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Aims and Scope of the Series
Pharmaceutical science focuses on the design, synthesis, formulation, targeting, 
distribution, safety, and efficacy of active compounds as potential therapeutics. 
It is a large interdisciplinary discipline that aims to integrate the basic principles 
of physical and organic chemistry, biochemistry, biology, and engineering to 
discover, develop, and characterize active compounds and to optimize the for-
mulation and delivery of drugs in the body for offering new and improved safe 
and efficacious therapies against human diseases. The research areas covered by 
the pharmaceutical sciences range from medicinal chemistry and pharmaceu-
tical technology to pharmacology and toxicology, which represent the prelimi-
nary phases of drug development. Medicinal chemistry involves the design and 
synthesis of pharmaceuticals as well as the isolation of active agents from natural 
sources. Computer-aided strategies are increasingly involved in this drug dis-
covery process. Pharmaceutics is a multidisciplinary science that examines the 
relationships between drug formulation, delivery, distribution, and clinical out-
comes. Modern clinical approaches are increasingly relying on controlled release 
strategies and drug delivery and targeting systems, including nanotechnological 
platforms (nanomedicine). Pharmacology is the science of drug action in biolog-
ical systems. Pharmacologists also make drugs as tools to explore aspects of cell 
and tissue functions. Toxicology is the study of the adverse effects of active agents 
on living organisms and the ecosystem, including the prevention and ameliora-
tion of such adverse effects. This book series includes volumes on Drug Discovery, 
Delivery, and Pharmacology. Their overall aim is to present the latest research in 
the whole path of drug discovery and development from different points of view 
of this multidisciplinary and dynamic field.
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Preface 

The increasing complexity of healthcare, coupled with the growing burden of chronic 
diseases and population aging, has made polypharmacy one of the most important 
contemporary challenges in clinical practice. While the appropriate use of multiple 
medications may be necessary and beneficial in many patients, especially older adults 
and individuals with multimorbidity, inappropriate polypharmacy can lead to serious 
consequences, including adverse drug reactions, drug–drug interactions, poor adher-
ence, reduced quality of life, avoidable hospitalization, and increased healthcare costs. 

Polypharmacy and inappropriate medication use represent not only pharmacological 
concerns but also clinical, ethical, economic, and societal issues. The challenge lies 
not merely in counting the number of medications a patient receives, but in critically 
evaluating whether each medication is appropriate, necessary, safe, and aligned with 
the patient’s goals of care. In this context, deprescribing, comprehensive medication 
management, personalized medicine, and the integration of artificial intelligence 
into healthcare decision-making have emerged as valuable strategies to optimize 
therapeutic outcomes and reduce medication-related harm. 

This edited volume aims to provide a comprehensive and multidisciplinary overview 
of the current concepts, challenges, and future directions related to polypharmacy 
and inappropriate medication use. It brings together contributions from experts in 
pharmacy, medicine, geriatrics, clinical pharmacology, nursing, healthcare policy, 
and digital health, reflecting the multifaceted nature of this important issue. 

The opening chapters introduce the fundamental definitions, epidemiology, and 
determinants of polypharmacy, with particular attention to aging populations, 
multimorbidity, and vulnerable patient groups. These chapters provide readers with 
an understanding of the scope of the problem and the reasons why polypharmacy has 
become increasingly prevalent in both developed and developing healthcare systems. 

Subsequent chapters explore the clinical consequences of inappropriate medication 
use, including adverse drug reactions, prescribing cascades, medication errors, 
drug–drug interactions, and medication non-adherence. Particular emphasis is placed 
on high-risk populations such as older adults, patients with cognitive impairment, 
individuals with renal or hepatic dysfunction, and those with chronic cardiovascular, 
metabolic, psychiatric, or oncological diseases. 

The volume also examines validated tools and criteria for assessing medication 
appropriateness, including medication review frameworks, deprescribing protocols, 
explicit and implicit prescribing criteria, and risk assessment instruments. These 
chapters provide practical guidance for healthcare professionals seeking to identify 
potentially inappropriate medications and improve the safety and effectiveness of 
pharmacotherapy. 
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V

Special attention is devoted to the role of pharmacists and multidisciplinary healthcare 
teams in preventing medication-related problems. The contributions highlight the 
importance of collaborative care, patient counseling, medication reconciliation, and 
comprehensive medication management in improving therapeutic outcomes and 
enhancing patient safety. 

Recognizing the rapid evolution of healthcare technologies, several chapters address 
the emerging role of digital health, clinical decision support systems, electronic 
prescribing, pharmacogenomics, and artificial intelligence in optimizing medication 
use. These technologies offer promising opportunities to improve prescribing accuracy, 
reduce preventable harm, and support more individualized therapeutic decisions. 

Finally, the concluding chapters discuss future perspectives, policy implications, and 
recommendations for practice, education, and research. They emphasize the need for 
stronger interdisciplinary collaboration, better healthcare policies, improved patient 
medication literacy, and the development of innovative tools to support rational 
prescribing and deprescribing. 

This book is intended for clinicians, pharmacists, nurses, researchers, healthcare 
administrators, educators, and policymakers who are involved in medication use and 
patient care. We hope that the chapters presented in this volume will contribute to a 
deeper understanding of polypharmacy and inappropriate medication use (as shown 
in Figure 1), while also encouraging practical solutions that enhance patient safety, 
therapeutic effectiveness, and quality of life. 

As Academic Editor, I would like to express my sincere gratitude to all chapter authors, 
reviewers, and editorial staff for their expertise, dedication, and collaborative spirit, 
which made this volume possible. Their valuable contributions have enriched this 
book and strengthened its scientific and practical relevance. 

Farid A. Badria, Ph.D.D.Sc. 
Faculty of Pharmacy, 

Pharmacognosy Department, 
Mansoura University, 

Mansoura, Egypt 
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Chapter 1

Polypharmacy with  
Multi-Mechanism Drugs: A 
Hidden Risk for Drug Interactions 
and Adverse Effects
Alfredo Briones-Aranda

Abstract

Drugs may overlap in their pharmacokinetic and pharmacodynamic processes, 
including absorption, distribution, biotransformation, excretion, and mechanism 
of action. Such overlaps increase the likelihood of interactions as the number of 
prescribed drugs increases. As a result, polypharmacy carries a significant risk of 
adverse effects, particularly in older adults. This chapter focuses on drugs such as 
biguanides, statins, and selective serotonin reuptake inhibitors that act through 
multiple mechanisms (polypharmacology) and may interact directly or indirectly with 
the serotonergic system, present in the gastrointestinal tract, platelets, and the central 
nervous system. A clearer understanding of interactions between drugs that share 
similar targets (hidden polypharmacy) can improve knowledge of the pathophysiology 
underlying adverse drug reactions, and this insight may also be applied to prevent 
such interactions.

Keywords: polypharmacy, Polypharmacology, drug-drug interactions, older adults, oral 
hypoglycemics, statins, selective serotonin reuptake inhibitors, serotonergic system

1. �Introduction

Advances in technology worldwide have driven exponential growth in medical
research, resulting in the significant improvements in human health. This progress 
has contributed to demographic and epidemiological shifts associated with longer life 
expectancy. Consequently, population aging—now affecting most countries—has 
become a critical issue and a major challenge for health systems worldwide [1].

Why do aging and the rise of multiple health problems occur together? Aging 
is well known to bring about a range of physiological changes and is closely associ-
ated with a higher prevalence of chronic degenerative diseases (CDDs), including 
type 2 diabetes mellitus (T2DM), as well as cardiovascular, renal, and rheumatologic 
conditions, among others [2, 3].
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In this complex context, multi- and interdisciplinary medical care is essential, 
with daily clinical collaboration providing common ground for specialists such 
as internists, cardiologists, and geriatricians, as well as other health professionals 
including nurses, gerontologists, nutritionists, psychologists, and physiotherapists. 
When faced with frailty and CDDs, these professionals may prescribe multiple 
pharmacological treatments alongside self-care measures, such as promoting physical 
activity and adopting hygienic-dietary strategies, all aimed at helping patients cope 
and maintain homeostasis.

Polypharmacy is generally defined as the use of five or more medications [4], 
which may be potentially inappropriate [4, 5] or unnecessary [6]. Its prevalence is 
particularly high among older adults: It is estimated that more than 50% take five or 
more drugs, and over 10% take 10 or more [7], greatly increasing risks to their health 
and overall well-being [8]. According to a WHO report published in 2019, polyphar-
macy is a major and growing public health problem across healthcare settings world-
wide [9].

As noted above, drugs may overlap in their pharmacokinetic processes—absorp-
tion, distribution, biotransformation, and excretion—and may also share similarities 
in their mechanisms of action. Such overlaps can lead to drug-drug interactions 
(DDIs), with the number of prescribed medications being a major contributing 
factor [10, 11].

The clinical outcomes of DDIs can range from diminished to enhanced effects 
of one or more drugs, with the latter often manifesting as adverse drug reactions 
(ADRs) [12].

However, the emergence of multi-mechanism drugs—agents that act on multiple 
targets simultaneously (pleiotropic)—has introduced new challenges. These drugs 
were initially designed to improve efficacy but also add hidden risks of interaction. 
Some can initiate biochemical changes that directly or indirectly trigger cascades of 
additional effects, impacting multiple systems. In line with this, most drugs used in 
the treatment of oncological [13] or psychiatric [14] disorders are characterized by 
multiple mechanisms of action (polypharmacology). For example, clozapine, used 
as an antipsychotic, can interact with several neurotransmission systems, including 
dopaminergic, serotonergic, muscarinic, and histaminergic pathways [15]. Similarly, 
tyrosine kinase inhibitors can block various enzymes that cancer cells rely on to grow 
and divide rapidly [16]. Nevertheless, other drugs with this same characteristic—such 
as oral hypoglycemics (78%) and statins (62%)—are of particular importance due 
to their frequent prescription as part of polypharmacy in studies involving geriatric 
populations [17].

In consideration of the above, the primary purpose of this chapter is to explore 
the risks of DDIs and ADRs associated with hidden polypharmacy involving drugs 
with polypharmacology, such as oral hypoglycemics, statins, and selective serotonin 
reuptake inhibitors (SSRIs). This analysis draws on experimental and clinical research 
with the aim of proposing strategies for the responsible prescription of these medica-
tions in adults over 65 years of age with CDDs.

Because polypharmacy in the geriatric population can negatively affect 
health—ranging from an increased risk of DDIs to the onset of adverse effects such 
as cognitive decline [18], cataracts [19], and malnutrition [20]—it also contributes 
to poor treatment adherence [6] and increased hospitalizations caused by ADRs 
[21]. These consequences are closely linked to greater frailty and higher healthcare 
costs [6].

2
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2. �Physiological changes associated with aging that may influence 
pharmacokinetic processes

2.1 General considerations

The world is undergoing a major demographic shift. By 2050, the number of 
people over 60 years of age is expected to rise from 600 million to nearly 2 billion, 
with the fastest and largest growth occurring in developing countries, where the 
elderly population is projected to quadruple over the next 50 years [22]. Aging has 
been defined in many ways, but a comprehensive perspective describes it as a pro-
cess involving morphological, functional, and psychological changes that alter the 
structure and function of different systems, increasing an individual’s vulnerability 
to environmental stress and disease [23]. However, the pace of these changes varies 
across organs and systems, as well as among individuals. Aging is also characterized 
by alterations in the phases of pharmacokinetic processes, which may affect the 
bioavailability and therapeutic effectiveness of prescribed drugs [24].

On the other hand, it is necessary to revisit two closely related terms that could 
cause confusion: polypharmacology and polypharmacy (Figure 1). The former refers 
to molecules that can interact with multiple molecular targets [25], while the lat-
ter, defined earlier, has two dimensions. Traditional polypharmacy refers to the 
prescription and administration of several potentially inappropriate drugs that may 
interact primarily at the pharmacokinetic level, such as through shared metabolism 
(Figure 1). In contrast, hidden polypharmacy may refer to the use of a drug with 
polypharmacology, which can lead to complex problematic interactions at both the 
pharmacokinetic and pharmacodynamic levels [25, 26], since multiple actions of 
a single drug may provoke the adverse effects comparable to those observed with 

Figure 1. 
Differences and similarities between traditional and hidden polypharmacy. Created with https://BioRender.com.
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traditional polypharmacy (Figure 1). However, the term hidden polypharmacy may 
also apply when herbal medicines or dietary supplements are combined with the 
standard treatments, a practice frequently observed among geriatric patients and 
often not reported to their treating physicians [27].

Therefore, before addressing the potential interactions of drugs with polyphar-
macology, it is necessary to establish a theoretical framework concerning the physi-
ological changes that occur during aging and strongly influence pharmacokinetic 
processes.

Figure 1 shows that traditional polypharmacy, which consists of the administra-
tion of five or more drugs, may involve interactions at the pharmacokinetic level and 
trigger adverse drug reactions (ADRs). By contrast, in hidden polypharmacy, a single 
drug with multiple mechanisms of action (polypharmacology) can interact at the 
pharmacodynamic level and produce equivalent ADRs.

2.2 Oral absorption

Evidence on age-related changes in gastric secretion is inconsistent. Some studies 
report that gastric acid secretion does not significantly decline in healthy older adults 
[28, 29], while others suggest it may even increase [30]. In addition, cases of achlor-
hydria and hypochlorhydria have been documented in this population [31, 32]. Such 
changes can directly affect drug solubility and gastric emptying. It is well established 
that higher gastric acidity reduces the dissociation of acidic drugs, and their lower 
polarity in this state favors absorption. By contrast, weakly basic drugs (e.g., keto-
conazole, ampicillin, and iron supplements) dissociate more readily in an acidic pH, 
which limits their absorption. In hypochlorhydria, the reduced acidity may impair the 
dissociation and absorption of weakly basic drugs such as ketoconazole [33].

Most studies on age-related gastric emptying report that it is delayed and reduced 
in older adults. This slowing is generally associated with decreased appetite and 
impaired absorption of both nutrients and drugs [34].

2.3 Distribution

Total body water remains stable compared with that of young adults until about 
age 60, after which it gradually declines [35]. This reduction is thought to result 
mainly from a loss of intracellular water, as extracellular water remains stable. These 
changes directly affect highly water-soluble drugs such as acetaminophen: A smaller 
apparent volume of distribution (Vd) leads to faster rises in plasma concentrations 
after administration, underscoring the need for initial dose adjustments [36].

In contrast, adipose tissue tends to increase from about age 30 onward, which can 
expand the Vd of lipophilic drugs such as benzodiazepines [37, 38]. This results in 
lower plasma concentrations and greater drug accumulation in fat tissue, contributing 
to redistribution and prolongation of half-life.

Drug binding to plasma proteins is also influenced by age. In healthy older adults, 
plasma albumin levels may decline by up to 30% compared with younger adults, caus-
ing drugs that bind strongly to this protein to exhibit the increased pharmacological 
activity [39, 40]. These effects are even more pronounced in pathological conditions 
such as chronic malnutrition and renal failure, where plasma protein levels may be 
significantly reduced [41].

One of the most widely studied effects of aging is the decline in cardiac output, 
which leads to reduced circulating volume, increased vascular resistance, and 
4
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microcirculatory changes. These alterations limit the body’s ability to distribute drugs 
efficiently and may affect the Vd [42]. Notably, the hepatic and renal vascular net-
works are among the most impacted by reduced blood flow in older adults [43].

2.4 Metabolism

In older adults, physiological changes such as reduced liver mass, decreased 
hepatic blood flow, and diminished metabolic capacity alter drug metabolism. These 
factors play a key role in the decline of first-pass metabolism often seen in geriatric 
patients [42, 43]. As a result, the bioavailability of certain drugs, such as propranolol, 
may rise significantly, requiring lower initial doses [44, 45]. Conversely, reduced 
first-pass metabolism can hinder the activation of several prodrugs, including 
angiotensin-converting enzyme inhibitors like enalapril, potentially leading to lower 
systemic levels of the active compound [46].

Overall, the decline in hepatic metabolism in older adults varies by drug and by 
individual. Age-related changes mainly affect phase I metabolism (oxidation, reduc-
tion, and hydrolysis), whereas phase II metabolism (glucuronidation, acetylation, 
and sulfation) is generally less impacted [47, 48].

In addition, the hepatic and intestinal enzyme CYP3A4 is the most abundant, and 
approximately 50% of marketed drugs are metabolized through this pathway [49]. 
This enzyme is particularly relevant for drugs that act as substrates, inducers, or 
inhibitors. Of special concern is the combination of CYP3A4-inhibiting drugs with 
pleiotropic drugs that behave as substrates [50]—for example, a macrolide adminis-
tered together with a statin, a scenario discussed later in this chapter.

Another important consideration involves psychiatric [51] and oncological [52] 
patient populations, who are often treated with polypharmacy regimens. In these 
cases, combinations such as the chemotherapeutic agent cyclosporine together with a 
CYP3A4 inhibitor like the antifungal itraconazole can trigger toxic effects [53].

Finally, another key factor is the presence of polymorphisms associated with the 
CYP2D6 gene, which reduces hepatic biotransformation and affects the metabolism 
of various drugs, including antidepressants, antipsychotics, opioid analgesics, beta-
blockers, and antiarrhythmics. Such alterations may promote drug accumulation and 
consequently increase the risk of ADRs [54].

2.5 Elimination

In older adults, physiological changes that can affect renal drug elimination 
include reduced renal blood flow, decreased glomerular filtration, and diminished 
tubular secretory capacity [55, 56]. Renal function is commonly assessed using the 
pharmacokinetic parameter clearance, which depends on creatinine elimination. 
Creatinine clearance declines by about one-third between ages 20 and 90, although 
the rate of decline varies among individuals [57, 58].

Reduced glomerular filtration and tubular function are the main factors limiting the 
clearance of many drugs, including water-soluble antibiotics, diuretics, digoxin, beta-
blockers, lithium, and nonsteroidal anti-inflammatory drugs (NSAIDs) [55, 59, 60]. In 
addition, the combined administration of angiotensin-converting enzyme inhibitors 
(ACEIs), NSAIDs, and diuretics can reduce both renal blood flow and glomerular 
filtration, thereby enhancing nephrotoxicity [61]. These effects are further aggravated 
by common comorbidities in older adults, such as T2DM and hypertension [58, 62].
5
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The clinical significance of reduced renal excretion in older adults lies in its 
potential to cause adverse drug reactions (ADRs) or drug toxicity. For medications 
with a narrow therapeutic index, such as aminoglycoside antibiotics [63], digoxin, 
and lithium [64], even slight accumulation can result in serious ADRs [56, 65]. 
Thus, impaired renal function in older adults must be carefully considered to avoid 
overdosing.

3. �Examples of drugs with multiple mechanisms of action that may 
increase the risk of interactions and ADRs in the geriatric population

3.1 Oral hypoglycemics

3.1.1 Pharmacokinetics of biguanides

Among this group, metformin is the most widely used drug for the treatment of 
T2DM. It is absorbed in the small intestine with an approximate bioavailability of 
50–60% [66]. Metformin shows minimal binding to plasma proteins, is not metabo-
lized in the liver, and is not excreted in bile. Instead, it is eliminated almost entirely 
by the kidneys, primarily through active tubular secretion [67]. Currently, there is no 
strong clinical evidence of pharmacokinetic DDIs involving metformin.

3.1.2 �Importance of the multiple effects of metformin and their possible implications 
for adverse drug reactions

Metformin is considered a drug with polypharmacological properties, as it can 
act on multiple regions of the body, including the gastrointestinal system, liver, 
pancreas, and skeletal muscle [68]. In older adults, significant delays in gastric 
emptying may occur, potentially affecting the intestinal absorption of metformin. 
The main transporters involved in its absorption and intestinal transport include: a) 
organic cation transporter 1 (OCT-1), b) plasma membrane monoamine transporter 
(PMAT), and c) serotonin transporter (SERT), among others [69, 70]. Because much 
of this evidence comes from animal studies, further research in humans is needed 
(Figure 1).

OCT-1 can be inhibited by proton pump inhibitors (PPIs) such as pantoprazole 
[71], which may reduce metformin absorption and, in turn, lower its hypoglycemic 
effect [72]. Moreover, combining these drugs can lead to gastrointestinal side effects, 
including diarrhea and abdominal discomfort [73].

In the intestine, metformin can also reduce glucose absorption [74] and impair 
the absorption of vitamin B12 and bile acids [75, 76]. Gastrointestinal intolerance 
is a well-recognized syndrome associated with metformin. Diarrhea is among the 
most common clinical manifestations [75, 77], although other studies have identified 
nausea and vomiting as the additional major adverse effects [78, 79].

One proposed mechanism for gastrointestinal intolerance involves the GLP-1 
receptor [79]. Another theory suggests that metformin may alter intestinal 5-HT 
levels, triggering diarrhea, nausea, and vomiting similar to metformin intolerance 
[80]. Metformin also has structural similarities to selective 5-HT3 receptor agonists 
[81], which acts on receptors that regulate nausea and vomiting [80]. However, some 
studies have found no consistent evidence linking metformin-induced nausea to 
interactions with this receptor [80, 81].
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Interestingly, metformin may also interact with other serotonergic receptor 
subtypes, such as 5-HT1A and 5-HT1B. In previous studies, the antagonists WAY-
100635 and GR-127935—specific blockers of the 5-HT1A and 5-HT1B receptors, 
respectively—were found to inhibit the antinociceptive effects of metformin [82]. 
In addition, stimulation of the 5-HT2C receptor can enhance 5-HT release from the 
duodenum [83].

Gluconeogenesis is the metabolic process of producing glucose from non-carbohy-
drate precursors such as lactate, glycerol, and certain amino acids. It plays a key role in 
maintaining normal blood glucose levels, particularly during fasting or when glyco-
gen stores are depleted. Metformin inhibits gluconeogenesis, thereby lowering blood 
glucose. It also acts on the mitochondrial respiratory chain by inhibiting Complex 
I [84]. Consequently, by limiting the liver’s ability to convert lactate into glucose, 
metformin may increase the blood lactate levels.

Although metformin is considered safe for most patients with T2DM, in certain 
situations it may increase the risk of lactic acidosis, particularly when combined 
with drugs that impair its renal clearance, disrupt acid–base balance, or alter lactate 
metabolism [85].

Medications such as NSAIDs, angiotensin-converting enzyme inhibitors, and 
angiotensin II receptor antagonists can acutely reduce glomerular filtration, leading 
to metformin accumulation and an increased risk of lactic acidosis, particularly in the 
setting of dehydration or hypovolemia [85–87]. Additional risk factors include exces-
sive alcohol consumption, high doses of metformin combined with prolonged fasting, 
intense physical exercise, renal impairment, severe infections, and carbon dioxide 
poisoning, all of which can further raise the likelihood of lactic acidosis [88, 89].

T2DM is characterized by impairments in both insulin secretion and insulin sen-
sitivity [90]. Insulin release from pancreatic β-cells plays a central role in the disease’s 
etiology, but the complex regulation and mechanisms by which metformin influences 
β-cell insulin secretion are not yet fully understood [91]. Evidence suggests that 
metformin can downregulate the nitric oxide (NO) system in β-cells, which normally 
acts as a negative regulator of insulin secretion. In experimental models, metformin 
suppresses NO overproduction induced by high glucose concentrations or sulfonyl-
ureas, potentially restoring the insulin secretory response [92, 93].

The 5-HT1B and 5-HT2C receptors also play distinct roles in regulating insulin 
secretion from pancreatic β-cells [94, 95]. However, studies have shown that activa-
tion of the 5-HT1B receptor in humans and the 5-HT2C receptor in mice reduces 
insulin release (Figure 1) [95, 96].

These findings are both intriguing and complex, as the 5-HT1A [97] and 5-HT1B 
[98] receptors—potential targets of metformin—are not only expressed in β-cells but 
also located on the platelet plasma membrane, where the 5-HT1B receptor in particu-
lar has been associated with platelet aggregation (Figure 2) [98, 99].

The GABAergic system has likewise been linked to insulin secretion [100]. 
Evidence suggests that GABA may promote β-cell proliferation [101], and benzo-
diazepine receptor agonists have been shown to enhance pancreatic β-cell function 
(Figure 2) [102]. Another noteworthy finding is metformin’s potential affinity for the 
GABAA receptor, reported in preclinical studies, where this biguanide demonstrated 
the anxiolytic effects through interaction with the GABAA receptor [103].

Additional evidence of the complex interplay between the serotonergic system 
(SS), the GABAergic system, behavioral disorders, and the metabolic disturbances 
characteristic of T2DM is the presence of 5-HT1B, 5-HT2C, and GABAA receptors in 
various regions of the CNS (Figure 1), including the raphe nuclei, hippocampus, and 
7
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prefrontal cortex—areas involved in memory regulation [104], depression [105], and 
anxiety [106]. Notably, there is a bidirectional relationship between the metabolic 
dysfunction associated with T2DM and the prevalence of depression [107].

Metformin’s multiple mechanisms of action add a significant layer of complexity 
to its clinical use, beyond the potential DDIs associated with biguanides. For example, 
in older adults undergoing polypharmacy, PPIs may be prescribed for acid-peptic 
disease or SSRIs for depression. Riskier prescriptions, such as benzodiazepines for 
sleep disorders in diabetic patients treated with metformin, may also be introduced. 
Another frequent scenario is the use of NSAIDs, such as acetylsalicylic acid, for vascu-
lar disease prevention.

Given these situations, physicians should be especially vigilant for ADRs that 
may appear difficult to explain but could, in fact, be linked to metformin’s ability to 
interact with the serotonergic and GABAergic systems in multiple regions of the body.

3.2 Statins

3.2.1 Pharmacology of statins

Statins are a group of drugs that include lovastatin, pravastatin, simvastatin, 
fluvastatin, cerivastatin, rosuvastatin, and atorvastatin. Their mechanism of action is 
based on inhibition of the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase (HMG-CoAR) [108].

Atorvastatin is rapidly absorbed after oral administration, with peak plasma 
concentrations reached in about 4 hours. Its absolute bioavailability is 12%, and both 
the rate and extent of absorption are influenced by the time of administration and 
food intake [109]. Atorvastatin binds to plasma albumin by approximately 98% and 

Figure 2. 
Possible sites of action of metformin. The diagram illustrates metformin’s interactions at the intestinal, pancreatic, 
vascular, and central nervous system (CNS) levels. In each of these regions, this biguanide may specifically 
interact with serotonergic and GABAergic receptors, as well as with the serotonin transporter. Created with 
BioRender.com.
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has a half-life of roughly 14 to 20 hours [86]. After hepatic metabolism, it is excreted 
primarily in the bile [110].

Statins are indicated for reducing elevated total cholesterol, low-density lipo-
protein cholesterol (LDL-C), very-low-density lipoprotein (VLDL) synthesis, and 
circulating triglycerides in patients with primary hypercholesterolemia [111]. By 
improving dyslipidemia, statins reduce the risk of cardiovascular events and mortal-
ity [112].

Atorvastatin is mainly metabolized by CYP3A4, which makes it vulnerable to DDIs 
with enzyme inhibitors such as clarithromycin and erythromycin [113]. In such cases, 
plasma concentrations of atorvastatin may rise substantially, increasing the risk of 
adverse effects including myopathy and rhabdomyolysis [114].

Atorvastatin is also a substrate of hepatic transporters, including OATP1B3. 
Co-administration with cyclosporine, an OATP1B1 inhibitor, can significantly 
increase its bioavailability [115]. In contrast, CYP3A4 inducers such as rifampicin may 
reduce plasma concentrations of atorvastatin [116]. Furthermore, combining ator-
vastatin with fibrates or niacin increases the risk of myopathy and rhabdomyolysis 
through additive effects on muscle pathways [117, 118].

In addition, statins have been associated with clinically evident cases of acute liver 
injury, presenting with hepatocellular or cholestatic patterns [119]. Concomitant use 
with other drugs that carry a risk of hepatotoxicity—such as NSAIDs [120], selective 
serotonin reuptake inhibitors (SSRIs) [121], amoxicillin-clavulanic acid [122], and 
anticonvulsants [120]—may potentiate liver damage.

3.2.2 �Importance of the multiple effects of atorvastatin and potential adverse drug 
reactions

It is also important to consider the concomitant effects that may result from 
atorvastatin-induced cholesterol reduction. Cholesterol is the primary substrate for 
the synthesis of several steroid hormones [123, 124].

With regard to hormones, some studies have suggested that statins may slightly 
reduce the synthesis of certain steroids, although results have been inconsistent. 
Clinical and epidemiological evidence has generally shown no significant effects on 
the production of cortisol, total or free testosterone, estradiol, LH, or FSH [125–127]. 
However, in women with polycystic ovary syndrome, statins have been shown to 
reduce androgen levels and improve hyperandrogenism, although their use for this 
purpose is not recommended outside of cardiovascular indications [125].

Conflicting evidence has also been reported regarding a possible bidirectional 
interaction between statins and gonadal hormones. For instance, statin use has been 
associated with an increased risk of T2DM in postmenopausal women [127, 128], 
and in this same group, one study found that intensive statin therapy over 1 year did 
not slow the progression of coronary calcification [129]. Conversely, other studies 
have suggested that statins do not significantly affect gonadal function or fertility in 
either men or women, nor do they appear to alter the menstrual cycle or progesterone 
synthesis in premenopausal women [130, 131]. It is important to note, however, that 
women have been underrepresented in statin trials, and data on efficacy and safety in 
this population remain limited.

In light of the above, hormonal status is an important factor that may influence the 
development of statin-related adverse effects. Further and more in-depth research 
is needed to account for this variable and to clarify the presence or absence of such 
potential effects.
9
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Regarding the SS, statins may influence 5-HT neurotransmission through both 
cholesterol-dependent and cholesterol-independent mechanisms. Experimental studies 
have shown that chronic cholesterol depletion induced by statins can alter the function 
and dynamics of 5-HT1A receptors, reducing their coupling to G proteins and their 
ability to bind ligands. These alterations may help explain the symptoms of anxiety and 
depression observed in some patients undergoing statin therapy (Figure 3B) [132, 133].

Statins have also been shown to enhance 5-HT reuptake through SERT in a fluoxetine-
dependent manner, via cholesterol-independent lipid signaling pathways, specifically 
through the regulation of isoprenylation intermediates such as farnesyl pyrophosphate 
[134]. These effects on the SS have been demonstrated in cell and animal models; 
however, their clinical significance remains uncertain, as some studies have suggested a 
possible association between statin use and the development of depression [133].

Statins have been used for nearly four decades, with their effectiveness in treating 
cardiovascular disease well supported by extensive evidence. Nevertheless, many 
studies have also linked them to potential adverse effects on mental health.

Preclinical studies have associated statins with cognitive impairment. In male 
rats, daily oral administration of pravastatin or atorvastatin (10 mg/kg) for 18 days 
impaired learning during the final days of treatment, an effect that was fully reversed 
after discontinuation [135]. Likewise, in a novel object recognition task, pravastatin 
significantly impaired memory.

Furthermore, oral administration of simvastatin at doses of 10 or 30 mg/kg/day in 
rats for 4 weeks led to impaired spatial memory, as measured by the Barnes maze test 
[136]. Similarly, in a study with male guinea pigs, the effects of simvastatin (2 mg/kg) 
and atorvastatin (1 mg/kg, oral) were evaluated over 6 weeks. Spatial memory was 
tested using the Morris water maze, and animals treated with statins spent signifi-
cantly more time outside the platform area compared with controls [137].

The memory impairment observed may be explained by several interconnected 
mechanisms. One key factor is the structural role of cholesterol in neuronal mem-
branes, where it is essential for synapse formation, neurotransmitter release, and the 
proper function of membrane receptors such as Glu, DA, and 5-HT receptors [138].

Figure 3. 
Influence of statin-induced membrane cholesterol reduction on serotonergic receptors.
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Lipophilic statins, such as atorvastatin, can cross the blood-brain barrier and lower 
brain cholesterol levels. This may impair synaptic plasticity and neuronal transmis-
sion, contributing to deficits in spatial and recognition memory [139]. Such effects 
are linked to reduce membrane fluidity and decreased availability of anchoring sites 
for receptors such as 5-HT1A and 5-HT7, which depend on intact lipid microdomains 
for effective signaling [140, 141].

Several studies have also shown that, in certain contexts, atorvastatin can exert 
proinflammatory effects, increasing cytokines such as IL-1β, TNF-α, and IL-6—par-
ticularly in experimental models with prior immune challenges or under hormonal 
conditions such as estrogen deprivation [142]. The activation of inflammatory path-
ways may further exacerbate cognitive decline by suppressing neurotrophic factors 
such as BDNF and impairing neurogenesis in the hippocampus, a region critical for 
memory consolidation [142].

Panel A illustrates the membrane cholesterol configuration that provides anchor-
ing and stability to the 5-HT1A and 5-HT7 serotonergic receptors, as well as the 
potential interaction of certain statins with the 5-HT transporter. Panel B depicts the 
possible impact of statin-induced membrane cholesterol reduction on serotonergic 
receptors. Created with https://BioRender.com

It is therefore plausible to suggest that the combination of estrogen deficiency and 
subchronic atorvastatin treatment in animals involves complex mechanisms that may 
act synergistically to worsen memory impairment. Both factors also affect the SS, as 
cholesterol depletion [141] and estrogen deficiency [143] have been shown to alter 
the density and function of serotonergic receptors, including 5-HT1A and 5-HT7R. 
Such changes directly impact processes such as working memory, consolidation, and 
spatial learning, which are associated with these receptors (Figure 3) [143].

In this context, the convergence of lipid dysfunction, estrogen deficiency, neu-
roinflammation, and serotonergic disruption may represent key interrelated factors 
underlying statin-induced cognitive deficits in animal models. Collectively, these 
findings underscore the complexity of statins’ effects on cognitive function.

Finally, although randomized clinical trials and systematic reviews have not 
demonstrated significant differences in cognitive performance, memory, executive 
function, or in the incidence of dementia or Alzheimer’s disease between statin users 
and controls [144, 145], it remains important to monitor pharmacovigilance data and 
pursue further research on these potential cognitive effects. This is especially rel-
evant in women, to better confirm or rule out ADRs and provide greater therapeutic 
certainty for this widely used drug class in the geriatric population.

3.3 Selective serotonin reuptake inhibitors

3.3.1 Pharmacology of selective serotonin reuptake inhibitors

SSRIs differ by specific compound but share general characteristics important 
for clinical practice. They have largely replaced tricyclic antidepressants as the 
first-line treatment for major depressive disorder [146]. In addition, they are indi-
cated for anorexia nervosa, bulimia nervosa, and several anxiety-related disorders 
[147], including obsessive-compulsive disorder, panic disorder, social phobia, and 
post-traumatic stress disorder [148].

Furthermore, fluoxetine [149] and other agents such as duloxetine and venlafax-
ine—classified as serotonin-norepinephrine reuptake inhibitors (SNRIs)—are also 
widely used as first-line treatments for neuropathic pain [150].
11
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SSRIs (fluoxetine, sertraline, paroxetine, fluvoxamine, citalopram, escitalopram) 
are well absorbed orally but have moderate bioavailability due to first-pass hepatic 
metabolism. They are widely distributed in tissues and bind extensively to plasma 
proteins [147]. Elimination occurs primarily through hepatic cytochrome P450 iso-
enzymes, resulting in substantial interindividual variability in plasma concentrations 
and an increased risk of DDIs.

In the CNS, SSRIs alter serotonin (5-hydroxytryptamine, 5-HT) release and 
reuptake, influencing synaptic plasticity and functional connectivity in brain regions 
associated with depression, including the anterior cingulate cortex, amygdala, and 
hippocampus [151–153]. Modulation of 5-HT2C receptor activity can either enhance 
or counteract SSRI effects on 5-HT release and the antidepressant response, as dem-
onstrated in preclinical studies [154–156].

Fluoxetine and paroxetine are potent CYP2D6 inhibitors, which can elevate 
plasma concentrations of drugs metabolized through this pathway, including 
antipsychotics (haloperidol and clozapine), tricyclic antidepressants, and certain 
beta-blockers.

Consistent with this, a growing number of previous studies have reported that 
combining SSRIs with newer antipsychotics (e.g., clozapine, olanzapine, risperidone, 
sertindole, aripiprazole, ziprasidone, quetiapine) in geriatric patients has been associ-
ated with cases of arrhythmias, QTc interval prolongation on electrocardiograms, 
orthostatic hypotension, and confusion [157]. These alterations have, in turn, been 
linked to an increased risk of falls that may lead to fractures [158].

Fluvoxamine mainly inhibits CYP1A2 and CYP2C19, potentially increasing levels 
of drugs such as theophylline, warfarin, and several anticonvulsants (Figure 4).

Figure 4. 
Multiple effects of SSRIs. The diagram outlines both the pharmacokinetic and pharmacodynamic effects of SSRIs 
that may explain adverse drug reactions related to interactions at the metabolic, renal, vascular, and central 
nervous system levels. In the latter two regions, these drugs may alter SS physiology, potentially leading to adverse 
outcomes such as elevated blood pressure and hemorrhage. Created with https://BioRender.com.
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In addition, SSRIs can interact with other neurotransmitter systems. Fluoxetine 
and paroxetine, for instance, inhibit nicotinic receptors, which may contribute to the 
neurological side effects and alter cholinergic activity [159].

SSRIs may also increase the risk of upper gastrointestinal bleeding by inhibiting 
platelet SERT [146, 160]. This risk can be further elevated when they are used in combi-
nation with drugs that affect hemostasis, such as NSAIDs or anticoagulants [161, 162].

3.3.2 �Importance of the multiple indirect effects of SSRIs and their possible 
implications for adverse drug reactions

As with the two drug groups discussed above, SSRIs may also have overlapping 
effects because of their ability to modulate extracellular 5-HT levels. Since the SS is 
involved in multiple organs and systems, changes in 5-HT concentrations can trigger a 
wide range of effects and may interact with the mechanisms of action of other drugs.

Although some adverse effects of SSRIs are rare, they are clinically significant 
due to the sharp rise in their use over recent decades, especially among older adults 
and patients with T2DM and depression [163]. In addition, serious adverse effects 
are increasingly being reported, including hyponatremia, bleeding, increased risk of 
suicidal ideation, and cardiovascular complications with certain SSRIs.

SSRI-induced hyponatremia is defined as a plasma sodium concentration below 
136 mEq/L. Symptoms typically appear at levels under 130 mEq/L, with values below 
125 mEq/L considered severe. At 125–130 mEq/L, gastrointestinal symptoms are most 
common, while lower levels are associated with neuropsychiatric manifestations.

Risk factors for hyponatremia include age over 65 years, female sex, concomitant 
diuretic use, low body weight, and baseline plasma sodium levels near the lower limit 
of normal before initiating SSRI therapy (Figure 3) [164].

SSRI therapy has also been linked to increased reports of hypertension, both as a 
new-onset condition and as worsening of preexisting hypertension [165]. However, 
the magnitude of this risk appears to vary among different agents, and no clear dose-
response relationship has been established [166].

In terms of cardiovascular safety, certain SSRIs—particularly citalopram and 
escitalopram—can prolong the QTc interval, a concern especially relevant for patients 
with heart failure or those at risk of arrhythmias [167, 168].

4. �Possible strategies to prevent drug interactions involving multiple 
mechanisms of action in the geriatric population

The risk of developing DDIs—and consequently ADRs—is well known to increase 
in proportion to the number of drugs prescribed. The more medications a patient 
takes, the greater the likelihood of overlapping pharmacokinetic and pharmacody-
namic processes.

Beyond these overlaps, special attention should be given to drugs with multiple 
mechanisms of action, whether direct or indirect, such as biguanides, statins, and 
SSRIs, which have been discussed above as illustrative examples.

For this reason, physicians must exercise particular caution when prescribing 
these drugs as part of therapy for older adults.

Since drugs with multiple mechanisms of action add an extra layer of risk to DDIs, 
they further increase the likelihood of interactions with other medications and, 
consequently, the exponential probability of developing ADRs.
13
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Thus, even when fewer than five drugs are prescribed, the presence of a single drug 
with multiple mechanisms of action should be taken seriously. In such cases, strategies 
should be implemented to prevent or promptly detect the potential adverse effects.

Building on the discussion above, an algorithm has been developed to provide a 
clear and practical framework for managing the prescription of drugs with polyphar-
macology in the geriatric population (Figure 5).

When assessing the risk of clinically relevant DDIs in older adults, additional fac-
tors should be considered, including multiple prescribers, infrequent or inadequate 
monitoring, impaired drug elimination pathways, and pharmacogenetic variability. 
Effective communication between healthcare providers and patients is therefore 
essential, with treating physicians and nurses playing a central role in ensuring that 
patients are fully informed.

Recent research has shown that polypharmacy resulting from inappropriate drug 
selection or the use of medications without a valid indication is associated with an 
increased incidence of DDIs. This, in turn, raises the risk of ADRs and hospitaliza-
tions, contributing to a greater economic burden for both patients and healthcare 
systems [8, 169].

The prevention of polypharmacy and DDIs that may cause ADRs in geriatric 
patients requires a systematic, multidisciplinary approach grounded in current 
evidence. Strategies recommended in the medical literature include:

1.	The Beers criteria, together with the clinical tools STOPP/START, can help phy-
sicians identify potentially inappropriate medications and possible risks of DDIs 
when prescribing for geriatric patients [170, 171]. The STOPP/START criteria 
are particularly valuable, as they take into account physiological systems and 
emphasize periodic reviews of all prescribed drugs, including over-the-counter 
medications and supplements. These tools prioritize the assessment and the 
development of an individualized care plan, involving both the patient and the 
multidisciplinary healthcare team, in line with comprehensive medication  
management.

Figure 5. 
Algorithm for the management of drugs with multiple mechanisms of action.
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2.	Implement deprescribing processes, that is, the planned and supervised 
withdrawal of non-essential or high-risk medications, especially in patients with 
multimorbidity and limited life expectancy. This process should be individual-
ized and aligned with the patient’s therapeutic goals and preferences, involving 
pharmacists and other members of the healthcare team [172, 173]. Therefore, it 
is advisable to consult algorithms, particularly for drugs that may cause tolerance 
and dependence, such as antipsychotics and opioid analgesics, since strategies 
for gradual withdrawal can vary depending on the type of medication [174].

3.	Perform medication reconciliation at every care transition (admission, discharge, 
outpatient visit), identifying duplications, DDIs, and prescribing errors. This 
practice is especially important in settings such as emergency departments and 
primary care [171].

4.	Incorporate comprehensive geriatric assessment to identify vulnerabilities and 
age-related changes in pharmacokinetics and pharmacodynamics, and adjust 
pharmacotherapy according to the patient’s renal, hepatic, and cognitive func-
tion, as well as overall functional status [175].

5.	Use Clinical Decision Support Systems (CDSS), evidence-based software pro-
grams that integrate patient-specific information at the point of care [176], to 
assist healthcare professionals in achieving diagnostic precision and optimiz-
ing the effectiveness of pharmacological treatments [170, 171]. Alongside these 
tools, advances in the application of artificial intelligence (AI) strategies, such 
as mining large volumes of complex data, allow for the prediction of DDIs and 
promote more efficient, accurate, and comprehensive pharmacovigilance. These 
developments ultimately enhance patient safety and support the rational use of 
medications [177, 178].

6.	Promote collaboration among physicians, pharmacists, nurses, and other profes-
sionals—particularly in nursing homes and home care—to optimize pharmaco-
therapy and reduce risks [56, 173]. This includes training prescribers and edu-
cating patients about regulatory measures, such as black box warnings, which 
are prominently displayed on drug labels and highlight specific risks, including 
monitoring requirements or restrictions on use. Examples include common black 
box warnings for certain antidepressants (suicidal thoughts), opioids (addiction, 
overdose), and some antibiotics (tendon rupture) [179]. All of these measures 
are part of risk minimization programs [180], which should be considered in 
every prescription and at each transition of care.

7.	In addition, it is essential to consider other strategies based on the principles of 
rational prescribing [181]. Particularly in chronic treatments involving drugs 
with a high potential for interaction, it is advisable to start with a low dose, pro-
ceed gradually, and discontinue therapy whenever possible. Maintaining close 
communication with the patient is also critical to foster health literacy strategies, 
which can help minimize risks in prescribing [182].

These strategies, supported by the medical literature, have been shown to reduce 
the incidence of adverse reactions, hospitalizations, and complications associated 
with polypharmacy in older adults.
15



Polypharmacy and Inappropriate Medication Use

16

ADRs can have direct economic implications due to the increased rates of hospi-
talization, morbidity, mortality, and associated costs [183]. They may also negatively 
affect family finances through potential loss of work, caregiver burden, and changes 
in family dynamics. In addition, ADRs place added financial stress on healthcare 
systems [184], especially in developing countries.

Therefore, the effective implementation of preventive strategies requires institu-
tional commitment and the integration of review and prescribing processes into daily 
clinical practice [185, 186].

5. �Future perspectives

Let us imagine a near-future scenario in which every older adult has a microchip 
containing their complete medical history, including key genetic profile data such as 
hepatic cytochrome subtype. At the start of a consultation, this microchip could auto-
matically connect to software powered by AI, which would analyze the patient’s clinical 
data and compare the evidence with the most recent advances in clinical research.

In this way, when the physician issues a prescription, the program could estimate 
and alert for the presence of hidden polypharmacy, the probability of DDIs and 
ADRs, and encourage rational polypharmacy, where deprescribing through algo-
rithms is continually promoted.

Moreover, this system could also have the capacity to send and install an applica-
tion on the patient’s mobile phone, providing the treatment plan and a reminder 
system for prescription schedules. In parallel, the program could generate and sched-
ule videos to educate the patient about their pharmacological treatment, necessary 
precautions when taking medications, guidelines for early detection and reporting of 
ADRs, and counseling to avoid foods or dietary supplements that could interact with 
the prescribed therapies.

All of the above is already possible today, but only in separate components: 
Electronic medical records exist, as do AI-based programs that can guide physicians 
in identifying inappropriate drugs or those at risk of drug interactions, as discussed 
earlier.

However, despite these advances, it remains difficult to integrate all these ele-
ments into a single program, since differences still exist in the formats used for 
medical records across institutions and specialties. This represents a major obstacle to 
continuity of care for the geriatric population, particularly when a patient is repeat-
edly hospitalized in different institutions or requires consultations with multiple 
specialties.

Having up-to-date clinical information available electronically—including phar-
macological treatments—would foster greater effectiveness in therapy, medical care, 
and pharmacovigilance.

It is essential to give special consideration to drugs with multiple mechanisms of 
action because of the higher risk they pose for DDIs.

Therefore, promoting further research into metformin’s ability to regulate the 
serotonergic and GABAergic systems in pancreatic β-cells, as well as in platelets, the 
immune system, and the CNS, represents a key challenge that would help clarify 
the possible mechanisms of interaction among drugs that share similar targets, 
enabling the prevention or explanation of ADRs. In addition, leveraging this knowl-
edge to innovate and explore the potential of biguanides in the treatment of other 
diseases is essential.
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Statins and SSRIs, due to their multiple mechanisms of action, may indirectly 
affect SS function—statins by altering extracellular 5-HT levels, and SSRIs by 
lowering cholesterol levels. Both mechanisms could impact the functionality of the 
serotonergic system. Further research on these drugs would therefore improve the 
understanding of SS-related DDIs.

6. �Conclusions

Biguanides, statins, and SSRIs, through their polypharmacological actions, may 
interact directly or indirectly with the SS, which is present in various systems includ-
ing the gastrointestinal tract, pancreas, platelets, and CNS.

Prescribing a drug with multiple mechanisms of action as part of polypharmacy 
in the geriatric population may significantly increase the risk of DDIs associated with 
adverse drug reactions (ADRs).

It is important to note that in hidden polypharmacy the risks of adverse effects are 
often underestimated, highlighting the need to strengthen individualized pharmaco-
vigilance strategies based on effective communication between healthcare profession-
als and patients, fostering training for the former and education for the latter.

Therefore, before prescribing any drug with polypharmacological properties, its 
use should be carefully evaluated and, whenever possible, reconsidered. If prescrib-
ing is necessary, both family members and healthcare professionals must remain 
vigilant for the appearance of ADRs in order to ensure timely intervention and 
prevent serious outcomes.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

The Burden of Inappropriate 
Polypharmacy: Approaches to 
Improve Medication Safety
Farid A. Badria and Abdullah A. Elgazar

Abstract

Polypharmacy, defined as the concurrent use of multiple medications, has become 
an increasingly common feature of modern healthcare, particularly among aging 
populations with complex multimorbidity. While the use of multiple drugs may be 
clinically justified in many circumstances, the growing prevalence of medication 
regimens that expose patients to unnecessary risk has raised significant clinical, 
economic, and regulatory concerns. Adverse drug events, prescribing cascades, 
drug–drug interactions, and the underrecognized contribution of herb-drug interac-
tions collectively underscore the challenges associated with contemporary pharmaco-
therapy. This chapter situates polypharmacy within the broader context of healthcare 
system pressures and evolving therapeutic paradigms, highlighting the conditions 
under which medication use transitions from rational complexity to avoidable harm. 
Established clinical practices, including pharmacotherapy vigilance, interprofessional 
medication review, and deprescribing frameworks, are discussed alongside emerging 
pharmaceutical strategies designed to streamline treatment regimens. In parallel, 
advances in artificial intelligence-supported clinical decision systems are considered 
for their potential to enhance the individualized risk assessment and support safer 
medication management. By integrating clinical stewardship with pharmaceutical 
and technological innovation, the chapter provides a cohesive perspective on address-
ing medication-related complexity in chronic disease management, with particular 
attention to minimizing preventable harm while preserving the therapeutic efficacy.

Keywords: polypharmacy, multimorbidity, deprescribing, drug–drug interactions, 
herb–drug interactions, adverse drug events, polypill, multi-target drug design, 
artificial intelligence in healthcare, medication review, patient-centered care, chronic 
disease management

1. �Introduction

The term polypharmacy has evolved significantly from a simple quantitative
measure to a more nuanced clinical concept. Historically—and still commonly in 
research—it is defined as the regular use of five or more medications. However, this 
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threshold is arbitrary, with studies using varying cut-points ranging from two to as 
high as 11 drugs, while terms like excessive polypharmacy are often applied to the use 
of 10 or more medications. This lack of a standardized numerical definition has led to 
substantial heterogeneity in the literature, making it difficult to compare the preva-
lence rates and intervention outcomes across studies [1].

Recognizing these limitations, a more clinically relevant framework has emerged, 
guided by the World Health Organization’s (WHO) broader definition of polyphar-
macy as “the administration of many drugs at the same time or the administration of 
an excessive number of drugs.” This definition introduces a crucial qualitative distinc-
tion between two key types of polypharmacy. Appropriate polypharmacy refers to the 
evidence-based and clinically justified use of multiple medications to manage com-
plex or multiple health conditions, where therapeutic benefits outweigh the potential 
risks. In such cases, each medication has a clear indication, the regimen is regularly 
reviewed, and the treatment is optimized to achieve the defined clinical outcomes [2]. 
Problematic or inappropriate polypharmacy, on the other hand, occurs when the use 
of multiple medications becomes potentially harmful. This may involve prescribing 
drugs without a clear indication, using medications where risks (such as side effects 
or interactions) outweigh benefits, or employing combinations that create clinical 
or practical challenges for the patient. It may also include potentially inappropriate 
medications (PIMs)—drugs with an unfavorable risk–benefit ratio in specific popula-
tions, such as older adults, as identified by criteria like the Beers List.

In contrast, problematic or inappropriate polypharmacy occurs when the use of 
multiple medications becomes hazardous. This may involve prescribing drugs with-
out a clear clinical indication, using medications where risks (such as side effects or 
interactions) outweigh benefits, or employing drug combinations that pose harm. It 
can also include overly complex regimens that become unmanageable or distressing 
for patients. Additionally, problematic polypharmacy may involve (PIMs)—drugs 
with an unfavorable risk–benefit balance in older adults, as identified by tools like the 
Beers Criteria.

When interpreting population-level statistics in this chapter, it is important to 
note that most prevalence data refer to polypharmacy in the quantitative sense (e.g., 
≥5 drugs), not necessarily inappropriate polypharmacy. The figures thus identify 
populations at higher risk of inappropriate use, adverse drug events, and non-
adherence—but do not imply that all cases are harmful. Indeed, polypharmacy can be 
clinically appropriate and necessary for patients with multimorbidity, provided that 
medication regimens are continuously reviewed and optimized.

The prevalence of polypharmacy, as quantitatively defined, is a growing global 
phenomenon driven largely by aging populations and the increasing burden of 
chronic disease. While estimates vary widely—from 10 to 90%, depending on 
definitions and populations—clear trends exist. In the United States, the prevalence 
of polypharmacy (≥5 drugs) more than doubled over two decades, from 8.2% in 
1999–2000 to 17.1% in 2017–2018. Among adults aged ≥65 years, the rate increased 
from 22.4 to 45.1% during the same period. Similar patterns are observed globally: In 
Canada, 30.9% of adults aged 60–79 take five or more prescription medications—
nearly triple the rate in those aged 40–59. European data reflect comparable trends, 
with a Polish national cohort reporting polypharmacy prevalence of 43.1% in adults 
aged 65+ and 56.0% among those aged 80 and above [3].

Certain populations experience an even greater burden. Residents of long-term 
care facilities—often frail and medically complex—show rates as high as 91% for 
the use of ≥5 medications daily. Similarly, patients with chronic conditions such as 
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cardiovascular disease (61.7%) and diabetes (57.7%) are disproportionately affected. 
Socioeconomic factors also influence prevalence, with individuals in deprived areas 
exhibiting higher rates of polypharmacy at younger ages due to earlier onset and 
clustering of chronic diseases. Another high-risk group includes patients with chronic 
mental health disorders, who are frequently prescribed multiple psychotropic medi-
cations associated with the substantial adverse effect profiles (Table 1) [4, 5].

It is important to recognize that while the clinical distinction between appro-
priate and inappropriate polypharmacy is fundamental, much of the large-scale 
epidemiological and economic research referenced in this chapter employs a 
purely quantitative definition (e.g., the concurrent use of ≥5 medications). In 
such studies, this numerical threshold serves as a pragmatic proxy for identifying 
populations at elevated risk. Accordingly, the reported “burdens” of polyphar-
macy—such as increased healthcare costs, adverse drug events, and medication 
non-adherence—should be interpreted as outcomes that occur disproportionately 
within this quantitatively defined group, where inappropriate prescribing practices 
are more likely to occur.

Against this background, this chapter explores polypharmacy as a defining feature 
of contemporary pharmacotherapy while focusing particular attention on the cir-
cumstances under which medication complexity transitions from necessary clinical 
management to avoidable risk. Rather than treating polypharmacy as inherently 
undesirable, the discussion centers on identifying and addressing forms of medica-
tion use that lack clear clinical justification, compromise patient safety, or undermine 
the therapeutic goals. By synthesizing epidemiological evidence, clinical stewardship 
approaches, and emerging pharmaceutical and digital innovations, the chapter aims 
to provide a cohesive perspective on how medication-related harm can be minimized 
without compromising effective treatment of multimorbidity. In doing so, it situates 

Population* Prevalence of 
polypharmacy (≥5 drugs)

Key correlates/Risk factors References

U.S. adults ≥65 years’ overall 
(2017–2018)

17.1% Age, multimorbidity, race, 
education

[3, 4]

U.S. adults ≥65 years 45.1% Advanced age, hypertension, 
diabetes, cardiovascular disease

[3, 4]

European adults ≥65 years 32.1–43.1% Multimorbidity, frailty, 
healthcare utilization

[5, 6]

European adults ≥80 years 56.0% Advanced age, frailty, cognitive 
impairment

[5, 6]

Long-term care residents 
(adults ≥65 years)

Up to 91% Frailty, institutionalization, 
cognitive decline

[7]

Patients with cardiovascular 
disease (U.S.) adults ≥65 years

61.7% Guideline-driven multidrug 
therapy

[5]

Patients in socioeconomically 
deprived areas (Ireland) adults 
≥65 years

74.7% Early disease onset, 
comorbidity clustering

[8]

*Quantitative polypharmacy is used as an epidemiological marker to identify populations at increased risk of 
inappropriate polypharmacy; it does not imply that all multidrug regimens are clinically inappropriate.

Table 1. 
Quantitative polypharmacy as a proxy indicator for populations at increased risk of inappropriate 
polypharmacy.
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inappropriate polypharmacy within a broader systems-level context that encompasses 
prescribing practices, patient factors, and evolving healthcare technologies.

2. �The clinical and economic consequences of inappropriate 
polypharmacy

Problematic polypharmacy has profound consequences, triggering a cascade of 
adverse clinical and economic outcomes. In particular, polypharmacy substantially 
increases the risk of drug–drug interactions (DDIs), a major mechanism and source 
of preventable adverse drug events (ADEs). The most immediate risks include a sharp 
rise in ADEs, DDIs, and drug-disease interactions. The likelihood of an ADE increases 
exponentially with the number of prescribed medications—outpatients taking five 
or more drugs face an 88% higher risk compared to those on fewer medications [6]. A 
prospective study of hospitalized older adults on five or more medications revealed an 
alarming 80% prevalence of potential DDIs mediated by the hepatic cytochrome P450 
(CYP) enzyme system. These risks are far from trivial: ADEs rank among the fourth 
to sixth leading causes of death worldwide and account for up to 10% of hospital 
admissions among older adults [7, 8].

2.1 The prescribing cascade: A vicious cycle

A particularly concerning driver of inappropriate polypharmacy is the “pre-
scribing cascade,” where the side effect of one drug is misinterpreted as a new 
medical condition, leading to the unnecessary prescription of additional medica-
tions. This creates a vicious cycle of escalating medication burden and risk. A 
systematic review identified 49 distinct prescribing cascade pathways, with the 
most frequent stemming from cardiovascular and nervous system drugs. Classic 
examples include prescribing diuretics for edema caused by calcium channel 
blockers or antiparkinsonian agents to counteract the antipsychotic-induced 
extrapyramidal symptoms. Such cascades not only worsen polypharmacy but also 
amplify patient harm [9].

The economic burden of polypharmacy is staggering, straining healthcare systems 
worldwide. If healthcare systems already bear a substantial financial burden from 
appropriate polypharmacy—where multiple medications are clinically necessary—
then the costs associated with inappropriate and unnecessary polypharmacy are even 
more excessive and unjustifiable.

Current data illustrate the scale of this burden: a 2022 Washington state analysis 
found that polypharmacy was associated with $17,733 higher annual medical costs per 
senior compared to those without polypharmacy. Similarly, a national study of older 
adults with cardiovascular disease (CVD) revealed that polypharmacy nearly doubled 
total healthcare expenditures—rising from $8815 to $19,068 annually—and tripled 
pharmacy-related spending. When these medications are inappropriate, these costs 
represent a complete loss of resources, stemming from preventable hospitalizations, 
unnecessary outpatient visits, and the direct expense of medications that offer no 
clinical value [10].

Beyond clinical and financial impacts, inappropriate polypharmacy severely 
diminishes patients’ quality of life. It is strongly associated with reduced health-
related quality of life (HRQOL), particularly in physical functioning, and contributes 
to psychological distress, medication non-adherence, and increased caregiver burden. 
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The cumulative effect is a healthcare paradox: While medications are prescribed to 
improve health, excessive and inappropriate use often leads to greater harm than 
benefit.

Generally, polypharmacy inevitably leads to medication non-adherence, a wide-
spread and complex challenge in patient care. The sheer cognitive and logistical 
burden of managing multiple medications—each with different dosages, schedules, 
and administration instructions—overwhelms many patients, particularly older 
adults who may also contend with age-related cognitive decline, vision impairment, 
or dexterity limitations. Studies highlight the severity of this issue: One investigation 
of older adults with polypharmacy found a non-adherence rate of 79.6%, underscor-
ing the difficulty patients face in following complex regimens [11, 12].

The root causes of non-adherence are multifaceted. Some patients simply forget to 
take their medications, while others struggle with the high financial cost of multiple 
prescriptions. Many lose confidence in their treatment, either due to unclear per-
ceived benefits or unreported side effects that prompt them to independently adjust 
or discontinue medications without consulting their provider. This erratic adherence 
behavior contributes to treatment failure, disease progression, and avoidable hospi-
talizations, perpetuating a vicious cycle of escalating healthcare utilization [13, 14].

Also, the prevailing clinical paradigm often assumes that guideline-concordant, or 
“appropriate,” polypharmacy sufficiently mitigates the risks associated with multiple 
medication uses; however, current evidence demonstrates that such regimens still 
precipitate substantial iatrogenic harm. Even when optimized according to standard 
care protocols, polypharmacy introduces the measurable risks driven by cumulative 
drug burden, unpredictable pharmacological interactions, and individual physiologi-
cal vulnerabilities. For instance, patients prescribed seven or more medications face 
an approximate 80% risk of experiencing an adverse drug event (ADE) despite the 
regimen being evidence-based [15].

Furthermore, adherence to parallel, multi-disease guidelines frequently engenders 
clinically significant drug–drug interactions (DDIs) by design. In older adult populations 
with diabetes, optimized therapies still generate serious DDIs in 14–25% of cases [16], 
a risk mirrored broadly among older adults admitted to hospitals [17]. Similarly, DDIs 
account for approximately 30% of unexpected adverse events identified in spontaneous 
reporting systems [18]. These interactions contribute significantly to acute medical cri-
ses, including emergency department presentations driven by conflicts between baseline 
antihypertensives and newly prescribed acute medications [19], as well as hospital 
admissions in vulnerable demographics like elderly oncology patients [20, 21].

Beyond discrete interactions, the cumulative physiological burden associated with 
appropriate polypharmacy manifests in severe, systemic clinical outcomes. Systematic 
evaluations indicate that polypharmacy is linked to a pooled 18% incidence of 
acute kidney injury (AKI), heavily driven by the convergence of nephrotoxic agents 
[22]. The inherent complexity of these regimens independently increases hospital 
admissions for concurrent conditions, such as atrial fibrillation [23]. Moreover, even 
rigorously optimized regimens frequently fail to eliminate exposure to potentially 
inappropriate medications (PIMs). These embedded PIMs mediate a significant por-
tion of the excess iatrogenic harm and are associated with a 30% increase in mortality 
among patients subject to chronic polypharmacy [24]. Consequently, the designation 
of a regimen as “appropriate” solely confirms its conformity to isolated evidence-
based criteria; it does not guarantee the physiological capacity of multimorbid 
patients to safely metabolize the cumulative pharmaceutical load, underscoring the 
clinical necessity of targeted, patient-centered deprescribing interventions [25].
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Addressing these issues require tailored interventions, such as simplified dos-
ing schedules, medication synchronization, pill organizers, and regular medication 
reviews to deprescribe unnecessary drugs. Additionally, patient education, shared 
decision-making, and cost-reduction strategies can improve adherence and mitigate 
the downstream consequences of polypharmacy. Without such measures, the bur-
den of non-adherence will continue to undermine treatment efficacy and patient 
outcomes.

2.2 The hidden risk: Unregulated supplements and herb-drug interactions

Compounding the challenges of prescription polypharmacy is a largely hidden 
and under-regulated dimension: the widespread use of herbal supplements and other 
complementary medicines. Driven by a desire for self-care and a common mispercep-
tion that “natural” equates to “safe,” patients frequently add pharmacologically active 
substances to their regimens without clinical oversight, creating a significant and 
often invisible risk of harmful herb-drug interactions (HDIs).

The risks associated with herbal supplements are magnified by a global regula-
tory landscape marked by profound inconsistencies, creating a false sense of secu-
rity among consumers. In the United States, the Dietary Supplement Health and 
Education Act (DSHEA) of 1994 classifies the herbal products as dietary supplements 
rather than drugs, exempting manufacturers from providing the FDA with evidence 
of safety or efficacy before marketing. This reactive regulatory approach means action 
is taken only after a product is proven unsafe, allowing potentially hazardous botani-
cal products to enter the market with minimal oversight [26].

By contrast, the European Union’s Traditional Herbal Medicinal Products 
Directive (THMPD) requires evidence of quality, safety, and plausible efficacy for 
herbal products with a history of traditional use, offering greater consumer protec-
tion than the US model while still falling short of pharmaceutical standards. Asia 
presents a regulatory spectrum, with countries like China and India integrating some 
herbal products into formal medicine systems under national pharmacopeias, while 
others lack robust quality control and post-market surveillance. This regulatory 
disharmony results in dramatic variations in product quality and safety worldwide, 
posing significant challenges for clinicians and consumers navigating an increasingly 
globalized supplement market [27].

Contrary to the common perception of natural products as inherently safe, 
herbal supplements contain pharmacologically active compounds that interact 
with conventional medications through the established pharmacokinetic and 
pharmacodynamic mechanisms. Pharmacokinetic interactions most frequently 
involve modulation of the hepatic cytochrome P450 (CYP) enzyme system, which 
metabolize most prescription drugs. St. John’s Wort serves as a prime example, 
acting as the potent inducer of CYP3A4, CYP1A2, and CYP2C9 isoenzymes along 
with P-glycoprotein, leading to accelerated metabolism and reduced efficacy of 
critical medications including oral contraceptives, immunosuppressants, and 
antiretrovirals [28, 29].

Conversely, herbs like echinacea inhibit these same enzymes, potentially elevat-
ing drug concentrations to toxic levels. Pharmacodynamic interactions occur when 
herbal and pharmaceutical compounds act on the same physiological pathways, as 
seen with the additive antiplatelet effects of garlic, ginger, and ginkgo biloba when 
combined with warfarin or aspirin, significantly increasing bleeding risk. Similarly, 
herbs like ginseng can potentiate hypoglycemic agents, while hawthorn may 
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amplify the effects of antihypertensive medications, demonstrating that “natural” 
products can profoundly influence conventional drug therapy through multiple 
biological pathways [30, 31].

The clinical consequences of these interactions are far from theoretical, with 
documented cases ranging from treatment failures to life-threatening adverse events. 
The widespread use of herbal supplements, combined with inconsistent regulation 
and inadequate clinician-patient communication about their risks, creates a perfect 
storm for preventable medication-related harm. This situation is further complicated 
by the fact that many patients do not disclose herbal supplements to their healthcare 
providers, often because they perceive these products as harmless or fear disapproval.

The resulting information gap leaves clinicians unaware of potential interactions 
when prescribing medications, while consumers remain uninformed about the very 
real pharmacological effects of the supplements they take. Addressing this chal-
lenge requires a multi-pronged approach including improved regulatory standards, 
enhanced clinician education about herb-drug interactions, and open, non-judg-
mental communication with patients about their use of complementary therapies. 
Without such measures, the risks posed by herbal supplements will continue to 
represent an underappreciated yet significant threat to medication safety and public 
health.

3. �A framework for intervention: Strategies for optimizing medication use

Effectively managing polypharmacy requires a multifaceted strategy that balances 
evidence-based prescribing with patient-centered care. The process begins with 
comprehensive medication review and reconciliation, a critical intervention that 
extends beyond merely listing prescriptions to holistically evaluating all substances a 
patient consumes—including prescription drugs, over-the-counter medications, and 
supplements—in relation to their health goals.

3.1 Comprehensive medication management and the role of the pharmacist

Comprehensive Medication Management (CMM) represents the gold standard 
for this approach, ensuring each medication is assessed for appropriateness, effec-
tiveness, safety, and adherence. This continuous, patient-centered process involves 
identifying patients at risk, obtaining a detailed medication history, evaluating 
therapy, detecting drug-related problems, and developing a personalized care plan 
with structured follow-up [32]. Given their pharmacological expertise, clinical 
pharmacists play a pivotal role in leading CMM, particularly in integrated care models 
where they collaborate with physicians under structured agreements to adjust, initi-
ate, or discontinue medication [33]. According to prospective study, it was shown 
that pharmacist-led reviews significantly improve therapy appropriateness and 
patient education, though the time-intensive nature of these interventions—averag-
ing 49 minutes for initial assessments—underscores the need for dedicated clinical 
support [34].

3.2 Deprescribing: The systematic process of medication withdrawal

A cornerstone of polypharmacy management is deprescribing, and the systematic 
and supervised process of withdrawing medications when risks outweigh benefits. 
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This proactive approach requires careful patient assessment, identification of PIMs, 
prioritization based on harm-benefit ratios, and implementation of tapering regimens 
with close monitoring. Structured frameworks such as the ARMOR protocol and 
specialized resources like the Maudsley Deprescribing Guidelines provide clinicians 
with evidence-based methodologies for reducing medication burden [35–37]. Success 
hinges on shared decision-making, where clinicians and patients collaboratively align 
deprescribing plans with personal health priorities, emphasizing optimization rather 
than treatment withdrawal.

To support medication reviews and deprescribing, validated screening tools help 
clinicians identify inappropriate prescribing. Explicit criteria like the Beers Criteria 
flag high-risk medications in older adults, while the STOPP/START tool offers a more 
comprehensive evaluation by addressing both overprescribing and treatment gaps 
[38, 39]. For complex cases, implicit tools such as the Medication Appropriateness 
Index (MAI) enable nuanced, patient-specific assessments. The choice of tool 
depends on clinical context, with explicit criteria suited for rapid screening and 
implicit methods reserved for in-depth reviews [40].

Even the most optimized regimen fails if patients cannot adhere to it, making 
adherence support a critical component of polypharmacy management. Effective 
strategies combine education—clarifying medication purposes, benefits, and side 
effects—with practical interventions such as pill organizers or reminder systems. 
However, adherence efforts must address individual barriers, including cost, forget-
fulness, or skepticism about treatment efficacy. A persistent challenge lies in reconcil-
ing disease-specific guidelines, which often promote additional medications, with 
holistic care models that prioritize reducing unnecessary drug burden. This tension 
highlights the need for clinical judgment that balances guideline-directed therapy 
with patient-centered priorities, such as Qol and functional status.

Implementation of context profoundly influences the success of these strate-
gies. For example, while STOPP/START recommendations are highly effective 
when delivered by physicians, their impact diminishes when communicated by 
pharmacists—a disparity attributed to professional hierarchies rather than clinical 
validity. This underscores the importance of fully integrating pharmacists into care 
teams with defined collaborative roles to maximize their contributions. Ultimately, 
effective polypharmacy management demands a systematic yet flexible approach, 
blending structured tools with individualized care to mitigate risks while preserving 
the therapeutic benefits (Table 2).

While the theoretical foundations of Comprehensive Medication Management 
(CMM), deprescribing, and related pharmaceutical care strategies are the well-
established, their true value lies in their demonstrated real-world impact. A critical 
examination of the evidence reveals a compelling yet nuanced picture: These inter-
ventions consistently excel at improving medication-related processes and generat-
ing economic value, but their ability to improve “hard” clinical endpoints such as 
mortality and hospitalizations present a more complex story that reflects the inherent 
challenges of studying frail, multimorbid populations.

The evidence supporting traditional pharmaceutical interventions is both robust 
and overwhelmingly positive when examining their primary targets: medication 
appropriateness and healthcare economics. Pharmacist-led medication reviews 
consistently achieve their fundamental objective of improving prescribing quality 
and appropriateness. Multiple studies and systematic reviews demonstrate that these 
interventions successfully identify and resolve medication-related problems (MRPs), 
including the elimination of PIMs.
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A compelling example comes from a study of multidisciplinary structured 
medication reviews (SMRs) in care homes, which demonstrated substantial reduc-
tions in polypharmacy. The average number of medications per resident decreased 
from 8.32 to 6.99—a clinically meaningful reduction of 1.33 medicines per person. 
Notably, this included the discontinuation or modification of high-risk medications 
such as diuretics and anticoagulants, which are the known contributors to a signifi-
cant proportion of preventable hospital admissions. Perhaps the most documented 
and persuasive aspect of these interventions is their economic impact. The care 
home SMR study projected annual net medication savings of £131,462, averaging 
£169 per resident [41, 42].

However, larger-scale CMM programs demonstrate even more dramatic financial 
benefits. A CMM program implemented across Texas primary care clinics generated 
an estimated $1,143,015 in cost savings through systematic resolution of drug therapy 
problems. Even more impressive, an analysis of a large US Medicaid plan found that 
CMM implementation was associated with a 19.3% decrease in total cost of care, 
translating to savings of $554 per patient per month. Return on investment (ROI) 
calculations further underscore this value proposition, with one large integrated 
health system reporting an impressive 12:1 ROI for its medication therapy manage-
ment (MTM) program. These figures demonstrate that strategic investment in skilled 
clinical pharmacist time to optimize the medication use yields substantial financial 
returns for health systems and payers [43, 44].

Interventions focused specifically on deprescribing demonstrate similarly 
impressive results in reducing overall medication burden. Systematic reviews 
consistently conclude that deprescribing initiatives lead to statistically significant 
reductions in both total prescribed medications and PIMs. In one comprehensive 
systematic review of 14 randomized controlled trials (RCTs), 13 studies successfully 
demonstrated that deprescribing interventions reduced the number of drugs or 
doses taken by patients [45, 46].

Tool name Type Primary focus Key strengths Key limitations Refs.

Beers Criteria Explicit Identifying PIMs in 
older adults.

Widely recognized, 
evidence-based, 
frequently updated 
by the American 
Geriatrics Society.

Does not address 
prescribing omissions; 
some criteria may not 
be applicable outside 
the United States.

[38, 39]

STOPP/START 
Criteria

Explicit Identifying 
PIMs (STOPP) 
and Potential 
Prescribing 
Omissions (PPOs) 
(START).

Comprehensive, 
physiological systems-
based approach; 
uniquely addresses 
undertreatment 
(omissions).

Can be complex and 
time-consuming due 
to the large number 
of criteria (190 in 
Version 3).

[38, 39]

Medication 
Appropriateness 
Index (MAI)

Implicit Patient-specific 
appropriateness 
assessment based 
on 10 guiding 
questions.

Highly individualized 
and patient-centered; 
considers clinical 
complexity and 
context.

Time-consuming; 
requires a high level 
of clinical judgment 
and expertise; less 
standardized.

[40]

*Explicit tools apply predefined, rule-based criteria to identify potentially inappropriate prescribing, whereas implicit 
tools rely on individualized clinical judgment to assess medication appropriateness within the patient’s specific clinical 
context.

Table 2. 
Comparative analysis of Key Polypharmacy Screening Tools.
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Critically, these medication reductions are achieved with an excellent safety profile. 
Across the aforementioned multiple systematic reviews, researchers have found that 
deprescribing interventions are not associated with significant harm.

3.3 Complex outcomes: Clinical and humanistic endpoints

While the impact on medication optimization and economic measures is clearly 
positive, the effect of these interventions on major clinical and humanistic outcomes 
presents a more nuanced picture that reflects the complexity of studying vulner-
able patient populations. The relationship between reducing PIMs and improving 
major clinical outcomes like hospitalizations, falls, and mortality is not consistently 
straightforward. A meta-analysis of interventions using the STOPP/START criteria 
found some evidence for positive clinical effects, including reduced patient falls and 
shorter hospital lengths of stay. However, the same analysis found no statistically sig-
nificant effect on overall mortality [47]. Similarly, a comprehensive systematic review 
of hospital-based deprescribing interventions reached parallel conclusions; while the 
interventions effectively reduced PIMs, their impact on clinical outcomes like hospital 
readmissions and mortality remained unclear due to low-quality and highly hetero-
geneous available evidence [48]. Other major reviews have echoed this uncertainty, 
concluding that definitive evidence for consistent improvement in patient-oriented 
outcomes across all settings remains elusive.

Despite these mixed overall results, stronger evidence emerges for clinical benefit 
in specific, well-defined populations. A notable systematic review focused on older 
patients with life-limiting illnesses and limited life expectancy found that deprescribing 
dual-purpose medications (such as statins used for long-term prevention) was associ-
ated with significant mortality reduction (risk ratio of 0.59) and lower risk of acute care 
referrals (risk ratio of 0.40). This suggests that in end-of-life care, where therapeutic 
goals shift from long-term prevention to immediate QoL and symptom management, 
deprescribing benefits become more pronounced and clinically meaningful [48].

Evidence regarding (QoL) impact presents a similarly complex landscape. One 
systematic review of deprescribing RCTs reported that among five studies measuring 
(HRQoL) as a primary outcome, four found significant positive effects associated 
with the intervention. This suggests that reducing medication burden can produce 
tangible improvements in how patients feel and function. However, other large-scale 
reviews have found little to no consistent effect on QoL measures [45]. In contrast, 
patient satisfaction with CMM and pharmacist-led services remains consistently 
high, indicating that patients value the dedicated time and personalized attention 
these interventions provide [49].

The evidence presents a compelling paradox: interventions proven to be safe, 
highly effective at reducing inappropriate prescribing, and economically beneficial 
do not always translate into clear, consistent improvements in major health outcomes 
like mortality. This discrepancy does not necessarily indicate intervention failure but 
rather reflects several important considerations.

Many clinical trials in this field may be underpowered or have follow-up periods 
insufficient to detect statistically significant changes in long-term outcomes like 
mortality, particularly in populations with high baseline risk. A six-month follow-up 
period may adequately capture changes in medication counts but prove insufficient 
for detecting meaningful survival differences.

A “ceiling effect” may exist related to the underlying health status of target 
populations. Patients with the highest medication burdens are often the most severely 
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ill and frail. While optimizing their medications represents a crucial step in reducing 
iatrogenic harm, it may be insufficient to fundamentally alter the trajectory of severe, 
complex, and often terminal illnesses. This leads to a more profound consideration: 
Current research may be focusing on inappropriate outcomes. For a frail, 90-year-
old nursing home resident with advanced dementia, the most meaningful clinical 
goal may not be extending life by several months, but rather improving daily QoL by 
reducing sedative side effects, minimizing fall risk, and simplifying daily routines.

An intervention that successfully deprescribes a sedative hypnotic, thereby 
improving patient alertness and reducing fall risk, represents a clear clinical suc-
cess from a patient-centered perspective. However, if that patient still gives way to 
their underlying end-stage disease 6 months later, a study using only mortality as its 
primary endpoint would incorrectly classify the intervention as “ineffective.” This 
highlights the critical need for future research to prioritize patient-centered outcomes 
such as QoL, functional status, and symptom burden, which may be more sensitive to 
the medication optimization benefits.

This evidence landscape creates both opportunities and challenges for health 
system leaders. The strong and consistent data on economic benefits—demonstrated 
high ROI and significant cost savings—provides compelling justification for payers 
and administrators to invest in CMM and deprescribing programs. However, gain-
ing broad support from frontline clinicians—who are mainly focused on improving 
patient care—requires a different and more targeted way of communicating.

The focus should emphasize the proven safety of these interventions, their 
demonstrated ability to reduce the present danger of adverse drug events, and their 
tangible, patient-centered benefits such as reducing side effect burden and improv-
ing QoL. While acknowledging that mortality reduction data remains evolving, the 
justification for these programs must be carefully tailored to resonate with the distinct 
priorities and motivations of different healthcare stakeholders.

The path forward requires embracing a more nuanced understanding of success—
one that values both the measurable economic impact and the less quantifiable but 
equally important improvements in patient experience and QoL that these interven-
tions consistently deliver.

4. �The technological Frontier: Innovations in polypharmacy management 
and prevention

The management of polypharmacy stands at a technological inflection point. While 
traditional strategies remain foundational, they are often manual, time-consuming, and 
reactive in nature. The emergence of artificial intelligence, machine learning, and other 
advanced technologies promises to fundamentally reshape this landscape by offering a 
comprehensive suite of tools that enable proactive risk prediction, deep personalization 
of therapy, and enhanced patient support. These technological innovations are trans-
forming polypharmacy management from an art of clinical judgment into a science of 
data-driven precision.

4.1 �Next-generation clinical decision support systems

Traditional Clinical Decision Support Systems in electronic health records have 
long served to flag potential drug–drug interactions or contraindications. However, 
their utility has been significantly hampered by “alert fatigue”—these rule-based 
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systems often generate high volumes of generic, low-relevance warnings, leading 
clinicians to override or ignore them and thus blunting their effectiveness. The new 
generation of AI-powered Clinical Decision Support Systems represents a quantum 
leap forward. By employing machine learning algorithms trained on vast clinical 
datasets, these systems can identify complex patterns and provide alerts that are more 
personalized, contextual, and clinically relevant, thereby reducing override rates and 
increasing their clinical impact [50, 51].

Several innovative platforms exemplify this transformative approach. One notable 
example is a commercial AI system (FeelBetter Inc., Boston, MA, USA) that analyzes 
comprehensive electronic health record (EHR) data to proactively identify patients 
at high risk of clinical deterioration due to suboptimal medication management 
including problematic polypharmacy. In a validation study conducted in collabora-
tion with Brigham and Women’s Hospital, a leading healthcare institution in Boston, 
Massachusetts, USA, the platform demonstrated exceptional performance—its 
medication-related warnings were accurate in 89.2% of cases and judged clinically 
useful by physician and pharmacist reviewers in 97.3% of cases. These AI-generated 
insights frequently translated into direct changes in patient care plans, such as discon-
tinuing unnecessary dual antiplatelet-anticoagulant therapy in a patient with recent 
bleeding—a nuanced decision that simple rule-based alerts might miss [52].

ABiMed (developed by INSERM, France) represents another research-based 
Clinical Decision Support System designed to enhance rather than merely automate 
the medication review process. Moving beyond simple guideline checklists, it inte-
grates multiple functions by automatically extracting and transferring patient data 
from general practitioners’ electronic health records to pharmacists, implementing 
rules from guidelines like STOPP/START, and using visual analytics to present com-
plex drug knowledge—including side effect profiles and interaction networks—in an 
intuitive, contextualized format. Qualitative evaluations with clinicians demonstrated 
high interest in this approach, which combines automated guideline execution with 
visual tools that support rather than replace human clinical reasoning [53].

The potential of generative AI is also being explored through large language 
models such as ChatGPT. Early studies testing ChatGPT’s ability to make deprescrib-
ing decisions in hypothetical clinical scenarios revealed a degree of clinical nuance, 
with the model consistently recommending deprescribing in lower-risk patients while 
exercising greater caution in those with complex comorbidities like cardiovascular 
disease. However, significant limitations emerged: The model tended to disregard 
the importance of pain management, favoring discontinuation of analgesics, and its 
responses varied when presented with identical scenarios in different sessions. These 
findings highlight that while large language models show promise as potential support 
tools, they remain far from ready for autonomous clinical use and require extensive 
refinement, validation, and cautious implementation. It must be emphasized that 
current Large Language Models (LLMs) are not validated for autonomous clinical 
decision-making. Manufacturers and clinical experts alike reinforce that these tools 
are currently unsuitable for deprescribing decisions due to risks of “hallucination” 
and lack of clinical accountability [54].

Perhaps the most powerful application of AI in polypharmacy management lies 
in its predictive capabilities. Machine learning models can analyze millions of data 
points from electronic health records, insurance claims, and other sources to identify 
intricate patterns invisible to human analysis or simple rule-based systems. The 
primary function of these predictive models involves identifying patients at highest 
risk of polypharmacy-related harm before adverse events occur, with performance 
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significantly surpassing traditional risk identification methods that often rely on 
simple medication counts.

One study demonstrated that an AI-assisted platform identified 80% of high-
risk patients missed by conventional screening methods, with interventions in this 
AI-identified group leading to a 6% reduction in hospitalizations and a 2.6-fold 
decrease in adverse drug event-related emergency department visits. Another study 
directly compared a machine learning model against a standard polypharmacy rule 
of eight or more medications for predicting hospitalization. The machine learning 
model, incorporating multiple clinical variables, proved 3.5 times more effective at 
identifying patients who would subsequently require hospitalization, demonstrating 
vastly superior ability to target resources to those most in need [55, 56].

Machine learning is also revolutionizing drug–drug interaction prediction. 
Traditional approaches rely on databases of known interactions discovered through 
clinical trials or post-marketing surveillance. In contrast, machine learning models 
can predict previously unknown drug–drug interactions by training on multi-modal 
data including drug molecular structures, chemical properties, protein targets, and 
multi-omics data encompassing genomics and proteomics. Deep learning and graph 
neural network models can infer the likelihood of interactions between drugs that 
have never been studied together, transforming drug safety from a reactive to a 
predictive science [57, 58].

Beyond risk prediction, AI enables true personalization of treatment through sophis-
ticated algorithms like SIENNA, a data-driven framework using contextual multi-armed 
bandits. This algorithm learns from treatment outcomes of large patient populations 
and, when presented with new patients, analyzes their specific context including demo-
graphics and comorbidities. Based on historical data from similar patients, SIENNA 
sequentially selects optimal medications and dosages. As an adaptive system that con-
tinuously learns and refines recommendations as more patient data becomes available, it 
represents a powerful, real-time approach to personalizing therapy [59, 60].

Addressing the pervasive problem of non-adherence represents another key 
area for technological innovation. A new generation of smart devices and mobile 
applications provides robust support for patients managing complex regimens. Smart 
devices offer active reminders and tracking to combat forgetfulness through tools like 
smart pill bottles and caps, such as AdhereTech’s Aidia system, which use visual cues 
like flashing lights, auditory alerts including chimes, and text message reminders to 
prompt patients to take medications [61].

These devices record each bottle opening, providing objective adherence mea-
sures. Studies demonstrate their effectiveness—one trial in multiple myeloma 
patients found that a smart pill bottle platform improved median adherence from 
87% in the control group to 100% in the intervention group. For even higher certainty 
levels, ingestible sensors like the ID-Cap from etectRx contain tiny sensors within 
capsules that, upon ingestion, send signals to wearable patches or receivers, providing 
definitive confirmation that medications have been taken [62, 63].

Mobile health applications are evolving from simple reminder systems into 
sophisticated, AI-powered health management tools. The prototype application 
“Polly” exemplifies this evolution by integrating AI-powered machine vision that 
allows patients to use their phone cameras for real-time pill verification. The app’s 
underlying YOLOv8 computer vision model, trained to identify specific pills from 
images, achieved validation precision of 84.5%. This provides powerful safety checks 
to prevent patients from taking wrong medications—a significant risk in complex 
polypharmacy regimens [64, 65].
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4.2 Personalization through pharmacogenomics

On the other hand, pharmacogenomics adds another layer of deep personalization 
by analyzing patients’ unique genetic makeup to predict their responses to specific 
drugs. This approach shifts prescribing from “one-size-fits-all” or trial-and-error 
methods to precision-guided strategies. The clinical utility of pharmacogenomics 
lies in identifying genetic variations in key drug-metabolizing enzymes such as the 
cytochrome P450 family, including CYP2D6 and CYP2C19, as well as drug targets. 
Patients who are “poor metabolizers” for specific enzymes may be unable to break 
down standard drug doses processed by those enzymes, leading to drug accumulation 
and toxic levels causing severe side effects. Conversely, “ultra-rapid metabolizers” 
may clear drugs so quickly that standard doses prove ineffective [66–68].

A compelling case study illustrates this approach’s power: a 66-year-old woman 
experiencing significant health decline with multiple falls and cognitive issues 
despite being on numerous medications underwent comprehensive medication 
review that identified several potentially inappropriate medications. A subsequent 
pharmacogenomic test—a simple buccal swab—revealed significant abnormali-
ties in her CYP2D6 and CYP2C19 enzymes, meaning her body could not properly 
metabolize several prescribed drugs, effectively causing overdosing. Armed with 
this genetic information, her clinical team made evidence-based changes: Five 
medications were discontinued and two were replaced with alternatives not metab-
olized by the compromised enzymes. Results proved dramatic—within 3 months, 
the patient’s alertness and gait improved, falls ceased, and her total medication list 
was reduced by 33%. This demonstrates how pharmacogenomics can uncover root 
causes of medication-related problems and guide highly effective, personalized 
deprescribing and optimization [69–71].

These technological advancements (Table 3) represent more than incremental 
improvements; they constitute a fundamental shift in polypharmacy management 
approaches. The true transformative potential lies not in isolated application of 
single technologies, but in their synergistic integration. One can envision future 
workflows where AI predictive models proactively identify patients at high risk for 
polypharmacy-related harm from electronic health record data. These patients then 
undergo pharmacogenomic testing, with their unique metabolic profiles integrated 
into health records. This combined clinical and genomic data feeds into AI-powered 
Clinical Decision Support Systems, providing pharmacists with highly personalized 
and prioritized recommendations for medication optimization and deprescribing.

This integrated approach fundamentally redefines healthcare professional roles by 
automating and augmenting many cognitive tasks previously performed by humans, 
such as risk calculation and interaction checking. This liberation allows clinicians 
to focus on uniquely human skills: empathy, navigating clinical ambiguity, building 
therapeutic alliances, and engaging in nuanced, goal-oriented patient conversations. 
The pharmacist’s role particularly evolves from dispenser and manual reviewer to 
sophisticated data interpreter and clinical implementer of AI- and genomic-driven 
therapeutic plans. Meanwhile, patient adherence to newly optimized regimens 
receives support and monitoring through smart pill bottles or mobile health appli-
cations that close feedback loops by sending real-world adherence data back into 
systems to further refine the predictive models.

This evolution carries profound implications for future medical and phar-
macy education, which must adapt to train new generations of clinicians who are 
not merely technology users, but skilled collaborators with intelligent systems. 
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The transformation promises a future where technology amplifies human expertise 
rather than replacing it, creating more precise, personalized, and effective approaches 
to managing the complex challenge of polypharmacy.

5. �A paradigm shift toward prevention: Rational polypharmacology and 
advanced drug delivery

In contrast to the reactive strategies required to manage existing polypharmacy, a 
proactive approach emerges from the field of drug discovery through the intentional 
design of multi-targeted therapies. This paradigm shift seeks to address the root cause 
of polypharmacy in chronic disease—multimorbidity—by building therapeutic com-
plexity into the drug molecule itself, rather than asking patients to manage complex 
regimens of multiple pills.

For decades, the dominant paradigm in drug discovery was the “one-drug, one-
target” model, which prized the development of highly selective molecules acting on 
single biological targets. While successful for many acute conditions, this approach 
has proven insufficient for complex, multifactorial chronic diseases like cancer, 
diabetes, and neurodegenerative disorders, which are driven by dysregulation across 
multiple interconnected pathways [72].

This recognition has given rise to the concept of rational polypharmacology, 
which aims at designing single chemical entities that can modulate multiple, distinct 

AI application/
Platform

Primary 
function

Validated 
population/
Setting

Key effectiveness 
findings

Clinical impact

ML risk stratification 
platforms

Identification of 
high-risk patients

Older adults with 
multimorbidity 
(outpatient care)

Identified ~80% 
of high-risk 
patients missed 
by conventional 
methods

Reduced 
hospitalizations and 
ADR-related ED 
visits

ML hospitalization 
prediction models

Hospitalization 
risk prediction

Large outpatient 
cohorts with 
polypharmacy

3.5-fold 
improvement over 
medication count 
alone

Improved targeting 
of pharmacist 
interventions

FeelBetter AI-CDSS Context-aware 
clinical decision 
support

Hospitalized and 
ambulatory older 
adults

Clinically useful 
alerts in 97.3% of 
cases

Supported 
deprescribing 
and regimen 
optimization

“Polly” mHealth 
application

Adherence 
support and pill 
verification

Older adults 
managing complex 
regimens

Pill recognition 
precision ~84.5%

Reduced 
medication errors

Smart pill bottle 
systems

Objective 
adherence 
monitoring

Patients receiving 
long-term oral 
therapies

Improved 
adherence from 87 
to ~100%

Enhanced regimen 
persistence

Pharmacogenomics-
guided medication 
review

Personalized 
deprescribing

Older adults with 
adverse drug 
reactions

Identified 
actionable CYP 
polymorphisms

Reduced 
medication burden 
and falls

Table 3. 
Efficacy and validation of AI-driven polypharmacy interventions.
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biological targets relevant to disease states. It is essential to distinguish this drug 
design philosophy from the patient-level problem of polypharmacy. Here, poly-
pharmacology represents the solution: a strategy to reduce patients’ pill burden 
and simplify treatment by consolidating multiple mechanisms of action into single 
molecules. The potential advantages are significant, including enhanced therapeutic 
efficacy through synergistic effects, the ability to use lower doses, and corresponding 
reductions in side effects and toxicity [73].

5.1 Advanced drug delivery: Optimizing performance and adherence

The therapeutic potential of next-generation drugs can be significantly ampli-
fied by advanced drug delivery systems (ADDS). These technologies are designed to 
optimize drug performance by providing sustained release, improving bioavailability, 
and targeting delivery to specific tissues, thereby enhancing efficacy while minimiz-
ing systemic side effects. This approach represents a fundamental shift in how drug 
therapy is conceptualized for complex diseases, moving beyond managing polyphar-
macy through patient education or adherence aids to engineering complexity out of 
the treatment regimen at the molecular level [74].

The most established application of the multi-targeting concept is the polypill, a 
fixed-dose combination of several existing medications consolidated into a single pill. 
Developed primarily for cardiovascular disease prevention, the polypill’s rationale 
centers on improving adherence and simplifying the management of conditions 
driven by multiple risk factors such as hypertension and hyperlipidemia. Early pro-
posed polypills typically contained a statin, several low-dose antihypertensive agents 
(such as ACE inhibitors, beta-blockers, and diuretics), and low-dose aspirin [75, 76].

Clinical evidence supports the benefits of the polypill approach. The landmark 
PolyIran trial, for example, evaluated a fixed-dose combination tablet containing 
aspirin, atorvastatin, hydrochlorothiazide, and either enalapril or valsartan, and 
reported a 34% reduction in major cardiovascular events compared with lifestyle 
advice alone. Although part of this benefit reflects the pharmacological effect of 
combining proven cardiovascular agents, the trial also demonstrated the pragmatic 
value of simplifying therapy—notably, improved medication adherence and greater 
feasibility for large-scale preventive strategies. Consistent findings from other trials 
have confirmed that polypills enhance long-term adherence, a critical determinant of 
effective chronic disease management [77, 78].

Despite compelling evidence of their efficacy, the widespread adoption of the 
polypill has been gradual. A significant factor in this slow uptake is the inherent 
inflexibility of fixed-dose combinations (FDCs), which can complicate the precise 
titration of individual components—a valid and essential clinical practice during the 
initial phases of therapy or when patients require frequent pharmacological adjust-
ments. However, once a patient’s regimen has been stabilized through individual 
titration, the polypill serves as a strategic solution to the challenges of polypharmacy. 
By consolidating stabilized doses into a single daily unit, the clinical focus shifts 
from managing a high “pill burden” to ensuring long-term adherence and therapeu-
tic persistence. Consequently, the primary barrier to adoption is not the titration 
process itself, but the systemic failure to transition stable patients from complex 
multi-pill regimens to simplified, evidence-based FDCs. Beyond clinical hurdles, 
significant economic barriers and shifting medical guidelines continue to hinder the 
widespread adoption of the polypill. For instance, evolving clinical recommenda-
tions have recently questioned the role of specific components, such as aspirin for 
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primary prevention, complicating the standardization of fixed-dose combinations 
(FDCs). Furthermore, in the pharmaceutical industry, the Return on Investment 
(ROI) for off-patent FDCs is often perceived as unfavorable. Despite being composed 
of generic ingredients, a new FDC is regulated as a novel drug product, necessitating 
the expensive clinical trials to validate safety and efficacy. This high Research and 
Development (R and D) expenditure, combined with a low price ceiling dictated by 
the cost of individual generic components, creates a unique financial disincentive. 
Consequently, the costs associated with complex regulatory profiling and pharma-
ceutical stabilization often exceed the projected market turnover, stalling the com-
mercialization of these essential tools. Nevertheless, the polypill remains a crucial 
proof-of-concept, demonstrating the immense value of regimen simplification while 
highlighting the systemic implementation hurdles that future multi-targeted thera-
pies must overcome [79, 80].

Recent developments aim to resolve these concerns. Modular poly-pills allow 
the patients to stack or interlock drug units, offering adjustable dosing while main-
taining regimen simplicity. These systems have demonstrated cost-effectiveness 
and improved adherence in both cardiovascular and tuberculosis therapies. Fused 
deposition modeling (FDM) and melt-casting 3D printing techniques have enabled 
the development of multi-compartment tablets with customized release profiles. 
Examples include tablets combining immediate-release aspirin and hydrochlorothia-
zide with sustained-release pravastatin, atenolol, and ramipril [81–83].

The key advantage of complex emulsions in mitigating polypharmacy lies in their 
ability to physically segregate multiple drugs, thus preventing potential drug–drug 
interactions and chemical incompatibilities before administration. For instance, 
hydrophilic drugs can be contained within aqueous compartments while hydropho-
bic drugs reside in an oil phase, all within the same particle, enabling tailored drug 
release profiles to avoid overlapping peak plasma concentrations, or their release 
can be sustained over time or triggered by specific physiological stimuli such as pH 
or temperature. Despite their considerable promise, significant barriers hinder the 
widespread clinical implementation of complex emulsions. Critical challenges include 
ensuring long-term formulation stability, preventing the passive leakage of drugs 
from their compartments during storage, and, most notably, scaling up production 
from laboratory-scale microfluidic devices to commercially viable volumes [84].

Collectively, these advanced delivery systems facilitate the development of 
therapeutic platforms designed to simplify the treatment regimens. Such integrated 
strategies offer significant potential to reduce pill burden, improve adherence, 
minimize adverse effects, and enhance the pharmacoeconomic outcomes—ultimately 
advancing patient-centered management of multimorbid conditions.

5.2 One drug, many targets: A smart therapeutic approach

The true breakthrough of this approach lies in the design of novel multi-target-
directed ligand single molecules engineered to interact with multiple, specific biologi-
cal targets. This approach relocates therapeutic complexity from patients’ pillboxes 
to medicinal chemists’ laboratories. The intricate process of balancing activity at 
different receptors, optimizing pharmacokinetics, and minimizing off-target effects 
is front-loaded into the drug design phase.

This strategy is being actively pursued for diseases where combination therapy 
represents standard care but is often limited by pill burden and adherence chal-
lenges, particularly in neurodegeneration, oncology, and diabetes. The development 
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of multi-target-directed ligands relies heavily on advanced technologies such as 
computational chemistry, artificial intelligence, and in silico modeling, which allow 
researchers to predict and refine compounds’ multi-target profiles before undertak-
ing laborious chemical synthesis and biological testing. Natural products, with their 
inherent tendency to exhibit multi-activity, serve as rich sources of chemical scaffolds 
and inspiration for these novel agents [85, 86].

Interestingly, targeting multiple biological pathways simultaneously can enhance 
therapeutic efficacy while minimizing adverse effects and drug toxicity. The conver-
gence of diverse scientific fields, including molecular biology and medicinal chemis-
try, has deepened our understanding of complex disease mechanisms and accelerated 
the discovery of more effective treatment options.

Recent studies have highlighted the ability of various natural products such as 
flavonoids and other phenolic constituents—exhibit validated multitarget biological 
activity, including the concurrent inhibition or modulation of multiple disease-
relevant enzymes and signaling pathways [87]. Rather than acting as nonspecific 
agents, these compounds exert the coordinated effects on defined molecular targets, 
providing a mechanistic basis for their therapeutic potential. To enhance and refine 
this multitarget profile, medicinal chemistry efforts have focused on structural 
modification and hybridization strategies, yielding optimized derivatives with 
improved potency and selectivity for the management of complex conditions such as 
neurodegenerative disorders, inflammatory diseases, and cancer [88–90]. Advances 
in molecular biology, network pharmacology, and systems-level analyses have further 
enabled the characterization of the pleiotropic mechanisms underlying these effects, 
revealing how single natural compounds can influence interconnected pathological 
pathways implicated in multifactorial disorders, including obstructive sleep apnea, 
diabetic complications, and drug-induced nephrotoxicity [91, 92]. Collectively, these 
findings suggest that, following rigorous standardization, pharmacological charac-
terization, and comprehensive safety evaluation, selected natural products or their 
optimized derivatives may offer a rational means of addressing multiple therapeutic 
targets simultaneously. Such an approach holds potential not only for reducing 
reliance on multiple single-target medications—thereby mitigating inappropriate 

Figure 1. 
Integrated approaches to reducing inappropriate polypharmacy. Yellow nodes represent clinical and 
organizational interventions focused on pharmacotherapy vigilance. Green nodes denote proactive strategies.
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polypharmacy—but also for delivering pharmacoeconomic benefits through 
improved accessibility, lower cost, and simplified treatment regimens.

The success of this approach will depend not only on advances in medicinal chem-
istry and drug delivery technology but also on overcoming regulatory, economic, and 
clinical adoption challenges that have limited the widespread implementation of even 
relatively simple fixed-dose combinations. As these technologies mature and demon-
strate clinical superiority, they promise to transform the landscape of chronic disease 
management by making effective polytherapy as simple as taking a single pill. Figure 1 
summarizes different strategies for mitigation and management of polypharmacy.

6. �Conclusion and future perspectives

Polypharmacy represents an escalating healthcare challenge driven by aging 
populations and the rising prevalence of multimorbidity. Inappropriate medication 
use results in an increased risk of adverse drug events, complex drug–drug and drug-
herb interactions, substantial financial strain on healthcare systems, and diminished 
patient quality of life (QoL).

Addressing this burden necessitates the widespread integration of comprehensive 
medication management (CMM) and systematic deprescribing into standard primary 
and geriatric care. While validated frameworks such as the STOPP/START criteria 
and the Beers list are instrumental in reducing inappropriate prescribing, the success 
of these interventions should be evaluated primarily through patient-centered met-
rics. Future research and clinical models must prioritize functional status, symptom 
relief, and overall QoL over traditional mortality endpoints.

The future of medication optimization relies on a proactive, data-driven paradigm. 
Healthcare systems must integrate artificial intelligence (AI), machine learning, and 
pharmacogenomics into clinical workflows to provide robust decision support and 
personalized risk prediction. Concurrently, pharmaceutical research should advance 
rational polypharmacology. Developing multi-target therapies and advanced drug 
delivery systems will minimize pill burden and enhance patient adherence.

Ultimately, mitigating inappropriate polypharmacy requires a coordinated, 
system-level response. Regulatory frameworks and reimbursement models must 
incentivize CMM services and facilitate the approval of multi-target therapies. 
Furthermore, clinical education must evolve to train healthcare professionals in utiliz-
ing digital tools, while simultaneously empowering patients to actively engage in their 
medication regimens. Harmonizing clinical expertise with technological innovation 
and supportive policy will effectively transition healthcare systems from managing 
the consequences of polypharmacy to actively preventing it.
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Medication Safety in Maternal 
Care: Addressing Inappropriate 
Prescribing during Pregnancy and 
Lactation
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Abstract

Medication use during pregnancy and lactation presents unique clinical challenges 
due to the profound physiological changes of the maternal body and the potential 
risks to fetal and neonatal health. This chapter examines the prevalence and clini-
cal implications of pharmacological treatments in maternal care, with particular 
attention to inappropriate prescribing practices and their consequences. It highlights 
the principles of rational prescribing and the role of deprescribing strategies in 
minimizing harm and optimizing therapeutic outcomes. Core topics include phar-
macokinetics in pregnancy, teratogenic and neonatal risks, drug safety classification 
systems, and lactation-related considerations. Emphasis is placed on the importance 
of pharmacovigilance, individualized care, and the use of evidence-based resources to 
guide clinical decisions. By integrating current guidelines with clinical reasoning, the 
chapter supports a safer, more informed approach to pharmacological management in 
pregnant and breastfeeding women.

Keywords: pregnancy, lactation, medication safety, inappropriate medication use, 
prescribing practices

1. �Introduction

Perinatal medicine and pharmacology focus on the health and well-being of both
the mother and the child throughout all stages of pregnancy—from conception to 
childbirth—and during the first year after birth.

The World Health Organization (WHO) defines perinatal health as the well-
being of women during pregnancy, childbirth, and the postnatal period. A key 
WHO goal is to ensure access to respectful, high-quality care to support the health of 
both mothers and newborns. Despite its importance and a 38% reduction in related 
deaths by 2019, access to perinatal care remains unequal, and overall progress is still 
limited [1].
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In this field, research in pharmacology, pharmacovigilance, and pharmacoepide-
miology plays a critical role, especially when conditions associated with adverse preg-
nancy outcomes can be effectively treated using available medications [2]. Mothers 
are commonly exposed to drugs during pregnancy, at birth, or in the postpartum 
period, and exposure to pharmacological therapies has increased in recent years [3]. 
However, current knowledge regarding the safe and appropriate use of medicines in 
pregnant and breastfeeding women remains limited. This is partly due to the histori-
cal exclusion of women of childbearing age from clinical trials, as well as the obser-
vational nature of many studies on this topic [4]. Similarly, inappropriate prescribing 
and deprescribing may pose a significant risk both to the mother and children, and 
effective risk communication and careful benefit–risk assessment are essential [5].

This chapter will explore the key characteristics that make pregnant and breast-
feeding women a population requiring special consideration. It will begin with an 
overview of pharmacokinetic and pharmacodynamic changes during pregnancy, 
examine current data on medication use, define the risks of teratogenicity, embryo-
toxicity, and fetotoxicity, review major drug classification systems for use during 
pregnancy and lactation, and evaluate the benefit/risk profiles of commonly pre-
scribed drug classes in this population.

2. �Maternal physiology and pharmacokinetics

Pregnancy is a particularly delicate phase in a woman’s life, during which 
numerous anatomical and physiological changes occur to meet increased metabolic 
demands. These adaptations involve all major body systems [6].

The heart is displaced upwards and to the left due to the elevated diaphragm, and 
the left ventricle enlarges to accommodate greater blood volume. Cardiac output 
increases from early gestation and peaks during the third trimester [7]. Blood pressure 
initially decreases, reaching its lowest point between the 24th and 26th weeks, then 
gradually rises again, while plasma volume expands significantly to meet the demands 
of the placenta and the fetus [8]. This increase in plasma volume affects drug pharma-
cokinetics by increasing the apparent volume of distribution, especially for hydrophilic 
drugs. Furthermore, maternal plasma concentrations of albumin and α1-acid glycopro-
tein decrease, resulting in a higher proportion of free (active) drug in circulation [6].

In the gastrointestinal tract, nausea and vomiting—often beginning in the second 
week of pregnancy and possibly lasting into the third trimester—can compromise 
drug absorption [9]. Elevated levels of progesterone and estrogen also slow gastric 
emptying, particularly in early pregnancy, delaying peak plasma concentrations of 
drugs. Metabolic activity is altered as well: high levels of progesterone induce several 
phase I and phase II enzymes, including cytochrome P450 isoforms (CYP2D6, 2A6, 
2C9, 3A4) and uridine 5′-diphospho-glucuronosyltransferase (UGT1A1), increasing 
the metabolic clearance of many pharmacologically active substances [10, 11].

Carbohydrate and lipid metabolism also undergo significant changes. Despite 
increased insulin secretion due to pancreatic β-cell hyperplasia, pregnant women 
develop relative insulin resistance, associated with elevated postprandial glucose lev-
els [12]. This condition is driven by increased secretion of placental lactogen, growth 
hormone, progesterone, cortisol, and prolactin. The resulting relative hypoglycemia 
triggers lipolysis, allowing the mother to rely more on fatty acids as an energy source, 
preserving glucose and amino acids for fetal use. If pancreatic function is insufficient, 
gestational diabetes may occur, which typically resolves postpartum [13].
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The respiratory system adapts to increased oxygen requirements through hyper-
ventilation, resulting in elevated arterial pO₂, decreased pCO₂, and a reduction in 
serum bicarbonate. In late pregnancy, diaphragmatic movement is restricted due to its 
upward displacement. As a result, some women may experience mild dyspnea at rest, 
which often improves with light activity [14].

Due to the increasing plasma volume, the glomerular filtration rate (GFR) rises by 
approximately 50%. The hormone relaxin promotes renal vasodilation by stimulat-
ing endothelin production, which in turn induces nitric oxide (NO) synthesis [15]. 
This reduction in vascular resistance offsets the marked increase in renal plasma 
flow, maintaining stable glomerular hydrostatic pressure. Kidney size increases by 
1–1.5 cm, and mechanical pressure on the ureters leads to dilation of the renal pelvis 
and calyces. Progesterone helps mitigate these anatomical changes by reducing 
ureteral tone and peristalsis [16].

2.1 Fetal-to-maternal drug ratio (F/M ratio)

Given the many physiological changes from conception through postpartum, phar-
macological research has focused on studying drug pharmacokinetics during pregnancy 
and lactation. The objective is to optimize therapy and establish appropriate dosing 
regimens that ensure a favorable risk–benefit ratio for both mother and fetus [17].

A major area of investigation involves the transplacental transfer of drugs and 
their passage into breast milk. Common methodologies include measurement of 
drug concentrations in umbilical cord blood, animal models (though often limited in 
translatability), ex vivo perfusion of human placental cotyledons, and, more recently, 
physiologically-based pharmacokinetic (PBPK) models [18].

Studying maternal-fetal drug transfer is crucial to identifying potential adverse 
effects on the developing fetus and has led to the classification of substances with tera-
togenic and/or fetotoxic properties. The fetal-to-maternal (F/M) ratio reflects the rela-
tive concentration of substances in the fetal and maternal bloodstream and is useful for 
assessing how compounds cross the placenta and affect fetal development [19]. Drug 
transfer is enhanced for small molecules (molecular weight < 600 Da) with high lipid 
solubility. In contrast, strong binding to maternal plasma proteins—especially albu-
min—reduces placental transfer. Weak bases may become trapped in the more acidic 
fetal circulation. Additionally, the placenta contains various membrane transporters, 
such as ATP-binding cassette (ABC) transporters like P-glycoprotein (P-gp). Efflux 
transporters on the maternal-facing side of the syncytiotrophoblast limit fetal expo-
sure, while transporters on the fetal-facing side may facilitate drug transfer. Genetic 
polymorphisms in these transporters can significantly influence placental drug perme-
ability [20]. Table 1 and Figure 1 outline the key maternal adaptations across different 
organ systems that occur during pregnancy and highlight how these changes influence 
drug pharmacokinetics and pharmacodynamics. Understanding these modifications is 
essential for optimizing drug dosing and ensuring maternal-fetal safety.

3. �Teratogenicity and effects of drug exposure in neonates

The passage of pharmacological agents from the maternal to the fetal circulation is 
a crucial determinant of fetal exposure and potential harm. Understanding the nature 
and timing of exposure is essential to assessing the risk of congenital anomalies, 
neonatal toxicity, and long-term developmental effects.
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Figure 1. 
Pharmacokinetic mechanisms modulating fetal exposure to maternal drugs.

System Changes Pharmacological implication

Cardiovascular ↑ Cardiac output, ↓ blood pressure, ↑ 
plasma volume

↑ Volume of distribution, ↓ plasma drug 
concentrations for hydrophilic compounds; 
higher doses may be needed

Plasma protein 
binding

↓ Albumin and α1-acid glycoprotein ↑ Free (active) drug fraction → potentially 
increased efficacy or toxicity

Gastrointestinal Nausea, vomiting, delayed gastric 
emptying

↓ Absorption and delayed time to peak 
plasma concentration

Hepatic 
metabolism

↑ CYP enzymes (2D6, 2A6, 2C9, 3A4) 
and UGT1A1 activity

↑ Drug clearance, ↓ half-life of metabolized 
drugs

Glucose and lipid 
metabolism

↑ Insulin resistance, ↑ lipolysis due to 
hormonal changes

Risk of gestational diabetes; altered 
response to antidiabetic drugs

Respiratory ↑ Ventilation, ↓ pCO₂, ↑ pO₂ Changes in acid–base balance may affect 
drug pharmacodynamics

Renal ↑ GFR, ↑ renal plasma flow, kidney 
enlargement

↑ Renal clearance of hydrophilic drugs, ↓ 
half-life

Placental drug 
transfer

Dependent on molecular weight, 
lipophilicity, protein binding, 
ionization

Small, lipophilic, poorly protein-bound 
drugs cross more easily; weak bases may 
accumulate in fetal circulation

Placental 
transporter (i.e., 
P-gp)

Drug efflux (maternal side) or influx 
(fetal side); affected by transporter 
location and genetic polymorphisms

Modulate fetal drug exposure; 
polymorphisms may increase or decrease 
placental drug transfer

Table 1. 
Summary of the major physiological changes during pregnancy and their pharmacological implications.
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Teratogenicity and fetotoxicity are distinct yet related concepts. Teratogenicity 
refers to structural or functional defects in the developing embryo caused by expo-
sure to external agents during organogenesis, while fetotoxicity includes toxic effects 
on fetal organs and systems occurring at later stages of gestation [21]. Although only 
a limited number of drugs are proven human teratogens, the lack of rigorous data in 
pregnant populations necessitates cautious prescribing and post-market surveillance.

3.1 Teratogenicity: Definition, critical timing (e.g., embryonic vs. fetal period)

Teratogens are agents that disrupt normal embryonic development, leading to 
congenital malformations, miscarriage, or functional deficits. Among the best-
known therapeutic drugs with established teratogenic effects are inhibitors of the 
renin–angiotensin system, thalidomide, isotretinoin, warfarin, valproic acid, and 
carbamazepine, and therefore their use is strictly inappropriate during pregnancy 
[21]. The sensitivity to teratogenic effects is highly time-dependent, with the most 
critical period being the embryonic phase (weeks 3–8 postconception), during which 
organogenesis occurs [22]. Exposure to teratogens during this window can cause 
major structural anomalies.

•	 Preimplantation period (0–2 weeks): typically results in an “all-or-nothing” effect, 
with either embryonic death or full recovery;

•	 Embryonic period (3–8 weeks): highest susceptibility to major malformations 
(e.g., neural tube defects, limb deformities, cardiac anomalies);

•	 Fetal period (9 weeks to term): Risk shifts to growth retardation, minor anoma-
lies, or functional abnormalities (e.g., neurodevelopmental delay, endocrine 
disruption).

Timing, dose, duration, route of administration, and fetal genetic susceptibility all 
influence drug-related teratogenicity. For example, valproic acid, when used during 
early pregnancy, is strongly associated with neural tube defects, whereas angiotensin-
converting enzyme (ACE) inhibitors can induce fetal renal damage if used in the 
second or third trimester. Table 2 presents selected examples of drugs with known 
teratogenic potential that should therefore be avoided during pregnancy, based on 
both preclinical studies and human data. For each compound, observed effects in 
animal models and documented outcomes in human pregnancies are reported, along 
with the critical window of exposure (defined as the gestational period during which 
the risk of adverse developmental effects is highest).

3.2 Neonatal effects: Toxicity, withdrawal syndromes, developmental impact

Neonatal complications may arise from direct toxicity, withdrawal syndromes, or 
long-term developmental disturbances (all of which warrant close clinical attention) [24].

Some drugs can cause acute toxicity in the newborn, particularly when adminis-
tered late in pregnancy or intrapartum. For instance, opioids and benzodiazepines 
are known to depress respiratory drive in neonates, sometimes requiring ventilatory 
support. Their use during labor should be deeply evaluated by healthcare profes-
sionals, and only if the benefits outweigh the risks. Certain antibiotics, such as 
sulfonamides, may displace bilirubin from albumin binding sites, increasing the risk 
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of kernicterus in glucose-6-phosphate dehydrogenase (G6PD)-deficient infants [25]. 
Aminoglycosides, although rarely used during pregnancy, have been associated with 
ototoxicity and potential auditory damage in exposed infants. These effects illustrate 
how neonatal pharmacokinetics, particularly limited protein binding, immature 
enzyme systems, and underdeveloped renal filtration, can increase vulnerability to 
adverse outcomes [26].

In addition to direct toxicity, neonates may also present with withdrawal symp-
toms, a condition commonly referred to as neonatal abstinence syndrome (NAS). 
This syndrome is most frequently observed after prolonged in utero exposure to 
central nervous system (CNS) active drugs, particularly opioids (illicit substances 
or theoretical agents), benzodiazepines, barbiturates, and, though less consistently, 
selective serotonin reuptake inhibitors (SSRIs) [27–29]. Affected infants may exhibit 
signs such as tremors, irritability, inconsolable crying, poor feeding, vomiting, 
diarrhea, hypertonia, and, in severe cases, seizures. Onset typically occurs within 
24–72 hours after birth, depending on the half-life of the drug and the timing of 
the last maternal dose. Management strategies include supportive care, rooming-in 

Drug Observed Effects in 
Animal Studies

Observed Effects in Humans Critical Window

Valproic acid Exencephaly in hamsters 
and mice

Neural tube defects (e.g., spina 
bifida), facial dysmorphism

Weeks 3–4 (neural 
tube closure)

ACE inhibitors Fetal loss in sheep and 
rabbits

Renal dysgenesis, 
hypocalvaria, skull ossification 
defects

2nd-3rd trimester

Carbamazepine Cleft palate, growth delay, 
dilated ventricles in mice

Neural tube defects, 
craniofacial anomalies

Weeks 3–6

Phenytoin Cleft palate, renal, and 
CNS defects in rodents

Fetal hydantoin syndrome 
(growth delay, facial 
anomalies, limb defects)

1st trimester

Warfarin Skeletal malformations, 
maxillonasal hypoplasia 
in rats

Fetal warfarin syndrome: 
nasal hypoplasia, stippled 
epiphyzes, CNS defects

Weeks 6–9

Isotretinoin CNS and cardiovascular 
malformations in rats and 
rabbits

Retinoid embryopathy: 
craniofacial defects, heart 
anomalies, thymic hypoplasia

Weeks 3–5

Thalidomide Limb-reduction defects in 
rabbits

Phocomelia, limb hypoplasia, 
ear and cardiac anomalies

Days 21–36 post-
LMP (weeks 4–5)

Cocaine Fetal hypoxia, 
hypertension, growth 
restriction in rodents

Intrauterine growth restriction 
(IUGR), placental abruption, 
preterm labor

Throughout 
pregnancy

Ethanol Microencephaly, limb, and 
craniofacial anomalies in 
rodents

Fetal alcohol syndrome: CNS 
dysfunction, facial anomalies, 
growth retardation

Throughout 
pregnancy, mainly in 
the 1st trimester

Lithium Cardiac anomalies in rats Ebstein’s anomaly (tricuspid 
valve malformation)

Weeks 4–6

CNS = Central nervous system; LMP = Last menstrual period.

Table 2. 
Examples of teratogenic drugs with documented effects in humans, based on animal and clinical data (adapted 
and modified from Gupta R.C. [23]).
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with the mother, and, when necessary, pharmacologic treatment with agents such as 
morphine or phenobarbital. Hospital stays for infants with NAS may be prolonged 
and resource-intensive, highlighting the importance of early identification and 
multidisciplinary care.

Beyond the immediate postnatal period, concern also exists regarding the 
long-term neurodevelopmental consequences of certain drug exposures during 
pregnancy. For example, exposure to valproic acid has been robustly linked to 
cognitive impairment and an increased risk of autism spectrum disorders (ASD), 
even in the absence of major congenital malformations. Other antiepileptic drugs 
may carry similar, albeit less pronounced, risks [30]. The use of SSRIs during 
late pregnancy has been associated in some studies with subtle neurobehavioral 
changes in offspring, including increased emotional reactivity, sleep disturbances, 
and delayed psychomotor development, although the evidence is mixed and 
causality remains uncertain. Similarly, the use of corticosteroids—often necessary 
to enhance fetal lung maturity—has raised questions about potential long-term 
effects on the hypothalamic–pituitary–adrenal axis and stress responses later in life 
[31]. Additionally, the administration of the antenatal axis and stress responsive-
ness in later life [32]. Figure 2 summarizes the most important drugs/drug classes 
that should be avoided during pregnancy or used only when the potential benefits 
outweigh the risks.

Due to fears of teratogenic effects, necessary medications are often under-
prescribed, deprescribed, or stopped during pregnancy—sometimes by healthcare 
providers and sometimes by the mothers themselves. However, such precautionary 
withholding of treatment can result in poorly controlled maternal conditions, such 
as depression, anxiety, or epilepsy, which themselves pose significant risks to both 
the mother and the fetus. The consequences of untreated chronic diseases may 
include preterm birth, fetal growth restriction, and maternal morbidity. Therefore, 
therapeutic decision-making in pregnancy must carefully weigh not only the 

Figure 2. 
Drugs and drug classes with potential neonatal risks.
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theoretical teratogenic risks but also the well-documented dangers of inadequate 
maternal care, highlighting the need for evidence-based, individualized treatment 
approaches [33].

Importantly, much of the available evidence comes from observational studies, 
cohort data, or pregnancy registries, due to the ethical impossibility of conducting 
randomized controlled trials in this population. This highlights the importance of 
long-term follow-up of exposed children and the development of comprehensive 
pregnancy safety registries that can inform future guidelines and prescribing 
decisions.

3.3 Breastfeeding safety: Drug transfer into breast milk, accumulation, toxicity

Breastfeeding provides unparalleled nutritional, immunological, and psycho-
logical benefits to infants, contributing to optimal growth, neurodevelopment, 
and maternal–infant bonding. International guidelines from the World Health 
Organization and the American Academy of Pediatrics strongly recommend breast-
feeding even when maternal pharmacotherapy is necessary, provided the medications 
involved are compatible with lactation [34]. Discontinuation should occur only when 
the risks of drug exposure clearly outweigh the benefits of breastfeeding.

Most pharmacological treatments do not require cessation of breastfeeding. 
Numerous studies and expert consensus now emphasize that many commonly used 
medications are compatible with breastfeeding and can be safely administered when 
selected and monitored appropriately [35, 36]. Key considerations include the drug’s 
transfer into breast milk, its oral bioavailability to the infant, and the developmental 
maturity of the infant’s metabolism and excretion pathways.

Despite growing evidence, misconceptions persist among healthcare professionals 
and the public, often leading to unnecessary cessation of breastfeeding. Observational 
studies indicate that both prescribers and mothers may interrupt lactation out of fear 
or uncertainty rather than actual risk [37, 38]. This underscores the need for better 
education, accessible resources, and shared decision-making strategies. Informational 
tools such as the Drugs and Lactation Database (LactMed®, www.ncbi.nlm.nih.gov/
books/NBK501922/) and national guidelines (e.g., NICE NG194) are essential to sup-
port evidence-based choices and promote maternal autonomy.

The lack of standardized lactation-specific drug safety classifications complicates 
clinical decision-making. Unlike the older Food and Drug Administration (FDA) 
pregnancy categories, which are now replaced by the narrative-format Pregnancy and 
Lactation Labeling Rule (PLLR) (see paragraph 4.1), lactation safety data are often 
limited and derived from case reports, observational studies, or physiologically-based 
pharmacokinetic (PBPK) modeling [39]. These resources provide up-to-date infor-
mation regarding the safety of medicinal products during pregnancy and breastfeed-
ing according to the most recent recommendations.

Pharmacokinetic factors such as low oral bioavailability, short half-life, high pro-
tein binding, and poor lipid solubility generally limit drug transfer into breast milk. 
Still, certain medications, such as cytotoxic agents (i.e., methotrexate, cyclophospha-
mide), high-dose corticosteroids (i.e., prednisone >20 mg/day) [40], or radioisotopes 
(i.e., iodine-131, gallium-67) [41, 42] are contraindicated or require breastfeeding 
interruption [43]. In contrast, drugs like paracetamol, ibuprofen, most SSRIs, and 
several antihypertensives are considered compatible [35, 40]. Among antihyper-
tensives, labetalol is noted for its low milk transfer and negligible infant exposure, 
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making it a preferred agent during lactation [44]. Similarly, sertraline (SSRIs) is 
considered safe during breastfeeding [45].

Crucially, individual maternal health needs must not be overlooked. Conditions 
such as postpartum depression, hypertension, or posttransplant immunosuppres-
sion may necessitate ongoing therapy. In these cases, deprescription or interrup-
tion of breastfeeding can have adverse consequences for both mother and infant. 
Multidisciplinary care, including pharmacological counseling and maternal mental 
health support, facilitates safe and sustained breastfeeding [35, 46].

The safety of pharmacotherapy during lactation must be assessed within a 
framework that centers maternal well-being and infant protection while preserving 
breastfeeding whenever possible. Empowering women with accurate information and 
involving them in therapeutic decisions promotes both autonomy and health equity. 
A proactive, evidence-based approach (grounded in advocacy, individualized risk 
assessment, and multidisciplinary collaboration) is essential for ensuring safe and 
continued breastfeeding in the context of necessary medical treatment.

Finally, medications can also be used to suppress lactation: these are primar-
ily represented by the active ingredients bromocriptine and cabergoline, which 
have replaced the hormonal therapies used in past decades [47]. The Australian 
Breastfeeding Association recommends using these medications shortly after 
childbirth, as their effectiveness decreases significantly after weeks or months of 
breastfeeding. Furthermore, stopping breastfeeding through the use of dopaminergic 
agonists may lead to breast engorgement or mastitis and could cause a rebound effect 
with the return of lactation. For these reasons, it is crucial to discuss the benefits and 
risks of each treatment with a healthcare professional [48]. Table 3 summarizes drugs 
mentioned in the text according to their compatibility with breastfeeding, distin-
guishing between commonly used safe medications and those requiring caution or 
contraindication.

Drug/Class Example(s) Lactation safety Notes

Analgesics Paracetamol, Ibuprofen ✓ Compatible First-line options for pain and 
fever; minimal transfer into 
breast milk

Antidepressants 
(SSRIs)

Sertraline ✓ Compatible Most SSRIs have low milk levels; 
sertraline often preferred

Antihypertensives Labetalol ✓ Compatible Commonly used in postpartum 
hypertension

Cytotoxic agents Methotrexate, 
Cyclophosphamide

× Contraindicated High toxicity; breastfeeding 
should be avoided

Corticosteroids 
(high dose)

Prednisone (>20 mg/
day)

Caution Temporary interruption may be 
considered after high doses

Radioisotopes Iodine-131 and 
Gallium-67

× Contraindicated Require temporary or 
permanent cessation of 
breastfeeding

Dopaminergic 
agonists

Bromocriptine, 
Cabergoline

× Contraindicated Used intentionally to stop 
breastfeeding

Table 3. 
Overview of commonly used drugs during breastfeeding and drugs not allowed.
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4. �Drug risk classification systems

Starting from preclinical studies on animal models, anecdotal evidence, and/or 
observational studies, various drug classification systems have been developed that 
divide drugs into risk classes based on their teratogenic potential.

4.1 �FDA system (legacy A, B, C, D, X, and new PLLR—Pregnancy and Lactation 
Labeling Rule)

The former Food and Drug Administration (FDA) pregnancy risk categories 
provided a system for classifying the potential harm of a drug to the fetus based on 
available evidence [49]. The classification considered both the quality of the data and 
the overall balance between potential risks and therapeutic benefits for the mother. 
The five categories were:

•	 Category A: Controlled studies in humans show no risk;

•	 Category B: Animal studies show no risk, or animal studies show risk but human 
studies do not;

•	 Category C: Animal studies show risk, and there are no adequate human studies, 
or there are no animal or human studies;

•	 Category D: There is evidence of risk to the human fetus, but the potential 
benefits of the drug in certain situations may outweigh the risks;

•	 Category X: Studies in animals or humans have demonstrated fetal abnormalities, 
and the risks of the drug outweigh any potential benefit.

The PLLR, currently in use, replaced the previous letter-based categorization 
with a more detailed narrative format. Rather than assigning a single letter grade to 
summarize risk, drug labeling now includes dedicated sections—“Pregnancy” and 
“Lactation”—that outline known risks, clinical considerations, and supporting data. 
This update was designed to help healthcare professionals and patients make better-
informed decisions by offering clearer, more comprehensive information regarding 
medication use during pregnancy and breastfeeding [50].

4.2 AU TGA categories (A, B1, B2, B3, C, D, X)

In Australia, the Therapeutic Goods Administration (TGA) uses a classification 
system to assess the safety of medicines during pregnancy, assigning them to catego-
ries A, B1, B2, B3, C, D, and X. This system reflects the potential risk posed to the 
fetus, with Category A indicating the most favorable safety profile and Category X 
identifying drugs that are contraindicated due to known harmful effects. Primarily 
intended for use by healthcare professionals, this framework supports informed 
prescribing decisions in the context of pregnancy [51]. Below is an overview of each 
category within the Australian TGA pregnancy classification system:

•	 Category A: Widely used in pregnant women without any proven risk of fetal 
harm or malformations;
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•	 Category B1: Limited human use with no observed fetal harm, and animal studies 
show no risk;

•	 Category B2: Limited human data with no evidence of fetal harm, and animal 
data are inadequate or lacking, but available findings are reassuring;

•	 Category B3: Limited human use with no observed harm; however, animal studies 
show signs of fetal damage;

•	 Category C: May cause harmful effects on the fetus or newborn (excluding 
malformations), and effects are usually reversible;

•	 Category D: Evidence or suspicion of increased risk of fetal malformations or 
irreversible harm, and may also have harmful pharmacological effects;

•	 Category X: High risk of permanent fetal damage and contraindicated in preg-
nancy or in women who may become pregnant.

4.3 Importance of individualized clinical judgment over rigid categories

Both the FDA and the Australian TGA have developed classification systems to 
inform the safe use of medications during pregnancy. However, they differ signifi-
cantly in format and intended purpose.

The PLLR, with its narrative format, is designed to offer more comprehensive, 
contextualized information, including details on potential risks, benefits, and clinical 
considerations across three sections: Pregnancy, Lactation, and Females and Males 
of Reproductive Potential. The goal is to support informed, evidence-based pre-
scribing by providing information that goes beyond an oversimplified letter grade, 
since a single letter often fails to capture the complexity of drug safety and could be 
misleading or unclear, both for healthcare professionals and for patients. By contrast, 
the Australian TGA system continues to use a letter-based categorization grounded 
primarily in the type and quality of available scientific evidence, particularly from 
human and animal data. Although more structured than the former FDA letters, this 
system is designed primarily for professional use and does not necessarily convey the 
full clinical context.

Ultimately, while both systems offer valuable guidance, no classification scheme 
can replace individualized clinical judgment. Safe prescribing during pregnancy 
requires a nuanced evaluation of the risk–benefit balance for both the mother and the 
fetus, taking into account factors such as gestational age, maternal condition, dosage, 
duration of therapy, and availability of safer alternatives. In many cases, withholding 
treatment may pose greater risks than the medication itself. For this reason, classifica-
tion systems should be seen as tools to support therapeutic decisions, decisions that 
must always be tailored to the individual clinical scenario.

5. �Epidemiology and prevalence of drug use in pregnancy and lactation

An increasing body of evidence has emerged regarding medication use in preg-
nancy and lactation, highlighting both the prevalence of drug exposure and the 
associated clinical implications.
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A study conducted in New Zealand [52] analyzed prescriptions issued to pregnant 
women between 2005 and 2015. The analysis showed that the proportion of women 
exposed to at least one prescription increased from 38.5 to 67.2%, with the average 
number of prescribed drugs rising from 2 to 3 therapies. A subsequent analysis [53] 
evaluated the prescription of drugs potentially harmful to the fetus, specifically those 
classified as Category D and X according to the Australian pregnancy risk categoriza-
tion system (https://www.tga.gov.au/prescribing-medicines-pregnancy-database). 
Drugs in Category D were dispensed during 4.3% of pregnancies, while those in 
Category X were dispensed during 0.058%. These drugs were more frequently 
prescribed before conception, with prescription rates decreasing as pregnancy 
progressed. Another study conducted in the Netherlands [54] found that drug use 
occurred in 73% of the pregnancies analyzed, and 34% of these involved potentially 
harmful medications. The use of such treatments was associated with chronic disease 
management, particularly diabetes, thyroid disorders, migraine, epilepsy, psychiatric 
conditions, depression, and asthma. A pharmacoepidemiological study carried out 
in Belgium [55] using administrative database records from 2003 to 2017 showed an 
increase in the number of medications to which pregnant women were exposed, with 
a rise in average drug count from 2 to 3. The prevalence of women exposed to phar-
macological treatments increased from 82% to 89%. The most frequently prescribed 
drugs were progesterone, paracetamol, and amoxicillin.

Harvard and colleagues [56] assessed medication use in pregnant women in 
New South Wales (Australia) between 2006 and 2012. Medications more likely to 
be prescribed to pregnant women than to nonpregnant women included antacids, 
ranitidine, sodium alginate combined with calcium carbonate and bicarbonate, 
ondansetron, insulin and insulin analogues, antithrombotic and antiplatelet agents 
(enoxaparin, dalteparin, and acetylsalicylic acid), iron preparations, vitamin B12 
and folic acid, methyldopa, hydralazine, nifedipine, clotrimazole, antibiotics and 
antivirals (e.g., ampicillin, amoxicillin, clindamycin, acyclovir), budesonide, and 
ipratropium.

A cross-sectional study conducted in Europe, North and South America, and 
Australia examined patterns and factors associated with medication use, the most 
commonly used pharmacological classes, and their indications [57]. Data collected 
via questionnaire from a sample of over 9000 pregnant women or women who had 
given birth in the previous year showed that 81.2% had used at least one prescrip-
tion or over-the-counter (OTC) medication. The highest prevalence of drug use was 
observed in the Netherlands (95.1%), Iceland (93%), and Finland (92.3%). According 
to the Anatomical Therapeutic Chemical (ATC) classification, the most frequently 
reported classes were drugs acting on the nervous system, analgesics (ATC class N01*, 
largely represented by paracetamol), psycholeptics (ATC class N05*), and psychoana-
leptics (ATC class N06*); drugs for the gastrointestinal tract—mainly antacids (ATC 
class A02*) and laxatives (ATC class A06*); drugs for the respiratory system, espe-
cially nasal preparations (ATC class R01*) and antihistamines (ATC class R06*); and 
systemic antibiotics (ATC class J01*). The main indications for acute or short-term 
treatment included headache, heartburn, pain, nausea, and urinary tract infections. 
Chronic or long-term treatments were more common in North America, Northern 
Europe, and Australia compared to Western Europe. Factors most associated with 
such treatments included older maternal age, unemployment, and unplanned 
pregnancy.

A follow-up analysis of this study [58] focused solely on Italian participants 
and found that 61.4% of the sample used medication for acute conditions, 12.4% 
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for chronic diseases, and 8.8% for both types of treatment. In addition to pain and 
urinary tract infections, an important indication for drug use was the management of 
disorders in women with a history of alcohol abuse prior to pregnancy. The most com-
mon drug combinations were paracetamol and antacids (13.3%), paracetamol and 
antibiotics (11.7%), paracetamol and prokinetics (6.5%), and antacids with antibiot-
ics (4.2%). Notably, the use of benzodiazepines and antidepressants was higher in the 
first trimester compared to later stages of pregnancy.

Table 4 summarizes major findings from international studies on medication use 
in pregnancy, with emphasis on prescription trends, fetal risk categories, and associ-
ated maternal conditions.

6. �Medications and natural products: Key examples

6.1 Antidepressants

The use of selective serotonin reuptake inhibitors (SSRIs) during pregnancy is 
a topic of considerable clinical interest, particularly concerning their association 

Study/Country Period Key findings Notes/Risk categories

New Zealand [47] 2005–
2015

Drug exposure increased from 38.5% 
to 67.2%; the average number of 

drugs per pregnancy increased from 
2 to 3.

—

New Zealand [48] 2005–
2015

Category D drugs in 4.3% of 
pregnancies; Category X in 

0.058%. Prescriptions decreased as 
pregnancy progressed.

Australian risk categorization 
system (Categories D and X).

Netherlands [49] 1999–
2017

Drug use in 73% of pregnancies; 
34% included potentially harmful 

drugs.

Associated with chronic 
conditions (e.g., diabetes, 

epilepsy, psychiatric disorders).

Belgium [50] 2003–
2017

Drug exposure increased from 2 to 
3 medications; prevalence rose from 

82% to 89%.

Most prescribed: progesterone, 
paracetamol, amoxicillin.

Australia (NSW) 
[51]

2006–
2012

More likely prescribed in pregnancy: 
antacids, ondansetron, insulin 

analogs, antithrombotics, iron, folic 
acid, antihypertensives, antibiotics.

Compared to nonpregnant 
women.

Multicontinental 
study [52]

2011–
2012

81.2% of women used ≥1 medication 
(Rx or OTC); higher prevalence in 
NL (95.1%), IS (93%), FI (92.3%).

Most used drug classes: 
analgesics (ATC N01*), GI drugs 
(A02*, A06*), respiratory meds 
(R01*, R06*), antibiotics (J01*).

Italy (subset) [53] 2011–
2012

Acute drug use: 61.4%; chronic: 
12.4%; both: 8.8%. High use of 

paracetamol with antacids and/or 
antibiotics.

Notable use of benzodiazepines 
and antidepressants, especially in 

the 1st trimester.

Category D/X drugs = Medications known or suspected to harm the fetus (see the TGA Australia database).
ATC = Anatomical Therapeutic Chemical classification system; OTC = Over-the-counter medication.

Table 4. 
Overview of drug use in pregnancy across different countries and study settings.
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with various neonatal and maternal outcomes. Extensive literature has explored the 
implications of SSRI exposure on NAS, congenital malformations, preterm birth, and 
other perinatal outcomes.

Exposure to SSRIs, especially in the third trimester, has been linked to an 
increased incidence of NAS, also referred to as poor neonatal adaptation syndrome 
(PNAS). This condition is characterized by symptoms such as irritability, tremors, 
respiratory difficulties, feeding problems, muscle tone abnormalities, and sleep 
disturbances. Less frequently, lethargy, weak cry, hypoglycemia, and seizures may 
occur. Approximately 25–30% of neonates exposed to SSRIs exhibit signs of NAS 
[59]. Symptoms typically emerge within the first 48 hours but can be delayed to 
days 5–7 and persist for 2–4 weeks [60]. The 2024 UK neonatal guidelines recom-
mend hospital birth and 48-hour observation for infants with third-trimester 
SSRI exposure. Informed refusal is permitted and not classified as a safeguarding 
concern.

Meta-analyses have suggested a modest increase in the risk of major congenital 
malformations, particularly cardiac defects, with first-trimester SSRI exposure 
(Relative Risk, RR ~1.11–1.24), especially with fluoxetine, paroxetine, and sertraline 
[61]. Specifically, fluoxetine has been associated with a 30–40% increase in the risk 
of ventricular septal defects [62]. However, the 2024 UK guideline notes that overall, 
there is no consistent association with congenital abnormalities, though a small 
excess risk of cardiac anomalies cannot be ruled out. A small but measurable increase 
in Persistent Pulmonary Hypertension of the Newborn (PPHN) has been observed 
following late gestational SSRI exposure. Estimates suggest that 286–351 pregnancies 
exposed in the third trimester are needed to result in one additional case [63]. Early 
detection improves outcomes. The Royal Cornwall Hospitals Trust (RCHT) guideline 
advises discussing PPHN risks during antenatal counseling [59].

Multiple meta-analyses and large cohort studies indicate that SSRI use is associ-
ated with an increased risk of preterm birth [Odds Ratio (OR) 1.5–1.9] and low birth 
weight (OR 1.5–1.7), particularly when exposure occurs after the first trimester 
[59–67] (Table 5). Notably, no significant association has been found between SSRI 
use and small for gestational age (SGA) [64].

While earlier studies raised concern about a potential increase in miscarriage risk, 
more recent evidence does not confirm a significant association. In contrast, SSRIs are 
associated with slightly elevated risks of preeclampsia and postpartum hemorrhage 
[61, 65].

The relationship between prenatal SSRI exposure and neurodevelopmental disor-
ders, including ASD and attention-deficit/hyperactivity disorder (ADHD), remains 
controversial. Systematic reviews have failed to establish a consistent causal link, and 
many studies suggest that maternal psychiatric illness itself may account for much of 
the observed association [58, 65].

Outcome Odds Ratio (OR) Exposure timing Association

Preterm birth 1.5–1.9 Especially after the 1st trimester Significant

Low birth weight 1.5–1.7 Especially after the 1st trimester Significant

SGA Not significant Any None

SGA = Small for gestation age.

Table 5. 
Outcomes associated with the use of SSRIs.
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In clinical practice, sertraline is frequently preferred during pregnancy and 
breastfeeding due to lower placental transfer and reduced breast milk excretion [59]. 
Fluoxetine, in contrast, has a long half-life and is found in higher concentrations 
in breast milk, which may increase the risk of PNAS and PPHN. Despite these dif-
ferences, both drugs are considered acceptable options when the benefits outweigh 
potential risks. Some data suggest a 29–42% relative increase in cardiac anomalies 
with sertraline [68], though the absolute risk remains low.

6.2 Antiepileptics

The use of antiepileptic drugs (AEDs) during pregnancy requires a careful balance 
between maintaining maternal seizure control and minimizing risks to the develop-
ing fetus. While untreated epilepsy can pose significant dangers, including maternal 
injury and hypoxic events for the fetus, certain AEDs carry substantial teratogenic 
and neurodevelopmental risks. Among all AEDs, valproate is associated with the 
highest risk of major congenital malformations (MCMs), with estimates ranging from 
9 to 10% or higher depending on dose and timing of exposure. Malformations include 
neural tube defects, facial dysmorphism, cardiac anomalies, and urogenital malfor-
mations [66–71]. Topiramate and phenobarbital also pose significant risks, including 
increased rates of oral clefts (topiramate) and cardiac defects or growth restriction 
(phenobarbital), although less pronounced than valproate [67, 68, 72]. Conversely, 
lamotrigine and levetiracetam are associated with a low risk of MCMs, comparable to 
background population rates (2–3.5%), and are generally considered safer options for 
monotherapy [66–69, 71]. Carbamazepine has an intermediate risk, particularly dose-
dependent, for neural tube defects and craniofacial anomalies [69]. Oxcarbazepine, a 
structural analogue, appears safer, though data remain limited and further studies are 
needed [71].

In addition to structural malformations, in utero exposure to AEDs has been 
associated with neurodevelopmental disorders, including cognitive delay, ASD, and 
ADHD. Valproate remains the most concerning agent, with strong evidence linking 
prenatal exposure to lower IQ scores, ASD, and impaired language development 
[69–71, 73]. Some data also indicate neurodevelopmental risks with phenobarbital, 
carbamazepine, and possibly topiramate, though the evidence is less consistent. 
Lamotrigine and levetiracetam are associated with lower risks of developmental delay, 
although levetiracetam has been linked in some studies to increased rates of ADHD 
and anxiety symptoms [69]. Oxcarbazepine has shown a possible correlation with 
ASD, but current evidence remains insufficient for definitive conclusions [71, 73].

Pharmacokinetic changes during pregnancy, including increased renal clearance, 
altered plasma protein binding, and induced hepatic metabolism, can lead to reduced 
serum levels of several AEDs. In particular, lamotrigine clearance increases signifi-
cantly from the first trimester onward, often requiring dose adjustments to maintain 
therapeutic levels [74–76]. Therapeutic drug monitoring (TDM) is recommended for 
lamotrigine, levetiracetam, and oxcarbazepine throughout pregnancy to avoid both 
subtherapeutic exposure and toxicity [71, 76]. The results of these studies are sum-
marized in Table 6.

High-dose folic acid supplementation (≥4 mg/day) is advised for all women taking 
AEDs, especially those on valproate or carbamazepine, to mitigate the risk of neural 
tube defects. However, the optimal dose for neuroprotection is still under investiga-
tion [69, 71]. Given the heterogeneity of AED safety profiles, individualized treat-
ment planning is essential. Where clinically appropriate, lamotrigine or levetiracetam 
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should be considered as first-line options during pregnancy. Avoidance of valproate, 
particularly during the first trimester, is strongly recommended. Close monitoring 
of serum drug levels and maternal-fetal well-being throughout gestation is critical to 
optimize outcomes.

6.3 Antibiotics

Antibiotics are among the most frequently prescribed medications during 
pregnancy, primarily to treat urinary tract infections, bacterial vaginosis, and 
other infections that, if left untreated, may jeopardize maternal and fetal health. 
The safety profile of each antibiotic class must be carefully evaluated, as certain 
agents are considered safe and effective, while others may pose risks of teratogenic-
ity, fetotoxicity, or long-term developmental effects. Most beta-lactam antibiotics, 
including penicillins and cephalosporins, are generally considered safe for use in 
all trimesters, with substantial evidence from both human and animal studies sup-
porting their use. Similarly, other antibiotics such as clindamycin, metronidazole, 
and fosfomycin also exhibit favorable safety profiles. Nitrofurantoin is typically safe 
during early and mid-pregnancy, but its use is discouraged near term due to the risk 
of hemolytic anemia in neonates with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency [77, 78]. In contrast, some antibiotics are associated with significant fetal 
risk and are best avoided. Tetracyclines, for instance, can impair fetal bone growth 
and cause permanent tooth discoloration, especially with second and third trimester 
exposure [79]. Fluoroquinolones have shown the potential to damage fetal cartilage in 
animal models and are generally contraindicated in pregnancy [77]. Trimethoprim-
sulfamethoxazole (TMP-SMX), although sometimes necessary, has been linked to 
neural tube defects and miscarriage when used during early gestation, due to its 
folate-antagonist properties [80, 81]. Macrolides show mixed safety data: while some 
studies suggest acceptable profiles, others raise concerns about possible associations 
with miscarriage or adverse reproductive outcomes, especially when used preconcep-
tionally [81].

AED MCM risk Neurodevelopmental risk Notes

Valproate High (≥10%) High (ASD, IQ↓, psychomotor 
delay)

Avoid if possible; strongly 
dose-dependent

Phenobarbital Moderate–
High

Moderate Cognitive impact documented

Topiramate Moderate Some risk (cleft lip, uncertain 
NDD)

Avoid if alternatives exist

Lamotrigine Low Low Preferred; requires TDM

Levetiracetam Low ADHD/anxiety (some evidence) Preferred; monitor during 
pregnancy

Carbamazepine Moderate Moderate; dose-related Avoid high doses

Oxcarbazepine Low–
Moderate

Possible autism risk Limited data; generally 
well-tolerated

ADHD = Attention-deficit/hyperactivity disorder; AED = Antiepileptic drug; ASD = Autism spectrum disorder; 
MCM = Major congenital malformations; TDM = Therapeutic drug monitoring.

Table 6. 
AEDs and pregnancy safety (adapted from Andrade et al. [66], and Nucera et al. [71]).
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Antibiotic exposure during pregnancy also raises concerns beyond teratogenic-
ity. Disruption of maternal and fetal microbiota is a growing area of research, with 
evidence indicating that prenatal antibiotic use may affect neonatal immune system 
development and increase susceptibility to asthma, allergies, and metabolic diseases 
later in life [82, 83]. Broad-spectrum agents may exert more profound microbiome 
shifts, underscoring the importance of antibiotic stewardship in perinatal care [84, 85].

The benefits of treating infections during pregnancy generally outweigh potential 
risks, particularly in cases of urinary tract infections, which are common and can 
lead to serious complications if untreated. Clinical guidelines support the use of 
appropriately selected antibiotics in these contexts, with amoxicillin, nitrofurantoin, 
and cephalosporins remaining first-line options in many protocols [86, 87]. Lastly, 
attention must be paid to preconception antibiotic exposure, as emerging data suggest 
that certain antibiotics, including macrolides and sulfonamides, may negatively affect 
fertility and early pregnancy outcomes when administered during the periconcep-
tional period [81].

In summary, the rational use of antibiotics in pregnancy should follow a risk–
benefit analysis that weighs the necessity of infection control against the known 
or suspected risks of each compound. While many antibiotics have proven safety 
records, others require caution or should be avoided altogether. Prescribers must 
remain up-to-date with evolving safety data and practice evidence-based selection 
and dosing to safeguard both maternal and fetal health.

6.4 Analgesics and anti-inflammatory agents

Pain management during pregnancy presents a unique challenge, requiring a care-
ful balance between maternal comfort and fetal safety. Among the most commonly 
used medications in this context are paracetamol (acetaminophen), nonsteroidal 
anti-inflammatory drugs (NSAIDs), and opioids. Each class carries distinct safety 
profiles depending on the timing, dosage, and duration of use.

Paracetamol (acetaminophen) is widely regarded as the safest analgesic during all 
trimesters of pregnancy and is considered first-line treatment for mild to moderate 
pain or fever. It has a long history of use and a favorable safety profile when used at 
recommended doses. Nevertheless, emerging evidence has raised concerns regard-
ing potential long-term neurodevelopmental effects, such as behavioral or attention 
disorders, in children exposed in utero, although causality remains unconfirmed, and 
confounding factors (e.g., maternal health) may play a substantial role [88, 89].

NSAIDs (e.g., ibuprofen, naproxen, and diclofenac) pose more complex risks. 
While occasionally used in the first and early second trimester, evidence links 
NSAIDs to an increased risk of spontaneous miscarriage and specific congenital 
anomalies, including orofacial clefts [90]. The use of NSAIDs after 20 weeks of gesta-
tion is particularly concerning due to the risk of fetal renal dysfunction, oligohydram-
nios, and premature closure of the ductus arteriosus, a vital fetal blood vessel. These 
risks escalate in the third trimester, and guidelines therefore advise avoiding NSAIDs 
during this period altogether [91–93]. Low-dose aspirin may be used with clear 
clinical indications, such as the prevention of preeclampsia in high-risk pregnancies. 
However, routine or high-dose use in later pregnancy is discouraged due to risks of 
fetal bleeding, ductal closure, and impaired labor [94, 95].

Opioids may be necessary in cases of severe or refractory pain, such as that associ-
ated with trauma or major surgical procedures. When used briefly and under supervi-
sion, they can be considered safe, especially in early pregnancy. However, chronic or 
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late-pregnancy exposure is associated with NAS. Respiratory depression may also occur 
immediately after birth, particularly if opioids were administered intrapartum [96].

Table 7 summarizes the evidence regarding the use of analgesics and anti-inflam-
matory drugs during pregnancy.

In conclusion, while pharmacologic pain relief is often necessary during preg-
nancy, it must be carefully individualized. Paracetamol (acetaminophen) remains 
the safest first-line option, while NSAIDs and opioids require more nuanced consid-
eration of timing, indication, and potential fetal outcomes. A risk–benefit approach, 
integrated with patient counseling and pharmacovigilance, is essential to ensure safe 
and effective maternal care.

6.5 Use of herbal and natural products during pregnancy

The use of herbal and natural products during pregnancy is common across 
diverse cultures and socioeconomic groups, largely driven by the belief that “natural” 
means “safe.” However, this assumption is not supported by solid scientific evidence. 
The safety of most herbal products in pregnancy remains poorly defined, with vari-
ability in composition, pharmacological effects, and the ability of active compounds 
to cross the placenta. Despite their widespread use, these substances are often under-
studied in pregnant populations, and clinical pharmacology has traditionally focused 
on conventional drugs. In this context, phytovigilance and observational research are 
essential to better understand their safety profiles. Herbal products, though perceived 
as benign, can interact with maternal physiology, other medications, and fetal devel-
opment, and may range from harmless to potentially harmful [97].

Among the most frequently used herbal products in pregnancy, ginger (Zingiber 
officinale) is the most extensively studied. When consumed at doses below 1000 mg/
day, it has demonstrated efficacy in reducing nausea and vomiting during early 
pregnancy, with no significant increase in adverse outcomes for mother or fetus. 
However, high doses may pose gastrointestinal or anticoagulant risks, especially if 
used concomitantly with other substances with similar profiles [98]. Conversely, 
other widely used herbs lack sufficient safety data or have demonstrated concerning 
effects. St. John’s Wort (Hypericum perforatum), used to treat depressive symptoms, 
has been associated with teratogenic and pharmacokinetic risks and is generally not 
recommended during pregnancy [99, 100]. Ginseng, Ginkgo biloba, and Aloe vera have 

Drug class Safe in early 
pregnancy

Safe in late 
pregnancy

Main risks in late pregnancy

Paracetamol Yes Yes Minimal if used appropriately

NSAIDs With caution No Ductus arteriosus closure, renal 
impairment, oligohydramnios

Aspirin 
(low-dose)

Yes, if indicated No Fetal bleeding, ductal closure

Opioids Short-term use 
only

Caution NAS, respiratory depression

ADHD = Attention-deficit/hyperactivity disorder; AED = Antiepileptic drug; ASD = Autism spectrum disorder; 
MCM = Major congenital malformations; TDM = Therapeutic drug monitoring.

Table 7. 
Safety considerations for common analgesics and anti-inflammatory drugs during pregnancy (modified from 
Paech and Bloor, Ref. [94], Reis and Källén, Ref. [95], and Antonucci et al., Ref. [91]).
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been flagged for potential reproductive toxicity or abortifacient activity in animal 
studies and human case reports, warranting caution or contraindication [101]. Other 
herbs, such as Echinacea [102] and Evening Primrose Oil, are commonly consumed but 
supported by inconsistent and insufficient evidence [103]. Some observational data 
suggest they may be safe in the short term, but their long-term fetal impact remains 
unclear. Chinese herbal medicines (CHMs) are also widely used, especially in Asian 
populations [104]. While some clinical and preclinical studies suggest benefits in 
conditions such as threatened miscarriage, concerns persist regarding quality control, 
standardization, and safety during early gestation. For example, hyperforin from 
Hypericum and valerenic acid from Valeriana species show variable transplacental 
passage in ex vivo studies, raising questions about fetal exposure levels [99].

Data from the herbal supplements in breastfeeding invesTigation (HaBIT) studies 
in Italy indicate that over half of breastfeeding women reported using complementary 
and alternative medicines (CAMs), with herbal products among the most common. 
Women with a history of pregnancy loss were more likely to use herbal remedies, 
possibly reflecting a stronger preference for perceived “safer” self-care strategies. 
Midwives were the main source of advice, highlighting the role of informal guidance 
outside traditional medical oversight. Notably, many women believed herbal prod-
ucts to be safer than conventional drugs, despite acknowledging limited scientific 
evidence. Misclassification, poor risk awareness, and reported side effects were also 
frequent [105, 106]. A study among Italian herbalists revealed a low perceived risk 
associated with most commonly sold medicinal plants, including Echinacea, Aloe vera, 
and Allium sativum, despite expert panels attributing higher risk scores to several of 
these substances. This discrepancy highlights a broader problem: public and com-
mercial actors often underestimate the pharmacological activity, and therefore the 
potential harm, of “natural” products [107].

From a clinical toxicology standpoint, pregnant women remain “therapeutic 
orphans,” with both conventional and alternative therapies lacking comprehensive 
safety data [97]. The spontaneous and unmonitored use of herbal remedies, coupled 
with underreporting to healthcare providers, increases the risk of drug–herb inter-
actions, unanticipated side effects, and mismanagement of symptoms that would ben-
efit from evidence-based treatment. For example, data from the PHYTO.VIG.GEST 
study reveals that while some products are well-tolerated and have reassuring safety 
records during pregnancy, herbal substances lack similar robust monitoring frame-
works [108]. Therefore, risk minimization strategies must include not only pharmaco-
vigilance but also structured education of both patients and healthcare providers.

Self-medication, misinformation, and the cultural valorization of “naturalness” 
compound the risk of inappropriate use. Comprehensive risk–benefit evaluation, 
proactive counseling during prenatal care, and increased research investment are 
needed to ensure maternal-fetal safety in an era of widespread CAM use.

7. �Rational prescribing and deprescribing strategies

Rational prescribing during pregnancy requires a careful and individualized risk–
benefit assessment, balancing the therapeutic advantages for the mother against poten-
tial risks for the fetus. This evaluation must be grounded in a clearly defined clinical 
indication and should aim to use the minimal effective dose for the shortest necessary 
duration [109, 110]. Given the heightened sensitivity of fetal development, particularly 
during organogenesis, minimizing the duration of pharmacological exposure is critical 
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to reducing the risk of teratogenic effects [111, 112]. Prescribers must remain informed 
of current clinical guidelines and periodically re-evaluate the ongoing need for treat-
ment, especially as pregnancy progresses and physiological parameters shift. Such 
ongoing assessment helps prevent unnecessary polypharmacy and ensures that each 
pharmacological intervention remains clinically justified [113]. Ultimately, prescribing 
strategies must be dynamic and responsive to the evolving maternal condition. The 
substantial physiological changes that occur during pregnancy further underscore the 
importance of individualized, evidence-informed treatment decisions [114].

7.1 Deprescribing: What to stop, when, and how to monitor

Deprescribing strategies during pregnancy focus not only on identifying medica-
tions to discontinue but also on establishing appropriate timelines and monitoring 
protocols. The practice of deprescribing involves careful evaluation of the necessity 
of each medication as pregnancy progresses, emphasizing the cessation of nones-
sential treatments [115, 116]. For instance, medication contraindications that may 
arise as gestation advances necessitate re-evaluation, ensuring that any remaining 
pharmaceutical interventions align with current clinical guidelines [117]. Healthcare 
providers should monitor patients closely following deprescribing to observe for any 
resurgence of symptoms that may necessitate alternative interventions, which can 
occur particularly in cases of chronic illnesses such as asthma or autoimmune condi-
tions [118, 119]. Successful monitoring can be facilitated through regular follow-up 
visits, where practitioners assess maternal and fetal well-being rigorously [120]. For 
medications that pose greater risks during certain trimesters, timely communication 
is critical. Studies have demonstrated that decisions to taper or discontinue medica-
tions should coincide with emerging evidence of fetal development timelines related 
to medication safety [121, 122]. Additionally, integrating registries and systematic 
databases can enhance monitoring and reporting mechanisms, facilitating ongoing 
assessment of maternal and fetal outcomes post-deprescribing [123].

7.2 Patient involvement in decision-making (shared decision-making model)

Involving patients in the shared decision-making process is vital for the successful 
management of medication safety during pregnancy. Research highlights that shared 
decision-making enhances patient knowledge and empowers women to take an active 
role in their own healthcare [56, 124]. The complexities surrounding medication 
safety in pregnancy—and the often overwhelming information available—underscore 
the importance of tailored patient education initiatives [125]. Providing comprehen-
sive counseling can mitigate anxiety related to medication use, allowing for informed 
decisions about treatment options based on individual circumstances [126].

Furthermore, collaboration between healthcare providers and patients is essen-
tial to address the gaps in knowledge regarding medication use during pregnancy. 
Evidence suggests that many women are unaware of the implications of specific 
medications on pregnancy outcomes, reinforcing the need for ongoing dialogue about 
medication appropriateness [111]. Integrating feedback from patients concerning 
their experiences and preferences can refine treatment plans and adhere to shared 
decision-making principles, thereby enhancing overall treatment satisfaction [123, 
127]. This approach leads to a better understanding of the patient’s unique health 
profile as well as their mental and emotional well-being throughout pregnancy.
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8. �Pharmacovigilance and post-marketing surveillance: Okay, but…

Pharmacovigilance plays a crucial role in enhancing medication safety during 
pregnancy by monitoring adverse events associated with drug use and compiling 
data from a range of sources, including pregnancy registries and clinical databases 
[116, 123, 128]. The importance of meticulous adverse event reporting cannot be 
understated; it facilitates the identification of potential risks and informs clinical 
guidelines regarding medication use in pregnancy [129–131]. Regular updates about 
medications, informed by reports of adverse outcomes, allow practitioners to make 
evidence-based decisions that prioritize both maternal and fetal health. Pregnancy 
registries serve as invaluable tools in this context, collecting data on pregnant individ-
uals exposed to specific medications and tracking outcomes [119, 123]. The systematic 
compilation of this data enables researchers to evaluate the safety profiles of various 
drugs within diverse populations, thereby addressing gaps in knowledge regarding 
medication use during pregnancy. These registries can help dispel myths related to 
drug safety and catalyze pivotal changes in prescribing practices when significant 
risks are identified [111].

The role of safety databases and clinical guidelines, such as LactMed and e-lac-
tancia, is paramount, particularly in providing healthcare professionals and patients 
with evidence-based resources [121]. These databases aggregate existing clinical data, 
making it accessible for practitioners, which can lead to increased awareness and 
concerted efforts in mitigating risks associated with medication choices during preg-
nancy. Moreover, the application of such guidelines assists in harmonizing care across 
different healthcare settings, ensuring that all practitioners adhere to best practices 
[117]. Successful pharmacovigilance efforts necessitate not only data collection but 
also collaboration among various stakeholders, including healthcare providers, public 
health agencies, and patients. Engaging in dialogue about potential concerns and 
emerging evidence can cultivate a culture of safety within the healthcare ecosystem 
[109, 125]. Continuous advancements in technology and data analytics further aug-
ment these efforts, allowing for real-time monitoring of medication safety alongside 
developments in treatment protocols [123].

The dynamics of medication safety in pregnancy are multifaceted, encompassing 
strategies for rational prescribing and deprescribing, active patient involvement in 
clinical decision-making, and robust pharmacovigilance infrastructures. By creat-
ing an ecosystem that prioritizes both maternal and fetal safety, through informed, 
evidence-based practices and stakeholder collaboration, it is possible to navigate 
the complex landscape of pharmacotherapy during pregnancy more effectively. 
Continued research and adherence to safety guidelines will be paramount in ensuring 
that healthcare providers can offer optimized and safe medication choices for preg-
nant patients.

9. �Practical recommendations and tools for clinicians

Prescribing medications during pregnancy presents a unique clinical challenge. 
Figure 3 summarizes recommendations regarding the most commonly prescribed 
drug classes during pregnancy. Physiological changes, limited high-quality evidence, 
and ethical constraints on clinical trials all contribute to uncertainty. This rein-
forces the need for cautious, evidence-based, and patient-centered decision-making. 
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The following recommendations synthesize the key principles discussed throughout 
the chapter and aim to provide a practical guide for clinicians involved in maternal care.

•	 Assess necessity carefully: Begin by evaluating whether pharmacological treatment 
is truly necessary. Avoid unnecessary medications, but do not delay or withhold 
essential therapies, as untreated maternal conditions can pose serious risks to 
both mother and fetus.

•	 Prioritize safety and efficacy: Choose drugs with the most robust evidence of 
safety in pregnancy, preferably supported by human data, and select agents with 
a favorable balance between maternal benefit and fetal risk.

•	 Use the minimum effective dose: Always prescribe the lowest effective dose for the 
shortest duration needed, guided by clinical response and disease severity.

•	 Limit polypharmacy: Minimize the number of concurrent medications and 
reassess the need for ongoing treatments regularly. Adjust plans according to the 
clinical evolution of both pregnancy and disease.

•	 Engage in multidisciplinary collaboration: In complex cases, seek input from obste-
tricians, clinical pharmacologists, and disease-specific specialists, particularly 
when dealing with chronic conditions, polytherapy, or off-label drug use.

•	 Utilize evidence-based resources: Consult up-to-date and reliable information 
sources—such as published guidelines, drug safety databases, teratology infor-
mation services, and pharmacovigilance networks—before prescribing.

•	 Document and communicate clearly: Provide detailed documentation of the 
decision-making process and ensure shared decision-making with the patient. 
Discuss expected benefits, potential risks, and therapeutic alternatives.

Figure 3. 
Recommendations for commonly prescribed medications during pregnancy.
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•	 Incorporate pharmacovigilance and deprescribing strategies: Consider the evolving 
nature of pregnancy and use long-term follow-up and reporting tools to monitor 
adverse outcomes and reduce unnecessary exposure when appropriate.

Ultimately, promoting safer pharmacological care in pregnancy requires not only 
adherence to guidelines but also individualized judgment, multidisciplinary collabo-
ration, and transparent communication with patients. Empowering clinicians with 
practical tools and up-to-date evidence can help achieve the delicate balance between 
maternal well-being and fetal protection.

10. �Conclusions

Ensuring the safe and appropriate use of medications during pregnancy and 
lactation is a complex yet essential component of maternal and perinatal care. 
Physiological changes throughout gestation significantly affect the pharmacokinet-
ics and pharmacodynamics of many drugs, altering their absorption, distribution, 
metabolism, and excretion. These changes, coupled with the ethical and method-
ological challenges of conducting clinical trials in pregnant populations, contribute to 
significant gaps in evidence and uncertainty in clinical decision-making.

While only a limited number of drugs are confirmed as human teratogens, the 
potential for harm—ranging from congenital malformations to neonatal toxicity and 
long-term developmental effects—necessitates careful benefit–risk assessment for 
every pharmacological intervention. Timing of exposure is critical, with the embry-
onic period representing the highest susceptibility to structural anomalies and the 
fetal period more closely associated with functional impairments and growth distur-
bances. In addition, late-pregnancy exposure may lead to acute neonatal toxicity or 
withdrawal syndromes due to immature metabolic and excretory systems.

Prescribing/deprescribing decisions should prioritize maternal health while 
minimizing fetal risk, always considering the lowest effective dose, the shortest 
necessary duration, and the availability of safer alternatives. Polypharmacy should 
be avoided when possible, and treatment plans should be regularly reassessed in 
light of gestational age and evolving clinical needs. Pharmacovigilance systems and 
pregnancy registries are essential tools for monitoring outcomes and improving drug 
safety profiles.

The use of rigid risk classification systems is insufficient to guide prescrib-
ing in such a complex context. Instead, therapeutic choices must rely on updated, 
evidence-based sources and be informed by clinical judgment, multidisciplinary 
collaboration, and transparent communication with patients. In many cases, the 
risks of untreated maternal disease may outweigh those of pharmacological treat-
ment. Moreover, integrating quantitative evidence with a qualitative understanding 
of maternal experiences and preferences enhances the safety, effectiveness, and 
acceptability of perinatal pharmacotherapy. A balanced, respectful, and patient-
centered prescribing practice contributes significantly to the health and well-being 
of both mother and child.
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Appendices and nomenclature

Abbreviations

ACE	 angiotensin-converting enzyme
ADHD	 attention-deficit/hyperactivity disorder
AOG	 age of gestation
ASD	 autism spectrum disorder
ATC	 anatomical therapeutic chemical classification
AU TGA	 Australian Therapeutic Goods Administration
CAM	 complementary and alternative medicine
CNS	 central nervous system
FDA	 Food and Drug Administration
GFR	 glomerular filtration rate
NAS	 neonatal abstinence syndrome
NICE	 National Institute for Health and Care Excellence
NO	 nitric oxide
OR	 odds ratio
OTC	 over-the-counter
PBPK	 physiologically-based pharmacokinetic
PLLR	 pregnancy and lactation labeling rule
PPHN	 persistent pulmonary hypertension of the newborn
RR	 relative risk
SGA	 small for gestational age
SMX	 sulfamethoxazole
SSRIs	 Selective Serotonin Reuptake Inhibitor(s)
TDM	 therapeutic drug monitoring
TMP	 trimethoprim
WHO	 World Health Organization

Nomenclature

Deprescribing			�   The process of tapering or stopping medica-
tions that may no longer be beneficial or may be 
harmful.

Embryotoxicity			�   Harmful effects on the embryo during early stages 
of development.

Evidence-based prescribing	� Medication decisions based on clinical research and 
individual patient needs.

Fetotoxicity			�   Toxic effects of a substance on the developing fetus.
Herbal medicine			�  The use of plant-based preparations for therapeutic 

purposes.
Neonatal adaptation		�  Physiological adjustments in a newborn transition-

ing from intrauterine to extrauterine life.
PBPK model			�   Physiologically-Based Pharmacokinetic model used 

to predict drug behavior in special populations.
Perinatal pharmacology		�  The study of drug use during pregnancy, birth, and 

the immediate postnatal period.
Pharmacodynamics		�  Study of the physiological effects of drugs and their 

mechanisms of action.
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Pharmacokinetics			�   Study of how drugs are absorbed, distrib-
uted, metabolized, and excreted.

Physiological changes in pregnancy	� Anatomical and metabolic changes affect-
ing drug disposition during pregnancy.

Phytovigilance				�    Monitoring the safety of herbal medicines 
and plant-based products.

Placental transfer			�   The movement of substances across the 
placenta from maternal to fetal circulation.

Polypharmacy				�    The use of multiple medications by a 
patient, often common in complex or 
chronic conditions.

Post-marketing surveillance		�  Monitoring the safety of a drug after it 
has been released on the market (usually 
identified with pharmacovigilance).

Pregnancy risk categorization		�  Systems used to classify medication risk 
during pregnancy (e.g., FDA PLLR, AU 
TGA).

Risk–benefit ratio			�   The balance between the benefits of a treat-
ment and its potential risks.

Teratogen				�    An agent that can disturb the development 
of the embryo or fetus.
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Chapter 4

Inappropriate Medication Use in 
Geriatric Patients: Factors and 
Management
Ahmet Çakır and Hasan Memiş

Abstract

In older adults, age-related physiological, anatomical, and metabolic changes, com-
pounded by issues of multimorbidity and polypharmacy, substantially heighten the 
risk of potentially inappropriate medication (PIM) utilization. PIM, characterized by 
drug use in which risks surpass benefits, represents a key factor contributing to adverse 
drug events (ADEs), potential drug-drug interactions (pDDIs), hospitalizations, frailty, 
and increased healthcare expenditures. PIM arises from multiple factors, including 
patient-related issues, such as polypharmacy, multimorbidity, cognitive decline, poor 
adherence, and self-medication; physician-related contributors, such as prescribing 
cascades, insufficient medication review, and fragmented care; and system-level barri-
ers, such as inadequate medication management programs, limited consultation time, 
communication gaps, and financial constraints. Among the major consequences of PIM 
are ADEs, increased risk of falls, higher hospitalization rates, and escalating healthcare 
expenditures. Several management strategies have been proposed to minimize these 
risks. Key clinical interventions involve structured medication review and reconciliation, 
deprescribing, individualized prescribing guided by clinical decision support tools, and 
measures to enhance adherence. Interventions at the system level, such as comprehensive 
medication management programs, pharmacist-conducted reviews, collaborative inter-
professional approaches, and the incorporation of computerized decision support tools, 
are vital for promoting safe prescribing. In parallel, patient and caregiver participation, 
reinforced by education and reporting of adverse events, significantly contributes to the 
reduction of PIMs. Effectively minimizing PIMs demands a holistic and interdisciplinary 
framework. Enhancing interprofessional collaboration, supporting patient-centered 
care initiatives, and examining the long-term outcomes of such strategies are critical for 
improving pharmacotherapy and healthcare quality in the geriatric population.

Keywords: adverse drug events, deprescribing, geriatric patients, polypharmacy, 
potentially inappropriate medication

1. �Introduction

The aging process not only predisposes individuals to chronic diseases but also 
brings about anatomical, physiological, and metabolic changes that require careful 
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consideration in medical treatment and pharmacological interventions [1]. These changes 
have significant implications, as older adults frequently face chronic illnesses, frailty, and 
cognitive decline, placing substantial demands on healthcare systems and resources [2]. 
The global increase in the elderly population has made the issues of multimorbidity and 
polypharmacy more prominent. Inappropriate medication use (IMU) is defined as the 
use of medicines whose risks outweigh their benefits when safer alternatives are available 
[3]. In a recent study, the prevalence of potentially inappropriate medication (PIM) use in 
outpatient services worldwide was estimated to be 36.7% [4]. Polypharmacy in the elderly 
increases the risk of inappropriate drug use, which brings with it certain challenges for the 
healthcare system [5]. In this context, IMU, adverse drug events (ADEs), and controlling 
medication costs have become key challenges in healthcare delivery [6]. Specifically, the 
burden of polypharmacy has been linked to increased healthcare costs, higher risk of 
potential drug-drug interactions (pDDIs), poor medication adherence, diminished func-
tional capacity, and the development of multiple geriatric syndromes [7]. There are many 
factors associated with the presence of IMU in older adults. These include mainly patient-
related factors, physician-related factors, and system-related factors [8]. All these factors 
should be thoroughly investigated and addressed through appropriate interventions to 
minimize the occurrence of IMU. A variety of well-validated tools and criteria have been 
developed to facilitate the detection and management of IMUs in the elderly population. 
Among the most commonly employed tools are the american geriatrics society (AGS) 
Beers Criteria [9], TIME Criteria [10], PRISCUS List [11], START (Screening Tool to Alert 
to Right Treatment)-STOPP (Screening Tool of Older Persons’ Prescriptions) Criteria 
[12], FORTA (Fit fOR The Aged) List [13], Chinese PIM criteria [14], and the European 
Union (EU) (7)-PIM List [15], all of which aim to guide appropriate prescribing practices 
in older adults. Many of these criteria have been developed on a country-by-country basis 
and have national characteristics. Using these criteria, undesirable effects that may occur 
in the presence of PIM can be eliminated.

2. �Factors causing inappropriate medication use

The combination of age-related physiological alterations, multiple clinical condi-
tions, and social complexities renders older adults highly susceptible to adverse health 
outcomes. Therefore, factors affecting the presence of IMU in this population nega-
tively affect the quality of life. The main contributors include:

2.1 Patient-related factors

Patient-related factors causing IMU include polypharmacy, multiple chronic con-
ditions, physiological changes with aging, cognitive decline and sensory impairment, 
self-medication, and poor adherence.

2.1.1 Polypharmacy

While there is no universally accepted definition, polypharmacy is commonly 
described as the regular use of five or more medications by an individual, encompassing 
prescription drugs, over-the-counter products, as well as traditional and complementary 
therapies [16]. In addition, the term hyperpolypharmacy is defined as the simultane-
ous intake of 10 or more medications [17]. Polypharmacy often stems from the need to 
manage multiple comorbidities, the involvement of various healthcare providers, a lack 
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of coordinated care, and the increased accessibility of over-the-counter medications. This 
phenomenon is further exacerbated by the rising degree of medical specialization within 
healthcare systems, frequently resulting in complex therapeutic regimens implemented 
without interdisciplinary consensus. Although concurrent pharmacological treatment 
may be clinically justified in individuals with multiple conditions, the cumulative drug 
burden can lead to organ dysfunction, drug-drug and drug-disease interactions, medica-
tion nonadherence, increased morbidity and mortality, diminished quality of life, and 
elevated healthcare expenditures due to IMU [18]. Polypharmacy is associated with an 
elevated risk of ADEs, harmful pDDIs, and reduced medication adherence, as well as 
increased rates of hospitalization, falls, frailty, cognitive decline, and mortality among 
geriatric patients [19]. In developed countries, an estimated 30–40% of individuals over 
the age of 65 use five or more medications, while approximately 12% take 10 or more 
different drugs [20]. While polypharmacy is linked to adverse outcomes in older adults, 
aging itself influences the relationship between medication use and clinical effects. Age-
related alterations in pharmacokinetics and body composition impact drug metabolism, 
clearance, and distribution, increasing susceptibility to adverse drug reactions (ADRs) 
[21]. Age, polypharmacy, and the presence of specific chronic conditions were identified 
as independent determinants associated with PIMs and pDDIs [22]. Addressing these 
factors through individualized medication management strategies, renal function-based 
dose optimization, and the avoidance of unnecessary polypharmacy may contribute to 
risk mitigation. In the geriatric population, the use of PIMs is associated with a heightened 
risk of unplanned hospitalizations, particularly in individuals receiving polyphar-
macy, underscoring the need for caution when prescribing PIMs to older adults [23]. 
Encouraging the rational use of medications through multidisciplinary collaboration, 
conducting regular pharmacotherapy reviews, and personalizing treatment to meet indi-
vidual patient needs may reduce mortality and mitigate the risks linked to polypharmacy 
[24]. Pharmacist-led deprescribing interventions in older adults can substantially reduce 
the use of PIMs, thereby mitigating polypharmacy, with potentially greater effectiveness 
when implemented within a multidisciplinary care framework.

2.1.2 Multiple chronic conditions

In the geriatric population, susceptibility to diseases increases with changing phys-
iology with age, and multimorbidity may be observed in these patients compared to 
younger adults. The term multimorbidity refers to the presence of at least two chronic 
diseases within the same patient [25]. Among older individuals, the combination of 
multiple diseases may interact in a super-additive manner, exacerbating declines in 
functional status, compromising quality of life, and shortening life expectancy, which 
collectively contribute to complex health and care requirements [26, 27]. Advanced 
age is the most significant determinant of multimorbidity, with prevalence rates 
reaching approximately 90% in those aged 85 years and above [28]. Hypertension is 
the most common disease among the elderly, followed by osteoarthritis and diabetes 
mellitus. More than one drug may be required to treat such diseases, so some undesir-
able drug-related problems such as pDDIs and ADEs may occur during treatment 
[29]. However, in the presence of underlying diseases (e.g., renal and hepatic insuf-
ficiency), the metabolism of drugs used for treatment changes significantly. Another 
challenge in the management of chronic conditions is the difficulty of medication 
administration in patients with impairments, such as visual or cognitive decline and 
dysphagia [30]. The aging process is universal yet heterogeneous. Recognizing physi-
ological changes associated with aging, including diminished vision and hearing, 
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delayed reaction times, and impaired balance, enables patients and caregivers to 
better manage risks, make appropriate healthcare decisions, and reduce the likelihood 
of falls and medication-related complications. In cases of multimorbidity, a compre-
hensive geriatric assessment should serve as the first step, enabling the systematic 
identification of all existing health conditions and the implementation of tailored 
interventions. Subsequently, continuous and periodic evaluation of disease status and 
therapeutic regimens is necessary, as it plays a pivotal role in recognizing and prevent-
ing IMU [31]. A multidisciplinary approach may be required in this process.

2.1.3 Physiological changes

Physiological changes with age can significantly alter the course of the disease in 
the elderly. In older adults, physiological changes occur in virtually all solid organ sys-
tems as a natural consequence of aging, leading collectively to a decline in physiologi-
cal reserve and reduced capacity to cope with stressors [32]. The changes that drugs 
undergo in the body may differ due to some pharmacokinetic and pharmacodynamic 
changes. For instance, age-related alterations in body composition reduce the volume 
of distribution of water-soluble drugs, resulting in higher serum concentrations in 
older adults. In elderly individuals, decreased renal function, particularly decreased 
glomerular filtration rate, affects the clearance of many water-soluble drugs. Such 
reductions in renal excretion may result in toxic drug levels [33]. The aging process 
involves structural and functional alterations across all organ systems, resulting in a 
reduced homeostatic capacity. Consequently, individualized treatment that accounts 
for the impact of these changes on pharmacotherapy in older adults is essential.

2.1.4 Cognitive impairment

Compared with younger populations, older adults appear to have an increased suscep-
tibility to the development of cognitive impairment due to pharmacological exposure, a 
phenomenon attributable to age-related physiological changes, altered pharmacokinetics 
and pharmacodynamics, and a higher prevalence of polypharmacy [34]. Cognitive dys-
function denotes impairments across multiple domains, including attentional capacity, 
visual and auditory information processing, executive problem-solving abilities, process-
ing speed, and motor performance [35]. Approximately one-quarter of older individuals 
are affected by cognitive impairment or dementia, with prevalence rising to almost 40% 
in those aged 80 and over [36]. The presence of PIM in the elderly is a factor that should 
not be ignored and may increase the severity of cognitive disorders. Drug-induced 
cognitive impairment refers to a decline in cognitive functioning attributable primar-
ily to pharmacological agents. This adverse effect on cognitive abilities may result from 
the use of both central nervous system (CNS)-active and non-CNS-active medications 
[37]. The pharmacological classes most frequently implicated in drug-induced cognitive 
impairment encompass anticholinergic agents, hypnotics and sedatives, antipsychotics, 
opioid analgesics, antiparkinsonian medications, antidepressants, antiepileptic drugs, 
nonsteroidal anti-inflammatory drugs (NSAIDs), and proton pump inhibitors (PPIs) 
[34, 37]. Patients with cognitive impairment often have difficulty following medication 
administration’s instructions or may experience treatment disruptions because they 
cannot remember to take the medication. Managing patients with cognitive impairment 
necessitates a critical evaluation of pharmacological agents that may contribute to its 
onset or progression. Establishing a causal link with a single drug is often difficult; thus, 
medications with a high risk of cognitive adverse effects should be closely monitored.
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2.1.5 Self-medication

Another patient-related factor causing IMU is the use of over-the-counter or herbal 
medications, which is referred to as patient self-medication. It states that self-medication 
means selecting and using medications for self-diagnosed ailments or diseases [38]. This 
can become a bigger problem when doctors are not aware of it because these medications 
can cause changes in the effects of the medications the patient uses regularly. Individuals 
often use medications based solely on their own knowledge and experience rather than 
seeking medical advice or a prescription. This practice is particularly concerning in the 
care of older adults, where it may also involve the use of medications prescribed for family 
members [39]. This practice entails multiple risks for individuals, including misdiagnosis, 
delayed medical consultation, inappropriate treatment, unrecognized pharmacological 
hazards, adverse drug reactions, drug-drug and drug-food interactions, dosing errors, 
and risks of misuse or dependence. At the community level, inappropriate self-medication 
contributes to drug-related morbidity and unnecessary healthcare expenditures.

2.1.6 Poor adherence

The effectiveness of a medication depends on its use in accordance with the physician’s 
instructions, highlighting the critical role of treatment adherence. Adherence to treatment 
is defined as the degree to which an individual’s behaviors—such as medication intake, 
dietary practices, and lifestyle modifications—correspond with the recommendations 
agreed upon with a healthcare provider [40]. Nonadherence rates to drug treatment in 
elderly patients with comorbidities have been reported as 31–53% [41, 42]. In elderly 
patients, treatment adherence is affected by various factors, such as side effects, memory 
impairment, challenges in medication management, socioeconomic conditions, health 
status, and inadequate communication with healthcare providers [43, 44]. The validated 
Morisky Medication Adherence Scale, which measures adherence on a 3-level ordinal 
scale, can be used to assess adherence [45]. Poor adherence to prescribed medications 
among older adults is a significant public health concern. Therefore, evaluating the factors 
that influence nonadherence is essential for improving health outcomes, minimizing 
medication waste, and reducing healthcare costs. Potentially inappropriate medications 
represent an important determinant of medication adherence in this population.

2.2 Physician-related factors

Physician-related factors contributing to IMU include prescribing cascades, 
inadequate medication review, prescribing habits, and fragmented care.

2.2.1 Prescribing cascade

Another simple but often overlooked cause of IMU is prescribing cascades. A prescrib-
ing cascade occurs when the side effects of a medication prompt the prescription of an 
additional drug to counteract or prevent those effects [46]. An unintended prescribing 
cascade arises when an adverse drug reaction is mistaken for a new medical condition, 
leading to the prescription of additional medications to address the resulting symptoms. 
For instance, pretibial edema caused by calcium channel blockers (CCBs) may be misin-
terpreted as a sign of congestive heart failure, resulting in the inappropriate prescription 
of a loop diuretic rather than switching to an alternative antihypertensive, such as lercani-
dipine, to alleviate the edema [47, 48]. In this example, prescribing another drug to treat 
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another side effect that would be caused by the loop diuretic prescribed could extend this 
chain of incorrect prescribing. To prevent this situation, it may be necessary to take a com-
plete medication history from patients and consider any medication-related side effects.

2.2.2 Inadequate medication review

One of the most effective strategies for minimizing therapeutic complexity and 
reducing the use of PIMs is the systematic review of prescribed drugs. Medication 
review is defined as a structured evaluation of a patient’s medications with the aim of 
optimizing drug use and improving health outcomes, which includes the identifica-
tion of drug-related problems and the recommendation of appropriate interventions 
[49]. It is essential to review patients’ existing medication records not only prior to 
initiating new prescriptions but also as part of routine care. This process requires 
obtaining and verifying a comprehensive and accurate list of all medications cur-
rently in use, including drug names, dosages, frequency, and routes of administration 
[50]. This evaluation serves as the foundation of clinical medication review, requiring 
alignment of each drug with its indication and careful history taking to detect interac-
tions or adverse reactions [51]. Regular assessments can aid in the early identification 
of medications that may contribute to the use of PIMs.

2.2.3 Prescribing habits

Physician prescribing habits represent a key contributor to inappropriate medica-
tion use in older adults. Long-standing clinical routines and reliance on established 
prescribing patterns may lead to the continuation of PIMs, even when safer or 
more effective alternatives exist. Such habits may be reinforced by familiarity with 
medications, peer learning, physicians’ own beliefs, poor adaptability to change and 
inadequate acceptance of therapeutic alternatives, perceived patient expectations, 
or limited awareness of updated geriatric prescribing guidelines [52]. Incorporating 
geriatric pharmacology into continuing medical education to improve physicians’ 
knowledge of geriatric prescribing may change their prescribing habits.

2.2.4 Fragmented care

Inadequate communication between prescribers, leading to unawareness of previ-
ously prescribed medications, may contribute to drug duplication, delayed identifi-
cation of adverse events, and the initiation of prescribing cascades. The absence of 
effective communication among prescribers, amplified by insufficient documentation 
of therapeutic changes—including initiation, modification, and discontinuation, 
poses a significant risk to medication safety [53]. Given these considerations, effective 
communication of patients’ health status with their physicians is essential, yet par-
ticularly challenging in older adults, owing to cognitive difficulties. This underscores 
the need for physicians to adopt a more deliberate approach in patient encounters and 
to enhance interprofessional consultation.

2.3 System-related factors

2.3.1 Insufficient comprehensive medication management programs

The management of chronic patients with comorbidities requires multi-
disciplinary teams that ensure patient-centered continuity of care, with active 
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involvement of both the patient and their support network. The adoption of 
Comprehensive Medication Management (CMM) has been demonstrated to be an 
effective approach for the management of these conditions [54]. CMM is a patient-
centered approach delivered by healthcare professionals that aims to optimize 
medication use, enhance safety and adherence, and improve overall health outcomes 
[55]. This model fosters collaborative engagement between patients and healthcare 
providers. Like other healthcare interventions, the implementation of CMM requires 
systematic data collection and timely reporting to inform clinical and population-
level management. A consensus on appropriate quality and outcome metrics is 
necessary to evaluate and communicate the value of CMM services [56]. Considering 
all these factors, it is essential to use medication management programs to ensure that 
healthcare professionals have access to up-to-date health information.

2.3.2 Time constraints preventing medication reconciliation

Medication reconciliation is the process of establishing the most accurate list of all 
medications a patient is taking—including active ingredients, dosages, frequencies, 
and routes of administration—by comparing medical records with external sources, 
such as patient-provided lists or information from hospitals and other healthcare pro-
viders [57]. Medication reconciliation also involves a structured interview between 
the patient and the healthcare team to determine which prescription and over-the-
counter medications are actually being taken [58]. Health systems must ensure 
that medical assistants have adequate time, resources, and communication tools to 
perform medication reconciliation effectively, while also optimizing the conditions 
under which this work is conducted. Time limitations during patient consultations 
are among the most commonly reported barriers, as clinicians often lack sufficient 
opportunity to perform comprehensive medication reviews and engage in discussions 
regarding deprescribing with their patients [59]. To address this challenge, health-
care systems should allocate sufficient consultation time and implement structured 
workflows that enable clinicians to perform comprehensive medication reviews and 
discuss deprescribing with patients effectively.

2.3.3 Insufficient communication between providers, pharmacies, and caregivers

Effective communication is essential not only among healthcare professionals 
but also between professionals and caregivers, particularly in patient populations 
requiring substantial support, such as older adults. Communication between phar-
macists and other healthcare professionals can facilitate patient access to medication 
history. Improving communication between healthcare professionals and patients 
and their caregivers plays a key role in detecting PIM [60]. Healthcare professionals 
communicating with patients or caregivers both verbally and in writing can ensure a 
solid foundation for treatment [61]. This can vary depending on health literacy levels. 
Providing written communication to individuals with low health literacy is extremely 
important in presenting a healthy report to other healthcare professionals.

2.3.4 Financial barriers

Another system-related factor is the economic situation of the patients. Patients 
may choose to use medications that are not suitable for them because they are cheaper. 
Socioeconomic indicators, such as income, education, occupation, and neighborhood, 
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have been reported to influence individuals’ healthcare experiences. Populations 
with lower socioeconomic status are more likely to receive care of lower quality [62]. 
In populations with lower socioeconomic status, inadequate care coordination and 
substandard healthcare services may contribute to polypharmacy and the use of PIMs 
[63]. Low socioeconomic status may influence medication use in older adults through 
factors, such as inadequate prescriptions, reliance on older or generic drugs, and 
underutilization of appropriate medications [64, 65]. Government support can help 
mitigate the impact of low socioeconomic status on medication use, improving access 
to appropriate therapies and reducing the risk of polypharmacy and PIMs.

3. �Consequences of inappropriate medication use

3.1 Adverse drug events

Medication selection is crucial in the elderly population because inappropriate 
prescribing can lead to ADEs. In older adults, ADEs are associated with increased 
emergency department visits, hospitalizations, healthcare costs, and higher mor-
bidity and mortality rates [66, 67]. ADEs encompass harm directly attributable 
to medications—such as adverse drug reactions and overdoses—as well as harm 
associated with medication use, including dose reductions or discontinuations [68]. 
Although ADEs may arise from medication errors, the majority occur independently 
of such errors. Numerous studies have demonstrated that older adults experience 
higher rates of ADRs compared to younger individuals, with advancing age identified 
as a significant risk factor [69]. Age-related factors associated with an increased risk 
of ADRs in older adults include physiological age-related changes, multimorbidity, 
polypharmacy, frailty, and cognitive and sensory impairment [70–72]. Several criteria 
are available to assess the likelihood that an ADR is attributable to a specific drug, 
including the Naranjo Algorithm [73] and the Liverpool ADR Causality Assessment 
Tool [74]. Using this algorithm in geriatric patients, it can be determined whether 
adverse events occurring are drug related. When comparing drug classes among 
themselves in this population, the classes that cause the most adverse reactions are as 
follows: antipsychotics, anticoagulants, diuretics, analgesics, and anti-inflammatory 
[75, 76]. Adverse drug reactions of some drugs most used in geriatric populations are 
listed in Table 1 [77–80].

These drugs, which are frequently used in elderly patients and cause adverse drug 
reactions, also carry the risk of being classified as PIM. Mitigating the risk of drug-
induced adverse reactions necessitates the adoption of a comprehensive, systematic 
strategy. In certain instances, ADRs may be mitigated by dose reduction or, when 
appropriate, by discontinuation of the offending agent. Following the identification 
of a PIM, it is recommended to engage with the prescribing physician to reassess the 
clinical necessity of the medication and to consider its deprescription, where appro-
priate. Under professional healthcare, deprescribing entails reducing or discontinuing 
the use of inappropriate medications. The primary goal is to manage polypharmacy to 
reduce unnecessary or potentially harmful medication use and improve outcomes.

3.2 Increased hospitalizations

Patients exposed to PIM have been shown to have a higher risk of hospitalization 
compared to unexposed patients [81–83]. With growing evidence that exposure to 
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PIMs elevates the risk of hospitalization, it is essential to delineate the risks linked to 
specific drug classes and individual agents. Thorough identification of high-risk med-
ications is crucial to inform and guide clinical decision-making. High-risk medication 
classes associated with increased hospitalization include antithrombotics (anticoagu-
lants and antiplatelets) [84], cardiovascular drugs (diuretics, angiotensin-converting 
enzyme inhibitors, beta-blockers) [84–86], nonsteroidal anti-inflammatory drugs 

System ADRs Drug involved Pharmacological group

Gastrointestinal Gastrointestinal ulcer Aspirin Antithrombotic agents

Clopidogrel

Warfarin

Constipation Amlodipine Antihypertensive

Morphine Opioid

Tramadol Opioid

Verapamil Antihypertensive

Diarrhea Lactulose Laxative

Metformin Antidiabetic agent

Cardiovascular Hypotension Enalapril, 
Perindopril

Antihypertensive

Edema Amlodipine, 
Nifedipine

Antihypertensive

Tachycardia Salbutamol Beta-2 agonist

Theophylline Phosphodiesterase 
enzyme inhibitor

Bradycardia Metoprolol Antidiabetic agent

Endocrine and metabolic Hypoglycemia Insulin Antidiabetic agent

Hyperglycemia Dexamethasone Corticosteroid

Hyperkalemia Spironolactone Diuretic

Enalapril Antihypertensive

Hematologic Anemia Pantoprazole Proton pump inhibitor

Levodopa Anti-Parkinson agent

Metformin Antidiabetic agent

Thrombocytopenia Heparin Anticoagulant

Bleeding Warfarin Anticoagulant

Dermatologic Hypersensitivity Amoxicillin/
clavulanate

Antibiotic

Neuromuscular and 
skeletal 

Myalgia Atorvastatin Antilipemic agent

Others Dry cough Lisinopril Antihypertensive

Electrolyte and fluid 
balance conditions

Furosemide Diuretic

Valsartan Antihypertensive

Dizziness Amitriptyline Tricyclic antidepressant

Olanzapine Antipsychotic

Table 1. 
Adverse drug reactions caused by certain medications in older adults.
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(NSAIDs) [87], antipsychotics [88], and hypoglycemics [89]. Identifying medication-
related problems can prevent hospitalizations and other related health problems.

3.3 Fall and frailty

Frailty, reflecting cumulative age-related physiological decline, predisposes 
individuals to adverse drug events and greater medication-related harm. Frailty may 
arise from various factors, including sociodemographic conditions (e.g., poverty, 
social isolation, low education), psychological issues (e.g., depression), nutritional 
deficiencies (e.g., malnutrition), polypharmacy, chronic diseases and complications 
(e.g., inflammatory disorders, cancer, endocrine diseases, dementia), and physical 
inactivity. Regardless of its specific definition, frailty is a dynamic and multidimen-
sional geriatric syndrome marked by fluctuating severity and multisystem impair-
ment [90]. Fractures resulting from falls in the elderly can trigger a complex process. 
Falls impose a considerable burden on the healthcare system due to costly treatments 
required for injuries like hip fractures, including hospitalization and potential com-
plications [91]. A recent study reported a stronger association between fall risk and 
the use of long-acting benzodiazepines, selective serotonin reuptake inhibitors, and 
serotonin-norepinephrine reuptake inhibitors [92]. According to the Beers Criteria, 
proton pump inhibitors (PPIs) are not recommended for use beyond 8 weeks because 
of their association with osteoporosis and increased fracture risk [9].

3.4 Increased healthcare costs

The use of PIMs contributes to increased healthcare expenditures, primarily 
through higher rates of hospitalizations, treatment of adverse drug events, pro-
longed disease management, and the added complexity of polypharmacy. An aging 
population is placing an increasing financial burden on healthcare systems through 
increased expenses, such as hospitalizations, long-term care, and chronic disease 
management [2]. One study reported that the direct costs of PIMs, encompassing 
both drug expenses and dispensing fees, amounted to $419 million [93]. Various ini-
tiatives that encourage appropriate prescribing and discontinuation have been proven 
to reduce PIM costs by 33% [94]. Therefore, identifying and correcting PIMs not only 
positively affects patient health but also provides a cost advantage.

4. �Treatment management strategies

Appropriate treatment management strategies after PIM detection may require a 
multifaceted approach. This approach will be more effective, if it is implemented on a 
patient, healthcare system, and healthcare professional basis.

4.1 Clinical interventions

4.1.1 Medication review and reconciliation

Medication review is a vital process for evaluating a patient’s pharmacotherapy 
and supporting appropriate deprescribing, warranting careful attention. Medication 
reviews can be conducted at varying levels—simple, intermediate, or advanced—
depending on the type and source of available information, the degree of patient 
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involvement, and the extent of multidisciplinary collaboration [95]. In this multidis-
ciplinary process, pharmacists play a pivotal role in conducting medication reviews 
for older adults, applying a patient-centered approach that integrates both explicit 
and implicit criteria. This combined method has been shown to reduce the risk of 
ADEs and provide a more comprehensive assessment of overall medication manage-
ment [96, 97]. Physicians may not have enough time to review medications with their 
patients due to time constraints during regular medical checkups. Therefore, pharma-
cists can turn this situation to their advantage. By meeting with the patient regularly, 
they thoroughly review medication dosages, side effects, pDDIs, route of administra-
tion, and timing of administration. They can also communicate with the physician 
to prevent potential PIMs. When conducting a comprehensive geriatric evaluation, 
physicians should also use criteria, such as Beers, TIME, and START-STOPP to 
determine the presence of PIM.

4.1.2 Deprescribing

Deprescribing studies highlight the crucial role of patient and family engagement 
in successfully discontinuing medications that cause actual or potential harm or offer 
minimal therapeutic benefit [98]. Multidisciplinary collaboration is essential in this 
process. Pharmaceutical care has been shown to enhance prescribing for older adults, 
particularly when the deprescribing process involves a multidisciplinary approach 
that integrates a clinical pharmacist [99]. Mitigating the risk of drug-induced adverse 
reactions necessitates the adoption of a comprehensive, systematic strategy. In 
certain instances, ADRs may be mitigated by dose reduction or, when appropriate, 
by discontinuation of the offending agent. Following the identification of a PIM, it is 
recommended to engage with the prescribing physician to reassess the clinical neces-
sity of the medication and to consider its deprescription, where appropriate. Under 
professional healthcare, deprescribing entails reducing or discontinuing the use of 
inappropriate medications. The primary goal is to manage polypharmacy to reduce 
unnecessary or potentially harmful medication use and improve outcomes [100, 101]. 
The deprescribing process consists of five stages and is given in Figure 1 [102].

To mitigate the burden of PIM, pharmaceutical care strategies—such as structured 
medication reviews and clinical decision support systems—should be incorporated 
into a comprehensive assessment of patients’ clinical profiles, individual needs, and 
health priorities, thereby facilitating personalized prescribing and care planning.

4.1.3 Personalized prescribing

Individualized prescribing constitutes an important initiative in minimizing the 
use of PIMs. The use of clinical decision support systems is essential to optimize 
accuracy in personalized prescribing. Through these systems, patient data can be used 
to optimize the dosage of drugs according to their physiological systems. Integrating 
decision support tools with patient-specific data, such as renal function (creatinine 
clearance) and drug-metabolizing capacity (e.g., cytochrome P450 (CYP450) 
enzymes), offers significant potential for more tailored prescribing, advancing the 
practice of personalized medicine [103, 104]. Personalized medicine offers a promis-
ing approach to the growing challenge of polypharmacy in older adults, who often 
receive multiple medications for various conditions. By tailoring therapy to an indi-
vidual’s genetic profile, healthcare providers can reduce harmful drug interactions, 
enhance treatment efficacy, and ultimately improve the quality of care [2]. Selecting 
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medications or adjusting dosages according to a patient’s renal and hepatic function 
can help prevent future health complications. Likewise, considering the patient’s 
pDDI profile when choosing therapy can promote optimal treatment outcomes.

4.1.4 Adherence support

In certain cases, PIMs may result from an improper medication use, which is directly 
influenced by patient adherence to treatment. Effective communication among healthcare 
providers is crucial for establishing a strong therapeutic partnership with patients and can 
enhance medication adherence [85]. Enhancing healthcare providers’ communication 
skills in patient-centered pharmaceutical care should prioritize building rapport with 
older adults, which can improve treatment adherence [42]. Another approach is to reduce 
dosing frequency. For example, it has been reported that, on average, adherence decreases 
from approximately 80% in patients taking medication once daily to 50% in patients 
taking medication four times daily [105]. Through comprehensive geriatric assessment, 
physicians can gather detailed information on medication adherence from patients, family 
members, and caregivers, identify factors contributing to poor adherence, and implement 
interventions to prevent nonadherence [106, 107]. When appropriate, physicians, in col-
laboration with pharmacists, should consider simplifying medication regimens through 
single-dose packaging, reminder systems, or dosage form adjustments [108]. Following 
interventions to improve treatment adherence, reevaluation may be necessary to ensure 
ongoing consistency in the process.

4.2 System-level interventions

CMM represents a critical intervention to enhance both the safety and effectiveness 
of pharmacotherapy. Pharmacists are a potential resource to assist in the investigation 
of medications, so patients should review all information related to their pharmaceuti-
cal care and resolve any suspicions about PIM by contacting the patient’s physician 

Figure 1. 
Deprescribing process steps.
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immediately [109]. Pharmacist-led medication reviews have been identified as a key strat-
egy in addressing medication-related problems, including PIMs, regimen complexity, and 
discrepancies in prescriptions. Evidence indicates that inappropriate prescribing among 
older adults is significantly reduced when pharmacists and other healthcare professionals, 
including physicians, collaborate within multidisciplinary teams across healthcare sectors 
[110]. Notably, the involvement of clinical pharmacists in hospital discharge care transi-
tions—through activities such as medication reconciliation, review, counseling, and post-
discharge follow-up—has been shown to significantly reduce hospital readmissions and 
post-discharge visits [111]. Interprofessional medication management has demonstrated 
effectiveness in enhancing the quality of outpatient pharmacotherapy for polypharmacy, 
multimorbid older adults, while also reducing the incidence of medication-related 
problems [112]. Effective implementation of interprofessional medication management 
requires collaborative interventions, such as medication reconciliation, patient and 
healthcare professional education, integration of computerized decision support tools, 
and the joint application of geriatric-specific criteria [113, 114]. Computerized decision 
support tools provide access to a wide range of pharmaceutical care services, including 
the identification of pDDIs, monitoring of drug-related adverse effects and biochemical 
parameters, evaluation of high medication use, and patient counseling on appropri-
ate medication practices. Multifaceted pharmaceutical interventions—incorporating 
medication evaluation, motivational interviewing, and post-discharge follow-up—have 
been shown to reduce hospital readmission rates both in the short- and long term among 
patients hospitalized for polypharmacy [115, 116]. If all these system-related factors 
mentioned are implemented together, the existence of PIM will largely disappear.

4.3 Patient and caregiver engagement

Another intervention is to raise awareness, encourage, and provide education 
about the treatment provided to the patient or caregiver. The literature consistently 
highlights patient education as a crucial strategy for improving medication adherence 
[117]. A considerable portion of orally communicated information may be forgot-
ten by patients; therefore, providing written materials is essential to reinforce key 
messages, promote safe medication use, improve treatment adherence, and enhance 
patient satisfaction with care [117, 118]. Moreover, combining visual cues with verbal 
instructions has been shown to enhance patients’ recall compared to verbal instruc-
tions alone. Encouraging patients and caregivers to report drug-related adverse events 
enhances the quality of drug safety data within health systems and facilitates early 
detection of potential risks. Accordingly, strategies including patient education, 
accessible reporting mechanisms, and supportive engagement from healthcare pro-
fessionals are essential to promote greater participation [119]. It has also been empha-
sized that caregivers play a vital role in ensuring prescriptions are taken on time and 
in monitoring patients for potential side effects [120]. Additionally, caregivers assist 
with the administration of prescribed treatments and may coordinate rehabilitative 
interventions, including speech and physical therapy [121].

5. �Conclusion

Reducing PIM requires a multifaceted approach that includes identifying 
patients potentially at risk for PIM, comprehensive medication review, deprescrib-
ing, assessing patient compliance, education for healthcare providers and patients, 
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improvements in the work environment, and integration of computer-aided technol-
ogies to detect inappropriate medications. Therefore, strengthening interdisciplinary 
collaboration remains a cornerstone for minimizing PIM use and improving overall 
quality of care in older adults. In addition, future research focusing on the long-term 
outcomes of such interventions will provide valuable insights for optimizing geriatric 
pharmacotherapy.
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Edited by Farid Badria

Polypharmacy and inappropriate medication use have become major global healthcare 
challenges, particularly among older adults, patients with multimorbidity, pregnant 
women, and individuals receiving long-term treatment for chronic diseases. While 

the use of multiple medications is often necessary, it can increase the risk of 
adverse drug events, drug–drug interactions, herb–drug interactions, medication 
errors, poor adherence, and avoidable hospitalizations. This book provides a timely 

and comprehensive overview of the causes, consequences, and management of 
inappropriate medication practices across diverse patient populations. It explores 
important topics such as deprescribing, medication review, patient-centered care, 
chronic disease management, anticholinergic burden, medication safety during 
pregnancy and lactation, and the hidden risks associated with multi-mechanism 

drugs. The volume also highlights innovative approaches, including multi-target drug 
design, artificial intelligence in healthcare, and safer prescribing strategies to improve 

therapeutic outcomes. Bringing together clinical, pharmacological, and healthcare 
perspectives, this book serves as a valuable resource for pharmacists, physicians, 

nurses, researchers, healthcare administrators, and policymakers seeking practical 
solutions to optimize medication use and enhance patient safety.

Rosario Pignatello, Pharmaceutical Science Series Editor
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