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 Approximately 1,000 articles were published in medical journals on 
some aspect of Down syndrome
 Of these, the majority focus on
 Prenatal physical findings
 Prenatal testing
 Physiology of brain function
 Research in a mouse model of Down syndrome
 Organ function (heart, lung, eye, and more)
 Disorders of blood
 Social science



 The issues:

 Adults with DS comprise a unique population that is in need of medical care guidelines
(guidelines have existed for birth-age 21 since 1994 and are regularly revised)

 The US Preventive Service Task Force has established that DS is of public health 
importance 

 A group of researchers from leading medical centers has reviewed peer-reviewed 
articles discussing co-occurring medical conditions in persons with DS

 Quality of evidence was graded, and knowledge gaps were identified



 In 2008-2010, the number of persons with DS living in the US was 
between 200,000 and 250,000.

 There has been a marked increase in the number of individuals with DS 
aged 35-60 due to the baby boom and increased life expectancy.

 The number of adults with DS living in the US is estimated at 125,000.



 The most discussed conditions:

 Thyroid disease

 Prevalence of hypothyroidism/subclinical hypothyroidism = 27%; hyperthyroidism = 3%

 Cervical spine

 Atlanto-axial instability (AAI) prevalence is decreased in adults (2-20%) compared to children 
(15-20%), but higher than typical adults

 Prevalence of degenerative changes (osteoarthritis, degenerating discs) appears increased 
among adults with DS (33-64%)



 The most discussed conditions (cont.)

 Hearing impairment

 Prevalence of any hearing impairment in adults with DS = 73%, increased compared to the 
general population and to individuals with other forms of intellectual disability

 Up to 100% have hearing loss by age 60

 Overweight-obesity (all studies used body mass index (BMI))

 34% classified as overweight (BMI 25-29.9), females > males

 38% classified as obese (BMI > 30), females > males



 The most discussed conditions (cont.)

 Congenital heart disease (CHD)
 In one study, up to 17% of individuals with DS had undiagnosed CHD, in addition to 16% with 

previously diagnosed CHD
 Leaky heart valves were present in 75%

 Sleep apnea
 Up to 85% prevalence on sleep studies

 Osteopenia/osteoporosis
 Prevalence is increased in persons with DS on bone 

density studies compared to the  typical population 
as well as those with other forms of 
intellectual disability



 There is limited evidence for each of the conditions above.

 Individuals with DS WITHOUT the conditions above were rarely used as 
controls.

 There is scant information about risk factors or the impact of co-morbidities 
on disease prevalence or severity.

 No studies have addressed the financial costs or risks/benefits of screening 
asymptomatic individuals.

 There is lack of information about natural history of disease progression. 
(When does it first appear?  What does it look like at first?  How does it 
respond to treatment?  What is the outcome?)



 Clinical research on adults with DS has not kept pace with the need for 
relevant information.

 There is a need for existing clinical DS programs/clinics to collect and 
share information on diagnostic screening, evaluation, and treatment 
outcomes.

 Registries can play an important role in data collection.

 Funding sources for research must be identified and secured.



 In the past few years, numerous groups* have developed growing and 
collaborative interests in additional clinical trials for individuals with DS

 *Trisomy 21 Research Society held first meeting in 2015 to discuss promoting translational 
research and interventions

 *Keystone Symposia on Molecular and Cellular Biology had its first meeting on biology of DS and 
promotion of translational research in 2016

 *LuMind and Lejeune Foundations have funded research to advance clinical trials

 *National Institutes of Health (NIH) has supported clinical trials through the Down Syndrome 
Research Plan and DS-Connect (http://www.ndss.org/resources/ds-connect-the-down-syndrome-
registry/ )



 People with DS have relative strengths in

 Visuospatial processing (memory of shapes, spaces, routes, maps)

 Implicit long-term memory (doesn’t require conscious thought; can do things by rote)

 Social motivation and engagement

 People with DS have relative weaknesses in

 Working memory (system for temporarily storing information required for learning, reasoning, and 
comprehension)

 Expressive language (facial expressions, gestures, vocabulary, word/sentence formation)

 Executive function (managing/guiding oneself to achieve a goal— Analogy: the conductor of the 
orchestra)



 Language is among the most significantly impacted domains of 
functioning.

 Delays are more noticeable in expressive than receptive language and may be affected 
by
 Low muscle tone

 Reduced oral-motor skills

 Middle ear effusions/infections

 Hearing impairment



 Development of interventions that may improve cognition in DS has 
been mainly based on research in mouse models

 Multiple mouse models have been developed

 The Ts65Dn mouse has been used the most

 Has an extra portion of chromosome 16, which has genes that correspond to those on human 
chromosome 21

 These mice share similar behavioral and learning differences with individuals who have DS





 Multiple pharmacologic interventions have been tested in the Ts65Dn 
mouse

 Gamma-secretase inhibitors have been tried as a potential therapy to reduce risk for 
Alzheimer disease and have demonstrated correction of some learning deficits

 Fluoxetine (Prozac) has been used prenatally in mice and affects cell growth in the 
hippocampus (structure important in learning and memory), resulting in improved 
behavioral performance

 Gamma-Aminobutyric acid (GABA) reduces (inhibits) neuronal excitability and is over-
secreted in DS; reduction of the effects of GABA in Ts65Dn mice has improved spatial 
learning and memory 



 Interventions in the DS mouse (cont.)

 EGCG (found in high concentration in green tea leaves) inhibits DYRK1a, potentially 
improving learning and memory deficits

 Numerous other substances have been shown to improve neurobehavioral outcomes, 
some postnatally and some more prenatally
 Norepinephrine, estrogen, minocycline, lithium, melatonin, antioxidants, neuropeptides



 Phase 1:  test a new drug in a small group of people for the first time to 
evaluate safety, determine safe dosage, and identify side effects

 Phase 2:  drug given to a larger group to further evaluate 
safety/efficacy

 Phase 3:  drug given to large numbers of people to confirm 
effectiveness and monitor side effects

 Phase 4:  determine if already approved drug could be used for other 
purposes



 Clinical trials in individuals with DS

 Began in the 1960’s and continued through the 1980’s, investigating vitamins and 
supplements
 Often based on anecdotal case reports and were usually small, single-center trials
 Validity in question

 Earliest trials of pharmaceutical interventions were focused on the cholinergic system 
(nerve cells in the parasympathetic nervous system) that use the neurotransmitter 
acetylcholine (ACh) to communicate signals





 DS is associated with reductions 
in cholinergic nerve cells

 Donepezil is approved for use in 
persons with Alzheimer disease

 Donepezil has been tested for 
use in persons with DS and is well 
tolerated but does not improve 
cognitive function or behavior



 Piracetam is a “nootropic” drug, which enhances cognitive function by 
influencing vascular and neuronal function

 A Phase 2 trial in children with DS ages 6-13 concluded that the drug 
did not significantly improve cognitive performance but was associated 
with adverse effects of the central nervous system in 7/18 children who 
completed the study.



 A study in infants with DS did not find significant effects on 
development or long-term communication abilities

 However, in a population of children with DS ages 3-30 months, there 
was significant improvement in global developmental age, and the 
effect was greater in a group also taking thyroid hormone.  Further 
studies are ongoing.

* Also known as “leucovorin”



 Is an imbalance between the production of free 
radicals* and the body’s ability to detoxify their harmful 
effects (antioxidant effects)

*free radicals can do damage to cells and tissues and      
can form spontaneously or as the result of exposure to 
heat, light, and numerous environmental factors





 Remember: Gamma-Aminobutyric acid (GABA) reduces (inhibits) 
neuronal excitability and is over-secreted in DS; reduction of the effects 
of GABA in Ts65Dn mice has improved spatial learning and memory 

 Multiple trials are ongoing/nearing completion in adolescents and 
adults



 Amyloid anti-aggregation agents uncertain benefit

 EGCG (compound from green tea leaves) Phase 2 results show that a 
combination of EGCG and cognitive training may be helpful in improving 
visual recognition memory and adaptive behavior; Phase 3 trials are 
needed

 Currently, and intranasal vaccine to prevent accumulation of amyloid 
plaques seen in Alzheimer disease is being studied in people with DS





 A pilot study has begun at U. of Texas Southwestern investigating 
effects of prenatal fluoxetine (Prozac) treatment in pregnant women 
with a fetal diagnosis of DS.

 Once the children are born, they will receive postnatal treatment with 
fluoxetine until 2 years of age.



 The majority of intervention studies have focused on adolescent or adult 
populations.

 There is a need for future studies to investigate the effects of earlier 
interventions on cognitive function.

 Pharmacologic interventions are likely to have the greatest impact during 
critical times in brain development.

 Future studies may be able to identify sub-groups of responders who have 
better outcomes than others.



 Mass General Hospital Down Syndrome Program:  
www.massgeneral.org/downsyndrome
 LuMind Research Foundation: 
www.lumindfoundation.org
 Lejeune Foundation: www.lejeuneusa.org
 Global Down Syndrome Foundation: 
www.globaldownsyndrome.org

http://www.massgeneral.org/downsyndrome
http://www.lumindfoundation.org/
http://www.lejeuneusa.org/
http://www.globaldownsyndrome.org/


https://dsconnect.nih.gov/
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