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Purpose: Rare diseases necessitate consistent access to specialized health services. In Korea, de-
spite the growing socioeconomic burden, insufficient comprehensive research is available on pa-
tients with rare diseases and their families, particularly concerning factors influencing the length
of time to diagnosis. The aim of this study was to thoroughly characterize rare pediatric diseases
and explore factors impacting the diagnostic odyssey.

Methods: The study enrolled patients under 15 years old seeking medical care at the Seoul Na-
tional University Children's Hospital Rare Disease Center between January 2022 and December
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2023. Participating patients were required to have been diagnosed with one of the 1,248 rare
diseases recognized in Korea. A 33-question survey was developed to assess clinical features of
the patients, characteristics of their primary caregivers, and their perceptions of ongoing medical
care.

Results: The study included 101 patients and their families. Regarding perceived cognitive and
motor functions, most families indicated moderate or severe limitations (cognitive, 62.4%; motor,
57.49%). Over half of the families (53.5%) reported discontinuing employment to provide patient
care. Neurological symptoms represented the most common initial chief concern, with dermato-
logic symptoms and laboratory test abnormalities also noted. Three factors were associated with
time to diagnosis: the number of hospitals visited, whether the districts of residence and diagno-
sis aligned, and the age at symptom onset.

Conclusion: The comprehensive characterization of patients with rare diseases and their families
in Korea, along with the identification of factors impacting the diagnostic odyssey, provides key
insights for the development of a tailored support system.
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Introduction

Rare diseases are often characterized by their complexity, their
chronic nature, and the potential for intellectual and physical dis-
abilities, necessitating regular and sustained access to a variety of
specialized health services [ 1]. The complexity of these conditions
makes timely and accurate diagnosis crucial for affected families.
Such a diagnosis enables them to clearly explain their child’s medi-
cal condition to others, cease blaming themselves for their child’s
health issues, potentially restore reproductive confidence, and alle-
viate the stress associated with uncertainty about the illness and fu-
ture expectations. In contrast, delayed or incorrect diagnosis can
lead to the use of inappropriate and potentially harmful treatments
[2-4]. However, the journey to diagnose rare diseases is often pro-
longed, as noted in numerous studies. A European study reported
that 25% of patients with rare diseases faced a diagnostic odyssey
lasting between S and 30 years [ 5], a finding echoed by an Austra-
lian study in which many patients experienced a period of over 5
years before diagnosis [6]. Advances in genomics have substantial-
ly shortened the diagnostic odyssey for rare diseases [7], but con-
certed efforts are still required to establish a comprehensive diag-
nostic framework [8]. In the United States, the National Institutes
of Health initiated a program titled “Multidisciplinary machine-as-
sisted, genomic analysis and clinical approaches to shortening the
rare diseases diagnostic odyssey” with the aim of reducing the time
to diagnosis for patients with these conditions [9].

Numerous rare diseases exist globally, with nearly 8% of the gen-
eral population having such a condition, underscoring their impact
despite their individual rarity [10]. A recent study estimated that
5.5 million children and adults in the United States are affected by
rare diseases, resulting in a cumulative economic burden of $997
billion. This figure includes $449 billion (45%) in direct medical
costs, $437 billion (44%) in indirect costs, $73 billion (7%) in
non-medical costs, and $38 billion (4%) in healthcare expenses
not covered by insurance [11]. In Korea, a rare disease is defined
by the Rare Disease Act of 2016 as one that affects fewer than
20,000 patients or has an indeterminate prevalence due to its rarity
[12]. A study by Choi and Lee [13] reported that from January 1
to December 31, 2020, Korea had 52,069 documented cases of
rare diseases, with 691 distinct conditions. Patients diagnosed with
these diseases incurred an average of 3,000 US dollar (USD) in ex-
penses within the first 3 months after diagnosis [13].

Despite the considerable and increasing socioeconomic burden
in Korea, the literature does not yet include a comprehensive char-
acterization of patients with rare diseases and their families, nor an
identification of factors influencing the duration of the diagnostic
journey. The objectives of this study were to comprehensively
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characterize the clinical features and diagnostic odyssey of pediat-
ric patients with rare diseases and their families, identify factors in-
fluencing the time to diagnosis, and assess their satisfaction with

medical care.

Materials and Methods

This study enrolled patients under the age of 15 years who sought
medical attention at the Rare Disease Center of Seoul National
University Children’s Hospital between January 2022 and Decem-
ber 2023. Under the inclusion criteria, patients were required to
have been diagnosed with one of the 1,248 rare diseases designated
by the Korea Disease Control and Prevention Agency, according
to the International Classification of Diseases, 11th revision [14].
Patients with one of these diseases who planned to visit our clinic
were screened the day before the visit, and their caregivers were
asked about their willingness to participate in our survey. After in-
formed consent was provided, a written survey was provided. The
survey consisted of 33 questions designed to evaluate the clinical
attributes of patients, characteristics of the primary caregiver, spe-
cifics of the disease, and perceptions of the ongoing medical care.
The primary caregiver of the patient was asked to fill out the sur-
vey. Respondents were queried about the perceived cognitive and
mobility status of the patient, with potential responses of “no lim-
itation,” “moderate limitation,” and “severe limitation” No objective
tests were performed to verify the cognitive and mobility statuses
reported by the participants. The patient’s residential district and
the district where the diagnosis was made were recorded to under-
stand the factors affecting the diagnostic odysseys of these patients.
The “diagnosed district” was defined as the city or province where
the hospital that provided the final diagnosis was located. For fur-
ther analysis, patients were categorized based on whether their res-
idential and diagnosed districts were the same or different. The
number of hospitals visited before arriving at the institution that is-
sued the final diagnosis was also recorded. This was referred to as
the “number of hospitals visited” in the analysis. Both the Korean
and English versions of the survey are available in Appendix 1. We
also conducted a chi-square analysis to investigate factors influenc-
ing the duration of the diagnostic odyssey in pediatric patients with
rare diseases. The patients were divided into two groups based on
the time to diagnosis: those with diagnostic durations of less than 6
months and those with durations exceeding 6 months. The ques-
tionnaire was developed using key questions generated by the
Seoul National University Hospital Rare Disease Center.

Data analysis was conducted using GraphPad Prism version
9.3.1 (GraphPad Software, San Diego, CA, USA). Categorical data
were analyzed using either the chi-square or Fisher exact test, while
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continuous data were assessed with the Student t-test. Multiple lo-
gistic regression analysis was employed to identify factors associat-
ed with the duration of the diagnostic odyssey and the families’ sat-
isfaction with the medical care received. The study received ap-
proval from the Seoul National University Hospital Institutional
Review Board (H-2209-143-1362).

Results

1. Clinical characteristics of families of pediatric patients
with rare diseases

A total of 101 patients and their families were enrolled in the study:
The largest group of patients were between the ages of 0 and 3
years (n=31, 30.4%), with the smallest group being those aged 7 to
9 years. When asked about the perceived cognitive function of the
patients, 38 families (37.6%) reported no cognitive limitations, 59
families (58.4%) indicated moderate limitations, and four families
(4.0%) described severe limitations. Regarding perceived mobility
status, 43 families (42.6%) indicated no limitations, 37 families
(36.6%) reported moderate limitations, and 21 families (20.8%)
described severe limitations. The onset of symptoms most fre-
quently manifested as developmental delay (n=28, 27.7%), fol-
lowed by developmental regression and abnormal physical findings
during examination (n=27, 26.7%) and congenital abnormalities
(n=1S, 14.9%). Most patients experienced the onset of symptoms
before reaching 1 year of age (n=71, 70.3%). The most common
primary phenotype associated with the final diagnosis was neuro-
logical (n=50, 49.5%), followed by muscular (n=19, 18.9%) and
neurocutaneous (n=10, 9.9%). The primary caregivers for the pa-
tients were overwhelmingly mothers (n=93, 91.2%), and more
than half of the families (n=54, 53.5%) reported that a member
had stopped working to care for the patient. The clinical character-
istics of the patients and families are summarized in Table 1. The
diagnoses of the 101 patients included in this study can be found in
Supplementary Table 1.

2. Diagnostic odysseys of families of pediatric patients
with rare diseases

Patients predominantly sought initial medical attention at local
hospitals (n=38, 37.6%) at the onset of symptoms. Secondary or
tertiary hospitals were the next most common choice (n=33,
32.7%), followed by emergency rooms (n=30, 29.7%). Over half
of patients (n=53, 52.5%) received a diagnosis within 6 months of
their initial hospital visit, while 32 patients (31.7%) experienced a
diagnostic odyssey lasting over a year. Before arriving at a conclu-
sive diagnosis, a large proportion of patients (n=80, 79.2%) visited
two to three different hospitals. The distribution of medical costs
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Table 1. Clinical characteristics of pediatric patients with rare dis-
eases and their families

Patients No. (%) (n=101)
Sex

Male 49 (48.5)

Female 52 (51.5)
Age at time of study (yr)

0-3 31(30.4)

4-6 22 (21.6)

7-9 20 (19.6)

>10 28 (28.4)
Perceived cognitive function

Not limited 38(37.6)

Moderately limited 59 (58.4)

Severely limited 4 (4.0)
Perceived mobility

Not limited 43 (42.6)

Moderately limited 37 (36.6)

Severely limited 21(20.8)
Presenting symptom

Developmental delay 28 (27.7)

Developmental regression/abnormal physical findings 27 (26.7)

during examination

Congenital abnormality 15 (14.9)

Visual/hearing impairment 10 (9.9)

Skin lesion 9(8.9)

Intrauterine abnormality 8(7.9)

Seizure 4 (4.0)
Age at onset

Before 1 month 38(37.6)

1 month to 1 year 33(32.7)

>1 year 30(29.7)
Primary phenotype of final diagnosis

Neurological 50 (49.5)

Muscular 19 (18.9)

Neurocutaneous 10 (9.9)

Metabolic 8(7.9)

Ophthalmologic 8(7.9)

Others 6(5.9)
Families 101
Primary caregiver

Father 8(7.8)

Mother 93(91.2)
Educational status

No higher education 15 (14.9)

Completed undergraduate education 75 (74.3)

Completed graduate education 11 (10.8)
Left a job for patient care

Yes 54 (53.5)

No 47 (46.5)
Monthly income (USD)

<3,000 28 (27.7)

3,000-5,000 44 (43.6)

>5,000 29 (28.7)
USD, US dollar.
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incurred before diagnosis was relatively even across three catego-
ries: less than 1,000, 1,000-3,000, and 3,000 USD or more. How-
ever, post-diagnosis, nearly half of the patients (n=45, 44.6%) re-
ported expenses exceeding 3,000 USD for ongoing care. Among

their residential region. Notably, patients who were older at symp-

tom onset were significantly more likely to endure an extended di-

Table 2. Diagnostic odyssey of pediatric patients with rare diseases

the 101 patients and families participating in the study, 43 patients

Categories No. (%)
were from Seoul or Gyeonggi province, making up 42.6% of the Type of hospital initially visited
cohort. The remaining 58 patients hailed from various other prov- Local hospital 38(37.6)
inces across Korea, constituting 57.4%. The residential distribution Secondary or tertiary hospital 33(327)
of the patient population closely mirrors the distribution of the ) Emergen'cY om0 , 30(297)
Time from initial hospital visit to final diagnosis
general population in Korea [15]. The details are summarized in <6 months 53 (52.5)
Table 2. 6 months to 1 year 16 (15.8)
Our analysis of factors influencing time to diagnosis revealed a 21 year 32(31.7)
statistically significant correlation between the duration of the di- Number of hospitals visited before diagnosis
. . .. . 2-3 80(79.2)
agnostic odyssey and the number of hospitals visited. Specifically, 45 15 (14.9)
among patients with a diagnostic odyssey shorter than 6 months, >6 6(59)
51 visited two to three hospitals, two visited four to five hospitals, Medical costs paid before diagnosis (USD)
and no patients visited six or more hospitals. In contrast, within the <1,000 34(33.7)
. L 1,000-3,000 31(30.7)
patient group experiencing an odyssey longer than 6 months, 29 53,000 36 (35.6)
patients visited two to three hospitals, 13 visited four to five hospi- Medical costs oaid after diagnosis (USD) :
tals, and six visited six or more hospitals (P<0.001) (Fig. 1A). Fur- <1,000 36 (35.6)
thermore, patients diagnosed outside their residential district were 1,000-3,000 20(19.8)
significantly more likely to experience a prolonged diagnostic od- 2.3'009 45 (44.6)
th tients di dwithin their district of resid (Fi Residential area
yssey than patients diagnosed wi eir district of residence (Fig. Seoul or Gyeonggi province 43 (426)
1B). Of the patients who were diagnosed after 6 months from Others 58 (57.4)
symptom onset, 34 patients (70.8%) were diagnosed outside of USD, US dollar.
Duration of

diagnostic odyssey
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Fig. 1. Factors affecting the duration of the diagnostic odyssey. Patients were divided into two groups for analysis based on time to diag-
nosis following symptom onset: those with a diagnostic odyssey of less than 6 months and those with a duration of 6 months or more.
(A) Patients who visited a greater number of hospitals (4-5 or more) were significantly more likely than patients who attended fewer
hospitals to experience a diagnostic odyssey exceeding 6 months. (B) Patients were categorized based on whether the location of their
diagnosing hospital matched their residential area. Those with alignment were classified as “matched,” while those diagnosed outside
their residential area were designated as "unmatched.” Patients in the "unmatched" group were significantly more likely to experience
a prolonged diagnostic odyssey. (C) Patients were classified according to the time of symptom onset: before 1 month, between 1 month
and 1 year, and 1 year or more. Those with an earlier onset of symptoms were significantly more likely to report an extended diagnostic
odyssey.
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agnostic journey (Fig. 1C). No other factors significantly affected
the duration of the diagnostic odyssey in the study population.

Subsequently, we conducted a multivariate analysis to assess the
combined impact of these significant factors on the time to diagno-
sis. The P values obtained from the logistic regression analysis for
the three variables—number of hospitals visited, whether the resi-
dential district matched the diagnosed district, and age at symptom
onset—were 0.006, 0.028, and 0.10, respectively.

3. Factors influencing satisfaction with medical care in
families of pediatric patients with rare diseases

We surveyed families to gauge their satisfaction with the medical
care currently being received. Based on their feedback, we divided
families into two groups: those who found the care “not satisfacto-
ry or equivocal” and those who deemed it “satisfactory” Of all re-
spondents, 31 (30.7%) reported being satisfied, while 70 (69.3%)
expressed dissatisfaction or uncertainty about the medical care
they were receiving. Our analysis, which employed chi-square tests
to examine clinical factors associated with these patients and their
families, identified two significant factors influencing satisfaction
with current medical care. First, families who had faced higher
medical costs before receiving a diagnosis reported a significantly
greater degree of satisfaction with their current medical care. Spe-
cifically, within the group that had spent less than 1,000 USD, 28

respondents indicated that they were dissatisfied or equivocal,
while six reported satisfaction. In contrast, among those who had
spent at least 1,000 USD, 41 were dissatisfied or equivocal, while
25 expressed satisfaction (P=0.038) (Fig. 2A). Second, families
who perceived moderate to severe limitations in cognitive func-
tions displayed comparatively high satisfaction with the medical
care received. Specifically, among caregivers of patients with no
perceived limitations, 30 found the medical care unsatisfactory or
equivocal, while seven expressed satisfaction. Among caregivers of
those with moderate limitations, 26 respondents reported feeling
unsatisfied or equivocal, while 22 were satisfied. Regarding caregiv-
ers of patients with severe limitations, three indicated feeling unsat-
isfied or equivocal, while two were reportedly satisfied with the
care provided (P=0.033) (Fig. 2B).

Discussion

For the first time in Korea, we present a comprehensive characteri-
zation of patients with rare diseases and their families, as well as the
factors impacting the duration of the diagnostic odyssey. The Ko-
rea Centers for Disease Control and Prevention has released statis-
tics on rare diseases since 2019, reporting 52,069 cases in 2020
[16]. The enactment of the Rare Disease Control Act in 2016 was

a key milestone for the management of rare diseases in Korea. Fol-
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Fig. 2. Factors affecting satisfaction with medical care. Patients were divided into two groups for analysis: those with unsatisfactory or
equivocal responses to their medical care and those with responses indicating satisfaction. (A) Families who incurred at least 1,000 US
dollar (USD) of expenses were significantly more likely than families with lower costs to be satisfied with their medical care. (B) Patients
were categorized based on their families' perceptions of their cognitive impairment. Relative to those perceiving no limitations, families
indicating moderate or severe cognitive limitations were significantly more likely to be satisfied with the medical care provided.
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lowing this, in 2017, the Korea Centers for Disease Control and
Prevention introduced the first comprehensive plan for rare disease
management. This strategy provided an overview of the current
state of rare diseases, outlined strategies for problem management,
emphasized the need to expand diagnostic capabilities, under-
scored the importance of treatment, advocated for better manage-
ment support, and highlighted the need to strengthen research and
development programs. Since 2001, the government has provided
medical expense assistance to individuals registered under the Rare
Disease Special Reimbursement Case program, designed specifi-
cally for patients with these conditions. However, challenges per-
sist in the area of extremely rare diseases, which—even among rare
conditions—have remarkably low prevalence rates. This creates
gaps that are not covered as special reimbursement cases, often due
to the lack of a diagnostic code or an unclear diagnosis name. Ini-
tiatives are also underway to support medical expenses, such as
temporary aid for disaster-related medical costs and the establish-
ment of a cap on out-of-pocket expenses. Despite these efforts to
alleviate medical costs, the financial burden on patients and their
families endures, particularly due to the costs associated with ex-
pensive unregistered tests and the extensive use of off-label drugs
[17-19].

Despite concerted policy initiatives targeting rare diseases, it re-
mains challenging for patients with rare diseases and their families
to articulate the various obstacles they face, including unmet medi-
cal needs. This difficulty often stems from the isolation these indi-
viduals experience due to the rarity of their conditions, which can
lead to a lack of social attention [20]. Consequently, interventions
must be systematically and consistently applied, extending beyond
medical treatment to include social support, psychosocial strate-
gies, and policy improvements [21,22]. Our study, which provides
a quantitative analysis of the time required to diagnose children af-
fected by rare diseases, the factors impacting the duration of the di-
agnostic journey, and the level of satisfaction with the diagnostic
process, should serve as a crucial foundation for the development
of future rare disease policies in Korea.

The finding that over half of the families perceived the patients
to be moderately or severely limited in both cognitive and motor
functions (62.4% and 57.4%, respectively) underscores the need
for multidisciplinary support. Additionally, the high rate of care-
givers leaving their jobs to care for patients (53.5%) signals an ur-
gent need for assistance not only for patients with rare diseases
but also for the families caring for them. The call for comprehen-
sive support, which includes both medical and psychosocial assis-
tance for patients and their families, has been repeatedly highlight-
ed in studies on rare diseases [23-26]. Our study meaningfully
contributes to the global recognition of the need for multidisci-
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plinary support for patients with these diseases and their families
in Korea. In future research, a detailed analysis of caregivers’ edu-
cational backgrounds, monthly incomes, and medical expenses
before and after diagnosis would be instrumental in understand-
ing the fundamental characteristics of this population. This infor-
mation would provide valuable insights for future discussions of
potential support policies.

Additionally, our study underscores the diversity of initial pre-
senting symptoms and final diagnoses observed. The most com-
mon presenting symptom was developmental delay (27.7%), and
the predominant final diagnosis was related to neurological condi-
tions (49.5%). However, the spectrum of initial symptoms was
broad, encompassing developmental regression, birth abnormali-
ties, visual and hearing impairments, skin lesions, and intrauterine
growth abnormalities. This variety speaks to the importance of a
multidisciplinary team approach in the diagnosis of rare diseases.
Consistent with numerous studies emphasizing the value of such
teams in rare disease diagnosis [27-31], our findings regarding the
varied presenting phenotypes at the onset of symptoms further re-
inforce the necessity of adopting a multidisciplinary team approach
for diagnosing these conditions in Korea.

In this study, we clarified the characteristics of healthcare usage
by patients with rare diseases and their families in Korea, along
with the factors impacting the length of the diagnostic odyssey.
Our study identified three variables associated with this duration:
the number of hospitals visited, whether the districts of residence
and diagnosis aligned, and the age at symptom onset. Given that
an earlier onset of symptoms increases the likelihood of obtaining
a confirmatory genomic diagnosis [32], early symptom onset will
continue to play a key role in shortening the diagnostic odyssey, es-
pecially as genomic medicine advances. The number of hospitals
visited and the correspondence between the residential and diag-
nostic districts are consistent with other studies [33,34], suggest-
ing that individuals experiencing diagnostic delays are more likely
to receive a diagnosis in a region outside of their area of residence.
Consequently, they often must travel to visit hospitals or consult
specialists—both within and beyond their local areas—and may
experience an increased number of hospital visits. The impact of
delayed referral is well recognized, as it not only affects the length
of the diagnostic process but also the outcomes of many diseases,
including rare conditions [35-37]. The findings from our study
underscore the importance of establishing a networked referral
system in Korea to reduce the diagnostic odyssey for patients with
rare diseases. The awareness of primary care physicians about these
diseases greatly affects the duration of the diagnostic odyssey for
patients. Therefore, continuous efforts to provide education and
information about rare diseases to the medical community are es-
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sential for improving patient outcomes [38,39].

Patient and family satisfaction with the medical care received
was markedly associated with the medical expenses incurred. Con-
trary to conventional wisdom, those who faced higher annual
medical costs reported significantly higher satisfaction with the
quality of care received. This could stem from the increased access
to medical services that often comes with higher healthcare spend-
ing [40,41]. However, to fully grasp this phenomenon, more re-
search is needed. The present study did not explore the specifics of
the patients’ medical expenses beyond annual amounts.

Our study has several limitations that warrant attention. First,
the analysis was conducted exclusively at a single tertiary center,
with participation limited to patients and families who volunteered.
The lack of both randomization and a multicenter enrollment
strategy introduces the potential for selection bias, which necessi-
tates caution when interpreting the study results. This bias may
have contributed to the notably short diagnostic odyssey observed
in our patient cohort, with over two-thirds (68.3%) experiencing a
time to diagnosis of less than 1 year. Such a finding differs from re-
ported diagnostic odysseys in research on rare diseases in Korea
[12], emphasizing the need for broader, multicenter recruitment of
patients and families to fully understand their characteristics. Sec-
ond, our study was primarily focused on analyzing the quantitative
characteristics of patients with rare diseases and their families. Al-
though quantitative analysis provides valuable insights, it captures
only a limited view of the complex dynamics of rare disease experi-
ences. Third, our research was limited to the perceived cognitive
and mobility functions of patients without corresponding objec-
tive assessments, which may have introduced bias in interpreting
the results. In light of this, future research may benefit from adopt-
ing a mixed-methods approach [42] that includes qualitative as-
pects, offering a more nuanced understanding of the challenges
faced by these patients and families.

Nonetheless, our study has several strengths. It is the first to
comprehensively characterize patients with rare diseases and their
caregivers, illuminating the factors influencing the length of the di-
agnostic journey. Our findings reveal the widespread severity of
cognitive and motor impairments, as well as the high number of
individuals who leave their jobs to provide patient care, underscor-
ing the need for multifaceted socioeconomic support systems.
Moreover, the wide range of initial symptoms underscores the im-
portance of a multidisciplinary approach in diagnosis. Additionally,
our research shows how disparities between a patient’s place of res-
idence and the location of diagnosis may prolong the diagnostic
process, highlighting the critical need for an integrated referral sys-
tem in Korea.

In conclusion, the comprehensive characterization of patients

https://doi.org/10.26815/acn.2024.00472

with rare diseases and their families in Korea, as well as an explora-
tion of the factors influencing the length of the diagnostic odyssey,
offers essential insights for the establishment of a support system
tailored to the unique needs of this patient population and their

families.
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