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Let food be thy medicine
—a misquote

An age of wisdom

Hippocrates of Kos 460-377 BC
  

There are in fact two 
things, science and 
opinion; the former 
begets knowledge, the 
latter ignorance.

• More people in the world are 
over 60 than at any time in 
history

• This demographic is growing

• Years of healthy living have 
not kept apace with increase 
in lifespan



The associated cost in  treating non 
communicable diseases (NCDs) is 
expected to total $47 trillion in the 
decades spanning 2010-2030. 
                        Chen et al PLoS ONE 13, e0206702 (2018)

Economic impact of socioeconomic 
inequalities in health is €1,000 billion per 
year, or 9.5% of GDP. 

Accounts for 15% of the costs of 
social security systems, and for 
20% of the costs of health care 
systems in the EU. 

Global Ageing

Amplified by social 
deprivation

‘Diseasome’ 
of ageing

Heart failure

CKD

AD

Osteoporosis
NASH

Arteriosclerosis

Cancer

Diabetes

All different diseases
All share common underpinning component 

of dysregulated ageing



Diseasome of ageing

• Common features
• All affected by a changing 

environment

• Diminished stress defenses 
(Nrf2)

• Loss of diversity in gut 
microbes

• Inflammatory burden
• Loss of physiological resilience

Diseasome of 
ageing



• Scotland is ‘sick man’ of Europe 

• Glasgow is ‘sick man’ of Scotland

• Why?

• Ill health tied to  steep SE gradient
• May impact upon age related health



Hobson et al.   Circulation Research. 2023;132:950–969 

Geroscience: ‘bolting the door before the horse has gone’.



Ageing is highly individual

"All happy families are alike; each unhappy family is unhappy in its own way.” 
Tolstoy- Ana Karenina



Ageing is a process

• Ageing starts pre-
conception and ends at 
death

• Not passive. Actively 
regulated by genetic 
pathways.

• Understanding the 
molecular basis of ageing is 
a necessary  step  for  
therapeutic manipulation of 
these pathways to combat 
age-related diseases.

• Essential for good health 
in old age

An “accumulation of deficits taking place in different individuals in different ways, with a 
variety of rates for different organ systems

                                                                                      Fulop et al Biogerontology. 2010 11(5):547-63
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Shiels et al Nature Rev. Nephrol. (2017)

Tomar, A. et al. Nature https://doi.org/10.1038/s41586-024-07472-3 
(2024).



Hallmarks of ageing common across taxa

After Lopez Otin et al 2021

• It has been calculated that the impact on health span of curing both cancer and heart disease 
would add no more than 2-3 years to healthy life expectancy to a hypothetical 50-year-old 
woman, whereas slowing the ageing process would add an extra 25 years of  healthy life

                                                                                                      Burch et al J Gerontol A Biol Sci Med Sci. 2014 Jun; 69(Suppl 1): S1–S3.

• The economic value of delayed aging is estimated to be $7.1 trillion over 50 years.

Goldman Cold Spring Harb Perspect Med. 2016 Feb; 6(2): a025072.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4036419/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743067/


The exposome

The exposome comprises the totality of 
human environmental exposures
(both biotic and abiotic) pre-conception to 
death. 
Wild  CP. Cancer Epidemiol Biomarkers Prev 2005;14:1847–50. 
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The exposome

• Three simple exposome factors, namely air pollution, tobacco smoke and diet, 
account for ~50% of mortality globally 

                                                                                                                            Lim SS, Vos  T, Flaxman  AD, et al Lancet 2012;380:2224–60. 

Minnis; et al and Paul G Shiels  Nature mental health  : 132–140 (2024). 



The Glasgow exposome

Specific exposome factors 
influencing ageing and health 
in general population 

• Socioeconomic position 

• Diet

• Epigenome

• Phosphataemia.

• Poor renal function

• Microbial dysbiosis
– Bacterial DNA signatures 

in the circulation

•  

Inter-individual variation in biological age
only explains ~10% variation in inflammation

Diet is a critical modulator of health in the setting of  deprivation

The Glasgow exposome



Glasgow population

• Telomere attrition

• Increased PO4

• Inflammation

• Imbalanced diet

• Poor renal function among 
deprived

The microbial exposome is a potential 
mediator of the methylome



• Oral pathobionts and loss 
of salutobionts linked to 
faster ageing and poorer 
healthJune 22 2021
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Can we manipulate the exposome of ageing?

Exposome

Foodome

Microbiome

Health 
Normative ageing
Metabolically normal
BMI normal
Nrf2 
inflammation
Phosphate

Disease

Accelerated ageing
Metabolic morbidity
Increased BMI
Nrf2
Inflammation
Phosphate
Depressed mitochondrial biogenesis 
Epigenetic dysregulation
Adverse cognitive effects

Geophysical environment
Geographical origin, climate,
Food storage and processing

Social environment
Psychosocial environment
Cultural practices

Normative microbiome Aberrant microbiome

Imbalanced diet
Excessive red meat consumption
Low consumption of fruit and vegetables
Higher methionine content
Low variety of food stuffs

Balanced diet
Decreased red meat consumption
Increased fruit and vegetable intake
Decreased methionine content
High variety of food stuffs

Figure 3. Interaction between environmental modifiers, the microbiome and health

O’Toole and Shiels J Intern Med. (2020),  87(3):271-282



• Resistant starch type-2 (RS2), a prebiotic, 
can mitigate inflammation and oxidative 
stress in patients with chronic kidney 
disease (CKD) on hemodialysis (HD). 

• Generates Short Chain Fatty Acids via 
activity of saccharolytic bacteria  in the gut

• Four weeks intervention for HD patients 
• Analysis of  changes in renal function and 

microbiota

The Spring of Hope



Baptista et al 2023- Phytomedicine. 2023 Mar 1;114:154731. doi: 10.1016/j.phymed.2023.154731 
Esgalhado  et al Food Funct. 2020 11(3):2617-2625
Kemp et al  Mol Nutr Food Res. 2021:e2100374. doi: 10.1002/mnfr.202100374

F-Microbiota analysis

Simple intervention increases salutogenic  
gut bacteria able to induce SCFA  
production and Nrf2 activation

                                    



Conclusions

• The exposome is a powerful mediator of 
ageing and health

• Amenable to simple interventions
• Tools now available to assess these in 

real time



• “If we could give every individual the right 
amount of nourishment and exercise, not 
too little and not too much, we would have 
found the safest way to health.” —
Hippocrates.
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