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Dementia in older adults with Down syndrome
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Dementia may affect more than 90% of older adults with Down syndrome

Develops 2-3 decades earlier compared to other people with Alzheimer’s 



● Incidence of any new 
dementia symptoms 
in individuals aged 
36 and older: 

● 25 per 100 person-years 
(95% CI = 16.18 –
36.90) 

Development of dementia symptoms 
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Mortality in older adults with Down syndrome 

In our LonDowns study, older adults (age 36 and older; n = 211)

27 died during 2 years of follow up 
• 70% had a clinical diagnosis of dementia before they died
• Most of the rest showed signs of dementia (seizures) before they died

Alzheimer’s disease is now the main cause of death  in adults with Down syndrome

Hithersay R, Startin CM, Hamburg S, et al. Association 
of Dementia With Mortality Among Adults With Down 
Syndrome Older Than 35 Years. JAMA Neurol. 
Published online November 19, 2018. 
doi:10.1001/jamaneurol.2018.3616



Age at diagnosis and survival 

Mean survival after diagnosis of 
dementia 
4.44 years (mean age at death of 
59.98 years, SD 5.98, range 46.9 –
75.0 years) 

If diagnosed before age 50 -
median survival 4.94 years 
(95% CI 2.22 - 7.66) 

Between 50-60  - median survival 
of 4.06 years (95% CI 3.36 – 4.75) 

After 60 - median survival of 2.56
years (95% CI 1.56 – 3.58)

Sinai, A., Mokrysz, C., Bernal, J., Bohnen, I., Bonell, S., Courtenay, K., ... & 

McBrien, J. Strydom, A. (2018). Predictors of age of diagnosis and survival of 

Alzheimer’s disease in Down syndrome. Journal of Alzheimer's Disease.



Alzheimer’s in Down syndrome is a genetic condition

Wiseman, F. K., Al-Janabi, T., Hardy, J., Karmiloff-Smith, A., Nizetic, D., 
Tybulewicz, V. L., ... & Strydom, A. (2015). A genetic cause of Alzheimer 
disease: mechanistic insights from Down syndrome. Nature Reviews 
Neuroscience.

• Rare individuals with DS
without an extra APP do
not develop AD

• Rare individuals with
Duplication APP (without
DS) all present with AD

• DS is due to having 3
copies of chromosome 21,
with 3 copies instead of
two) of Chr21 genes

• Some of these genes are
dosage-sensitive

• Amyloid precursor protein
(APP) gene is on chr21; all
DS individuals with full
trisomy 21 have 3 x APP



Amyloid cascade and preventing Alzheimer’s 



SIMOA - single molecule immunoassays allows single molecules to be 
counted, with 1000-fold increase in sensitivity

Age matched DS, controls and AD cases

Amyloid β is increased in Down syndrome 



Amyloid biomarkers in blood vs. Controls (meta analysis)

• AB 42 – DS vs controls

• AB 40 - DS vs. Controls 



Amyloid biomarkers (blood) in DS-dementia vs. No dementia

• AB 42

• AB 40
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Londowns Participants and clinical collaborators

Participants
• From across England / Wales
• 124 adults aged 16-35
• 190 adults aged 36+, with follow up 

assessments after 2 years for 133 adults

Clinicians 

• Dr Mark Scheepers
• Dr T. Hussain
• Dr Vesna Jordanova
• Dr Angela Hassiotis
• Dr Saif Sharif
• Dr Sujeet Jaydeokar
• Dr Ken Courtenay 
• Professor Vee Prasher
• Dr Shahid Zaman
• Dr Salim Razak
• Dr Richard Hillier
• Dr Peter Speight
• Dr Talib Abbas
• Dr Tomas Isherwood 
• Dr E Anand
• Dr Kelly Rayner 

Dr Dipti Patil
Dr Marian Seager
Dr Susan King 
Dr Jyoti Rao
Dr Saadia Arshad
Dr Lola Odebiyi
Dr Rohit Shankar
Dr N Perumal 
Dr Rajni Kullu
Dr Sanjay Nelson
Dr Kamalika Mukherji
Dr Bini Thomas
Dr Sandra Baum
Dr Robert Winterhalter 
Dr Fareez Rana 
Dr Vithanaarachchi





LonDowns Cohort 

All participants: 
In-depth cognitive 
phenotyping 
Detailed medical history
DNA samples
Cell samples 
EEG/ ERP

Adults:  
Plasma biomarker samples
fNIRS, longitudinal EEG

Older adults (>36): 
Longitudinal cognitive/ clinical/ fluid 
biomarker data after 2 & 4 years 

LonDownsPREVENT: 

• Run-in trial cohort aged 30 – 55 (n = 
120), with younger contrast group 

• CSF at baseline 
• Annual cognitive assessments 
• Plasma
• MRI (Structural, SWI, DTI, ASL, fMRI)



Can we measure early changes due to Alzheimer’s in people with Down syndrome?



Brain morphology in Down syndrome

Hypofrontality

Cerebellar 
hypoplasia

Reduced hippocampal 
volume (pre-dementia)

Relative sparing of trunk and 
posterior cortical structures

Cognitive profile in Down syndrome

Non-verbal abilities better than
verbal abilities : receptive language is better 

than expressive language Relative weakness in 
short-term memory vs 
long-term memory

Visuospatial short-
term memory is 
better than verbal 
short-term memory

Implicit long-term 
memory is better 
than explicit long-
term memory

Visuospatial learning is better than visual object learning due to relatively 
preserved maturation of the dorsal compared to ventral component of 
the visual system

Relative weakness in 
prefrontal systems such 
as executive functioning



Course of disorder

Deterioration 
in complex 
cognition

Course of dementia in Down syndrome

Decline in executive 
function, behavioural 

and emotional 
changes visual organisation, 

verbal memory 
short-term 

memory decline

Functional 
/ daily 
living skills 
decline 

Crayton et al. 1998
Devenny et al. 2000, 2002
Krinsky-McHale et al. 2002
Visser et al, 1997
Ball et al, 2008

Previous research

Dyspraxia

Neurological 
symptoms –
incontinence, 
mobility, 
Parkinson’s, 
epilepsy 



Dementia diagnosis and cognitive outcome measures in adults with 

Down syndrome

Dementia diagnosis

More difficult in people with learning disabilities

But reliable

• Change from an individual baseline 

• Exclude other causes of decline



LonDownS research assessment battery

Cognitive assessment: general abilities, 
memory, executive function, attention, 
motor coordination
Informant questionnaires: demographics, 
medical history, dementia symptoms, 
everyday adaptive abilities, memory, 
executive function
Physical examination
Biological samples: saliva (genetic analysis), 
hair (cellular development via induced 
pluripotent stem cells), blood (blood 
biomarkers), CSF
EEG assessment: resting state EEG, ERP 
memory paradigms
fNIRS assessment: executive functioning 
paradigms



LonDowns cognitive test battery 

Cognitive test issues: 
• Cannot use usual tests and 

threshold
• Baseline variable
• Floor effects 

Measure earliest changes
• Range of cognitive abilities

Suitable for most people with 
Down syndrome
• Use both individual tests and 

carer-ratings
• Adapt scoring
• and difficulty levels where 

necessary



Cognitive decline in DS

p<0.05 p<0.01 p<0.001

Earliest changes 
seen for memory 
and attention 
measures, with 
poorer 
performance 
starting from 
early 40s



Memory changes with aging  

Memory loss years before dementia diagnosis



Event-based model (EBM) to identify stages of decline

E2 E1

EBM estimates ordering of binary events from data – normal or abnormal
Data can be cross-sectional and any combination of types (imaging, clinical, 
genetic...)

Simple example: 2 event measures
More patients have greater abnormality in Event 2 
than Event 1 at particular assessment 
→Event2 measurably abnormal before Event1



Stages of decline in DS before dementia 

diagnosis using Event based modelling

Early stages of decline defined by memory and sustained attention tests

Later stages defined by informant ratings of function (dementia diagnosis)  

Firth, N. C., Startin, C. M., Hithersay, R., Hamburg, S., Wijeratne, P. A., Mok, K. Y., ... & Strydom, A. (2018). Aging related 

cognitive changes associated with Alzheimer's disease in Down syndrome. Annals of Clinical and Translational Neurology.



Predictive validity of EBM staging model 

Follow up of older participants (> age 35) after 2 years

• General increase in EBM stage - >80% of participants either increase in stage, or 

remain the same

• Missing data may explain outliers



Staging by APOE status



Getting ready for prevention trials in Down syndrome 



How many people need to take part in a trial to show an effect? 

Longitudinal results - PAL first trial memory score as outcome

For those with preclinical dementia (i.e. no noticeable signs of cognitive 

decline) and not at floor at baseline:

• 2 year trial n ~ 400 participants (90% power, p<0.05)



Biomarkers for Alzheimer’s in Down syndrome

Good biomarkers can speed up clinical trials if shown to be linked with clinical 
outcomes 

Neurofilament light: A neuronal structural protein associated with cell 
death, measured with SIMOA assays in serum 



Copyright © 2015 The Authors

The pattern of amyloid accumulation in the brains 
of adults with Down syndrome Tiina Annus, Liam 

R. Wilson, Young T. Hong, Julio Acosta–
Cabronero, Tim D. Fryer, Arturo Cardenas–

Blanco, Robert Smith, Istvan Boros, Jonathan P. 
Coles, Franklin I. Aigbirhio, David K. Menon, 
Shahid H. Zaman, Peter J. Nestor, Anthony J. 

Holland, Alzheimer's & Dementia, Volume 12, Issue 
5, Pages 538-545 (May 2016) 

Amyloid PET brain scans



What next?

We can measure cognitive change before onset of Dementia in Down 

syndrome

• But need better cognitive outcome measures

Promising biomarkers associated with development of 

Alzheimer’s disease

• But need to establish how it relates to cognitive changes and 

symptom onset over time

Clinical trials based upon rational drug targets is within grasp

• But need to develop clinical trial networks

• Understand underlying biology to select optimal treatments 



Institutions:
- Institut Jérôme Lejeune, Paris. PI: A.S. Rebillat
- University of Cambridge. PI: S. Zaman
- Kings College London PI: A. Strydom.
- Dichterbij, Center for ID, Gennep. PI: A. Coppus.
- LMU Munich. PI: J. Levin.
- Hospital of Saint Pau: J. Fortea
- Trinity College, Dublin; Norway 

Cambridge U.

LonDowns



Main goals:
- Prepare a large trial-ready cohort and 

registry
- Develop clinical & cognitive outcome 

measures
- Validate biomarkers
- Design clinical trials to ensure feasibility

DS 1000
Europeant trial 
ready cohort & 

registry (N=1000)

New NPS tools
Leader: André 

Strydom

New CAMCOG-DS
Leader: Shahid 

Zaman

Sleep study (PSG)
Leaders: 

Sandra Gimenez
Anne-Sophie Rebillat

Horizon 21 
Genomics 

Consortium
Leader: Tonnie 

Coppus, Cornelia 
van Duijn

Multicenter NfL 
study

Leader: Juan 
Fortea
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