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To be frail or not to be frail

22% of the population will be over the age of 65 years by the year 2050

Variability in 
health 

increases 
with age 

By understanding sources of variance could we 
unlock a demographic dividend??

Variance in ageing trajectories are substantially environmental
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What environment??
… by which biological mechanisms?

Ageing in identical twins

Two roads diverged
in a wood, and I -
I took the one
less traveled by,
And that has made
all the difference.

Robert Burns



TwinsUK.ac.uk - a nationwide 
bioresource population

Cohort description

Twin volunteers, aged 18 -97

Recruited through national
media campaigns

13000 individuals on register
3853 (2871 active)
complete MZ pairs
2727 (1690 active)
complete DZ pairs
>8000 visited, >80% female
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Lecture objectives
• Give you a new perspective on who you are, and who your patients are!

• Consider how a “new organ” – the gut microbiome - might relate to 
– the development of frailty 
– acute presentations in the elderly

• Introduce a potential role of oral and urinary microbes in geriatric 
syndromes

• Consider the impact of your prescriptions in light of current understanding.

Mr George M-B.

• 88 year old man

• Presented with a fall to AE

• Weight loss and “change in bowel habit”

• Mild mixed anaemia and chronically raised inflammatory markers

• CT enema – fat stranding in colonic mesentery ? Inflammation

• Colonoscopy negative but faecal calprotectin up.

• Lands on elderly care ward, frail, reduced mobility, overflow 
constipation, intermittent delirium

The gut microbiome – the internal environment

More microbial cells than human cells

360 times more genes

The ‘Microbiome’ is the sum total of those genes

70 % of the body’s lymphocytes reside in the MALT

The gut is the largest interface with the 
external world, with a surface area of 30 m2

Who are you?

• 100 trillion bacteria and archaea
• 500 trillion viruses (phages)
• Plus fungi and protists
• Producing thousands of chemical metabolites
• The main driver of our immune system and control of digestion



Who is your patient!? Measuring microbes – a new science

Culture based methods
Targeted amplicon sequencing

I want all of it… not just some of it...

1900s 2000s 20142012 HMP

Who is Mr G. M-B?
Comparing “nursing” and 
“residential” patients in a 
care home in Groningen, 
Netherlands

Frail ones had substantially 
different microbiomes

Perhaps not quite so super then…

van Tongeren, S.P., et al. Appl Environ Microbiol, 2005 Biagi E, PLoSOne 2010

Metabolic capability of the gut microbiome
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Frailty: 
“ageing” that matters
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Vulnerability to stressors 
underpinned by 
homeostenosis

What is Mr G. M-B’s internal garden like?

Why is it like that???

What are the effects?

What can we do about it?



Why is it like that???

Host health

Diet 

Medication
PPIs, recurrent antibiotics, opiates, 
even inhalers

Location 
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Use of dietary indices to control for diet in
human gut microbiota studies
Ruth C. E. Bowyer1, Matthew A. Jackson1, Tess Pallister1,2, Jane Skinner3, Tim D. Spector1, Ailsa A. Welch3

and Claire J. Steves1,4*

Abstract

Background: Environmental factors have a large influence on the composition of the human gut microbiota. One
of the most influential and well-studied is host diet. To assess and interpret the impact of non-dietary factors on
the gut microbiota, we endeavoured to determine the most appropriate method to summarise community variation
attributable to dietary effects. Dietary habits are multidimensional with internal correlations. This complexity can be
simplified by using dietary indices that quantify dietary variance in a single measure and offer a means of controlling
for diet in microbiota studies. However, to date, the applicability of different dietary indices to gut microbiota studies
has not been assessed. Here, we use food frequency questionnaire (FFQ) data from members of the TwinsUK cohort
to create three different dietary measures applicable in western-diet populations: The Healthy Eating Index (HEI), the
Mediterranean Diet Score (MDS) and the Healthy Food Diversity index (HFD-Index). We validate and compare these
three indices to determine which best summarises dietary influences on gut microbiota composition.

Results: All three indices were independently validated using established measures of health, and all were significantly
associated with microbiota measures; the HEI had the highest t values in models of alpha diversity measures, and had
the highest number of associations with microbial taxa. Beta diversity analyses showed the HEI explained the greatest
variance of microbiota composition. In paired tests between twins discordant for dietary index score, the HEI was associated
with the greatest variation of taxa and twin dissimilarity.

Conclusions:We find that the HEI explains the most variance in, and has the strongest association with, gut microbiota
composition in a western (UK) population, suggesting that it may be the best summary measure to capture gut microbiota
variance attributable to habitual diet in comparable populations.

Keywords: Microbiome, Microbiota, Dietary Index, Dietary covariate, Human microbiota, Food frequency questionnaire, FFQ,
Healthy Eating Index, HEI, Mediterranean Dietary Score, MDS, Healthy Food Diversity Index, HFD-Index

Background
The composition of the gut microbiota is associated with
various aspects of human health and by many is consid-
ered a new clinical target [1]. Genetic influences are
thought to be low, with environmental factors being the
primary drivers of variation [2, 3]. Research has focused
on host-mediated environmental factors such as xeno-
biotic exposure, antibiotic use and, in particular, diet,

where multiple studies have indicated associations of
long-term diet with the microbiota [4–6]. For example,
non-digestible fermentable dietary carbohydrates, short-
chain fatty acid ratios and dietary protein and fat can
modulate bacterial abundance [7–11]. However, the
extent to which clinical interventions or more distal
factors, such as socio-economics and geo-physical
factors influence the microbiota are emerging questions
[12–14]. Selecting a dietary measure which encapsulates
the variance in the microbiota attributable to diet is a
useful goal which enables adjustment for diet in many
studies. However, currently there is no standard
approach to quantification of dietary data in microbiota
studies.
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ARTICLE

Gut microbiota associations with common diseases
and prescription medications in a population-based
cohort
Matthew A. Jackson 1,2, Serena Verdi1, Maria-Emanuela Maxan3, Cheol Min Shin1,4, Jonas Zierer 1,5,
Ruth C.E. Bowyer1, Tiphaine Martin 1,6, Frances M.K. Williams1, Cristina Menni 1, Jordana T. Bell1,
Tim D. Spector1 & Claire J. Steves1,3

The human gut microbiome has been associated with many health factors but variability

between studies limits exploration of effects between them. Gut microbiota profiles are

available for >2700 members of the deeply phenotyped TwinsUK cohort, providing a uniform

platform for such comparisons. Here, we present gut microbiota association analyses for 38

common diseases and 51 medications within the cohort. We describe several novel asso-

ciations, highlight associations common across multiple diseases, and determine which dis-

eases and medications have the greatest association with the gut microbiota. These results

provide a reference for future studies of the gut microbiome and its role in human health.

DOI: 10.1038/s41467-018-05184-7 OPEN

1 Department of Twin Research and Genetic Epidemiology, King’s College London, London SE1 7EH, UK. 2 Kennedy Institute of Rheumatology, University of
Oxford, Oxford OX3 7FY, UK. 3 Clinical Age Research Unit, King’s College Hospital Foundation Trust, London SE5 9RS, UK. 4Department of Internal
Medicine, Seoul National University Bundang Hospital, Seongnam, Gyeonggi-do, Republic of Korea. 5 Institute of Bioinformatics and Systems Biology,
Helmholtz Zentrum München, 85764 Neuherberg, Germany. 6 Department of Oncological Sciences, Tisch Institute of Cancer, Icahn School of Medicine at
Mount Sinai, New York, NY 10029, USA. Correspondence and requests for materials should be addressed to
M.A.J. (email: matthew.jackson@kennedy.ox.ac.uk) or to C.J.S. (email: claire.j.steves@kcl.ac.uk)

NATURE COMMUNICATIONS | �(2018)�9:2655� | DOI: 10.1038/s41467-018-05184-7 | www.nature.com/naturecommunications 1

12
34

56
78

9
0
()
:,;

Health Associated 
Microbiota

Enterocyte 
health

Low pH, 
Anaerobic 
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Systemic 
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response to 
leaky gut

Enterocyte 
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Disorder 
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Endocannabinoids
Glycan degradation

LPS

(n=200 shotgun metagenomics, n=600 faecal Metabolon MassSpec)
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Virtuous and Vicious cycles in health and disease

Methane 
metabolism 
and 
Peptidoglycan 
biosynthesis 
genes 

Branched chain 
amino acid 
metabolism 

What are the effects?

Animal transplantation experiments:

Fransen, Frontiers Immunobiology 2017 
doi: 10.3389/fimmu.2017.01385

Old secret:

Germ free mice actually live longer than those 
with a microbiome

Old phenotypes transmitted…

Increased 
inflammation
Increased gut 
permeability in GF 
mice given old vs 
young transplants

Killifish rejuveation

Smith Elife 2017

Types of intervention

• Prebiotic – whole food, constituent, 
targeted

• Probiotic – selected, consortia, FMT

• Synbiotic – combined synergistic 
preparation

• Not giving gut altering drugs!

Trials in older people

Bamberger et al, Nutrients 2018.  Shift in 

microbiota after 8 weeks of 43g walnuts a day

Galacto-oligosaccharides (GOS) – found in legumes

Vulevik 2015, doi: 10.1017/S0007114515001889.

Buigues 2016 doi: 10.3390/ijms17060932

Inulin & fish oils  –

showing promise in 

our study…

https://dx.doi.org/10.3389/fimmu.2017.01385
https://dx.doi.org/10.3390/ijms17060932


“You are what you eat”

Food isn’t fuel its fertiliser

Medications can be modulators

Mrs Ursula M-B

• 80 year old lady 

• Seen in A&E with new onset confusion and incontinence

• “Off legs”

• Urinary dipstick shows + leucocytes + nitrites +protein

• Admitted and treated for UTI by medical team

• MSU comes back with mixed growth, no significant wcc

• Urine is not sterile in apparently well older adults
• The urinary microbiome in older people is almost as diverse as the gut
• Urine microbiome patterns associate with recurrent UTI history and 

frailty
• Could this explain our the confused ?UTI story

Different 
biomes in 
different 

body sites

The oral microbiome

Lecture objectives
• Give you a new perspective on who you are, and who your patients are!

• Consider how a “new organ” – the gut microbiome - might relate to 
– the development of frailty 
– acute presentations in the elderly

• Introduce a potential role of oral and urinary microbes in geriatric 
syndromes

• Consider the impact of your prescriptions in light of current understanding.

Thanks to everyone!

KCL Department of Twin Research
Matt Jackson
Ruth Bowyer
Philippa Wells
Wale Adebayo
Jordana Bell
Serena Verdi
Tim Spector

Gabriela Surdulescu & the lab team
Ayrun Nessa & the clinical team
Genevieve Lachance & the data team

Cornell University
Julia Goodrich
Andrew Clark
Ruth Ley

University College Cork
Ian Jeffery
Paul O’Toole

Rob Mohney
Jonas Zierer
Cristina Menni

Stanford University
Dan Sprockett
David Relman

Art by murugiah.com
@Murugiah


