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VIEWPOINT

Down Syndrome: Let’s Work Together to End the Stereotypes
Mario Motta1, Amita Singhal2, Angela B Hoyos3, Abhay Lodha4, Colin Michie5, Michael Zemlin6, Jargalsaikhan Badarch7, 
Adrianna Frydrysiak-Brzozowska8, Md Mozibur Rahman9, Aimen E Ben Ayad10,11, Surekha Ramachandran12, Seema Thakur13, 
Waldemar A Carlo14, Ola D Saugstad15, Kei Lui16, Akhil Maheshwari2,17,18, on behalf of the Global Newborn Society Down 
Syndrome Foundation

Ab s t r Ac t
 Each year, we observe the 21st day of March as our World Down Syndrome Day. The goal is to raise public awareness of Down syndrome (DS) and 
encourage all member states, relevant organizations of the UN system, all member states, other international organizations, non-governmental 
organizations, and the private sector to join this effort. The epidemiology of DS is complex. The incidence of DS is estimated to be somewhere 
between 1 in 1,000 and 1 in 1,200 live births worldwide, but there may well be some temporal, racial/ethnic, and geographical variability in the 
prevalence of DS. Most infants with DS have an extra copy of chromosome 21, which occurs due to the failure of chromosome 21 to separate 
during gametogenesis. However, a minority with the same phenotype may have a Robertsonian translocation, an isochromosome, or a ring 
chromosome. Increasing information suggests that many of the most frequently seen phenotypic features may be rooted in sequential variability 
in only one band, the 21q22. The characteristic facial appearance, cardiac anomalies such as the endocardial cushion defect, neurodevelopmental 
delay, and many dermatoglyphic changes could result from a small region including the genes for superoxide dismutase in the region 21q22.1, 
the amyloid precursor protein mapping in 21q11.2-21.05, and six probes for single-copy sequences: D21S46 in 21q11.2-21.05, D21S47 and 
SF57 in 21q22.1-22.3, and D21S39, D21S42, and D21S43 in 21q22.3. Speaking from this medical perspective, we need to understand the 
pathophysiology of DS to meet their healthcare needs. If we could do so, we could make a small change in this world.
Keywords: Age-standardized rate, Down syndrome international network, Infant, Isochromosome, Neonate, Newborn, Ring chromosome, 
Robertsonian translocation, Sociodemographic characteristics, United Nations General Assembly.
Newborn (2024): 10.5005/jp-journals-11002-0096

Ke y Po i n ts
• Each year, we mark March 21st as the World Down Syndrome 

Day to raise public awareness of DS.
• The incidence of DS is estimated to be somewhere between 1 

in 1,000 and 1 in 1,200 live births worldwide; it is seen in people 
of all races and economic levels.

• Down syndrome is a complex genetic disorder; most cases 
involve the failure of chromosome 21 to separate during 
gametogenesis. However, some cases may show a Robertsonian 
translocation, an isochromosome, or a ring chromosome.

• As we are beginning to understand the genetics of DS, most of 
the phenotypic features of this condition seem to arise in the 
chromosomal region 21q22. 

• Each time we lose an infant, we lose, and entire life and its 
potential. The World Down Syndrome Day 2024 was yet another 
reminder. Let’s work together, and we might be able to make a 
difference. 

in t r o d u c t i o n

In December 2011, the United Nations (UN) General Assembly 
decided that starting in 2012, 21st March would be our World 
Down Syndrome Day (A/RES/66/149).1 The goal was to raise public 
awareness of Down syndrome (DS) and encourage all member 
states, relevant organizations of the UN system, other international 
organizations, non-governmental organizations, and the private 
sector to participate in this effort. The DS International Network 
hosted the 13th World Down Syndrome Day Conference at the 
UN headquarters on 21 and 22 March 2024 in New York.2 In this 
article, authors from all the 6 majorly-populated continents joined 
together to share their understanding and viewpoints. DS affects 
all humanity, and we need to act together.
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The epidemiology of DS is complex.3 The incidence of DS is 
estimated to be somewhere between 1 in 1,000 and 1 in 1,200 live 
births worldwide.4 Each year, approximately 3,000–5,000 infants 
are born with this chromosome disorder.1 The risk increases with 
maternal age (1 in 1,250 for a 25-year-old mother, 1 in 1,000 at age 
31, 1 in 400 at age 35, and about 1 in 100 at age 40).5,6 However, 
75–80% of babies with DS are born to women under age 35 years.7 

There may be some temporal, racial/ethnic, and geographical 
variability in the prevalence of DS.3,8 In the past 30  years, the 
incidence/prevalence of DS, both overall and age-standardized, 
have shown both temporal and regional variance.9 The prevalence 
has increased for both sexes in nearly all social-demographic index 
regions; the highest age-standardized incidence was noted in 
Brunei Darussalam, Ireland, and Haiti.8,9 Georgia showed the highest 
increase in age-standardized rate, whereas Serbia has shown a 
decline in these numbers. The mortality has decreased gradually 
over the last two decades.9 

In biological terms, nearly 96% of all persons with DS 
have an extra copy of chromosome 21 (Fig. 1), which occurs 
due to the failure of these chromosomes to separate during 
gametogenesis.10 This results in an extra chromosome in all the 
cells of the body. Understanding the genetic pathogenesis of 
DS has been challenging because there are >200 protein-coding 
genes on chromosome 21, which can directly and indirectly affect 
homeostasis in cells, tissues, organs, and systems.11 Furthermore, 
genetic alterations other than a canonical chromosomal 21 trisomy 
have also been identified in 3–4% of infants with DS. Many of 
these infants may have a Robertsonian translocation (Fig. 2), an 
isochromosome,  or a ring chromosome.12 The Robertsonian, or 
the translocation DS, is an unbalanced anomaly where the infant 
has three copies of the long arm of chromosome 21 instead of 
two.13 As known, chromosome 21 is an acrocentric chromosome 
where the centromere is not central and is located near the end of 
the chromosome.14 An isochromosome is a structural abnormality 

in a chromosome that causes the arms to mirror each other; a 
chromosome has two copies of either the long arm or the short 
arm.15 The ring chromosome 21 is a rare abnormality in which the 
ends of chromosome 21 join and form a ring.13 Finally, 1–2% of 
infants with DS are the so-called “mosaics”, where some, not all, 
cells show a chromosome 21 trisomy.16

Overall, the phenotypic features cannot be used to predict 
the exact type of the above-mentioned genotypic abnormalities 
seen in DS. Still, infants with a ring chromosome 21 may have fewer 
distinctive features associated with DS. Some of these individuals 
develop normally and may be diagnosed only when tested due to 
infertility, multiple miscarriages, or when they have a child with 
DS phenotype.17 However, others can have developmental delay 
and/or medical problems due to their having extra or missing 
genetic material on the ring.18 This subset may present with 
short stature, microcephaly, seizures, neurodevelopmental delay, 
immunodeficiency, and other birth defects. Some males may have 
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Fig. 1: Karyotyping on cells isolated from venous blood. GTG staining/banding; resolution 400×. The infant had trisomy 21 (as marked by the 
rectangle)
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delayed puberty.19,20 The ring chromosome 21 may be inherited 
from a parent, typically the mother, or it may occur sporadically.19 
Similarly, infants who are mosaics for DS may also have fewer clinical 
features that are typically seen in DS.13 

The DS phenotype has been traditionally ascribed to the 
presence of an extra chromosome 21.21 However, newer molecular 
and cytogenetic analyses suggest that many diagnostic features 
such as facial appearance, cardiac anomalies such as the endocardial 
cushion defect, neurodevelopmental delay, and dermatoglyphic 
changes could be rooted in a relatively small region of this 
chromosome. The gene for the Cu/Zn-superoxide dismutase 
(SOD1; Fig. 3) is located in 21q22.1, the amyloid precursor protein 
(APP) in 21q11.2-21.05, and six probes for single-copy sequences 

bind in a narrow, contiguous region: D21S46 in 21q11.2-21.05, 
D21S47 and SF57 in 21q22.1-22.3, and D21S39, D21S42, and D21S43 
in 21q22.3.22–25 All sequences located in 21q22.3 were present in 
three copies in the affected individuals, whereas those located 
proximal to this region were present in only two copies. Cytogenetic 
analysis with R and G banding of prometaphase preparations and 
in situ hybridization revealed a translocation of the region from 
very distal 21q22.1 to 21qter to chromosome 4q.26 The deletion of 
chromosome band 4q35 is another important genotypic change. 
The variability in the DS phenotype may result from the variability 
of gene expression of transcription factors that are encoded both on 
chromosome 21 and also elsewhere in the genome, copy number 
polymorphisms, the function of conserved non-genic regions, 
microRNA activities, RNA editing, and perhaps DNA methylation.27 

Healthcare providers need to understand the pathophysiology of 
DS in greater detail to meet the healthcare needs of these children.28 
If we can gain in our ability to understand, predict, detect, counsel, 
convince, track, mitigate, follow, and eventually ameliorate or correct 
even some of the DS-related morbidities, we could make a small 
change in this world.29–31 For individuals with DS to achieve optimal 
quality of life, they definitely need parental and family care but can 
also use medical guidance and inclusive community-based support 
systems.1,32 It’s time we end the stereotypes–we all need to come 
together, bring information, and share our experiences.31,33 Every 
baby counts-each time we lose an infant, we lose an entire life and 
its potential.34 The World Down Syndrome Day 2024 was yet another 
reminder.35 Let’s work together.36

Here are some organizations that provide information and 
support for families with a child with DS:

• ACT Down Syndrome Association (Australia).
• Asociacion Guatemalteca para el Sindrome de Down (Guatemala).
• Asociacion Sindrome de Down de la Republica Argentina. 
• Asociacion Sindrome de Down de Baleares (Spain).

Figs 2A and B: (A) Karyotype: 46,_ _, add (13) (q133).ish der (13) [t(13;21) (q33;q21.3)] (D21S259+, D21S341+, D21S342+). There was a cryptic 
translocation between chromosomes 13 and 21, which was not easily detectable on cytogenetic analysis; (B) In the fluorescence in situ hybridization 
(FISH) image (right), the two chromosomes 13 showed a green-appearing signal for 13qter. Chromosomes 21 were identified by the orange-red 
signals. Interestingly, one of chromosome 13 (right lower corner) also showed a red-orange signal suggestive of a partial trisomy (translocation) 
of chromosome 21. These findings were identified in the karyotype (left; red rectangle). The other chromosome 13 did not show such a signal. 
This cryptic chromosome arrangement appears to be unbalanced with a partial trisomy 21 and partial monosomy 13. One of the parents was 
likely a carrier of this chromosome 13;21 translocation

Fig. 3: Schematic diagram showing the major bands in chromosome 21
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• Association du Syndrome de Down de Down De L’estrie (Canada).
• Association Francaise pour la recherche sur la Trisomie 21 

(France).
• Associazione Italiana Persone Down (Italy).
• Canadian Down Syndrome Society.
• Center for Disease Control and Prevention: Facts about Down 

Syndrome.
• Csupaszívek Társasága (Hungary).
• Down España (Spain).
• Downs forening en hovedstaden (Denmark).
• Down’s Heart Group (UK). 
• Down Syndrome Affiliates in Action.
• Down Syndrome Albania.
• Down Syndrome Australia.
• Down’s Syndrome Association (Russia).
• Down Syndrome Association (Singapore).
• Down Syndrome Association of Minnesota.
• Down’s Syndrome Association of Nepal.
• Down Syndrome Association of Nigeria.
• Down Syndrome Association of NT (Australia).
• Down Syndrome Association of Greece.
• Down Syndrome Association of Hamilton (Canada).
• Downs Syndrome Norge (Norway).
• Down Syndrome Association of Toronto (Canada).
• Down’s Syndrome Association of Uganda.
• Down Syndrome Diagnosis Network.
• Down Syndrome Education International (UK).
• Down Syndrome International.
• Down Syndrome Foundation.
• Down Syndrome NSW (Australia).
• Down-Syndrome Netzwerk Deutschland e.V. (Germany).
• Down-Syndrome Österreich (Austria).
• Down Syndrome Resource Foundation.
• Down Syndrome Federation of India.
• Down Syndrome Ireland.
• Down Syndrome Queensland (Australia).
• Down Syndrome Research Foundation (Canada).
• Down Syndrome South Australia.
• Down Syndrome South Africa.
• Down Syndrome Tasmania (Australia).
• Downsyndroom Vlaanderen (Belgium).
• Down Syndrome Victoria (Australia).
• Down Syndrome WA (Australia).
• DSIJ (Japan).
• Edmonton Down Syndrome Society (Canada).
• Familias Extraordinarias (Mexico).
• FRUTOS (Ecuador).
• Fundação Síndrome de Down (Brazil).
• Fundacion Sindrome de Down del Caribe (Colombia).
• Fundacio Catalana Sindrome de Down (Spain).
• Fundación Iberoamericana Down 21 (Spain).
• Genetics Home Reference: Down Syndrome.
• Global Down Syndrome Foundation.
• German Down Syndrome InfoCenter (Germany).
• Gulf Kids (Saudia Arabia).
• Hong Kong Down Syndrome Association.
• Insieme 21 (Switzerland).
• International Down Syndrome Coalition.
• International Mosaic Down Syndrome Association.

• Jack’s Basket.
• Japan Down Syndrome Society.
• Kids Health: Down Syndrome.
• La Asociacion Venezolana para el Sindrome de Down (Venezuela).
• Landsforeningen Downs Syndrome (Denmark).
• Laufclub Down-Syndrome Marathonstaffel e.V. (Germany).
• Libyan Down Syndrome Association.
• National Down Syndrome Congress.
• National Association for Down Syndrome.
• New Zealand Down Syndrome Association.
• Norsk Nettverk for Down Syndrome (Norway).
• National Down Syndrome Society.
• Sindrom Down Romania.
• Stowarzyszenie Rodzin i Opiekunów Osób (Poland).
• Türkiye Down Syndrome Association (Turkey).
• Ups and Downs Calgary Down Syndrome Association (Canada).
• UBE “Down Syndrome” (Ukraine).
• UAE Down Syndrome Association.

re f e r e n c e s
 1. United-Nations. World Down Syndrome Day 21 March New York, New 

York - United States: United Nations; 2024. Available from: https://
www.un.org/en/observances/down-syndrome-day.

 2. International DS. 13th World Down Syndrome Day Conference 
New York, New York - United States: Down Syndrome International. 
2024. Available from: https://events.ds-int.org/13thWorldDown 
SyndromeDayConference.

 3. Varshney K, Iriowen R, Morrell K, et  al. Disparities and outcomes 
of patients living with Down Syndrome undergoing healthcare 
transitions from pediatric to adult care: A scoping review. Am J Med 
Genet A 2022;188(8):2293–2302. DOI: 10.1002/ajmg.a.62854.

 4. Roizen NJ, Patterson D. Down’s syndrome. Lancet 2003;361(9365):1281–
1289. DOI: 10.1016/S0140-6736(03)12987-X.

 5. Aprigio J, de Castro CML, Lima MAC, et al. Mothers of children with 
Down syndrome: A clinical and epidemiological study. J Community 
Genet 2023;14(2):189–195. DOI: 10.1007/s12687-022-00627-7.

 6. Yoon PW, Freeman SB, Sherman SL, et al. Advanced maternal age 
and the risk of Down syndrome characterized by the meiotic stage 
of chromosomal error: A population-based study. Am J Hum Genet 
1996;58(3):628–633. PMID: 8644722.

 7. DiMaio MS, Baumgarten A, Greenstein RM, et al. Screening for fetal 
Down’s syndrome in pregnancy by measuring maternal serum alpha-
fetoprotein levels. N Engl J Med 1987;317(6):342–346. DOI: 10.1056/
NEJM198708063170603.

 8. Fiscella K, Franks P, Gold MR, et al. Inequality in quality: Addressing 
socioeconomic, racial, and ethnic disparities in health care. JAMA 
2000;283(19):2579–2584. DOI: 10.1001/jama.283.19.2579.

 9. Chen L, Wang L, Wang Y, et al. Global, regional, and national burden 
and trends of down syndrome from 1990 to 2019. Front Genet 
2022;13:908482. DOI: 10.3389/fgene.2022.908482.

 10. Hassold T, Sherman S. Down syndrome: Genetic recombination and 
the origin of the extra chromosome 21. Clin Genet 2000;57(2):95–100. 
DOI: 10.1034/j.1399-0004.2000.570201.x.

 11. Antonarakis SE, Skotko BG, Rafii MS, et al. Down syndrome. Nat Rev 
Dis Primers 2020;6(1):9. DOI: 10.1038/s41572-019-0143-7.

 12. Akhtar F, Bokhari SRA. Down Syndrome. 2023. In: StatPearls. Treasure 
Island (FL): StatPearls Publishing. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK526016/.

 13. Asim A, Kumar A, Muthuswamy S, et al. “Down syndrome: An insight 
of the disease”. J Biomed Sci 2015;22(1):41. DOI: 10.1186/s12929-015-
0138-y.

 14. Antonarakis SE. Short arms of human acrocentric chromosomes 
and the completion of the human genome sequence. Genome Res 
2022;32(4):599–607. DOI: 10.1101/gr.275350.121.

https://events.ds-int.org/13thWorldDownSyndromeDayConference
https://events.ds-int.org/13thWorldDownSyndromeDayConference
https://www.ncbi.nlm.nih.gov/books/NBK526016/
https://www.ncbi.nlm.nih.gov/books/NBK526016/


World Down Syndrome Day

Newborn, Volume 3 Issue 2 (April–June 2024) 69

 15. Priest JH, Blackston RD, Pearse LA, et  al. Molecular evidence for 
true isochromosome 21q. Hum Genet 1988;81(1):1–3. DOI: 10.1007/
BF00283718.

 16. Hulten MA, Jonasson J, Nordgren A, et  al. Germinal and Somatic 
Trisomy 21 Mosaicism: How Common is it, What are the implications 
for individual carriers and how does it come about? Curr Genomics 
2010;11(6):409–419. DOI: 10.2174/138920210793176056. 

 17. Melnyk AR, Ahmed I, Taylor JC. Prenatal diagnosis of familial ring 
21 chromosome. Prenat Diagn 1995;15(3):269–273. DOI: 10.1002/
pd.1970150310.

 18. Yip MY. Autosomal ring chromosomes in human genetic 
disorders. Transl Pediatr 2015;4(2):164–174. DOI: 10.3978/j.issn.2224-
4336.2015.03.04.

 19. Bertini V, Valetto A, Uccelli A, et  al. Ring chromosome 21 and 
reproductive pattern: A familial case and review of the literature. 
Fertil Steril 2008;90(5):2004 e1–e5. DOI: 10.1016/j.fertnstert.2008. 
01.087.

 20. Crombez EA, Dipple KM, Schimmenti LA, et al. Duplication of the 
Down syndrome critical region does not predict facial phenotype in 
a baby with a ring chromosome 21. Clin Dysmorphol 2005;14(4):183–
187. PMID: 16155419.

 21. Korenberg JR, Chen XN, Schipper R, et  al. Down syndrome 
phenotypes: The consequences of chromosomal imbalance. Proc Natl 
Acad Sci U S A 1994;91(11):4997–5001. DOI: 10.1073/pnas.91.11.4997.

 22. Al-Nbaheen MS. Analysis of Downs syndrome with molecular 
techniques for future diagnoses. Saudi J Biol Sci 2018;25(3):558–562. 
DOI: 10.1016/j.sjbs.2016.01.044.

 23. Turrens JF. Increased superoxide dismutase and Down’s syndrome. 
Med Hypotheses 2001;56(6):617–619. DOI: 10.1054/mehy.2001. 
1327.

 24. Tosh JL, Rhymes ER, Mumford P, et al. Genetic dissection of down 
syndrome-associated alterations in APP/amyloid-beta biology using 
mouse models. Sci Rep 2021;11(1):5736. DOI: 10.1038/s41598-021-
85062-3.

 25. Korenberg JR, Kawashima H, Pulst SM, et al. Molecular definition of a 
region of chromosome 21 that causes features of the Down syndrome 
phenotype. Am J Hum Genet 1990;47(2):236–246. PMID: 2143053.

 26. Qi Q, Zhou X, Jiang Y, et al. A rare de novo duplication of chromosome 
21q22.12 –> q22.3 with other concomitant deletion and duplication 

of small fragments in 21q associated with Down syndrome: Prenatal 
diagnosis, molecular cytogenetic characterization. Mol Cytogenet 
2013;6(1):11. DOI: 10.1186/1755-8166-6-11.

 27. Patterson D. Genetic mechanisms involved in the phenotype of Down 
syndrome. Ment Retard Dev Disabil Res Rev 2007;13(3):199–206.  
DOI: 10.1002/mrdd.20162.

 28. Hendrix JA, Amon A, Abbeduto L, et al. Opportunities, barriers, and 
recommendations in down syndrome research. Transl Sci Rare Dis 
2021;5(3–4):99–129. DOI: 10.3233/trd-200090.

 29. Donovan O. Changing ideas, changing norms: The case of ‘the 
responsibility to rebuild. Cooperation and Conflict 2018;53(3):392–
410. DOI: 10.1177/0010836717750203.

 30. Garvin DA, Margolis JD. The Art of Giving and Receiving Advice 
Boston, Massachussetts, USA: Harvadr Business Review. 2015. 
Available from: https://hbr.org/2015/01/the-art-of-giving-and-
receiving-advice.

 31. International DS, Society NDS, Association DsS. End The Stereotypes 
Exmouth, Devon, United Kingdom: World Down Syndrome Day team 
at Down Syndrome International. 2024. Available from: https://www.
worlddownsyndromeday.org/end-the-stereotypes.

 32. Marshall J, Tanner JP, Kozyr YA, et al. Services and supports for young 
children with Down syndrome: Parent and provider perspectives. 
Child Care Health Dev 2015;41(3):365–373. DOI: 10.1111/cch. 
12162.

 33. RF World Down Syndrome Day: A Chance to End the Stereotypes: 
United Nations. 2024. Available from: https://www.un.org/en/
un-chronicle/world-down-syndrome-day-chance-end-stereo 
types.

 34. Society GN. Every Baby Counts; Each time we lose an infant, we 
lose an entire life and its potential Clarksville, Maryland, USA: 
Global Newborn Society. 2024. Available from: https://www.
globalnewbornsociety.org/.

 35. International WDSDtaDS. Lots Of Socks campaign: Down 
Syndrome International. 2024. Available from: https://www.
worlddownsyndromeday.org/lots-of-socks-campaign.

 36. Fenton TR. A new growth chart for preterm babies: Babson and 
Benda’s chart updated with recent data and a new format. BMC 
Pediatr 2003;3:13. DOI: 10.1186/1471-2431-3-13.

https://hbr.org/2015/01/the-art-of-giving-and-receiving-advice
https://hbr.org/2015/01/the-art-of-giving-and-receiving-advice
https://www.worlddownsyndromeday.org/end-the-stereotypes
https://www.worlddownsyndromeday.org/end-the-stereotypes
https://www.un.org/en/un-chronicle/world-down-syndrome-day-chance-end-stereo
types
https://www.un.org/en/un-chronicle/world-down-syndrome-day-chance-end-stereo
types
https://www.un.org/en/un-chronicle/world-down-syndrome-day-chance-end-stereo
types
https://www.globalnewbornsociety.org/
https://www.globalnewbornsociety.org/
https://www.worlddownsyndromeday.org/lots-of-socks-campaign
https://www.worlddownsyndromeday.org/lots-of-socks-campaign

	_GoBack
	_Hlk166725703

