
 

 

Down Syndrome 

 

Original description was by J. Langdon Down in 1886. Trisomy 21 was first reported in 

association with Down syndrome (DS) by Jérôme Lejeune and colleagues in 1959.  

Incidence/prevalence 

About 1 in 800 live born children have DS. The incidence increases with increasing maternal 

age, being about 1 in 1400 at maternal age 25 and 1 in 30 at maternal age 45.  

Genetics 

The presence of a complete or partial third copy of human chromosome 21 (Hsa21) is the 

cause of DS. Partial copy should include  all or part of the long arm of Hsa21.This excess of 

genetic material leads to a dysregulated expression of certain genes. The functional impact of 

these changes could be a direct result of the action of the proteins expressed in excess by the 

Hsa21 genes, or indirectly, through the proteins that they regulate. In any case the effect will 

be different according to the protein involved (Fillat,2014). The nuclear compartments of 

trisomic cells undergo modifications of the chromatin environment influencing the overall 

transcriptome, and gene expression dysregulation domains may therefore contribute to some 

trisomy 21 phenotypes (Letourneau, 2014). 

More than 450 genes have been identified on human chromosome 21. The development of 

new mouse models, either trisomic for different chromosome segments or for individual genes, 

has helped narrow the focus to those genes likely to be important contributors to the DS 

phenotype. Of particular interest are the findings relating to 2 genes located within the putative 

DS critical region of chromosome 21. These are dual-specificity tyrosine-regulated protein 

kinase 1 (DYRK1A) and DSCR1. 

DYRK1A is particularly expressed in the hippocampus, cortex,cerebellum, and heart—regions 

affected in DS and overexpressed in fetal DS. Transgenic mice that overexpress DYRK1A 

show learning and memory deficits. Further, DYRK1A phosphorylates tau protein, and this 

change is known to be important in initiating the cascade of processes leading to amyloid 

formation in Alzheimer dementia. 

DSCR1 is overexpressed in Alzheimer patients and causes abnormalities in synapse function 

in DS individuals. DYRK1A and DSCR1 act synergist ically to regulate the transcription factor 

NFATc, which plays a critical role in the development of the central nervous system (Einfeld 

2010).  

The origin of supernumerary Hsa21 in free trisomy is in most cases the maternal meiosis. The 

risk of recurrence (not allowing for maternal age) is low. About 2% of DS results from an 

unbalanced translocation (material from one chromosome breaking off and "sticking to" 

another). This often involves chromosomes 21 and 14, and is usually a "one -off" event. In 

some cases a parent also has a (balanced) translocation (with no overall disruption of genetic 

material), and the risk of recurrence is high. 21 to 21 translocations also occur. Mosaicism is a 

term used to describe the presence of two (or more) cell lines within t he body. In DS this 

means one cell line with trisomy 21 and one unaffected cell line. About 3% of DS probably 

results from mosaicism (many cases may not be diagnosed). The proportion of affected and 
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unaffected cell lines varies, as does the intellectual impairment. Transient myeloproliferative 

disorder and megakaryoblastic leukemia of DS are associated with mutations in the GATA1 

gene in conjunction with trisomy 21.  

Physical features 

Two types of phenotypes are observed in trisomy 21: those seen in every patient and those 

that occur only in a fraction of affected individuals.  For example, cognitive impairment is 

present in all patients with DS, so as muscle hypotonia and Alzheimer disease neuropathology 

after  35 years (Antonarakis,2004). Motor dysfunction is highly prevalent among individuals 

with DS, who exhibit clumsy sequences of movements, and poor control in programming motor 

sequences, their timing and force. Motor dysfunction in DS is accompanied by hyporeflexia 

and reduced muscular strength and tone (Dierrsen 2012) On the contrary, congenital heart 

defect occurs only  in ~40% and atrioventricular canal in ~16% of patients. Duodenal 

stenosis/atresia, Hirschsprung disease and acute megakaryocytic leukemia occur 250 -, 30- 

and 300-times more frequently, respectively, in patients with DS than in the general 

population. In addition, for any given phenotype there is considerable variability (severity) in 

expression.  DS is also associated with an increased incidence of autoimmune disorders, such 

as autoimmune thyroiditis, primary sclerosing cholangitis, insulin dependent diabetes mellitus, 

celiac disease and alopecia areata. On the other hand, DS seems  be protective against other 

conditions, such as multiple sclerosis, Crohn  disease, neuroblastoma and the development of 

most solid tumors, which are rarely reported in association with DS.  

 Most adults with DS are of short stature (70%), with a characteristic facial appearance. The 

eyes seem to slope upwards and outwards as a result of alterations in the str ucture of the 

surrounding tissues. The nose has a wide bridge, and the head an unusual shape 

("brachycephaly"). Protruding tongue is present in 45%. Limb abnormalities include a single 

transverse crease on the palm (85%), a large cleft between the first and second toes, and 

relatively short upper arms. People with DS are prone to disorders of the thyroid gland (15% 

develop hypothyroidism during childhood or adolescence).  Ninety percent of all DS syndrome 

patients have a significant hearing loss, usually of  the conductive type. Sight problems (44-

71%) are common in DS of advanced age, and in a large percentage of the general 

population. 

Obstructive sleep apnea occurs in over half of children with DS aged 2–4years and is related 

to otolaryngological problems associated with the disorder and to the atlantoccipital instability . 

Life expectancy has improved markedly over the past 50 years, largely as a result of antibiotic 

treatment of respiratory tract infections. Survival into the 8th decade is unusual but not 

extraordinary. The presence of an AVSD often leads to heart and lung failure in early adult 

life. Although changes in blood cells are relatively common, leukaemia is not particularly 

common (affecting about 1%).  

Behavioural characteristics  

Fewer behavior problems compared to controls with cognitive disabili ty have been described 

in DS but more frequent  than in sibling or in controls with normal IQ.  Children with DS may 

be at a lower risk for significant behavioral comorbidities in that they show a lower profile of 

maladaptive behaviors compared to children with other intellectual disabilities. However, in 

comparison to typically developing age-matched peers, children with DS show higher rates of 

inattention, oppositional behaviors, and impulsivity-(Dykens,2007.) 

Seventeen six % of individuals with DS  aged less than 20 years have a psychiatric disorder, 

most frequently a disruptive behaviour disorder such as attention deficit hyperactivity disorder 

(6·1%), conduct/oppositional disorder (5·4%), or aggressive behaviour (6·5%). Twenty five % 

of adults with DS present   a psychiatric disorder, most frequently a major depressive disorder 



(6·1%) or aggressive behaviour (6·1%).The dual diagnoses of DS and autism has gained 

much attention; although the association has always been appreciated, recent reports suggest 

a frequency as high as 7% and great delays in diagnosis.  The stereotype of people with DS as 

happy, placid individuals with a gift for mimicry is not borne out by recent behavioural 

research. "Stubbornness" and obsessional features seem to be over-represented, and many 

people with DS react adversely in situations involving conflict.  

No significant associations between age and the range or severity of any behavioural and 

emotional items were found in adult DS subjects without dementia. This suggested a more 

positive pattern for ageing adults with DS than has been previously described  (Makary 2014). 

Cognitive characteristics 

Cognitive disability is present in all patients with DS. Most children and adults with DS function 

in the mild or moderate range of intellectual disability. About 10% have a low average-

borderline degree of intellectual disability. A minority have a severe or profound cognitive 

impairment.  In DS patients, the average IQ score is  around 50, with individual values ranging 

from 30 to 70 (Rachidi, 2007). 

Almost all children with DS have a relatively specific expressive language impairment. 

Expressive language deficit in syntax is greater than expressive language deficit in the 

lexicon. Comprehension of words is typically more advanced than nonverbal cognition. 

Cognition deficits in verbal working-memory and delayed recall has been described. 

Cognitive abilities tend to be greater among people whose DS is caused by mosaicism for 

trisomy 21.  

In adults with DS, neuropathological changes typical of Alzheimer’s disease usually develop 

by the fifth decade of life. Adults with DS are much more likely to develop dementia of 

Alzheimer type than the general population. On post-mortem examination, almost all adults 

with DS over the age of 35 have the brain changes characteristic of Alzheimer’s disease but 

only about 45% of those over 45 years of age  have clinically apparent dementia. The 

triplication of the amyloid precursor protein gene (APP) is a candidate for causing dementia in 

DS. However, additional Hsa21 genes may modulate the effects of APP triplication (Dierssen 

2012). 

Clinical signs and symptoms of Alzheimer’s disease are noted in 75% of DS individuals over 

60 years of age, and are most frequently seizures (58%), change in personality (46%), focal 

neurological signs (46%), apathy (36%), and loss of conversational skills (36%). Seizures 

appear to be associated with rapid cognitive decline in demented individuals with DS.  In any 

adult for whom the diagnosis of Alzheimer’s disease is being considered, a complete  medical 

assessment should be done to detect any treatable disorders such as thyroid disease or  

depression.  
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