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INTRODUCTION

Pharmacologic and nonpharmacologic interventions are critical in managing diseases, with
pharmacologic treatments often forming the cornerstone of care. Drugs used as
pharmacologic interventions are not silver bullets to play with since, besides producing
beneficial effects, they may cause several unintended effects (Tewabe et al., 2021). In order
to differentiate between drug effects, several terms are used, which are sometimes confusing
and need to be highlighted.

A beneficial effect of a medication that aligns with treatment goals and contributes
positively to patient outcomes can be classified as a desirable or wanted effect (Volkan,
2020). In contrast, an effect that is negative or harmful, potentially leading to adverse
outcomes but not severe enough to warrant discontinuation of the drug, is referred to as an
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undesirable or unwanted effect (Schatz & Weber, 2015). The term "expected effect" pertains
to the anticipated outcome or response to a medication based on clinical studies,
pharmacological understanding, or past experiences, often aligning with intended effects
(Fillmore et al., 1994). Conversely, an outcome or response to a medication that is not
anticipated based on previous knowledge or clinical studies is identified as an unexpected
effect. Reviewing the Adverse Drug Effects (ADEs) categories of drug effects is crucial in
identifying and understanding them and providing insight into managing ADEs in patients.

While pharmacological agents can produce significant therapeutic benefits, they also
cause ADEs, unintended and harmful responses that can occur following drug administration
(Bailey et al., 2016), presenting significant challenges to patient safety and treatment efficacy
(Schatz & Weber, 2015). Understanding the various categories of ADEs is essential for
healthcare providers. ADEs constitute a significant pharmacotherapy concern, impacting
patient safety, treatment outcomes, and healthcare costs (Sahilu et al.,, 2020). The
complexity of drug interactions and individual patient responses necessitates careful
evaluation and management to optimize therapeutic outcomes and minimize harm (Gabay
& Spencer, 2021). ADEs can lead to increased healthcare costs, prolonged hospital stays, and,
in some cases, even mortality. Providing information concerning different categories of drug
effects with ADEs is crucial for their understanding, effective management, and prevention.
Therefore, the drug effects categories are introduced as follows, and later on, a
comprehensive discussion is made to provide more insight into ADEs and the role of CPs in
their management.

Expected or Pharmacological Effects or Pharmacologic Effects (PEs) represent the
primary desired therapeutic outcomes a medication is designed to achieve upon
administration (Casey, 1997). These effects are essential for managing patient conditions,
driven by the drug's mechanism of action. However, it is crucial to recognize that while we
aim for these desired outcomes, they can sometimes lead to adverse consequences (White
et al., 2012). Deviations in expected PEs represent a significant category of ADEs (Rohilla &
Yadav, 2013). Continuum of PEs and decreased PEs due to lack of efficacy of ineffectiveness
may occur and can lead to ADEs.

Potentiation of PEs may lead to toxic effects and encompass a significant concern in
pharmacotherapy. Toxic effects arise from excessive drug exposure or accumulation, leading
to harm (Osterhoudt & Penning, 2018). Risk factors include overdose, drug interactions, renal
or hepatic impairment, and genetic factors affecting drug metabolism (Routledge, 2003).

Drug ineffectiveness and lack of efficacy are often used interchangeably, but they can
have slightly different connotations depending on the context. Here is a breakdown. Lack of
efficacy occurs when a medication, despite being administered correctly in terms of dose,
route, interval, and duration, fails to achieve the intended therapeutic outcome. However,
the definition is controversial (Murru et al., 2011).
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Ineffectiveness refers to a situation where a medication fails to produce the desired
therapeutic effect in a patient. This can occur despite the drug being administered at the
correct dosage and frequency (Sacco et al., 2020). While both terms deal with the failure of a
drug to achieve its intended therapeutic outcome, drug ineffectiveness often focuses on
patient-specific factors. In contrast, lack of efficacy typically pertains to the drug's overall
performance in clinical settings.

Side Effects (SEs) represent secondary effects of a medication that occur in addition to
the PEs (Due, 2023) in therapeutic doses (Pichler, 2006). SEs, unlike allergic reactions or
idiosyncratic reactions, are predictable and usually dose-dependent, reflecting the drug’s
primary PEs (Bangwal et al., 2020).

Allergic effects are immune-mediated reactions to a drug that occurs when the body’s
immune system identifies a drug or its metabolite as a foreign substance (Eliseeva &
Balabolkin, 2016). This occurs when the immune system identifies a drug as harmful
(Warrington et al., 2018). Allergic reactions represent a significant category of ADEs and can
lead to serious complications. These reactions are not dose-related and are typically
unpredictable, often arising only after the patient has been sensitized to the drug (Hacker,
2009). The usual mechanism of such effects consists of forming a covalent bond between a
drug or its metabolite, the body's endogenous substances, and producing an allergen
(Fragkas, 2020). Clinical manifestations of allergic effects follow known allergic patterns and
range from mild skin reactions to anaphylaxis (S. Y. Kim et al., 2018). Other types include skin
eruptions, serum sickness reactions, hemolytic anemia, thrombocytopenia, allergic
gastroenteritis, systemic lupus erythematous, and so on (Sherman, 1971).

Pseudoallergic effects refer to reactions that mimic the symptoms of drug allergies.
However, the underlying mechanism does not involve a reaction between a drug-derived
antigen and antibodies or sensitized cells (Hein et al., 1999). Pseudoallergic reactions, also
called non-allergic or non-immune-mediated reactions, constitute another category of
unpredictable ADEs. While these reactions are often clinically similar to genuine
immunologically mediated allergic reactions, they do not have immunological specificity
(Pichler, 2019). Tables 1 and 2 summarize the drugs causing pseudoallergic effects and the
symptoms following their occurrence.

Table 1: Symptoms of pseudo-allergic reactions (Wang, 2011).

System Potential symptoms and signs

Respiratory Sneezing, coughing, asthma attack, bronchospasm, choking, rhinitis, tachypnea, stridor

Gastrointestinal Vomiting, nausea, abdominal pain, diarrhea

Cardiovascular Angioedema, hypertension, angina pectoris, ventricular tachycardia, arrhythmias,
cardiac arrest

Neuromuscular Chills, confusion, muscle pain

Skin and mucosa Rash, cyanosis, dermatitis, erythema, pruritus, skin eruptions, urticaria, conjunctivitis

Severe adverse Anaphylactic shock,

reactions
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Table 2: Drugs causing pseudoallergy (Zhang et al., 2017).

Opioid Liposomal Micelle- *NSAID *ETCMIs Other
solubilized
Morphine Abelcet Cyclosporine Aspirin Shuanghuanglian Vitamin Ka
injection injection
Codeine Ambisome Elite Dolobid Potassium Rocuronium

dehydroandrogropolide
succinate injection

Meperidine Amphocyl Etoposide Toradol Shenmai injection
Hydrocodone Daunoxome  Fasturec Lodine Qingkailing injection
Hydromorphon  Doxil Taxol Voltaren Xuesaitong injection
Oxycodone Caelyx Taxotere Motrin Danshen injection
Methadone Myocet Vumon Naprosyn  Andrographis injection
Fentanyl Visudyne Ansaid

Buprenorphine

* Non - steroidal Antiinflammatory Drugs, ** Traditional Chinese medicine injections

Organotoxicity pertains to the degree to which a substance can harm living organisms
(Duffus et al.,, 2007), which can occur at therapeutic doses, particularly in sensitive
populations or with prolonged exposure. Drugs can produce some degree of organ toxicity
with mechanisms unrelated to the actual mechanism of action (J. Kim & Shin, 2014).

Various types of organ toxicity can target specific organs or systems within the body
(Pinky et al., 2021), mainly the heart muscle (Mudd et al., 2021), the liver (Pandit et al., 2012),
the kidneys (Pazhayattil & Shirali, 2014) and some other organs.

Nephrotoxicity can be defined as the adverse effect of substances on renal function,
potentially leading to acute kidney injury or chronic kidney disease (Barnett & Cummings,
2018). Hepatotoxicity denotes liver damage caused by drugs or other substances (P Sharma,
2014). Symptoms may include jaundice, elevated liver enzymes, and liver failure.
Cardiotoxicity entails damage to the heart muscle, impairing its function and potentially
leading to conditions like arrhythmias, heart failure, or myocardial infarction (Mladénka et
al., 2018).

Neurotoxicity involves damage to the nervous system due to exposure to toxic
substances, including medications (Spencer & Lein, 2023). Symptoms may include confusion,
seizures, neuropathy, and cognitive deficits.

Gastrointestinal (Gl) toxicity encompasses a range of ADEs affecting the gastrointestinal
tract, including nausea, vomiting, diarrhea, and ulceration (Pusztaszeri et al., 2007). These
effects mainly occur with drugs administered orally since this route is often the preferred
method for drug administration due to its affordability and convenience. However, specific
individuals, particularly the elderly and pediatric populations, may have difficulty swallowing
traditional tablets and hard gelatin capsules, potentially increasing the risk of adverse drug
effects due to incorrect administration or non-compliance (Raihan et al., 2024).

Idiosyncratic effects or reactions encompass another category of drug effects
characterized by their unpredictability. Unlike dose-dependent side effects, which occur



Journal of Natural Science Review, 2(4), 135

more frequently with higher doses, idiosyncratic effects can occur at any dose and often in
individuals with no apparent risk factors (Glauser, 2000). These effects often result from
genetic variations that affect drug metabolism or immune responses (Roth et al., 2003).

A clinical pharmacist is a healthcare professional specialized in optimizing medication use
to ensure safe, effective, and individualized patient care, often working collaboratively with
physicians and other healthcare providers. She/he plays a critical role in identifying and
managing ADEs. He/she conducts thorough medication histories to understand a patient's
complete drug profile, essential for recognizing potential allergic responses. By analyzing
past medication use, CPs can provide informed recommendations on alternative therapies
that may be safer for the patient (Alqurbi & Atiah, 2020). This proactive approach prevents
allergic reactions and ensures patients receive the most appropriate treatment.

This complexity underscores the need for clear and accurate terminology to differentiate
between beneficial and harmful drug effects, particularly in clinical settings. However, the
terminology surrounding these effects can be confusing, leading to clinical practice and
patient communication challenges.

In Afghanistan, pharmacological effects (PEs) are mostly considered beneficial, while
side effects (SEs) are categorized as unbeneficial or adverse. However, whether this
distinction accurately reflects the broader understanding of drug effects in clinical practice
remains unclear. However, the terms used to describe drug effects, such as desirable,
undesirable, expected, and unexpected, can be unclear and misinterpreted, potentially
impacting patient care. For instance, an adverse effect not severe enough to require
discontinuation may still be classified as undesirable. However, this term can be easily
confused with more serious adverse effects. This confusion could lead to improper treatment
decisions and miscommunication between healthcare professionals and patients, especially
in regions like Afghanistan, where clinical terminology might differ from global standards.
This article aims to address two key research questions:

1. Does the current understanding of pharmacologic effects (PEs) versus side effects
(SEs) align with established clinical definitions?

2. How do misinterpretations and inconsistencies in the classification of drug effects
influence clinical decision-making and patient outcomes, and how can these issues be
addressed to improve patient care?

3. Can CPs, as specialized, well-educated healthcare team members, manage ADEs?

The current review explores the common misunderstandings and confusion regarding the
classification of drug effects and their direct implications on clinical decision-making and
patient care, especially here in Afghanistan. Explaining these terms through this study will
improve their understanding of healthcare providers, enhancing patient education and
leading to more informed treatment decisions. Furthermore, the results may contribute to
optimizing patient outcomes, especially when language and terminology are not aligned with
global clinical standards. Finally, the results of this study would improve future training
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programs for healthcare providers, focusing on using standardized terminology to reduce
misclassification and the resulting misunderstanding of drug effects.

METHODS AND MATERIALS

In order to address the mentioned issue, a comprehensive literature review was conducted to
evaluate the accuracy of these perceptions and highlight the crucial role of CPs in managing
and mitigating ADEs. Databases such as PubMed, ScienceDirect, and Google Scholar were
searched using keywords related to drug effects and clinical pharmacy practice to select
articles and collect proper data. The article's selection process was based on their relevance,
methodological rigor, and contribution to the role of CPs in managing various types of ADEs.
The most relevant studies published within the last 20 years and some relevant articles
published in the past were also included. Data were synthesized to provide a comprehensive
overview of several categories of drug effects, their relations with ADEs, and the role of CPs
in their detection and management (Snyder, 2019).

RESULTS AND DISCUSSION

Adverse Drug Effects, defined as unintended and harmful outcomes resulting from
medication use, range from mild to severe experiences that may necessitate further medical
intervention(s) (Edwards & Aronson, 2000). Although ADEs are used in pharmacology to
show the unintended effects of a medication, they are known as adverse drug experiences
from the patient's point of view. In healthcare systems, they are categorized as adverse drug
events, collectively abbreviated as ADEs. In order to find out when drug effects can be
considered adverse and when they should not, we examine the different categories of drug
effects mentioned above and discuss when they should be classified as ADEs. Some ADEs are
predictable based on their known pharmacological effects, allowing them to be detected
earlier and managed or avoided through proper planning and monitoring (Edwards &
Aronson, 2000); however, many others are unpredictable and stem from unique individual
factors, such as genetic variations or rare drug reactions (Daly, 2013) so require vigilance,
prompt identification, and personalized interventions to minimize associated risks. CPs are
important in addressing such events through proper interdisciplinary collaborative
medication management and patient education (Giannitrapani et al., 2018).

Deviations in Expected PEs

Extensions of the drug’s common pharmacodynamic effects directly stem from its
mechanism of action (Rawlins, 1981). In some cases, the drug's pharmacological action leads
to secondary effects that were not anticipated. Contributing risk factors for such effects
include elevated dosages, extended usage, and individual vulnerabilities such as genetic
predispositions, coexisting conditions, or interactions with other medications. For instance,
the prolonged use of NSAIDs increases the risk of renal impairment (Mdller et al., 2015).
Similarly, corticosteroids can significantly increase the risk of hyperglycemia in susceptible
individuals (Udoetuk et al., 2013). Drugs with a narrow therapeutic index are often associated
with toxic effects. Lithium, a typical example, is widely used to treat bipolar disorder and
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effectively stabilizes mood; however, even small increases in serum lithium levels can lead to
toxicity (Oruch et al., 2014), which stems from its disruption of neurotransmitter signaling
and ion transport, specifically affecting sodium and potassium channels, which can result in
symptoms such as tremors and renal impairment. Consequently, regular monitoring is
essential to prevent these adverse effects (Shahzad et al., 2017).

Drug interactions can markedly influence the way medications function in the body. For
example, the interaction between warfarin and certain antibiotics can inhibit warfarin
metabolism, thereby increasing the risk of bleeding (Vega et al., 2023). This highlights how a
drug's intended effect, such as anticoagulation in the case of warfarin, can escalate into a
potentially harmful outcome due to interactions or overdosage. Table 3 provides an overview
of ADEs originating from pharmacologic effects.

Table 3: Overview of ADEs caused by deviation of pharmacologic effects.

Category

Description

Examples and Details

Extension of Usual
Pharmacodynamic
Properties

Toxic Effects

Drug Interactions

Lack of Efficacy

Impact on Chronic
Conditions

Effects directly related to the
drug’s mechanism of action,
with potentiation of predictable
effects (PEs).

Occur with drugs having a
narrow therapeutic index.
Symptoms arise from
pharmacological action
exceeding safe thresholds.

Alteration in drug action due to
interactions with other
medications, resulting in
enhanced or diminished effects.

Drug ineffectiveness that
undermines treatment,
potentially leading to ADEs,
worsened conditions, or
additional treatments.

Lack of therapeutic effect in
chronic conditions leads to
disease progression, increased
morbidity, and complications.

High doses or prolonged use may cause renal
impairment with NSAIDs or hyperglycemia
with corticosteroids in susceptible individuals.

Lithium toxicity due to slight serum level
elevations affects neurotransmitter signaling
and ion transport, leading to tremors and renal
impairment.

Interaction between warfarin and antibiotics
(e.g., inhibition of warfarin metabolism)
increases the risk of bleeding.

Antidepressants: Ineffective engagement of
neurochemical pathways (e.qg.,
serotonin/norepinephrine) may worsen
symptoms, requiring alternative treatments or
new drugs.

In tuberculosis, ineffectiveness can result in
disease progression, complications, or
diminished quality of life, necessitating
individualized care.

Unintended effects arising from ineffectiveness or lack of efficacy represent another
concern related to drug PEs and can be classified as ADEs. This issue can compromise the
effectiveness of treatment, leading to suboptimal patient outcomes (Eichler et al., 2011).
Identifying and addressing the factors contributing to lack of efficacy is essential for
optimizing therapeutic outcomes and ensuring the best possible patient care (Enemchukwu
et al., 2022). In order to assess treatment outcomes effectively and make necessary
adjustments to patient care, healthcare professionals should understand these distinctions.
The concern about ineffectiveness is especially crucial in managing chronic conditions. At the
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same time, a lack of efficacy can arise when the drug fails to interact with its target properly
or when the target is altered to impede drug binding or action. In the case of antidepressants,
for example, if key neurochemical pathways, such as serotonin or norepinephrine signaling,
are not adequately engaged, patients may experience persistent or worsening symptoms,
requiring alternative treatment options. In these cases, patients may experience exacerbated
depression and anxiety while on an ineffective antidepressant, potentially necessitating
additional medications, each carrying its risks (Saltiel & Silvershein, 2015).

Although there is no specific data available to classify lack of efficacy and ineffectiveness
as ADEs formally, they can be considered as such when they result in adverse health
outcomes, increased morbidity, or the need for additional treatments. This occurs when a
patient's condition worsens due to the lack of therapeutic effect from a prescribed
medication, causing disease progression that may adversely affect treatment outcomes. As
a result, complications or a reduced quality of life may arise, necessitating further
interventions. These situations underscore the importance of continuous monitoring and
personalized patient care in pharmacotherapy, particularly in conditions such as tuberculosis,
where appropriate treatment is critical to prevent further complications (Alsultan & Peloquin,
2014).

Side Effects

As mentioned earlier, side effects (SEs) are often considered as adverse drug events (ADEs),
although this is not always the case. Below, we discuss the unintended SEs that lead to ADEs,
followed by a discussion on the beneficial SEs. Table 4 summarizes the key characteristics of
SEs and provides related examples.

These effects can be either beneficial or harmful, and they are generally not the primary
intended outcome of the drug. While often viewed as undesirable, some side effects (SEs)
can be strategically utilized for therapeutic benefits (Edwards & Aronson, 2000).

SEs can sometimes complicate drug therapy. When amplified by drug interactions or
overdose, they can lead to serious consequences. For example, the simultaneous use of an
opioid pain reliever and a muscle relaxant can enhance central nervous system depression,
resulting in increased drowsiness and confusion (Musich et al., 2020). Both drugs may act on
similar neural pathways, resulting in cumulative effects.

Additionally, SEs can sometimes mask a drug's ineffectiveness. For example, nausea
caused by a medication may overshadow its intended benefits, leading patients to
discontinue its use, even though the drug has the potential to effectively address their
condition (Blenkinsopp et al., 2008). This scenario may occur when ADEs overshadow
therapeutic effects, leading to frustration and non-adherence. For instance, alpha receptor
blockers, such as phenothiazine tranquilizers, are commonly prescribed to manage various
conditions, including hypertension and psychiatric disorders. However, their use may also be
associated with side effects such as sedation and orthostatic hypotension, which can
complicate patient adherence or treatment effectiveness (Domino, 1962). This action can
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sometimes result in side effects such as dizziness, lightheadedness, or orthostatic
hypotension, especially when transitioning from lying to standing (Nash, 1990). The common
side effect is hypotension, which may manifest as dizziness, fainting, or fatigue (Mudiyanse
etal., 2024).

Another typical example is gastrointestinal disturbances associated with antimicrobial
therapy. While effective in treating infections, antimicrobial agents can disrupt the normal
gastrointestinal flora, leading to overgrowth of nonsusceptible bacteria, such as Clostridium
difficile, which can result in symptoms ranging from mild diarrhea to more severe conditions
like pseudomembranous colitis (Cerniglia & Kotarski, 2005). Bacterial overgrowth can lead to
digestive tract disturbances such as diarrhea or colitis. The suppression of normal flora, which
typically helps maintain a balanced gut microbiome, creates an environment where
pathogenic bacteria can proliferate, resulting in ADEs. This imbalance can cause symptoms
from mild digestive upset to severe infections, such as Clostridium difficile colitis (Zhang et
al., 2015).

Similarly, Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), through the inhibition of
prostaglandin synthesis, can also cause disturbances. NSAIDs are widely used for their anti-
inflammatory, analgesic, and antipyretic effects. However, they can lead to gastrointestinal
complications, such as ulcers or bleeding, due to the reduction of protective prostaglandins
in the stomach lining. Prolonged use of NSAIDs can also negatively impact renal function and
contribute to fluid retention, leading to an increased risk of hypertension and kidney damage
(Fokunang, 2018). They exert their action by inhibiting cyclooxygenase (COX) enzymes,
essential for synthesizing prostaglandins, key mediators of inflammation. By reducing
prostaglandin production, NSAIDs effectively alleviate pain and inflammation; however, this
inhibition also reduces the protective effects of prostaglandins on the gastrointestinal
mucosa, increasing the risk of gastric ulcers and bleeding.

Additionally, reduced prostaglandin production can affect renal function, leading to
complications like fluid retention, kidney damage, and hypertension, particularly with long-
term use (Gunaydin & Bilge, 2018). While this inhibition reduces inflammation and pain, it
also leads to side effects (SEs) due to the decreased synthesis of protective prostaglandins,
such as prostaglandin E2 and 12 in the gastrointestinal mucosa and thromboxane A2 in
platelets. This reduction can result in gastrointestinal irritation, leading to symptoms like
ulcers, bleeding, or perforation. Additionally, it may increase the bleeding risk due to
impaired platelet aggregation, especially with long-term or high-dose use of NSAIDs
(Patrignani et al., 2011).

Harnessing side effects (SEs) for pharmacological benefits can significantly improve
treatment outcomes by utilizing unintended effects in a therapeutic context. For example,
the sedative side effects of certain antihistamines can be beneficial for patients with
insomnia, or the muscle-relaxing effects of certain medications can aid in the treatment of
spasticity disorders. By understanding and appropriately managing these SEs, healthcare
providers can optimize medication regimens for better patient outcomes (Casey, 1997). The
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following examples highlight the significance of understanding and utilizing side effects (SEs)
to improve patient care and treatment outcomes. Antihistamines, commonly used for
treating allergies, have sedative SEs that can be advantageous in managing conditions like
insomnia or anxiety. For example, diphenhydramine, an over-the-counter antihistamine, is
frequently employed as a sleep aid due to its ability to promote drowsiness, helping
individuals struggling with sleep disturbances. Recognizing and strategically applying such
SEs allows healthcare providers to broaden the therapeutic use of medications, offering
patients more effective, multifaceted treatment options (Natalia et al., 2019). While primarily
prescribed for hypertension and heart conditions, beta-blockers can also help alleviate
physical symptoms of anxiety, such as palpitations and tremors. This side effect is particularly
beneficial for patients dealing with performance anxiety or stage fright, as it reduces the
physical manifestations of nervousness, enabling individuals to manage anxiety in high-
stress situations more effectively. Recognizing the potential for such beneficial side effects
allows healthcare providers to use beta-blockers in broader clinical contexts, improving
patient outcomes beyond their primary indications (Dooley, 2015).

Certain antidepressants, such as amitriptyline, are primarily used to treat depression but
also serve as effective treatments for chronic pain conditions, including neuropathic pain and
fibromyalgia. The drug’s ability to modulate pain pathways, in addition to improving mood,
highlights the multifaceted role of antidepressants in managing both mental health and
physical conditions. This demonstrates how medications' side effects or secondary benefits
can be harnessed to optimize therapeutic outcomes for patients with co-occurring conditions
(Bonilla-Jaime et al., 2021).

While corticosteroids primarily reduce inflammation, they may also produce beneficial
side effects, such as appetite stimulation in underweight patients (Fricke & Voderholzer,
2023) or those experiencing cachexia (Mattox, 2017). These effects can be valuable in
improving nutritional intake and supporting overall recovery, particularly in patients with
chronic illness or cancer, which continues to be one of the most widespread diseases
worldwide, causing millions of deaths each year (Azad et al., 2024).

Selective serotonin reuptake inhibitors (SSRIs), commonly used as antidepressants, are
also effective in treating premenstrual dysphoric disorder (PMDD) due to their mood-
stabilizing effects. By increasing serotonin levels, SSRIs can alleviate the emotional
symptoms associated with PMDD, such asirritability, depression, and anxiety, enhancing the
patient's overall quality of life during the premenstrual phase (Tiranini, 2022).

Initially developed for epilepsy, gabapentin is now widely used for its side effects in
managing neuropathic pain despite its primary indication being seizure control. The drug's
ability to modulate nerve excitability and alleviate chronic pain has expanded its use in
conditions like diabetic neuropathy and postherpetic neuralgia, demonstrating how certain
side effects can offer significant therapeutic benefits beyond the drug's original intended use
(Rose & Kam, 2002).

10
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Table 4: Overview of drug side effects.

Category

Description

Examples

Complications in
Drug Therapy

Specific Harmful SEs

SEs can obscure drug effectiveness or result in
adverse outcomes when amplified by drug
interactions or overdoses.

- Hypotension from alpha receptor blockers
(e.g., phenothiazines).

- Gastrointestinal disturbances from
antimicrobial therapy disrupting gut flora.

- Gastrointestinal irritation and bleeding from
NSAID use.

- CNS depression from
combining opioids and muscle
relaxants.

- Nausea masking a drug's
benefits, causing
discontinuation.

- Alpha-blockers cause dizziness
and fainting due to low BP.

- Antimicrobials lead to diarrhea
or colitis by altering gut
microbiota.

- NSAIDs inhibit COX enzymes,
reducing protective

prostaglandins.

- Antihistamines like
diphenhydramine aid sleep.
- Beta-blockers reduce physical

anxiety symptoms.
SEs that enhance therapeutic outcomes can be ysymp

Beneficial SEs , . . . .
intentionally utilized to improve patient care.

- Antidepressants like
amitriptyline treat neuropathic
pain.

- Gabapentin relieves

neuropathic pain.

- Corticosteroids stimulate
Certain SEs are harnessed for unique appetite in underweight patients.
- SSRIs stabilize mood in PMDD.

- Gabapentin repurposed for

SEs L aged i
° .e.ver ge‘ ,m therapeutic benefits beyond the drug’s primary
Specific Conditions o

indication.

chronic pain.

Organotoxicity

Various types of organotoxicity can specifically target distinct organs or systems within the
body (Table 5). This organ-specific toxicity can result from the direct harmful effects of drugs
or chemicals, leading to dysfunction and, in some cases, irreversible damage. Each organ may
respond differently to various toxic substances, which is important for clinicians to consider
when assessing potential risks associated with drug therapy (Wu et al., 2016). Certain heavy
metals, such as lead, have neurotoxic effects. Lead exposure can impair cognitive function,
cause behavioral changes, and damage the nervous system, particularly in developing
children. Chronic exposure to lead can result in permanent neurological damage, including
memory loss, learning difficulties, and, in severe cases, encephalopathy. Understanding the
neurotoxic potential of such metals is crucial for preventing and managing associated health
risks (Bilge, 2016). Pharmacological agents like certain chemotherapeutic agents, such as
Cisplatin, Vincristine, and Paclitaxel, as well as antiepileptics like Phenytoin (with long-term
use), Valproic Acid, and Carbamazepine, are known for their neurotoxic potential. These

11
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medications can cause peripheral neuropathy, characterized by symptoms like numbness,
tingling, and pain, especially in the hands and feet. In some cases, prolonged use or high
doses can lead to more severe neurological effects, including motor dysfunction and
cognitive impairments. Monitoring for signs of neurotoxicity is essential to minimize the
long-term impact on patients' nervous systems (Staff et al., 2019).

Common culprits of nephrotoxicity include NSAIDs, certain antibiotics (such as
aminoglycosides), and contrast agents used in imaging studies. These drugs can impair
kidney function, leading to acute kidney injury or chronic kidney damage with prolonged
exposure. NSAIDs, for instance, can reduce renal blood flow, especially in patients with
preexisting kidney conditions. Aminoglycosides can cause direct damage to renal tubular
cells, and contrast agents may induce contrast-induced nephropathy, particularly in patients
with compromised renal function. (Faucon et al., 2019). Careful dosing, monitoring, and
patient selection are critical to prevent or mitigate nephrotoxic effects (Ferguson & Waikar,
2012).

Acetaminophen overdose, antiepileptics including phenytoin, lamotrigine, and
felbamate, and certain antibiotics such as amoxicillin-clavulanate, erythromycin, and
tetracyclines are known for their hepatotoxic potential.

Acetaminophen overdose, antiepileptics such as phenytoin, lamotrigine, and felbamate
(Singh et al., 2016), and certain antibiotics like amoxicillin-clavulanate, erythromycin, and
tetracyclines are recognized for their hepatotoxic potential (Pandit et al., 2012). These drugs
can lead to liver damage, ranging from mild enzyme elevations to severe liver failure in
extreme cases. Acetaminophen overdose, for example, can overwhelm the liver's ability to
detoxify, leading to hepatocellular necrosis. Similarly, many antiepileptics and antibiotics can
cause dose-dependent liver injury, highlighting the need for cautious use, especially in
patients with preexisting liver conditions. Regular monitoring and performing liver function
tests are essential for patients on drugs with known hepatotoxic risks. Dose adjustments or
discontinuation may be necessary based on liver function test results and clinical symptoms
(Jadhav et al., 2024).

Certain drugs can cause damage to the heart muscle or disrupt cardiac function. Notable
examples include agents like doxorubicin (Iqubal et al., 2018) and anthracyclines, commonly
used in chemotherapy and well-known for their cardiotoxic effects (Mudd et al., 2021). These
drugs can induce heart failure by damaging the heart muscle through mechanisms such as
oxidative stress, inflammation, and mitochondrial dysfunction. The cardiotoxicity of
anthracyclines can lead to dose-dependent effects, with higher cumulative doses increasing
the risk of long-term cardiac complications. Therefore, monitoring cardiac function during
treatment with these agents is crucial to detect early signs of cardiotoxicity and mitigate
adverse outcomes.

Common examples of drugs producing gastrointestinal toxicity are NSAIDs and
chemotherapeutic agents. They, especially with chronic use, potentially result in conditions
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like gastritis or peptic ulcers. Certain antimicrobials such as Clindamycin, Tetracyclines,
Metronidazole, Fluoroquinolones, and Penicillins may also cause gastrointestinal issues.

Gastrointestinal toxicity is also a common occurrence with certain drugs. These toxicities
can range from mild symptoms, such as nausea and diarrhea, to more severe conditions, like
ulcers, bleeding, and gut perforation. Common examples of drugs that produce
gastrointestinal toxicity include NSAIDs and chemotherapeutic agents. Chronic use of these
medications can lead to conditions such as gastritis or peptic ulcers (Gelberg & States, 2020).
Certain  antimicrobials, including  Clindamycin,  Tetracyclines, = Metronidazole,
Fluoroquinolones, and Penicillins, are also associated with gastrointestinal issues (Heta &
Robo, 2018). These drugs can disrupt the normal gastrointestinal mucosal barrier, alter the
gut microbiota, or lead to direct irritation, resulting in symptoms like nausea, vomiting,
diarrhea, or abdominal discomfort. Monitoring for gastrointestinal side effects is important,
especially in patients on long-term treatment with these medications.

Dermatotoxicity refers to adverse skin reactions caused by certain medications, including
rashes, photosensitivity, or more severe conditions like Stevens-Johnson syndrome. These
reactions can vary in severity, ranging from mild skin irritation to life-threatening conditions
that require immediate medical intervention. Certain drugs commonly associated with
dermatotoxicity include Penicillins, Carbamazepine, Lamotrigine, NSAIDs, and Allopurinol
(Fritsch & Sidoroff, 2000). Monitoring skin reactions is essential, and healthcare professionals
should educate patients on recognizing early signs of dermatotoxicity, particularly when
starting new medications or undergoing treatment regimens known to cause these effects.

Pulmonary toxicity is a profound adverse effect that causes inflammation and scarring of
lung tissue, leading to impaired respiratory function. This condition can result from certain
drugs, such as bleomycin, or inhaled substances. The damage to the lung tissue can lead to
symptoms such as shortness of breath, cough, and chest pain. Early detection, proper
assessment, and management are critical in preventing long-term lung damage (Reinert et
al., 2013).

Ototoxicity, which refers to damage to the ear, can result in hearing loss or balance
issues. It is commonly associated with aminoglycoside antibiotics, such as gentamicin, and
certain chemotherapy drugs like Cisplatin (Schacht et al., 2012). These medications can cause
damage to the inner ear structures, leading to symptoms such as hearing impairment,
tinnitus, and vertigo. Monitoring for early signs of ototoxicity is crucial during treatment,
especially for patients receiving high doses or prolonged therapy with these drugs, to prevent
irreversible damage to auditory and vestibular functions.

Table 5: Overview of organotoxic effects of drugs considered as ADEs.
Type of Description Examples

Organotoxicity

Neurotoxicity Damage to the nervous system caused by - Heavy metals: Lead
drugs or heavy metals. - Chemotherapeutic agents: Cisplatin,
Vincristine, Paclitaxel
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- Antiepileptics: Phenytoin (long-term
use), Valproic Acid, Carbamazepine

Nephrotoxicity Damage to renal function caused by - Common culprits: NSAIDs,
specific drugs or substances. aminoglycosides, contrast agents
Hepatotoxicity Liver damage due to drug exposure. - Overdose: Acetaminophen

- Antiepileptics: Phenytoin, Lamotrigine,
Felbamate

- Antibiotics: Amoxicillin-Clavulanate,
Erythromycin, Tetracyclines

Cardiotoxicity Damage to the heart muscle or disruption - Common drugs: Doxorubicin,
of cardiac function. anthracyclines

Gastrointestinal Damage to the gastrointestinal tract leads - Common drugs: NSAIDs,

Toxicity to conditions like gastritis or peptic ulcers.  chemotherapeutic agents

- Antimicrobials: Clindamycin,
Tetracyclines, Metronidazole,
Fluoroquinolones, Penicillins

Dermatotoxicity Skin-related toxicities, including rashes, - Common drugs: Penicillins,

photosensitivity, or severe skin reactions. ~ Carbamazepine, Lamotrigine, NSAIDs,
Allopurinol

Pulmonary Lung damage caused by drugs or inhaled - Common drugs: Bleomycin

Toxicity substances, leading to pneumonitis or
pulmonary fibrosis.

Ototoxicity Damage to the ear, causing hearing loss or - Common drugs: Aminoglycosides,
balance issues. Cisplatin

Allergic Effects

Allergic effects (Table 6) refer to a hypersensitive immune response triggered by a
medication, leading to symptoms that can vary in severity, ranging from mild manifestations
such as rashes to more severe reactions like anaphylaxis. A well-known example is penicillin
allergy, where individuals may experience symptoms from mild skin reactions, such as rashes
or hives, to life-threatening reactions, such as anaphylaxis, characterized by swelling,
difficulty breathing, and a drop in blood pressure (Mirakian et al., 2015). Prompt detection of
such allergies is crucial for informing future prescribing practices and mitigating adverse
experiences (Steinman et al., 2011). Cross-sensitivity, also known as cross-reactivity, happens
when a patient allergic or sensitive to one drug experiences a reaction to another because
they share similar structural features or mechanisms of action (Sherman, 1971). This
phenomenon is especially significant in antibiotics, where structural similarities can cause
allergic reactions across various drug classes. Penicillins and cephalosporins, both B-lactam
antibiotics, share a common B-lactam ring structure, increasing cross-sensitivity likelihood
(Chaudhry et al., 2019). The structural similarity between penicillins and cephalosporins can
lead to cross-sensitivity in patients allergic to penicillins. Similarly, sulfonamides, which
belong to a different class of antibiotics, can also trigger allergic reactions in some individuals
(Giles et al., 2019). Patients allergic to sulfonamides may also experience reactions to other
medications containing similar sulfonamide groups, such as certain diuretics and
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sulfonylureas used to manage diabetes (Johnson et al., 2005). Allergic reactions are
important to ADEs (Luri et al., 2022).

Pseudoallergic Effects

Pseudoallergic effects represent another category of ADEs. It is important to distinguish
pseudoallergic reactions from true allergies, as a misdiagnosis may result in unnecessary
avoidance of certain medications. Pseudoallergic reactions (Table 6) are non-immune-
mediated and mimic allergic responses, typically triggered by the release of histamine or
other mediators without the immune system's involvement. For instance, itching or flushing
following opioid use is a typical example of this phenomenon (Zhang et al., 2017). These
effects can also include cardiovascular or pulmonary symptoms, as seen after the rapid
administration of drugs dissolved in a propylene glycol vehicle (Mali, 2012).

Drug fever or hyperpyrexia is also categorized under pseudoallergic effects (Someko et
al., 2024). Hyperpyrexia induced by aspirin is thought to result from the uncoupling of
oxidative phosphorylation at the cellular level due to the action of salicylate (Krause et al.,
1992). Certain antibiotics, like penicillins or cephalosporins, can induce drug fever through
mechanisms unrelated to allergic reactions (Pichichero & Zagursky, 2014). In the context of
vancomycin and opioids, pseudoallergic symptoms like itching or flushing can occur due to
histamine release (Baldo, 2023). Patients might mistakenly believe they have a true allergy,
resulting in anxiety regarding the use of effective pain management options. Pseudoallergic
effects are also considered as a category of ADEs.

Table 6: Overview of Allergic and Pseudoallergic Effects.

Category

Description

Examples

Key Points

Allergic Effects

Pseudoallergic
Effects

Hypersensitive immune
responses to a drug,
ranging from mild (e.g.,
rashes) to severe (e.g.,
anaphylaxis).

Non-immune-mediated
reactions mimic allergic
responses, often involving
histamine release or other
mediators.

- Penicillin allergy: mild rashes
to anaphylaxis

- Cross-sensitivity: Penicillins
and cephalosporins due to
shared B-lactam structure

- Sulfonamides: reactions with
sulfonylureas or diuretics.

- ltching/flushing after opioids
- Drug fever from penicillins or
cephalosporins Hyperpyrexia
from aspirin due to uncoupling
of oxidative phosphorylation

- Important for
prescribing practices to
avoid severe outcomes.
- Cross-reactivity
highlights the need for
cautious drug selection
in known allergic
patients.

- Comprise a significant
portion of ADEs

- Differentiation from
true allergies is crucial to
avoid unnecessary drug
avoidance.

- Misdiagnosis can lead
to anxiety and limited
treatment options.

- Histamine-related
symptoms are common
triggers.
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Idiosyncratic Effects

Idiosyncratic effects refer to unpredictable and atypical reactions to a medication that occurs
in a small number of individuals (Kaplowitz, 2005). These effects are not dose-dependent and
may arise due to genetic or environmental factors, emphasizing the complexities of
individual medication responses. Such reactions often result from genetic variations that
impact drug metabolism or immune responses. For example, polymorphisms in genes
encoding drug-metabolizing enzymes or drug transporters can cause atypical reactions to
standard drug doses. Additionally, rare metabolic disorders can disrupt normal drug
metabolism, leading to unexpected ADEs (Roth et al., 2003).

Severe skin reactions triggered by drugs such as sulfonamides, allopurinol, and
anticonvulsants are examples of drug idiosyncrasies. These reactions occur in specific
individuals due to unique genetic factors, leading to unpredictable and uncommon responses
to these medications (Del Pozzo-Magana & Liy-Wong, 2024). An illustrative example is the
severe reactions some individuals experience with carbamazepine, such as Stevens-Johnson
syndrome (SJS), which occurs unpredictably and is not dose-dependent, emphasizing the
need forimproved screening and personalized medicine approaches. SJS and toxic epidermal
necrolysis (TEN) are severe, life-threatening reactions that involve widespread skin peeling
and mucosal damage. These conditions can be triggered by medications and are
characterized by blistering and detachment of the skin, leading to significant morbidity and
potential complications (Fernando, 2016), and their occurrence is thought to be related to
genetic predispositions, such as HLA-B1502 in individuals of Asian descent (Belver et al.,
2016).

Drug-induced liver Injury can occur with various medications, including acetaminophen
and certain antibiotics such as chloramphenicol, which are also conceded as an idiosyncratic
reaction (Katarey & Verma, 2016). Another example of idiosyncratic reactions is aplastic
anemia, where the bone marrow fails to produce adequate blood cells. It can be an
idiosyncratic reaction to chloramphenicol or specific antiepileptics such as lamotrigine drugs
(Tembe-Fokunang et al., 2022). Table 7 summarizes the drug idiosyncratic effects.

Table 7: Overview of drugs idiosyncratic Effects.

Aspect Description Examples Key Points
Underlying Often caused by genetic variations ~ Polymorphisms in genes Genetic predispositions
Mechanisms  affecting drug metabolism or encoding drug- require advanced

immune response. Rare metabolic  metabolizing enzymes or  screening techniques to
disorders may also disrupt normal  drug transporters. prevent ADEs.

drug metabolism, leading to
unexpected ADEs.

Skin Severe idiosyncratic reactions - Drugs: Sulfonamides, Screening for genetics
Reactions manifest as conditions like allopurinol, is crucial
Stevens-Johnson Syndrome (SJS) anticonvulsants.
and Toxic Epidermal Necrolysis - Example:
(TEN). Carbamazepine-induced

SJS and TEN, especially in
individuals with HLA-
Bi1502
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Population at Risk

Populations at risk are individuals who are particularly susceptible to ADEs due to variability
in physiology, pharmacokinetic, and pharmacodynamic aspects. These vulnerabilities may
arise from age, genetic predispositions, comorbidities, or concurrent medication use, all of
which can alter drug metabolism, sensitivity, or clearance. (Delafuente, 2008). Herein, they
are discussed.

Children face an increased likelihood of experiencing ADEs because of their growing
physiological systems and fluctuating metabolic rates. Their drug processing differs from
adults, impacting how well medications work and their safety (Alghamdi, 2021). For instance,
pediatric dosing typically varies significantly from adult recommendations, requiring
meticulous adjustments based on factors like body weight, organ development, and enzyme
activity (Bartelink et al., 2006). Moreover, children's distinct developmental phases can result
in varied medication responses, emphasizing the need for healthcare professionals to
monitor them closely (Al-mutairi et al., 2024).

Elderly patients often encounter polypharmacy, elevating the likelihood of drug
interactions and ADEs (Wolff et al., 2021). Physiological changes associated with aging, such
as modifications in pharmacokinetics, further heighten their vulnerability to ADEs (Spina &
Scordo, 2002). For instance, diminished renal and hepatic function in older adults can result
in drug accumulation, increasing the risk of toxicity, especially if dosages are not adequately
tailored (Soraci et al., 2023). Multiple comorbidities frequently complicate medication
regimens, requiring thorough assessment and continuous monitoring to minimize risks (Boyd
etal., 2005).

Obese or overweight individuals represent another at-risk population, as obesity can
markedly influence drug pharmacokinetics, leading to alterations in medication volume of
distribution and metabolism (Morrish et al., 2011). Obese individuals often require tailored
dosing strategies, as conventional regimens may fail to account for physiological changes
associated with increased body weight (Griggs et al., 2021). Furthermore, overweight and
obesity can worsen comorbid conditions like diabetes and hypertension, which in turn affect
drug response and elevate the risk of ADEs (Tuccinardi et al., 2024). This necessitates a
tailored approach to medication management in overweight and obese populations to
ensure safety and efficacy.

Underweight or emaciated individuals may have changes in drug absorption,
distribution, and elimination, increasing their susceptibility to ADEs (Tipping, 2006). A
reduced body mass can influence the volume of distribution for lipophilic drugs, potentially
resulting in elevated plasma concentrations and a higher risk of toxicity (Gouju & Legeay,
2023).

Additionally, the physiological changes linked to being underweight, including
alterations in metabolic rate and organ function, can complicate drug therapy and increase
the necessity for vigilant monitoring of these patients (Pan et al., 2016).
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Pregnant women are at a heightened risk of ADEs due to the significant physiological
changes that take place during pregnancy (Soma-Pillay et al., 2016), such as alterations in
drug metabolism, renal clearance, and an increase in plasma volume (Parekh et al., 2011).

These physiological changes can affect drug levels and efficacy, potentially posing risks
to both the mother and fetal development. Certain medications may cross the placental
barrier, impacting fetal growth and development (Griffiths & Campbell, 2015) This
underscores the importance of healthcare providers carefully evaluating the risk-benefit
profile of medications when prescribing to pregnant women, ensuring the safety of both the
mother and fetus (Alkhalifah et al., 2023).

Patients with liver or kidney dysfunction face an increased risk of ADEs due to impaired
drug metabolism and excretion (Franz, 2012). Hepaticimpairment can reduce drug clearance,
elevating the risk of drug-induced hepatotoxicity (Pandit et al., 2012). Likewise, renal
dysfunction can lead to drug accumulation and potential toxicity as the body struggles to
eliminate drugs efficiently (Pazhayattil & Shirali, 2014). This population requires careful
attention in drug management, with dosing adjustments and vigilant monitoring essential to
minimize the risk of ADEs.

Medications not specifically labeled for certain populations, such as children, the elderly,
pregnant individuals, or those with specific medical conditions, can present increased risks
(Van Norman, 2023). These populations often have distinct physiological and metabolic
characteristics that can affect how drugs are processed in the body. For example, the
pharmacokinetics and pharmacodynamics of a medication can differ significantly between
adults and children, resulting in variations in both efficacy and safety (van den Anker et al.,
2018). The absence of sufficient clinical trials in these populations means healthcare providers
may lack the necessary information for informed prescribing decisions, potentially leading to
ADEs that could have been foreseen with more comprehensive data. Moreover, off-label use
of medications can complicate treatment further, raising the risk of ADEs (Sutphin et al.,
2020).

Drugs with a narrow therapeutic index (NTI) have a limited margin between their
therapeutic and toxic doses, making their clinical management particularly challenging
(Habet, 2021). These medications require meticulous monitoring to ensure patients remain
within the therapeutic range (Tamargo et al., 2015).

For example, medications like warfarin, digoxin, and lithium require reqular blood tests
to track their levels, as even slight fluctuations can result in serious toxicities or therapeutic
failures. The risks associated with NTI drugs are elevated in populations such as the elderly or
individuals with renal or hepatic impairment, where drug clearance may be affected (Jcs et
al., 2017). As a result, CPs and other healthcare providers must remain vigilant in adjusting
dosages and closely monitoring patient responses to minimize the risk of ADEs (Sonnexa et
al., 2004).
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Inappropriate prescribing or trivial use of drugs also may lead to ADEs (Hamilton et al.,
2009). The prescription of medications for indications that are not supported by solid clinical
evidence or for trivial symptoms that may resolve on their own can lead to unnecessary ADEs
(Bano et al., 2012). For instance, using antibiotics to treat viral infections is a prevalent issue
that exposes patients to unnecessary risks while contributing to antibiotic resistance
(Chinemerem Nwobodo et al., 2022). Furthermore, medications prescribed for mild or self-
limiting conditions, when non-pharmacological interventions may suffice, can lead to
unnecessary side effects (Narang et al., 2023). This emphasizes the importance of evidence-
based prescribing and the need for healthcare professionals to carefully assess the necessity
of medications carefully, ensuring patients receive appropriate treatment without the risk of
preventable ADEs.

Failure to establish clear therapeutic goals or endpoints is another key contributor to
ADEs. Setting well-defined goals and endpoints is essential for effective treatment and
ensuring that interventions are aligned with desired outcomes (Salgar et al., 2024). Without
defined objectives, healthcare providers may struggle to assess a medication’s effectiveness,
potentially leading to the continued use of ineffective treatments. Clear therapeutic goals
guide clinical decisions and enhance communication between providers and patients,
promoting patient involvement in their care (Robert Cronin Yung Peng, Rose Khavari & Kate
Shannon ., 2016). Moreover, when patients understand the intended outcomes of their
therapy, they are more likely to adhere to treatment regimens and report any SEs they
experience (Cheng & Wang, 2010). Therefore, collaborative goal-setting is essential to
enhance treatment outcomes and minimize the risk of ADEs.

Polypharmacy, the concurrent use of multiple medications, significantly raises the risk of
drug interactions and the accumulation of ADEs (Edwards & Aronson, 2000). This issue is
especially common among elderly patients or those with multiple chronic conditions, where
complex treatment regimens make managing and monitoring potential interactions
challenging. Each additional medication increases the risk of interactions and complicates
adherence to the prescribed treatment plan (Rieckert et al., 2018).

CP's role in the management of ADEs

CPs are essential in addressing adverse drug events (ADEs), which can significantly affect
patient adherence and overall health outcomes (Rotta et al., 2015). They play a crucial role in
adjusting drug regimens and monitoring potential ADEs, offering patient-specific
recommendations to ensure safety and efficacy (Dunn et al., 2015). Furthermore, CPs are
pivotal in reviewing medication lists for potential interactions, providing guidance for
necessary adjustments, and ensuring that treatment plans are simple and effective (Carlqvist
etal., 2024).

While providing pharmacotherapeutic services, CPs must carefully assess each patient's
likelihood of adverse drug events (ADEs), considering their unique health status,
comorbidities, and concurrent medications (Olea et al., 2018). By understanding the specific
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needs of different patient populations, CPs can tailor their interventions to minimize risks and
optimize therapeutic outcomes (Yoshimura et al., 2022). Their strategies include various
interventions, such as adjusting dosages to maximize therapeutic effects while minimizing
ADEs. When a medication leads to intolerable side effects, CPs recommend alternative
therapies that align with the patient's treatment goals, ensuring a more effective and well-
tolerated treatment plan (Bishop et al., 2024). Failure to weigh the benefits versus risks of
therapy may also lead to ADEs. The decision to initiate, continue, or modify therapy should
involve carefully assessing the benefits versus the risks associated with the medication (Hong
et al., 2021). This assessment is critical in ensuring that the potential benefits of a treatment
outweigh its risks, especially for patients with complex health conditions or those on multiple
medications (Riordan et al., 2016). Factors such as the patient’s overall health status, the
potential for ADEs, and the likelihood of achieving therapeutic goals must be carefully
considered. Involving patients in this process promotes shared decision-making, empowers
them to take an active role in their treatment, and improves adherence and satisfaction while
minimizing risks (Krist et al., 2017).

Moreover, CPs offer thorough patient education to ensure individuals comprehend their
medications, potential side effects, and the importance of adhering to therapy (Saseen et al.,
2017). By effectively managing these effects, CPs improve patient safety and therapeutic
outcomes, ensuring that the benefits of medication use outweigh the risks.

To prevent and manage toxic effects, CPs closely monitor drug levels, particularly for
patients on high-risk medications. They adjust dosages as needed and educate patients
about potential drug interactions that could lead to ADEs (Flores et al., 2024). Special
attention is paid to patients with preexisting renal conditions, as these individuals may be
more vulnerable to nephrotoxic drugs (Fusco et al., 2016). CPs aim to avoid such drugs
whenever possible and ensure safe dosing practices (Matzke et al., 2011). Additionally, they
are vigilant in addressing issues of neurotoxicity, which can lead to serious symptoms like
neuropathy or cognitive disturbances, thus safeguarding patients’ neurological health (Bilge,
2016).

In handling idiosyncratic drug reactions, CPs perform genetic tests to identify patients
who may experience unusual reactions to certain medications. By customizing drug
treatments based on genetic information and working with other healthcare providers, they
develop personalized treatment strategies that help reduce the risks linked to these reactions
(A.Mshiemish, 2017). This tailored approach improves patient safety and supports more
effective medication therapy, especially for individuals with distinct genetic traits (Marques
etal., 2024).

They thoroughly assess the suitability of off-label drug use and explore well-researched
alternatives that are properly labeled for particular patient groups (Petkova et al., 2023). This
is especially crucial for patients using medications with an NTI, as there is a small margin for
dosing error. For these individuals, clinical pharmacists (CPs) perform regular therapeutic
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drug monitoring, adjust doses as needed, and offer focused patient education to avoid
toxicity while maintaining effective treatment (Kang & Lee, 2009).

Finally, clinical pharmacists (CPs) must continually assess the risk-benefit balance of each
medication, especially for patients with complex health issues or those undergoing high-risk
treatments (Peloso et al., 2013). This thorough evaluation is crucial for making informed
clinical decisions, ensuring patients receive the most effective and safest medication regimen
suited to their needs.

CONCLUSION AND RECOMMENDATIONS

ADEs encompass various issues, such as variations in pharmacological effects, side effects,
allergic reactions, drug-induced organ damage, and idiosyncratic responses.
Misunderstandings and inconsistencies in classifying pharmacologic and side effects can
significantly influence clinical decision-making and patient outcomes. Clarifying these
misconceptions with clear definitions and standardized training is essential for improving
drug therapy. Healthcare providers, especially CPs, are essential in identifying and managing
ADEs, ensuring adherence to clinical definitions, and minimizing risks. The following
recommendations are made to improve healthcare quality and patient outcomes: (1)
Enhance knowledge and education by offering continuous training on drug effect
classifications and ADE management. This helps healthcare professionals, particularly CPs,
stay informed about new safety information, emerging risks, and how to apply clinical
definitions accurately, (2) Implement risk stratification through regular identification of high-
risk patient groups and tailoring pharmacotherapy to prevent ADEs and improve treatment
outcomes, (3) Promote multidisciplinary collaboration by Encouraging strong cooperation
between CPs, physicians, nurses, and other healthcare professionals to ensure
comprehensive ADE management and shared understanding of drug effects and (4) Improve
patient understanding by educating patients on their medications, potential side effects, and
the importance of adherence to treatment plans. Clear communication about the differences
between pharmacologic and side effects can help empower patients and improve safety. By
adopting these strategies, healthcare teams can better align clinical practice with
standardized definitions, manage ADEs more effectively, and achieve optimal therapeutic
outcomes.
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