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What we will cover:

§ Gut microbial changes across the lifespan

§ Can we beneficially alter the gut microbiota to prevent or improve diabetes 
management?

- Probiotics
- Prebiotics
- Faecal microbial transplant
- Metformin, artificial sweeteners
- Practical dietary advice for gut health
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Gut microbiota across the lifespan



Hill, C. et al. Nat. Rev. Gastroenterol. Hepatol. 11, 506–514 (2014) 4

Live micro-organisms that, when administered in adequate amounts, 
provide a health benefit to the host



Probiotics

• 0.1 – 5% will survive the passage through the gastrointestinal 
tract

• No impact on microbial diversity in the gut, in healthy adults

• 4 weeks after you stop taking them, they are gone

• Biological effects of probiotics are strain specific

• Until a bacterial species (or strain) has been isolated, 
characterised and a credible case presented for its health 
effects, it cannot be called a ‘probiotic’. 

Kristensen et al. Genome Med 2016; 14:82



Probiotic supplements



Fermented foods – not technically probiotics

Yoghurt

Sauerkraut

Kimchi
Kombucha



Benefits of Probiotics
Immunological benefits:
• Activates local macrophages to increase cytokine production (stimulate macrophages to 

produce cytokines).
• Stimulate antibody production by the host.
• Induce response to food antigens.

Non-immunological benefits:
• Metabolism of dietary fibres, resulting in the bacterial production of fermentation by-products 

such as SCFAs (acetate, butyrate, propionate).
• Compete for nutrients with pathogens.
• Reduce the local pH to create an unfavourable environment for pathogens.
• Produce bacteriocins to inhibit pathogens (toxins which destroy opportunistic bacteria).
• Scavenge superoxide radicals (some bacteria bind to toxins and the host excretes them 

instead of absorbing them).
• Stimulate mucin production (a gel that protects the lining of the gut).
• Enhance intestinal barrier function and intestinal cell repair.



Evidence of effectiveness: probiotics

• Convincing evidence for use in:
- Acute viral diarrhoeal disease 
- Antibiotic associated diarrhea

• Developing evidence for a role in:
- Necrotising enterocolitis (only in infants with birth weight <1500g, but 

not widely used due to safety concerns)
- Helicobacter pylori infection (used prior to and during standard 

eradication therapy to improve rate of eradication and reduce side effects)
- Prevention of Clostridium difficile-associated diarrhea in adults 

and children (Goldenberg, Cochrane Database Sys Rev 2017)

- Inflammatory bowel disease (No effect on Crohn’s Disease, but VSL#3 
may help induce remission in Ulcerative Colitis) (Ghouri, Clin Exp Gastro 2014)
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Probiotics in obesity and diabetes: the evidence
Latest systematic review exploring the effect of probiotics on obesity and diabetes-
related outcomes summarised 105 RCTs involving 6826 participants:

§ In overweight individuals, probiotics resulted in a weight loss of 0.94 kg (1.2%), which is below 
the clinically meaningful weight loss threshold of 2-5%.

§ In obese individuals, probiotics had no significant effect on body weight.
§ In people with T2DM, probiotics significantly reduced fasting blood glucose, fasting insulin, 

HbA1c and insulin resistance (HOMA-IR)
HOWEVER…

§ These results were heavily influenced by the 38% of trials that were conducted in Iran and 
published within the last 6 years. Exclusion of the Iranian trials from the analysis rendered the 
effect of probiotics on T2DM non-significant.

§ Authors of this review recommend that the positive effects of probiotics on people with T2DM 
cannot be generalised to those living outside of Iran.

Koutnikova H, et al. BMJ Open 2019;9:e017995.
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Probiotics for the prevention or management of GDM in pregnant women: the evidence

§ Some RCTs (n=6) have shown reductions in insulin resistance (HOMA-IR) or fasting insulin 
concentrations in pregnant women and women with GDM consuming probiotic supplements 
(5 of these 6 trials were conducted in Iran).

§ However, trials investigating fasting BGL following probiotic supplementation during 
pregnancy are contradictory (out of 11 trials in total: 6 trials found no reduction in FBG, 5 trials 
- including 3 conducted in Iran found significant reductions in FBG).

§ While an improvement in insulin sensitivity may result in reduced insulin requirements in 
women with GDM, this has not yet been explored - all of the trials conducted so far have 
excluded women requiring treatment with insulin or metformin. 

§ All studies have provided women with a probiotic cocktail containing a variety of different 
bacterial species, making it impossible to identify the specific bacterial species or strain 
associated with insulin-sensitising effects.

Han et al. Ann Transl Med 2019;7(5):99; Taylor et al. Nutrients 2017; 9(5).
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Probiotics for the prevention of GDM in pregnant women with overweight/obesity: Australian context



Prebiotics: definition

13
Gibson et al. The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on 
the definition and scope of prebiotics. NATURE REVIEWS GASTROENTEROLOGY & HEPATOLOGY Vol 14, 2017

A substrate that is selectively utilised by host micro-organisms, providing a 
health benefit to the host



Criteria for Prebiotics:

• Must not be hydrolysed or absorbed in the upper 
gastrointestinal tract

• Must be a substrate for growth or activity of one or a limited 
number of beneficial colonic bacteria

• Must therefore be able to alter the colonic microbiome 
towards a healthier composition and 

• Must be able to induce luminal or systemic effects which are 
beneficial to the host.

Gibson GR & Roberfroid MB (1995) Dietary modulation of the 
human colonic microbiota: introducing the concept of 
prebiotics. J Nutr 125, 1401–1412.



Prebiotics
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Gibson et al. The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on 
the definition and scope of prebiotics. Nat. Revs. GASTROENTEROLOGY & HEPATOLOGY Vol 14, 2017



Food sources of prebiotics

• Beta-glucan 
- barley, oats

• Fructo-oligosaccharides (FOS) and inulin
- onions, Jerusalem artichoke, asparagus, bananas, leek, chicory

• Galacto-oligosaccharides (GOS)
- legumes

• Arabinoxylans
- cereal grains, psyllium husk, pangola grass, bamboo shoots, corn hulls

• Xylo-oligosaccharides (XOS)
- fruit, vegetables, milk, honey 



Food sources of prebiotics

Chicory root

Jerusalem artichoke



Chicory root powder

“Synergy 1”: 
Inulin-enriched FOS
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Benefits of prebiotics Butyrate promotes transcription of 
tight junction proteins (eg. occludin)

Butyrate reduces 
inflammation in colonic 

epithelial cells by 
increasing PPARγ gene 

expression

Butyrate is the primary fuel 
for colonocytes

Acetate increases 
blood flow to 
colonocytes

Butyrate upregulates the 
expression of mucin-

associated genes

SCFA binding to GPR43 
increases the production 

of incretin hormone 
glucagon-like peptide 1 

(GLP-1), which increases 
insulin sensitivity and 

reduces appetite

SCFA binding to GPR41 
increases the intestinal 

expression of Peptide YY, 
a hormone that slows 

intestinal transit time and 
inhibits production of the 

appetite-stimulating 
hormone, grehlin

Gut microbiota are also 
involved in the 

transformation of primary 
bile acids into secondary 

bile acids, which are 
capable of binding to the 
GPR19. GPR19 induces 
the intestinal secretion of 

GLP-1

The intestinal microbiota 
suppresses the expression 
of fasting-induced adipose 
factor (Fiaf), an intestinal 

epithelial cell-derived 
circulating inhibitor of 

lipoprotein lipase (LPL). 
Increased LPL activity 
results in reduced fat 

storage

Adapted from Tilg et al, BMJ 2015
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Prebiotics in diabetes: the evidence
Systematic review of 27 RCTs exploring the effect of dietary prebiotic (and substances with 
prebiotic properties) consumption on blood glucose management in adults with type 2 diabetes:

§ Country of study origin (Iran: 10, Canada: 3, Taiwan: 3, UK: 3, France: 2, the Netherlands: 1, 
Mexico: 1, Brazil: 1, Greece: 1, Australia: 1, India: 1). Length of intervention: 4 days – 12 weeks.

§ Prebiotics (or products with prebiotic properties) investigated: Resistant Starch: 7, beta-glucan: 
2, GOS: 1, XOS: 1, FOS-enriched inulin: 4, FOS: 2, inulin: 3, MOS (konjac glucomannan): 2, 
guar gum: 2, arabinoxylan: 1, flax seed gum: 1, inulin + butyrate: 1.

§ “During the analysis phase, it became evident that several of the publications presented 
information from the same participant population but reported outcomes separately. Seven 
publications appear to have used the same sample population registered under the clinical trial 
number IRCT201110293253N4. Two additional publications also appeared to use the same 
sample population registered under IRCT201203103565N4”.

§ Reported effects on HbA1c, FBG, HOMA-IR, lipid levels and body weight were contradictory.
§ No significant changes in any outcomes: 7 trials; reduction in HbA1c: 8 trials; reduction in FBG: 

10 trials, reduction in HOMA-IR: 3 trials; reduction in Diastolic BP: 4 trials; reduction in LDL-
cholesterol: 8 trials; reduction in body weight: 6 trials.

Colantonio et al. J Acad Nutr Diet 2019, in press



Polyphenols

• Dietary polyphenols (which include catechins, flavonols, flavones, 
anthocyanins, proanthocyanidins and phenolic acids) are actively studied for 
their antioxidant properties. 

• Common foods rich in polyphenol content include fruits, seeds, vegetables, 
tea, cocoa products, and wine.

• Consumption of cocoa-derived polyphenols has been associated with 
significant increases in plasma HDL and significant reductions in plasma 
triacylglycerol and C-reactive protein concentrations.
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Singh et al. J Transl Med 2017;15:73

Tzounis et al. Am J Clin Nutr 2011;93:62–72.



Resistant Starch: potential prebiotic
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Resistant Starch (RS) is starch that escapes digestion in the human 
small intestine, but undergoes bacterial fermentation in the large intestine.
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Resistant starch
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Resistant starch
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Next generation probiotics:

§ Synbiotics: Combination of probiotics and prebiotics

§ Postbiotics: soluble factors (products or metabolic byproducts) secreted by 
live bacteria (or released after bacterial lysis) with physiological benefits to the 
host, e.g. SCFAs, bacteriocins, enzymes, peptides, cell surface proteins, 
vitamins.

§ Paraprobiotics: inactivated (non-viable) microbial cells, which when 
administered in sufficient amounts, confer a health benefit to the host, e.g. 
pasteurised Akkermansia mucinophila.



26

Dietary patterns and gut microbiota in metabolic disorders: 
the evidence

Dietary patterns associated with a more
favourable gut microbial profile in humans

Dietary patterns associated with a less
favourable gut microbial profile in humans

Mediterranean diet

Low fat, high carbohydrate diet

Vegetarian diet

High resistant starch diet (only in responders)

High fibre/low fat diet

Macrobiotic diet (plant-based, very low fat)

High carbohydrate (regardless of GI)

Western diet

High protein/low carbohydrate diet

100% animal product-based diet

High saturated fat diet

Santos-Marcos, et al. J Nutr Biochem 2019; 70: 1–27



Faecal microbial transplant (FMT)
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• Currently only approved for use in patients with antibiotic-resistant 
Clostridioides difficile infection (formerly named Clostridium difficile).

• One FMT is sufficient to induce complete remission in 80-90% of cases of 
antibiotic resistant C.difficile. Quraishi et al. Aliment Pharmacol Ther 2017; 46: 479–93.

• Stool donation is obtained from either a healthy relative of the patient, or a stool 
bank.

• The donor is screened using a detailed health questionnaire and blood test. 
The donated stool is screened for the presence of known toxins. Frozen and 
fresh stool donations have similar efficacy.

• FMT delivery methods include upper endoscopy, nasoenteric tubes, or freeze-
dried and packaged into capsules for upper gastrointestinal tract transplant 
delivery, and colonoscopy, flexible sigmoidoscopy, or enema for lower 
gastrointestinal tract transplant delivery.

28Allegretti et al. Lancet 2019; 394: 420–31.



29

FMT: proposed mechanism of efficacy

Allegretti et al. Lancet 2019; 394: 420–31.
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FMT in obesity & metabolic syndrome: the evidence
§ A small RCT (n=18) involving FMT from healthy donors to males with metabolic syndrome 

resulted in a temporary improvement in peripheral (muscle) but not hepatic insulin sensitivity, 
increased intestinal microbial diversity and increased levels of butyrate-producing bacteria in 
the recipients (Vrieze et al, Gastroenterology 2012)

§ A larger RCT (n=38) involving FMT from healthy lean donors to males with metabolic 
syndrome. At week 6 post-transplant, insulin sensitivity was significantly increased in the 
intervention group, but the effect had disappeared by week 18. (Kootte et al. Cell Metab 2017)

§ Not all participants showed improvements in insulin sensitivity. Participant response was 
dependent on the individual’s gut microbial composition at baseline, and unknown unique 
characteristics of specific donors.

§ An RCT (n=22) involving FMT from a single lean donor to participants with obesity (but not 
metabolic syndrome). Over 12 weeks of follow-up, no changes in body weight or GLP-1 
concentrations were seen, although the intervention group showed changes in gut microbiota 
composition that resembled the donor. (Allegretti et al. Clin Gastroenterol Hepatol 2019)
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Metformin:

§ Some of the therapeutic effects of Metformin are mediated by changes in the 
gut microbiota:

- ↑ butyrate and propionate-producing species
- ↑ Akkermansia mucinophila
- ↑ Lactobacillus species
- ↑ Escherichia species (thought to influence GI side effects)
- ↓ Bacteroides fragilis

§ Alpha-glucosidase inhibitors (Acarbose):
- ↑ Bifidobacterium & Lactobacillus

Forslund K, et al (2015) Disentangling type 2 diabetes and 
metformin treatment signatures in the human gut microbiota. 
Nature 528: 262–266
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Artificial sweeteners:
§ Artificial sweeteners are generally considered safe, have no effect on blood glucose levels 

and can result in a small reduction in energy intake for people with diabetes who are 
overweight and are trying to control BGLs.

§ Article published in Nature in 2014, showed artificial sweeteners resulted in adverse changes 
to the composition of the gut microbiota (mainly presenting results in mice) and impaired 
glucose homeostasis. The findings of this original study have now been confirmed by some 
more recent studies (still in mice).

§ The American Diabetes Association still says artificial sweeteners can be used by people with 
diabetes. Context is also important: for a person with T2DM who is consuming 2.25L bottle of 
Coke/day, switching to the diet version is an improvement.

§ People without diabetes do not need to use artificial sweeteners. The kilojoule reduction 
achieved by using them is quite small, so they should instead be encouraged to get 
accustomed to having less sugar in their diet if they want to lose weight, rather than using 
artificial sweeteners.                                                           

Suez et al. Nature (2014); Bian et al. PLoS One (2017)



33



34

Future research required:

§ Who else lives in the gut and what are they doing? Strain-level resolution 
required.

§ Optimal composition of probiotics (individualised based on genotype?)
§ Suitability of faecal microbial transplants in cardiometabolic disorders (what 

are the unique characteristics of super-donors?)
§ Postbiotics: SCFA supplements?
§ Ideal prebiotic or synbiotic intake with minimal side effects?
§ Gut microbial composition in indigenous people and response to consumption 

of traditional bush foods versus highly processed food?
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Practical dietary advice:
§ Normal vaginal birth (where possible). “Vaginal seeding” after C-section not 

recommended.
§ Encourage and support breastfeeding where possible
§ Avoid unnecessary use of antibiotics under the age of 2 years (or use 

antibiotics which do not alter gut microbiota)
§ Encourage consumption of a variety of dietary fibre sources (including 

prebiotics, resistant starch) from wholegrain breads & cereals, fruits & 
vegetables

§ Encourage consumption of polyphenol sources (fruit, vegetables, nuts, tea, 
coffee, wine)

§ Reduce consumption of high saturated fat, highly processed diets
§ Encourage daily physical activity and adequate sleep quality.
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Thank you for listening
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VSL#3:

§ a mixture of lactobacilli and bifidobacteria (Bifidobacterium 
infantis, Bifidobacterium breve, Bifidobacterium longum, Lactobacillus 
plantarum, Lactobacillus casei, Lactobacillus delbrueckii ssp. Bulgaricus, 
and Lactobacillus acidophilus) 


