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Abstract

Down syndrome (DS) is the most common genetic cause of intellectual and developmental
disabilities (IDDs) in the United States with an estimated birth prevalence of 1:691 births (http://
www.cdc.gov/nchddd/birthdefects/data.html); however, worldwide estimates of the number of
individuals with IDDs, including DS, remain speculative. Little is known about the global health
impact of DS, such as heart defects, gastrointestinal malformations, and other medical and
behavioral issues. Further research is needed to develop the next generation of novel therapies and
compounds aimed at improving cognition, reducing dementia and mitigating other manifestations
of DS. To address these challenges, the National Institutes of Health (NIH) has created the first
web-based, voluntary registry and data resource called DS-Connect™: The Down Syndrome
Registry (https://DSConnect.nih.gov) to collect demographic and health information about
individuals with DS.
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Opportunities in DS Research

Over the past several decades, families affected by both rare and common conditions have
come to appreciate the value of systematic registries to document the natural history of the
condition and to provide opportunities to participate in ongoing medical and social science
research. Although Down syndrome (DS) is the most common genetic cause of intellectual
and developmental disabilities (IDDs) in the United States, worldwide estimates of the
number of individuals with IDDs such as DS remain speculative at best 1 (see Figure 1).
Furthermore, little is known about the global impact of the other non-IDD manifestations of
DS that are caused by having three copies of chromosome 21, such as heart defects,
gastrointestinal malformations, and the other medical and behavioral issues.

In the last 40 years, substantial research has occurred to better elucidate the molecular
underpinnings of DS and the resulting clinical consequences 2. Specialized medical
interventions (e.g., pediatric heart surgery and antibiotics) have improved early survival and
longevity for many people with DS in the United States and Europe 3-5. A wide spectrum of
biomedical and educational research has led to the development of specialized medical and
educational programs that have arguably had a profound and positive impact on the quality
of life for people with DS and their families 6-8. However, many challenges still remain.
Adults with DS are hospitalized more than the general population and for longer durations °.
Approximately 50% of those with DS have some form of congenital heart disease, with
atrioventricular septal defects constituting a significant proportion. Moreover, a high
prevalence of celiac disease and autoimmune conditions was observed in older individuals.
Also, those with DS in their 30s and 40s are known to be at significant risk for the early-
onset of Alzheimer’s disease, perhaps due to the triplicate copy of -amyloid precursor
protein on chromosome 21. These phenotypic presentations of DS are under intense
investigation by researchers using various tools including animal models (e.g. trisomic mice)
in hopes of developing novel therapies to ameliorate those impairments. However, mice are
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not equivalent to humans, and most testing paradigms do not capture the complexities of
human cognition and behavior 0. Moreover, many treatments effective in improving
working memory in mice have not translated to humans 11, and relatively few cognition-
enhancing pharmaceutical therapies have been tested in humans. The U.S. National
Institutes of Health (NIH) has recognized the need to promote research that can benefit
individuals with DS by informing the development of novel therapies and compounds to
improve cognition, reduce dementia and mitigate the other manifestations of DS.

DS-Connect™: The Down Syndrome Registry

To address these challenges, the NIH has created the first web-based, voluntary registry and
data resource for DS called DS-Connect™: The Down Syndrome Registry (http://
DSConnect.nih.gov) to collect demographic and health information about individuals with
DS. Since the launch of the registry in September 2013, over 2800 participants registered,
mostly in the U.S. All of the information in this secure registry is entered by an individual
with DS or a family member after an online consent process, and can be updated
periodically. Notably, the de-identified, aggregate data can be viewed by registry
participants as well as registered professionals; the professional portal was launched in fall
2014 and is open to interested researchers, clinicians, advocates, and industry
representatives. One feature of the registry is that a researcher will be able to apply for
assistance in recruiting subjects with DS for clinical studies--once the investigator’s study is
approved, the registry coordinator will contact eligible families to inform them of the study
and invite them to contact the researcher directly to participate in the research. This provides
a targeted mechanism to recruit individuals with specific manifestations for clinical trials via
DS-Connect™ while maintaining participant confidentiality, since scientists and researchers
will never have direct access to the registrants. DS-Connect™ will also be an essential tool
for obtaining self-reported medical information from individuals and families throughout the
lifespan, which can create a better understanding of the natural history of DS and hence,
enable the design of better therapeutic interventions and treatments tailored to different
phases of development. The information in DS-Connect™ could also be used to
comprehend disparities in health outcomes for those with DS both within the United States
and internationally. Participation by a global cohort of individuals in DS-Connect™ could
facilitate longitudinal studies of many aspects of DS and enrich geographic and racial/
ethnicity data, while promoting clinical research that will improve the health and quality of
life for individuals with DS.

In addition, the NIH is addressing ongoing challenges in DS research by engaging in
continued dialogue with the broader DS community. The NIH published the first national
research agenda for DS, the NIH Research Plan on Down Syndrome, in 2007 after inviting
comments from researchers, clinicians, advocates, and families across the U.S.12 In 2011,
the NIH brought together national and international DS organizations in the creation of a
public-private partnership, aptly named the Down Syndrome Consortium, with the goal of
advancing DS research. Consortium members and other interested parties provided rich
commentary on the NIH Research Plan on Down Syndrome, which led to an updated
research agenda. This current plan addresses needs articulated by the DS research
community in five major areas: Pathophysiology of Down Syndrome and Disease
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Progression; Screening, Diagnosis, and Functional Measures of Down Syndrome-Related
Conditions; Treatment and Management; Down Syndrome and Aging; and Research
Infrastructure. This updated plan outlines priority areas and can be used as a roadmap to
support promising DS research in the future. 13

Conclusion

By tapping into the collective voice of individuals and families using DS-Connect™, the
global DS community, researchers and caregivers will improve our understanding of this
condition throughout the lifespan of affected individuals and enhance research participation
globally. Along with a clear research agenda as articulated in the 2014 NIH Research Plan
on Down Syndrome, 13 NIH is working to create the tools and resources to support a global
research effort to improve the quality of life for those with DS,; furthermore, the success
with this approach could galvanize research across all IDD and other rare genetic diseases,
and thus help improve the lives of a broad range of affected individuals worldwide.
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Highlights
e Down syndrome (DS) is the most common genetic cause of intellectual and

developmental disabilities however, worldwide estimates remain speculative

» Little is known about the global health impact of DS, such as heart defects,
gastrointestinal malformations, and other medical and behavioral issues

» To address these challenges, the National Institutes of Health has created the
first web-based, voluntary registry and data resource called DS-Connect™: The
Down Syndrome Registry (https://DSConnect.nih.gov)
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Figure 1.

Estimated global prevalence of Down Syndrome based on Prenatal diagnosis/detection (A)
and Live births (B) per 10,000 in eleven countries. For 1A, data were not available for
England & Wales, Israel, Russia and the United States; for 1B, data were not available for
China, Finland, and Germany.

China: The overall incidence was 1/520 (see ref 14);

Czech Republic: The total incidence including prenatal diagnostics was 1.58-22.2 but the
total incidence per 10,000 births reported was 3.3-6.5 (see ref 15);

England and Wales: In UK the prevalence was found to be 1/917 (see ref 16)

Finland: The prevalence was found to be 1/370 (see ref 17);

France: In France numbers vary from an expected live birth prevalence of 1/460 to a
termination related decrease in live born prevalence to be 1/1960 (see ref 18:19) also the total
prevalence of DS increased to 1/549 between 1993 to 2004, but the prevalence of DS births
remained stable at 1/1205 (see ref 20);

Germany: among singleton pregnancies the prevalence was 1/356 (see ref 21);

India: Reports show a prevalence during pregnancy to be 1/451 whereas in a maternity
hospital in Kuala Lumpar the incidence of live births was 1/959 and in a tertiary referral
center was 1/800 (see ref 22-24)

Israel: Israel has a national program for the prevention of DS, however a majority of DS
infants are born alive c.a. 1/1000 (see ref 25), in 1997 the actual incidence rate was 1/909
while the true incidence rate was 23.2 (see ref26):

Glob Heart. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Peprah et al.

Page 9

Norway: One study involving paternal age found a weak estimated effect and an incidence
of 1/971, another was 1/560, a third study found a rate of 1/500 amongst 288,213 births and
terminations during 2001-200 (see ref 27-29);

Russia: Prevalence in Leningrad between 1982-1989 was 1/752 with a doubling of risk
between ages 30-34 rather than 35-39, In, Altai Republic it was 1/1075 (see ref 30. 31);
United States: A current estimate of prevalence is 1/1209 (see ref 32)
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