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100X
more genes than 
human genome

• Metagenome contains more than 3 million microbial genes
• Human genome contains ~24,000 genes

Collectively known as the Metagenome

= biochemical functions



Gut–Brain Axis



Gut–Brain Axis

Two-way
communication



Toxoplasma gondii 
• single celled pathogen
• Toxoplasmosis



Horsehair worm
Nematomorpha
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Microbiota-Gut-Brain Axis
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Most (>75%) of Human Brain Growth & Development

Occurs in the First 2 Years of Life



GF have reduced anxiety-like behaviour

Perinatal period critical for this developmental programming – 
changes not reversed if mice colonised after 6 weeks
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Gut microbial-related metabolites in the forebrain
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• Neurotransmitters

• Bile acids

• Short chain fatty acids (SCFA)

• Indoles & tryptophan

• Cresols 

• Lipopolysaccharides (LPS)

• Lactate

• Choline

• Vitamins



Bile acids: trans-genomic signaling molecules

Swann et al. (2011) PNAS: 4523-4530



FXR KO mice
• Less depressive-like behaviour
• Less anxiety-like behaviour
• Impaired memory
• Reduced motor coordination
• Changes in neurotransmission



Plasma bile acids have a daily rhythm

Bello et al. (2024) Nature Comms

Glycocholic acid (GCA)



Plasma bile acids are regulated by environmental cues

Implications for shift workers & jetlag

Frontiers in Public Health (2022)

Shift nurses: 62.08% depression; 58.82% anxiety; 

• 1.54 and 1.36 more likely than non shift workers



Probiotics
Live microorganisms that 

confer a health benefit on the 

host when administered in 

adequate amounts

Prebiotics
Substrates that are selectively 

utilized by host microorganisms 

conferring a health benefit

Synbiotics
Combination of both 

probiotics and prebiotics

Postbiotics
Compounds produced by 

microorganisms, released from food 

components or microbial constituents, 

including non-viable cells that, when 

administered in adequate amounts, 

promote health and well-being

Salminen S. et al. (2020) Nutrients



Supraorganism across the lifecourse
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BACKGROUND
Malnutrition 
• Prevalent in adults with cancer.

• 40% to 60%, depending on the type of cancer and stage.

• Underlying disease, treatment and/or the effect of nutrition impact
symptoms.

• Higher risk of treatment-related side effects, delays in treatment,
increased hospital admissions, decreased quality of life, and survival
outcomes.

• An estimated 10-20 % of patients die due to malnutrition rather than the
tumour itself.

• Under recognised and undertreated in clinical practice

• 36% of people in UK with cancer who require nutritional intervention are
referred to a dietician.
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QUALITATIVE STUDY: INVESTIGATING PEOPLE’S 
PERCEPTION AND EXPERIENCES OF NUTRITIONAL CARE 
IN ONCOLOGY (IPEN). 

Aim: 
To explore the meaning that people with incurable 
cancer and their caregivers attach to weight loss, 
nutrition and nutritional care. 

This Photo by Unknown Author is licensed under CC BY-SA
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METHODOLOGY

• Interpretative Phenomenological Analysis (IPA)
• Data collection through semi-structured interviews and field notes

• Purposive sample

• Study opened April 2025
• 18 participants in total contacted

• 12 participants recruited

• All interviews except one were conducted in the home setting
• Interviews ranged from 12-80 minutes (mean duration 43 minutes)

• Information power reached at interview 10



PARTICIPANT DEMOGRAPHICS 

A: White: English/Welsh/Scottish/Northern British/British

Participant Gender Age Cancer Diagnosis Ethnicity Involved as Support received from a dietitian

P1 F 71 Non-small cell lung A Person with cancer No 

C2 M 80 N/A A Supporting role (husband) No

P3 F 69 Non-small cell lung A Person with cancer No

C4 M 77 N/A A Supporting role (husband) No

P5 M 74 Metastatic pancreatic A Person with cancer No

P6 F 75 Pancreatic A Person with cancer No

P7 M 66 Primary liver A Person with cancer Initial telephone call

C8 F 35 N/A A Supporting role (daughter) No

P9 F 54 Gallbladder A Person with cancer Yes

C10 M 57 N/A A Supporting role (husband) Yes

C11 F 63 N/A A Supporting role (sister) N/A

P12 F 77 Cholangiocarcinoma and 

secondary bowel cancer 

A Patient No



THEMES AND SUBTHEMES

Nutrition and nutritional care 
experiences in those with incurable 

cancer and their caregivers 

1. 'The disappearing body'
1. Making sense of the weight

loss
2. A lifelong relationship with

weight and a sense of control

2. Anxiety and negative
emotions

1. Anxiety that never leaves
2. A sense of loss around weight

and eating
3. Conflict, pressure,  and guilt
4. The emotional toll of caring

and feeling unheard

3. Coping and adapting
1. Adapting and finding new

ways to deal with the
changes

2. Acceptance of illness

4. Food and social connections
1. Food as pleasure and social

connection
2. Eating for one with incurable

cancer

5. 'Just winging it': Experiences of
advice and support

1. The problem with generic advice
2. Managing this ourselves and

hoping for the best
3. Lack of support available

4. Benefits of professional input



PARTICIPANT QUOTES: THEME 1
• The disappearing body

• Making sense of the weight loss
Just the same as normal, I’ve always ate and drunk (pause) so its no [not] been a 
problem just this disappearing weight where’s it gone I don’t know. P 1

'cause I'm looking at him going, I think you have cancer, I think you have cancer. 
………But then, I just knew, I knew he had cancer from that point, because I could 
see how thin he was.  And then, we went down for dinner on the Saturday night, and 
came out the lift, and again, got the shock of my life.  I was completely taken aback 
at the weight loss.’ C 8

• The relationship with weight
And then at one point I thought, oh this is great, because I've been waiting to lose 
weight for years.  But, erm, obviously it was coming off very quick, it was only a 
couple of months, and I lost, I think, about three, three and a half stone, so it was 
quite drastic. P 9
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PARTICIPANT QUOTES: THEME 2
Anxiety and Negative Emotions

• Anxiety that never leaves
I went through a period of about six weeks, six, seven weeks, recently there, with 
severe anxiety, because I've got mirrored wardrobes, right, and you're looking in 
the mirror and you're saying to yourself, what's happening to you.’ P 7.

• The emotional toll of caring and feeling unheard
He was an absolute shadow; he was like a skeleton.  And I think that was the 
hardest part for me, was that the effect of the physical appearance. Because the 
weight loss was so drastic, I found that really difficult…. he was, he looked awful, 
absolutely awful.  And I think, for me, that was one of the hardest parts, was seeing 
him fade away……..And he did fade, literally, fade away.’ C 8.

https://www.thebluediamondgallery.com/wooden-tile/a/anxiety.html
https://creativecommons.org/licenses/by-sa/3.0/


PARTICIPANT QUOTES: THEME 3
Coping and adapting

• Adapting, finding new ways to deal with the changes

So, aye, it's, er, you're eating less, that’s, that’s the one thing, because 
you're tired, you're not exercising, you've got muscle loss, you're not as 
strong as you used to be.  I can still do everything, still get dressed, and 
showered, and all that kind of stuff.  It's a struggle, it's a struggle, but it's 
new, everything’s brand new to you.  P 7

The eating and drinking is hard.  I've stopped drinking coffee, I'm 
sticking to water most of the time, I'm drinking a lot more water.  Eating 
smaller meals, plainer meals, as I said.  [Pause].  And just eating when I 
feel like it, rather than, it six o'clock, news time, dinnertime.  Just, yeah, 
erm [pause], it's more of a chore, rather than a fun thing, yeah.’ P 12 

This Photo by Unknown Author is licensed under 
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PARTICIPANT QUOTES: THEME 4
Food and social connections 

But you cannae sit here and be a recluse and say to yourself, no, that’s 
not for me…..On Monday, and we went for some tapas at the, er, 
[place].  We had it all planned, and as I said to you, I took some fancy 
dishes, three fancy dishes, and I cleared the plate……….Erm, it was 
interesting to watch, that the conversation on Monday was non-stop, 
four hours.  I had a couple of drinks as well when I was there, I thought, 
there's got to be a part of you that says, you've got to stay real…..So 
anyway, but no, the conversation with the food, the conversation 
made, makes you more relaxed, easy. P 7.

A wee bit cut off, maybe.  And I know the longer it happens, the more 
and more I'm gonna come off, cut off from people.  So then, how do 
you reclaim that?  I don't know.  I have to face that when it comes 
[laugh].…Well, like tomorrow, I should be going down to meet a group 
of old friends, all of a same age, for bacon rolls and coffee at the 
[place], and I can't.  I can think of nothing worse at the moment than 
sitting in the [place] having a cup of coffee and a bacon roll. P 12



PARTICIPANT QUOTES: THEME 5
‘Just winging it’, Experiences of advice and support

I just kept thinking, how, how can I get through this, how can we get through this.  And it got to 
the point where I did order the drinks off Amazon, 'cause I thought, I'm gonna, if no one else is 
doing something, I'm gonna have to….And I just had to wing it, genuinely, just had to wing it. C 
8
Well they, they immediately said to me that they would get a dietitian on board, fair enough, 
that's cool.  I got a letter through the door saying, well you've been registered with us, we’ll be 
in touch within fourteen to sixteen weeks.  And I thought, well if that’s what it is, that’s what it is, 
these guys are in demand.  P 7

well I think it would be a dietitian had been part of the process and that so basically the…part 
of the course, you've seen the consultant and been referred to the treatment, we were told 
that the nurses are available to you if there’s something wrong, but no speaking to a dietitian 
to speak you through what the possibilities are in the future and that. C 4

Erm, so yeah, it's definitely, erm, it's been a learning curve, definitely, erm, and it's been 
manageable because it's been explained well, and it's been well thought about, you know, 
what you have to do in order to manage it.  And you could still get on with your life, so it 
doesn't have to take over your life, erm, it's just part of my life now.  Erm, so it's good, because 
I'm not having to stop going out socialising, and meeting with my friends, and things, and 
going for lunch. P 9



FINDINGS
• Eating and weight loss are far more than merely nutritional

concerns.

• Emotive aspects of accepting bodily change.

• Importance of strong social connections.

• Changes in the ability to eat and drink à social isolation

• Caregivers felt compelled to ‘wing it’ due to inadequate
nutritional care

• Caregivers to be  involved in education, anticipatory
conversations and emotional support

• Nutritional needs, both physical and psychological, are unmet
due to a lack of nutritional care

• Greater emphasis on weight, rather than on quality of life



CLINICAL IMPLICATIONS 
• Nutritional care for people with incurable cancer who are at nutritional

risk should be prioritised, timely and responsive to evolving individual
needs (13-15).

• Healthcare professionals should engage in open, anticipatory
conversations about expected changes in appetite, intake, and weight

• Essential to look for signs of social withdrawal and caregiver burnout, and
to escalate this

• Caregivers need to be more explicitly involved in nutritional care

• Healthcare professionals should also acknowledge the emotional
significance of food and encourage and support social eating

• Dietitians should be integrated into oncology and palliative care teams
and cancer pathways
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THANK YOU

ANY QUESTIONS? 
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