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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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.
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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

© GMN

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

Table 1. Drug Effects on Oral and Gut Microbiomes.

commensal bacteria and an overgrowth of opportunistic
pathogens. For example, administration of broad-spectrum
antibiotics such as B-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-B (RELMp), 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 Reduged d1.ver51ty, dysbiosis in oral and Increased'n.lfectlon I‘lSk', [11.12]

gut microbiomes periodontitis exacerbation
Proton Pump Inhibitors Reduced gut microbial diversity; increased Increased enteric infections, gut [19.12]

oral bacteria in gut

Metformin .
restored dysbiosis

SSRIs, Tricyclic
Antidepressants

Oral Steroids

Increased Akkermansia, Parabacteroides;

Increased Streptococcus salivarius,
Eubacterium ramulus, Clostridium leptum drug response

Increased Methanobrevibacter smithii

barrier disruption
Improved metabolic outcomes  [12]

Potential GI side effects, altered [11]
Associated with obesity and
weight gain

[11]

Laxatives Increased Alistipes and Bacteroides Altered gut microbial balance [11]
Porphyromonas gingivalis Disrupts gut barrier, increases endotoxemia Linked to cardiometabolic [19.8]
(oral pathogen) and systemic inflammation diseases and atherosclerosis >
Gut Microbial Enzymes Modify bile acid pool affecting drug Influence oral drug [22.23]

solubilization
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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., B-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
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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 Dbioavailability. Gut microbial enzymes, such as

7a-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].



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-naive 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
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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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