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Despite advances in the diagnosis and management of rare diseases (RDs), there remains a tendency to overlook adult RD
patients. In addition to the considerable number of adult-onset RDs, advances in the diagnosis and management of pediatric
RDs have led to an increase in the survival of these patients into adulthood. Adult RDs exhibit distinct features from pediatric
counterparts, necessitating careful consideration during medical assessments. Given the extended life expectancy of adult
RD patients, precise diagnosis and management strategies can significantly enhance patient outcomes. This review aims to
provide an in-depth exploration of the characteristics unique to adult RDs. Special emphasis will be placed on the importance
of cascade screening and prenatal genetic testing in the context of adult RDs, highlighting the need for a comprehensive un-

derstanding of these aspects in clinical practice.
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Introduction

Rare disease (RD) can encompass heterogeneous conditions
that affects a small percentage of the population [1]. Although
each RD typically involves a small number of patients, there are
approximately 7,000 identified RDs to date, collectively affect-
ing nearly 10% of the world's population [2]. Seventy percent of
all RDs are genetic, arising from both germline and somatic gene
mutations. Among RDs with a genetic origin, the majority fol-
low a monogenic pattern following Mendelian inheritance prin-
ciples [3]. However, some RDs arise from non-genetic causes,
such as infections, nutritional deficiencies, and autoimmune
responses [4-6).

RDs are generally defined based on prevalence; however, the
definition of RD differsamong countries. In the U.S,, the Orphan

Drug Act defines an RD as one that affects fewer than 200,000
people in the country, while the European Union defines RDs as
those that affect fewer than 1in 2,000 people [7]. In Korea, RDs
are defined as diseases affecting fewer than 20,000 individuals
[8]. The precise prevalence of RDs in Korea remains unknown,
but itis estimated that over 500,000 individuals suffer from RDs
in the country [9].

Among RDs, 70% are exclusively pediatric onset, 20% have
onset spanning both pediatric and adult stages, and 10% are
exclusively adult onset [1]. Although approximately 30% of
children with RDs face mortality before reaching the age of 5
years, some RDs transform into chronic conditions, leading to
lifelong disabilities [10]. RDs that manifest in late-adulthood are
entirely different types of conditions from pediatric RDs [11].
Therefore, adult RD patients exhibit characteristics distinct from

Received: 19 November 2023, Revised: 14 December 2023, Accepted: 14 December 2023, Published: 30 June 2024

*Corresponding author: Jangsup Moon, M.D., Ph.D.

https://orcid.org/0000-0003-1282-4528

Department of Genomic Medicine, Rare Disease Center, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea.
Tel: +82-2-2072-4265, Fax: +82-2-765-7920, E-mail: jangsup.moon@gmail.com

Conflict of interest: | declare that | do not have any conflicts of interests.

€ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

© Copyright 2024 by the Korean Society of Medical Genetics and Genomics

www.e-kjgm.org


https://orcid.org/0000-0003-1282-4528
https://crossmark.crossref.org/dialog/?doi=10.5734/JGM.2024.21.1.1&domain=pdf&date_stamp=2024-06-30

2 JMoon ® Adult rare diseases

www.e-kjgm.org

those observed in pediatric cases, underscoring the importance
of understanding these features and providing appropriate care.
This review aims to elucidate the unique characteristics of adult
RDs and highlight crucial issues in the clinical care of adult RD
patients.

General Characteristics of Adult Rare Disease
Patients

Adult RD patients can be divided into two categories. The first
category involves individuals who were diagnosed with RDs
during childhood, and as they become adults, they continue to
face the challenges associated with their condition. The transi-
tion from pediatric care to adult healthcare settings requires
careful consideration of the unique needs of these patients, as
the manifestation and management of RDs may evolve over
time [10]. Owing to the advances in the diagnosis and manage-
ment, and especially due to recent breakthroughs in RD thera-
peutics, individuals transitioning from childhood to adulthood
with RDs are anticipated to increase in the future [12]. For ex-
ample, Nusinersen has increased the survival rate of individuals
with Spinal Muscular Atrophy, leading to more patients reach-
ing adulthood [13]. Understanding the continuum of RDs from
childhood to adulthood is crucial for providing comprehensive
and effective medical care to this growing population [14].

The second category of patients with adult-onset RDs tends
to experience a longer diagnostic odyssey than those with pedi-
atric RDs [15,16]. This is because adult-onset RDs often exhibit a
wide spectrum of highly variable and heterogeneous symptoms.
Adult RD patients may present with nonspecific or common dis-
ease-like symptoms, insidious onset with subtle manifestations
that progressively worsen over time, and a complex interplay of
genetic, environmental, and other factors that make accurate
diagnosis more challenging [17].

However, it is noteworthy that adult RD patients frequently
exhibit symptoms not directly linked to a life-threatening condi-
tion, resulting in a longer life expectancy when seeking medical
attention [17,18]. Therefore, achieving an accurate diagnosis
becomes crucial, as it can bring significant positive changes to
the remaining lifespan of the patient. Although there is no cure
for the disease, in some cases, there is an opportunity to prevent
the transmission of the disease to the next generation through
genetic counseling and appropriate testing [19].

Another characteristics of adult RDs are higher proportion
of non-genetic causes than in the pediatric population. Envi-
ronmental exposures, lifestyle variables, and immunological

etiologies may contribute to the occurrence of adult RDs [2].
This complexity manadates a holistic diagnostic paradigm that
integrates genetic and non-genetic considerations. Interdisci-
plinary collaboration and access to specialized expertise become
crucial in unraveling the intricate symptomatology of adult RDs
[20]. Additionally, the psychosocial impact of living with a RD,
compounded by the uncertainty surrounding diagnosis and
prognosis, adds an additional layer of complexity that necessi-
tates a holistic approach to patient care [21].

Drug Repurposing and Dietary Modification

Drug repurposing, also known as drug repositioning, is the
process of redeveloping a compound for use in a different dis-
ease and is now becoming an increasingly important strategy
for RDs [7]. Developing new therapies for RDs is particularly
challenging and time-consuming due to the limited patient
population, making it difficult to justify the costs and time asso-
ciated with creating entirely new drugs. Additionally, many RDs
are life-threatening, and patients may not survive prolonged
clinical trials. Therefore, drug repurposing emerges as a more
cost-effective and time-efficient solution [22,23]. By leverag-
ing compounds that have already undergone rigorous testing,
researchers can expedite the drug development process and
potentially uncover novel treatments for rare conditions.

One of the most remarkable examples is the repurposing of
mexiletine for treating skeletal muscle channelopathies, includ-
ing nondystrophic myotonia such as paramyotonia congenita
and myotonia myotonia congenia [24]. Mexiletine is initially
developed as an antiarrhythmic medication, and its membrane-
stabilizing capacity has proven beneficial in alleviating the ab-
normal muscle excitability characteristic of these channelopa-
thies. As a sodium channel blocker, mexiletine specifically helps
regulate muscle cell membrane potential, thereby alleviating
symptoms of muscle stiffness. Consequently, mexiletine can sig-
nificantly improve the quality of life for patients who have suf-
fered from myotonia symptoms since birth [25]. This exemplifies
how exploring alternative applications for existing drugs can
provide valuable therapeutic options for individuals with RDs,
where treatment choices are limited.

Dietary modification proves to be profoundly beneficial in
specific RDs, particularly those caused by metabolic enzyme
deficiencies. Adjusting nutrient intake can help mitigate symp-
toms and promote overall well-being in individuals with these
conditions [26]. Very-long-chain acyl-CoA dehydrogenase
deficiency is a rare genetic disorder that makes the body unable
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to break down certain fats, leading to energy production issues.
It often manifests as recurrent rhabdomyolysis in its adult-
onset form. Dietary modification in these patients involves a
meticulous balance of carbohydrates and fats, coupled with
the restriction of long-chain fatty acids [27]. Similarly, carnitine
palmitoyltransferase |l deficiency, disrupting the fat utilization
during increased energy demands, results in exercise-induced
muscle pain and weakness in adults. Dietary adjustments are
crucial, emphasizing the necessity to requlate fat intake, ensure
sufficient carbohydrates, and to prevent energy depletion [28].
Dietary modifications are designed to optimize energy metabo-
lism, alleviate symptoms, and improve the overall quality of life
for those affected by these specific rare metabolic disorders.

Cascade Screening

Cascade screening is a medical approach used to identify
individuals at risk for a genetic disorder. This method involves
systematically testing the relatives of an individual who has
been diagnosed with a specific genetic condition [29]. Cascade
screening plays a pivotal role in the context of adult RDs, espe-
cially those with a genetic basis. Adults with RDs often develop
symptoms after getting married and having children, so there is
a possibility of another patient emerging within the family. By
tracing the familial thread of a RD, cascade screening has sig-
nificant implications for early detection, intervention, and the
implementation of targeted preventive measures [30].

By identifying individuals who have inherited the genetic pre-
disposition to a RD, doctors can implement preventive measures,
initiate monitoring, and provide timely interventions to mitigate
the impact of the condition. For instance, in the case of cerebral
autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL), cascade screening enables the
identification of asymptomatic carriers, allowing for extensive
control of vascular risk factors [31]. This involves blood pressure
management, cholesterol monitoring, and lifestyle modifica-
tions, contributing to enhanced disease management and im-
proved patient outcomes.

Itis crucial for healthcare professionals to provide a compre-
hensive and clear explanation to individuals undergoing cascade
screening, ensuring they fully understand the purpose, process,
and potential outcomes of the screening. In cases where there
are no treatment options for the identified condition, the sig-
nificance of informed consent becomes even more pronounced
[30].

In addition, testing minors who are at risk of certain RDs poses

ethical considerations since they may lack the capacity to fully
comprehend the risks and benefits of testing or make indepen-
dent decisions about testing [32]. Receiving a diagnosis of being
a carrier of certain rare genetic diseases during childhood can be
a challenging and overwhelming experience for both the child
and their family [33]. Consequently, unless they exhibit symp-
tomsofaRD, itis generally advisable to defer predictive testing
until they reach adulthood.

Prenatal Testing and Preimplantation Genetic
Testing

Understanding the inheritance patternsin genetic RDs allows
individuals to make informed decisions about having children.
It also provides an opportunity opens up opportunities to ex-
plore reproductive options [34]. In Korea, more than 200 specific
genetic disorders are eligible for genetic testing on fetuses or
embryos have been designated by law, and the list of such dis-
eases is continually expanding [35,36]. Most of these disorders
lack available treatments and exhibit severe symptoms. For these
conditions, prenatal testing or preimplantation genetic testing
(PGT) can be applied [34,37]. Prenatal testing includes chorionic
villus sampling and amniocentesis which can detect genetic
abnormalities of the fetus during pregnancy. PGT involves the
genetic analysis of embryos created through in vitro fertiliza-
tion before implantation, enabling the selection of embryos free
from specific genetic mutations associated with RDs. However,
as these testing methods are not 100% accurate, a thorough ge-
netic counseling process is crucial to adequately inform patients
and their families [34]. Particularly, when prenatal diagnosis
reveals a genetic disorder or chromosomal abnormality in the
fetus, ethical considerations arise, as the option of therapeutic
abortion may need to be considered. This not only poses ethical
dilemmas but also involves significant mental and physical chal-
lenges associated with pregnancy termination [38].

Huntington's disease (HD), an autosomal dominant neurode-
generative disorder, stands as a notable example for implement-
ing prenatal testing or PGT [38,39]. HD is caused by expansion of
CAG repeat in the HTT gene and typically manifest in individuals
between the ages of 30 and 50 years. Although the offsprings of
HD patient have 50% chance of inheriting the devastating dis-
ease, there is an opportunity to ascertain their inherited status
before the appearance of any symptoms. However, as previously
mentioned, diagnosing a disease without a cure during the pre-
symptomatic stage can pose a significant psychological burden.
Consequently, the implementation of cascade screening for HD
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warrants careful consideration. Nevertheless, if the offspring of
individuals with HD are considering marriage or parenthood, it
is essential to emphasize that determining their carrier status is
crucial [39]. This information enables the prevention of disease
transmission to the next generation through prenatal testing or
PGT. Healthcare professionals should provide sufficient informa-
tion to individuals, guiding them to make decisions based on
their own judgment.

Conclusion

Adult RDs exhibit distinct characteristics compared to pediat-
ric RDs. Therefore, understanding these unique aspects is impor-
tant in patient care. Given the longer life expectancy associated
with adult RDs, precise diagnosis provides opportunities such as
drug repurposing. Moreover, cascade screening is vital for the
early detection of patients within family members, and prenatal
genetic counseling is crucial for preventing the transmission of
RDs to subsequent generations. Healthcare professionals should
pay more attention to adult RDs, which will eventually enhance
patient care.

Acknowledgements

None.

Funding

No fundings to declare.

References

1. Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C,
Lanneau V, et al. Estimating cumulative point prevalence of rare
diseases: analysis of the Orphanet database. Eur J Hum Genet
2020;28:165-73.

2. Bryson B, Bogart K, Atwood M, Fraser K, Locke T, Pugh K, et al. Navi-
gating the unknown: a content analysis of the unique challenges
faced by adults with rare diseases. J Health Psychol 2021;26:623-35.

3. Wright CF, FitzPatrick DR, Firth HV. Paediatric genomics: diagnosing
rare disease in children. Nat Rev Genet 2018;19:253-68.

4. Reis ES, Mastellos DC, Yancopoulou D, Risitano AM, Ricklin D, Lambris
JD. Applying complement therapeutics to rare diseases. Clin Immunol
2015;161:225-40.

5. Chari ST. Diagnosis of autoimmune pancreatitis: the evolution of

diagnostic criteria for a rare disease. Clin Gastroenterol Hepatol

2017;15:1485-8.

Cutolo M. Autoimmune polyendocrine syndromes. Autoimmun Rev
2014;13:85-9.

Roessler HI, Knoers NVAM, van Haelst MM, van Haaften G. Drug re-
purposing for rare diseases. Trends Pharmacol Sci 2021;42:255-67.
Kim SY, Lim BC, Lee JS, Kim WJ, Kim H, Ko JM, et al. The Korean un-
diagnosed diseases program: lessons from a one-year pilot project.
Orphanet J Rare Dis 2019;14:68.

Lim SS, Lee W, Kim YK, Kim J, Park JH, Park BR, et al. The cumulative
incidence and trends of rare diseases in South Korea: a nationwide
study of the administrative data from the National Health Insurance
Service database from 2011-2015. Orphanet J Rare Dis 2019;14:49.
Mazzucato M, Visona Dalla Pozza L, Minichiello C, Manea S, Barbieri
S, Toto E, et al. The epidemiology of transition into adulthood of rare
diseases patients: results from a population-based registry. Int J Envi-
ron Res Public Health 2018;15:2212.

Matilla-Duefas A, Corral-Juan M, Rodriguez-Palmero Seuma A, Vilas
D, Ispierto L, Morais S, et al. Rare neurodegenerative diseases: clinical
and genetic update. Adv Exp Med Biol 2017;1031:443-96.

Sandquist M, Davenport T, Monaco J, Lyon ME. The transition to
adulthood for youth living with rare diseases. Children (Basel)
2022;9:710.

Berglund A, Berkd S, Lampa E, Sejersen T. Survival in patients diag-
nosed with SMA at less than 24 months of age in a population-based
setting before, during and after introduction of nusinersen therapy.
Experience from Sweden. Eur J Paediatr Neurol 2022;40:57-60.
Nanetti L, Kearney M, Boesch S, Stovickova L, Ortigoza-Escobar JD,
Macaya A, et al.; ERN-RND Working Group for Management of Tran-
sition. Child-to-adult transition: a survey of current practices within
the European Reference Network for Rare Neurological Diseases
(ERN-RND). Neurol Sci 2024;45:1007-16.

Defazio G, Berardelli A. Is adult-onset dystonia a rare disease? Time
for population-based studies. Mov Disord 2021;36:1119-24.
Fernandez-Eulate G, Carreau C, Benoist JF, Lamari F, Rucheton B, Shor
N, et al. Diagnostic approach in adult-onset neurometabolic diseases.
J Neurol Neurosurg Psychiatry 2022;93:413-21.

Schuermans N, Hemelsoet D, Terryn W, Steyaert S, Van Coster R,
Coucke PJ, et al.; for UD-PrOZA. Shortcutting the diagnostic odyssey:
the multidisciplinary program for undiagnosed rare diseases in adults
(UD-PrOZA). Orphanet J Rare Dis 2022;17:210.

Sabba C, Lenato GM, Custodero C, Suppressa P. Rare diseases in the
elderly: a new perspective for the specialist in geriatrics. Geriatr Care
2019;5:8769.

Burson CM, Markey KR. Genetic counseling issues in predictive
genetic testing for familial adult-onset neurologic diseases. Semin
Pediatr Neurol 2001;8:177-86.


https://doi.org/10.4081/gc.2019.8769
https://doi.org/10.4081/gc.2019.8769
https://doi.org/10.4081/gc.2019.8769

www.e-kjgm.org

https://doi.org/10.5734/JGM.2024.21.1.1 ® J Genet Med 2024;21(1):1-5 5

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Balestrini S, Guerrini R, Sisodiya SM. Rare and complex epilepsies
from childhood to adulthood: requirements for separate manage-
ment or scope for a lifespan holistic approach? Curr Neurol Neurosci
Rep 2021;21:65.

Castro R, Senecat J, de Chalendar M, Vajda |, Dan D, Boncz B; EUROR-
DIS Social Policy Advisory Group. Bridging the gap between health
and social care for rare diseases: key issues and innovative solutions.
Adv Exp Med Biol 2017;1031:605-27.

Pushpakom S, lorio F, Eyers PA, Escott KJ, Hopper S, Wells A, et al.
Drug repurposing: progress, challenges and recommendations. Nat
Rev Drug Discov 2019;18:41-58.

Shah S, Dooms MM, Amaral-Garcia S, Igoillo-Esteve M. Current drug
repurposing strategies for rare neurodegenerative disorders. Front
Pharmacol 2021;12:768023.

Suetterlin KJ, Raja Rayan D, Matthews E, Hanna MG. Mexiletine (Na-
Muscla) for the treatment of myotonia in non-dystrophic myotonic
disorders. Expert Opin Orphan Drugs 2020;8:43-9.

Vicart S, Franques J, Bouhour F, Magot A, Péréon Y, Sacconi S, et al.
Efficacy and safety of mexiletine in non-dystrophic myotonias: a
randomised, double-blind, placebo-controlled, cross-over study. Neu-
romuscul Disord 2021;31:1124-35.

Liu X, Chen H, Zhong Y, Lee TY, Han W, Yu D, et al. Diet therapy
in patients with rare diseases: a scoping review. J Hum Nutr Diet
2023;36:742-53.

Van Calcar SC, Sowa M, Rohr F, Beazer J, Setlock T, Weihe TU, et al.
Nutrition management guideline for very-long chain acyl-CoA de-
hydrogenase deficiency (VLCAD): an evidence- and consensus-based
approach. Mol Genet Metab 2020;131:23-37.

Joshi PR, Zierz S. Muscle carnitine palmitoyltransferase Il (CPT Il) defi-
ciency: a conceptual approach. Molecules 2020;25:1784.

Krawczak M, Cooper DN, Schmidtke J. Estimating the efficacy and ef-

ficiency of cascade genetic screening. Am J Hum Genet 2001;69:361-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

70.

Germain DP, Moiseev S, Suarez-Obando F, Al Ismaili F, Al Khawaja H,
Altarescu G, et al. The benefits and challenges of family genetic test-
ing in rare genetic diseases-lessons from Fabry disease. Mol Genet
Genomic Med 2021;9:e1666.

Meschia JF, Worrall BB, Elahi FM, Ross OA, Wang MM, Goldstein ED,
et al. Management of inherited CNS small vessel diseases: the CADA-
SIL example: a scientific statement from the American Heart Associa-
tion. Stroke 2023;54:2452-64.

Schefelker JM, Peterson AL Screening and management of dyslipid-
emia in children and adolescents. J Clin Med 2022;11:6479.

Ormond KE, Blasimme A, Vayena E. Ethical aspects of pediatric genet-
ic care: testing and treatment. Pediatr Clin North Am 2023;70:1029-
46.

De Rycke M, Berckmoes V. Preimplantation genetic testing for mono-
genic disorders. Genes (Basel) 2020;11:871.

Ginoza MEC, Isasi R. Regulating preimplantation genetic testing
across the world: a comparison of international policy and ethical
perspectives. Cold Spring Harb Perspect Med 2020;10:a036681.

Kim MJ, Park SO, Hong YS, Park EA, Lee YB, Choi BO, et al. Clinical
application of genome-wide single nucleotide polymorphism ge-
notyping and karyomapping for preimplantation genetic testing of
Charcot-Marie-Tooth disease. J Genet Med 2022;19:7-13.

Shaw J, Scotchman E, Chandler N, Chitty LS. Preimplantation genetic
testing: non-invasive prenatal testing for aneuploidy, copy-number
variants and single-gene disorders. Reproduction 2020;160:A1-11.
Hershlag A. Preimplantation genetic testing for adult-onset condi-
tions. In: King LP, Band IC, eds. Case studies in the ethics of assisted
reproduction. Springer, 2023;61-9.

Fahy N, Rice C, Lahiri N, Desai R, Stott J. Genetic risk for Huntington
disease and reproductive decision-making: a systematic review. Clin
Genet 2023;104:147-62.


https://doi.org/10.1080/21678707.2020.1739519
https://doi.org/10.1080/21678707.2020.1739519
https://doi.org/10.1080/21678707.2020.1739519
https://doi.org/10.5734/JGM.2022.19.1.7
https://doi.org/10.5734/JGM.2022.19.1.7
https://doi.org/10.5734/JGM.2022.19.1.7
https://doi.org/10.5734/JGM.2022.19.1.7
https://doi.org/10.1007/978-3-031-41215-8_7
https://doi.org/10.1007/978-3-031-41215-8_7
https://doi.org/10.1007/978-3-031-41215-8_7

