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ABSTRACT　
 
Background　 This study evaluated the impact of the Medicine IN Geriatric (MINE) application, which integrates the Integrated
Medicine  Management  (IMM)  model  and  STOPP/START  criteria,  on  improving  prescribing  practices  in  elderly  patients  with
congestive heart failure (CHF).
 
Methods　 A two-phase study was conducted: validation of the IMM model and its implementation via the MINE app. A quasi-
experimental  pretest-posttest  control  group  design  was  used  in  a  hospital  in  East  Kalimantan,  Indonesia.  Patients  aged  60–79
years were randomly assigned to the intervention or control group. The intervention group received IMM-based pharmaceutical
services, including  medication  reconciliation,  repeated  medication  reviews,  and  individualized  discharge  counseling.  The  out-
comes  assessed  included  polypharmacy  rates,  potentially  inappropriate  medications  (PIMs),  potential  prescribing  omissions
(PPOs), and health-related quality of life, using the EQ-5D-5L and EQ-VAS tools.
 
Results　 Expert validation showed high content validity, with I-CVI ≥ 0.86 and S-CVI = 0.94. During implementation, the use of
antiplatelets, statins, angiotensin converting enzyme inhibitors (ACEI), and angiotensin receptor β-blockers (ARB) declined from
admission to discharge. PIMs, such as beta-blockers in patients with conduction disorders and ACE-I/ARBs in those with hyper-
kalemia,  also  decreased.  The  intervention  group’s  EQ-5D-5L scores  improved from 0.552  to  0.664,  whereas  the  control  group's
scores declined slightly. EQ-VAS scores also increased significantly in the intervention group.
 
Conclusion　 The MINE-based IMM intervention effectively reduced inappropriate prescribing and enhanced the quality of life
in elderly patients with CHF. This technology-enabled multidisciplinary approach supports safer prescribing in geriatric care.

 

Heart failure (HF) is a clinical condition that
affects approximately 2% of the general
population, with a notably higher preval-

ence in older adults. In individuals aged ≥ 80 years, the
prevalence reaches approximately 11% in men and 14%
in women.[1–3] Advances in heart failure management
have led to increased survival, and the overall aging
population is a factor that likely contributes to the per-
sistent or even gradually rising prevalence of HF ob-
served over time.[4–6] Polypharmacy is defined as the

simultaneous administration of multiple pharmacolo-
gical agents. While a universally standardized definition
is absent, the most widely endorsed interpretation
among scholars is the habitual consumption of five or
more medicinal substances. This encompasses not only
prescribed pharmaceutical but also over-the-counter
preparations and traditional and complementary rem-
edies employed by the patient.[7] Older adults exhibit
heightened susceptibility to polypharmacy owing to the
ubiquity of chronic morbidities, involvement of multiple
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prescribers, and concurrent pharmacotherapeutic regi-
mens. This confluence of factors may undermine
physiological resilience, precipitate adverse drug reac-
tions, pharmacokinetic and pharmacodynamic interac-
tions, therapeutic noncompliance, increased rates of hos-
pitalization, systemic dysregulation, and ultimately, an
elevated mortality risk.[8] In scenarios where polyphar-
macy is ineluctable, the principal challenge lies in ensur-
ing the judicious and evidence-informed utilization of
pharmacological agents, particularly among older adults
with multimorbidity. The coexistence of multiple chron-
ic conditions and extensive pharmacological regimens,
compounded by age-related alterations in pharma-
cokinetics and pharmacodynamics, markedly augments
susceptibility to adverse drug events and perilous phar-
macologic interactions, with risk elevations approaching
30%.[9–11] Consequently, vigilant surveillance of pharma-
cological prescriptions and the pursuit of rational drug
deployment in this demographic are of paramount im-
portance. Prudent and context-sensitive prescribing ne-
cessitates heightened attentiveness from healthcare pro-
fessionals, particularly in addressing the novel age-spe-
cific and age-integrated complexities of the geriatric pop-
ulation. This entails the implementation of rigorously
defined prescribing protocols and the advancement of
educational initiatives for patients and medical practi-
tioners to cultivate informed and judicious pharmaco-
therapy.[11,12]

To enhance the prescribing efficacy in the geriatric
population, the Screening Tool of Older Persons’ Pre-
scriptions (STOPP) and the Screening Tool to Alert to
Right Treatment (START) criteria were developed. The
initial iteration was conceived as a pragmatic, time-effi-
cient instrument for clinicians, enabling the systematic
evaluation of pharmacological regimens in older adults
by contextualizing prescribed medications within the
framework of their coexisting medical conditions.[13] In
2015, a revised second version of the STOPP/START cri-
teria was introduced.[14] Since its inception, this tool has
been increasingly utilized in scholarly investigations to
scrutinize and characterize the pharmacotherapeutic
profiles of older adult populations.[15,16] In recent years,
medical professionals have increasingly focused on
identifying and implementing individualized, evidence-
based prescribing frameworks. Explicit prescribing cri-
teria have been established as evidence-based clinical in-
struments to facilitate the identification of potentially in-
appropriate medication use and to minimize adverse

drug-related outcomes in geriatric populations, with the
ultimate aim of optimizing the safety, efficacy, and ap-
propriateness of pharmacological therapy among older
adults.[17] The STOPP component identifies medications
that may be inappropriate or potentially harmful,
whereas the START component highlights clinically in-
dicated treatments that have been omitted, thereby en-
hancing pharmacotherapeutic efficacy and reducing the
likelihood of adverse outcomes in older adults. The
STOPP/START criteria are applicable to both inpatient
and ambulatory care settings.[18,19] Integrated medicine
management (IMM) is a structured and comprehensive
strategy aimed at optimizing and personalizing phar-
macotherapy across the continuum of inpatient care in
hospitals. IMM encompasses a tripartite process that
aligns with the principal phases of a patient’s hospitaliz-
ation: medication reconciliation upon admission, sys-
tematic medication review during hospitalization, and
provision of comprehensive pharmacological informa-
tion at discharge.[20] Incorporating the STOPP/START
criteria into the Medicine in Geriatrics (MINE) applica-
tion may enhance the identification of potentially inap-
propriate prescriptions (PIP). Notably, previous invest-
igations evaluating the utility of medication review soft-
ware grounded in clinical frameworks, such as
STOPP/START, have substantiated the high detection
rate of inappropriate prescriptions in older adults.
However, evidence indicates that a substantial propor-
tion of drug-related problems (DRPs) identified during
medication reviews fall outside the purview of STOPP/
START criteria. Collectively, these findings imply that
reliance solely on the STOPP/START framework is in-
sufficient to capture the full spectrum of pharmaco-
therapeutic discrepancies. Consequently, a more nu-
anced and multifaceted approach encompassing struc-
tured assessments, patient interviews to elicit health and
medication-related concerns, and expert evaluation by
trained healthcare practitioners is warranted to optimize
the detection and resolution of clinically significant
DRPs.

 METHODS

 Study Design

This study employed a quasi-experimental design
conducted at the inpatient unit of RSUD Abdoel Wahab
Sjahranie Samarinda from April 2022 to June 2023. Val-
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idation of IMM model in Geriatric Congestive Heart
Failure patients and socialization of Integrated Medicine
Management model with MINE application. The con-
tent validity of the Integrated Medicine Management
model was assessed, which was developed based on
drug-related problem data existing in geriatric patients
with CHF, to ensure that each component of the model is
relevant, feasible, and applicable. This study used quant-
itative content validation with the Content Validity In-
dex (CVI) approach. The assessment was conducted by
health professionals. The intervention of the integrated
medicine management model was specifically conduc-
ted in the internal medicine ward of a hospital in East
Kalimantan, Indonesia, with hospitalized geriatric heart
failure patients using a quasi-experimental method with
a pre-test-post-test control group design.

 Setting and Participants

The target sample consisted of geriatric patients aged
60–79 years with congestive heart failure (CHF), who
were hospitalized for at least 24 h and had been dia-
gnosed with CHF for at least one year. The minimum re-
quired sample size (n), calculated using the formula by
Lameshow, et al.[21] was determined to be 80 participants
for each group (intervention and control groups). This
calculation ensured that the study had sufficient statist-
ical power (at 95% significance level, Z1–α = 1.96; and
95% power, Z1–β = 0.84) to detect a significant difference
(μ1–μ2) between the two groups. The final figure (80 per
group) was deemed a practical sample that adequately
represented the target population. Therefore, the n = 80
sample size is statistically sufficient to represent the pa-
tient population at the study site and provides reliable
data to address the established research hypotheses and
objectives. Patient recruitment utilized consecutive
sampling (a non-probability method). Eligible individu-
als (n = 176), following informed consent, were recruited
sequentially and subsequently allocated sequentially
based on the time of recruitment (rather than randomly)
into either group. This non-random allocation was ne-
cessary due to operational constraints, though it repres-
ents a potential limitation for controlling all confounding
factors. To mitigate potential selection bias stemming
from the non-random allocation, strict adherence to the
predetermined inclusion criteria was maintained by all
researchers involved in the recruitment process. The in-
tervention cohort received care from a multidisciplinary
team, including clinical pharmacists, during hospitaliz-

ation. The pharmacist was responsible for conducting
medication reconciliation and review upon admission,
performing ongoing medication evaluations throughout
the hospital stay, and executing reconciliation and indi-
vidualized discharge counseling in accordance with the
Integrated Medicines Management (IMM) framework.[14]

Medication reviews were repeated as clinically indicated
based on alterations in prescriptions, patient-reported
symptoms, evolving clinical conditions, and laboratory
findings.

n =
2σ2
(
Z1− a

2
+Z1−β

)2
(µ1−µ2)2

 Intervention and Data Collection

Three clinical pharmacists, two physicians in charge,
and three nurses performed the intervention and collec-
ted data during the study period. Each participant held a
master’s degree in clinical pharmacy and had under-
gone standardized IMM training prior to the study. The
intervention was implemented using uniform IMM pro-
tocols that were specifically adapted to the hospital’s en-
vironment. Furthermore, the IMM implementation was
conducted through three integrated stages: admission,
hospital care, and discharge planning, with the active in-
volvement of the Attending Physician (DPJP), clinical
pharmacist, and nurse as a form of interprofessional col-
laboration. This entire IMM intervention process was
carried out using the MINE application, which facilitates
real-time medication reconciliation, review, and inter-
professional collaboration. A detailed functional de-
scription, including the workflow and key modules of
the MINE application, is visually illustrated in Figure 1.
In contrast, the control group received conventional care
from physicians specializing in internal medicine and
nursing. However, this group did not receive structured
IMM services or interventions from clinical pharmacists.
The study was conducted while the patient was hospit-
alized, and discharge planning was provided in the form
of educational videos and a medication list before dis-
charge. The patients’ quality of life was assessed using
the EQ-5D-5L, a comprehensive and internationally val-
idated instrument for measuring health-related quality of
life in geriatric populations. This tool evaluates five
key dimensions—mobility, self-care, usual activit-
ies, pain or discomfort, and anxiety or depression—and
converts these responses into a single utility value ran-
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ging from < 0 (worse than death) to 1 (perfect health),
providing an overall measure of the patients’ well-being
throughout the study period.[22] In addition, repeated
hospitalizations were recorded for three months.

 Data Analysis

Prior to conducting any analysis, the data were manu-
ally cleaned to ensure their accuracy and consistency. For
inferential statistics, data distribution normality was as-
sessed using the Kolmogorov-Smirnov test, and homo-
geneity was checked using the Levene Test. If data were
found to be both normally distributed and homogen-
eous, subsequent parametric statistical tests were per-
formed. Conversely, if data were either normally dis-
tributed but non-homogeneous, or non-normally dis-
tributed and non-homogeneous, then non-parametric
statistical tests were applied. Specifically, the Paired
Sample t-test (parametric) or Wilcoxon test (non-para-
metric) was utilized to assess differences before and after
treatment within each sample group, while the Inde-
pendent Sample t-test (parametric) or Mann Whitney
test (non-parametric) was used to compare differences
between the control and intervention groups. Descript-
ive statistical methods were also employed to elucidate
the incidence of polypharmacy (defined as taking five or
more medications), the quantum of pharmacothera-
peutic perturbations delineated via the STOPP/START
criteria, the corresponding recommendations conveyed,
and the proportion of patients receiving prescriptions in-

volving Potentially Inappropriate Medications (PIMs,
where STOPP triggers are PIMs) and/or Potential Pre-
scribing Omissions (PPOs, where START triggers are
PPOs). Statistical evaluation was performed using Mi-
crosoft Excel®, and all derivations were adjusted for cases
excluded due to attrition.

 RESULTS

This study introduces a novel application of the Integ-
rated Medicine Management (IMM) model in geriatric
patients with congestive heart failure (CHF), particularly
through the development of the MINE (Medicine IN
gEriatric) digital platform. This system serves as a docu-
mentation and interprofessional communication tool to
support the identification and resolution of Drug-Re-
lated Problems (DRPs) during hospitalization.

Table 1 shows the baseline characteristics of the pa-
tients in the control and intervention groups. Both
groups were predominantly male and classified as
young elderly (60–69 years old). Most patients received
5–10 medications and had more than three comorbidit-
ies each. The length of stay was generally 5–10 days. All
patients in the intervention group showed improvement,
whereas one patient in the control group was dis-
charged against medical advice. The 95% CI for all
measured baseline variables confirmed that no statistic-
ally significant differences were observed between the
groups (P > 0.05).

At admission, PPO was most prevalent in the use of

 

Figure 1    MINE application functional components diagram.
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antiplatelet therapy (13.75%), which then decreased to
6.25% upon discharge (Table 2). PPO related to the use of
statins also decreased significantly, from 10% at admis-
sion to 1.25% at discharge. Similarly, the use of an-
giotensin-converting enzyme inhibitors (ACEI) de-
creased from 7.5% at admission to 3.75% at discharge.
Meanwhile, the PPO on appropriate beta-blocker use
was recorded at 3.75% at admission and decreased to
1.25% at discharge. These findings suggest improved ad-

herence to the START criteria during hospitalization, es-
pecially after the intervention

AS shown in Table 3, based on the analysis of the use
of PIM in geriatric patients with congestive heart failure
according to the STOPP-2 criteria, it was found that there
was a decrease in the number of PIM from admission to
discharge in the intervention group. At the time of ad-
mission, the use of beta-blocker drugs in patients with
bradycardia or certain types of AV block was recorded at

 

Table 1    Patient characteristics.

Patient characteristics Control group Intervention group P-value 95% CI

Sex 0.203 0.253–1.067

Male 54 (67.5%) 64 (80.0%)

Female 26 (32.5%) 16 (21.0%)

Age 0.524 0.044–5.556

Young elderly (60-69 yrs) 78 (97.5%) 79 (98.8%)

Middle Elderly (70-79 yrs) 2 (2.5%) 1 (1.3%)

Number of drug therapies 0.334 0.211–2.290

< 5 5 (93.8%) 7 (91.3%)

≥ 5 75 (6.2%) 73 (8.8%)

Comorbidities in CHF patients

1 8(10.0%) 6(7.5%)

2–3 21 (26.3%) 17 (21.2%)

>3 51 (63.8%) 57 (71.3%)

Length of hospital stay 0.633 0.265–1.836

< 5 days 8 (10.0%) 11 (13.8%)

5–10 days 72 (90.0%) 69 (96.3%)

Hospitalization outcome

Improved 79 (98.8%) 80 (100.0%)

Discharged against medical advice 1 (1.3%) 0

Data are presented as n (%). CHF: congestive heart failure. P-values were derived from the Chi-square or Fisher's exact test. A P-value >
0.05 indicates no statistically significant difference in baseline characteristics between the two groups.

 

Table  2      PPO  usage  in  geriatric  patients  with  congestive  heart  failure  at  admission  and  discharge  at  AWS  General  Hospital
Samarinda.

PPO type based on START criteria
Intervention Group

Admission Discharge

Administration of antiplatelet agents (such as aspirin, prasugrel, or ticagrelor) is indicated for
individuals with a documented history of peripheral arterial disease, cerebrovascular events, or
coronary artery disease.

11 (13.75%) 5 (6.3%)

Statin therapy in patients with a history of peripheral vascular disease, cerebrovascular disease, and
coronary disease, except in patients in end-of-life status or aged ≥85 years. 8 (10.0%) 1 (1.3%)

ACEI in patients with systolic heart failure and/or coronary artery disease. 6 (7.5%) 3 (3.8%)

Appropriate beta-blockers (bisoprolol, nebivolol, metoprolol, or carvedilol) in patients with stable
systolic heart failure. 3 (3.8%) 1 (1.3%)

Data are presented as n (%). ACE inhibitors: angiotensin-converting enzyme inhibitors; PPO: potential prescribing omission; START
Criteria: screening tool of alerts to right treatment.
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18.75%, which then decreased to 10% upon discharge.
The use of ACE inhibitors in patients with hyperkalemia
was also reduced from 15% to 6.25%. In addition, the use
of aspirin without PPI in patients with a history of peptic
ulcer was recorded in 8.75% of patients at admission and
decreased to 2.5% at the time of discharge.

At the admission stage, there was a significant de-
crease in the number of medication errors, as shown in
Table 4. Medication errors, such as incomplete drug his-
tory (from 47.5% to 15%), duplication of therapy (from
37.5% to 10%), and use of inappropriate drugs (from 35%
to 7.5%), decreased significantly post-intervention. There
was a significant decrease in the identification of drug
history, detection of duplication, and use of inappropri-
ate drugs since the intervention. During the hospital care
stage, there were significant decreases in laboratory
monitoring (from 40% to 12.5%), unmanaged drug inter-
actions (from 32.5% to 11.25%), and STOPP/START im-
plementation (from 100% to only 6.25%). At the dis-
charge stage, errors such as no medication education
(100% to 7.5%), absence of a medication list (100% to 5%),

and no medication reconciliation (41.25% to 6.25%)
showed a significant decline.

The difference in repeated hospitalizations between
the two groups was also significant, with a Z value of -
2.478 (Z = −2.478; P = 0.013; 95% CI: −0.265−0.265). This
finding suggests that the intervention has the potential to
reduce the length of hospitalization and the frequency of
repeated hospitalizations in patients (Table 5). The stat-
istical test results in Table 6 showed that several dimen-
sions experienced significant differences between the
control and intervention groups after the intervention,
such as pain/discomfort (Z = −6.386; P = 0.000) and de-
pression/anxiety (Z = −3.650; P = 0.000). This illustrates
that the intervention provided contributes positively to
improving the quality of life of geriatric patients with
congestive heart failure, especially in reducing pain and
anxiety. As shown in Table 7, the QoL index score of
geriatric patients with congestive heart failure, meas-
ured by EQ-5D-5L, improved substantially more in the
intervention group than in the control group. These data
suggest that the intervention contributed positively to

 

Table 3    PIM usage in geriatric congestive heart failure patients at admission and discharge at AWS General Hospital Samarinda.

PIM type based on STOPP-2 criteria
Intervention group

Admission Discharge

Beta-blockers in patients with bradycardia (< 50 beats/min), AV block Type II, or complete AV
block (increased risk of heart block). 15 (18.8%) 8 (10.0%)

Use of angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists in individuals
presenting with hyperkalemia (risk of worsening hyperkalemia). 12 (15.0%) 5 (6.3%)

Aspirin use without concomitant PPI (proton pump inhibitor) in patients with a history of peptic
ulcers (risk of peptic ulcer recurrence). 7 (8.8%) 2 (2.5%)

Data are presented as n (%). PIM is defined based on the STOPP-2 criteria. The figures in the Intervention Group columns reflect the
number of patients administered (Admission) or discontinued/switched (Discharge) PIM, followed by the percentage relative to the
total patients in the intervention group (n = 80). PIM: potentially inappropriate medication.

 

Table 4    Medication error reduction based on IMM stages checklist.

Stage IMM Category Control (n = 80) Intervention IMM (n = 80) Decrease (%)

Admission

Incomplete drug history 38 (47.5%) 12 (15.0%) 68.4

Duplication of therapy detected 30 (37.5%) 8 (10.0%) 73.3

Medication is not appropriate for the diagnosis 28 (35.0%) 6 (7.5%) 78.6

Hospital
Care

Risk drug monitoring is not done 32 (40.0%) 10 (12.5%) 68.8

Significant drug interaction untreated 26 (32.5%) 9 (11.3%) 65.4

STOPP/START not implemented 80 (100.0%) 5 (6.3%) 93.8

Discharge

Medication education not provided 80 (100.0%) 6 (7.5%) 92.5

No medication list 80 (100.0%) 4 (5.0%) 95.0

Medication reconciliation is not performed 33 (41.3%) 5 (6.3%) 84.8

Data are presented as n (%) unless other indicated. IMM: integrated medication management. Figures in the control and intervention
group columns indicate the frequency of error findings (admission, hospital care) or implementation failure (discharge).
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Table 5    Outcome reduction from admission to discharge.

Variable Control Group Intervention Group Z (P-value) 95% CI

Length of hospital stay

−4.742 (0.000) 0.230–0.520< 5 days 28 (33.0%) 58 (72.5%)

≥ 5 days 52 (65.0%) 22 (27.5%)

Readmission in 3 months

−2.478 (0.013) −0.265–0.265

1x 32 (40%) 50 (62.5%)

2x 38 (47.5%) 12 (15.0%)

3x 9 (11.3%) 13 (16.3%)

4x 0 (0.0%) 1 (1.3%)

Data are presented as n (%). The Z and P values are derived from a statistical test (likely a Z-test for proportions or another non-
parametric test) comparing proportions between the Control and Intervention Groups. P < 0.05 is considered statistically significant.

 

Table 6    The quality of life of geriatric patients in control and intervention group.

Dimension EQ-5D Level Control Group Intervention Group Z (P-value)

Mobility (pre)

No problems 35 (43.8%) 42 (52.5%)

−1.284 (0.199)

Slight problems 21 (26.3%) 18 (22.5%)

Moderate problems 8 (10.0%) 10 (12.5%)

Severe problems 11 (13.8%) 10 (12.5%)

Unable/Extreme problems 5 (6.3%) 0

Selfcare (pre)

No problems 46 (57.5%) 46 (57.5%)

−0.023 (0.982)

Slight problems 13 (16.3%) 13 (16.3%)

Moderate problems 12 (15.0%) 13 (16.3%)

Severe problems 9 (11.3%) 7 (8.8%)

Unable/Extreme problems 0 1 (1.3%)

Usual activities (pre)

No problems 34 (42.5%) 41 (51.3%)

−1.041 (0.298)

Slight problems 24 (30.0%) 19 (23.8%)

Moderate problems 10 (12.5%) 12 (15.0%)

Severe problems 11 (13.8%) 8 (10.0%)

Unable/Extreme problems 1 (1.3%) 0

Pain/Discomfort (pre)

No problems 0 0

−1.136 (0.256)

Slight problems 35 (43.8%) 42 (52.5%)

Moderate problems 20 (25.0%) 18 (22.5%)

Severe problems 17 (21.3%) 14 (17.5%)

Unable/Extreme problems 8 (10.0%) 6 (7.5%)

Anxiety/Depression (pre)

No problems 33 (41.3%) 47 (58.8%)

−2.649 (0.008)

Slight problems 24 (30.0%) 22 (27.5%)

Moderate problems 15 (18.8%) 10 (12.5%)

Severe problems 6 (7.5%) 1 (1.3%)

Unable/Extreme problems 2 (2.5%) 0

Mobility (post)

No problems 18 (22.5%) 36 (45.0%)

−3.585 (0.000)

Sligth problems 33 (41.3%) 30 (37.5%)

Moderate problems 12 (15.0%) 10 (12.5%)

Severe problems 12 (15.0%) 4 (5.0%)

Unable/Extreme problems 5 (6.3%) 0
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improving specific measured aspects of the quality of life
of geriatric patients with congestive heart failure com-
pared to the control group, which did not receive a sim-
ilar intervention.

As shown in Table 8, statistical tests showed no signi-
ficant difference between the two groups before the in-
tervention (P = 0.408; 95% CI: −2.246–5.497). However, a
more striking difference was observed in the post-inter-
vention measurements (post-test). The lowest VAS score
in the control group remained at 30, whereas it increased
to 50 in the intervention group. The highest score also in-
creased from 77 in the control group to 80 in the inter-
vention group. The average EQ-VAS score also in-

creased to 57.46 ± 10.30 (P = 0.000; 95% CI: −12.493 to
−6.706) in the control group and 67.06 ± 8.10 (P = 0.000;
95% CI: −12.493 to −6.706) in the intervention group, re-
spectively. Based on the statistical tests, this difference
was significant. These results indicate that the interven-
tion provided to the intervention group significantly im-
proved the patients’ perceived health status (QoL), as
specifically captured by the EQ-VAS, compared to the
control group.

 DISCUSSION

This study integrates a comprehensive IMM ap-

Continued

Dimension EQ-5D Level Control Group Intervention Group Z (P-value)

Selfcare (post)

No problems 34 (42.5%) 47 (58.8%)

−2.038 (0.042)

Sligth problems 22 (27.5%) 17 (21.3%)

Moderate problems 14 (17.5%) 10 (12.5%)

Severe problems 10 (12.5%) 5 (6.3%)

Unable/Extreme problems 0 1 (1.3%)

Usual Activities (post)

No problems 34 (42.5%) 42 (52.5%)

−1.257 (0.209)

Sligth problems 22 (27.5%) 18 (22.5%)

Moderate problems 12 (15.0%) 12 (15.0%)

Severe problems 11 (13.8%) 8 (10.0%)

Unable/Extreme problems 1 (1.3%) 0. (0.0%)

Pain/Discomfort (post)

No problems 4 (5.0%) 19 (23.8%)

−6.386 (0.000)

Sligth problems 14 (17.5%) 39 (48.8%)

Moderate problems 26 (32.5%) 13 (16.3%)

Severe problems 23 (28.8%) 8 (10.0%)

Unable/Extreme problems 13 (16.3%) 1 (1.3%)

Anxiety/Depression (post)

No problems 28 (35.0%) 50 (62.5%)

−3.650 (0.000)

Sligth problems 35 (43.8%) 23 (28.8%)

Moderate problems 10 (12.5%) 7 (8.8%)

Severe problems 6 (7.5%) 0

Unable/Extreme problems 1 (1.3%) 0

Data are presented as n (%). The Z and P-values are derived from a statistical test (likely a Z-test for proportions or another non-para-
metric test) comparing proportions between the Control and Intervention Groups. A P value of < 0.05 is considered statistically
significant.

 

Table 7    The quality of life of geriatric congestive heart failure patients (EQ-5D-5L).

EQ-5D-5L Pre-test control Post-test control Pre-test intervention Post-test intervention

Mean 0.484 0.430 0.552 0.664

Minimum −0.439 −0.510 −0.407 −0.291

Maximum 0.914 0.921 0.914 1,000

The EQ-5D-5L (EuroQol 5-Dimension 5-Level) is a standardized instrument used to measure health-related quality of life across five
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Index scores (Mean) range from negative
values (representing health states perceived as worse than death) to 1.000 (perfect health).
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proach across the continuum of care—admission,
inpatient care, and discharge—supported by struc-
tured interventions such as STOPP/START reviews,
CHF educational videos, and individualized medication
lists. Key components of the intervention include medic-
ation history taking, therapy review, deprescribing based
on the STOPP/START criteria, and patient education, all
of which contribute significantly to optimizing medica-
tion use and preventing medication-related problems.

Patient medication management in hospitals, espe-
cially in older adults or those with chronic diseases, is
complex and requires a collaborative interprofessional
approach. One of the interventions developed in this
study is the IMM model, which is designed to integrate
decision-making related to drug therapy among doctors,
pharmacists, and nurses in a digital system. IMM was
then implemented through the MINE application, which
was developed specifically to facilitate the documenta-
tion, review, communication, and reporting of patient
medications. The results of the first stage of research are
the results of expert validation showing that all items
have I-CVI ≥ 0.86, which indicates that each aspect is rel-
evant to the majority of experts, and the S-CVI value =
0.94 ≥ 0.90, which indicates that the IMM model is valid-
ated and can be used for the implementation stage.

The characteristics of patients in this study showed
that the majority of patients with CHF were male, in line
with the literature stating that men are at higher risk of
developing heart disease due to low hormonal protec-
tion, such as estrogen possessed by women.[23] Most pa-
tients were included in the young elderly category, and
there was no statistically significant difference between
the intervention and control groups (P = 0.203). As age
increases, degenerative processes such as decreased
myocyte function and vascular fibrosis increase the risk
of CHF.[24] In addition, most patients received ≥ 5 drugs
during hospitalization, reflecting the phenomenon of
polypharmacy, which is common in geriatric patients

with multiple comorbidities.[25] This pattern is consistent
with the characteristics of geriatric patients, who gener-
ally have ≥ 3 comorbidities. Length of hospitalization
was generally in the range of 5–10 days, and there was
no significant difference between groups (P = 0.633; 95%
CI: 0.265–1.836), with improved inpatient outcomes be-
ing more common in the intervention group, indicating a
positive effect of the intervention in supporting clinical
outcomes.[26]

Potentially Prescribing Omissions were still common,
especially in the administration of antiplatelets, statins,
ACE-I, and β-blockers. Despite improvements from ad-
mission to discharge, some patients did not receive ther-
apy in accordance with the STOPP-2 criteria.[17] Signific-
ant antiplatelet PPOs indicate negligence in the manage-
ment of patients with vascular disease[27], whereas statin
and ACE-I PPOs have the potential to increase the risk of
subsequent cardiovascular events.[28] A similar finding
was observed for β-blocker PPOs, although the PPO rate
decreased after the intervention. These findings indicate
the need to optimize clinical guideline-based prescribing
for geriatric patients with CHF.[29]

The use of Potentially Inappropriate Medication in
geriatric patients with CHF also decreased after the in-
tervention, especially the use of beta-blockers in patients
with cardiac conduction disorders, ACE-I/ARB in pa-
tients with hyperkalemia, and aspirin without PPI pro-
tection. The duration of dual antiplatelet therapy (DAPT)
should be individualized according to the patient’s
bleeding and ischemic risk profiles, supported by valid-
ated risk stratification scores, rather than relying solely
on a uniform standard duration. The decrease in the pre-
valence of PIM from admission to discharge indicates
awareness and intervention of medication rationaliza-
tion during care.[30–32] Comprehensive evaluation and
monitoring of therapy in elderly patients with CHF are
important to prevent drug side effects and cardiovascu-
lar complications that can worsen prognosis.[33]

 

Table 8    EQ-VAS Scores of geriatric congestive heart failure patients.

Time Point Group Lowest VAS Score Highest VAS Score Mean ± SD t (P-value) 95% CI

Pre
Control 30 75 56.81 ± 10.97

0.829 (0.408) −2,246−5,497
Intervention 25 75 55.19 ± 13.67

Post
Control 30 77 57.46 ± 10.30

−6.554 (0.000) −12,493 to −6,706
Intervention 50 80 67.06 ± 8.10

EQ-VAS (Visual Analogue Scale) represents the patient’s self-rated health on a vertical scale from 0 (“The worst health you can ima-
gine”) to 100 (“The best health you can imagine”). SD: Standard Deviation. t (P-value): Results from independent t-tests; a P-value of <
0.05 is considered statistically significant. The P = 0 in the post-test row indicates a highly significant statistical difference between the
Control and Intervention groups following the study period.
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This finding is in line with a study by Hellström, et
al.,[34] which demonstrated that clinical pharmacist inter-
ventions in the care of elderly patients can significantly
reduce medication errors, particularly during transitions
into and out of hospitals. Similarly, a randomized clinic-
al trial by Lee, et al.[35] showed that pharmacist-led inter-
ventions—including comprehensive medication re-
conciliation and patient education—significantly re-
duced drug-related problems (DRPs) among geriatric
patients with polypharmacy. DRPs were defined as any
preventable or potential medication-related issues that
could interfere with optimal patient outcomes.

Quality of life assessment using the EQ-5D-5L showed
that discharge planning intervention in the form of a
medication list increased the utility index score of eld-
erly patients with CHF. The EQ-5D-5L instrument is a
comprehensive and internationally validated tool for as-
sessing health-related quality of life, including in geriat-
ric populations. The control group showed a decrease in
quality-of-life scores from pre-to post-test, while the in-
tervention group experienced a significant increase, from
0.552 to 0.664. This improvement is driven by specific
mechanisms where medication optimization minimizes
adverse effects, polypharmacy-related impairments, and
symptom burden by reducing inappropriate medica-
tions and tailoring therapy to individual patient profiles.
This reflects the benefits of discharge planning in sup-
porting patient understanding of therapy, increasing
compliance, and reducing the risk of adverse post-hos-
pitalization events.[22] The maximum utility score reached
1,000 in the intervention group, indicating that some pa-
tients achieved optimal QoL after the intervention. Fur-
thermore, the statistical tests revealed significant im-
provements in specific EQ-5D-5L dimensions, notably
Pain/Discomfort and Depression/Anxiety. These find-
ings highlight the direct connection between individual-
ized, guideline-concordant medication management and
meaningful improvements in patient-reported outcomes
(PROs), including physical functioning, symptom con-
trol, and mental well-being. The EQ-VAS results showed
a significant increase in the intervention group after dis-
charge planning in the form of a medication list (P =
0.000; 95% CI: −12.493 to −6.706), from 55.19 ± 13.67 to
67.06 ± 8.10. In contrast, the increase in the control group
was not significant. This targeted improvement illus-
trates that the intervention contributes positively to spe-
cific aspects of QoL, rather than providing a global QoL
improvement. This targeted QoL improvement is highly

probable because the medication optimization process
(IMM/STOPP/START) directly targeted DRPs that ex-
acerbate symptoms like fatigue, pain, and anxiety,
thereby linking medication optimization to specific pa-
tient reported outcomes. This also shows that the provi-
sion of a medication list not only has an impact on clinic-
al aspects but also on the patient's subjective perception
of their well-being. This intervention has been shown to
be effective in improving patient self-management and
confidence in receiving long-term care.[36]

The implementation of IMM improves the quality of
life of geriatric patients with CHF through well-defined
clinical mechanisms. These include medication recon-
ciliation at admission, therapy review using the
STOPP/START criteria to reduce inappropriate medica-
tions and optimize guideline-directed regimens, and col-
laborative monitoring of medication errors, which de-
creases adverse effects and enhances clinical stability
during hospitalization. During the transition-of-care
phase, discharge planning supported by a medication list
and audiovisual education strengthens continuity of care
and enhances patients’ self-care capacity, enabling them
to take medications correctly, maintain adherence, re-
cognize early signs of deterioration, and reduce anxiety
related to disease management. These mechanisms dir-
ectly contribute to improvements across EQ-5D-5L di-
mensions—particularly mobility, daily activities,
pain/discomfort, and anxiety—reflected in signific-
ant differences between the intervention and con-
trol groups. These findings align with self-care the-
ory and previous evidence showing that structured dis-
charge planning and clear medication information im-
prove clinical outcomes and quality of life in geriatric pa-
tients.[37–39]

This suggests that IMM is not only effective in redu-
cing the number of patients who experience medication
errors but also in reducing the frequency and intensity of
errors in each individual patient. This finding is consist-
ent with the research by Gillespie et al., who showed that
a comprehensive pharmacist intervention under a struc-
tured medication management model significantly re-
duced drug-related problems and medication errors in
elderly patients; the intervention group experienced
fewer DRPs compared with control after systematic
pharmacist involvement during hospitalization.[40]

In addition, a systematic review by Mekonnen, et al.,[41]

confirmed that the implementation of medication recon-
ciliation and interprofessional collaboration-based ther-
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apy reviews can reduce the risk of medication errors by
54%. These findings highlight the critical role of phar-
macist in ensuring medication safety and optimizing
therapeutic outcomes in older adults, especially during
periods of care transition.

The decrease in cases at each stage of the care process
shows that a sustainable and integrated approach has a
greater impact than a partial intervention. This is in line
with the report from WHO (2022) in the “Medication
Without Harm” campaign, which emphasizes the im-
portance of systems that prevent errors throughout the
care cycle, especially in vulnerable patients, such as the
elderly with CHF. Thus, this study supports previous
findings that IMM is an effective model for improving
the safety of patients. The successful reduction of medic-
ation errors through IMM provides a strong basis for the
adoption of this model as a standard practice in the
medication management of geriatric patients, particu-
larly those with chronic conditions such as heart failure,
who are particularly vulnerable to therapeutic errors due
to polypharmacy and complex care transitions.

The findings demonstrate that the model significantly
enhances medication accuracy, reduces rehospitalization
rates, and improves patient quality of life, as measured
by EQ-5D-5L VAS scores. Moreover, the results under-
score the critical role of active collaboration among phys-
icians, nurses, and pharmacists in therapeutic decision-
making and the effective use of digital tools to support
team-based clinical practice. The MINE application
strengthens collaboration among the attending physi-
cian (DPJP), pharmacists, and nursing staff by providing
a centralized, real-time platform for shared clinical de-
cision-making. This collaboration is operationalized
through a clinically oriented workflow specifically de-
signed to bridge communication gaps during hospital
care. Within this framework, pharmacists systematically
conduct medication reconciliation at every stage of care
by comparing newly prescribed orders against the pa-
tient’s pre-admission medication history to prevent dis-
crepancies. Furthermore, the platform facilitates targeted
medication reviews; pharmacists utilize the STOPP cri-
teria to identify Potentially Inappropriate Medication
(PIM) use, while the START criteria are applied to
identify potential therapeutic omissions, ensuring that
the treatment plan is optimized for the patient's clinical
condition. Any identified concerns or requirements for
therapy continuation are promptly communicated to the
DPJP, allowing therapeutic decisions to be finalized

through interprofessional discussion. Additionally, the
application incorporates a validated medication error
checklist to minimize clinical risks. Therefore, the pro-
posed digital-based IMM model presents an innovative
and practical solution for improving the safety and ef-
fectiveness of therapy for geriatric patients in hospital
settings.

Medicine Management (IMM) model through the
MINE (Medicine IN gEriatric) application demonstrated
significant benefits for elderly patients with congestive
heart failure. Key findings included: (1) reduction in po-
tentially inappropriate medications (PIMs) and potential
prescribing omissions (PPOs) from admission to dis-
charge; (2) decrease in medication errors across all stages
of hospitalization (admission, inpatient care, discharge);
(3) improvement in quality of life scores as measured by
EQ-5D-5L and EQ-VAS tools in the intervention group;
and (4) reduction in rehospitalization rates for the inter-
vention group compared to the control group.

In conclusion, this study highlights the effectiveness of
a technology-enabled multidisciplinary approach to op-
timize medication management in geriatric patients. The
MINE-based IMM intervention successfully enhanced
prescribing practices, reduced inappropriate medication
use, and improved the patient outcomes. These findings
align with current evidence-based clinical guidelines, in-
cluding the STOPP/START criteria and World Health
Organization (WHO) recommendations on medication
safety and transitions of care. Our results emphasize that
interprofessional medication reviews supported by di-
gital tools, such as the MINE app, may significantly en-
hance prescribing appropriateness, reduce medication-
related problems, and improve overall patient safety in
hospital settings. This model presents a promising solu-
tion for improving medication safety and efficacy in
geriatric care, particularly in patients with complex con-
ditions, such as congestive heart failure. However, the
study is limited by its single-center, quasi-experimental,
non-randomized design, and small sample size;
however, despite these limitations and the short obser-
vation period, the robust effect size observed in key out-
comes suggests high interpretability and clinical reliabil-
ity for immediate utility in similar settings. Although the
MINE application proved technologically effective, the
generalization of current findings is currently restricted
to this pilot study site (RSUD Abdoel Wahab Sjahranie
Samarinda). Nevertheless, MINE has the potential for
broader implementation and scalability across various
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healthcare settings, particularly in hospitals with similar
accreditation and clinical profiles. Therefore, it is strongly
recommended that future research focus on developing
a cloud-based, easily adaptable version of MINE and
conducting larger, multicenter Randomized Controlled
Trials (RCTs) with longer follow-up, specifically extend-
ing to 6–12 months to confirm these findings, fully as-
sess rehospitalization rates, and evaluate the interven-
tion’s generalizability across diverse clinical settings.
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