
154 www.eymj.org

Resolving Medication-Related Problems in 
Older Adults through a Multidisciplinary Approach 
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Purpose: Polypharmacy in older adults is a significant public health challenge. A hospital-based, multidisciplinary Polypharmacy 
Management Program (PMP) was initiated nationally. We evaluated this team-based program’s initial performance, identifying 
factors associated with medication-related problems (MRPs) prompting prescription changes.
Materials and Methods: We retrospectively analyzed 2021 PMP data from 1740 patients (33 hospitals). Medication review records, 
intervention outcome records, and patient demographics were examined. MRPs were identified, classified, and documented 
alongside prescription modifications. Multivariable logistic regression was used to determine factors associated with prescription 
modifications.
Results: MRPs were found in 73.5% of patients (average 2.7/patient). Common types were potentially inappropriate medications 
(PIMs, 58.7%), interactions (46.9%), and adverse drug reactions (ADRs, 26.2%). Pharmacists recommended modifications for 32.4% 
of MRPs, with 92.2% physician acceptance. Discontinuation (59.2%) was the most common modification, often due to lack of indica-
tion or ADRs. Significant predictors for modification included age ≥85 years [adjusted odds ratio (aOR)=2.34], ≥20 medications 
(aOR=2.46), and use of anticholinergics, multiple oral hypoglycemics, duplicate gastrointestinal agents/proton pump inhibitors or 
antidementia agents, and certain antidepressants/corticosteroids.
Conclusion: Hospital-based multidisciplinary teams effectively identify and rectify MRPs in older Korean adults with polyphar-
macy. Targeting interventions towards high-risk subgroups (very elderly, high medication count, specific drugs) could optimize 
PMP efficiency. Long-term clinical and economic outcome studies are needed.
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INTRODUCTION

Polypharmacy, defined as the concurrent use of five or more 
medications, is a growing concern in healthcare. It can be clas-
sified as either appropriate or inappropriate polypharmacy, 
depending on the appropriateness of medication use.1 Inappro-
priate polypharmacy is particularly problematic, as it is linked 
with adverse drug events, harmful drug interactions, and in-
creased hospitalizations, highlighting the need for effective 
strategies to manage polypharmacy.2,3 With the global popula-
tion aging and multimorbidity rising, polypharmacy has be-
come a significant health issue.1 A recent meta-analysis re-
ported the overall prevalence of polypharmacy at 37% [95% 
confidence interval (CI): 31%–43%], with an even higher prev-
alence of 45% (95% CI: 37%–54%) among older adults.4

To address these issues, many countries have implemented 
various medication review and management programs. In the 
United States, the Medication Therapy Management program 
has been available since 2006.5 Australia provides Home Medi-
cine Review for community-dwelling individuals and Residen-
tial Medication Management Review services for long-term 
care facility residents.6 In the United Kingdom, the pharmacist-
led Medicine Use Review was recently replaced by the Struc-
tured Medication Review under the National Health Service 
Primary Care Network Contract to enhance patient care and 
medication optimization.7 These programs provide medication 
management services to a diverse patient population, with poly-
pharmacy often serving as a key eligibility criterion. Research 
has shown that such services effectively address drug-related 
problems, minimize inappropriate medication use, and con-
tribute to decreased hospitalizations and lower healthcare ex-
penditures.8,9

South Korea, one of the fastest-aging countries, faces growing 
concerns about polypharmacy among its older adults.10 As of 
2019, 41.8% of older adults were taking five or more medications, 
while 14.4% were taking 10 or more medications.11 To address 
medication-related problems (MRPs) in this demographic, the 
Korean National Health Insurance Service (NHIS) implemented 
the “Polypharmacy Management Program (PMP)” in 2018.12 
This nationwide, multidisciplinary initiative is aimed at identify-
ing and resolving MRPs linked to polypharmacy, particularly 
among older patients with chronic conditions who require mul-
tiple medications. The PMP operates through two models: a 
community-based model, initially launched, and a hospital-
based model, added in 2020 to provide multidisciplinary care.

Globally, numerous studies have examined the outcomes of 
medication management programs.13-16 However, research 
evaluating PMP in Korea remains limited.12,17 Existing studies 
have primarily focused on the initial community-based model 
or have used qualitative methods to explore the experiences 
and perceptions of patients and healthcare providers involved 
in the program. 

In this study, we aimed to optimize medication management 

strategies for patients experiencing polypharmacy by identify-
ing the types and characteristics of MRPs and exploring factors 
influencing prescription modifications by a multidisciplinary 
team within the hospital-based model of the PMP in Korea.

MATERIALS AND METHODS

Data source and participants
We analyzed de-identified records from the hospital-based 
model of the PMP for 2021, provided by the Korean NHIS. In 
2021, 33 hospitals participated in the program. The hospital-
based model of PMP primarily targets patients who meet the 
following criteria: 1) are insured in the National Health Insur-
ance; 2) have at least one diagnosed chronic condition; and 
either 3) are taking ten or more active ingredients on a regular 
basis; or 4) are taking five or more medications requiring clini-
cal medication management (e.g., anticoagulants, opioid anal-
gesics, and insulins). The participating departments and spe-
cific operational plans are determined individually by each 
hospital. The PMP records include medication review record, 
patient functional assessments, intervention outcome, and 
monitoring records. The overall variables included in each da-
taset used in the PMP are provided in Supplementary Table 1 
(only online). Since patient functional assessments and moni-
toring are optional, we focused on medication reviews and in-
tervention outcome records for our analysis. Medication review 
records contain details on prescribed medications, MRPs, and 
pharmacists’ interventions and recommendations. Interven-
tion outcome records include physicians’ responses to pharma-
cists’ recommendations and any resulting medication changes. 
To identify factors associated with medication interventions 
and modifications, we included only patients with both medi-
cation reviews and intervention outcome records.

The characteristics of the hospital-based model can be sum-
marized as follows: it involves a multidisciplinary team—in-
cluding pharmacists, physicians, and nurses—that provides 
medication management services. Depending on the patient’s 
treatment setting, the model is divided into two submodels: in-
patient and outpatient. The inpatient submodel targeted hospi-
talized patients and provided medication management services 
until discharge. Conversely, the outpatient submodel focused 
on patients visiting outpatient departments. For eligible pa-
tients, the multidisciplinary team explained the program, con-
firmed their willingness to participate, and obtained written 
consent. The NHIS reimbursed participating institutions for 
PMP services on a per-service basis, ensuring that patients in-
curred no out-of-pocket costs.

The medication management service began with a compre-
hensive medication review, including all medications patients 
were taking—prescription drugs, over-the-counter (OTC) drugs, 
and nutritional supplements. In the PMP service, the multidisci-
plinary team used both hospital records and NHIS claims data 
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to gain a complete understanding of the patient’s prescribed 
medications and diagnostic history across all visited medical 
institutions.

During the medication review process, the team compre-
hensively identified the patient’s MRPs in two stages. First, they 
conducted a comprehensive assessment of MRPs, categorizing 
them into potentially inappropriate medications (PIMs), drug 
interactions, adverse drug reactions (ADRs), medication du-
plication, adherence issues, storage methods, and administra-
tion methods. These categories were aligned with established 
drug-related problem classification frameworks cited in the lit-
erature,18-20 but were further refined and adapted by the NHIS 
to capture practical medication use issues more effectively. Us-
ing these tailored categories, pharmacists identified and record-
ed MRPs by selecting from predefined classification options 
embedded in the PMP data entry system. Next, they identified 
MRPs requiring prescription modifications, which were further 
classified into categories such as “no indication,” “inappropri-
ate dose/frequency,” and “drug–disease interaction.” For MRPs 
requiring modifications, pharmacists documented their recom-
mendations, which physicians reviewed to determine whether 
to modify prescriptions.

The prescription modifications were categorized into five 
types—discontinuation, medication change, dose/formulation 
change, medication additions, and changes in administration 
methods. Medication reviews and interventions were conduct-
ed for all participating patients, with postintervention monitor-
ing performed when necessary. This study was approved by 
the Institutional Review Board of Gachon University (IRB No. 
1044396-202205-HR-107-01).

Outcomes and variables
In this study, we aimed to identify the types of MRPs, prescrip-
tion modifications, and factors associated with MRPs that led 
to prescription modifications. MRPs and modification types 
were analyzed at two levels—patient and medication.

The PMP service records included variables such as patient 
demographics (age, sex), medication use (prescribed medica-
tions, OTC drugs, nutritional supplements), comorbidities, 
healthcare utilization (number of healthcare facilities visited, 
frequency of visits, emergency room visits, hospitalization his-
tory), and hospital characteristics (type, department). OTC 
drugs and nutritional supplements were identified through pa-
tient consultations, while other data were obtained from medi-
cal records and NHIS claims data for the year preceding patient 
registration. 

Statistical analysis
The analysis was conducted for the entire hospital-based mod-
el and separately for the inpatient and outpatient submodels. 
Descriptive statistics were used to summarize the baseline 
characteristics of the study population. To compare the inpa-
tient and outpatient groups, chi-square tests or Fisher’s exact 

tests were performed for categorical variables, and t-tests were 
used for continuous variables. To identify factors associated 
with prescription modifications, a multivariable logistic regres-
sion model was applied. All variables considered clinically rel-
evant based on literature review and clinical expertise, as well 
as factors systematically collected in the PMP, were included in 
the multivariable logistic regression model, regardless of their 
statistical significance in univariable analysis. The model in-
cluded the following variables: sex, age, hospital type, comor-
bidities, number of medications, and drug categories of pre-
scribed medications [anticholinergics, central nervous system 
(CNS) depressants, oral hypoglycemic agents (OHAs), insulin, 
antithrombotic agents, renin-angiotensin system inhibitors, 
beta-blockers, calcium channel blockers, diuretics, alpha-
blockers, proton pump inhibitors (PPIs), inhalers, opioids, ben-
zodiazepines, tricyclic antidepressants, sedatives, antipsychot-
ics, anticancer agents, immunosuppressants, nonsteroidal anti-
inflammatory drugs, steroids, and antidementia drugs]. 

All statistical analyses were conducted using SAS Enterprise 
Guide software, Version 8.3 (SAS Institute, Inc., Cary, NC, USA). 
A 95% CI was used, and a p-value of <0.05 was considered sta-
tistically significant.

RESULTS

Baseline characteristics
In 2021, a total of 1824 patients participated in the hospital-
based model of the PMP. Of these, 1740 patients had both med-
ication review and intervention outcome records available for 
analysis. Among the analyzed patients, 82.9% were part of the 
inpatient submodel, while 17.1% were included in the outpa-
tient submodel (Table 1).

Nearly half of the patients were aged 75 years or older, with 
10% being 85 years or older. The mean age of the study popula-
tion was 72.3 years. Patients in the outpatient submodel were 
older than those in the inpatient submodel (75.6 years vs. 71.6 
years). Services were primarily provided in tertiary hospitals, 
with nearly 90% of outpatient submodel services delivered in 
these settings.

The primary departments participating in the program were 
internal medicine and neurology, accounting for 65.1% and 
12.6% of the study population, respectively. On average, patients 
in the program took 11.6 prescribed medications, with 64.6% 
taking 10 or more. Patients had an average of three chronic dis-
eases, with diabetes being the most prevalent (33.3%), followed 
by hypertension (26.3%) and chronic ischemic heart disease 
(19.0%). In terms of healthcare utilization, patients visited tertia-
ry or secondary hospitals an average of 10.8 times annually, 
while total visits to all healthcare centers, including primary 
care clinics, averaged 24.8 visits annually.
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Table 1. Baseline Characteristics of Patients in the Polypharmacy Management Program

Characteristic Total (n=1740) Outpatient model (n=298) Inpatient model (n=1442) p
Age, yr 72.3±11.0 75.6±9.3 71.6±11.2 <0.001

<65 359 (20.6) 39 (13.1) 320 (22.2) <0.001
65–74 574 (33.0) 86 (28.9) 488 (33.8)   0.096
75–84 628 (36.1) 121 (40.6) 507 (35.2)   0.075
≥85 179 (10.3) 52 (17.4) 127 (8.8) <0.001

Sex, male 949 (54.5) 145 (48.7) 804 (46.2)   0.025
Hospital type

Tertiary hospital 1183 (68.0) 261 (87.6) 922 (63.9) <0.001
Secondary hospital 552 (31.7) 37 (12.4) 515 (35.7) <0.001
Other 5 (0.3) 0 (0.0) 5 (0.4)    0.595*

Department type
Internal medicine 1132 (65.1) 226 (75.8) 906 (62.8) <0.001
Neurology 219 (12.6) 2 (0.7) 217 (15.0) <0.001
Surgery 173 (9.9) 1 (0.3) 172 (11.9) <0.001
Others 94 (5.4) 3 (1.0) 91 (6.3) <0.001
No records 122 (7.0) 66 (22.1) 56 (3.9) <0.001

Number of total medications 12.5±5.1 14.1±5.6 12.2±4.9 <0.001
<5 20 (1.1) 0 (0.0) 20 (1.4)    0.036*
5–9 463 (26.6) 63 (21.1) 400 (27.7)   0.019
10–14 753 (43.3) 118 (39.6) 635 (44.0)   0.159
15–19 335 (19.3) 67 (22.5) 268 (18.6)   0.120
≥20 157 (9.0) 48 (16.1) 109 (7.6) <0.001
No records 12 (0.7) 2 (0.7) 10 (0.7)   >0.999*

Number of prescribed medications 11.6±4.9 12.8±5.3 11.4±4.9 <0.001
<5 38 (2.2) 1 (0.3) 37 (2.6)   0.017
5–9 565 (32.5) 87 (29.2) 478 (33.1)   0.185
10–14 731 (42.0) 118 (39.6) 613 (42.5)   0.354
15–19 279 (16.0) 56 (18.8) 223 (15.5)   0.154
≥20 115 (6.6) 34 (11.4) 81 (5.6) <0.001
No records 12 (0.7) 2 (0.7) 10 (0.7)   >0.999*

Number of over-the-counter 0.1±0.6 0.2±0.6 0.1±0.6   0.052
Number of nutritional supplements 0.8±1.4 1.2±1.8 0.7±1.3 <0.001
Number of comorbidities 3.4±1.9 3.8±1.9 3.2±1.9 <0.001
Comorbidities

Diabetes 580 (33.3) 109 (36.6) 471 (32.7)   0.160
Hypertension 458 (26.3) 60 (20.1) 398 (27.6)   0.008
Chronic ischemic heart disease 330 (19.0) 81 (27.2) 249 (17.3) <0.001
Cancer 290 (16.7) 34 (11.4) 256 (17.8)   0.008
Benign prostatic hypertrophy 214 (12.3) 41 (13.8) 173 (12.0)   0.376
Asthma/COPD 209 (12.0) 38 (12.8) 171 (11.9)   0.638
Chronic stroke 173 (9.9) 32 (10.7) 141 (9.8)   0.589
Renal failure 167 (9.6) 43 (14.4) 124 (8.6)   0.002
Dementia 135 (7.8) 32 (10.7) 103 (7.1)   0.031
Arrhythmia 133 (7.6) 24 (8.1) 109 (7.6)   0.748

Healthcare utilization frequency
Overall 24.8±24.6 25.6±23.8 24.7±24.8   0.553
Secondary or tertiary hospital 10.8±14.7 12.4±15.4 10.4±14.5   0.057

ED visit history 6 (0.3) 1 (0.3) 5 (0.3)   >0.999*
Hospitalization history 11 (0.6) 6 (2.0) 5 (0.3)    0.005*
SD, standard deviation; COPD, chronic obstructive pulmonary disease; ED, emergency department.
Data are presented as mean±standard deviation or n (%).
*p-values calculated using Fisher’s exact test instead of chi-square test due to sparse data.
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Table 2. Type of Medication-Related Problems Identified in the Hospital-Based Polypharmacy Management Program Model

Total Outpatient model Inpatient model p
Patient Case Patient Case Patient Case Patient Case

PIM for older adults 751 (58.7) 1748 (37.7) 155 (62.8) 318 (31.0) 596 (57.8) 1430 (39.7)   0.001   0.474
Drug interaction 600 (46.9) 1036 (22.4) 156 (63.2) 241 (23.5) 444 (43.0)   795 (22.0) <0.001   0.001
Adverse drug reaction 335 (26.2)   684 (14.8)   94 (38.1) 196 (19.1) 241 (23.4)   488 (13.5) <0.001 <0.001
Duplication 239 (18.7) 326 (7.0)   61 (24.7) 89 (8.7) 178 (17.2) 237 (6.6) <0.001 <0.001
Poor adherence 207 (16.2)   482 (10.4)   52 (21.1) 112 (10.9) 155 (15.0)   370 (10.3)   0.001   0.066
Wrong administration method 196 (15.3) 184 (4.0)   36 (14.6) 52 (5.1) 160 (15.5) 132 (3.7)   0.625   0.128
Inappropriate storage 47 (3.7) 113 (2.4)   3 (1.2) 13 (1.3) 44 (4.3) 100 (2.8)   0.048   0.093
Total 1279 4631 247 1025 1032 3606 <0.001 <0.001
PIM, potentially inappropriate medication.
Data are presented as n (%).

Medication review and MRPs
Following medication reviews conducted by the multidisci-
plinary team, 1279 out of 1740 patients (73.5%) were identified 
with at least one MRP. A total of 4631 MRPs were documented, 
averaging 2.7 MRPs per patient. Outpatients had a higher aver-
age number of MRPs than inpatients (3.4 vs. 2.5 MRPs per pa-
tient). The most common MRPs included the use of PIMs in 
older adults (58.7%), drug interactions (46.9%), and ADRs 
(26.2%). These trends were consistent across both outpatient 
and inpatient submodels. Excluding wrong administration 
methods and inappropriate storage, most MRP categories were 
more frequently observed in the outpatient submodel, partic-
ularly for drug interactions, including drug–drug, drug–food, 
and drug–disease interactions (63.2% vs. 43.0%) (Table 2).

Among the identified MRPs, pharmacists intervened for 636 
patients, resulting in 1500 interventions. Of these, 1383 inter-
ventions involving 552 patients were accepted by physicians. 
This indicates that prescription modifications were considered 
for 32.4% of the identified MRPs, with 92.2% of the pharma-
cists’ proposed interventions accepted by physicians. Accept-
ed interventions included 1040 cases from the inpatient sub-
model and 343 from the outpatient submodel.

The most common MRPs leading to prescription modifica-
tions were medications with no indication (21.4%), followed by 
ADRs (13.9%) and therapeutic duplications (11.1%). In the in-
patient submodel, dosage and frequency errors were the third 
most common MRPs leading to prescription modifications 
(11.1%), while these were significantly rare in the outpatient 
submodel (1.7%). The most common prescription modifica-
tions included medication discontinuation (59.2%), medication 
switching (14.2%), and formulation changes (13.1%) (Table 3). 
Frequently modified medications categorized by MRPs are pre-
sented in Supplementary Table 2 (only online).

Patient-level data on MRPs resulting in prescription modifi-
cations are presented in Supplementary Table 3 (only online). 
Over 20% of patients had medications associated with ADRs, 
and 55.7% (78/140) of these patients discontinued their medi-
cations following the intervention. Other MRPs leading to 
prescription modifications included medications with no in-

dication, medication duplications with similar effects, and PIMs 
for older adults. 

Factors associated with MRPs leading to prescription 
modifications
After adjusting for demographic factors, comorbidities, and 
medication effects, several factors were identified as being asso-
ciated with an increased risk of MRPs resulting in prescription 
modifications. Unadjusted odds ratios are provided in Supple-
mentary Table 4 (only online).

In the overall patient population, significant factors included 
sex [female; adjusted odds ratio (aOR)=1.34, 95% CI: 1.04–1.74], 
age, number of prescribed medications, and the use of OHAs, 
gastrointestinal (GI) medications, PPIs, anticholinergics, non-
tricyclic antidepressants, steroids, and dementia treatments.

Older age was strongly associated with a higher likelihood of 
MRPs resulting in prescription modifications. Compared to pa-
tients under 65 years, the odds increased with age: aOR=1.57 
for 75–84 years, and 2.34 for ≥85 years. Similarly, patients taking 
≥20 medications were 2.5 times more likely to require medica-
tion modifications than those taking <10 medications. Hospital 
type was identified as a significant factor also. Tertiary hospitals 
demonstrated significantly higher medication adjustment rate 
compared to secondary-level hospitals (aOR=2.14, 95% CI:1.64-
2.80). Specific drug classes also significantly contributed to 
MRPs. The use of anticholinergics (aOR=1.64, 95% CI: 1.21–
2.23), nontricyclic antidepressants (aOR=1.67, 95% CI: 1.13–
2.47), and corticosteroids (aOR=1.58, 95% CI: 1.07–2.33) signifi-
cantly increased the risk of prescription modifications. For 
OHAs, the risk of modifications increased with the number of 
medications, with an aOR of 1.5 for 1–2 OHAs and nearly 2 for 
≥3 OHAs. Additionally, duplication within drug classes signifi-
cantly increased the likelihood of modifications for GI medi-
cations (aOR=1.78, 95% CI: 1.12–2.83), PPIs (aOR=1.90, 95% 
CI: 1.05–3.42), and antidementia agents (aOR=4.06, 95% CI: 
1.02–16.28) (Table 4).

In submodel analyses, distinct patterns emerged between 
the inpatient and outpatient groups. For the inpatient submod-
el, significant factors included age ≥85 years, tertiary hospital 
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Table 3. Types of MRPs and Prescription Modifications in the Polypharmacy Management Program: Medication-Level Analysis

Discontinuation
Drug 

 change

Dose/ 
formulation 

change

Drug 
addition

Administration 
method 
change

Others
Subtotal†

(%)
Total
(%)

p

No indication 296 (21.4)   0.411

Outpatient   58 0 10 0 0 0   68 (19.8)

Inpatient   223 1 3 0 0 1 228 (21.9)

Adverse drug reaction 192 (13.9)   0.771

Outpatient   23 15 7 1 0 0   46 (13.4)

Inpatient   100 24 14 3 2 3 146 (14.0)

Therapeutic duplication 154 (11.1)   0.451

Outpatient   36 4 1 0 0 1   42 (12.2)

Inpatient 101 6 1 0 0 4 112 (10.8)

PIM for older adults 145 (10.5)   0.412

Outpatient   15 13 10 0 0 2   40 (11.7)

Inpatient   81 15 5 0 0 4 105 (10.1)

Inappropriate dose/frequency 121 (8.7) <0.001

Outpatient     0 1 5 0 0 0   6 (1.7)

Inpatient   10 16 73 0 10 6 115 (11.1)

Drug–drug interaction 87 (6.3)   0.257

Outpatient   15 2 1 0 5 3 26 (7.6)

Inpatient   23 22 3 0 9 4 61 (5.9)

Duplication of the same drugs 41 (3.0)   0.501

Outpatient   10 0 1 1 0 0 12 (3.5)

Inpatient   27 1 1 0 0 0 29 (2.8)

Drug–disease interaction 45 (3.3)   0.089

Outpatient     7 2 6 0 0 1 16 (4.7)

Inpatient   15 9 5 0 0 0 29 (2.8)

Omission 40 (2.9)   0.010

Outpatient     0 0 0 3 0 0   3 (0.9)

Inpatient     0 0 0 36 0 1 37 (3.6)

Poor adherence 34 (2.5)   0.529

Outpatient     8 0 0 0 0 2 10 (2.9)

Inpatient   18 3 1 0 1 1 24 (2.3)

Untreated indication 30 (2.2)   0.851

Outpatient     0 0 0 7 0 0   7 (2.0)

Inpatient     0 0 0 22 0 1 23 (2.2)

Inappropriate effect 16 (1.2)    0.140*

Outpatient     0 1 0 0 0 0   1 (0.3)

Inpatient     4 10 0 1 0 0 15 (1.4)

Others 182 (13.2) <0.001

Outpatient     5 25 19 14 0  3   66 (19.2)

Inpatient   40 27 15 8 4 22 116 (11.2)

Subtotal modifications by submodels‡ (%) 1383 (100)

Outpatient 177 (51.6)   63 (18.4)   60 (17.5) 26 (7.6)   5 (1.5) 12 (3.5)   343

Inpatient 642 (61.7) 134 (12.9) 121 (11.6) 70 (6.7) 26 (2.5) 47 (4.5) 1040

Total modifications (%) 819 (59.2) 197 (14.2) 181 (13.1) 96 (6.9) 31 (2.2) 59 (4.3)

PIM, potentially inappropriate medication; MRP, medication-related problem.
*p-values calculated using Fisher’s exact test instead of chi-square test due to sparse data; †Percentage represents the proportion of each MRP within the total 
for the respective submodel; ‡Percentage represents the proportion of each modification within the total for the respective submodel.
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Table 4. Factors Associated with Medication Interventions in the Polypharmacy Management Program

Variables
Total

aOR (95% CI)
Outpatient

aOR (95% CI)
Inpatient

aOR (95% CI)
Sex

Male Ref. Ref. Ref.
Female 1.34 (1.04–1.74) 1.74 (0.80–3.81) 1.33 (1.00–1.77)

Age, yr
<65 Ref. Ref. Ref.
65–74 1.31 (0.92–1.87) 1.97 (0.56–6.93) 1.23 (0.84–1.80)
75–84 1.57 (1.10–2.25)   2.82 (0.76–10.45) 1.42 (0.96–2.10)
≥85 2.34 (1.48–3.72)   4.74 (1.20–18.73) 1.91 (1.12–3.25)

Hospital type
Secondary level* Ref. Ref. Ref.
Tertiary level 2.14 (1.64–2.80) 0.44 (0.16–1.25) 2.75 (2.05–3.71)

Comorbidities
Hypertension 0.78 (0.59–1.03) 0.47 (0.20–1.10) 0.90 (0.66–1.23)
Diabetes 0.98 (0.72–1.34) 0.71 (0.29–1.75) 1.10 (0.78–1.56)
Chronic ischemic heart disease 1.12 (0.83–1.52) 1.46 (0.66–3.24) 1.04 (0.74–1.48)
Arrhythmia 0.80 (0.50–1.28) 1.23 (0.32–4.73) 0.74 (0.44–1.26)
Chronic stroke 0.75 (0.51–1.10) 1.10 (0.39–3.10) 0.76 (0.49–1.16)
Renal failure 1.38 (0.95–2.02) 1.63 (0.66–4.03) 1.29 (0.82–2.01)
Asthma/COPD 0.70 (0.46–1.04) 1.38 (0.38–4.95) 0.61 (0.39–0.96)
Dementia 0.79 (0.50–1.23) 0.60 (0.18–1.98) 0.90 (0.54–1.50)
Cancer 1.28 (0.94–1.75) 1.19 (0.44–3.20) 1.31 (0.93–1.85)
Benign prostatic hypertrophy 0.95 (0.65–1.39) 1.29 (0.47–3.52) 0.87 (0.57–1.33)

Number of prescribed medications
<10 Ref. Ref. Ref.
10–14 1.27 (0.96–1.68) 0.99 (0.42–2.36) 1.36 (0.99–1.86)
15–19 1.19 (0.80–1.75) 0.92 (0.31–2.69) 1.46 (0.94–2.28)
≥20 2.46 (1.43–4.24) 1.25 (0.28–5.53) 3.43 (1.81–6.52)

Number of CNS medications
0 Ref. Ref. Ref.
1–2 1.39 (0.98–1.95) 1.16 (0.40–3.34) 1.47 (1.01–2.16)
≥3 1.03 (0.56–1.90) 2.65 (0.44–16.01) 0.89 (0.44–1.81)

Number of oral hypoglycemic agents
0 Ref. Ref. Ref.
1–2 1.46 (1.07–2.00) 1.53 (0.63–3.73) 1.37 (0.96–1.94)
≥3 1.98 (1.36–2.88) 3.80 (1.30–11.12) 1.67 (1.09–2.55)

Number of antihypertension agents
0 Ref. Ref. Ref.
1 1.27 (0.77–2.09) 3.88 (0.89–16.90) 0.99 (0.56–1.72)
2 1.54 (0.72–3.29) 2.94 (0.29–29.46) 1.21 (0.52–2.83)
≥3 1.34 (0.48–3.78) 9.08 (0.46–179.13) 0.91 (0.28–2.92)

Number of diuretics
0 Ref. Ref. Ref.
1 1.07 (0.78–1.48) 0.63 (0.26–1.54) 1.20 (0.84–1.72)
≥2 0.95 (0.64–1.42) 0.99 (0.29–3.40) 0.94 (0.60–1.46)

Number of gastrointestinal agents
0–1 Ref. Ref. Ref.
≥2 1.78 (1.12–2.83) 0.65 (0.10–4.37) 2.00 (1.21–3.31)

Number of proton pump inhibitors
0–1 Ref. Ref. Ref.
2 1.90 (1.05–3.42) 9.17 (0.52–160.34) 1.59 (0.85–2.99)
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Table 4. Factors associated with Medication Interventions in the Polypharmacy Management Program (continued)

Variables
Total

aOR (95% CI)
Outpatient

aOR (95% CI)
Inpatient

aOR (95% CI)
Number of benzodiazepines

0 Ref. Ref. Ref.
1 1.28 (0.90–1.84) 0.49 (0.17–1.44) 1.55 (1.03–2.33)
≥2 1.23 (0.58–2.62) 5.59 (0.38–81.69) 0.92 (0.39–2.18)

Number of antidementia agents
0–1 Ref. Ref. Ref.
≥2   4.06 (1.02–16.28) >99.99 (<0.001– >99.99)   2.76 (0.62–12.19)

Number of NSAIDs
0–1 Ref. Ref. Ref.
≥2 1.23 (0.52–2.92) >99.99 (<0.001–>99.99) 1.01 (0.39–2.56)

Medication use
Anticoagulants 0.92 (0.66–1.29) 0.68 (0.25–1.85) 1.12 (0.77–1.65)
Antiplatelets 1.06 (0.81–1.39) 0.64 (0.31–1.35) 1.14 (0.84–1.53)
Insulins 1.07 (0.71–1.61) 1.19 (0.36–3.95) 0.96 (0.61–1.52)
RAS inhibitors 0.73 (0.47–1.14) 0.71 (0.19–2.68) 0.71 (0.43–1.16)
Beta blockers 0.93 (0.63–1.37) 0.47 (0.16–1.39) 1.06 (0.69–1.65)
Calcium channel blockers 0.99 (0.65–1.50) 0.66 (0.19–2.27) 1.10 (0.69–1.76)
Alpha blockers 1.04 (0.53–2.04) 0.61 (0.07–5.48) 1.29 (0.62–2.71)
Inhalers 0.73 (0.47–1.14) 0.69 (0.18–2.73) 0.66 (0.40–1.08)
Anticholinergics 1.64 (1.21–2.23) 1.20 (0.50–2.87) 1.80 (1.28–2.55)
Opioids 1.11 (0.79–1.55) 0.85 (0.28–2.61) 1.12 (0.76–1.63)
Tricyclic antidepressants 1.06 (0.64–1.74) 1.71 (0.46–6.38) 1.09 (0.62–1.92)
Nontricyclic antidepressants 1.67 (1.13–2.47) 3.27 (1.16–9.24) 1.51 (0.94–2.41)
Sedatives 0.86 (0.56–1.31) 0.57 (0.19–1.75) 0.97 (0.59–1.60)
Antipsychotics 1.40 (0.89–2.19) 1.32 (0.25–6.89) 1.35 (0.82–2.20)
Anticancer agents 1.05 (0.55–1.99) 0.83 (0.10–7.17) 1.07 (0.53–2.17)
Immunosuppressants 0.60 (0.31–1.18) 0.54 (0.09–3.16) 0.72 (0.33–1.58)
Corticosteroids 1.58 (1.07–2.33) 0.86 (0.27–2.77) 1.76 (1.14–2.70)

aOR, adjusted odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CNS, central nervous system; NSAID, nonsteroidal anti-inflam-
matory drug; RAS, renin-angiotensin system.
*Secondary level includes secondary hospitals and hospitals.

level, prescription of ≥20 medications, use of ≥3 OHAs, GI dupli-
cation, and use of anticholinergics or steroids. Single benzodiaz-
epine use and CNS medication use were also significant factors 
among the inpatient group. In the outpatient submodel, signifi-
cant risk factors included age ≥85 years, use of ≥3 OHAs, and use 
of nontricyclic antidepressants (Table 4).

DISCUSSION

In this study, we analyzed records from the hospital-based 
model of the PMP service, a nationwide medication manage-
ment service in South Korea. Approximately 80% of patients re-
ceiving the service were aged 65 years or older, with an average 
of 11.6 prescription medications per patient. When OTC drugs 
and nutritional supplements were included, the average num-
ber of medications increased to 12.5, slightly lower than the 
13.8 medications reported in the community-based model of 

the PMP for community-dwelling older adults.12 The multidis-
ciplinary team identified over 4600 MRPs in over two-thirds of 
the patients, averaging 2.7 MRPs per patient across the study 
population and 3.6 MRPs per patient among those with identi-
fied MRPs. These findings align with levels reported in previ-
ous studies.21,22

Pharmacists recommended prescription modifications for 
32.4% of the identified MRPs, with a 92.2% acceptance rate by 
physicians. The acceptance rate in this study was comparable 
to or higher than that reported in previous studies. For example, 
an Australian study found an average acceptance rate of 70%, 
ranging from 51% to 100%, depending on the pharmacist.22 A 
French hospital study reported an 83.4% acceptance rate, while 
a Chinese study noted a rate exceeding 90%, consistent with 
our findings.21,23 These differences may stem from institutional 
characteristics. Studies with lower acceptance rates were con-
ducted in community or primary care settings, whereas higher 
rates were observed in tertiary teaching hospitals, as in our 
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study. The high acceptance rate in our study may also reflect 
the willingness of participating physicians. Only hospitals that 
voluntarily applied to the PMP and physicians who were already 
open to multidisciplinary team care participated. Consequently, 
these physicians may have been more inclined to accept recom-
mendations. These findings underscore the importance of an 
integrated approach to identifying and managing complex 
MRPs in older adults.

Most non-adjusted MRPs were resolved through patient ed-
ucation or deemed clinically insignificant. For instance, 10% of 
the 482 medication adherence–related MRPs led to prescrip-
tion modifications. In most adherence-related cases, patients 
fail to take their prescribed medications due to a lack of under-
standing or misconceptions. In such situations, pharmacist-led 
education plays a key role in improving adherence, and modi-
fying the prescription is often unnecessary. However, in the in-
patient submodel, formulary restrictions within hospitals (e.g., 
limited access to fixed-dose combinations) may have led to 
an underestimation of prescription changes intended to im-
prove adherence. The most frequent MRP identified during the 
screening stage was the use of PIMs in older adults, observed in 
58.7% of patients, reflecting trends observed in earlier studies.24 
However, PIM ranked fourth among MRPs leading to prescrip-
tion modifications, suggesting that the appropriateness of PIMs 
often depends on individual clinical circumstances. Drug in-
teractions were the second most common MRP, identified at a 
slightly higher rate than in previous studies.25,26 This may be due 
to the broader definition of our study, which included not only 
drug–drug interactions but also drug–food and drug–disease 
interactions. Additionally, the inclusion of prescription data 
from all healthcare institutions likely contributed to the higher 
rate of detection. However, only one in eight cases of identified 
drug interactions led to prescription modifications, primarily 
because the clinical significance of drug interactions varied. 
Among MRPs leading to prescription modifications, the most 
frequent was “no indication,” consistent with findings from pre-
vious studies.22 This highlights the need for regular medica-
tion reviews to prevent inappropriate continued use. ADRs and 
medication duplications were the next most frequent MRPs 
leading to modifications. Prescription modifications were made 
in nearly 60% of medication duplication cases, likely because 
these issues have clearer criteria for appropriateness, facilitating 
proactive modifications. In Korea, a nationwide Drug Utiliza-
tion Review system has been implemented since 2013. This 
system screens for drug–drug interactions, PIMs in older adults, 
and medication duplications, providing alerts to physicians or 
pharmacists. Nevertheless, these issues persist and often re-
quire active interventions.27 This highlights the importance of a 
well-coordinated, multidisciplinary approach to effectively 
manage polypharmacy.27

Factors associated with MRPs leading to prescription modifi-
cations included age, sex, number of medications, hospital type, 
and specific medication classes. Older age, particularly ≥85 

years, was strongly associated with a higher likelihood of pre-
scription modifications. Female patients and those taking ≥20 
medications also had higher intervention rates, consistent with 
previous studies. For example, a French study found that female 
patients were more likely to receive medication interventions 
more frequently accepted by physicians.23 Also, a Dutch study 
reported that patients taking ≥20 medications were over twice as 
likely to undergo prescription modifications.28 MRPs identified 
in tertiary care hospitals were more likely to result in prescrip-
tion interventions than those identified in secondary care hos-
pitals, potentially due to the greater clinical severity and com-
plexity of patients typically managed in tertiary care settings. 
Consistent with our findings, a systematic review reported that 
ADR-related readmissions were more prevalent in teaching hos-
pitals than in non-teaching hospitals (8.1% vs. 3.3%), and such 
readmissions are considered a key clinical outcome of MRPs.29 
Additionally, specific drug classes, including anticholinergics, 
OHAs, GI agents, PPIs, antidepressants, steroids, and antide-
mentia drugs, were linked to higher intervention rates. Anticho-
linergics, a well-known category of PIMs, are frequently associ-
ated with MRPs in older adults.20,30 Duplication of GI agents 
and PPIs likely prompted interventions to address unneces-
sary multiple prescriptions. Similarly, the use of multiple 
OHAs increased the risk of hypoglycemia, compounded by 
differing glycemic targets for older adults.20,31 These findings 
can inform more targeted and cost-effective implementations 
of the PMP. By identifying subgroups of older adults most sus-
ceptible to MRPs, healthcare systems can allocate resources 
more efficiently and optimize patient outcomes. 

This study is the first to comprehensively analyze the hospi-
tal-based, multidisciplinary PMP model in South Korea. Using 
a robust multicenter dataset of 1740 patients from 33 hospitals, 
we provided valuable insights into medication use, MRPs, and 
pharmacist interventions. The high acceptance rate of phar-
macist interventions showed the effectiveness of the multidis-
ciplinary PMP model in Korea. These findings offer practical 
guidance for refining the PMP, such as narrowing the target 
population to improve clinical and financial outcomes.

However, this study has several limitations. First, the analysis 
was limited to 1 year (2021), as the hospital-based PMP was only 
implemented in late 2020. Moreover, healthcare utilization pat-
terns in 2020 may have been influenced by the COVID-19 pan-
demic. Second, the voluntary participation of healthcare provid-
ers in the hospital-based PMP may have introduced selection 
bias, potentially affecting the acceptance rate. Third, while the 
study focused on MRPs and pharmacist interventions, we did 
not assess long-term clinical outcomes, such as readmission 
rates, adverse events, or mortality. Future studies should eval-
uate these outcomes to better understand the broader impact 
of the PMP.

We analyzed the initial outcomes of the hospital-based model 
of the PMP and identified patient factors associated with medi-
cation interventions and modifications. The findings confirmed 
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that polypharmacy, advanced age, and the use of specific medi-
cations—such as anticholinergics and GI agents—significantly 
increase the likelihood of medication modification. As the PMP 
service is currently in the pilot phase, transitioning to a full-scale, 
long-term implementation will require robust evidence show-
ing its effectiveness in improving patient outcomes and reduc-
ing healthcare expenditures. These findings provide a strategic 
approach for selecting the target population for the PMP, offer-
ing potential benefits for both patients and health insurance 
sustainability. To support the broad adoption and long-term vi-
ability of the program, future research should focus on evaluat-
ing its impact on clinical outcomes.
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