diverse healthcare systems to strengthen digital health

FIGURE 2 Major (panel a) and minor (panel b) drug–drug interactions (DDIs) identified through pharmacist and AI-supported review.

Major interactions were defined as those with potential for serious clinical consequences requiring therapy modification; minor interactions

were defined as those of lower clinical impact but requiring monitoring.

HIV MEDICINE 7
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integration and reduce prescribing errors globally. Engag-
ing patients helps capture nonadherence, discontinued
therapies and over-the-counter medications, factors often
overlooked in standard prescribing but crucial to safety
in people with HIV [17, 18].

Despite reconciliation efforts and reduced use of
boosted regimens, DDIs remain relevant in people with
HIV, with 3% classified as red-flag interactions [25]. In
our analysis, the definition of DDIs encompassed both
major and minor interactions based on pharmacologi-
cal criteria. This means that not all identified interac-
tions are necessarily harmful or require therapeutic
discontinuation, but rather may indicate the need for
closer monitoring or potential dose adjustments. In this
scenario, polypharmacy in older people with HIV with
DDIs is often unavoidable due to multimorbidity and
may be either appropriate or inappropriate depending
on comprehensive medication review and individual-
ized risk–benefit assessment. A typical clinical exam-
ple, as also confirmed in our study, is the interaction
between statins and boosted protease inhibitors in an
older patient with a long history of HIV, prior virologic
failures and elevated cardiovascular risk [26]. This
interaction creates a therapeutic dilemma, as the abil-
ity to intensify statin therapy to achieve optimal low-
density lipoprotein (LDL) cholesterol reduction is con-
strained by safety concerns and may further exacerbate

statin hesitancy, which already represents a challenge
in clinical practice [27–29].

On the other hand, certain DDIs or inappropriate
medications may go unrecognized by physicians and
increase the risk of drug toxicities, including QTc prolon-
gation, ACB and nephrotoxicity, all of which were evalu-
ated in our study. QTc prolongation is a relevant
concern. In the present system, QTc risk reflects cumula-
tive exposure to QTc-prolonging drugs rather than formal
modelling of additive or synergistic pharmacodynamic
effects, which represents an important future develop-
ment. In our study, 81.6% of people with HIV were
exposed to drugs with the potential to prolong the QTc
interval, of which 41.3% had moderate-to-high risk of
QTc prolongation. However, we were unable to perform
ECGs on all participants to determine the actual preva-
lence of QTc prolongation. Previous studies have
reported prevalence rates between 10% and 23% in people
with HIV, depending on the definition applied and the
demographic characteristics of the cohort [30]. Moreover,
ACB represents a significant issue in people with HIV, as
it contributes to the cumulative risk of frailty, falls and
cognitive decline [31]. In our cohort, 26% of patients had
an ACB score greater than 0, with the most frequently
implicated drugs being central nervous system agents
used to treat transitory depressive episodes that do not need
long-term treatment. Furthermore, chronic kidney disease

FIGURE 3 Drugs associated with increased anticholinergic burden (panel a), QTc prolongation risk (panel b) and renal toxicity

(panel c). Listed drugs represent those most frequently contributing to cumulative pharmacologic risks identified through the AI-supported

NavFarma® system and pharmacist review.
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increases with advancing age in the general population, and
people with HIV may additionally be exposed to ART with
nephrotoxic potential. When combined with other medica-
tions such as NSAIDs, ACE inhibitors and sartans, this fur-
ther increases the risk of chronic kidney disease. In our
study, renal toxicity was flagged in 38.3% of cases. The fre-
quency of renal toxicity exacerbated by DDIs in people with
HIV is not precisely quantified in the medical literature.

Taken together, our results emphasize the importance
of systematic medication reconciliation and structured
pharmacist input in aging people with HIV. Pharmacists'
involvement provided an additional safeguard, identify-
ing inappropriate medications and suggesting deprescrib-
ing strategies aligned with geriatric care principles.
Deprescribing and simplification are crucial for reducing
cumulative toxicity. HIV-specific studies have demon-
strated that polypharmacy and inappropriate prescribing
in people with HIV are associated with increased risks of
DDIs, hospitalizations and healthcare utilization, under-
scoring the need for targeted medication optimization
strategies in this population [32, 33].

However, several limitations of this study should be
acknowledged. First, the project is currently single-centre
and cross-sectional, which limits the generalizability of
the findings. Second, data collection was not longitudi-
nal, and clinical outcomes, such as reductions in drug
toxicities or improvements in adherence, have not yet
been evaluated. Third, the study population consisted of
older people with HIV who had a high burden of multi-
morbidity and polypharmacy, which may limit the appli-
cability of the findings to the broader people with HIV
population. Fourth, the study may not fully capture the
complexity of prescribing practices in older people with
HIV without access to the internet or other digital tools,
meaning that polypharmacy in the most vulnerable indi-
viduals could not be adequately assessed. Key strengths of
the model presented in this study include the automation
of medication input, seamless integration with the elec-
tronic health record and the emphasis on multidisciplinary
care. By automating medication collection and reconcilia-
tion, the intervention reduces manual workload and con-
centrates human involvement on higher-value activities,
suggesting potential healthcare delivery efficiencies and
downstream cost savings. The average pharmacist time
required to review each AI-generated report and produce
clinical recommendations was approximately 50–60 min
per selected high-risk patient. Although this represents a
considerable time investment, the AI-generated reports
substantially facilitated the review process and reduced
the time that would have been required to generate such
comprehensive assessments manually. At the same time,
pharmacist oversight remained essential to critically

review, interpret and contextualize the AI-generated out-
puts within the clinical setting.

These findings suggest that combining AI-supported
medication reconciliation with pharmacist-led review
improves polypharmacy management in aging people with
HIV. This approach enhances medication accuracy, supports
the identification of potentially inappropriate prescribing
and clinically relevant DDIs and aligns HIV care with
person-centred, multidisciplinary strategies informed by
emerging evidence from both HIV and geriatric medicine.
Building on these results, future work will pursue comple-
mentary directions: further engineering the tool as a scalable
instrument for clinical implementation; using the generated
evidence to inform hospital leadership about the structural
need for dedicated clinical pharmacists within HIV outpa-
tient settings; increasingly leveraging AI tools natively inte-
grated into the EPC; and evaluating the long-term impact of
pharmacist-led interventions supported by AI. Importantly,
this study underscores that the core value of the intervention
lies not in AI alone, but in the strengthened and sustained
collaboration with the clinical pharmacist, with AI acting as
an enabler of more effective multidisciplinary dialogue and
a scalable, safer model of HIV care.
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