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ABSTRACT 
Research on the role of gut microbiota in metabolism has grown 
significantly over decades, with certain strains producing a huge scope of 
potential beneficial effects. This paper aims to determine the potential 
applications for Akkermansia muciniphila supplementation in humans as a 
treatment for metabolic disorders, such as insulin resistance, prediabetes, 
excess cholesterol, or high body fat to lean mass ratios. To understand the 
full effects and mechanisms of A. muciniphila supplementation, this review 
examined 43 reports from various databases on the topic of A. muciniphila 
supplementation using PRISMA guidelines before December 1, 2025, 
excluding irrelevant or external sources of Akkermansia. The narrative 
synthesis demonstrates substantial evidence for the improvement of insulin 
resistance, decrease in overall weight, fat mass, and cholesterol levels in 
the body as a result of supplementation. Akkermansia may also have 
effects in managing prediabetes, improving lipid profiles, regulating liver 
enzyme activity, diversifying gut microbiomes, and stimulating GLP-1 
production. Although both live and pasteurized Akkermansia have been 
proven to be well tolerated in humans, pasteurized Akkermansia is able to 
increase beneficial effects. However, there are still many unanswered 
questions given the limited scope, inconsistencies across research, risk of 
bias, and varied certainty of results. 
Keywords: Akkermansia muciniphila; gut microbiome; metabolic disorders; 
insulin resistance; body composition; supplementation 
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Abbreviations 
The following abbreviations are used in this manuscript: 
IR • Insulin Resistance 
GLP-1 • Glucagon-like Peptide 1 
HDL • High Density Lipoprotein 
LDL • Low Density Lipoprotein 
HOMA-IR • Homeostatic Model Assessment of Insulin 

Resistance 
ALT • Alanine aminotransferase 
AST • Aspartate aminotransferase 

γGT • Gamma-glutamyl transferase 
RCT • Randomized Control Trial 
T2DM • Type 2 Diabetes Mellitus 
ZT • Zeitgeber Time 
PRISMA • Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses 
AI • Artificial Intelligence 
 

1. Introduction 
A. muciniphila is a mucin-degrading bacterium known to 
have a significant role in maintaining gut health.1 
However, A. muciniphila has attracted attention in recent 
years for its role in the potential amelioration of 
metabolic diseases.2 It is found in the gut mucosa layer 
and has been proven to play a role in the body’s basal 
metabolism.3 Its contributions to maintaining a healthy 
weight and preventing metabolic syndrome have been 
studied widely in animal trials and are making its way to 
human research. In an age where lifestyle diseases and 
metabolic diseases take the center stage in preventative 
healthcare, A. muciniphila may provide a noninvasive, 
affordable, accessible way to reduce insulin resistance 
(IR), a key risk factor for metabolic syndrome.4 If found 
to be efficacious, safe, and have a long-term impact, 
Akkermansia supplementation has massive potential to 
open new doors for lifestyle disease interventions.  
 

A. muciniphila, discovered only in 2004, has an extensive 
potential for application that is yet to be explored. There 
has been a plethora of studies in mice, among other 
animal trials, but its role in humans has fewer studies.4 
Many gaps exist in the direct correlation of A. muciniphila 
for humans, as many studies utilize natural compounds 
that contain trace amounts of A. muciniphila as opposed 
to direct supplementation. Supplementation can be 
facilitated only in an anaerobic medium. Specifically, the 
direct supplementation of A. muciniphila in humans is an 
area with research gaps due to its availability in live or 
pasteurized forms.5 In addition, a majority of the 
research conducted in humans has been focusing on results 
for body composition, obesity, lean body mass, or BMI, 
whereas the internal function is often overlooked.6 This 
has resulted in the prevalence of studies with correlation, 
but causation is still uncertain.7 Therefore, research 
geared towards the mechanisms of A. muciniphila on 
metabolic disorders, such as IR, liver enzymes, cholesterol, 
or the gut microbiome, is necessary.  
 

The aim of this review is to compile research regarding 
A. muciniphila and its role towards mitigating IR, among 
other metabolic functions. A. muciniphila has been 
observed to have a positive impact on IR.8 This is 

demonstrated by reduced blood glucose, among other 
parameters for measuring insulin sensitivity. Its role is not 
limited to IR however; supplementation has been 
correlated with decreased BMI, fat mass and blood 
glucose in numerous studies.5 Akkermansia 
supplementation has also been shown to increase liver 
enzyme efficacy and decrease the prevalence of 
prediabetes.9 There have not been significant 
associations between its supplementation and the 
diversity of gut microbiota or GLP-1 production, but 
further research is required to solidify this claim.10 These 
claims are largely produced by the pasteurized form of 
Akkermansia. Overall, A. muciniphila is a novel treatment 
for IR and metabolic syndrome with a wide array of 
promising results. 
 

2. Methodology 
This review involved a thorough search of the literature 
regarding A. muciniphila supplementation and its 
correlation to metabolic disorders. Areas of particular 
focus included administration of Akkermansia in the body, 
its impact on IR, the correlated changes in body 
composition after supplementation, potential 
improvements in prediabetes or metabolic syndrome, 
GLP-1 production, and the correlation between 
Akkermansia and lipid profiles. In order to evaluate the 
full scope of information available, no papers were 
excluded on the basis of geographical context or 
population. A comprehensive literature search was 
performed using multiple electronic databases, including 
PubMed, Europe PMC, ClinicalTrials.gov, and Cochrane 
Library, which were the databases with the most 
prominent results, to identify relevant peer-reviewed 
articles and registered clinical trials related to 
Akkermansia. The most comprehensive results were found 
in the PubMed database. The PubMed database was 
used to facilitate search queries for articles published 
until December 1, 2025 using representative keywords, 
including the ones mentioned at the beginning of this 
paper, along with correlated topics and similar terms. The 
PubMed search strategy used was: 
“(("Insulin Resistance"[MeSH Terms] OR "Metabolic 
Syndrome"[MeSH Terms] OR "Glucose 
Intolerance"[MeSH Terms] OR "Prediabetic State"[MeSH 
Terms] OR "Insulin Resistance"[Title/Abstract] OR 
"Metabolic Syndrome"[Title/Abstract] OR "Glucose 
Intolerance"[Title/Abstract] OR 
"prediabetes"[Title/Abstract]) AND 
("Akkermansia"[Title/Abstract] OR "Akkermansia 
muciniphila"[Title/Abstract] OR "a 
muciniphila"[Title/Abstract] OR 
"muciniphila"[Title/Abstract])) AND ((ffrft[Filter]) AND 
(fft[Filter]) AND (english[Filter]))” 
 
In addition to PubMed, Europe PMC was utilized to 
increase search sensitivity by identifying relevant full-text 
articles, preprints, and research outputs supported by 
European funding agencies, ensuring broader 
international coverage of the available evidence. The 
search strategy used for the Europe PMC database was:  
 
“TITLE_ABS:((Akkermansia muciniphila OR Akkermansia) 
AND (insulin resistance OR glucose metabolism OR insulin 
sensitivity))” 

https://www.zotero.org/google-docs/?uFrkOd
https://www.zotero.org/google-docs/?uhhkRV
https://www.zotero.org/google-docs/?quuWYo
https://www.zotero.org/google-docs/?qnyz9t
https://www.zotero.org/google-docs/?1XqXc9
https://www.zotero.org/google-docs/?4n1uU9
https://www.zotero.org/google-docs/?g9Wf0u
https://www.zotero.org/google-docs/?ZfFoLe
https://www.zotero.org/google-docs/?bVewzy
https://www.zotero.org/google-docs/?QSGzei
https://www.zotero.org/google-docs/?pg14WZ
https://www.zotero.org/google-docs/?q6H5Zx
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Furthermore, ClinicalTrials.gov and the Cochrane Library 
were used to identify high-quality relevant articles and 
research trials with a global scope that are rigorously 
evaluated to fit the research question. These databases 
present a comprehensive view of Akkermansia and its 
relation to metabolic disorders with evidence-backed, 
reliable articles. The search for ClinicalTrials.gov was 
“Akkermansia muciniphila”. The search strategy used for 
Cochrane Library was “Akkermansia muciniphila AND 
"insulin"”. Together, these databases provide a strong, 
reliable evidence base.  
 
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow chart, as shown in 
Figure 1, was used to visualize the numerical outputs from 
reviews and the inclusion decision process. In our flow 
chart, we illustrate the process for finding studies, 
removing duplicates, selecting the right research, 
retrieving the full article from the library and presenting 
the final analysis. Papers were screened in two rounds; 
the first round was screened using the title and abstract 
and the second round was screened on the contents of the 
full manuscript. Papers were excluded if they were not in 
the English language, irrelevant to the topic, or preprints. 
Common reasons for exclusion were probiotic 
supplementation not specific to Akkermansia, no linking to 
IR or other metabolic disorders, or using other plant 
derived supplements to trigger natural Akkermansia 

growth. At first, 413 papers were identified from the 
databases, out of which 44 duplicates were removed, 
leaving 369 papers to be screened using the title and 
abstract. From this process, 107 papers were excluded, 
and 262 papers were sought for retrieval for full text. 
Out of those 262, 43 were included in the review. Beyond 
the content of papers, the Joanna Briggs Institute critical 
appraisal tool was used to assess the selected papers’ 
potential biases, reliability, and credibility. Generative 
AI was used to categorize papers into low risk, moderate 
risk, and high risk studies according to each item on the 
checklist for the appropriate type of report. All results 
were manually checked by authors. Then, Generative AI 
was used to extract relevant quotations from selected 
texts. All extracted material using Generative AI was 
manually referenced and checked by authors. Using this 
information, a narrative synthesis was conducted to 
compile information into a review paper. Therefore, 
effect measures are not applicable for the qualitative 
nature of the data used. The effect measures and 
standard deviation for studies utilizing quantitative data 
can be found in the Data Extraction from supplementary 
materials. Certainty of evidence was assessed using the 
key factors of study quality, consistency, and precision. A 
full certainty of evidence table is presented in 
Supplementary Table S2. This review was not registered 
with PROSPERO or any other database. 

 

 
Figure 1. PRISMA Flowchart. PRISMA a is a visual representation of the review process. It allows documentation of the 
process of identifying and screening studies found via databases and registers. This flowchart demonstrates the thoroughness 
and rigor of the systematic review process. The PRISMA flow chart tracks study numbers at each stage, allowing for viewers 
to follow along with the reasoning and methodology behind the screening.   
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3. Results 
The 43 included studies were published between 2013 
and 2025 and originated from diverse regions including 
Belgium, France, China, and the United States. 
Methodologies varied: one randomized controlled trial in 
overweight and obese adults (n=32; Depommier C., et 
al.5) evaluated live and pasteurized A. muciniphila 
supplementation; two human observational cohorts (Dao 
MC., et al.,1 n=49; Zhou Q., et al.,11 n≈900) examined 
associations between Akkermansia abundance and 
metabolic markers; several controlled animal 
experiments (Everard A., et al.8; Wang Z., et al.12; Yan 
S., et al.3; Plovier H., et al.13; Nian F., et al.14; Zhao S., et 
al.15) used mouse or rat models of obesity, diabetes, or 
glucose intolerance; some studies utilized metagenomic 
data to study the correlation between Akkermansia levels 
with metabolic disorders or to study the mechanisms of 
Akkermansia (Dao MC., et al.16; Yang M., et al.17; 
Ashrafian F., et al.18); and the many other publications 
were narrative reviews or mechanistic overviews 
synthesizing preclinical and clinical evidence. Human 
participants were generally overweight, obese, or insulin-
resistant adults, while animal studies predominantly 
employed diet-induced obese or genetically modified 
rodent models. 
 
Risk of bias was assessed for all included studies using 
the appropriate Joanna Briggs Institute (JBI) critical 
appraisal tools. However, some papers were 
categorized as unclear risk of bias due to their 
unpublished results and ongoing status 19–25. Registry-only 
trials were assessed as unclear risk of bias, as critical JBI 
domains, such as completeness of outcome data, 
appropriateness of analysis, and selective reporting, 
cannot be evaluated without peer-reviewed results. The 
randomized, double-blind, placebo-controlled trial by 
Depommier et al., 2019 demonstrates low risk of bias 
overall, with clearly defined eligibility criteria, 
intervention protocols, and prespecified outcomes 5. The 
primary limitation relates to the modest sample size and 
short intervention duration, which may limit precision and 
long-term inference but does not substantially undermine 
internal validity under JBI criteria. Another randomized 
controlled trial by Zhang et al., 2025 was assessed as 
low risk of bias, with adequate randomization, outcome 
completeness, and statistical analysis. Potential bias 
arises from a relatively narrow study population, which 
may limit generalizability rather than internal validity. An 
animal intervention study by Everard et al., 2013 
presents moderate risk of bias, primarily due to small 
sample sizes and incomplete reporting of allocation 
concealment. Outcomes were biologically coherent and 
consistently measured, but translational relevance is 
limited by the exclusive use of murine models. A 
preclinical animal study by Plovier et al., 2017 exhibits 
moderate risk of bias due to inherent indirectness to 
human outcomes. While experimental conditions were 
well controlled and mechanistic pathways clearly 
demonstrated, randomization and blinding procedures 
were not fully described, resulting in unclear risk for 
selection and detection bias under JBI appraisal. Across 
remaining preclinical and animal studies, risk of bias was 
generally moderate, driven by small sample sizes, lack 
of explicit randomization or blinding, and indirectness to 

human metabolic outcomes. These studies are internally 
coherent but contribute primarily supportive rather than 
confirmatory evidence. An observational microbiome 
study by Yassour et al., 2018 shows moderate risk of 
bias, primarily related to variability in sequencing depth 
and analytical pipelines. While methods were 
transparently reported, outcome heterogeneity reduces 
comparability across studies. Additional observational 
studies consistently showed moderate risk of bias due to 
confounding and non-experimental design. While 
associations were reproducible, JBI appraisal indicates 
limited capacity for causal inference. Across the evidence 
base, individual risk of bias is lowest overall among 
randomized human trials, moderate among observational 
studies, and inherently high among preclinical models and 
narrative reviews due to indirectness, despite strong 
mechanistic consistency. A full risk of bias table can be 
found in Supplementary Table S1. Study characteristics 
are presented in Table 1. 
 
Using a Joanna Briggs Institute informed framework, 
certainty of evidence was highest for insulin sensitivity 
outcomes, supported by multiple low-bias randomized 
controlled trials and consistent observational data. 
Moderate certainty was observed for body composition 
and gut microbiome diversity, reflecting frequent 
investigation but methodological heterogeneity. 
Outcomes such as GLP-1 production, cholesterol 
modulation, and liver enzyme activity remain supported 
primarily by preclinical or secondary analyses, resulting 
in low to moderate certainty. 
 
3.1. The designing of supplementation with A. muciniphila 
A. muciniphila is a bacteria that has gained substantial 
traction and investigation for its abilities to regulate 
metabolism, improve IR, and alter body composition. The 
bacteria itself is one of many Gram negative bacteria 
that reside in the intestines of many living organisms, 
including humans and most mammals. A. muciniphila 
thrives by degrading the mucus lining of the intestines.26 
This, in turn, stimulates the intestinal lining to produce new 
mucin, which is often healthier and stronger. The intestinal 
lining is strengthened by an abundance of Akkermansia 
through this process, allowing for eubiosis in the gut. 
Eubiosis supports gut barrier function, which prevents 
large molecules, toxins, or harmful substances from 
entering the bloodstream. Additionally, the eubiosis 
attained through A. muciniphila promotes the absorption 
of beneficial nutrients, vitamins, and minerals, as well as 
regulating digestive functions.13 Supplementation with 
Akkermansia aims to harness the numerous metabolic 
effects of A. muciniphila to be used for improving IR, 
metabolic syndrome, prediabetes, and more. 
 
Of note, A. muciniphila is an obligate anaerobic bacteria, 
which provides certain obstacles in terms of formulating 
a stable supplementation formula.13 Therefore, culturing 
of A. muciniphila must take place in an anaerobic medium, 
such as the one used by a recent supplementation study 
in mice.3 The Akkermansia is usually cultured in a mucin 
base in order for the bacteria to be able to degrade 
mucin and gain energy for reproduction. However, one 
of the most notable differences in formulation is between 
the usage of live and pasteurized Akkermansia. 

https://www.zotero.org/google-docs/?o2Y56m
https://www.zotero.org/google-docs/?1zoIJj
https://www.zotero.org/google-docs/?cNroT1
https://www.zotero.org/google-docs/?fz0mvt
https://www.zotero.org/google-docs/?FnWVJ4
https://www.zotero.org/google-docs/?AgEclK
https://www.zotero.org/google-docs/?GavmfN
https://www.zotero.org/google-docs/?QdHE4e
https://www.zotero.org/google-docs/?OFKP2W
https://www.zotero.org/google-docs/?UMNlT5
https://www.zotero.org/google-docs/?rQKhiU
https://www.zotero.org/google-docs/?ylSCoJ
https://www.zotero.org/google-docs/?s5iMGh
https://www.zotero.org/google-docs/?IxU1AW
https://www.zotero.org/google-docs/?S2s9oY
https://www.zotero.org/google-docs/?AvpcOJ
https://www.zotero.org/google-docs/?QXmbow
https://www.zotero.org/google-docs/?OciLwH
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Pasteurized Akkermansia is treated with consistent heat 
for a specific duration in order to kill the bacteria. This 
has been shown to increase the efficacy of the bacteria 
in overweight and obese human trials, particularly 
influencing the gut-brain signaling axis.5,6,27 However, the 
characteristics of trial participants are also crucial for 
understanding the effects of Akkermansia based on the 
baseline levels of these participants. Firstly, A. muciniphila 
supplementation was tested on mice before clinical human 
trials. The effects of Akkermansia on induced diabetic 

mice are comparatively similar to that of human trials.3 In 
human trials, most studies include participants who are 
screened to be overweight or obese, and diagnosed with 
different components of metabolic syndrome. Therefore, 
the considerable effects observed may not reflect or 
ameliorate all the conditions that make up metabolic 
syndrome, including abdominal obesity, high blood 
glucose, high blood sugar, high LDL levels, and low HDL 
levels. Nonetheless, supplementation of A. muciniphila has 
been administered orally across all subjects.  

 
Table 1. Overview of Completed Studies Examining the Relation Between A. Muciniphila and Metabolic Effects. 

Study Population/Design Main Findings ref. 

Everard A.,  
et al.  
(2013) 

Animal Study  
(obese & T2DM mice) 

● Increased A. muciniphila abundance reduced diet-induced 
obesity 

● Improved gut barrier integrity and metabolic inflammation 

● Demonstrated direct host–microbe epithelial interactions 

8 

Dao MC., et al. 
(2016) 

Human observational study (obese 
adults, dietary intervention) 

● Higher baseline A. muciniphila associated with better 
metabolic profiles 

● Increases in abundance correlated with improved insulin 
sensitivity 

● Linked A. muciniphila to greater gut microbiome richness 

1 

Plovier H., et al.  
(2017) 

Animal Study  
(obese & diabetic mice) 

● Pasteurized A. muciniphila improved insulin sensitivity and 
glucose tolerance 

● Reduced fat mass and metabolic inflammation 

● Identified Amuc_1100 as a key active membrane protein 

13 

Zhao S., et al. 
(2017) 

Animal Study (chow fed mice) ● Supplementation reduced low-grade inflammation 

● Improved glucose metabolism despite standard diet 

● Effects observed independent of obesity 

15 

Van der Ark., et al.  
(2018) 

In vitro/systems biology study ● Confirmed strong mucus dependence of A. muciniphila 
metabolism 

● Defined minimal growth medium requirements 

● Supported ecological specialization in the gut mucosa 

26 

Depommier C., et 
al.  
(2019) 

Human RCT (overweight/ obese 
volunteers) 

● Pasteurized A. muciniphila improved insulin sensitivity, body 
composition, and lipid profiles 

● Reduced markers of inflammation and insulin resistance 

● Demonstrated safety and tolerability in humans 

5 

Dao MC., et al. 
(2019) 

Human observational study (obese 
patients before and after 
bariatric surgery) 

● A. muciniphila abundance increased post-surgery 

● No direct association between increased abundance and 
metabolic improvement 

● Suggested context-dependent metabolic effects 

16 

Ashrafian F., et al.  
(2019) 

In vitro and ex vivo experimental 
study 

● Extracellular vesicles modulated Toll-like receptor signaling 

● Improved epithelial tight junction integrity 

18 

Yang M., et al. 
(2020) 

Animal study (high-fat   diet 
induced obese mice) 

● Newly isolated strains of Akkermansia reduced body weight 
and adiposity 

● Improved glucose tolerance and lipid metabolism 

● Demonstrated strain-specific metabolic efficacy 

17 

Zhou Q., et al. 
(2021) 

Human Cross Sectional Study 
(adults with metabolic syndrome) 

● Higher Akkermansia abundance associated with lower 
metabolic syndrome severity 

● Dose-dependent relationship observed 

11 

Yoon HS., et al. 
(2021) 

Animal Mechanistic Study (mouse 
models) 

● Identified secreted protein inducing GLP-1 secretion 

● Improved glucose homeostasis and insulin sensitivity 

28 

https://www.zotero.org/google-docs/?PtEk4o
https://www.zotero.org/google-docs/?DA5zU8
https://www.zotero.org/google-docs/?SaPJsG
https://www.zotero.org/google-docs/?u2r5WX
https://www.zotero.org/google-docs/?ujGzNU
https://www.zotero.org/google-docs/?xujCtZ
https://www.zotero.org/google-docs/?faAbtm
https://www.zotero.org/google-docs/?b6TMKe
https://www.zotero.org/google-docs/?3xXxfM
https://www.zotero.org/google-docs/?bUon3N
https://www.zotero.org/google-docs/?le7aXh
https://www.zotero.org/google-docs/?vaYCbL
https://www.zotero.org/google-docs/?EgvLlI
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Study Population/Design Main Findings ref. 

● Provided mechanistic link between A. muciniphila and 
enteroendocrine signaling 

Wang Z., et  
al. (2023) 

Animal Study (genetically 
modified intestinal Ffar4 knockout 
mice) 

● Improved glucose tolerance during circadian transition 
periods 

● Effects depended on host lipid-sensing pathways 

● Highlighted host genotype–microbe interactions 

12 

Nian F., et al. 
(2023) 

Animal Study (NAFLD mouse 
model) 

● Reduced hepatic steatosis and inflammation 

● Modulated FXR expression and bile acid metabolism 

● Synergistic effects with Bifidobacterium bifidum 

14 

Yan S., et al. (2024) Animal Study (high-fat   diet 
induced prediabetic rat model) 

● Improved pancreatic islet β-cell function 

● Enhanced insulin secretion capacity 

● Mitigated diet-induced β-cell dysfunction 

3 

Lin H., et al. (2025) Animal Mechanistic Study (Mouse 
model of doxorubicin-induced 
cardiotoxicity) 

● Attenuated doxorubicin-induced cardiotoxicity 

● Improved mitochondrial biogenesis and energy metabolism 

● Effects mediated via PPARα signaling 

27 

Zhang Y., et al. 
(2025) 

Human RCT (Overweight/ obese 
patients with T2DM) 

● Improved glycemic control and insulin sensitivity 

● Therapeutic response depended on baseline gut A. 
muciniphila levels 

29 

 
3.2 A. muciniphila’s application for regulating gluconeo-
genesis 
One of the leading applications for A. muciniphila 
supplementation is for the mitigation of IR. IR is one of the 
many cardiometabolic diseases that have become 
increasingly prevalent in the world we live in today.30 
Recently, interventions for IR have shifted focus to the role 
of gut microbiota in metabolic function. Specifically, A. 
muciniphila has recently gained traction for its abilities to 
regulate metabolism and maintain gut health.19,21,25,31–33 
Through its role in intestinal wall strengthening, it is able 
to reduce gluconeogenesis, which is a vital function for 
managing blood glucose.34 IR hinders the body’s ability 
to control and suppress gluconeogenesis, and therefore, 
A. muciniphila provides a restraint on excessive 
gluconeogenesis when the body is less responsive to 
insulin.35  
 
This application of Akkermansia has been widely studied 
in animals and humans.2 In a study of 50 prediabetic rats 
conducted by Yan S. et al.,3 significant improvements 
were observed between baseline and supplemented 
HOMA-IR measurements. The effects of Akkermansia 
were able to increase insulin production to the level that 
IR was alleviated. Palliative management of IR is a 
practicable application of Akkermansia as shown by this 
study. In another study conducted in 2019 by Depommier 
C. et al.,5 of 32 people, HOMA-IR measurements and 
insulinemia indices were dramatically improved in groups 
supplemented with A. muciniphila compared to a placebo. 

The study was conducted using overweight and obese 
volunteers who were instructed to maintain their usual 
diets, exercise, and not change any lifestyle factors. 
Therefore, the effects of this study can be attributed 
primarily to Akkermansia’s intervention. Interestingly, 
pasteurized A. muciniphila provided even more changes 
to IR markers than live Akkermansia. In fact, pasteurized 
Akkermansia supplementation reduced plasma insulin 
level markers by about 30% compared to a placebo and 
insulin sensitivity indices by more than 10%. This finding 
is consistent with studies done by Wang Z. et al.,12 who 
have studied the effects of pasteurized Akkermansia in 
mice and seen dramatic improvements in glucose 
tolerance and utilization, and Everard A. et al.,8 who 
studied the effects of both live and heat-inactivated A. 
muciniphila in obese mice. This indicates that pasteurized 
Akkermansia supplementation has more promising effects 
towards the amelioration of IR. Moreover, having a 
higher baseline amount of Akkermansia present in the 
intestinal lining is also associated with lower insulin 
sensitivity. 1,16 Nonetheless, both live and pasteurized 
Akkermansia have substantial potential for the 
management of IR. There is a high level of consistency in 
studies affirming this effect, as almost all studies 
analyzed show improvement in IR. The predominant study 
types have low risk, but a moderate level of precision 
due to small sample sizes, correlational observations, and 
limited independent studies. However, due to their clear 
outcome definitions, high volume, and statistical analysis, 
the overall certainty of this effect is high.  

 

https://www.zotero.org/google-docs/?e4Sjpy
https://www.zotero.org/google-docs/?b58yZZ
https://www.zotero.org/google-docs/?f82ZiF
https://www.zotero.org/google-docs/?kpxN7R
https://www.zotero.org/google-docs/?7R72P7
https://www.zotero.org/google-docs/?jMS4b1
https://www.zotero.org/google-docs/?PI8f6r
https://www.zotero.org/google-docs/?VMutAC
https://www.zotero.org/google-docs/?EgxeeR
https://www.zotero.org/google-docs/?E5T6zQ
https://www.zotero.org/google-docs/?3OGKDk
https://www.zotero.org/google-docs/?NL0Yk8
https://www.zotero.org/google-docs/?iChp9F
https://www.zotero.org/google-docs/?swetAi
https://www.zotero.org/google-docs/?hFgsKT
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Figure 2. The Gut Microbiota’s Role In The Development of Type 2 Diabetes. 36 

 
A. muciniphila’s effects for managing gluconeogenesis are 
not limited to IR; it has a potential role in managing blood 
sugar in relation to prediabetes as well. Prediabetes, 
another prevailing lifestyle disease, is characterized by 
elevated blood sugar above normal levels, but not yet at 
levels to be classified as Type 2 Diabetes Mellitus 
(T2DM). Through its role in gluconeogenesis illustrated in 
Figure 2, A. muciniphila has been considered as a 
mitigation for reducing blood glucose levels. In a 2024 
study of 50 prediabetic rats by Yan S. et al.,3 the effects 
of Akkermansia supplementation were studied in relation 
to blood glucose and as a comparison to dietary 
interventions. A. muciniphila was shown to delay the 
progression of prediabetes at similar rates to a dietary 
intervention. Whether paired with a dietary intervention 
or a high-fat   diet, A. muciniphila had effects on insulin 
sensitivity and body composition. However, there was no 
significant difference in blood glucose levels after 
supplementation compared to baseline levels. In similar 
studies, including those for T2DM, parameters for 
measuring glucose levels, such as blood glucose and 
HbA1c, are not lowered significantly by A. muciniphila 
supplementation.35 However, in individuals with a 
naturally high composition of Akkermansia in the gut 
microbiota, body weight and Type 1 Diabetes were 
inversely correlated.8,37 There is also research that 
suggests that the efficacy of Akkermansia 
supplementation as a mitigation for T2DM is dependent 
on the baseline levels of Akkermansia present in the gut 
microbiota.29 Nevertheless, A. muciniphila abundance is 
positively correlated with T2DM.8 This finding proves that 
there are a plethora of roles A. muciniphila may play in 
the gut microbiota and metabolic regulation, and this 
area of application needs more investigation and 
research to make a definitive association between A. 
muciniphila and impaired glucose tolerance.38 Currently, 
the certainty of evidence regarding Akkermansia’s 
correlation to glycemic control and prediabetes is 
moderate to high, due to the high volume of RCTs, 
registered clinical trials, and observational studies that 
corroborate this effect.  
 

3.3 A. muciniphila’s correlation to body composition 
A. muciniphila also has a notable function for inducing 
positive change in body composition. Lipogenesis is the 
metabolism of extra energy from carbohydrates into 
lipids that can be stored for future use. However, when 
the body is in conditions such as IR, calorie restriction, 
inflammation, or eating a high-fat  diet, lipogenesis is 
hindered, causing a higher rate of fat deposition in 
adipose tissue that can lead to obesity.35 Therefore, 
regulating lipogenesis has been a topic of study for 
decades. A potential solution has been A. muciniphila’s 
induced eubiosis in the intestinal lining, which allows for 
the regulation of lipogenesis.35 There is data from 
metagenomic studies that suggests that a natural higher 
composition of A. muciniphila in the gut microbiota is 
inversely correlated with obesity.9,11 Many studies 
suggest that supplementation with A. muciniphila has the 
ability to reduce body weight in overweight and obese 
individuals. In addition, Akkermansia supplementation has 
been shown to reduce waist-to-hip ratios, waist 
circumference, and hip circumference, key markers of 
abdominal obesity. Overall fat mass percentage is also 
reduced by supplementation and lean body mass is 
increased. In fact, 31 out of 43 papers examined directly 
validate the correlation between A. muciniphila and 
improved body composition, as demonstrated by Figure 
3. One study by Depommier C., et al.5 of 32 overweight 
and obese adults from 2019 saw substantial results over 
12 weeks of supplementation with pasteurized 
Akkermansia: “decreased body weight by about -2.27 
kg, fat mass by about -1.37 kg and hip circumference by 
-2.63 cm”.5 This use of Akkermansia supplementation has 
been widely studied and has enormous potential for the 
future. There is also research that suggests that the 
regulation of lipogenesis induced by high levels of 
Akkermansia can allow for better maintenance of body 
weight as well.22,24 Although there is a high volume of 
studies supporting these conclusions, the overall certainty 
of evidence is moderate because there are very 
heterogeneous outcome measures across studies, variable 
factors that control body composition, and the duration 
of interventions is often relatively short.  
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A. muciniphila also has gained attention for its abilities to 
regulate cholesterol levels in the body. Cholesterol levels 
have been examined in many studies related to A. 
muciniphila supplementation. Many studies agree that 
Akkermansia supplementation has the ability to reduce 
total blood plasma cholesterol levels. In addition, LDL and 
triglyceride levels are reduced through the gut 
strengthening effects of Akkermansia. A study by 
Depommier C., et al.5 tested the impact of A. muciniphila 
on cholesterol levels in overweight and obese individuals. 
The study found that pasteurized Akkermansia 
specifically had the ability to decrease total cholesterol 
by 8.68%, lower LDL by 7.53%, and lower triglycerides 
by 15.71%. These significant effects on cholesterol 

provide a new approach for managing or preventing 
hyperlipidemia. Some studies in mice also point to A. 
muciniphila supplementation as a preventative treatment 
for atherosclerosis.5 Although less substantial, there is a 
correlation between Akkermansia supplementation and 
higher HDL levels.39 This rebalancing of blood cholesterol 
levels provides a promising future for preventing 
cholesterol related ailments. These results for improved 
lipid profiles have moderate consistency across papers 
with low volume of evidence, indicating  a low-moderate 
level of certainty for these results. Many results regarding 
lipids are often secondary outcomes in studies, and 
therefore, there is inadequate adjustment from the 
baseline lipid status.  

 

 
Figure 3. This figure shows the prevalence of research regarding A. muciniphila supplementation in relation to multiple 
metabolic factors. ‘Yes’ consists of the reports that directly correlated A. muciniphila supplementation with the 
corresponding marker of metabolic health. ‘No’ presents the reports that explicitly state that the markers of metabolic 
health are not correlated with Akkermansia. ‘Not mentioned’ refers to an absence of information reported regarding the 
corresponding topic.  
 
3.4 Potential Applications for A. muciniphila 
Recently, GLP-1 medications have taken the spotlight for 
their abilities to manage T2DM and reduce body weight 
in overweight and obese individuals. Being initially used 
for the management of T2DM, GLP-1 medications use 
semaglutide, liraglutide, dulaglutide, or tirzepatide, 
marketed under the brand names of Ozempic, Victoza, 
Trulicity, and Mounjaro, respectively. Its use for weight 
loss is a more recent application, with brand names like 
Wegovy, Saxenda, and Zepbound dominating markets 
in the current health landscape. Although GLP-1 
medications operate in a different mechanism, mimicking 
the natural hormone that controls hunger, appetite, and 
blood sugar regulation, they have a relatively similar 
skillset to A. muciniphila supplementation. Therefore, 
researchers have tried to study potential links between A. 
muciniphila and natural GLP-1 production. 28,40 As a 

relatively new topic of interest compared to other 
applications of Akkermansia, there is conflicting data on 
the correlation between Akkermansia levels and GLP-1 
production. In a study of mice by Everard A., et al. 8 
conducted in 2013, higher Akkermansia levels were 
correlated with higher natural GLP-1 production, but the 
mechanisms of this association are unknown. This 
phenomenon is concurred by Zhao Y., et al. 10; Wang Z., 
et al. 12; Si J., et al. 41; and Sanjiwani., et al. 2022.35 
However, in a supplementation study of 32 overweight 
and obese individuals by Depommier C., et al. 5 from 
2019, there were no significant changes to plasma GLP-
1 levels post-intervention. The contrasting research and 
lack of understanding for the underlying process in which 
Akkermansia is related to GLP-1 production proves the 
necessity for further research, exploration, and 
examination of this topic. Nonetheless, the quality, 
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precision, and consistency across studies is very varied 
and the overall volume of studies on this topic is also very 
low, revealing that these results have low certainty. 
 
There have been predictions that supplementation with A. 
muciniphila would allow for diversification of the gut 
microbiome. However, this has yet to be positively 
correlated. Although A. muciniphila is able to strengthen 
the gut barrier, limited associations have been made 
between its supplementation and other gut microbiota.42 
Overall, a diverse gut microbiome is generally 
considered beneficial for gut health and has associations 
with better digestion, nutrient absorption, and regulation 
of metabolism. However, Akkermansia only plays a part 
in the plethora of bacteria actively working towards 
strengthening the intestinal barrier. A. muciniphila 
typically makes up 1-5% of the gut microbiota in 
humans.9 Studies using supplementation of bacteria from 
the genus of Lactobacillus and Bifidobacterium also have 
similar results, pointing to the benefits of an overall 
diverse gut microbiota.4 However, many of these studies 
have limited data precision so far due to varied diversity 
metrics and sequencing methods across studies, despite 
there being a moderate volume of studies, meaning this 
result has moderate certainty in the current research. 
 
A. muciniphila supplementation may also have the ability 
to decrease activity in liver enzymes.23 Liver enzymes, 

such as gamma-glutamyl transferase (γGT), aspartate-

aminotransferase (AST) and alanine aminotransferase 
(ALT), play a key role in amino acid and nitrogen 
metabolism. Liver enzymes are crucial for the processing 
of nutrients, detoxification of harmful substances, and 
maintaining metabolic balance. However, excess activity 
has negative effects on metabolic balance and 
regulation. In a supplementation study of mice, 
Akkermansia reduces ALT and AST levels, mitigating 
future potential liver damage caused by overactivity of 
these enzymes.39 In a human trial of overweight and 
obese adults carried out by Depommier C., et al. (2019), 

γGT and AST levels were drastically reduced, with little 

to no change in AST levels.5 However, it is noteworthy 
that, although the reasoning behind this is unknown, only 
pasteurized Akkermansia supplementation was able to 
yield these effects and live supplementation had no 
effect on liver enzyme activity. These effects are 
moderately varied across studies with mixed quality 
levels and precision, demonstrating that these effects 
have a low level of certainty. Again, this proves the 
limited scope of our understanding of how gut microbiota 
function in tandem with the rest of the body systems and 
requires more research in this area.  
 

4. Discussion 
A. muciniphila is an emerging bacterium with several 
studied effects on human metabolism, with some being 
strongly linked while others being only ambiguously 
correlated. Its supplementation seeks to utilize these 
benefits for supporting the treatment of metabolic 
disorders, such as IR, prediabetes, or obesity.8 The 
supplementation of A. muciniphila has been shown to be 
well tolerated in humans.5 Several reports have 
correlated A. muciniphila supplementation with 
strengthening of the gut lining, which, in turn, has the 

results of improving insulin sensitivity, prediabetes, body 
composition, and cholesterol levels.43 In terms of insulin 
sensitivity, many studies corroborate Akkermansia 
supplementation with improved HOMA-IR and plasma 
insulin.1,4 This well-studied application has made strides in 
the treatment of IR, serving as a new and upcoming 
innocuous supplement that, when coupled with subtle 
lifestyle changes, can ameliorate IR.20 In addition, it has 
been found that there is an inverse correlation between 
A. muciniphila levels in the body and prediabetes.1 This 
use of Akkermansia supplementation has been shown to 
be effective at similar levels as a dietary intervention and 
can pave a path for the prevention of prediabetes.5 
Moreover, A. muciniphila has had measurable effects for 
improving body composition according to numerous 
reports. Supplementation has been proven to reduce 
body weight, fat mass, and waist-to-hip ratios, while also 
promoting an increase in lean body mass. Moreover, 
supplementation with Akkermansia has been proven to 
reduce overall cholesterol levels, while also increasing 
HDL ratios.5 In an era when GLP-1 medications are 
quickly taking over the weight management landscape, 
Akkermansia supplementation provides a novel way to 
achieve similar results with less side effects.8  
 
However, as this is a topic backed with only about two 
decades of research, there are many studies that conflict 
with findings made previously. The mechanism behind 
Akkermansia supplementation itself is loosely understood, 
and therefore, its effects have contrasting evidence for 
and against it.5 Firstly, there are contrasting reports 
about the safety of Akkermansia supplementation. 
Although it has been administered widely in trials for both 
mice and humans, there are concerns that its mucin 
degrading properties may make oversupplementation a 
problem, raising concerns about potential inflammation.11 
In addition, for reasons that are unclear so far, several 
studies point to the finding that pasteurized Akkermansia 
supplementation has better effects on IR, prediabetes, 
and body composition than live Akkermansia.5 This leads 
to uncertainty behind the actual mechanism of 
Akkermansia supplementation, as far as whether 
Akkermansia actually stays in the body when 
administered, whether supplementation has only 
temporary or long-lasting effects, and if supplementation 
can aid the natural composition of Akkermansia or not.1 
Also, some of the links between Akkermansia 
supplementation have not been quantified by numbers. 
The most notable example is the lower prevalence of 
prediabetes with A. muciniphila supplementation without 
an actual substantial decrease in blood glucose levels in 
most studies.44 Likewise, some older studies claim 
Akkermansia supplementation has the ability to increase 
and stimulate the production of the GLP-1 hormone.8 
However, more recent studies have not found a link 
between Akkermansia supplementation and plasma GLP-
1 levels.5 This leads to the question of whether 
Akkermansia supplementation is actually effective, or if 
effects are dependent on the natural gut composition and 
prevalence of Akkermansia in the body.11 Metagenomic 
studies have found that natural levels of Akkermansia 
within the body are positively correlated with improved 
body composition, lower levels of prediabetes, and less 
insulin sensitivity, but it is still unclear how or even if 
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Akkermansia supplementation is able to enhance these 
effects.4,9 As Akkermansia is naturally found in higher 
prevalence in individuals at healthy weight levels, studies 
done on overweight or obese participants, as most studies 
regarding A. muciniphila are, may not fully reflect the 
effects on the general population as a whole.  
 
This review has several limitations that should be 
acknowledged. First, the literature search was restricted 
to English-language articles from PubMed, Europe PMC, 
Cochrane Library, and ClinicalTrials.gov, which, although 
they constitute the most comprehensive biomedical 
database regarding the subject of the review, may not 
have captured all relevant studies indexed in other 
sources, such as Scopus or Web of Science. This introduces 
a risk of selection bias and incomplete retrieval of 
evidence. Screening and data extraction were not 
performed in duplicate, further increasing risk of selection 
bias. Moreover, although we applied the PRISMA 
framework and screened studies systematically, the body 
of available evidence included heterogeneous study 
types, ranging from randomized controlled trials and 
observational studies to animal experiments and 
narrative reviews. The use of different critical appraisal 
tools allowed us to evaluate each according to its design, 
but direct comparison of findings across these diverse 
methodologies remains challenging. Therefore, a meta-
analysis was not conducted. Although JBI checklists and 
certainty tables were applied, other frameworks (e.g., 
GRADE) were not used. Additionally, most of the human 
evidence is derived from small randomized controlled 
trials and a number of observational studies with 
moderate risk of bias, which limits the certainty and 
generalizability of conclusions. Finally, as this review did 
not include a quantitative meta-analysis, the synthesis 
remains qualitative and is subject to interpretation. Taken 
together, these factors highlight that while A. muciniphila 
shows promise as a therapeutic adjunct for metabolic 
disorders, the current evidence base remains preliminary 
and should be interpreted with caution. Future reviews 
should aim to overcome these issues in their 
methodologies. 
 
Certainty of evidence varied across outcomes. For IR, 
study quality was moderate based on JBI appraisal, with 
high consistency across findings but limited precision due 
to small sample sizes; therefore, overall certainty was 
judged as moderate. For body composition and 
cholesterol, certainty was also moderate for similar 
reasons. In contrast, evidence for GLP-1 modulation and 
gut microbiome diversity was inconsistent, drawn 
primarily from small animal experiments or narrative 
reviews, and appraised as low certainty. Liver enzyme 
outcomes were supported by limited studies, yielding 
low–moderate certainty. These ratings underscore that 
while Akkermansia supplementation shows promise for 
metabolic outcomes, the strength of evidence remains 
limited by study design, sample size, and inconsistency in 
less well-studied endpoints. 
 
A pioneering report in the study of Akkermansia 
supplementation in mice, a 2013 study by Everard A., et 
al. 8 demonstrates the mechanisms of Akkermansia by 
examining the intestinal epithelium strengthening induced 

by supplementation. Concurrently, it endeavors to use this 
method of supplementation to manage obesity. In 
accordance with the present results, the study provides 
insight for the mechanisms behind Akkermansia 
supplementation by proving the bacteria strengthens the 
intestinal lining and regulates metabolism. However, 
contradictory to current findings, the study saw results 
from only live Akkermansia and no results from heat-
killed Akkermansia.8 This result would suggest that 
bacterial activity, not just presence, is crucial for 
outcomes. This discrepancy to today’s research may be 
attributed to its focus on the intestinal epithelium rather 
than overall metabolic markers. Nonetheless, this finding 
proves the gaps in the understanding of the mechanisms 
of Akkermansia supplementation. A 2016 study of 
overweight and obese adults by Dao MC., et al. 1 
provided a baseline for Akkermansia supplementation in 
humans. Although this study did not supplement 
Akkermansia, it was able to examine and study the 
correlations between natural Akkermansia levels and 
metabolic markers. It was found that higher prevalence 
of Akkermansia levels in the gut microbiota are inversely 
related to insulin sensitivity, fasting glucose, waist-to-hip 
ratio, body fat mass, and plasma triglycerides, 
corroborating previous evidence in mice of the effects of 
Akkermansia for regulating metabolism.1 The study also 
provided the results of a dietary intervention for its 49 
participants and correlated the effectiveness of the 
dietary changes with higher baseline levels of 
Akkermansia. A note of caution is due here, however, 
since the study did not include a control group and only 
provided before-and-after figures. Moreover, the study 
only focused on correlation, not causation, and therefore, 
these findings cannot be extrapolated to all patients and 
are somewhat limited. This study raises the question of 
whether or not Akkermansia supplementation would 
actually make a difference in the metabolic profile of 
people with an already high abundance of Akkermansia 
or if results are limited by baseline levels of Akkermansia, 
as Akkermansia was not directly administered in this 
study. An animal study by Plovier H., et al. (2017) aimed 
to find the mechanisms behind Akkermansia 
supplementation’s benefits to ameliorate gut barrier 
dysfunction.13 The study found that pasteurized 
Akkermansia improved insulin sensitivity and glucose 
tolerance in obese and diabetic mice.13 Moreover, 
metabolic inflammation and fat mass were reduced, 
corroborating previous studies. Specifically, this study 
found that Amuc_1100 was the key active membrane 
protein that facilitated these effects.13 However, this 
study is limited by the purification of the membrane 
protein, which may differ translationally in the 
supplementation of the whole bacterium. As an animal 
study, the effects of the purified membrane protein may 
also not apply fully to human supplementation. A 2017 
animal study by Zhao S., et al. focused on the effects of 
Akkermansia supplementation on chow-fed mice. It was 
found that supplementation reduced inflammation and 
improved glucose metabolism.15 The effects observed in 
this study were independent of obesity status and, 
therefore, have limited translational relevance to 
metabolic syndrome, but are still important supporting 
evidence for Akkermansia’s relevance outside metabolic 
syndrome.  
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In 2018, van der Ark., et al. studied the conditions 
required to make a growth medium for Akkermansia, and 
in doing so, confirmed Akkermansia’s strong mucus 
dependence. Using systems biology and in vitro 
experiments, this study defined minimal growth 
requirements, supporting its ecological specialization in 
the gut mucosa.26 However, the work did not assess 
metabolic or clinical outcomes and lacks in vivo 
validation, limiting its direct relevance to therapeutic 
applications. Nonetheless, this medium provides strides 
towards supplementation methods for future use and has 
proved to be very useful and insightful in establishing the 
mechanisms of Akkermansia. Another in vitro experiment 
was accompanied by an ex vivo experimental study by 
Ashrafian F., et al. (2019). This experimental study 
showed that A. muciniphila and its extracellular vesicles 
modulated Toll-like receptor signaling and improved 
epithelial tight junction integrity in cellular and ex vivo 
models.18 While supportive of immunomodulatory 
mechanisms, the lack of in vivo confirmation limits its 
applicability to supplementation, but nonetheless, 
provides insights into the mechanisms driving gut 
microbiome changes by Akkermansia.  
 
The first randomized, double-blind, placebo-controlled 
study examining the use of A. muciniphila supplementation 
in humans was conducted by Depommier C., et al.5 This 
study’s rigorous design was aimed at eliminating bias and 
to support prior findings from previous research. This 
study confirms the relationship between supplementation 
with Akkermansia and regulating gluconeogenesis, as 
well as lipogenesis. By measuring insulin sensitivity, lipid 
profiles, inflammation markers, and body composition, 
the study succeeded at providing a broad metabolic 
snapshot of the results of Akkermansia supplementation. 
These results further support the idea that Akkermansia 
supplementation is able to mitigate IR, prediabetes, and 
improve body composition.5 However, with an emphasis 
on safety and tolerability in humans, it did not aim to 
conclude with any significant new findings, but rather to 
support earlier ones. Although it provided evidence for 
the novel approach of using pasteurized Akkermansia 
supplementation, its results can be limited due to its short 
duration of only 3 months and limited participant pool 
(32 individuals who were overweight or obese). It can be 
argued that significant effects were seen largely due to 
the homogeneous participant pool that started out with 
decreased metabolic health, and that results may not 
apply to healthy weight individuals.  
 
A 2019 study by Dao MC., et al. expanded on the 
bounds of Akkermansia abundance in the specific context 
of before and after bariatric surgery. This longitudinal 
observational study monitored Akkermansia levels in the 
gut microbiome of obese patients before and after an 
intervention of bariatric surgery. The study found that A. 
muciniphila abundance increased following bariatric 
surgery but was not independently associated with 
improvements in metabolic health.16 The results suggest 
context-dependent effects, based on health status over 
time, baseline Akkermansia, and more. This ties into the 
question brought up by earlier research by Dao MC., et 
al. of whether the effects of Akkermansia are limited by 
baseline levels and provides a discernment between 

natural Akkermansia growth and supplementation’s 
effects proven by other studies. This includes the study 
done by Yang M., et al. (2020), which examined the 
effects of newly identified Akkermansia strains on mice 
with high-fat  diet induced obesity. Administration of the 
newly isolated A. muciniphila strains to obese mice 
reduced body weight, adiposity, and improved glucose 
and lipid metabolism, highlighting strain-specific 
effects.17 This shows the potential for strain specific, 
highly-targeted treatments for future amelioration of 
metabolic dysregulation. This study particularly opens 
doors for the commercialization of “personalized” 
treatments in the future, as strain specific treatments can 
be of future importance. However, there is still uncertainty 
regarding the generalizability of specific strains to a 
population as a whole, as the study used a population of 
homogenous mice. There is also promising, but limited, 
evidence that effects will be translational to a human 
population. Nonetheless, the study’s focus on newly 
isolated Akkermansia strains provides enormous potential 
for future research directions. In a cross-sectional human 
study by Zhou Q., et al. (2021), higher gut Akkermansia 
abundance was associated with lower metabolic 
syndrome severity. The study examined the correlation of 
Akkermansia abundance and the individual factors of 
metabolic syndrome. Models were then used to find the 
dose-dependent responses and microbial interactions 
present from Akkermansia, demonstrating that there was 
a nonlinear relationship between the factors of metabolic 
syndrome and A. muciniphila. The study found correlations 
between Akkermansia and obesity, waist circumference, 
hypertriglyceridemia, HDL, and blood pressure.11 
However, the study found no correlation between 
Akkermansia and hyperglycemia, fasting blood glucose, 
and hypertension. The discrepancy between this study’s 
results and previous findings about hyperglycemia and 
fasting blood glucose are stark, as acknowledged by the 
authors. The authors provide some reasons for the 
discrepancy to be heterogeneity of the host population 
or variability in the gut microbiome.11 However, given the 
large sample size of over 6,000 participants and 
balancing of factors such as age, sex, etc., these results 
do provide a valid divergence from other studies, and 
require more research in future studies. Another research 
discrepancy was found in the study done by Yoon HS., et 
al. (2021). This mechanistic mouse study identified a 
secreted A. muciniphila protein that stimulated GLP-1 
secretion, improving glucose homeostasis and insulin 
sensitivity.28 Although mechanistically compelling, the 
findings are limited to animal models, and the clinical 
relevance of protein dosing and delivery remains 
uncertain. Moreover, this finding has very limited 
evidence in any other studies due to a very low volume 
of work on the topic. Other studies, such as the RCT by 
Depommier C., et al., have found no correlation between 
Akkermansia and GLP-1 production.5 This may be an 
area of substantial future research directions due to the 
rising popularity of GLP-1 medications.  
 
In 2023, Wang Z., et al.12 studied the relation between 
Akkermansia supplementation and glucose tolerance 
from the unique perspective of the daily light to dark 
transition in mice. This study used targeted genetic models 
to pinpoint the mechanisms of Akkermansia in mice 
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genetically engineered to lack intestinal FFAR4 which is 
known to regulate metabolism, lipogenesis, and 
gluconeogenesis. This work confirms that pasteurized 
Akkermansia supplementation surpasses the results of live 
Akkermansia. However, these findings may be somewhat 
limited due to the extremely specific species type and 
genetic alterations present in the study’s subjects. A 2024 
study by Yan S., et al. 3 examined the role of 
Akkermansia supplementation in prediabetic rats with an 

emphasis on pancreatic islet β-cell function for mitigating 

the development of T2DM.3 The study is consistent with 
previous findings that Akkermansia supplementation is 
able to regulate gluconeogenesis, and in turn, manage or 
even reverse prediabetes. This study is especially novel 
in its approach, as it directly compares Akkermansia 
supplementation to a dietary intervention. The study also 
examined the role of Akkermansia alongside a dietary 
intervention, not just instead of it, providing 
supplementary evidence for the role of Akkermansia in a 
healthy gut microbiota. However, the study’s multiple 
groups allotted for only 8 rats per group, meaning the 
small sample size can cause inaccuracies in data trends. 
While an informative study, this data must be interpreted 
with caution because results may not directly correlate or 
translate to humans. In addition, the long-term 
implications of Akkermansia supplementation were not 
studied, creating a gap of knowledge for the eventual 
progression and potential relapse of the rats' conditions.  
 
In 2023, Nian F., et al. conducted an animal study using 
a mouse model of NAFLD to explore the effects of 
combined supplementation with A. muciniphila and 
Bifidobacterium bifidum. It was found that this combination 
reduced hepatic steatosis and inflammation through FXR-
related pathways.14 However, the interpretation of these 
results in regards to its application for Akkermansia 
supplementation is limited by the combined intervention, 
which precludes attribution of effects to A. muciniphila 
alone. In 2024, another animal study by Yan S., et al. 
studied mice with high-fat-diet-induced prediabetes. This 
rat study demonstrated that A. muciniphila improved 

pancreatic islet β-cell function and insulin secretion 

capacity in a high-fat-diet-induced prediabetes model.3 
The report’s focus on the pathways by which Akkermansia 
affects prediabetes provides huge insight into its 
mechanisms. Furthermore, the study compared 
Akkermansia with a dietary intervention, providing 
important benchmarks of comparison. However, the 
study’s results are limited by the short-term outcome 
measurement, which leaves long-term effects and 
mechanisms unknown. Although improved insulin sensitivity 
was an outcome of this study, this cannot be generalized 
to a human population due to the use of mice, as well as 
the lack of whole-body insulin sensitivity measures. In a 
2025 animal mechanistic study, Lin H., et al. used a mouse 
model of doxorubicin-induced cardiotoxicity to explore 
the possibility of Akkermansia’s use for treatment. The 
study found that Akkermansia administration restructured 
the microbiome present, causing protective effects 
against doxorubicin-induced cardiotoxicity.27 A. 
muciniphila supplementation also improved mitochondrial 

biogenesis and energy metabolism via PPARα 

signaling.27 Although the primary outcome was 
cardiotoxicity rather than metabolic disease, which limits 

its relevance to obesity or insulin resistance, this study 
provided insights into the effect pathways along which 
Akkermansia acts.  
 
A 2025 human randomized-controlled trial by Zhang Y., 
et al. aimed to fill some of the gaps present in current 
human research regarding Akkermansia 
supplementation. This randomized controlled trial 
evaluated Akkermansia muciniphila supplementation in 
overweight and obese individuals with type 2 diabetes. 
Using precise statistical analysis, this study demonstrated 
significant improvements in glycemic control and insulin 
sensitivity compared with placebo.29 Notably, treatment 
efficacy was strongly modified by baseline gut A. 
muciniphila abundance, with participants harboring 
higher initial levels experiencing more pronounced 
metabolic benefits. This stratified response supports the 
concept of personalized microbiome-based interventions, 
as brought up by previous research, and suggests that 
host microbial context is a key determinant of probiotic 
efficacy rather than supplementation acting as a 
universally effective therapy. Despite its strengths as a 
well-designed human intervention study, the follow-up 
period was relatively short, limiting conclusions regarding 
durability of glycemic improvements, long-term insulin 
resistance trajectories, or effects on clinically meaningful 
outcomes such as diabetes progression, medication 
requirements, or cardiovascular risk. The baseline-
dependent response, while mechanistically informative, 
also constrains generalizability, as the intervention may 
be ineffective in individuals with low endogenous A. 
muciniphila levels, which is arguably the population most 
in need of metabolic improvement. Although this trial 
does not evaluate long-term efficacy or safety, it 
provides some of the strongest direct human evidence 
supporting A. muciniphila’s metabolic potential. 
 
There are many areas regarding Akkermansia 
supplementation that are not fully understood or 
unexplored and warrant further research and studies.2 
The long-term effects of Akkermansia supplementation 
have not been studied yet.11 There is still very little 
variation studied between the supplementation of 
different strains within the A. muciniphila genus, which 
could potentially have different effects. Moreover, 
although it has been demonstrated that pasteurized 
Akkermansia has more significant effects than live 
Akkermansia on IR, as well as body composition, the 
mechanisms behind this occurrence are only inferred, but 
not completely understood currently.8 Despite these 
promising results, questions remain unanswered. Many 
studies offer hypotheses, but a concrete explanation for 
this phenomenon is not agreed upon. Furthermore, 
additional testing is required to solidify the optimal 
dosage, form, and frequency of supplementation. There 
is abundant room for further progress in determining the 
minutia of Akkermansia supplementation with the aim of 
optimizing its effects. To develop a full picture of the 
applications of Akkermansia supplementation, these 
factors need to be studied further.  
 

5. Conclusions 
With many of the leading causes of death in the world 
being attributed to lifestyle disease, the global pandemic 
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of metabolic disorders is becoming increasingly important 
to address. An upcoming field of study aims to mitigate 
metabolic disorders through gut microbiome-based 
treatments, specifically pasteurized A. muciniphila. This 
noninvasive, well-tolerated approach has shown 
potential in improving metabolic health by strengthening 
the gut barrier. Studies strongly correlate Akkermansia 
with reduced IR, improved body composition, and 
improved cholesterol. There is also emerging research for 
Akkermansia’s ability to reduce the prevalence of 
prediabetes, stimulate GLP-1 production, regulate liver 
enzyme activity, and diversify the gut microbiome 
through supplementation, highlighting its immense range 
of promising potential applications. Although more 
research is required to fully understand the mechanisms 
behind these effects, the current studies provide 
substantial evidence for its use in mitigating metabolic 
disorders. Given the complexity of the gut microbiome 
and growing scrutiny of GLP-1 medications, Akkermansia 
offers a promising ‘natural’ alternative. The next steps in 
research are to optimize the form, dosage, frequency, 
and specific strain of supplementation, along with 
researching long-term safety and efficacy. Akkermansia 
supplementation supports a foundational element of 
overall health and may become part of therapies for 
complex, multi-system diseases beyond just metabolism in 
the future. A. muciniphila supplementation gives hope for 
a future where chronic diseases are prevented, not just 
managed by pharmaceuticals and drugs, by reshaping 
and harnessing the power of the ecosystems already 
inside us.  
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