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The increasing prevalence of obesity is a global health problem due to the associations 
of obesity with co-morbidities such as diabetes, cancer and stroke. Current obesity 
management strategies and public health measures are doing little to !ght the 
ever-growing burden of obesity in today’s obesogenic environment, therefore new 
approaches are clearly required. The gut microbiota has long been implicated in the 
pathophysiology of a number of diseases and is emerging as an important player in 
the pathogenesis of obesity, diabetes and metabolic syndrome, however the exact 
nature and mechanism behind how gut bacteria can in"uence host metabolism is an 
area of intense debate. This article explores how the gut bacteria can in"uence energy 
metabolism and whether our knowledge of this can be converted into useful clinical 
interventions at a time when better care for obese and metabolically unhealthy patients 
is fast becoming an urgent necessity.
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INTRODUCTION

In 2016, there were over 650 million obese adults worldwide, with 
global obesity burden doubling from 1980. (1) Obesity is a strong 
risk factor for type 2 diabetes, cardiovascular disease and cancer, 
with the burden of these diseases following the same trend as 
obesity. (2) The increasing burden of obesity therefore represents a 
huge global challenge, so it is of critical importance that the preven-
tion and management of the condition is improved. 

The gastrointestinal tract contains a vast number of bacteria, with 
an estimated 10 trillion to 100 trillion microorganisms populat-
ing the adult intestines. (3) The genome of these bacteria (the 
microbiome) is around 150 times the size of our own with around 
500 times the coding potential. (4) Hippocrates, o#en referred to 
as the ‘father of medicine’, stated that ‘all disease starts in the gut’ 
following his observations of the in"uence of the diet and gut health 
on human pathology. Furthermore, along with the gut in"uencing 
our physiology, we in turn in"uence the composition of our gut, 
primarily through our diet. Diet-induced changes to gut microbiota 
were !rst observed almost 100 years ago, when Herter and Kendall 
found increases in Bi!dobacterium and ‘proteolytic bacteria’ in 
response to high-fat and high-protein based diets in dogs. (5) We 
have only recently begun to understand the powerful impact that 
the microbiota has on our physiology, with alterations to the mi-
crobiota being implicated in a host of conditions from depression, 
sleep apnoea, abnormal social interactions, cognitive "exibility and 
schizophrenia, (6–10) to autoimmune diseases, (11) in"ammatory 
disorders, (12)  and obesity (13). However, the mechanisms behind 
these interactions, and whether they can be manipulated with any 
signi!cant clinical bene!t, remains a highly controversial subject. 

Recent technological advances such as the advent of bacteria rRNA 
shotgun sequencing have revolutionised the study of the micro-
biota, resulting in a surge of interest in the !eld. With this in mind, 
this review will address some of the many known changes impli-
cated in host metabolism and the impact these have on obesity, 
diabetes and metabolic syndrome. It will argue that this is a !eld 
not to be overlooked and that it may provide therapeutic bene!ts 
in our management of obesity. Throughout, there will be refer-
ences to bacterial populations at all taxonomic levels. Accordingly, 
the reader is referred to the taxonomy diagram in Supplementary 
Figure 1 to aid understanding of the relevant bacterial ecology.

How does the microbiota in!uence metabolism?

Short chain fatty acids  
The gut microbiota ferments dietary !bres into short chain fatty 
acids (SCFAs) and is therefore responsible for extracting energy 
from the approximately 30g of complex carbs and 13g of undi-
gested protein the gut receives each day. (14) The importance that 
colonic !bre fermentation has on energy consumption is shown in 
gnotobiotic (germ-free) mice. These mice are much leaner than 
their normal counterparts and are protected from obesity when fed 
a Western (high fat) diet. (15) This highlights the principle that gut 

microbiota are involved in energy extraction from food, as these 
animals are unable to extract energy from these food products, 
preventing the uptake of around 10% of the energy from a standard 
diet. (16) As obesity is the long-term consequence of an energy 
imbalance, changes to this energy extraction process through gut 
microbiota alterations are an important factor to consider in the 
management of obesity. (17) 

The major products of !bre fermentation are the SCFAs acetate, 
propionate and butyrate which constitute nearly 95% of the SCFAs 
in the gut at a ratio of around 60:20:20. (18,19) As well as being ab-
sorbed, these bind to free fatty acid receptors (FFARs), modulating 
L-cell incretin secretion and communicating with the brain via the 
vagus nerve; this gut-brain axis is essential to how the microbiota 
impacts our physiology and is excellently reviewed elsewhere. (20) 
For example, the binding of FFAR1 by dietary-derived fatty acids 
leads to GLP-1 release from L-cells, which positively modulates 
insulin secretion. (21) The knock-out of FFAR2 in rats signi!-
cantly reduced GLP-1 secretion both in vitro and in vivo, further 
highlighting the key role that SCFAs play in host metabolism. (22) 
Figure 1 shows a schematic representation of some of the e$ects 
of FFAR binding and thus the e$ects that SCFAs have on our 
metabolism. 

Each of the major three SCFAs have speci!c metabolic roles, with 
butyrate and propionate appearing to be mainly anti-obesogenic. 
Butyrate is the major metabolic substrate for the colonic epithelium 
and stimulates the growth of this layer, as well as stimulating pe-
ripheral tissue mitochondria. (23, 24) Butyrate supplementation in 
mice improved insulin sensitivity and increased energy expenditure 
through increasing fatty acid oxidation and stimulating mitochon-
drial function and biosynthesis. Although butyrate supplementation 
at 5% of a high fat diet is far from physiological, and thus may not 
demonstrate the normal function of butyrate, this indicates a ben-
e!cial role for butyrate in the diet. (25,26) Butyrate also has known 
anti-in"ammatory e$ects through downregulation of NF- kB, a 
key transcription regulator of cellular stress responses. (27) In"am-
mation leads to the development of insulin resistance, metabolic 
syndrome and diabetes, so increasing butyrate absorption from the 
gut may help to prevent the aberrant in"ammation that contributes 
to these diseases. (28,29)

Figure 1: A diagram representing some of the known responses to FFAR 
binding, with the binding a"nities of FFAR3 and FFAR2 shown (74) 
and those actions restricted to butyrate and propionate highlighted in yellow 
(19,75–77)
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Propionate is another SCFA with apparent anti-obesogenic ben-
e!ts. This was !rst suggested by Chen et al., who found a reduc-
tion in liver and serum cholesterol levels in cholesterol-fed rats 
supplemented with 0.5% sodium-propionate supplementation, 
vs control. (14) They suggested that propionate may (in part) be 
responsible for the hypocholesterolaemic e$ects of certain solu-
ble plant !bres, which was supported by a study !nding the same 
reduction in liver cholesterol pool, as well as reduced fasting plasma 
glucose and urinary glucose excretion, in obese hyperinsulinemic 
(fa/fa) fats on propionate supplementation. (15) Propionate, along 
with butyrate, is a strong stimulator of FFAR2 (see Figure 1). 
Binding to this receptor leads to release of gut incretins such as GIP 
from K cells and GLP-1 from L cells, in addition to release of other                                   
satiety signals such as CCK-1 and PYY. (16,17) 

Acetate is absorbed into the peripheral circulation where it is the 
basis for cholesterol synthesis, however whether or not acetate is 
bene!cial or detrimental to host metabolic health is still unclear. 
Many labs have reported positive health outcomes associated with 
acetate; dietary acetic acid reduces serum cholesterol and triglycer-
ides in rats on a high cholesterol diet, and the acetic acid in vinegar 
reduces body weight, body fat mass and serum triglyceride levels 
in obese Japanese men. (18,19) Recently, Prof Frost’s lab followed 
the uptake of dietary 11C-acetate into hypothalamus with PET-
CT, and found that it stimulated parasympathetic nerve !bres and 
decreased appetite. (20) However, some labs have suggested that ac-
etate may negatively a$ect host metabolism. In 1993, it was shown 
that plasma acetate levels are higher in diabetic subjects than obese 
normoglycaemic and healthy controls, with signi!cant correlations 
seen between glycosylated haemoglobin (HbA1C), plasma glucose 
and acetate levels. It was not reported whether or not these changes 
in acetate matched changes in the other SCFA levels (i.e. whether 
total SCFA level was increased or just acetate level), which some-
what limits the strength of conculsions drawn from the study. (21) 
However, subsequent work has shown that acetate supplementation 
via addition of an acetate-producing prebiotic leads to an increase 
in plasma LDL and cholesterol vs control. (22) Finally, Perry et al. 
have shown that acetate stimulates ghrelin secretion, leading to hy-
perphagia and thus predisposing to obesity, further suggesting that 
acetate has detrimental e$ects on host metabolism. (23)

Bacterial metabolites 
As well as fermenting !bres, the gut microbiota produces metabo-
lites that can in"uence host metabolism. Trimethylamine (TMA) 
is metabolised from cheese, seafood and red meat by gut bacteria 
and is enzymatically oxidised by "avin-containing monooxy-
genase-3 in the liver to TMA N-oxide, or TMAO. (24) Serum 
levels of TMAO correlate with obesity, atherosclerosis and poor 
cardiovascular health, suggesting that these TMA-producing 
bacteria have a negative impact on host metabolic health. (25) 
TMA-producing bacteria are distributed over Firmicutes, Actino-
bacteria, Proteobacteria and Gammobacteria, and are particularly 
highly expressed in Escherichia and Shigella, as found by detection 
of TMA-synthesis gene expression. (26) Whilst it may be early to 
draw conclusions, the pathogenicity of the changes in microbiota 
with obesity described in the next section may in part be played by 

the increase in production of TMA by these bacteria. Drugs such as 
3,3-dimethyl-1-butanol that reduce TMAO levels by inhibition of 
TMA production or conversion to TMAO are under development, 
and can reduce cardiac dysfunction in Western diet-fed mice. (27) 
It is hoped that as our understanding of TMA and other micro-
biota metabolites increases, we can use this knowledge to improve 
obesity care.

Changes to gut microbiota seen in obesity and diabetes

Changes at the phylum level
The major change seen in the obese patient’s microbiota is a rela-
tive increase in the Firmicutes phyla relative to the Bacteriodes (see 
Supplementary Figure 1), along with an increase in abundance of 
Proteobacteria. (3,28–32) For example, ob/ob mice - which de-
velop obesity through hyperphagia - have almost 50% lower Bac-
teriodetes compared to Firmicutes. (33) Whilst it is unclear whether 
obesity causes the change in bacteria or the bacteria change results 
in obesity, it is thought that the diet can alter the bacteria which 
then predisposes people to obesity due to a higher e%ciency of 
energy extraction by the unhealthy microbiota. This is supported 
by Hildebrandt and colleagues, who studied the e$ects of high fat 
diets (HFD) on wildtype and the obesity-resistant RELM-b mouse 
strain. Switching from standard chow to HFD caused obesity in 
wildtype mice but not in the RELM-b mice, however the Firmi-
cutes: Bacteriodes ratio was altered in both independently of any gain 
in weight. (4,28) 

The relative composition of these phyla appears to impact on the 
ability of the gut to harvest energy from food. Je$rey Gordon’s lab 
found that colonising genetically identical gnotobiotic mice with 
the microbiota of a diet-induced obese mouse results in more total 
body fat gain than colonising the mouse with lean mice micro-
biota. This ‘obese microbiota’ appears to be adapted to ferment 
!bres more e%ciently, as seen by higher expression of fermentation 
enzymes in the obese microbiome. The faeces of the obese micro-
biota mice had less energy remaining when measured with bomb 
calorimetry vs control, further supporting this theory. (31) The gut 
concentration of butyrate and acetate is higher in patients with this 
altered microbiota, (34) so it is unclear how these ‘obese micro-
biota’ appear to be detrimental to host health despite increasing 
the production of butyrate which is known to be bene!cial to host 
health. It is possible that the increase in butyrate is simply a change 
that was measured in these experiments which indicates an increase 
in whole energy harvesting, or that in these patients and animals, 
there is a di$erent source of butyrate (such as undigested protein 
vs carbohydrates) which somehow confers the obesity phenotype. 
Or perhaps the satiety signals and other SCFA responses are aber-
rant in these patients, thus predisposing to obesity? This apparent 
contradiction is a source of debate and needs to be understood to 
elucidate the interactions between diet, health and gut bacteria. 
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Changes to speci"c bacteria
Certain bacteria have speci!c e$ects on host metabolism. Akker-
mansia muciniphila appears to have a protective e$ect on metabolic 
pro!les, with orally-administered muciniphila protecting against 
obesity and enhancing glucose tolerance in mice. (50) This protec-
tive e$ect is also seen in humans, with the abundance of the bac-
teria inversely correlated to fasting plasma glucose level, waist:hip 
ratio and subcutaneous fat diameter. Furthermore, amongst obese 
patients, those with a higher A. muciniphila abundance had the best 
metabolic pro!les (as determined by parameters such as plasma tri-
glycerides and fasting glucose) and displayed the greatest improve-
ment in insulin sensitivity in response to a 6-week calorie restric-
tion. (51) Interestingly, diabetic patients treated with metformin 
have changes in the gut microbiota which include an increase in A. 
muciniphila compared to untreated diabetics, potentially suggesting 
that some of the bene!ts of metformin may be mediated through 
the drug’s impact on gut bacterial populations. (52) A number of 
other changes to bacterial populations are shown in Supplementary 
Table 1, which describes a number of di$erent bacteria of nearly all 
major phyla and their apparent roles in altering host metabolism.

Therapeutic modulation of the gut microbiota

Prebiotics
The dietary supplementation of propionate as a weight control ther-
apy is currently being investigated by the Frost lab, who have de-
veloped an inulin-propionate ester that can be added to food. The 
conjugation to inulin (a !bre) ensures targeted delivery of propion-
ate to the colon, as the propionate is only released upon fermenta-
tion of inulin resulting in a gram-level delivery of the SCFA to the 
colon that wouldn’t be feasible through diet alone. As discussed 
above, propionate stimulates GLP-1 and PYY secretion and seems 
to prevent hepatic lipidosis. In a 24-week study, overweight adults 
were given the inulin-propionate ester, which signi!cantly reduced 
weight gain and reduced gain of intra-abdominal adipose tissue vs 
an inulin control. Interestingly, whilst acutely the propionate-inulin 
ester stimulated an increase in GLP-1 and PYY secretion, by the 
end of the 24-week study, no signi!cant di$erence in the release of 
these gut hormones was found, even though subjective rankings of 
postprandial appetite were lower in the propionate group. Clearly, 
the gut microbiota’s in"uence of satiety and therefore obesity is 
complex, however this study indicates that dietary interventions 
targeting the microbiota could emerge as a novel management of 
obesity. (53) 

Although the exact bene!ts or problems associated with acetate 
aren’t clear, the role of !bre in improving metabolic health is vastly 
understated. The average Western diet is de!cient in !bre, with 
the UK guidance on consumption of !bre being (inadequately so) 
to ‘eat lots’, which fails to stress how bene!cial dietary !bre is. (54) 
Howarth et al demonstrated that when subjects were le# to eat as 
they pleased, the addition of !bre to this diet resulted in a 10% 
average decrease in energy intake, resulting in nearly 2kg weight 
loss over 4 months vs control. (55) Clearly, !bre has overall bene!ts 
to host health, so improving public education of bene!ts of dietary 
!bre could help reduce the burden of obesity.

Faecal microbial transplantation
Faecal transplant is an established treatment in recurrent C. di%cile 
and has an excellent safety pro!le. Numerous animal studies have 
shown that a metabolic pro!le can be transferred through fae-
cal microbiota transplant (FMT) as discussed above, (56) with a 
limited number of studies now beginning to show some e%cacy in 
humans. Max Nieuwdorp’s group have shown that FMT from lean 
donors resulted in a signi!cant improvement in insulin sensitivity 
at 6 weeks in insulin-resistant obese males with metabolic syn-
drome. In this 2012 study, they found that the improvement in in-
sulin sensitivity correlated with an increase in butyrate-producing 
bacteria. (57) This is thought to improve host health through the 
mechanisms described above, although the contradiction between 
the bene!ts of butyrate production and the increase in energy 
extraction through this SCFA need to be examined. However, the 
group’s most recent trial showed that whilst they could replicate 
this positive change in phenotype at week 6, by week 18 a#er FMT 
the e$ects on insulin sensitivity had worn o$, which was associated 
with a return to baseline faecal microbiota composition. (58) This 
raises the idea of a ‘personal core faecal microbiome’, suggest-
ing perhaps that host immune system interactions resulted in this 
return to baseline microbiome from the foreign gut "ora. If FMT is 
to become a successful future intervention for metabolic syndrome 
and/or obese patients, this issue needs to be further understood to 
allow us to cause lasting change in the patient "ora. On top of this, 
we need to better understand what makes a good faecal donor and 
what predicts the level of patient response, with lower initial bacte-
rial diversity in the patient and higher levels of butyrate-producing 
bacteria in the donor appearing to be good markers of success. 
(56,57) Other bacteria implicated in degrees of FMT success can 
be found in Supplementary Table 1, and as such development of 
more sophisticated algorithms to better select patients and donors 
to maximise responses is required if this treatment is to become 
mainstream.

Clinical outlook/concluding remarks

The role that the gut microbiota plays in a number of di$erent 
disease states is an area of extensive research and intense debate. It 
is clear that there is a signi!cant relationship between changes in 
the gut microbiota and obesity, diabetes and metabolic syndrome, 
and that this is o#en overlooked in weight and diabetes manage-
ment strategies. The extent to which potential microbiota-focused 
interventions such as FMT and pro- and prebiotics may play in our 
management of obesity and diabetes remains to be seen.  In an age 
where fad diets commonly direct patients’ weight loss strategies 
in an unscienti!c manner, greater appreciation and understanding 
of the importance of gut bacteria and how our diet can in"uence 
these will assist patients in making more informed lifestyle choices. 
Overall, obesity along with its associated co-morbidities is a com-
plex disease and there is not a single approach which will o$set the 
rise in obesity. This paper does not aim to present the gut microbi-
ota as the answer to obesity care, however it is an important factor 
to consider when addressing the global problem of obesity.

The impact of the gut microbiota on human metabolism  
Jonathan Drake



40

bsdj.org.uk

40

1. World Health Organisation. Obesity and overweight. 2020. [accessed 15 Jul 2020]. 
Available from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight.

2. Cercato C, Fonseca FA. Cardiovascular risk and obesity. Diabetology & Metabolic 
Syndrome. 2019;11:74. 

doi:10.1186/s13098-019-0468-0

3. Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon JI. 
Obesity alters gut microbial ecology. Proceedings of the National Academy of 
Sciences. 2005;102:11070–5. 

doi:10.1073/pnas.0504978102

4. Prakash S, Rodes L, Coussa-Charley M, Tomaro-Duchesneau C. Gut microbiota: 
next frontier in understanding human health and development of biotherapeutics. 
Biologics: Targets & Therapy. 2011;5:71. 

doi:10.2147/BTT.S19099

5. Torrey JC. The Regulation of the Intestinal Flora of Dogs through Diet. The 
Journal of Medical Research. 1919;39:415-47

6. Chen J, Zheng P, Liu Y, Zhong X, Wang H, Guo Y, et al. Sex di$erences in gut 
microbiota in patients with major depressive disorder. Neuropsychiatric Disease and 
Treatment. 2018;14:647–55. 

doi:10.2147/NDT.S159322

7. Nguyen TT, Kosciolek T, Eyler LT, Knight R, Jeste DV. Overview and systematic 
review of studies of microbiome in schizophrenia and bipolar disorder. Journal of 
Psychiatric Research. 2018;99:50–61. 

doi:10.1016/j.jpsychires.2018.01.013

8. Almendros I, Farré N. Obstructive Sleep Apnea and Atherosclerosis: Both the Gut 
Microbiome and Hypercapnia Matter. American Journal of Respiratory Cell and 
Molecular Biology. 2017;57:501–3. 

doi:10.1165/rcmb.2017-0253ED

9. Anderson JR, Carroll I, Azcarate-Peril MA, et al. A preliminary examination of 
gut microbiota, sleep, and cognitive "exibility in healthy older adults. Sleep Medicine. 
2017;38:104–7. 

doi:10.1016/j.sleep.2017.07.018

10. Levin II, Zonana DM, Fosdick BK, et al. Stress response, gut microbial 
diversity and sexual signals correlate with social interactions. Biology Letters. 
2016;12:20160352. 

doi:10.1098/rsbl.2016.0352

REFERENCES

The British Student Doctor
Volume 5, No. 3 (2021)



4141

bsdj.org.uk

11. Picchianti-Diamanti A, Rosado MM, D’Amelio R. Infectious Agents and 
In"ammation: The Role of Microbiota in Autoimmune Arthritis. Frontiers in 
Microbiology. 2018;8:2696. doi:10.3389/fmicb.2017.02696

12. Eom T, Kim YS, Choi CH, et al. Current understanding of microbiota- and 
dietary-therapies for treating in"ammatory bowel disease. Journal of Microbiology. 
2018;56:189–98. 

doi:10.1007/s12275-018-8049-8

13. Gérard P. Gut microbiota and obesity. Cellular and Molecular Life Sciences. 
2016;73:147–62. 

doi:10.1007/S00018-015-2061-5

14. Chen WJ, Anderson JW, Jennings D. Propionate may mediate the 
hypocholesterolemic e$ects of certain soluble plant !bers in cholesterol-fed rats. 
Proceedings of the Society for Experimental Biology and Medicine. 1984;175:215–8. 

doi: 10.3181/00379727-175-41791 

PMID: 6320209

15. Berggren AM, Nyman EM, Lundquist I, et al. In"uence of orally and rectally 
administered propionate on cholesterol and glucose metabolism in obese rats. British 
Journal of Nutrition. 1996;76:287–94.

doi: 10.1079/bjn19960032 

PMID: 8813902

16. Cherbut C, Ferrier L, Rozé C, et al. Short-chain fatty acids modify colonic 
motility through nerves and polypeptide YY release in the rat. American Journal of 
Physiology. 1998;275:G1415-22.

doi: 10.1152/ajpgi.1998.275.6.G1415  

PMID: 9843779

17. Furness JB, Rivera LR, Cho H-J, et al. The gut as a sensory organ. Nature 
Reviews Gastroenterology & Hepatology. 2013;1010:729–40. 

doi:10.1038/nrgastro.2013.180

18. Fushimi T, Suruga K, Oshima Y, et al. Dietary acetic acid reduces serum 
cholesterol and triacylglycerols in rats fed a cholesterol-rich diet. British Journal of 
Nutrition. 2006;95:916–24.

doi: 10.1079/bjn20061740 

PMID: 16611381

19. Kondo T, Kishi M, Fushimi T, et al. Vinegar intake reduces body weight, 
body fat mass, and serum triglyceride levels in obese Japanese subjects. Bioscience, 
Biotechnology, and Biochemistry. 2009;73:1837–43.

The impact of the gut microbiota on human metabolism  
Jonathan Drake



4242

doi: 10.1271/bbb.90231 

PMID: 19661687

20. Frost G, Sleeth ML, Sahuri-Arisoylu M, et al. The short-chain fatty acid acetate 
reduces appetite via a central homeostatic mechanism. Nature Communications. 
2014;5:1–11. 

doi:10.1038/ncomms4611

21. Todesco T, Zamboni M, Armellini F, et al. Plasma Acetate Levels in a Group 
of Obese Diabetic, Obese Normoglycemic, and Control Subjects and Their 
Relationships with Other Blood Parameters. American Journal of Gastroenterology. 
1993;88:751.

PMID: 8480742

22. Harris K, Kassis A, Major G, et al. Is the Gut Microbiota a New Factor 
Contributing to Obesity and Its Metabolic Disorders? Journal of Obesity. 
2012;2012:1–14. 

doi:10.1155/2012/879151

23. Perry RJ, Peng L, Barry NA, et al. Acetate mediates a microbiome–brain–b-cell 
axis to promote metabolic syndrome. Nature 2016;534:213–7. 

doi:10.1038/nature18309

24. Schugar RC, Shih DM, Warrier M, et al. The TMAO-Producing Enzyme 
Flavin-Containing Monooxygenase 3 Regulates Obesity and the Beiging of White 
Adipose Tissue. Cell Rep 2017;19:2451–61. 

doi:10.1016/J.CELREP.2017.05.077

25. Subramaniam S, Fletcher C. Trimethylamine N-oxide: breathe new life. British 
Journal of Pharmacology. 2018;175:1344-1353.

doi:10.1111/bph.13959

26. Rath S, Heidrich B, Pieper DH, et al. Uncovering the trimethylamine-producing 
bacteria of the human gut microbiota. Microbiome 2017;5:54. 

doi:10.1186/s40168-017-0271-9

27. Chen K, Zheng X, Feng M, et al. Gut Microbiota-Dependent Metabolite 
Trimethylamine N-Oxide Contributes to Cardiac Dysfunction in Western Diet-
Induced Obese Mice. Frontiers in Physiology. 2017;8:139. 

doi:10.3389/fphys.2017.00139

28. Hildebrandt MA, Ho$mann C, Sherrill–Mix SA, et al. High-Fat Diet 
Determines the Composition of the Murine Gut Microbiome Independently of 
Obesity. Gastroenterology 2009;137:1716-1724.e2. 

doi:10.1053/j.gastro.2009.08.042

bsdj.org.uk

The British Student Doctor
Volume 5, No. 3 (2021)



4343

29. Wu GD, Chen J, Ho$mann C, et al. Linking long-term dietary patterns with gut 
microbial enterotypes. Science 2011;334:105–8. 

doi:10.1126/science.1208344

30. Arumugam M, Raes J, Pelletier E, et al. Enterotypes of the human gut 
microbiome. Nature 2011;473:174–80. 

doi:10.1038/nature09944

31. Turnbaugh PJ, Ley RE, Mahowald MA, et al. An obesity-associated gut 
microbiome with increased capacity for energy harvest. Nature 2006;444:1027–131. 
doi:10.1038/nature05414

32. Hartstra A V, Bouter KEC, Bäckhed F, et al. Insights into the role of the 
microbiome in obesity and type 2 diabetes. Diabetes Care 2015;38:159–65. 

doi:10.2337/dc14-0769

33. Turnbaugh PJ, Ley RE, Mahowald MA, et al. An obesity-associated gut 
microbiome with increased capacity for energy harvest. Nature 2006;444:1027–131. 

doi:10.1038/nature05414

34. Turnbaugh PJ, Ley RE, Mahowald MA, et al. An obesity-associated gut 
microbiome with increased capacity for energy harvest. Nature 2006;444:1027–131. 

doi:10.1038/nature05414

35. Liou AP, Paziuk M, Luevano J-M, et al. Conserved shi#s in the gut microbiota 
due to gastric bypass reduce host weight and adiposity. Science Translational 
Medicine, 2013;5:178ra41. 

doi:10.1126/scitranslmed.3005687

36. Kootte RS, Levin E, Salojärvi J, et al. Improvement of Insulin Sensitivity 
a#er Lean Donor Feces in Metabolic Syndrome Is Driven by Baseline Intestinal 
Microbiota Composition. Cell Metabolism. 2017;26:611-619.e6. 

doi:10.1016/j.cmet.2017.09.008

37. Dao MC, Everard A, Aron-Wisnewsky J, et al. Akkermansia muciniphila and 
improved metabolic health during a dietary intervention in obesity: relationship with 
gut microbiome richness and ecology. Gut 2016;65:426–36. 

doi:10.1136/gutjnl-2014-308778

38. Blandino G, Inturri R, Lazzara F, et al. Impact of gut microbiota on diabetes 
mellitus. Diabetes & Metabolism. 2016;42:303–15. 

doi:10.1016/j.diabet.2016.04.004

bsdj.org.uk

The impact of the gut microbiota on human metabolism  
Jonathan Drake



4444

39. Pedersen HK, Gudmundsdottir V, Nielsen HB, et al. Human gut microbes 
impact host serum metabolome and insulin sensitivity. Nature 2016;535:376–81. 

doi:10.1038/nature18646

40. Ussar S, Gri%n NW, Bezy O, et al. Interactions between Gut Microbiota, Host 
Genetics and Diet Modulate the Predisposition to Obesity and Metabolic Syndrome. 
Cell Metabolism. 2015;22:516–30. 

doi:10.1016/j.cmet.2015.07.007

41. Qin J, Li Y, Cai Z, et al. A metagenome-wide association study of gut microbiota 
in type 2 diabetes. Nature 2012;490:55–60. 

doi:10.1038/nature11450

42. Creely SJ, McTernan PG, Kusminski CM, et al. Lipopolysaccharide activates 
an innate immune system response in human adipose tissue in obesity and type 2 
diabetes. The American Journal of Physiology-Endocrinology and Metabolism. 
2007;292:E740–7. 

doi:10.1152/ajpendo.00302.2006

43. Cani PD, Amar J, Iglesias MA, et al. Metabolic Endotoxemia Initiates Obesity 
and Insulin Resistance. Diabetes 2007;56:1761–72. 

doi:10.2337/db06-1491

44. Udayappan S, Manneras-Holm L, Chaplin-Scott A, et al. Oral treatment 
with Eubacterium halliiimproves insulin sensitivity indb/dbmice. NPJ bio!lms 
microbiomes 2016;2:16009. 

doi:10.1038/npjbio!lms.2016.9

45. Tremaroli V, Bäckhed F. Functional interactions between the gut microbiota and 
host metabolism. Nature 2012;489:242–9. 

doi:10.1038/nature11552

46. Bhathena J, Martoni C, Kulamarva A, et al. Orally Delivered Microencapsulated 
Live Probiotic Formulation Lowers Serum Lipids in Hypercholesterolemic Hamsters. 
Journal of Medicinal Food, 2009;12:310–9. 

doi:10.1089/jmf.2008.0166

47. Larsen N, Vogensen FK, van den Berg FWJ, et al. Gut Microbiota in Human 
Adults with Type 2 Diabetes Di$ers from Non-Diabetic Adults. PLoS One 
2010;5:e9085. 

doi:10.1371/journal.pone.0009085

48. Million M, Lagier J-C, Yahav D, et al. Gut bacterial microbiota and obesity. 
Clinical Microbiology and Infection, 2013;19:305–13. 

doi:10.1111/1469-0691.12172

bsdj.org.uk

The British Student Doctor
Volume 5, No. 3 (2021)



4545

49. Lê K-A, Li Y, Xu X, et al. Alterations in fecal Lactobacillus and Bi!dobacterium 
species in type 2 diabetic patients in Southern China population. Frontiers in 
Physiology. 2012;3:496. 

doi:10.3389/fphys.2012.00496

50. Marques TM, Patterson E, Wall R, et al. In"uence of GABA and GABA-
producing Lactobacillus brevis DPC 6108 on the development of diabetes in a 
streptozotocin rat model. Bene!cial Microbes 2016;7:409–20. 

doi:10.3920/BM2015.0154

51. Tian J, Dang HN, Yong J, et al. Oral Treatment with y-Aminobutyric Acid 
Improves Glucose Tolerance and Insulin Sensitivity by Inhibiting In"ammation in 
High Fat Diet-Fed Mice. PLoS One 2011;6:e25338. 

doi:10.1371/journal.pone.0025338

52. Kovatcheva-Datchary P, Nilsson A, Akrami R, et al. Dietary Fiber-Induced 
Improvement in Glucose Metabolism Is Associated with Increased Abundance of 
Prevotella. Cell Metabolism. 2015;22:971–82. 

doi:10.1016/j.cmet.2015.10.001

bsdj.org.uk

The impact of the gut microbiota on human metabolism  
Jonathan Drake



4646

bsdj.org.uk

APPENDIX

Supplementary Figure 1: A diagram showing the taxonomic relationships of the bacte-
ria referred to throughout this paper 
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Bacteria/bacterial metabolite Metabolic indication
Akkermansia 
(Cerrucomicrobia)

Increased after Roux-en-Y gastric bypass surgery. [35]

Akkermansia muciniphila Appears to have beneficial metabolic effects. Found to increase in FMT responders [36] and inversely correlated 
fasting glucose and body fat mass in mice and fasting glucose, waist:hip ratio, plasma triglycerides subcutaneous 
adipocyte diameter in humans. [37] Increased by metformin treatment. [38]

Bacteriodes vulgatus BCAA producing species found in higher abundance in insulin-resistant patients vs control. [39]

Clostridium scindens Found to be strongly negatively correlated with body weight in mice. [40]

Dorea longicatena Correlated with better FMT response. [36]
Enterobacteriales Increased after Roux-en-Y gastric bypass surgery. [35]
Escherichia coli A G- bacterium that produces LPS. E. coli and LPS are both elevated in diabetes patients and LPS is able to 

induce inflammation of fat tissue and reduce insulin sensitivity in mice. [41–43] 

Eubacterium sp. Produce butyrate. Administration of live E. halii to obese and diabetic mice improved insulin sensitivity and 
increased energy expenditure. [44]

Eubacterium ventriosum Inversely correlated with better FMT response. [36]
Euryachaeota and Crenarchaota Increase the efficiency of bacterial fermentation by removing H2, found in higher abundance in ob/ob mice vs 

normal. [33]

F. prausnitzii Suggested to be involved in strengthening the gut barrier whereby reducing inflammation and diabetes 
progress.[38] Found in lower abundance in patients with type 2 diabetes.[45]

Lactobacillus fermentum Found to lower cholesterol and triglycerides when given as a microencapsulated probiotic to 
hypercholesteraemic hamsters. [46]

Lactobacillus reuteri Found to be strongly positively correlated with body weight and obesity in mice; elevated in obese humans. 
[40,47–49]

Lactobacilus brevis Produces GABA. L. brevis supplementation improves glucose homeostasis in insulin-resistant rats, [50] 
correlating with direct GABA supplementation improving insulin resistance through reducing inflammation. 
[51]

Leuconostoc Found in a higher abundance in patients who regained more weight in a 6-week diet followed by 6-week 
restabilisation study. [33]

Mucispirillum schaedleri Found to be strongly positively correlated with body weight in mice. [40]

Pediococcus Found in a higher abundance in patients who regained more weight in a 6-week diet followed by 6-week 
restabalisation study. [33]

Prevotella Enrichment of Pr. linked to improved tolerance to glucose on whole-grain diets. [52]

Prevotella copri BCAA producing species, found in higher abundance in insulin-resistance patients vs control. Administration 
of P. copri induced insulin resistance in mice. [39]

Roseburia intestinalis Produces butyrate. Negatively correlated with subcutaneous adiposity, body weight, liver weight and serum 
insulin in mice, [40] negatively correlated with human plasma glucose [47] and less abundant in T2DM 
patients. [41]

Ruminococcus torques Inversely correlated with better FMT response. [36]
Subdoligranulum variabile Correlated with better FMT response. [36]
Verrucomicrobiales Significantly increased after Roux-en-Y gastric bypass surgery. [35]

Supplementary Table 1: Bacteria implicated in host metabolism
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