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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: This narrative review examines the impact 

of systemic drugs, including antibiotics and non-antibiotic 
medications, on the oral and gut microbiomes, highlighting 
mechanisms of microbial alteration and clinical implications.

Methodology: A comprehensive literature search was 
performed using PubMed, Scopus, and Web of Science for 
studies published from 2014 to 2025. Keywords included 
“systemic drugs,” “oral microbiome,” “gut microbiome,” and 
“dysbiosis.” Eligible studies involved human or translational 
animal models addressing drug effects on microbiota. Data 
were synthesized to identify patterns of microbiome changes 
and related health outcomes.

Results: Antibiotics induce significant dysbiosis in oral and 
gut microbiomes, reducing microbial diversity and promoting 
pathogen overgrowth, which worsens diseases like periodontitis 
and inflammatory bowel disease. Non-antibiotic drugs such as 
proton pump inhibitors (PPIs), metformin, psychotropics, and 
steroids also alter microbiome composition. PPIs reduce gastric 
acidity, enabling oral bacteria to colonize the gut, increasing 
infection risk. Metformin fosters beneficial microbial shifts 
linked to improved metabolism. Psychotropics and steroids 
modify specific taxa associated with gastrointestinal and 
metabolic effects. The oral-gut microbiome axis facilitates 
microbial translocation, contributing to systemic inflammation 
and disease progression. Additionally, gut microbiota influence 
drug metabolism and bioavailability, adding complexity to 
drug-microbiome interactions.

Conclusion: Systemic medications broadly affect oral and gut 
microbiomes, impacting disease progression and therapeutic 
outcomes. Recognizing these interactions is vital for optimizing 
treatment and developing microbiome-friendly strategies. 
Future research should integrate microbiome insights into 
personalized medicine to reduce adverse effects and improve 
efficacy.

Key words. Systemic drugs, oral microbiome, gut microbiome, 
antibiotics, non-antibiotic.
Introduction.

The human body hosts a vast array of microbial communities, 
with the oral and gut microbiomes playing especially pivotal 
roles in maintaining health and preventing disease [1,2]. These 
diverse consortia—comprising bacteria, fungi, viruses, and 

archaea—are integral to nutrient metabolism, immune system 
function, and defense against pathogens [3].

Disruption of microbial balance, or dysbiosis, is increasingly 
recognized as a contributor to a range of local and systemic 
conditions. In the oral cavity, dysbiosis is linked not only to 
dental caries and periodontitis but also to broader health issues 
such as cardiovascular disease, adverse pregnancy outcomes, 
and respiratory illnesses [1,3]. Furthermore, the insertion of 
different dental appliances in the mouth can cause disorders 
in microbial hemostasis, leading to the growth of pathogenic 
bacteria [4-6]. Mechanistically, oral dysbiosis may drive 
systemic effects through inflammatory responses and immune 
modulation [3].

Similarly, the gut microbiome exerts profound influence over 
host physiology, with imbalances implicated in obesity, diabetes, 
inflammatory bowel disease, certain cancers, and neurological 
disorders [2,3]. Diet, lifestyle, and pharmaceutical interventions 
are major determinants of gut microbial composition [2]. 
While the impact of antibiotics on these communities is well 
established, recent research highlights that many non-antibiotic 
systemic drugs also shape the microbiome, with significant 
implications for health and disease [7].

Systemic medications, though primarily designed to target 
human pathways, can directly or indirectly alter the composition 
and function of oral and gut microbiota [7].  Such interactions 
may affect drug efficacy, contribute to adverse reactions, and 
influence disease outcomes [8-10]. The interconnectedness 
of the oral and gut microbiomes—sometimes referred to 
as the “oral-gut axis”—underscores the potential for drug-
induced microbial changes to have widespread physiological 
consequences [3,7,8].

Therefore, this narrative review aims to synthesize current 
evidence on the impact of systemic, non-antibiotic drugs 
on the oral and gut microbiomes, and to discuss the broader 
implications for health and therapeutic strategies in the context 
of increasing polypharmacy.
Methodology.

A narrative review approach was adopted, following 
established guidelines for scientific review articles. The 
research question was defined as: "What are the impacts of 
systemic drugs on the oral and gut microbiome, and what are 
the clinical implications of these changes?" A comprehensive 
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literature search was conducted using PubMed, Scopus, and 
Web of Science for studies published between 2014 and 2025. 
Search terms included combinations of "systemic drugs," "oral 
microbiome," "gut microbiome," "antibiotics," "non-antibiotic 
medications," "dysbiosis," and "microbiota." Boolean operators 
(AND, OR) were used to refine results.

Inclusion criteria were: (1) original research, reviews, or 
meta-analyses in English; (2) studies addressing the effects of 
systemic drugs on oral or gut microbiota; and (3) relevance to 
human health or translational animal models. Exclusion criteria 
included studies focused solely on topical or local drug effects 
and those not addressing microbiome outcomes. Reference lists of 
key articles were screened for additional relevant studies. Data were 
extracted and synthesized thematically, focusing on drug classes, 
mechanisms of microbiome alteration, and clinical outcomes.
Results.
Antibiotics and Microbiome Disruption:

Antibiotics, while essential for combating bacterial infections, 
exert profound and often long-lasting effects on the oral and gut 
microbiomes. Their impact extends beyond the elimination of 
pathogenic bacteria to broad disruptions in microbial diversity, 
community structure, and function, which can impair host 
immunity, metabolic homeostasis, and colonization resistance. 
Systemic antibiotics remain the most extensively studied drugs 
impacting the oral and gut microbiomes. Their broad-spectrum 
activity reduces microbial diversity and disrupts colonization 
resistance, leading to overgrowth of opportunistic pathogens. 
This dysbiosis affects both gut and oral compartments, with 
evidence showing exacerbation of periodontitis through immune 
dysregulation, such as Th17/Treg imbalance in periodontal 
tissues. Fecal microbiota transplantation has shown promise in 
restoring microbial balance and mitigating antibiotic-induced 
adverse effects [11,12].
Reduction in Microbial Diversity and Dysbiosis:

Antibiotic treatment typically results in a marked reduction 
in microbial diversity across the gut and oral ecosystems. This 
loss of diversity is characterized by depletion of beneficial 

commensal bacteria and an overgrowth of opportunistic 
pathogens. For example, administration of broad-spectrum 
antibiotics such as β-lactams, gentamicin, and vancomycin has 
been shown to decrease populations of Bifidobacterium and 
butyrate-producing species, while increasing the abundance of 
pathobionts like Enterobacteriaceae and Clostridioides difficile 
[13]. Such dysbiosis compromises colonization resistance, 
the microbiota’s ability to prevent pathogen invasion, thereby 
increasing susceptibility to infections.

Microbiome recovery after antibiotic exposure is often 
incomplete and variable among individuals. Studies have 
reported that while some microbial taxa return to baseline within 
weeks, others remain undetectable for months or longer, leading 
to persistent alterations in community composition and function 
[14]. These disruptions can have systemic consequences, 
including impaired immune regulation and increased risk of 
inflammatory and metabolic diseases.
Impact on Immune Function and Host Physiology:

Antibiotic-induced microbiome changes affect the host 
immune system profoundly. The gut microbiota plays a critical 
role in the development and regulation of immune responses, 
particularly in shaping T cell populations such as Th17 cells. 
Experimental models demonstrate that antibiotics targeting 
Gram-positive bacteria reduce intestinal Th17 cell populations, 
which are important for mucosal immunity [15]. Additionally, 
antibiotic treatment decreases production of antimicrobial 
peptides like resist in-like molecule-β (RELMβ), weakening 
mucosal defences [15].

Beyond immune modulation, antibiotics influence host 
metabolism. In mice, sub-therapeutic antibiotic doses altered 
body weight, fat content, bone density, and hepatic fatty acid 
metabolism, effects linked to shifts in microbial metabolites such 
as short-chain fatty acids (SCFAs) [15]. These findings suggest 
that antibiotic-driven microbiome disruption can contribute to 
metabolic dysregulation.
Mechanisms of Microbial Disruption and Resistance

Antibiotics impact not only target pathogens but also 
commensal bacteria due to their broad-spectrum activity. This 

Drug/Class Microbiome Effect Clinical Implications References

Antibiotics Reduced diversity, dysbiosis in oral and 
gut microbiomes

Increased infection risk, 
periodontitis exacerbation [11,12]

Proton Pump Inhibitors Reduced gut microbial diversity; increased 
oral bacteria in gut

Increased enteric infections, gut 
barrier disruption [19,12]

Metformin Increased Akkermansia, Parabacteroides; 
restored dysbiosis Improved metabolic outcomes [12]

SSRIs, Tricyclic 
Antidepressants

Increased Streptococcus salivarius, 
Eubacterium ramulus, Clostridium leptum

Potential GI side effects, altered 
drug response [11]

Oral Steroids Increased Methanobrevibacter smithii Associated with obesity and 
weight gain [11]

Laxatives Increased Alistipes and Bacteroides Altered gut microbial balance [11]
Porphyromonas gingivalis 
(oral pathogen)

Disrupts gut barrier, increases endotoxemia 
and systemic inflammation

Linked to cardiometabolic 
diseases and atherosclerosis [19,8]

Gut Microbial Enzymes Modify bile acid pool affecting drug 
solubilization

Influence oral drug 
bioavailability [22,23]

Table 1. Drug Effects on Oral and Gut Microbiomes.
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leads to collateral damage within microbial networks, disrupting 
co-dependent species and metabolic interactions. Additionally, 
antibiotic exposure can induce prophage activation in lysogenic 
bacteria, causing bacterial lysis and further altering microbial 
community dynamics [16].

Bacteria employ diverse mechanisms to resist antibiotics, 
including enzymatic degradation (e.g., β-lactamases), target 
modification, efflux pumps, and reduced membrane permeability 
[16]. Such resistance can lead to the proliferation of antibiotic-
resistant strains post-treatment, sometimes increasing the 
overall microbial load despite reduced diversity [16].
Non-Antibiotic Medications and Microbiome Alterations:

Recognizing the detrimental effects of antibiotics and other 
systemic drugs on the microbiome, research is increasingly 
focused on non-antibiotic approaches to infection management 
that preserve or restore microbial balance. Strategies include 
the use of pro-, pre-, and synbiotics, fecal microbiota 
transplantation, phage therapy, and innovative antimicrobial 
peptides. These interventions aim to reduce dysbiosis-driven 
morbidity, particularly in vulnerable populations such as the 
critically ill, where polypharmacy and antibiotic exposure are 
common [17].

Recent studies reveal that many non-antibiotic systemic drugs 
significantly affect microbiome composition and function:

Proton Pump Inhibitors (PPIs): PPIs reduce gastric acidity, 
facilitating the translocation of oral bacteria like Streptococcus 
anginosus to the gut, leading to gut dysbiosis and increased 
risk of enteric infections. Metagenomic studies show PPI users 
have reduced microbial diversity and decreased abundance of 
beneficial taxa such as Ruminococcaceae and Bifidobacteriaceae, 
with increased levels of potentially pathogenic families like 
Enterobacteriaceae and Enterococcaceae. These changes are 
dose-dependent and consistent across multiple cohorts [18,19].

Metformin: Treatment with metformin alters gut microbiota 
composition, increasing beneficial taxa like Akkermansia and 
Parabacteroides while restoring microbial balance disrupted 
by high-fat diets. These shifts are linked to improved metabolic 
outcomes, highlighting the microbiome as a mediator of 
metformin’s therapeutic effects [20].

Psychotropics and Other Drugs: Selective serotonin reuptake 
inhibitors (SSRIs), tricyclic antidepressants, oral steroids, 
and platelet aggregation inhibitors have been associated with 
increased abundance of specific microbes such as Streptococcus 
salivarius, Eubacterium ramulus, Clostridium leptum, and 
Methanobrevibacter smithii. For example, oral steroids 
correlate with increased Methanobrevibacter smithii, which 
has been linked to obesity and high BMI, potentially explaining 
steroid-associated weight gain. Laxatives increase Alistipes and 
Bacteroides abundance [21].
Oral-Gut Microbiome Axis and Disease:

The oral-gut microbiome axis plays a critical role in systemic 
health. Oral pathogens like Porphyromonas gingivalis 
disrupt intestinal barrier integrity by decreasing tight junction 
proteins (e.g., ZO-1, occludin), increasing gut permeability 
and endotoxemia. This promotes systemic inflammation and 
metabolic dysregulation, contributing to cardiometabolic 
diseases. P. gingivalis endotoxin (Pg-LPS) can induce gut 

microbiota changes via hematogenous routes, and this pathogen 
is frequently detected in atherosclerotic plaques, linking oral 
infections to cardiovascular disease [22,23]. Although advances 
in technology have played an important role in oral care in recent 
times [24,25], managing the oral microflora is a challenge for 
healthcare professionals.

Oral bacteria translocating to the gut exacerbate inflammatory 
bowel disease (IBD) and colorectal cancer by altering immune 
responses and microbial ecology. For instance, Fusobacterium 
nucleatum and Enterobacteriaceae from the oral cavity induce 
Th1/Th17 inflammation and disrupt gut homeostasis [26].
Drug-Microbiome Interactions Affecting Drug 
Bioavailability:

The gut microbiome also impacts drug metabolism 
and bioavailability. Gut microbial enzymes, such as 
7α-dehydroxylases, modify bile acid composition, which 
influences the solubilization and absorption of poorly water-
soluble oral drugs. Secondary bile acids formed by microbial 
metabolism can enhance or reduce drug bioavailability in a 
drug-specific manner, although further in vivo validation is 
needed [27].
Discussion.

A recent large-scale, data-driven study used machine learning 
to predict the impact of 2,585 clinically approved small-
molecule drugs on 409 human gut microbiota members. This 
approach generated over a million predicted drug–microbe 
interactions, revealing that many non-antibiotic drugs possess 
anti-commensal properties, which correlate with gastrointestinal 
side effects. The study validated these predictions using in vitro 
experiments, animal models, and clinical data, highlighting 
the broad and often unanticipated impact of systemic drugs on 
microbiome composition [28].

Evidence indicates that the oral and gut microbiomes, while 
distinct, are interconnected through the oral-gut axis. Under 
normal physiological conditions, barriers such as gastric acid 
and mucosal integrity restrict microbial migration [29]. Recent 
advancements in technology have the potential to significantly 
enhance our understanding and management of this interplay, 
benefiting both the fields of medicine and dentistry [30,31]. 
However, systemic medications may compromise these 
protective barriers. For example, proton pump inhibitors (PPIs) 
decrease gastric acidity, facilitating the translocation of oral 
bacteria like Streptococcus anginosus to the gut [32]. A recent 
prospective interventional study found that a seven-day course 
of esomeprazole in healthy adults led to a 42-fold increase in 
gut S. anginosus, with microbial source tracking confirming the 
oral origin of these bacteria. Co-administration of chlorhexidine 
mouthwash reduced this effect, underscoring the role of oral 
bacteria in PPI-induced gut dysbiosis [33].

The oral-gut microbiome axis is increasingly implicated 
in systemic diseases beyond the gastrointestinal tract. Oral 
pathogens migrating to the gut have been linked to metabolic 
endotoxemia, insulin resistance, and systemic inflammation, all 
of which contribute to cardiometabolic disorders. Disruptions 
in the oral or gut microbiome can thus have far-reaching effects, 
influencing the risk and progression of diseases such as metabolic 
syndrome, liver disease, and cardiovascular disease [34,35].
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Recent observational studies consistently demonstrate that 
systemic, non-antibiotic drugs can induce notable changes in 
the oral and gut microbiomes, affecting both microbial diversity 
and the abundance of specific taxa.
Diminished Microbial Diversity:

A recurrent observation across multiple cohorts is a reduction 
in overall microbial diversity—often termed “alpha diversity”—
in individuals exposed to certain systemic medications. For 
example, proton pump inhibitors (PPIs) and metformin have 
been associated with lower gut microbial diversity compared 
to drug-naïve controls [36]. Diminished diversity is widely 
regarded as a marker of dysbiosis and has been linked to 
increased susceptibility to infections, metabolic disturbances, 
and inflammatory conditions [36]. In the oral cavity, reduced 
diversity has been correlated with a higher risk of periodontitis 
and caries [37].
Fluctuations in Specific Bacterial Species:

Beyond overall diversity, drug-induced shifts in the abundance 
of key bacterial taxa have been documented. For instance, PPIs 
are associated with increased oral and gut colonization by 
Streptococcus and Enterococcus species, which are linked to a 
higher risk of infections and inflammation [37]. Metformin, a 
common antidiabetic agent, enriches Akkermansia muciniphila 
and certain short-chain fatty acid producers, which may 
partially mediate its metabolic benefits [38]. Conversely, statins 
and antipsychotics have been associated with an increase in 
potentially pathogenic bacteria such as Escherichia/Shigella 
and a decrease in beneficial genera like Faecalibacterium [38].
Physiological and Pathophysiological Implications:

These microbial alterations are not merely epiphenomena; they 
have tangible effects on host physiology. Reduced diversity and 
the proliferation of pro-inflammatory species can compromise 
gut barrier function, promote systemic inflammation, and 
contribute to metabolic dysregulation [39]. In the oral cavity, 
similar disruptions can exacerbate local inflammation and 
facilitate the translocation of oral pathogens to distant sites, 
potentially contributing to cardiovascular and respiratory 
diseases [39].
SSRIs and Microbiota:

Selective serotonin reuptake inhibitors (SSRIs) are widely 
prescribed for mood disorders and are frequently associated 
with gastrointestinal (GI) complaints and weight gain. Emerging 
evidence suggests that SSRIs can alter the gut microbiome, 
reducing microbial diversity and shifting the relative abundance 
of specific taxa [40]. For example, animal studies indicate 
that SSRIs can decrease populations of Lactobacillus and 
Bifidobacterium, genera known for their beneficial effects on gut 
health [40]. These alterations may impair gut barrier integrity 
and modulate gut-brain signaling, potentially contributing to 
both GI symptoms and metabolic side effects [40].
Steroids and Microbiota:

Glucocorticoids and other steroids are similarly implicated 
in microbiome changes, including reduced diversity and 
increased abundance of pro-inflammatory bacteria such as 
Enterobacteriaceae [41]. These shifts may underlie some of the 

well-documented adverse effects of steroids, such as increased 
infection risk, weight gain, and glucose intolerance. However, 
the precise mechanisms remain incompletely understood. It is 
hypothesized that steroids may suppress immune surveillance in 
the gut, allowing for the overgrowth of opportunistic pathogens 
and disruption of metabolic signaling pathways [41].
Clinical Implications and Research Gaps:

While these associations are compelling, causality and 
mechanistic pathways are not fully established. Most studies 
to date are observational or based on animal models, and 
confounding factors such as underlying disease, diet, and 
polypharmacy complicate interpretation. There is a pressing 
need for longitudinal, interventional studies to clarify whether 
microbiome-targeted strategies (e.g., probiotics, dietary 
interventions) can mitigate drug-induced adverse effects.
Future Directions:

Given the growing recognition of the oral-gut microbiome’s 
role in mediating drug effects, integrating microbiome 
assessments into clinical trials of systemic medications is 
warranted. Personalized medicine approaches that consider 
individual microbiome profiles may help optimize drug efficacy 
and minimize adverse outcomes. Further research should also 
explore the bidirectional interactions between drugs and the 
microbiome, including how microbial metabolism can influence 
drug pharmacokinetics and pharmacodynamics.
Conclusion.

Systemic drugs, including both antibiotics and non-antibiotic 
medications, significantly influence the composition and 
function of the oral and gut microbiomes, often leading to 
dysbiosis that can compromise colonization resistance and 
exacerbate local and systemic disease processes. Clinically, 
these findings underscore the importance of considering 
microbiome health when prescribing medications, especially in 
patients at risk of metabolic, gastrointestinal, or inflammatory 
complications.

Translating these insights into practice involves the proactive 
use of microbiome-modulating interventions. Probiotics and 
prebiotics may serve as adjunct therapies to restore microbial 
balance and mitigate drug-induced adverse effects, particularly 
gastrointestinal symptoms associated with SSRIs and steroids. 
Moreover, fecal microbiota transplantation (FMT) represents a 
promising, though still emerging, approach for re-establishing a 
healthy gut microbiome in cases of severe dysbiosis or recurrent 
infections linked to pharmacotherapy. By incorporating 
microbiome considerations into routine clinical practice, 
healthcare providers can improve patient outcomes and advance 
precision medicine in the era of widespread polypharmacy.
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