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Introduction

The development of the gut microbiome 

(GM) likely begins prior to birth, with 

GM composition influenced by maternal 

genetics, as well as stress, medication 

use, and dietary intake during pregnancy.1 

From birth and beyond, the GM is affected 

by a variety of factors including mode 

of delivery, feeding practices, exposure 

to medications, geographical location, 

lifestyle practices and dietary intake.1,2 

A key factor gaining considerable attention 

is the transitional age-related changes 

to the GM throughout the lifespan. 

Understanding the implications of these 

may help us to offer targeted interventions 

to optimise the GM at each life stage.

Infancy and childhood

The first year of life is important for the 

establishment and development of the GM. 

The infant GM initially exhibits low diversity 

(dominated by phyla Proteobacteria 

and Actinobacteria) which then 

increases as the infant grows.3 Vaginally 

delivered infants have an abundance 

of Bifidobacteria and Bacteroides, 

compared with dominance of Clostridium 

and Lactobacillus in infants delivered by 

caesarean section.4 These differences 

may be attributed to exposure during 

delivery. For example, vaginally delivered 

infants acquire microbes representative 

of the maternal GM, whilst those born 

via caesarean section are representative 
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optimise the gut microbiome 
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of environmental origin (e.g. hospital 

settings).7 While the clinical significance 

of differing birth modes has yet to be 

established, caesarean section delivery 

has been associated with an increased 

risk of childhood asthma and food-borne 

allergies, although this association has not 

been found beyond the age of five.8 

Another important driver of infant 

GM development is method of infant 

feeding. The GM undergoes significant 

shifts soon after birth with lactation 

and again upon the introduction of solid 

food. Interestingly, breastfeeding holds 

the GM in a state of low diversity. The 

exclusively breastfed GM is dominated 

by Bifidobacterium species and is largely 

unchanged in the first three months of 

life.9 These species thrive on breast milk 

oligosaccharides (HMOs), which may help 

to regulate the immune system.10,11 The GM 

of formula fed babies, however, is more 

diverse and similar to that of older children; 

this may have implications for long-

term health.12,13 Breastfeeding has been 

associated with a decreased risk of early 

life necrotising enterocolitis, infections  

(e.g. respiratory, gastrointestinal), and 

with a lower incidence of chronic health 

Approach Recommendation 

Delivery Promote vaginal delivery over caesarean section, 
where possible. 

‘Vaginal seeding’ (i.e. exposure to maternal vaginal 
fluids immediately after caesarean section has been 
suggested as an approach to mitigate potential 
detriments to the GM at birth. The short- and 
long-term safety of vaginal seeding is still yet to be 
determined.5

Feeding Encourage breastfeeding for at least 6 months,  
where possible.

Microbial exposure Spend time outdoors, interaction with other children/
pets.6 This promotes opportunities to acquire new 
microbes, and reduced sensitisation to allergens in 
early childhood.

Diverse eating  
pattern

Include a wide variety of plant-based foods during 
weaning to feed the GM and establish healthy eating 
habits at a young age.

Table 1: Optimising the GM: infancy/childhood
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conditions (e.g. inflammatory bowel 

disease (IBD), type 2 diabetes), later in life 

compared with formula fed infants.14

GM composition rapidly increases 

in diversity and richness during 

the transition to a more adult-like 

diet.15,16 Weaning is accompanied by 

marked increases in Lachnospiraceae, 

Ruminococcaceae, Blautia, Bacteroides, 

and Akkermansia and decreases in 

Lactobacillaceae, Bifidobacterium, 

Veillonellaceae, Enterobacteriaceae, 

and Enterococcaceae.17,18 After a period 

of microbial flux, several studies have 

reported an apparent stabilisation of the 

GM resembling an adult-like configuration 

by age 2-3 years old.19-22  

Geographical location is another factor 

which can alter the GM in childhood. For 

example, children living in Westernised 

countries have been found to have poor 

microbial diversity and a dominance 

of microbes associated with a typical 

Western-style diet (e.g. high animal 

protein, high-fat) (i.e. Bacteroides and 

Firmicutes).23 On the other hand children 

living in less economically developed 

countries (e.g. Africa, South America) 

have been found to have higher microbial 

diversity and a dominance of microbes 

associated with carbohydrate-rich diets 

(i.e. Prevotella).24 These differences in 

microbial composition may coincide 

with increased incidence of allergic and 

autoimmune diseases in developed 

countries, however further research is 

required.23  

The healthy adult GM

Defining a healthy GM is challenging. In 

adulthood, while the GM remains relatively 

stable, it differs considerably between 

individuals. The general consensus is that 

a healthy GM is diverse, and one that 

remains resilient over time and maintains 

continued metabolic and immunological 

homeostasis.25 

Observational findings have suggested 

that dysbiosis may contribute to the 

pathogenesis of chronic health conditions. 

Western-style diets have been associated 

with significantly lower microbial 

abundance and diversity.26 In contrast, more 

diverse Mediterranean and plant-based 

diets have been shown to increase beneficial 

strains, while decreasing potentially 

pathogenic species.27,28 According to the 

American Gut Project, people who consume 

at least 30 different plant foods/week have 

a more diverse GM than those who do not.29 

Conversely, long‐term adherence to a lower-

fibre diet (12-15g/day) resulted in increased 

levels of harmful microbes and lower 

diversity.30,31 However, beneficial microbial 

responses to increasing dietary fibre may 

be dependent upon the pre-existing GM.28,32 

Interventions increasing fermentable fibres 

show increased levels of beneficial strains.28 

Indeed, prebiotic fibres (found in foods such 

as onion, garlic, Jerusalem artichoke, leeks, 

bananas) are selectively utilized by microbial 

communities, leading to enrichment of 

Lactobacillus and Bifidobacteria, and 

subsequent health benefits.33
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Probiotics are live microorganisms 

that, when administered in adequate 

amounts, confer a health benefit on 

the host.35 Probiotics can colonise the 

gut, depending on the baseline GM, 

probiotic strain, and GI tract region.36 

Abundance of beneficial bacteria have 

been observed following consumption 

of several different types of probiotics.37 

For example, the genus lactobacillus is 

a genetically diverse community which 

have demonstrated antimicrobial, anti-

inflammatory and immunomodulatory 

properties.38 Consuming fermented foods 

containing live microbes (e.g., yoghurt, 

kefir, sauerkraut, kimchi, kombucha) may 

result in small changes in the GM (diversity 

and species).39 However, evidence on the 

effectiveness of most fermented foods in 

GI health is limited.40,41

Increases in physical activity and good 

quality sleep patterns show positive 

associations with GM diversity.42,43 Stress 

has been associated with GM dysbiosis,44 

suggesting a role for therapeutic 

approaches targeting the gut-brain 

axis. Commonly used medications 

(e.g. PPIs, antidepressants, laxatives, 

statins), often taken in combination with 

others, can influence the composition 

and functionality of the GM (e.g. lower 

diversity) with larger shifts observed with 

higher doses.45  

Diagram 2: Factors that may that may affect GM composition and diversity
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Nagpal R, et al. (2018). Gut microbiome and aging: Physiological and mechanistic insights. Nutr Healthy Aging;4(4):267-285.34 
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Older adults 

While the GM is relatively stable 

throughout adulthood, ageing induces 

fundamental changes in the GM.46

Indeed, the GM of older subjects 

(>65yrs) is characterised by reduced 

bacterial diversity, shifts in dominant 

species, decreases in beneficial microbes 

(e.g. Clostridiales, Faecalibacterium 

prausnitzii), and increases in potentially 

harmful bacteria (e.g. Proteobacteria and 

Enterobacteriaceae).47

This age-associated dysbiosis can 

promote perturbed gut-barrier function 

and increased intestinal permeability, 

reduced production of metabolites with 

immunoregulatory properties (e.g. SCFAs) 

and release of harmful bacterial-derived 

outer membrane vesicles (OMVs).47 

Together, these changes contribute 

towards an increased susceptibility to GI 

inflammation which can drive GI infections 

(e.g. C. Difficile) and pathogenesis of 

chronic health conditions.48

Changes in the GM could predict human 

survival and longevity.49 Older adults with 

more diverse GM patterns tend to be 

healthier and live longer than peers with 

less compositional divergence.50 Studies 

conducted on centenarian populations 

(≤104 years of age, predominantly female) 

who experience fewer age-related diseases 

have greater GM diversity and an increase 

in health associated microbes such as 

Akkermansia, Bifidobacterium, and 

Christensenellaceae.47,50-53

Term Definition 

Diet • Aim for >30g fibre/day (including fermentable fibres).
• Ensure variety aiming for ≥30 different plant foods/week.
• Opt for plant based or Mediterranean diet. Include 

fermented foods, if preferred.
• Consider inclusion of live microbes (e.g. probiotics). 
* In older adults, consider factors such as dentition, and 
taste/smell changes. Review medications regularly, to avoid 
polypharmacy

Physical  
activity (PA)

• Aim for 150 minutes/week of moderate intensity including 
cardiovascular and strength training.

Sleep • Maintain sleep quality and quantity, reducing sleep 
disturbances. 

• Aim for 7-9 hrs/night.

Social/mental 
health

• Try meditation, yoga, diaphragmatic breathing.  
Consider apps (e.g. Headspace, Calm).

*In older adults, encourage socialisation.

Table 2: Optimising the GM: adults/older adults
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Both genetics (~25% attributable) and 

lifestyle (e.g. non-smokers, healthy 

weight range, plant-based diet, alcohol in 

moderation, exercise built into daily life) 

are likely to play a role.50-53 

Other age-related factors include 

impaired efficiency of nutrient absorption 

which, together with common chewing 

difficulties, taste/smell changes and loss 

of appetite, may alter the nutritional 

status of older adults, and subsequently 

the GM.  Living environment can influence 

GM composition in elderly people (e.g. 

community dwelling (higher diversity) 

compared with long term residential care 

(lower diversity).54   
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Conclusion
Established from birth, the GM assembles in infancy, remains relatively stable and 
resilient during adulthood, and then declines in stability and function in older age. 
Understanding the changes that occur in the GM at each life stage may allow for 
targeted interventions to build a healthy GM throughout the lifespan to improve  
health outcomes and longevity. 

Microbiome-targeted interventions are promising, particularly in the context of 
unhealthy ageing.55 GM-based therapeutics for older people require combined 
approaches, including dietary intervention with microbial restoration of lost strains.55 
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