
1 of 44Journal of Neurochemistry, 2025; 169:e70165
https://doi.org/10.1111/jnc.70165

Journal of Neurochemistry

 SPECIAL ISSUE  Microbiota and Gut-Brain Axis

REVIEW OPEN ACCESS

Exploring the Gut and Oral Microbiomes in Psychoactive 
Substance Use: A Scoping Review of Clinical Studies
Artūras Barkus1   |  Vaida Baltrūnienė1  |  Lina Barkienė1  |  Justė Baušienė1  |  Tomas Baltrūnas1  |  Marius Brazys1  |  
Kornelija Rauduvytė2  |  Paulina Kazlauskaitė2  |  Augustinas Baušys1,2

1Department of Pathology and Forensic Medicine, Institute of Biomedical Sciences, Faculty of Medicine, Vilnius University, Vilnius, 
Lithuania  |  2Laboratory of Experimental Surgery and Oncology, Translational Health Research Institute, Faculty of Medicine, Vilnius University, 
Vilnius, Lithuania

Correspondence: Artūras Barkus (arturas.barkus@mf.vu.lt)

Received: 21 April 2025  |  Revised: 16 June 2025  |  Accepted: 4 July 2025

Funding: The authors received no specific funding for this work.

Keywords: alcohol | cannabis | gut | microbiome | opioids | oral | stimulants | substance use

ABSTRACT
Substance use disorders (SUDs) constitute a significant global health challenge, and emerging evidence suggests that the gut and 
oral microbiomes may play significant roles in addiction pathophysiology, yet the human clinical literature remains fragmented. 
This scoping review systematically synthesizes evidence from 75 clinical studies investigating alterations in gut and oral micro-
biomes associated with alcohol, stimulant, cannabis, and opioid use. Across studies, beta-diversity analyses frequently reveal 
clear differences between substance users and controls, indicating distinct community structures. Findings on alpha diversity 
and specific taxonomic shifts vary by substance. Commonly observed changes included declines in beneficial short-chain fatty 
acid-producing taxa, alongside expansions of opportunistic or proinflammatory microorganisms. However, substantial method-
ological heterogeneity, including variations in study design, population characteristics, and analytical methods, complicates di-
rect comparisons and definitive conclusions. Limited longitudinal evidence indicates partial microbiome recovery after extended 
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classification of diseases, tenth revision; ICU, intensive care unit; ITS1, internal transcribed spacer 1; Jaccard, Jaccard distance; Jensen–Shannon, Jensen–Shannon 
distance; LD, light drinkers; LefSe, Linear discriminant analysis Effect Size; LHD, less heavy drinkers; MA, methamphetamine; MA-GS, methamphetamine—good 
sleep group; Margalef, Margalef richness index; MD, moderate drinkers; MDMA, 3,4-methylenedioxymethamphetamine; MELD, model for end-stage liver disease; 
MMT, methadone maintenance therapy; MP, MMT patients; MSM, men who have sex with men; MUD, methamphetamine use disorder; N, neither opioid agonist nor 
antagonist; NA, not applicable/not available; NAFLD, nonalcoholic fatty liver disease; NCI, National Cancer Institute; ND, never drinkers; NetoVIR, NetoVIR viral 
metagenomics pipeline; NIAAA, National Institute on Alcohol Abuse and Alcoholism; NIH, National Institutes of Health; Non-HE Op, patients without hepatic 
encephalopathy on opioids; NOS, Newcastle-Ottawa Scale; OTU, operational taxonomic unit; OUD, opioid use disorder; PCoA, principal Coordinates Analysis; PEth, 
phosphatidylethanol; Pielou, Pielou's Evenness Index; PIENTER-3, Peiling Immunisatie Effect Nederland ter Evaluatie van het Rijksvaccinatieprogramma (Survey of 
Immunization Effect in the Netherlands, third iteration); PLCO, prostate, lung, colorectal, and ovarian cancer screening trial; PLWH, people living with HIV; PO, 
prescription opioids; qPCR, quantitative polymerase chain reaction; rRNA, ribosomal RNA; SAH, severe alcohol-associated hepatitis; SCFA, short-chain fatty acids; 
Shannon, Shannon index; Simpson, Simpson index; Sobs, observed species richness; spp., species (plural, unspecified); STI, sexually transmitted infections; SUD, 
substance use disorder; T1, timepoint 1 (at admission); T2, timepoint 2 (after withdrawal treatment); T2D, type 2 diabetes; TLFB, timeline followback; UniFrac, 
weighted/unweighted UniFrac distance; VHD, very heavy drinkers.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Journal of Neurochemistry published by John Wiley & Sons Ltd on behalf of International Society for Neurochemistry.

https://doi.org/10.1111/jnc.70165
https://doi.org/10.1111/jnc.70165
mailto:
https://orcid.org/0009-0009-9134-5664
mailto:arturas.barkus@mf.vu.lt
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjnc.70165&domain=pdf&date_stamp=2025-07-25


2 of 44 Journal of Neurochemistry, 2025

abstinence, although full restoration remains uncertain. Further longitudinal research with standardized methods is needed to 
clarify these findings and inform potential microbiome-targeted therapies for SUDs.

1   |   Introduction

Substance use disorders (SUDs) represent a significant global 
health crisis, causing cycles of preventable harm, disability, and 
economic burden. Defined by the uncontrolled use of substances 
despite harmful consequences, SUDs involve symptoms, such as 
cravings, tolerance, withdrawal, and impaired functioning (Hasin 
et al. 2013). Globally, alcohol is a leading preventable risk factor, 
linked to over 200 medical conditions, including liver diseases, 
cancers, and injuries from accidents and violence (Lim et al. 2012; 
World Health Organization 2018). Cannabis, though rarely fatal, 
poses substantial harm due to its widespread use, while stimulant 
drug use continues to rise (United Nations: Office on Drugs and 
Crime, 2024). Among people who inject drugs, elevated risks of 
HIV and hepatitis C are prevalent, with liver diseases attributed to 
drug use accounting for over half of drug-related deaths (United 
Nations: Office on Drugs and Crime, 2024). Opioids remain the 
primary contributors to drug-related deaths and disability (United 
Nations: Office on Drugs and Crime, 2024). In the United States 
alone, 17.1% of people aged 12 or older had a SUD in 2023, includ-
ing 10.2% with an alcohol use disorder (AUD), 9.6% with a drug 
use disorder, and 2.7% with both, highlighting the severe and over-
lapping consequences of substance misuse (SAMHSA, 2023).

Despite well-established pharmacological treatments for some 
SUDs, such as AUD and opioid use disorder (OUD) (Rösner 
et al. 2010; Brewer et al. 2017; Mattick et al. 2009, 2014), their ef-
fectiveness remains limited. For instance, up to half of patients dis-
continue pharmacotherapy for OUD within 12 months (O'Connor 
et  al.  2020). Furthermore, treatment options for other SUDs, 
such as stimulant or cannabis use disorders, remain insufficient 
(Ronsley et al. 2020; Castells et al. 2016; Pérez-Mañá et al. 2013; 
Nielsen et  al.  2019), and the effectiveness of psychosocial inter-
ventions varies significantly across conditions (Gates et al. 2016; 
Minozzi et al. 2024; Amato et al. 2011; Kaner et al. 2018; McQueen 

et al. 2011). These challenges underscore the need for deeper in-
sights into the underlying mechanisms driving SUD pathophysiol-
ogy and novel approaches to intervention.

In recent years, a neurobiological model has defined addiction 
as a chronic brain disorder with three stages: binge-intoxication, 
withdrawal-negative affect, and preoccupation-anticipation (Koob 
and Volkow 2016). However, addiction is increasingly recognized 
as more than a brain-centric condition, involving complex inter-
actions between the central nervous system (CNS) and peripheral 
systems, including the digestive tract. The gut–brain axis, a bidi-
rectional communication network connecting the CNS and gas-
trointestinal tract via neural, endocrine, immune, and humoral 
pathways, is shaped by the gut microbiome and plays a pivotal role 
in the development of various brain disorders, including mental 
health conditions (Cryan et al. 2019; Carabotti et al. 2015; Nikolova 
et al. 2021; Safadi et al. 2022) and addictive disorders (Hofford and 
Kiraly 2024; Chivero et al. 2022; Luo et al. 2023; Wang et al. 2022; 
Lucerne and Kiraly 2021; Barkus et al. 2024).

Although less studied than the gut microbiome, the oral mi-
crobiota plays an essential role in maintaining oral health, 
with dysbiosis implicated in periodontitis (Minty et  al.  2019), 
systemic diseases, and mental health disorders (Bowland and 
Weyrich 2022; Peng et al. 2022; Lee et al. 2023; Lin et al. 2024; 
Manghi et al. 2024; Maitre et al. 2020). Recent findings suggest 
the oral microbiota may also influence the brain through mech-
anisms similar to those of the gut microbiota, including cranial 
nerve signaling and systemic circulation of microbes and their 
metabolites (Peng et al. 2022) (Figure 1).

Given these interactions, understanding the roles of the gut and 
oral microbiota in SUDs could offer novel insights into addiction 
mechanisms and therapeutic targets. This review focuses on 
human studies to explore the associations between microbiota 

FIGURE 1    |    Schematic representation of substance use disorders, treatment challenges, and potential addiction mechanisms. CNS, central ner-
vous system. Created in BioRender. Kazlauskaite, P. (2025) https://​BioRe​nder.​com/​zcyaxtb.
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and psychoactive substance use, synthesizing clinical evidence 
to clarify their role in SUD pathophysiology.

2   |   Methods

2.1   |   Literature Search Strategy

A comprehensive literature search was conducted using the 
PubMed database, with the final search performed on January 
23, 2025. The following search query was used:

(Gut Microbiota OR Gut Microbiome OR Oral Microbiota OR 
Oral Microbiome OR Dysbiosis) AND (“Alcohol Dependence” OR 
“Alcohol Abuse” OR “Alcohol Use Disorder” OR “Alcohol use” OR 
“Alcohol Addiction” OR “Alcohol Consumption” OR Cannabis 
OR Cannabinoids OR Marijuana OR Opioids OR Cocaine OR 
Methamphetamine OR Amphetamine OR Cathinones OR MDMA) 
NOT Review.

The PubMed filter for human studies was applied. No time restric-
tion was placed on publication dates. The inclusion criteria were:

1.	 Original clinical research articles on alcohol, opioid, stim-
ulant, or cannabis use, including sequencing and analysis 
of the oral or gastrointestinal microbiome.

2.	 Studies presenting data on microbial composition, diver-
sity, or function.

3.	 Studies enabling comparison between individuals who use 
substances (with or without SUDs) and control groups.

4.	 Peer-reviewed articles written in English.

The exclusion criteria were:

1.	 Non-original research (e.g., editorials, letters, commentar-
ies, single-case reports, conference abstracts, or meeting 
proceedings).

2.	 Reviews, systematic reviews, meta-analyses, or other 
forms of secondary literature.

3.	 Non-peer-reviewed publications (e.g., preprints).

4.	 Studies that did not include any human participants (e.g., 
purely animal- or in vitro-based microbiome experiments).

5.	 Studies lacking sequencing-based or analytic data on the oral 
or gut microbiome in relation to psychoactive substance use.

6.	 Publications not available in English.

Initially, articles were screened based on their titles and ab-
stracts by two independent and experienced reviewers (A.B. and 
V.B.). Full-text articles of relevant abstracts were retrieved and 
reviewed for inclusion. Additionally, a manual search of refer-
ence lists was conducted, and studies identified from these ref-
erences that were relevant to our scope were also included to 
ensure comprehensiveness. All original clinical studies investi-
gating the association between the oral or gut microbiome and 
psychoactive substance use were included in this scoping review 
(Figure  2). Risk-of-bias for each included study was assessed 
using the Newcastle-Ottawa Scale (NOS); overall scores for all 

studies appear in Table S1. Institutional review board approval 
was not required.

3   |   Results

3.1   |   General Overview of Study Characteristics

After a comprehensive literature search, 75 manuscripts were 
included that investigate the association between psychoactive 
substance use and changes in the gut or oral microbiota. Table 1 
summarizes the data from these studies. Figure  3 presents the 
variety of studies by the examined substance, microbiome assess-
ment, studied biome, and microbial targets. Figure 4 presents the 
summary of identified gut and oral bacteria across different sub-
stance use groups from the studies included in the review.

3.1.1   |   Study Designs and Populations

The majority of studies (n = 63) employed cross-sectional de-
signs, while 12 provided longitudinal data to assess microbiome 
dynamics over time. Most investigations focused on individu-
als with SUDs or heavy/harmful substance use, with several 
cohorts defined by clinical diagnostic criteria (e.g., DSM-IV/
DSM-5 or ICD-10) and others based on self-reported frequency 
or intensity of use. Specifically, 47 studies included partici-
pants with clinically defined SUDs or heavy use, 9 examined 
frequency-based substance use without formal SUD classifica-
tion, and 19 reported substance use in a binary (yes/no) man-
ner. Participant numbers varied widely—from fewer than 10 
individuals per group to large-scale studies involving thousands 
of subjects, such as those from the American Gut Project and 
multiethnic GWAS datasets. The majority of studies (63%) in-
vestigated microbiome associations with alcohol use. We found 
no studies examining the gut or oral microbiome in relation to 
MDMA or new psychoactive substances, such as synthetic cathi-
nones or synthetic cannabinoids.

While most studies (n = 58) included both male and female 
participants, some targeted specific subpopulations (e.g., men 
who have sex with men (Kosnicki et al. 2019; Vujkovic-Cvijin 
et al. 2020; Szóstak et al. 2023; Wang, Pan, et al. 2024; Fulcher 
et al. 2018; Cook et al. 2019; Nguyen et al. 2023), pregnant women 
and their newborns (Wang et al. 2021), or sexual and gender mi-
norities (Morgan et al. 2024)). Certain studies featured special-
ized cohorts (e.g., intensive care unit (ICU) patients (Pettigrew 
et al. 2019)), which can complicate direct comparisons, but they 
were included given the scarcity of research on substance use–
microbiome associations.

Of the studies included in this scoping review, 52% (n = 39) were 
rated as high quality (scoring ≥ 7) on the Newcastle-Ottawa 
Scale or its adapted version, or using inherently low-bias designs 
such as Mendelian randomization, whereas 43% (n = 32) were 
of moderate quality (scores 4–6), indicating higher risk of bias. 
Quality ratings were used descriptively and did not affect study 
inclusion.

Methodological heterogeneity and confounder assessment across 
studies are summarized in Table S1. Most studies excluded or 

 14714159, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jnc.70165, W

iley O
nline L

ibrary on [19/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 44 Journal of Neurochemistry, 2025

adjusted for recent antibiotic or probiotic use; however, diet, 
socioeconomic status, medications, and major comorbidities 
were inconsistently addressed. Polysubstance use, a prevalent 
confounder in SUDs known to influence microbiome composi-
tion, was explicitly assessed in only a minority of studies, and 
adjustments were rare, highlighting a significant limitation and 
cautioning interpretation.

3.1.2   |   Microbial Targets, Sampling Methods, 
and Sequencing Approaches

A diverse range of microbial targets was investigated. Specifically, 
59 studies focused on the gut microbiome, 15 examined the oral 
microbiome, and 1 evaluated both. In addition, 4 studies ad-
dressed the gut mycobiome (Yang et al. 2017; Lang et al. 2020; 
Szóstak et al. 2023; Wang, Pan, et al. 2024) and 2 examined the 
gut virome (Jiang et al. 2020; Hsu et al. 2022). Most gut studies 

used fecal samples, though a few employed colonic or duodenal 
biopsies or rectal swabs. Oral microbiome studies typically col-
lected saliva, with some using oral swabs or dental plaque.

For bacterial communities, 16S rRNA gene sequencing was 
the predominant approach (43 of the relevant studies), target-
ing various hypervariable regions (V1–V2, V3–V4, V4, V3–V5, 
V6–V8). Most used operational taxonomic units (OTUs) for 
taxonomic identification, though a subset employed amplicon 
sequence variants (ASVs) or oligotyping. A few studies used 
(Dubinkina et al. 2017; Kwan et al. 2022; Carbia et al. 2023; 
Wang, Pan, et  al.  2024; Ward et  al.  2023) shotgun metage-
nomic sequencing, enabling higher resolution analysis, iden-
tification at the species level, and more detailed taxonomic 
classification. Fungal studies primarily relied on ITS1 to char-
acterize the mycobiome. Viral studies (Jiang et al. 2020; Hsu 
et al. 2022) used specialized pipelines to detect shifts in bacte-
riophage populations.

FIGURE 2    |    Literature search flow diagram.
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3.1.3   |   Diversity Metrics and Abundance Analyses

A variety of metrics were used to assess alpha diversity, in-
cluding the Shannon index, Chao1 index, Simpson index, ACE 
(abundance-based coverage estimator) index, observed OTUs, 
Faith's phylogenetic diversity, and Pielou's evenness. Among 
these, Shannon and Chao1 were most frequent. About 25 studies 
reported no significant alpha-diversity differences (16 alcohol, 
2 cannabis, 1 cocaine, 6 methamphetamine [MA], 1 opioid), 10 
observed increases (mostly in alcohol studies, plus 1 cannabis 
study), and 22 reported decreases (10 alcohol, 2 cannabis, 1 co-
caine, 6 MA, 3 opioid).

Beta diversity was measured using weighted/unweighted 
UniFrac, Bray–Curtis, Jaccard, Euclidean, and Aitchison dis-
tances. Weighted UniFrac, Unweighted UniFrac, and Bray–
Curtis were the most common. Although 15 studies reported 
no significant clustering, the majority (n = 37) found significant 
differences between substance users and controls.

Together, these findings offer a broad overview of the varied 
populations, methods, and microbial analyses used to explore 
the association between psychoactive substance use and micro-
biome composition. Detailed, substance-specific results are pre-
sented in the following sections.

Given that gut-bacterial analyses make up the majority of 
studies across all substance classes, Table 2 presents a concise 
cross-substance overview of the percentage of studies reporting 
α-diversity increases (↑), decreases (↓), or no change (↔), to-
gether with the proportion showing significant versus nonsig-
nificant β-diversity clustering.

3.2   |   Microbiome Alterations Associated With 
Alcohol Use

A total of 48 studies examined gut or oral microbiome alterations 
related to alcohol use. Participant numbers ranged from very 
small cohorts (e.g., n = 6 (Zhao et al. 2020)) to large-scale data-
sets, including the American Gut Project (Kosnicki et al. 2019) 
(n = 3447) and a multicohort genome-wide association study 
(GWAS) with 18,340 participants (Wang, Pan, et  al.  2024). Of 
these studies, 39 focused on the gut microbiome, 8 on the oral 
microbiome, and 1 analyzed both.

Most (n = 42) investigating bacterial communities relied on 16S 
rRNA gene sequencing, whereas a smaller subset (Tsuruya 
et al. 2016; Kim et al. 2020; Hsu et al. 2022; Hoang et al. 2023; 
Hoisington et al. 2024; Fan et al. 2018) employed shotgun metag-
enomic approaches. Three studies specifically addressed fun-
gal components (Leclercq et  al.  2014; Liao et  al.  2018; Hoang 
et al. 2023), and two explored the virome (Maccioni et al. 2020; 
Wang et al. 2021); one study (Kyaw et al. 2023) evaluated both 
bacteria and fungi. Table  3 summarizes taxonomic shifts re-
ported by each investigation, which varied from phylum-to-
species analyses (Carbia et  al.  2023) to focused examinations 
at the family or genus level (Rodríguez-Rabassa et  al.  2020; 
Hoisington et  al.  2024) or even single-species studies (Wang, 
Pan, et al. 2024; Ward et al. 2023). This methodological diversity, 
combined with differences in study design, sample type, and 
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cohort size, reflects the overall heterogeneity of alcohol-related 
microbiome research.

3.2.1   |   Alcohol-Associated Diversity and Taxonomic 
Composition Changes in the Gut Microbiome

Among the 37 studies examining alpha diversity, the Shannon 
index was the most frequent measure (29 studies). Of these, 
16 reported no significant alpha-diversity changes, 11 noted 
decreases, and 10 observed increases. Beta diversity was 
commonly assessed via Weighted UniFrac (11 studies), 
Bray–Curtis (O'Connor et al. 2020), and unweighted UniFrac 
(Mattick et al. 2014). Out of 31 studies reporting beta-diversity 
findings, 22 found significant clustering, indicating an associ-
ation between alcohol use and distinct gut microbial commu-
nity structures.

A recurring theme involves phylum-level shifts in Firmicutes 
and Bacteroidetes. Multiple investigations described increased 
Firmicutes (Zhao et al. 2020; Smirnova et al. 2020; Hoisington 
et  al.  2024) alongside decreased Bacteroidetes (Tsuruya 
et  al.  2016; Zhao et  al.  2020, 2023; Smirnova et  al.  2020; 
Hoisington et  al.  2024), pointing to a potential Firmicutes-
dominant state in some patients with AUD. In addition, 

Proteobacteria often increased (Bjørkhaug et al. 2019; Gurwara 
et  al.  2020; Kyaw et  al.  2023), and Verrucomicrobia appeared 
reduced in heavy drinking subgroups (Gurwara et  al.  2020; 
Hoisington et  al.  2024). Large cohorts (Kosnicki et  al.  2019; 
Wang, Pan, et al. 2024) observed subtler phylum-level changes, 
supporting the notion that bigger sample sizes reveal more sta-
ble patterns.

At the genus level, studies frequently reported increases 
in Bacteroides (Liao et  al.  2018; Addolorato et  al.  2020; 
Lin et  al.  2020; Zhao et  al.  2023; Li et  al.  2024), Prevotella 
(Liao  et  al.  2018; Addolorato et  al.  2020; Rodríguez-Rabassa 
et al. 2020; Smirnova et al. 2020), and Streptococcus (Tsuruya 
et  al.  2016; Addolorato et  al.  2020; Maccioni et  al.  2020; 
Piacentino et al. 2024). Sutterella frequently appeared higher 
(Kosnicki et  al.  2019; Bjørkhaug et  al.  2019; Addolorato 
et  al.  2020), except in one study (Gurwara et  al.  2020). 
Meanwhile, potentially “beneficial” genera such as 
Faecalibacterium (Bjørkhaug et al. 2019; Gurwara et al. 2020; 
Wang et  al.  2021; Wang, Yan, et  al.  2023; Li et  al.  2024), 
Roseburia (Seo et al. 2020; Gurwara et al. 2020; Zhao et al. 2023; 
Wang, Yan, et al. 2023; Piacentino et al. 2024; Li et al. 2024), 
and Coprococcus (Dubinkina et  al.  2017; Zhao et  al.  2023) 
often declined, implying a possible reduction in short-chain 
fatty acid (SCFA) production. However, several genera 

FIGURE 3    |    Number of reviewed studies by the examined substance, microbiome assessment, studied biome, and microbial targets.
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FIGURE 4    |    Summary of identified (A) gut and (B) oral bacteria across different substance use groups (alcohol, cannabis, stimulants, opioids) 
from the studies included in the review. f_family; g_genus; o_ order; P_ phylum; s_species. Created in BioRender. Kazlauskaite, P. (2025) https://​
BioRe​nder.​com/​jto1hh2.
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showed contradictory patterns: for example, Akkermansia 
rose in certain contexts (Maccioni et  al.  2020; Gurwara 
et al. 2020; Piacentino et al. 2024) but fell in others (Dubinkina 
et  al.  2017; Addolorato et  al.  2020; Hoisington et  al.  2024), 
and Bifidobacterium increased in one study (Vujkovic-Cvijin 
et  al.  2020) yet declined in another (Addolorato et  al.  2020). 
Such discrepancies may stem from differences in patient 
subgroups (e.g., liver disease, recent withdrawal) or smaller 
sample sizes. Of note, Wang, Pan, et  al.  (2024) implicated 
Eubacterium ventriosum group and Porphyromonadaceae as 
protective factors against alcohol misuse.

These inconsistencies may arise from cohort size, clinical 
severity, and host factors. For example, Leclercq et al. (2014) 
found that participants with AUD and high intestinal perme-
ability exhibited pronounced reductions in Ruminococcaceae, 
illustrating the importance of subgroup analyses. 
Overall, increased Bacteroides/Prevotella and decreased 
Faecalibacterium/Roseburia recur across multiple studies but 
are far from universal. Larger datasets (Maffei et  al.  2021; 
Kwan et  al.  2022) reinforce the idea that certain taxa (e.g., 
Prevotellaceae) reliably rise in AUD, whereas smaller or  
more clinically tailored work points to subtype- or time-
dependent variations. Consequently, caution is advised when 
inferring causal links between alcohol use and specific gut 
microbes.

3.2.2   |   Alcohol-Associated Diversity and Taxonomic 
Compositional Changes in Oral Microbiome

Fewer studies (n = 8) investigated associations between alcohol 
use and oral microbiota but provided complementary insights. 
Four reported increases in alpha diversity, whereas four found 
no differences. Among the five investigations assessing beta di-
versity, two noted significant clustering of participants who con-
sume alcohol versus controls, whereas three identified no major 
group-level distinctions.

The range of genus-level shifts indicates no uniform pattern. For 
instance, Ward et al. (2023) noted decreases in Lactobacillales, 
Bacillales, and Flavobacteriales among those with heavy alco-
hol consumption, while Ortiz et al. (2022) found lower Neisseria 
and Streptococcus. Additionally, Fan et  al.  (2018) documented 
decreased Firmicutes in heavy drinkers, but increased Bacilli, 
along with varying effects on Lactobacillales, Streptococcus, 

Lachnoanaerobaculum, and Neisseria. A large-scale study by 
Odendaal et  al.  (2024) (n > 3000) identified multiple genera 
(e.g., Stomatobaculum, Megasphaera, Actinomyces, Prevotella, 
Veillonella, Bifidobacterium) enriched in alcohol-consuming 
participants. In a comparative analysis, Ames et  al.  (2020) 
noted that 10 of 93 oral genera in AUD patients overlapped with 
their gut microbiomes—contrasting with 4 of 56 in the Human 
Microbiome Project—potentially highlighting novel oral–gut 
connections in alcohol use. Collectively, these findings highlight 
marked variability, with some taxa expanding in certain studies 
yet declining in others.

3.2.3   |   Longitudinal Changes and the Abstinence 
Impact on Microbiome

A subset of studies leveraged longitudinal designs or tracked pa-
tients during withdrawal to evaluate how the gut microbiome 
may evolve with reduced alcohol intake. Leclercq et al.  (2014) 
individuals with alcohol dependence from admission (T1) 
through 19 days of withdrawal (T2). Although overall diversity 
measures remained unchanged, only those with high intesti-
nal permeability showed marked declines in Ruminococcaceae 
(Faecalibacterium, Subdoligranulum) and expansions in 
Lachnospiraceae (Dorea, Blautia). Maccioni et  al.  (2020) simi-
larly noted compositional changes tied to intestinal permeabil-
ity over a 3-week withdrawal treatment program; α-diversity 
remained static, with increased evenness seen only in AUD 
patients with altered gut barrier function, while β-diversity 
showed minimal changes.

Other studies highlight the complexity of abstinence outcomes. 
Ames et al. (2020) found that both “Less Heavy Drinking” and 
“Very Heavy Drinking” subgroups underwent microbial shifts 
over time, though individual responses varied widely. Piacentino 
et al. (2024) further documented that abstinent participants with 
AUD had the most distinct gut microbiomes compared with 
current users or healthy controls, complicating assumptions of 
straightforward “recovery.” Additionally, Philips et  al.  (2023) 
observed that specific bacterial lineages (e.g., Pedobacter) at 
therapy initiation predicted relapse risk over 12 months in se-
vere alcohol-associated hepatitis.

Overall, while limited improvements can appear soon after 
abstinence—particularly in beneficial taxa—complete resto-
ration of the microbiome may not occur within just a few weeks, 

TABLE 2    |    Cross-substance comparison of α- and β-diversity metrics in gut microbiome studies.

Substance

α-Diversity β-Diversity

↓ (x/N %) ↑ (x/N %) ↔ (x/N %) Clustering (x/N %) No clustering (x/N %)

Alcohol 11/37 (30%) 10/37 (27%) 16/37 (43%) 22/31 (71%) 9/31 (29%)

Stimulants 4/10 (40%) 0/10 (0%) 6/10 (60%) 7/10 (70%) 3/10 (30%)

Opioids 3/4 (75%) 0/4 (0%) 1/4 (25%) 5/6 (83%) 1/6 (17%)

Cannabis 1/1 (100%) 0/1 (0%) 0/1 (0%) 0/1 (0%) 1/1 (100%)

Note: N = number of studies examining that diversity metric per substance. ↓ = reported decrease; ↑ = reported increase; ↔ = no change. “Clustering” = significant 
user-vs-control separation; “No clustering” = nonsignificant.
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especially for individuals with greater liver impairment or ele-
vated intestinal permeability.

3.2.4   |   Alcohol-Associated Fungal and Viral Changes in 
the Gut Microbiome

Although not the main focus of this review, some investigations 
addressed fungal alterations in relation to harmful alcohol use. 
Yang et al. (2017) and Lang et al. (2020) both reported an over-
representation of Candida in patients with AUD. A large Polish 
Microbiome Map cohort ((Szóstak et al. 2023), n = 923) found S. 
cerevisiae enriched in individuals who had ever consumed alco-
hol, while certain fungi (e.g., Z. mrakii, A. fumigatus) became 
more prevalent in daily drinkers and others (e.g., B. cinerea, M. 
restricta, Y. lipolytica, U. maydis, A. fumigatus, and S. gramini-
cola) decreased. Wang, Yan, et  al.  (2023) likewise described a 
broader set of fungal genera increasing (e.g., Saccharomyces, 
Kurtzmaniella) or decreasing (Candida, Papiliotrema, 
Lodderomyces, Alternaria, Kodamaea, Sporidiobolus) in individ-
uals with AUD compared with controls. These findings suggest 
that mycobiome disruptions can accompany alcohol misuse, 
though the directions and magnitude vary by cohort.

Studies on the viral fraction are fewer. Jiang et al. (2020) ob-
served increased Parvoviridae and Lactococcus phages in 
patients with alcoholic hepatitis or AUD, possibly indicat-
ing an overrepresentation of bacteriophages affecting lac-
tococcal hosts. Similarly, Hsu et  al.  (2022) documented an 
expansion of phages targeting Streptococcus and Lactococcus 
in active-drinking AUD cohorts, whereas phages against 
Propionibacterium, Lactobacillus, Leuconostoc, and other gen-
era were lower than in controls but rebounded during absti-
nence. Taken together, these data imply that alcohol-related 
shifts in bacterial populations may parallel corresponding al-
terations in phage communities, highlighting the potential for 
broader ecosystem changes within the gut.

3.3   |   Microbiome Alterations Associated With 
Cannabis Use

3.3.1   |   Cannabis-Associated Gut and Oral Microbiome 
Diversity Changes

Six studies investigated the microbiome in relation to cannabis 
use: three addressed the gut microbiome (Morgan et al. 2024; 
Panee et al. 2018; Fulcher et al. 2018), and three focused on 
the oral microbiome (Ortiz et  al.  2022; Newman et  al.  2019; 
Luo et  al.  2021). All employed 16S rRNA gene sequencing, 
with sample sizes ranging from 39 to 134 participants, illus-
trating a comparatively smaller evidence base than alcohol-
focused research.

Of the five studies examining microbial diversity, one gut inves-
tigation (Morgan et al. 2024) and one oral study (Luo et al. 2021) 
observed decreased alpha diversity in cannabis users. The remain-
ing studies did not observe any differences. Beta-diversity findings 
were mixed: one oral (Luo et al. 2021) and one gut study (Fulcher 
et  al.  2018) documented distinct clustering between cannabis 
users and controls, whereas the others (Ortiz et al. 2022; Morgan 
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et al. 2024; Newman et al. 2019) did not detect notable group-level 
differences.

3.3.2   |   Cannabis-Associated Gut and Oral Microbiome 
Taxonomic Compositional Changes

Only four of the six cannabis-focused investigations pro-
vided taxonomic data, and their diverse sampling sites (gut 
vs. oral) complicate any consistent overall trend (Table 4). For 
instance, Streptococcus decreased in the oropharynx of par-
ticipants who smoke marijuana (Newman et al. 2019), yet in-
creased in the saliva of cannabis users in another study (Luo 
et al. 2021). Similarly, Fusobacteria diminished at the tongue's 
lateral border in marijuana smokers (Newman et al. 2019) but 
increased in the gut of MSM living with HIV who also used 
marijuana (Fulcher et al. 2018). In gut-focused studies, Panee 
et al. found elevated Bacteroides and lowered Prevotella (Panee 
et al. 2018), whereas Fulcher et al. noted higher Fusobacterium 
and Anaerotruncus alongside a decrease in Dorea (Fulcher 
et al. 2018). Meanwhile, Luo et al. (2021) reported oral dysbi-
osis characterized by surges in Streptococcus and Actinomyces 
and a reduction in Neisseria in patients with cannabis use 
disorder. Additionally, Newman et  al.  (2019) documented 
notably low levels of Capnocytophaga, Fusobacterium, and 
Porphyromonas on the tongue of marijuana users—taxa often 
enriched in head and neck cancers—and higher Rothia, which 
is usually suppressed in malignant mucosa. At the orophar-
ynx site, Selenomonas was more abundant, but Streptococcus 
was reduced. Collectively, these findings demonstrate hetero-
geneity in cannabis-related microbiome shifts across oral and 
gut sites. Given the limited number of studies and their vary-
ing designs, it remains challenging to define a stable pattern 
of cannabis-associated taxonomic alterations.

3.4   |   Microbiome Alterations Associated With 
Stimulant Use

A total of 14 studies investigated the microbiome in relation 
to stimulant use, primarily focusing on methamphetamine 
(MA) (n = 9; (Fulcher et al. 2018; Cook et al. 2019; Yang, Yu, 
Liu, et al. 2021; Deng et al. 2021; Wang, Wang, et al. 2023; He 
et al. 2023; Liu et al. 2023; Liu et al. 2024; Deng et al. 2024; 
Yang, Yu, Yang, et  al.  2021; Deng et  al.  2022; Wang, Feng, 
et  al.  2024)) and cocaine (n = 2; (Martinez et  al.  2022; Fu 
et al. 2022)), with one study examining both MA and cannabis 
(Fulcher et al.  2018). Most (n = 10) sampled the gut microbi-
ome via stool or rectal swabs (Martinez et  al.  2022; Fulcher 
et al. 2018; Cook et al. 2019; Yang, Yu, Liu, et al. 2021; Deng 
et  al.  2021, 2024; Wang, Wang, et  al.  2023; He et  al.  2023; 
Liu et  al.  2023, 2024), whereas a smaller subset (n = 4)  
analyzed the oral microbiome from saliva or dental plaque  
(Fu et al. 2022; Yang, Yu, Yang, et al. 2021; Deng et al. 2022; 
Wang, Feng, et  al.  2024). All employed 16S rRNA gene se-
quencing for bacterial profiling, with sample sizes ranging 
from 18 to 383 participants. Table 5 provides details on taxo-
nomic changes.

3.4.1   |   Stimulant-Associated Diversity and Taxonomic 
Composition Changes in the Gut Microbiome

Among the 10 gut-focused studies on stimulant use, seven de-
tected significant clustering between participants who use stim-
ulants and controls in beta-diversity analyses (e.g., Bray–Curtis, 
Weighted UniFrac), indicating distinct microbial community 
structures. Regarding alpha diversity, four studies reported 
decreases in individuals who use stimulants (Yang, Yu, Liu, 
et  al.  2021; Wang, Wang, et  al.  2023; Liu et  al.  2023, 2024), 
whereas none observed an increase.

At the phylum level, multiple investigations noted elevated 
Firmicutes (Liu et  al.  2023, 2024; Deng et  al.  2024) and lower 
Bacteroidetes (Liu et al. 2024; Deng et al. 2024) in participants 
who use MA, resulting in an increased Firmicutes/Bacteroidetes 
ratio indicating gut dysbiosis. Two studies documented elevated 
Proteobacteria (Wang, Wang, et al. 2023; Liu et al. 2023) while 
three noted a reduction in Actinobacteria (Liu et al. 2023, 2024; 
Deng et al. 2024).

Additional insights emerged at the family and genus levels. In 
two studies (Yang, Yu, Liu, et al. 2021; Liu et al. 2024), the family 
Lachnospiraceae was higher among participants who use stim-
ulants, whereas generally Faecalibacterium (Cook et  al.  2019; 
Deng et al. 2021; Wang, Wang, et al. 2023) and Bifidobacterium 
(Liu et  al.  2023, 2024; Deng et  al.  2024) decreased. However, 
some results were inconsistent: Bifidobacteriaceae levels 
dropped in two investigations (Liu et al. 2024; Deng et al. 2024) 
but increased in another (Wang, Wang, et al. 2023). The latter 
study found that this increase was exclusive to females with 
metamphetamine use disorder, suggesting that sex may influ-
ence the structure of the gut microbiota. In a separate obser-
vation, Enterobacteriaceae increased in a MA study (Wang, 
Wang, et al. 2023) but decreased in a cocaine study (Martinez 
et al. 2022), suggesting that comparisons may be influenced by 
the specific type of stimulant involved.

Yet, the overall results point to a potential trend of opportunis-
tic or proinflammatory taxa (e.g., Escherichia–Shigella (Wang, 
Wang, et  al.  2023; Liu et  al.  2024)) expanding in association 
with stimulant use, while beneficial or SCFA-producing genera 
(e.g., Faecalibacterium (Cook et al. 2019; Deng et al. 2021; Wang, 
Wang, et al. 2023), Bifidobacterium (Liu et al. 2023, 2024; Deng 
et al. 2024)) often decline.

3.4.2   |   Stimulant-Associated Diversity and Taxonomic 
Composition Changes in the Oral Microbiome

Four studies addressed oral microbial communities in relation 
to stimulant use (Fu et  al.  2022; Yang, Yu, Yang, et  al.  2021; 
Deng et al. 2022; Wang, Feng, et al. 2024). Three (Fu et al. 2022; 
Yang, Yu, Yang, et al. 2021; Wang, Feng, et al. 2024) observed 
lower alpha diversity in participants who use cocaine or MA, 
whereas one (Deng et al. 2022) identified no alpha-diversity dif-
ferences. Beta-diversity analyses were assessed in three of the 
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four oral microbiome studies (Yang, Yu, Yang, et al. 2021; Deng 
et al. 2022; Wang, Feng, et al. 2024), consistently showing signif-
icant clustering between participants and controls.

Reported taxonomic shifts in the oral microbiome varied. For 
example, Fu et  al. (cocaine) observed increased Firmicutes 
and Streptococcus but decreased Proteobacteria, Neisseria, and 
Fusobacterium (Fu et al. 2022), whereas Deng et al. (MA) showed 
the opposite for these same taxa (Deng et al.  2022). Similarly, 
Veillonella rose in Yang, Yu, Yang, et  al.  (2021), but declined 
in Deng et al. (2022). Moreover, a larger study by Wang, Feng, 
et al. (2024) (n = 278 participants who use MA vs. 105 controls) 
found elevated Granulicatella, Gemella, Peptostreptococcus, 
Parvimonas, and others, whereas Fusobacterium declined—
contradicting Deng et al. findings in a smaller (n = 45) MA study 
(Deng et al. 2022). Notably, the study by Deng et al. (2022) sam-
pled dental plaque rather than saliva and included only female 
participants, which may partially account for the observed dis-
crepancies compared with other studies. Although stimulant 
use is associated with distinct oral microbiome shifts—often re-
flected in alpha and beta diversity—the small sample sizes and 
methodological variability limit the ability to define a consistent 
microbial signature.

3.4.3   |   Stimulants Abstinence Impact on Longitudinal 
Changes of the Gut Microbiome

Two studies employed longitudinal designs to assess how the 
microbiome evolves with reduced MA use. Yang, Yu, Yang, 
et al.  (2021) followed 12 participants for 2 weeks of abstinence 
plus olanzapine therapy and noted no significant changes in 
alpha or beta diversity, nor in specific taxa, suggesting that 
2 weeks may be insufficient to reverse MA-related alterations 
in the oral microbiome. In contrast, Liu et  al.  (2024) tracked 
25 individuals who ceased MA for 2 months and found mini-
mal alpha-diversity changes but significant beta-diversity shifts 
between baseline, follow-up, and control groups. Additional 
analyses (LefSe) indicated decreases in opportunistic taxa (e.g., 
Enterococcus) alongside increases in butyrate-producing bacte-
ria (e.g., Acidaminococcus) suggesting partial microbiome re-
covery over a longer abstinence period. Overall, these limited 
findings imply that while short-term abstinence (2 weeks) yields 
negligible improvements, a longer cessation period (2 months) 
may promote more favorable compositional shifts, though re-
turning fully to “normal” remains uncertain and warrants ex-
tended follow-up.

3.5   |   Microbiome Alterations Associated With 
Opioid Use

Nine studies have examined the relationship between opioid use 
and the microbiome, with eight focusing on the gut microbiome 
(Acharya et al. 2017; Barengolts et al. 2018; Pettigrew et al. 2019; 
Li et al. 2020; Gicquelais et al. 2020; Cruz-Lebrón et al. 2021; 
Nguyen et al. 2023; Xie et al. 2024) and one on the oral micro-
biome (Wu et  al.  2021). All studies employed 16S rRNA gene 
sequencing, with one study also incorporating shotgun metag-
enomic sequencing (Nguyen et  al.  2023). Sample sizes ranged 
from cohorts of 58 participants (Xie et al. 2024) to larger datasets T
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of several hundred (Wu et al. 2021), with one study including 
9167 fecal samples from 1201 cancer patients with documented 
opioid exposures (Nguyen et al. 2023).

3.5.1   |   Opioid-Associated Diversity Changes

Four studies examined alpha diversity (Li et al. 2020; Gicquelais 
et  al.  2020; Cruz-Lebrón et  al.  2021; Wu et  al.  2021), with 
three (Gicquelais et  al.  2020; Cruz-Lebrón et  al.  2021; Wu 
et al. 2021) reporting a decrease associated with opioid use and 
one (Li et al. 2020) finding no significant difference. Gicquelais 
et al. (2020) also noted reduced alpha diversity in opioid agonist 
users compared with nonusers, though no significant differ-
ences emerged in those receiving combination treatments (ago-
nist + antagonist) or solely antagonist therapy.

Beta diversity was evaluated in six studies (Acharya et al. 2017; 
Li et al. 2020; Gicquelais et al. 2020; Cruz-Lebrón et al. 2021; 
Xie et al. 2024; Wu et al. 2021), with five reporting significant 
clustering between opioid users and control groups (Acharya 
et al. 2017; Li et al. 2020; Cruz-Lebrón et al. 2021; Xie et al. 2024; 
Wu et al. 2021), suggesting distinct microbial community struc-
tures associated with opioid exposure. These findings collec-
tively point to a common pattern of reduced alpha diversity and 
distinct beta diversity in opioid users, suggesting gut microbi-
ome imbalance. However, the wide range of participant num-
bers, diverse clinical contexts (e.g., cirrhosis, ICU patients), and 
differing opioid use parameters complicate direct comparisons 
across studies.

3.5.2   |   Opioid-Associated Taxonomic 
Compositional Changes

Detailed taxonomic shifts linked to opioid use are summarized 
in Table 6. At the phylum level, three gut studies (Li et al. 2020; 
Cruz-Lebrón et al. 2021; Xie et al. 2024) and one oral study (Wu 
et al. 2021) observed increased Actinobacteria. Several investiga-
tions also reported elevated Bifidobacteriaceae at the family level 
(Acharya et al. 2017; Cruz-Lebrón et al. 2021; Xie et al. 2024), cor-
responding to higher Bifidobacterium in four studies (Acharya 
et al. 2017; Barengolts et al. 2018; Li et al. 2020; Xie et al. 2024). 
Other genera showed more variable patterns: Roseburia was re-
duced in two reports (Acharya et al. 2017; Gicquelais et al. 2020), 
but increased in one (Li et al. 2020) whereas Lactobacillus rose 
in two studies (Li et al. 2020; Gicquelais et al. 2020), yet declined 
in another (Pettigrew et al. 2019).

Further insights emerged from studies in specific clinical co-
horts. In individuals with type 2 diabetes (T2D) not taking 
metformin, Barengolts et al. found a significant opioid-related 
increase in Bifidobacterium (Barengolts et al. 2018). Among ICU 
patients, Pettigrew et al. observed lower Blautia and Lactobacillus 
in those receiving opioids compared with nonusers (Pettigrew 
et  al.  2019). Meanwhile, Cruz-Lebrón et  al.  (2021) reported 
that individuals on methadone had decreased Akkermansia 
muciniphila, a microbe that supports gut barrier integrity, and 
that long-term methadone treatment (≥ 10 years) was linked 
to an increased Bacteroidetes/Firmicutes ratio. Additionally, 
Li et  al.  (2020) showed that methadone maintenance therapy 

(MMT) participants harbored greater abundances of multiple 
significantly different taxa, potentially reflecting elevated nutri-
ent intake and orexin A levels that favor beneficial bacteria.

Taken together, these findings suggest a possible trend of in-
creased Bifidobacterium in opioid-exposed individuals, par-
ticularly those undergoing methadone treatment. However, 
variability across studies—exemplified by Roseburia and 
Lactobacillus—along with heterogeneity in clinical populations 
(e.g., OUD, T2D, ICU) necessitates cautious interpretation.

3.6   |   Cross-Substance Comparative Taxonomic 
Overview

In gut-bacterial studies, cross-substance comparisons are nec-
essarily limited by sparse overlap, but a few consistent shifts 
emerge. At the phylum level, Firmicutes increases were re-
ported in three alcohol (Zhao et al. 2020; Smirnova et al. 2020; 
Hoisington et  al.  2024), three stimulant (Liu et  al.  2023, 
2024; Deng et  al.  2024), and one opioid (Wu et  al.  2021) in-
vestigation; Bacteroidetes declines in five alcohol (Tsuruya 
et  al.  2016; Zhao et  al.  2020, 2023; Smirnova et  al.  2020; 
Hoisington et  al.  2024) and two stimulant (Liu et  al.  2024; 
Deng et al. 2024) studies; Proteobacteria rises in three alcohol 
(Bjørkhaug et al. 2019; Gurwara et al. 2020; Kyaw et al. 2023) 
and two stimulant reports (Wang, Wang, et  al.  2023; Liu 
et  al.  2023); and Verrucomicrobia reductions in two alcohol 
(Gurwara et  al.  2020; Hoisington et  al.  2024) and one opi-
oid cohort (Cruz-Lebrón et  al.  2021). At the genus level, the 
SCFA-producer Faecalibacterium was depleted in five alcohol 
(Bjørkhaug et al. 2019; Gurwara et al. 2020; Wang et al. 2021; 
Wang, Yan, et al. 2023; Li et al. 2024), three stimulant (Cook 
et al. 2019; Deng et al. 2021; Wang, Wang, et al. 2023) and one 
opioid (Xie et al.  2024) studies—the most reproducible find-
ing—while Escherichia–Shigella elevations recurred in one al-
cohol (Gurwara et al. 2020) and two stimulant (Wang, Wang, 
et al. 2023; Liu et al. 2024) investigations. The abundance of 
butyrate-producing Roseburia was decreased in six alcohol 
studies (Seo et al. 2020; Gurwara et al. 2020; Zhao et al. 2023; 
Wang, Yan, et al. 2023; Piacentino et al. 2024; Li et al. 2024) 
whereas its changes were unreported in studies of cannabis 
and stimulants and were less consistent in opioid studies 
(Acharya et  al.  2017; Li et  al.  2020; Gicquelais et  al.  2020). 
Bifidobacterium was reported as more abundant in four opi-
oid studies (Acharya et  al.  2017; Barengolts et  al.  2018; Li 
et al. 2020; Xie et al. 2024) and less abundant in three stim-
ulant reports (Liu et al. 2023, 2024; Deng et al. 2024). Other 
taxa (e.g., Actinobacteria, Coprococcus) showed mixed or 
substance-specific directions, and cannabis studies remain 
too few for meaningful crossover analysis. Detailed findings 
are summarized in Table 7.

Across oral-bacterial studies (8 alcohol, 4 stimulants, 2 canna-
bis, 1 opioid), the evidence remains too sparse and heteroge-
neous—varying sample sites (tongue, saliva, plaque) and small 
cohorts—to justify a formal cross-substance review. Instead, 
we note a couple of genera that recur across multiple substance 
classes despite these limitations: Veillonella was reported as 
enriched in alcohol (Yadav et  al.  2023; Odendaal et  al.  2024), 
stimulant (Yang, Yu, Yang, et  al.  2021) and both cannabis 
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studies (Newman et al. 2019; Luo et al. 2021), and Actinomyces 
appeared elevated in three alcohol (Fan et  al.  2018; Yadav 
et al. 2023; Odendaal et al. 2024) and one cannabis investigation 
(Luo et  al.  2021). All other taxa (e.g., Streptococcus, Neisseria, 
Fusobacterium) showed inconsistent directions between stud-
ies. Detailed, substance-specific oral findings are described pre-
viously in Sections 3.2–3.5.

4   |   Discussion

This review included 75 clinical studies linking gut or oral mi-
crobiomes to psychoactive substance use. While alcohol-focused 
investigations dominated (48 studies), fewer examined stim-
ulants (Nielsen et  al.  2019), opioids (Mattick et  al.  2014), and 
cannabis (Rösner et  al.  2010). Alpha diversity, a key indicator 
of gut microbiota health, generally reflects greater stability and 
ecological function when higher, contributing to a more resilient 
microbiota. In this review, changes in alpha diversity appeared 
substance-specific: stimulant and opioid use were often asso-
ciated with declines, whereas findings related to alcohol were 
more variable. Most studies also reported compositional differ-
ences between substance users and controls, as reflected in beta 
diversity. Taxonomic changes, such as reduced Faecalibacterium 

or expanded Bifidobacterium, were repeatedly noted but strongly 
modulated by clinical context.

Alcohol remains the most extensively studied. While compa-
rable numbers of investigations report no changes, decreases, 
or increases in alpha diversity, the majority show notable 
clustering in beta diversity, implying that overall community 
composition often differs between alcohol users and controls. 
Many studies suggest shifts toward elevated Firmicutes (Zhao 
et al. 2020; Smirnova et al. 2020; Hoisington et al. 2024) and 
Proteobacteria (Bjørkhaug et al. 2019; Gurwara et al. 2020; Kyaw 
et  al.  2023) and reduced Bacteroidetes (Tsuruya et  al.  2016; 
Zhao et al. 2020, 2023). Preclinical data on pathogen-induced 
gut dysbiosis demonstrate that inflammation, epithelial in-
jury, and reduced butyrate production increase oxygen avail-
ability and host-derived electron acceptors such as nitrate. 
These changes disrupt the anaerobic environment of the colon 
and provide electron acceptors for respiration, creating con-
ditions that favor the growth of facultative anaerobes—par-
ticularly Gammaproteobacteria (phylum Proteobacteria) and 
Bacilli (phylum Firmicutes)—over obligate fermenters, such 
as Clostridia (phylum Firmicutes) and Bacteroidia (phylum 
Bacteroidetes) (Winter and Bäumler 2023). Butyrate depletion 
impairs mitochondrial oxygen consumption in colonocytes, 

TABLE 7    |    Directional shifts of key gut microbiome taxa across substance use categories.

Alcohol (N = 34) Cannabis (N = 2) Stimulants (N = 10) Opioids (N = 8)

Firmicutes 3↑ — 3↑ 1↑

Bacteroidetes 5↓1↑ — 2↓ —

Proteobacteria 3↑ — 2↑ —

Verrucomicrobia 2↓ — — 1↓

Actinobacteria 1↑ — 3↓, 1↓ 3↑

Lachnospiraceae 4↓, 2↑ — 2↑ 1↑, 1↓

Bifidobacteriaceae 1↓ — 1↑ 2↓ 3↑

Enterobacteriaceae 4↑, 1↓ — 1↑(MA), 1↓ (Coc) —

Bacteroides 5↑, 2↓ 1↑ 1↓ —

Prevotella 4↑, 1↓ 1↓ 1↓ —

Streptococcus 4↑ — 1↓ 2↑

Sutterella 3↑, 1↓ — 1↑ —

Faecalibacterium 5↓ — 3↓ 1↓

Roseburia 6↓ — — 2↓, 1↑

Coprococcus 2↓ — — —

Akkermansia 3↑, 3↓ — — —

Bifidobacterium 1↑, 1↓ — 3↓ 4↑

Lactobacillus 2↑, 1↓ — — 2↑, 1↓

Fusobacterium 3↑ 1↑ 2↓ —

Anaerotruncus — 1 ↑ 1↓ —

Escherichia–Shigella 1↑ (Escherichia) — 2↑ —

Note: ↑ = number of studies reporting an increase; ↓ = number of studies reporting a decrease; — = taxon not assessed in that category.
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further raising epithelial oxygen levels and exacerbating dys-
biosis (Rivera-Chávez et al. 2016).

This altered microbial profile—characterized by increased 
Proteobacteria and facultative Firmicutes and decreased 
Clostridia and Bacteroidia—is also observed in various noncom-
municable diseases such as inflammatory bowel disease (Shin 
et  al.  2015; Litvak et  al.  2017; Frank et  al.  2007). The current 
review highlights this pattern across multiple studies, showing 
a consistent decrease in Bacteroidetes (Tsuruya et al. 2016; Zhao 
et al. 2020, 2023; Smirnova et al. 2020; Hoisington et al. 2024) 
and an enrichment of Firmicutes and Proteobacteria in individ-
uals with alcohol use (Zhao et al. 2020; Bjørkhaug et al. 2019; 
Smirnova et  al.  2020; Gurwara et  al.  2020; Kyaw et  al.  2023; 
Hoisington et  al.  2024). At the genus level, Bacteroides and 
Prevotella often appeared increased—both of which have been 
tied to underlying dietary habits (Gorvitovskaia et  al.  2016), 
with Prevotella commonly enriched in both the gut and oral 
microbiome (Liao et  al.  2018; Seo et  al.  2020; Addolorato 
et al. 2020; Rodríguez-Rabassa et al. 2020; Smirnova et al. 2020; 
Yadav et al. 2023; Odendaal et al. 2024). Although Prevotella is 
traditionally viewed as commensal, certain strains may act as 
inflammophilic pathobionts, driving Th-17 –mediated inflam-
mation in a dysbiotic environment (Larsen 2017). The butyrate-
producing Faecalibacterium, Coprococcus, and Roseburia tend 
to decline (Parada Venegas et al.  2019; Faden 2022; Escalante 
et  al.  2025). In contrast, the opportunistic, proinflammatory 
pathogens, such as Enterobacteriaceae (including Escherichia, 
Klebsiella), expand (Dubinkina et  al.  2017; Zhao et  al.  2020; 
Addolorato et al. 2020; Smirnova et al. 2020; Hoang et al. 2023), 
indicating that the gut microbiota tilts toward dysbiosis and ex-
acerbates inflammation in alcohol use.

Nonetheless, contradictory findings for Akkermansia and 
Bifidobacterium arise, likely influenced by liver disease status, 
withdrawal, or other clinical factors. Oral investigations also 
yield inconsistent patterns of Neisseria, Streptococcus, and other 
genera.

Cannabis is comparatively understudied, with only six included 
publications. While some show decreased alpha diversity or dis-
tinct community clustering, others detect no meaningful group-
level differences. Taxonomically, cannabis-related results vary 
widely. In the oral cavity, certain studies document an expan-
sion of Streptococcus or Actinomyces (Luo et al. 2021), whereas 
others note the opposite trend (Newman et  al.  2019), high-
lighting the possibility that site-specific effects (e.g., saliva vs. 
oropharynx) may overshadow any consistent cannabis-related 
microbiome shift. The limited study number and small sample 
sizes preclude firm conclusions about cannabis-associated com-
positional patterns.

Stimulant research centers predominantly on metham-
phetamine (Fulcher et  al.  2018; Cook et  al.  2019; Yang, Yu, 
Liu, et  al.  2021; Deng et  al.  2021, 2024, 2022; Wang, Wang, 
et al. 2023; He et al. 2023; Liu et al. 2023, 2024; Yang, Yu, Yang, 
et al. 2021; Wang, Feng, et al. 2024), along with a few cocaine 
studies (Martinez et  al.  2022; Fu et  al.  2022). In gut-focused 
work (Martinez et al. 2022; Fulcher et al. 2018; Cook et al. 2019; 
Yang, Yu, Liu, et al. 2021; Deng et al. 2021, 2024; Wang, Wang, 
et al. 2023; He et al. 2023; Liu et al. 2023, 2024), alpha diversity is 

often reduced (Yang, Yu, Liu, et al. 2021; Wang, Wang, et al. 2023; 
Liu et al. 2023, 2024), and most investigators observe significant 
beta-diversity clustering, implying a relatively uniform micro-
bial response to stimulant use. SCFA-producing genera such 
as Faecalibacterium and Bifidobacterium commonly decline, 
while opportunistic or proinflammatory taxa (e.g., Escherichia–
Shigella) often rise. Some data suggest that gender might be a 
significant confounder, leading to differences in gut microbiome 
composition (Wang, Wang, et al. 2023; Deng et al. 2022). Oral 
studies are fewer but typically show decreased alpha diversity 
and contradictory genus-level changes, possibly reflecting small 
cohorts or differences in cocaine versus methamphetamine use. 
Although these findings suggest a more cohesive pattern associ-
ated with stimulant use than with alcohol or cannabis, further 
work is needed to verify any definitive microbial profile.

Opioid findings frequently involve patients with comorbidi-
ties, such as T2D, cirrhosis, or ICU admission, complicating 
interpretation. Still, several investigations identify increased 
Actinobacteria and Bifidobacterium, suggesting a possible im-
pact of opioid therapies—particularly methadone—on these 
beneficial taxa. Meanwhile, SCFA producers such as Roseburia 
often decline. Certain subpopulations demonstrate unique pat-
terns: individuals on MMT were associated with an increased 
Bacteroidetes/Firmicutes ratio but decreased Akkermansia 
muciniphila, a microbe important for gut barrier function 
(Cruz-Lebrón et  al.  2021). Together, these observations align 
with associations between opioid treatments and increased 
abundances of beneficial taxa such as Bifidobacterium, but the 
heterogeneity underscores that neither opioid analgesics nor 
maintenance treatments are linked to a uniform microbial sig-
nature across different clinical contexts.

Despite the diversity of study designs, a few broad observations 
emerge across all substance categories. First, alpha-diversity 
changes were the least consistent for alcohol, while stimulant 
and opioid investigations tended to show more uniform de-
creases in alpha diversity. Second, significant beta-diversity 
clustering was reported more frequently than alpha-diversity 
shifts, suggesting that substance use may induce compositional 
community changes even when overall diversity remains un-
changed. Third, certain taxa (e.g., Faecalibacterium, Roseburia) 
were frequently observed at lower abundance in substance 
users, potentially diminishing gut barrier integrity and anti-
inflammatory capacities. Conversely, opportunistic taxa (e.g., 
Escherichia–Shigella in stimulants, Proteobacteria expansions) 
and pathobionts (e.g., Streptococcus in certain contexts) were 
often reported at higher abundance, although the strength of 
these signals varied by drug type and population.

On the other hand, although certain genera are frequently la-
beled “beneficial” or “pathogenic,” interpreting microbiome 
alterations solely within a “good versus bad” framework over-
simplifies the complex host–microbe interactions involved. 
Substance use likely drives microbiome changes through im-
mune, endocrine, and neural pathways, with diet and nutri-
tional status further influencing these dynamics. For example, 
increased caloric intake during methadone maintenance ther-
apy may favor expansions of Bifidobacterium or Lactobacillus (Li 
et al. 2020) whereas in cirrhotic or diabetic populations, disease-
specific factors might dominate microbial shifts. Additionally, 
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polysubstance use, tobacco smoking, and medication use (e.g., 
metformin) further confound microbiome associations, under-
scoring the complexity and need for cautious interpretation.

Beyond bacteria, a small but growing body of work reports 
associations between substance use and fungal (mycobiome) 
and viral (virome) community alterations. Alcohol-related 
studies, for instance, describe elevated levels of Candida and 
Saccharomyces alongside broader fungal community disrup-
tions. Virome analyses similarly show shifts in bacteriophage 
populations that target genera like Streptococcus or Lactococcus, 
with some changes reversing during abstinence. Though pre-
liminary, these findings indicate that substance use is associ-
ated with alterations across multiple facets of the gut ecosystem, 
not just its bacterial component.

To fully understand these microbiome dynamics, it is important 
to consider the oral–gut axis, which describes the dynamic rela-
tionship between oral and intestinal microbiota interacting via 
enteric (swallowing saliva), hematogenous (oral microbes enter-
ing the bloodstream via mucosal breaches), and immune (migra-
tion of orally primed T cells) pathways (Xu et al. 2025). Although 
healthy individuals maintain strong barriers that limit oral-to-
gut microbial transmission, these defenses can be compromised 
in disease states such as gastrointestinal inflammation, leading 
to significant enrichment of oral bacteria in the gut (Dubinkina 
et al. 2017; Park et al. 2021; Dinakaran et al. 2018). Colonization 
of the gut by oral pathobionts can disturb the intestinal microbi-
ota and damage the gut barrier, resulting in systemic inflamma-
tion and distal spread (Bull-Otterson et al. 2013; Imai et al. 2021). 
This oral–gut microbial translocation is particularly relevant in 
AUD, where the similarity between oral and gut microbiota in-
creases (Ames et al. 2020; Hu et al. 2023), and typical members 
of oral taxa—including species of genera Rothia, Streptococcus, 
Neisseria, Prevotella, and Gemella—are significantly more 
abundant in the gut microbiota of AUD patients compared with 
healthy controls (Atarashi et  al.  2017). Overrepresentation of 
oral bacteria in the gut has also been observed in alcoholic liver 
cirrhosis (Dubinkina et al. 2017).

Dysbiosis-induced inflammation in the oral cavity may further 
exacerbate barrier disruption, facilitating the translocation of 
oral bacteria, their byproducts, and inflammatory mediators into 
systemic circulation (Sampaio-Maia et  al.  2016). Endotoxemia 
is frequently observed in AUD (Jokelainen et  al.  2001; 
Malaguarnera et al. 2014). Notably, studies have demonstrated 
significantly elevated levels of cytokines and chemokines in 
the saliva and plasma of individuals with AUD compared with 
healthy controls, with executive dysfunction negatively cor-
related with increased proinflammatory cytokines and higher 
salivary concentrations of Prevotella (Rodríguez-Rabassa 
et  al.  2020). In methamphetamine use disorder, oral dysbiosis 
is marked by increased salivary IL-1β and IL-17, driven by an 
overgrowth of Neisseria (Deng et al. 2022).

While most research isolates oral and gut microbiomes, integra-
tive studies in SUDs remain limited. These findings underscore 
the broader relevance of oral–gut microbial crosstalk in SUDs, 
as translocation of oral microbiota may exacerbate gut dysbio-
sis, systemic inflammation, and gut–brain axis dysfunction. 

Targeting the oral microbiome thus emerges as a promising 
therapeutic strategy to mitigate these effects in SUD popula-
tions, highlighting the need for integrative research to unravel 
these complex interactions.

Longitudinal research sheds light on whether microbiome 
changes are transient or more persistent. While short-term ab-
stinence (e.g., 2–3 weeks) appears insufficient to drive notable 
microbial recovery (Leclercq et al.  2014; Maccioni et al.  2020; 
Yang, Yu, Yang, et  al.  2021), extended abstinence intervals 
(e.g., 2 months after methamphetamine cessation) are linked to 
partial restoration of beneficial taxa and reduced levels of op-
portunistic species (Liu et  al.  2024). Even then, microbiomes 
of formerly substance-dependent individuals often remain dis-
tinct from those of healthy controls (Piacentino et  al.  2024), 
suggesting that microbiome recovery likely requires sustained 
substance-free intervals. This recovery may also be moderated 
by underlying comorbidities (e.g., liver disease, T2D) and addi-
tional interventions (e.g., diet, probiotics).

Nevertheless, many existing studies rely on cross-sectional de-
signs that limit causal conclusions. Study populations vary sig-
nificantly; substance use definitions (e.g., heavy use vs. SUD) 
are inconsistent, and confounders may be underreported. 
Heterogeneous sequencing techniques further hinder direct 
comparisons. Consequently, robust longitudinal protocols with 
standardized sampling methods, repeated measures, and com-
prehensive dietary data are imperative to determine whether 
and when the microbiome truly stabilizes, and whether ob-
served microbial shifts are active drivers of substance use or 
merely byproducts. Ultimately, a clearer understanding of these 
mechanisms will be crucial for developing and evaluating tar-
geted microbiome interventions (e.g., probiotics, fecal microbi-
ota transplantation, or dietary regimens) to augment standard 
SUD therapies.

5   |   Conclusions

In summary, research across alcohol, stimulant, opioid, and 
cannabis studies indicates that psychoactive substance use is as-
sociated with measurable alterations in both the gut and oral mi-
crobiomes. Beta-diversity analyses often reveal clear differences 
between users and controls, while alpha-diversity findings and 
specific taxonomic shifts vary among studies. Beneficial short-
chain fattyacid-producing genera such as Faecalibacterium and 
Roseburia are frequently reported at lower abundance, whereas 
opportunistic or proinflammatory microorganisms tend to ex-
pand. Differences in study design, clinical subpopulations, and 
sample sizes make it challenging to draw definitive conclusions. 
Findings from abstinence or intervention trials suggest that ex-
tended substance-free intervals may promote partial microbial 
recovery; however, a full return to a normal profile remains 
uncertain and may depend on comorbidities or additional treat-
ments. To advance our understanding of how substance use 
impacts the microbiome, longitudinal, multi-omics studies with 
carefully defined clinical phenotypes, standardized protocols, 
and comprehensive assessments of diet and other confounders 
are essential. Ultimately, such research may inform microbiome-
based therapies that complement existing SUD treatments.
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