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Abstract

Introduction: The development of medicine and the introduction of new therapeutic options are leading to increasing scientific
attention to rare diseases (RDs) affecting older adults. This requires the application of a systematic approach to drug therapy, with a
focus on the identification and management of drug-related problems (DRPs).

Objectives: To systematically review the evidence on DRPs in older adults with rare diseases and to evaluate DRPs in a real-world
cohort of older patients with acromegaly.

Methods: A three-step approach was applied: (1) a systematic review of the literature on DRPs in geriatric patients with RDs; (2) a
retrospective study of patients with acromegaly hospitalized at the Expert Center of Rare Endocrine Diseases, University Hospital for
Active Treatment in Endocrinology (USHATE) “Acad. Ivan Penchev;” Sofia, Bulgaria, in 2021, with application of the STOPP/START
criteria for the assessment of DRPs; and (3) an exploratory analysis of the odds of experiencing a DRP according to the presence of
polypharmacy and multimorbidity.

Results: A total of six studies met the inclusion criteria in the systematic review. The most common DRPs were associated with ther-
apeutic failure and adverse drug reactions (ADRs), which were inherently serious because they led to hospitalization or death. Based
on the retrospective study, a total of 16 DRPs were identified among 42 geriatric patients with acromegaly. Ten potentially inappro-
priate medications and four cases of prescribing omissions were identified, and a review of the Summary of Product Characteristics
revealed two additional DRPs. The variables polypharmacy (OR = 1.3043, p = 0.7701) and multimorbidity (OR = 3.9804, p = 0.3720)
were not statistically significant factors for the development of DRPs in the study group.

Conclusion: The study identified clinically relevant DRPs and demonstrated the potential value of tools such as the STOPP/START
criteria in evaluating therapy in geriatric patients. The results highlight that, despite the severity of DRPs, some of them can be iden-
tified and prevented through comprehensive pharmacotherapeutic analysis. This emphasizes the need for more in-depth research on
risk factors and long-term follow-up by a clinical pharmacist to optimize pharmacotherapy.
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Introduction

Rare diseases (RDs) are life-threatening, chronic, and de-
bilitating conditions with a very low prevalence and inci-
dence, and according to European legislation, they affect
fewer than 1 in 2,000 people (Regulation (EC) No 141/2000
2000). Many of them are genetically determined and man-
ifest in early childhood, having a negative impact on both
the duration and quality of life of patients (Nguengang
Wakap et al. 2020). However, there are certain RDs, such
as chronic myeloid leukemia and cystic fibrosis, for which
a significant increase in average life expectancy (by more
than 10 years) has been observed in recent decades (Bower
et al. 2016). This breakthrough is mainly due to improved
medical care, as well as the development and implementa-
tion of new therapeutic alternatives (Mazzucato et al. 2026).
However, the aforementioned processes create a growing
gap in the continuum of care for geriatric patients, which
draws attention to the need for further research to address
not only lifespan but also their health-related quality of life.

Acromegaly is a rare, chronic endocrine disease caused
by supraphysiological secretion of growth hormone (GH)
by a GH-producing pituitary tumor and, in isolated cases,
by somatotroph hyperplasia resulting from ectopic growth
hormone-releasing hormone (GHRH) secretion by a neu-
roendocrine tumor (Katznelson et al. 2014). Due to ad-
vances in diagnostic techniques, treatment, and long-term
disease management, acromegaly is also among the diseas-
es in which the number of patients reaching older age is in-
creasing (Pavlikyanova et al. 2024). Despite improvements
in medication access and reimbursement practices (Ruse-
nova et al. 2022), several studies conducted in Bulgaria
have indicated the clinical, economic, and quality-of-life
burden of acromegaly, as well as challenges related to
treatment adherence and long-term disease management
(Kamusheva et al. 2020, 2021, 2023; Rusenova et al. 2022;
Rusenova et al. 2022). Achieving biochemical control
is crucial for the patient’s quality of life (Rusenova et al.
2022), while managing the high prevalence of comorbid
conditions is also considered important for disease control
and reducing health-related costs (Kamusheva et al. 2021).

Drug-related problems (DRPs) are defined as events or
circumstances that are related to the effectiveness or safety
of therapy and that may have a negative impact on ther-
apeutic outcomes. According to the Pharmaceutical Care
Network Europe (PCNE) Classification of DRPs (version
9.1), DRPs encompass a broad range of issues, such as
adverse drug reactions (ADRs), suboptimal therapeutic
response, overdose, inappropriate prescribing, dosing
problems, and medication-related safety concerns (Phar-
maceutical Care Network Europe Association 2020). Old-
er adults with RDs might be vulnerable to DRPs because
of delayed diagnosis, limited evidence from clinical trials,
multimorbidity, polypharmacy, and the need for lifelong
therapy. The accumulation of age-related changes, such
as reduced physiological reserve and altered homeostasis,
combined with complications from RDs, requires a timely
and adequate response, as any delay in adjusting a patient’s

therapy can lead to rapid deterioration of the clinical con-
dition. Therefore, timely detection and resolution of DRPs
are essential to optimize therapy and prevent complica-
tions. Clinical pharmacists play an important role in this
process through structured medication review and indi-
vidualized pharmacotherapeutic assessment (Ahmad et
al. 2014; Sabba et al. 2019). This role is also relevant in
patients with acromegaly, whose long-term treatment and
multiple comorbidities require monitoring as an essential
component of improving therapeutic outcomes and pre-
venting DRPs (Parvanova et al. 2020).

Although several validated tools, such as the STOPP/
START criteria, Beers Criteria, STOPPFrail, and others, are
specifically designed and available for identifying poten-
tially inappropriate prescribing in geriatric patients, their
applicability to patients with RDs remains largely unex-
plored (de Oliveira Alves et al. 2014; O’Mahony 2015; La-
van et al. 2017). Given the limited evidence in the field, the
present study combines a systematic review of the literature
with a real-world analysis of older patients with acromeg-
aly. The review provides an overview of the available evi-
dence on DRPs across RDs, whereas the clinical cohort of-
fers disease-specific insight into the characteristics of DRPs
in clinical practice. Acromegaly represents an appropriate
model for studying DRPs in older adults with RDs because
increasing life expectancy, lifelong pharmacotherapy, mul-
tiple comorbidities, and complex treatment regimens place
these patients at particularly high risk of medication-re-
lated problems (Jallad and Bronstein 2019; Giustina et al.
2020). Moreover, in Bulgaria, patients with acromegaly are
monitored at the designated national Expert Center for
Rare Endocrine Diseases (National Center of Public Health
and Analyses 2026), located in Sofia, the capital of Bulgaria.
This centralized organization of care facilitates long-term
follow-up, multidisciplinary management, and compre-
hensive documentation of pharmacotherapy, making this
population particularly suitable for studying DRPs in rou-
tine clinical practice (Kamusheva et al. 2020).

Therefore, the aims of this study were (1) to systemat-
ically review the literature on DRPs among geriatric pa-
tients with RDs and (2) to characterize DRPs in a cohort
of older patients with acromegaly to compare real-world
findings with the available evidence in the field.

Materials and methods
Systematic review

A systematic review (SR) was conducted to identify and
analyze the type, nature, and severity of DRPs reported
among older patients with RDs. The review was per-
formed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al. 2009). A search was conducted in
the PubMed and Google Scholar databases covering the
period from February 2015 to February 2025. The search
strategy combined Medical Subject Headings (MeSH) and
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free-text terms as follows: ((“Medication Review”[Mesh])
OR (((((drug-related problem) OR (medication errors))
OR (medication related problems)) OR (drug issues)) OR
(drug-related problems))) AND ((“Rare Diseases”[Mesh])
OR (((rare disorder) OR (rare condition)) OR (rare syn-
drome))). The eligibility criteria were defined. Studies
were included if they (1) were published in English or
Bulgarian; (2) included patients aged =65 years diagnosed
with a rare disease, condition, or disorder; and (3) report-
ed at least one DRP. Studies were excluded if they were
duplicate records, were published in languages other than
Bulgarian or English, or if the full text was unavailable.

The Rayyan systematic review platform was used for
study selection (Ouzzani et al. 2016). After duplicate remov-
al, titles and abstracts were screened independently by two
researchers. Potentially eligible studies underwent a full-text
assessment according to the predefined criteria, and any dis-
agreements between reviewers were resolved through dis-
cussion with a third reviewer. The study selection process
was documented using a PRISMA flow diagram.

For each included study, the following data were extract-
ed: first author, year of publication, study design and origin,
number of participants, patient age, type of RD, reported
DRP, causes of DRPs, interventions, clinical outcomes, and
quality assessment. DRPs were identified and classified ac-
cording to the PCNE classification for DRPs, version 9.1,
taking into consideration the primary problem domain
(treatment effectiveness, safety, or other) (Pharmaceutical
Care Network Europe Association 2020). DRPs related to
treatment safety were defined as any adverse event expe-
rienced by the patient, while DRPs related to treatment ef-
fectiveness were defined as those hindering the target ther-
apeutic response. Reported causes of DRPs were also listed
according to the corresponding PCNE cause domains when
sufficient information was available. The clinical severity of
the reported DRPs was analyzed separately from the PCNE
classification, based on the reported clinical consequenc-
es (hospitalization, permanent disability, life-threatening
events, and death) (Tharanon et al. 2022).

Observational retrospective study

An observational retrospective study was conducted
among patients aged >65 years with acromegaly who were
hospitalized at the University Hospital for Active Treat-
ment in Endocrinology (USHATE) “Acad. Ivan Penchev””
In Bulgaria, this is the only national Expert Center for
Rare Endocrine Diseases that serves as the main referral
center for patients with acromegaly in the country, en-
abling standardized long-term follow-up and systematic
collection of clinical data. The inclusion criteria were age
265 years, a diagnosis of acromegaly, and signed informed
consent for participation. Patients with incomplete med-
ical documentation or a lack of data on prescribed drug
therapy were excluded. For the assessment of potentially
inappropriate prescribing (PIP) and potential prescribing
omissions (PPOs), the validated comprehensive STOPP/
START tool, version 2, developed specifically for patients

aged 265 years, was applied (O’'Mahony 2015; Buda et al.
2020). The identification of DRPs was carried out inde-
pendently by a clinical pharmacist and a physician, and
a consensus was reached in cases of discrepancies. The
STOPP (Screening Tool of Older Persons’ Prescriptions)
criteria identify potentially inappropriate medications
(PIMs) with a high risk of adverse effects or duplication
of therapy. The START (Screening Tool to Alert to Right
Treatment) criteria identify PPOs involving medications
with proven benefit (statins for diabetes mellitus or anti-
coagulants for atrial fibrillation). The prescribed medicinal
products were analyzed both upon admission to the hospi-
tal and upon discharge, using a descriptive approach with
a quantitative summary of the observed cases. In addition
to the STOPP/START analysis, an independent evaluation
of the prescribed therapies was carried out by comparison
with the Summary of Product Characteristics (SmPC).
This strategy allowed for the identification of DRPs out-
side the scope of the STOPP/START criteria. The main
outcome measures were the type and number of DRPs.

The study was approved by the hospital Ethics Com-
mittee, and informed consent was provided by each in-
cluded patient.

Analysis of the odds of DRP occurrence

Polypharmacy (defined as the use of five or more medi-
cations) and multimorbidity (defined as the presence of
two or more diseases) were examined as potential factors
associated with the occurrence of DRPs (Skou et al. 2022;
Varghese et al. 2024). Crude odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated from 2 x 2 con-
tingency tables. The Haldane-Anscombe correction was
applied when a zero cell was present. A p-value < 0.05 was
considered statistically significant. Due to the limited sam-
ple size, the analyses were considered exploratory. Statisti-
cal analyses were performed using MedCalc, version 16.4.1.

Quality of the included studies

All studies were assessed for risk of bias using the Joanna
Briggs Institute (JBI) critical appraisal tools appropriate to
each study design: the Textual Evidence/Opinion check-
list for expert-opinion articles, the Case Series checklist
for retrospective case series and survey-based studies, and
the Case Report checklist for single-patient reports. Full
appraisal results are reported in Suppl. material 1.

Results

Systematic review of DRPs among pa-
tients with rare diseases

A total of 188 publications were identified in the primary
PubMed database. After applying the inclusion and ex-
clusion criteria, the final analysis included a total of six
studies (Fig. 1).
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Figure 1. PRISMA flow diagram.

Table 1 summarizes the data on the types of DRPs af-
fecting the safety (n = 4) or effectiveness (n = 3) of thera-
py. Of the included studies, two were conducted in Italy,
two in the United States, and the remaining two in Greece
and China. Four of the publications were case reports or
case series. Critical appraisal indicated overall accept-
able methodological quality across the included studies;
however, reporting of participant demographics and sta-
tistical methodology was frequently unclear, particularly
among the retrospective and survey-based studies (Suppl.
material 1). Due to heterogeneity in reporting, the total
number of geriatric patients and the distribution by sex
remain unknown. According to the Orphanet classifica-
tion, the majority of diagnoses belonged to oncological
diseases (neoplasms) (n = 3), infectious diseases (n = 1),
diseases of the immune system (n = 1), diseases of the
nervous system (n = 1), and diseases of the renal system
(n = 1) (some of the patients had more than one rare
disease). The medicines bortezomib, lenalidomide, dab-
rafenib, trametinib, rituximab, and colchicine are orphan
medicines, and the remaining medicinal products were
prescribed for comorbidities.

According to the PCNE classification, the included
studies reported safety-related DRPs (ADRs, n = 4) and
treatment effectiveness-related DRPs (n = 3), with one
study reporting both types. Most of the reported DRPs re-
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sulted in serious clinical outcomes, including hospitaliza-
tion, disability, or severe adverse events (Cortes et al. 2016;
Gavriatopoulou et al. 2018; Talerico et al. 2020). None of
the studies reported the use of a standardized method for
DRP identification or classification.

Safety-related DRPs were often a result of improper
dosage of the medicinal product. Dose reduction or treat-
ment modification was described as a key intervention
in frail patients with plasma cell dyscrasias to minimize
the risk of ADRs such as neutropenia, anemia, infections,
and thrombocytopenia (Gavriatopoulou et al. 2018). In
Erdheim-Chester disease, drug-induced congestive heart
failure required discontinuation of trametinib (MEK in-
hibitor) and a reduction in the dose of dabrafenib (BRAF
kinase inhibitor), as a result of which partial remission was
achieved (Saunders et al. 2019). Older age and a history
of diabetes were indicated as factors associated with the
occurrence of cardiovascular events in patients with Phil-
adelphia chromosome-positive chronic myeloid leukemia
receiving tyrosine kinase inhibitors. Coronary artery dis-
ease, acute myocardial infarction, and congestive heart fail-
ure were among the most common serious adverse events
that occurred in patients prescribed bosutinib or imatinib.
DRPs in both clinical trials were most often managed with
concomitant therapy, dose reduction, and, less commonly,
discontinuation of therapy (Cortes et al. 2016).
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Table 1. DRPs identified in the course of the systematic review.

Study; year Study design Num'ber e® Rare disease DRP Results JEI quallty
of patients type rating®
(Gavriatopoulou et~ Retrospective N/R >65 Plasma cell dyscrasias: DS Toxicity: bortezomib, Included
al. 2018), Greece study -multiple myeloma lenalidomide;
-waldenstrom neuropathy: thalidomide,
macroglobulinemia bortezomib;
-systemic amyloidosis carfilzomib—caution in
adults
(Saunders et al. Retrospective n=9 77 years Erdheim-Chester DS Toxicity and ADR: Included
2019), USA study (case (<65);n= disease congestive heart failure
series) 1 (>65) after dabrafenib +
trametinib
(Cheng et al. 2024),  Clinical case 1 65years  Chronic inflammatory DE Glucocorticoid therapy Included
China demyelinating in combination with
polyneuropathy (CIDP) mycophenolate mofetil
with pulmonary (MMEF); the patient died
nocardiosis despite the prescribed
antibiotic therapy
(Fenoglio et al. Retrospective n=2 66 years Goodpasture’s DE  Despite initiating therapy Included
2021), Italy study (case (<65);n = syndrome (patient with apheresis and
series) 1(>65) already diagnosed with immunomodulators
adenocarcinoma) with rituximab, as well
as corticosteroids, anti-
GBM antibody levels
rose again after 1 week
(Cortes et al. 2016),  Retrospective n =818; >65 Philadelphia DS Age over 65 years and Included
USA study of data n>65= chromosome-positive a history of diabetes
from 2 current, N/A leukemia are factors associated
open-label, with the occurrence of
international vascular/cardiac events
surveys when taking tyrosine
kinase inhibitors
(Talerico et al. Clinical case 1 65years  Familial Mediterranean DSand  Mesothelioma of the Included
2020), Italy fever DE peritoneum due to
lack of therapy in a
patient with colchicine
intolerance

ADR: Adverse drug reaction; DS: Drug safety; DE: Drug effectiveness; MA: Mean age; N/R: Not reported; SR: Systematic review; DRP type: Drug-re-

lated problem type;
'Full critical appraisal is available in Suppl. material 1.

*Gavriatopoulou et al. and Cortes et al. report no age data for their study populations but were retained because the study population is inherently

restricted to an elderly-predominant cohort based on disease epidemiology.

Effectiveness-related DRPs were often linked to the
complex clinical condition of the patients. In a patient
with chronic inflammatory demyelinating polyneurop-
athy, DRPs associated with non-adherence to therapy
(patient-related drug problem) were registered, as well
as late diagnosis of the infection (pulmonary nocardiosis
secondary to immunosuppressive therapy), non-compli-
ance with monthly visits, and non-compliance with pre-
ventive therapy with sulfamethoxazole/trimethoprim. The
patient’s refusal to receive intravenous immunoglobulin
further complicated the condition, and the patient sub-
sequently died despite the prescribed antibiotic therapy
(Cheng et al. 2024).

In the clinical case of a patient with Goodpasture syn-
drome, no restoration of renal function was achieved de-
spite the prescribed therapy, and emphasis was placed on
the importance of performing a biopsy, as well as on the
specific knowledge of medical professionals about the bi-

ology of oncological diseases and the corresponding ther-
apy (Fenoglio et al. 2021).

In a 65-year-old patient with familial Mediterra-
nean fever hospitalized due to progressive abdominal
enlargement, both DE- and DS-related problems were
identified (Talerico et al. 2020). Initially, the patient
proved to be a colchicine non-responder, and subse-
quently, due to issues with canakinumab availability in
the region, anakinra was administered, which further
worsened the patient’s condition. The authors suggest-
ed that, in cases of colchicine intolerance, interleukin
(IL)-1 inhibition should be initiated to alleviate the ab-
dominal inflammation.

The reviewed studies indicate that DRPs in older
adults with rare diseases are frequently associated with
severe clinical consequences and often require treatment
modification, dose adjustment, or discontinuation of
therapy. Fatal outcomes were reported in patients with
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CIDP and in some patients with chronic myeloid leuke-
mia despite the prescribed treatment (Cortes et al. 2016;
Cheng et al. 2024).

Analysis of DRPs among patients with
acromegaly in Bulgaria

Of the 180 hospitalized patients with acromegaly, 42
(23.3%) met the inclusion criterion of geriatric age (265
years) and were included in the retrospective analysis
(Table 2). The majority of patients were women (n = 30,
71%), and the average age at diagnosis was 52 years (SD =
11.46). Somatostatin analog monotherapy was the most
frequently prescribed therapy for acromegaly (n = 30).
Polypharmacy and multimorbidity affected 83% and 95%
of the study population, respectively (Table 3). A total of
14 DRPs were identified using the STOPP/START tool in
14 of the patients (33%) (Tables 2, 3).

Table 2. Demographic characteristics of patients with acromeg-
aly (265 years at hospital admission).

Category N (%)
Gender
Men 12 (29)
Women 30 (71)
Region
City 38(91)
Village 4(9)
Mean age 73 (SD + 4.05)

Average age of diagnosis 52 (SD + 11.46)

Type of therapy for acromegaly

Dopamine agonists 2
Somatostatin analogues 30
Somatostatin analogues + growth hormone receptor 3
antagonist

Somatostatin analogues + growth hormone receptor 1
antagonist + dopamine agonist

Somatostatin analogues + dopamine agonist 1
No therapy 5

Table 3. Distribution of patients with DRPs.

Number of patients admitted 180
Geriatric patients >65 years 42 (23%)
Total geriatric patients with DRPs* 14 (33%)
Number of DRPs identified using STOPP/START 14
criteria

Number of DRPs based on the SmPC 2
Polypharmacy 35 (83%)
Multimorbidity 40 (95%)

*Some patients have more than one DRP.
DRP: Drug-related problem; SmPC: Summary of Product Characteristics.

A total of 10 PIMs were identified, mainly affecting the
endocrine, cardiovascular, and central nervous systems:
use of extended-acting sulfonylureas (n = 5); prescription
of centrally acting antihypertensive agents (n = 1); long-

term use of benzodiazepines (n = 2); concomitant use of
two or more drugs with antimuscarinic/anticholinergic
effects (n = 1); and duplicate therapy with nootropics (vin-
pocetine/piracetam) (n = 1). The analysis of the START
criteria revealed four cases of PPOs affecting key aspects
of the therapy of comorbidities: lack of proton pump in-
hibitors (PPIs) in patients with severe gastropathy (1 = 2)
and deficiencies in the prescription of beta-blockers for
coronary heart disease (CHD) and alpha-blockers for
symptomatic prostatic hyperplasia (n = 2). By compari-
son with the SmPC, two additional DRPs were identified
related to the prescription of medicinal products in cases
of contraindications or outside the approved indications
in elderly patients. Torasemide was prescribed to a patient
with gout, which is stated as a contraindication in the
SmPC due to a lack of clinical data. Another DRP was the
concomitant use of empagliflozin with diuretics and ACE
inhibitors due to the increased risk of hypovolemia. These
cases do not fall within the scope of the standard STOPP/
START criteria but highlight the clinical relevance of indi-
vidualized structured medication reviews.

Two independent variables (polypharmacy and multi-
morbidity) were analyzed to assess their potential associa-
tion with the occurrence of DRPs (Table 4). Polypharmacy
was present in 12 of 14 patients with DRPs and in 23 of
the 28 patients without DRPs. The estimated odds ratio
(OR = 1.3043; 95% CI: 0.22-7.75; p = 0.77) suggests that
patients with polypharmacy have 1.3-fold higher odds of
a DRP. However, this association was not statistically sig-
nificant (p > 0.05). The high prevalence of polypharmacy
in both groups (83% overall) might explain the lack of a
differentiating effect. Multimorbidity was present in all
14 patients with DRPs, while three patients in the group
without DRPs did not have multimorbidity.

Although the estimated OR for multimorbidity (OR =
3.98) suggests a potentially stronger association with DRPs
than polypharmacy, the association was not statistically
significant (95% CI: 0.1918-82.5938; p = 0.37). The ex-
tremely wide confidence interval and high p-value are
direct outcomes of the limited sample size and data dis-
tribution, which do not allow statistical conclusions to be
drawn about the influence of multimorbidity on the oc-
currence of DRPs in the studied patients with acromegaly.
Therefore, these analyses should be considered explorato-
ry and hypothesis-generating.

Discussion

The systematic review demonstrated a lack of evidence
regarding DRPs in geriatric patients with rare diseases.
None of the included studies applied a standardized ap-
proach for DRP identification and classification accord-
ing to the PCNE classification, and no validated DRP
tools were reported. The reported DRPs were highly dis-
ease-specific and related to complex treatment regimens,
making their identification using the STOPP/START
criteria difficult. These findings highlight the need for
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Table 4. Distribution of patients according to multimorbidity and number of prescribed drugs.

Factor DRP (+)n=14 DRP (-)n=28 Odds ratio (95% CI) p-value
Polypharmacy 12 23 1.3043 (0.2195-7.7517) 0.7701
Without polypharmacy 2 5
Multimorbidity 14 25 3.9804 (0.1918-82.5938) 0.3720
No multimorbidity 0 3

disease-specific pharmacotherapeutic recommendations
and structured medication review in patients with rare
diseases. The findings of the present systematic review
indicate that DRPs in patients with RDs represent a sub-
stantial clinical challenge, frequently associated with seri-
ous outcomes—hospitalization, disease exacerbation, the
need for surgical intervention, and, in some cases, mor-
tality. The literature indicates that DRPs arise not only
from suboptimal pharmacotherapy but also from delayed
diagnosis, delayed recognition of disease progression,
and insufficient documentation of clinical symptoms.
Collectively, these findings illustrate the complexity of
managing RDs and highlight the need for a systematic
and multidisciplinary approach to patient care. Despite
these findings, the current review did not reveal suffi-
cient evidence regarding the long-term consequences of
DRPs or the availability of effective interventions to pre-
vent or resolve them. Additionally, the limited number
of patients enrolled in the studies and the absence of a
sufficient number of studies focused exclusively on adult
patients with RDs also represent limitations.

The second part of the study extends the findings of
the SR by demonstrating how structured pharmacothera-
peutic assessment can be applied in clinical practice. Us-
ing the validated STOPP/START criteria, PIMs and PPOs
were identified in 33% of older patients with acromegaly.
These findings support the value of structured medication
review for detecting potentially preventable DRPs, even in
a rare endocrine disease characterized by a high burden
of comorbidities. While the systematic review outlines the
severe and potentially fatal consequences of unrecognized
or inadequately managed DRPs, the retrospective cohort
study suggests that some of these problems may be proac-
tively identified and potentially prevented through target-
ed medication review. Poor adherence is a well-recognized
contributor to DRPs in patients with acromegaly, and the
lack of disease-specific guidelines further complicates the
optimization of therapy (Kamusheva et al. 2021, 2023).

Comparison with international data suggests that the
prevalence of potentially inappropriate prescribing ob-
served in the present study was lower than that report-
ed for other chronic diseases. According to systematic
reviews, the prevalence of PIMs according to the STOPP
criteria ranged between 67.8% and 87.7%, and that of
PPOs according to the START criteria ranged between
39.5% and 99.7% (Delgado Silveira et al. 2009). A study
in Romania reported 25.8% PIMs and 41.7% PPOs (Buda
et al. 2020). The relatively lower prevalence observed in
the present study may reflect the specific characteristics
of patients with acromegaly and their regular follow-up

in a tertiary center with proven expertise in acromegaly
management. The identified PIMs should always be in-
terpreted within their clinical context. Sulfonylureas, cen-
trally acting antihypertensive agents, and long-term use
of benzodiazepines may compromise cognitive awareness
and cause orthostatic hypotension in older adults (Buda
et al. 2020). However, these medications may remain clin-
ically appropriate in selected patients when the expected
benefits outweigh the potential risks and close clinical
monitoring is ensured. Similarly, combinations such as to-
rasemide in patients with gout or empagliflozin combined
with a diuretic and an ACE inhibitor should be justified in
the presence of multiple comorbidities.

Within the context of Bulgarian clinical practice, the
STOPP/START criteria have previously been applied
primarily in geriatric populations, particularly among
patients with cardiovascular diseases, where a PIM prev-
alence of approximately 15% has been reported (Krust-
ev et al. 2022). Although focused on a different patient
group, the present study supports the clinical validity of
the STOPP/START criteria and suggests their applica-
bility within the Bulgarian healthcare system. Notably,
based on current knowledge, no prior studies have in-
vestigated DRPs in patients with acromegaly using this
methodological approach. Therefore, the present study
can be considered an initial contribution to this area of
research. However, certain systemic barriers remain. In
patients with acromegaly, limitations related to reim-
bursement policies and restricted access to alternative
therapies may impede treatment optimization. For ex-
ample, patients with adequate metabolic control treated
with metformin and sulfonylureas might be unable to
transition to newer therapeutic options due to restrictive
reimbursement criteria.

The relatively small sample size should be interpreted
in the context of both the rarity of the disease and the
organization of patient care in Bulgaria. Acromegaly is a
rare endocrine disorder, and consequently, the number
of eligible geriatric patients is inherently limited. Fur-
thermore, the present study included all patients aged
265 years who were followed during the study period at
the national Expert Center for Rare Endocrine Diseases,
which serves as the national referral center for patients
with pituitary disorders in Bulgaria. Therefore, the study
cohort represents the entire eligible population managed
at this specialized center rather than a selected sam-
ple. In addition, previously published nationwide data
(Kamusheva et al. 2020) have shown that the majority
of Bulgarian patients with acromegaly are younger than
60 years of age, while patients aged =65 years constitute
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only a small proportion of the overall acromegaly popu-
lation. Consequently, the limited sample size reflects the
epidemiology of the disease and the age distribution of
the Bulgarian acromegaly population rather than limita-
tions in patient recruitment.

Although polypharmacy and multimorbidity are rec-
ognized as risk factors for DRPs, the exploratory OR anal-
yses performed in the current study did not demonstrate
statistically significant associations between polypharma-
cy or multimorbidity and the occurrence of DRPs. These
findings should be interpreted with caution due to the
limited sample size, which reduced the statistical power of
the analysis, as reflected by the wide confidence intervals
around the estimated odds ratios.

Strengths and limitations of the
study

A key strength of this study lies in the use of validated
pharmacotherapeutic assessment tools, combined with
a focus on geriatric patients with a rare disease. In addi-
tion, the integration of a systematic review with original
real-world clinical data provides a more comprehensive
perspective on DRPs and their relevance in the context of
rare diseases.

Several limitations should also be acknowledged. The
small number of studies and patients identified in the
systematic review, along with the retrospective design of
the original analysis, restrict the robustness of the find-
ings. Furthermore, incomplete data regarding the use of
all medications, including over-the-counter products and
dietary supplements, may have led to an underestimation
of DRPs. These factors limit both the identification of sta-
tistically significant predictors and the generalizability of
the results. Most of the studies did not focus solely on the
geriatric population, which does not allow for a definitive
description of DRPs specific to older adults.
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