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Abstract

Background: DDIs, which are more common in multi-drug users like the elderly and those with long-term
health conditions, pose a serious risk to patient safety. DDIs can cause hospitalizations, DDIs, and ADEs.
Preventing DDIs requires proactive technology, clinical knowledge, and patient-centered approaches from
healthcare systems. Clinical Decision Support Systems (CDSS), pharmacist-led medication reviews, prescriber
education programs, patient counseling, and medication reconciliation have reduced DDI risks. The relative
efficacy of these interventions in different healthcare contexts has received little attention.

Objective: This study aimed to evaluate the effectiveness of different strategies for preventing DDIs through a
retrospective analysis of medical records from inpatient, outpatient, and specialty care settings, with a focus on
quantifying reductions in potential DDIs (pDDIs).

Method: One hundred hospital and specialty and outpatient clinic patients' medical records were reviewed.
Children and incomplete records were excluded, but patients taking five or more medications were included.
Prescription records, medication error reports, and intervention logs provided data from 2020 to 2024.
Prevention measures included prescription education, patient counseling, CDSS alerts, and pharmacist reviews.
Possible DDI frequency, intervention rates, severity categorizations, and intervention time were measured. The
effectiveness of each tactic was assessed using t-tests and chi-square analyses.

Results: Overall, 42% reduction in pDDIs was observed across all settings, with CDSS contributing to a 24%
reduction, pharmacist reviews to 19%, prescriber education programs to 14%, and patient counseling and
reconciliation efforts to 12%. Inpatient settings saw the highest reduction (47%), followed by outpatient clinics
(38%) and specialty care settings (30%). Combined approaches, particularly CDSS alerts coupled with
pharmacist reviews, were most effective, demonstrating synergistic benefits.

Conclusion: Results show the need for comprehensive approaches that combine technology, clinical expertise,
and ongoing training. Pharmacist-led reviews and CDSS, two of the most effective interventions, worked even
better together. Healthcare systems should implement continuous prescriber training, increase pharmacist
participation in medication reviews, and integrate CDSS into EHRs to reduce DDIs. Prospective studies are
recommended to improve these strategies and assess their long-term effects on clinical outcomes and patient
safety.

Keywords: Drug-drug interactions, Prevention strategies, Retrospective analysis, Electronic prescribing
systems, Pharmacovigilance.
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Introduction

The rising number of older people and those with DDIs cause 20-30% of medication-related

long-term health issues taking multiple medications
makes drug-drug interactions (DDIs) a major issue
in modern medicine [1]. DDIs occur when two
drugs interact to change their pharmacokinetic or
pharmacodynamic properties, making one less
effective or more toxic. Research suggests that
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hospitalizations and ADEs [2]. Complex treatment
regimens, renal or hepatic impairment, and the
elderly increase risk. DDIs can cause headaches,
nausea, organ failure, dangerous arrhythmias, or
death. Healthcare patient safety initiatives must
prioritize DDI prevention and detection [3]. For
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patients' health, quality of care, and cost savings,
DDI prevention is crucial. For untreated DDIs,
healthcare providers risk litigation, longer hospital
stays, more unnecessary diagnostic tests, and
treatment failures [4]. As pharmacotherapy and
personalized medicine increase  medication
complexity, proactive measures to reduce DDIs are
becoming more important. Prevention requires
technology, clinical knowledge, and ongoing
education.  Healthcare institutions integrate
computerized decision support systems (CDSS)
into electronic health records [5]. Clinicians receive
real-time DDI alerts from these systems. Another
effective  method is  pharmacist-reviewed
medications. These reviews identify, evaluate, and
address risky prescriptions using pharmacists'
expertise.  Patient-centered  approaches like
medication reconciliation during transitions of care
and educational programs for prescribers and
nurses to identify potentially harmful drug
combinations can also reduce adverse drug
interactions [6].

This retrospective study examined how well these
methods prevented clinically significant DDIs in
tertiary care hospitals. Retrospective research
allows researchers to access a large amount of real-
world patient data from several years, which has
many benefits. Prescription records, pharmacist
intervention logs, and clinical outcomes can show
how these strategies performed in typical clinical
settings. Past data can also reveal DDI prevention
patterns and trends, which can inform policy and
practice. This study will determine the frequency of
clinically significant DDIs in the hospital, the
efficacy of wvarious prevention strategies in
reducing their frequency and severity, and which
combination of strategies protects patients best.
Healthcare facilities can prioritize resource
allocation and improve medication safety programs
by comparing their efficacy to protect patient
health.

DDI research has grown rapidly in the last 20
years due to polypharmacy and adverse drug
events. Several studies have examined DDI risk
identification, prevention, and mitigation methods
in various healthcare settings [7]. The literature
shows that no intervention works for everyone.
Technology-driven tools, pharmacist involvement,
and continuing professional education work best.
Integrating multiple strategies reduces DDI
frequency and severity, say systematic reviews and
meta-analyses [8]. Clinical judgment, patient-
centered medication reviews, and real-time
identification are the most promising ways to
reduce adverse drug events. Clinical decision
support systems (CDSS) in EHRs have been
extensively researched and implemented. CDSS
tools scan prescribed medications for interactions
and alert prescribers in real time. Studies show that
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high-risk drug combinations are reduced in
inpatient settings where CDSS is tightly integrated
with hospital workflows. Alert fatigue, in which
clinicians become numb to warnings that may not
affect patient care, reduces CDSS's efficacy. This
effect was reduced when CDSS was not
customized to prioritize high-risk interactions,
according to [9]. Therefore, CDSS works best
when customized to meet the needs of specific
institutions, warning users based on their context
rather than blanket warnings.

Pharmacist-led medication reviews have been
shown to reduce DDIs. Pharmacists' extensive
pharmacology training and dedication to patient
safety allow them to spot dangerous drug
combinations that automated systems miss,
according to research. Pharmacist-led interventions
are especially helpful during hospital admission
and discharge when medication regimens change
and DDI risk increases [10] extensively.

Materials and Methods

Study Design: A retrospective analysis of tertiary
care hospital medical records was used to evaluate
DDI prevention methods. This study used 2020—
2024 patient data to evaluate interventions over
five years. All patients had to be 18 years old, but
those 60 and older and those with long-term health
issues like diabetes, heart disease, or multiple organ
dysfunction were the focus. These populations
were chosen for this study because polypharmacy
regimens and DDIs are common.

Data Collection: Prescription histories, pharmacist
interventions, and medication errors were extracted
from the Patna Medical College & hospital's EMR
database. The main focus was on records with
potential drug-drug interactions (pDDIs) and
interventions to avoid or manage them. Patients had
to be prescribed five or more medications
(polypharmacy) during hospitalization or outpatient
visits. Missing or incomplete records and patients
under 18 were excluded. This was especially true
for incomplete medication histories or intervention
outcomes.

Strategies Evaluated: The study evaluated four
hospital-based DDI prevention strategies. First, the
electronic prescribing system's embedded Clinical
Decision Support System (CDSS) was tested for
real-time DDI warnings. Also examined was the
impact of pharmacist-led medication reviews on
DDI prevention. These comprehensive reviews
examined patients' medication regimens at
admission, inpatient stays, and discharge. Our third
part examined how well programs that teach
doctors to prescribe based on evidence have raised
doctors'  awareness of  dangerous  drug
combinations. Finally, we examined how
medication reconciliation and patient counseling
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reduced undetected DDIs, especially during care
transitions.

Outcome Measures: The frequency of potential
DDIs (pDDIs) documented during the study and
the rate of DDIs prevented or intercepted after
prevention strategies were implemented were
important outcome measures. DDI severity was
classified as mild, moderate, or severe using
Micromedex or Lexicomp criteria. We measured
the time to identification and intervention—the
time between prescription entry and clinical
action—to assess the efficacy of different methods.

Data Analysis: We compared DDI rates before and
after the evaluated prevention strategies were
implemented or improved to analyze the data. We
summarized patient characteristics and DDI
prevalence using descriptive statistics. Chi-square
tests were used for categorical variables like severe
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DDI rates before and after interventions. After
adjusting for patient age, number of medications,
and comorbidities, T-tests compared mean pDDI
rates per patient, and regression analysis identified
independent predictors of DDI prevention. We
measured each strategy's effectiveness by its
percentage decrease in DDIs over the research
period.

Results

1. Patient and Prescription Overview: The
retrospective study reviewed records from 100
patients between 2020 and 2024. These patients
collectively received 780 prescriptions, with an
average of 7.8 medications per patient.

The patient population was predominantly elderly,
with a significant proportion suffering from chronic
disecases such as hypertension, diabetes, and
cardiovascular disorders.

Table 1: Patient Demographics and Prescription Overview

Parameter Value
Total patients 100
Total prescriptions 780
Average medications per patient 7.8
Age group - Elderly (=65 years) 58%
Age group - Adults (45-64 years) 42%
Inpatient setting 68%
Outpatient setting 22%
Specialty clinics 10%

The table below summarizes patients and
prescription patterns from this retrospective study
on DDI prevention. The 780 prescriptions from 100
patients averaged 7.8 medications per patient. This
shows that polypharmacy, a known risk factor for
DDIs, is common.

In the study, 58% of patients were 65 or older.
DDIs are more likely in this age group due to drug
metabolism decline, comorbidities, and multiple
medications. The remaining 42% were adults aged
45-64, suggesting that middle-aged chronic disease
patients are also at risk.

The fact that 68% of patients were inpatients
reflected their higher medication use and more
frequent medication changes. Two-and-a-half
percent came from outpatient settings, where
chronic disease treatment often requires multiple
drugs. 10% of the sample came from cardiology or

oncology clinics, where patients had complex drug
combinations and highly specialized treatment
regimens.

This distribution shows the need for healthcare
setting-specific DDI prevention strategies because
inpatient, outpatient, and specialty settings pose
different risks and interventions.

2. Frequency and Types of Identified DDIs:
Across all reviewed prescriptions, 176 potential
drug-drug interactions (pDDIs) were detected.
These were classified into mild, moderate, and
severe categories based on clinical significance.

Severe DDIs were associated mainly with
anticoagulants, antiplatelets, antifungals, and
antibiotics, while moderate interactions were more
common among antihypertensive and antidiabetic
medications.

Table 2: Severity Classification of Identified Potential Drug-Drug Interactions (pDDIs)

Severity Classification Number of pDDIs Percentage
Mild 42 24%
Moderate 95 54%
Severe 39 22%

Total 176 100%

Sinha et al.
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Study data on drug-drug interaction (pDDI)
severity  illuminates their prevalence and
practicality.

Of the 176 pDDIs evaluated, 54% were moderate,
suggesting serious side effects that would require
close observation or dosage changes. About 25% of
pDDIs were mild, which may not require
immediate action but should still be considered.
22% of pDDIs were severe, indicating they could
cause major complications, treatment failure, or
hospitalization if untreated.

Due to the high rate of moderate and severe
interactions in polypharmacy and complex
treatment regimens, effective prevention strategies
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are essential for patient safety. This distribution
highlights the importance of individualized
intervention strategies that identify and manage
high-risk interactions to prevent the gradual
escalation of less-risk combinations by informing
clinicians of both.

3. Effectiveness of Individual Prevention
Strategies: The effectiveness of different DDI
prevention strategies was evaluated, with each
intervention contributing to reductions in detected
pDDIs. The most effective was Clinical Decision
Support Systems (CDSS), followed by pharmacist-
led reviews and prescriber education programs.
Overall, these strategies reduced pDDIs by 42%,
lowering the number from 176 to 102 interactions.

Table 3: Effectiveness of Prevention Strategies

Strategy Reduction in pDDIs (%) Number of pDDIs Prevented
Clinical Decision Support System (CDSS) 24% 42

Pharmacist Medication Reviews 19% 33

Prescriber Education Programs 14% 25

Patient Counseling & Reconciliation 10% 18

Total Reduction 2% 74 pDDIs reduced

The table shows how different strategies reduced
the study population's risk of drug-drug
interactions.

The clinical decision support systems (CDSS) real-
time alerts and guidance embedded in the
electronic health record system prevented 42
pDDIs, a 24% reduction and the most effective
strategy evaluated.

By reducing 19% of pDDIs (33 prevented),
pharmacist-led medication reviews showed the
importance of pharmacists in identifying and
preventing risky drug combinations through
consultations and systematic reviews.

Prescriber education programs prevented 14% of
DDlIs, or 25 pDDIs, proving that ongoing DDI risk
education influences prescribing practices. Patients
must understand their medications and have

accurate  medication histories during care
transitions. Medication reconciliation and patient
counseling reduced pDDIs by 10%, preventing 18
cases. These strategies reduced pDDIs by 42%
using technology, clinical expertise, and patient
engagement, demonstrating the importance of
multi-pronged prevention to improve medication
safety in healthcare settings.

4. Comparison of Effectiveness across Care
Settings: The effectiveness of prevention strategies
varied across inpatient, outpatient, and specialty
clinic settings. Inpatient settings, where CDSS and
pharmacist reviews were more routinely integrated,
saw the greatest reduction in DDIs.

Outpatient and specialty clinics, while benefiting
from education programs and counseling efforts,
experienced slightly lower reduction rates due to
less consistent system-wide interventions.

Table 4: Comparison of pDDI Reduction across Care Settings

Care Setting pDDI Reduction (%) Primary Contributing Strategies

Inpatient 47% CDSS + Pharmacist Review

Outpatient 38% Prescriber Education + Medication Reconciliation
Specialty Clinics 30% Pharmacist Review + Counseling

Overall 2% Combined Approaches

Different care settings have different prevention
strategies, as shown in the table of potential drug-
drug interaction (pDDI) reduction rates. Inpatient
medication regimens are frequently changed and
complicated, so CDSS and pharmacist-led
medication reviews drove the 47% pDDI reduction
rate. This shows the value of technology and
skilled supervision in high-intensity care.
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Outpatient pDDIs dropped 38% due to prescriber
education and medication reconciliation, which are
ideal for long-term chronic care management.

Pharmacist reviews and patient counseling reduced
pDDIs by 30% in specialty clinics. Clinics that
provide specialized therapies may increase
interaction risk.
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The study found that pDDIs were reduced by 42%
in all settings, highlighting the need to tailor
prevention strategies to workflows and risks. It also
stresses the importance of combining methods to
ensure medication safety as much as possible.

5. Severity-Based Reduction Post-Intervention:
A closer analysis of how prevention strategies

Table 5: Severity-Wise Reduction in
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impacted pDDIs across severity categories
revealed that severe interactions were reduced by
49%, moderate by 40%, and mild by 30%. Severe
interactions likely saw a larger reduction due to
higher alert prioritization in CDSS and closer
pharmacist scrutiny.

DDIs Pre- and Post-Intervention

Severity Category Pre-Intervention pDDIs Post-Intervention pDDIs Reduction (%)
Mild 42 29 30%
Moderate 95 57 40%
Severe 39 20 49%
Total 176 102 42%

The table shows severity-wise analysis of potential
drug-drug interactions (pDDIs) before and after
prevention  strategies, showing  differential
effectiveness across severity categories.

Preventive efforts in medication reconciliation,
patient counseling, and education reduced mild
pDDIs by 30%. The moderate pDDI category,
which accounted for the majority of interactions,
decreased 40%, indicating that pharmacist reviews
and Clinical Decision Support Systems (CDSS)
were particularly effective at identifying clinically
significant interactions.

Most importantly, severe pDDIs decreased 49%,
demonstrating the importance of proactive

strategies in identifying and mitigating high-risk
interactions that could cause serious adverse events
or hospitalization. Technological tools, clinical
oversight, and patient engagement improved
medication safety and reduced harmful drug
interactions across all severity categories by 42%.

6. Combined Impact of Strategies on Time to
Identification and Intervention: Prevention
strategies not only reduced pDDIs but also reduced
the average time to identify and intervene on
potential DDIs. Before these strategies were fully
applied, average identification time was 72 hours.
With CDSS and pharmacist interventions, this was
reduced to 24 hours.

Table 7: Strategies on Time to Identification and Intervention

Metric Pre-Intervention Post-Intervention
Average Time to Identification 72 hours 24 hours

Time to Pharmacist Review 48 hours 12 hours
Documentation Rate 68% 92%

Discussion

This retrospective study compared DDI prevention
methods in hospitals, clinics, and specialty
pharmacies.  Prescriber education programs,
pharmacist-led medication reviews, CDSS, and
patient counseling and reconciliation reduced
pDDIs by 42%. CDSS reduced pDDIs by 24%,
outperforming pharmacist reviews (19%) and
prescriber education (14%).

This confirms previous research that CDSS can
detect and alert about potential interactions in real
time. [11] Found that easy CDSS integration into
EHR reduced prescribing errors and improved
medication safety. Pharmacist interventions have
also been effective in chronic disease and elderly
patients with polypharmacy regimens. The study
found that inpatient care reduced pDDIs by 47%,
outpatient care by 38%, and specialty clinics by
30%. Hospital medication management systems
may be more organized, explaining this
discrepancy. Hospital prescribers and pharmacists
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work closely together, and CDSS is often
integrated into EHR platforms. Outpatient and
specialty care settings rely more on manual
reconciliation and medication reviews, making DDI
detection and reduction harder. Every preventative
measure has pros and cons [12]. Though effective,
CDSS can cause alert fatigue, causing people to
ignore important warnings. The resource-intensive
and inconsistent pharmacist review process
threatens outpatient care. Prescriber education
programs raise awareness, but how well knowledge
is retained and applied in high-pressure clinical
settings is unknown. Without accurate medication
histories and patient engagement, medication
reconciliation and patient counseling are difficult to
implement.  This study  emphasizes  the
complementary nature of these approaches. CDSS
alerts often prompted pharmacist reviews, allowing
for more thorough evaluations of flagged
interactions.  Prescriber education reinforced
pharmacist recommendations and created a more
cooperative drug safety strategy. The retrospective
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design of the study led to missing data, incomplete

documentation, and inconsistent intervention
recording across settings. Since retrospective
analyses have these limitations, standardised

documentation practises are essential for more
reliable intervention effectiveness evaluations.
Healthcare providers will need integrated, multi-
modal strategies that combine technology, clinical
expertise, and patient-centered approaches to
prevent DDIs.

This study should inform evidence-based
medication safety policies, so more prospective
studies with real-time outcome tracking and
patient-specific risk scoring are recommended.

Conclusion

This retrospective study examined the efficacy of
inpatient, outpatient, and specialty care DDI
prevention methods. CDSS reduced potential DDIs
(pDDIs) by 24% by providing prescribers with
real-time alerts and decision support. Especially for
patients with complicated medication regimens,
pharmacist-led medication reviews reduced rates
by 19%. Both patient counseling and prescriber
education improved medication safety, but neither
alone. The study emphasises a comprehensive
medication safety strategy that combines
technology-driven tools, pharmacist expertise, and
educational initiatives. Research shows that
multiple interventions reduce pDDIs better than
one. Healthcare providers should prioritize CDSS
integration into EHRs, pharmacist-led medication
review programs, and frequent prescriber DDI risk
training.

These comprehensive, team-based approaches are
the only way to improve medication safety,
polypharmacy risks, and patient safety throughout
care. These strategies can be refined and their long-
term effects assessed with prospective research.
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