7
Ulster
University

B-vitamins: mental health and the ageing brain
Evidence from the TUDA study
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Project 2 billion aged 60 years and over by 2050

Prince et al (2015) The Lancet 385: 549-62
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Mental Health Disorders in Ageing

>944,000 older people living with dementia in UK; 55,000 )
in Ireland

Costed an estimated £25 billion in 2021
Expected to triple by 2050

Demential

J
N
Affects 14-20% of 70 to 80 year olds
Y,
e 2"d|eading cause of disability A
Depression*> e £7.5 billion/ €3 billion
* 50% more common among women than men )

lWittenburg et al (2019) Care Policy and Evaluation Centre. London School of Economics 2Alzheimer's Research UK (2021)

3Beaumont and Loft; Office for National Statistics 4The British Psychological Society; NICE National Clinical Practice Guideline 90. (2010)
>WHO (2023)
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Cognitive Impairment Spectrum

—_

50%

COGNITIVE FUNCTION

65 75  TIME (Years) 85

NORMAL MILD
L AGEING J COGNITIVE
IMPAIRMENT

Gauthier et al (2006) The Lancet 367: 1262-70




Cognitive Impairment Spectrum
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Age and Life Expectancy

Advancing age is the biggest risk factor for =

the development of Dementia

1in 20 > Age 65
1in10> Age 75
1in5 > Age 85

Prevalence (%)

Differences in risk between men and
women may be partially explained due to
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Figure: Global Prevalence of Dementia with age

GBD 2019 Dementia Forecasting Collaborators Lancet Public Health 2022; 7: e105-25




Genetics:
Apoliprotein E (ApoE) — THE major genetic risk factor for Alzheimer’s
Disease

ApoE gene codes for a cholesterol-carrying protein that supports
lipid transport and injury repair in the brain

ApoE comes in several different alleles? !

* ApoE €2 is relatively rare

* ApoE €3 is the most common allele

* ApoE €4 increases the risk of Alzheimer’s disease
* heterozygotes X3 higher risk of Alzheimer’s disease
* homozygotes X15 higher risk of Alzheimer’s disease

1 Eisenberg et al. (2010) Am J Phys Anthropol, 143(1), 100-111; 2 Farrer et al. (1997) JAMA, 278(16), 1349-1356



https://onlinelibrary.wiley.com/doi/10.1002/ajpa.21298
https://www.researchgate.net/profile/Lindsay-Farrer/publication/278840864_Effects_of_age_and_ethnicity_on_the_link_between_APOE_epsilon_4_and_Alzheimer_disease_-_Reply/links/559029a608ae1e1f9bae1268/Effects-of-age-and-ethnicity-on-the-link-between-APOE-epsilon-4-and-Alzheimer-disease-Reply.pdf

Early life

e Percentage reduction in dementia prevalence
if this risk factor is eliminated
Less education

o Modifiable Dementia Risk Factors

Novel life-course model of
risk identifying 12 modifiable
factors that could prevent
40% of all cases of dementia




Overview of Presentation

* Nutrition and the Ageing Brain




The Mediterranean Diet
Vg

RCT Evidence: PREDIMED- NAVARRA

(Martinez-Lapiscina et al., 2013).

Mediterranean diet

e (1 fruit, vegetables,
wholegrains, olive oil and fish)

MMSE and Clock Drawing Test (CDT)
Observational evidence

* Protects cognition function? 2 | Findings:
Intervention with MedDiet +extra virgin olive

* Protective against depressive | . .
oil and nuts had better cognitive scores

symptoms3

1. Shannon BMC Med. 2023 Mar 14;21(1):81; 2. Loughrey DG et al. Adv Nutr. 2017;8(4):571-586:
2. 3 Moore et al. Proceedings of Nutrition Society 2018



The MIND Diet Reduces the risk of developing dementia

Eat These Limit These

Green leafy vegetables — 1 serving a day
Other vegetables — 1+ servings a day
Nuts — 5+ servings per week

Berries — 2+ servings per week

Beans — 4+ servings per week

Whole grains — 3+ servings a day

Fish — 1+ serving per week

Olive Oil

Poultry — 2+ servings per week

Wine ?

Red Meat

Butter and stick margarine —less than 1
tablespoon per day

Cheese — less than one serving per week
Pastries and sweets

Fried or Fast food — less than once per

week



The MIND Diet Reduces the risk of developing dementia

Eat Thes
MIND Diet associated with

LAl ©  53% lower rate of Alzheimer's disease in
::::i;ssj those with highest MIND score
35% lower rate in those with moderate
adherence to MIND diet

Olive Oil
Poultry —

Wine ?



https://www.sciencedirect.com/science/article/pii/S1552526015000175

Specific nutrients and brain health

Moore et al (2018) Proc Nut Soc 77, 152-163



h \4

Lovl TRINITY .
M coirce The Trinity-Ulster-Department

=Y DUBLIN of Agriculture (TUDA) Study

Ulster
University

Ulster
¢ University

es's. St. Dublin 8. R (S
putl| Bl ny ‘
|| { ,La—‘ | 3
Tl Z
pas mETE
| “ef l
¥ - | =8 2 1
| 1 !
| i \
¥ : - amea e bt
e St. James’s Hospital =
" — p—


http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=8B7itLLBQlzjNM&tbnid=TkJBnDYFRqR-fM:&ved=0CAgQjRwwAA&url=http://www.chm.tu-dresden.de/pc2/kooperationen_en.shtml&ei=-5qwUZKCKtCJhQfU_IHAAg&psig=AFQjCNEHP3p_F-7t22YtMU7zYXI6t9dB0g&ust=1370614907736158
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=7zPhZIbw02FaxM&tbnid=aUQrFZNpaN245M:&ved=0CAUQjRw&url=https://twitter.com/C_TRIC&ei=RCWPU7aaJcPY7AaPoICYCg&bvm=bv.68235269,d.ZGU&psig=AFQjCNFjwxCtJ5Gk_A5RFGjFWlqLZUJ50A&ust=1401976513120903

Anthropometric details Genetic: SNP & WGS

Neuropsychiatric Test
MMSE, FAB, RBANS

Demographic details and :
HADS, Depression.

measures of deprivation

DXA Bone scans, bone and

... inflammatory biomarkers
Medications, supplements, y

fortified food
ortitiec foocs The TU DA Biomarkers of folate, vitamin

B12, B6, B2, vitamin D status

Study

Smoking, alcohol, dietary habits, Measures of frailty
sun exposure Physical self maintenance, daily living
activities, mobility

Lifestyle variables

Medical history,
Heart disease, stroke, diabetes, hypertension, Clinical parameters
falls, anxiety, depression BP, liver function, kidney function,
haematology, lipids, electrolytes




Trinity -Ulster and Department of Agriculture (TUDA) study and depression

Riboflavin status (EGRac)
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Trinity-Ulster and Department of Agriculture (TUDA) study and depression

B-vitamin Fortifed Food Intake
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Moore et al. (2019) J Am Med Dir Assoc, 20(5), 551-557



TUDA: Results in relation to depression
» Lower status of folate, B6 and riboflavin each increased risk of depression

» Consuming more than 1 portion/day fortified foods can contribute to a
reduced risk of depression.



TUDA: Results in relation to depression

» Lower status of folate, B6 and riboflavin each increased risk of depression

» Consuming more than 1 portion/day fortified foods can contribute to a
reduced risk of depression.

Meta-analysis of RCTs showing that B-vitamin supplementation has beneficial effect
reducing the risk of depression

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
v Ghaleiha -20.88 2.62 25 -20.13 2.77 26 26.1% -0.27 [-0.83 , 0.28] i
v Godfrey -1.31 1.31 13 3.27 1.4 11 23.5% -3.27 [-4.56 , -1.98] =
v Hallert -4.47 9.38 11 0.27 7.59 12 25.3% -0.54 [-1.37 , 0.30] —mt
v Stough -2.56 0.98 42 1.83 1.51 18 25.1% -3.73 [-4.62 , -2.85] .
Total (95% CI) 91 67 100.0% -1.91 [-3.69 , -0.13] ’
Heterogeneity: Tau? = 3.08; Chi? = 54.48, df = 3 (P < 0.00001); I? = 94%
Test for overall effect: Z = 2.11 (P = 0.04) 10 5 0 : 10
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Montgomery et al. In preparation



Neuropsychiatric Assessment

Cognition: Repeatable Battery for Neuropsychological Assessment (RBANS)
e Screening battery for global cognitive assessment

« Total RBANS score <80 generally indicative of cognitive impairment

« 5 component domains of cognition

Immediate Memory

Visuospatial /Constructional abilities
Language

Attention

Delayed memory

Frontal Lobe Parietal Lobe

sy
Vs “"’W@

\\\V ¥_,
Temporal Lobe ~—"Cerebellum

Depression: Centre for Epidemiologic Studies Depression Scale (CED-S)
Anxiety: Hospital Anxiety and Depression Scale (HADS)



TUDA follow-up cohort:

Risk of cognitive decline in relation to B-vitamin biomarkers at baseline

Age (years) 72.4 (5.0)

Sex n (% Male) 274 (47)

Age finished education 16.5 (3.0)

B-vitamin Status 95% CI P-value

Elevated homocysteine (>13.0 umol/L) (0.67-1.51) 0.969

Low RBC folate (185-865 nmol/L) (0.80-1.83) 0.367

Low serum vitamin B12 (58-251 pmol/L) (0.56-1.25) 0.376

Low B6 (PLP 11.6-61.3 nmol/L) (1.16-2.65) 0.008

Low riboflavin status (EGRAC) (1.09-2.45) 0.018

Accelerated cognitive decline: rate of decline in the highest quartile for RBANS >7
Binary logistic regression with adjustment for age, education, gender, depression and baseline cognitive score.




RCTs of B-Vitamins: Global Cognition

Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total Weight I, Random, 95% CI I, Random, 95% CI
Aisen (2008 -0.0919 01114 197 136 f.3% -0.09 0031, 0.13]

Brady (2009 -0.0133 0.0804 247 2473 a3.2% -0.01 [-0.19, 0.16] T
DeJager (20124 0.0785 01346 110 111 4. 8% 0.08 [-0.19, 0.34]

Durga (2007 0.1491 0.av 404 413 10.6% 015 [0.01, 0.29] —
Fard (20100 -0.0574 01289 118 123 5.1 % -0.06 [-0.31, 0.20]

Hankey (2013 -0.0851 0.0912 244 237 2.1 % -0.09 026, 0.09] — 1
kang (2003 0.0601 0.0617 821 532 11.7% 0.06 [-0.06, 0.18] 1T
Eanak (201 1) 0.0635 01317 9 53 a.0% 0.06 [-0.19, 0.32]

Eanok (2017 -0.4262 01585 a1 a2 3.7 % -0.43[F0.74,-013]

Eanok (20200 01318 01249 1149 122 5.1 % 013 012, 0.38]

Mohahon (2006} -0.0708 01268 124 124 5.3% -0.07 [[0.32,0.18]

Yan der Dwealuwe (201 4) 01099 0.0396 1278 1278 1891% 011 [0.03, 0.19] —=
Walker (2012 0165 00668 447 453 11.0% 017 [0.03, 0,30 —
Total (95% Cl) J950 3908 100.0% 0.03 [-0.03, 0.10]

Heterogeneity: Tau®=0.01; Chi*= 2234, df=12 (P =0.03); F= 46%

Test far averall effect Z=1.02 (F=0.31)

It

05 -0.25 0 025 05
Favours Flacebo Favours B-vitamins

« There was no effect of B-vitamins on global cognition
* No effect on executive function or processing speed (data not shown)

Gordon et al. In preparation



RCTs of B-Vitamins: Memory

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI I, Random, 95% CI
Brady (2009} -0.025 0.0904 247 243 g3.9% -0.03 [F0.20,0.14]
Dangour (20183 -0.1919 01478 91 83 4 2% 019 [F0.48, 010
De Jager (2012 028492 0137 106 109 4 7% 0.26 [F0.01, 0.52]
Durga (2007 01805 0.07M 405 413 12.3% 018 [0.04, 0.32] -
Fard (2010) 02165 01249 118 124 5.2% 0.22 [F0.04, 0.47]
kang (2008 0.0533 0.0616 521 532 141% 0.05 007, 0.17] I
Kok (20717 0.0639 0.1893 a4 53 27% 0.06 [-0.31, 0.43]
ok (2077 02076 0.1368 109 106 4 8% 0.21 [0.06, 0.48]
ol (20200 00139 01342 112 110 4.9% 0.01 [F0.25, 0.28]
Mohahon (2008) -0.1387 01269 124 124 5.4% -0.14 [F0.39, 0.11]
Wan der DSwaluwe (2014 0.0474 0.0403 1231 1236 19.8% 0.08 [F0.03, 0.13] T
Walker (2012 0176 0.0663 447 453 13.0% 018 [0.058, 0.31] -
Total (95% CI) 3570 3597 100.0% 0.08 [0.02, 0.14] S
Heterogeneity: Tau®*=0.00; Chif=16.53, df =11 (F=012); F=33% l '

0.5 -0.25 0 0.25 0.5

Test for overall effect = 2.45 (P =0.01) Favours Placebo  Favours B-vitamins

B-vitamin supplementation had a beneficial effect on memory
Gordon et al. In preparation



The VITACOG Trial: Intervention with B-vitamins for 2 years

Cognitive Outcomes Neuroimaging Outcomes

e B-vitamin treatment
stabilized executive
function (CLOX)

* In participants with
baseline homocysteine
>11.3umol/L, B vitamin
treatment benefited
* Global cognition
* Episodic memory

* Semantic memory

B: B Vitamins
Rate of Atrophy:
0.46% per year [Batluls

Significantly greater loss in Grey

Matter Volume in the placebo group
Douaud et al. (2013) Proc of Natl Acad Sci
USA 110(23):9523-9528

Smith et al. (2010) Plos One 5(9):e1224



The BrainHOP trial

Aim
To investigate the effect of a 2 year B-vitamin intervention (folic acid

400pg/d; vitamins B12 10ug/d;, B6 10mg/d and B2 10mg/d) on
cognitive function in older adults.

Hypothesis

B-vitamins will help to maintain better cognitive function in older
adults over a 2-year period.

Design: 2 year randomised controlled trial



BrainHOP- Intervention Results

Placebon 125 | Biaminn 128 | pyae
N S S R

RBANS Global Score 2.5(0.9) 4.2 (1.0) 0.194

RBANS Specific Domains

Immediate Memory 2.3 (1.2) 1.7 (1.2)

Visuospatial

Language

Delayed Memory
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Dose of
nutrient
exposure

Life Stage of Duration of
Intervention intervention

Key Challenges in
Nutrition Intervention
Tria IS Population

Assessment and Stage of
Tools dementia
progression

Nutritional
Intervention

Baseline
Nutritional

Nutrition for Dementia Prevention Working Group (2022) Status

Lancet Healthy Longev, 3(7), €501-e512.



Future Directions for Mental Health Research

SOCIO-ECONOMIC

HEALTH &
LIFESTYLE

BIOLOGICAL
GENETIC

ENVIRONMENTAL

SACN (2018) Diet and Dementia



Journal of the

American Geriatrics Society

Effect of Areca-Level Socioeconomic Deprivation on Risk of

Cognitive Dysfunction in Older Adults

Adrian McCann, PhD,* Helene McNulty, PbD,*(® Jan Righy, PhD,’ Catherme F. Hughes, PhD,*
Leane Hoey, PhD,* Anne M. Molloy, PhD,” Conal J. Cunningham, MD,* Miriam C. Casey, MD/}?
Fergal Tracey, MD,Y Maurice ]J. O’Kane, MD,** Kevin McCarroll, MD,* Mary Ward, PhD,*

Katie Moore, BSc,* jé Strain, PhD,* and_Adrian Moore, PhD"’
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Journal of the

American Geriatrics Society

Lessons learnt to date from the TUDA study

We found that older adults (n=5186) living in the most deprived (vs least)
areas of NI and ROI had

e |ess formal education;

* higher rates of smoking and alcohol consumption;

A

* higher rates of obesity;

* higher blood pressure;

* higher risk of diabetes;

40% higher risk of cognitive dysfunction

0 10km
—




Magnetoencephalography (MEG)

Working Memory Paradigm?

Encoding Maintenance Recognition Response E

Encoding Maintenance Interruption Matntenance Recognition Response

Maps brain activity by measuring the - @ S
magnetic fields produced by
neuronal activity with sub-
millisecond precision.

Fernando Maestu and Noelia Serrano Martinez
Laboratory of Cognitive and Computational Neuroscience (LNCyC), University of Madrid, Spain.



BrainHOP Trial Results:
Accuracy in working memory task in response to B-vitamins

% Accuracy £

Placebo Treatment

No interference 87.7 (13.9) 91.2 (12.0)

Interference 76.7 (20.9) 92.4 (7.3)

Data presented as means (SD) *Data analysed using Mann-Whitney Test.



Delta band power, before and after interference in a working memory task

Delta (1-4 Hz)

Preliminary results suggest that
better B-vitamin status is

associated with improved
neuronal functioning

Before interference After inteference

OPlacebo M B-vitamin



Application of Al to the TUDA Study Dataset

O

Dementia Data Analytics Project: | M |

Dementia Analytics Research User Group

Aim: To identify key predictors of poorer cognitive

performance in older people using machine learning

|dentifying Key Predictors of Cognitive
Dysfunction in Older People Using
Supervised Machine Learning
Techniques: Observational Study

Debbie Rankin, BSc, PhD, Michaela Black, BSc, PhD,
[...], and Helene McNulty, BSc, PhD

Additional article information

Associated Data

» Supplementary Materials

Pageiof3z D>

techniques

Results: Frailty, age finished education, and memory
concerns, plasma homocysteine, plasma PLP and HbAlc
were identified as important determinants of cognitive
dysfunction

Conclusions

These predictors could be used as a screening tool to
identify patients that need further assessment and
improve the efficiency of dementia screening



B-vitamins and Mental Health — Results Summary

* Cognitive Health Outcomes - Results from the TUDA Study

e Low status of vitamin B6 and riboflavin were each associated with and an
accelerated rate of cognitive decline

 Combined B-vitamin supplementation at low doses for 2 years resulted in
improved visuospatial cognitive function

* Objective evidence from MEG analysis suggests that better B-vitamin status
results in improved neuronal functioning

Mental Health Outcomes — Results from the TUDA Study
Lower status of folate, B6 and riboflavin each increased risk of depression

Consuming more than 1 portion/day fortified foods can contribute to a
reduced risk of depression.



B-vitamins and Mental Health — Results Summary

* Cognitive Health Outcomes - Results from the TUDA Study
e Low status of vitamin B6 and riboflavin were each associated with and an

acc
* Co Optimising nutritional status in older populations may have

‘MY important impacts on brain health. This in turn would help to
* Obj preserve better quality of life in ageing.

res

Mental Health Outcomes — Results from the TUDA Study
Lower status of folate, B6 and riboflavin each increased risk of depression

Consuming more than 1 portion/day fortified foods can contribute to a
reduced risk of depression.



Take Home Messages

Concerns about the rising rates of dementia are real, but not
inevitable

Focusing on modifiable risk factors, particularly in middle age,
will play an important role in prevention of dementia in later life

Nutrition can play a key role albeit one that is often overlooked

Future research in this area needs Interdisciplinary research
approaches and application of state-of-art technologies
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