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  Introduction

Rare diseases collectively affect 25–30 million people in the US and more 
than 300 million people worldwide. Of the estimated 7,000–10,000 rare 
diseases, many are associated with substantial morbidity and early 
mortality, placing considerable psychosocial and financial burdens on 
patients and families. In particular, many patients face an extended 
diagnostic odyssey, sometimes spanning years between symptom onset 
and diagnosis. 

The cumulative economic burden of rare diseases surpasses that of 
common conditions like cardiovascular disease or diabetes. However, 
patterns of healthcare resource utilization (HRU) across rare diseases 
remain poorly characterized. This study leverages data collected during 
clinical care to provide an in-depth evaluation of patients’ HRU across the 
disease journey, including especially the pre- and post-diagnosis periods. 
Here we present two pediatric-onset conditions—Kleefstra syndrome (KS) 
and SLC6A1 epileptic encephalopathy—as use cases. These rare genetic 
disorders both affect young children and cause developmental delays and 
intellectual disability, as well as other multisystemic manifestations (KS) 
and seizures (SLC6A1). This study explores how HRU changes for individuals 
living with KS or SLC6A1 after they receive a genetic diagnosis.

  Methods

Individuals living with KS or SLC6A1 in the US, UK, and Canada were 
recruited. Legal guardians signed eConsent and HIPAA release (US/CA 
participants) or Subject Access Request (UK participants) forms and 
provided a list of healthcare facilities and basic patient demographic 
information (Table 1). Participants’ medical records were collected and 
classified according to record type, and relevant data was abstracted. 
Caregiver-reported diagnoses were confirmed by a licensed genetic 
counselor. Rates of HRU were evaluated using data from both inpatient and 
outpatient encounters. Medical documents with the same date, specialty, 
and document type (e.g., note, testing report) were counted as a single 
unique healthcare encounter. Emergency department (ED), hospital, and 
surgery/procedure encounters were identified through abstraction of 
structured medical data and unstructured clinical notes. All analyses were 
conducted in R (version 4.1.0).  

  Results

  Conclusion
This study provides real-world evidence (RWE) of the healthcare burdens 
experienced by patients and families living with rare pediatric conditions, 
particularly during the diagnostic journey. Of note, the median time from 
symptomatic onset to diagnosis was more than two years for both participants 
living with KS and those living with SLC6A1 (Figure 1B). While we did not find that 
overall HRU rates changed significantly after participants received a diagnosis 
(Figure 2B), the composition of types of outpatient encounters did change 
post-diagnosis (Figure 3). This result suggests that individuals living with KS or 
SLC6A1 receive different types of care after being diagnosed despite overall 
quantity of HRU remaining steady. The number of general practitioner (GP) 
encounters remained high throughout the patient journey (Figure 3), 
underscoring the role of pediatricians and family medicine physicians in 
managing the care of these individuals and the need to provide GPs with 
accurate and timely resources about their patients’ rare conditions. Also, 
substantial post-diagnosis increases in cardiology encounters for KS patients 
and neurology encounters for SLC6A1 patients are consistent with known features 
of these conditions (cardiac issues and seizures, respectively; Figure 3).

Future work will aim to investigate the association of clinical factors with HRU and 
leverage participant survey data to understand changes over time, including 
perceptions of overall care quality or quality of life after receiving a genetic 
diagnosis.

Limitations: Medical records sourced from participant-provided lists of healthcare facilities 
may not comprise the patient’s entire medical history. The study population includes only 
patients with a confirmed genetic diagnosis whose guardians were willing to participate in an 
online research platform; the HRU patterns of these small samples may differ from the general 
population of individuals living with KS or SLC6A1. In addition, HRU patterns pre- and 
post-diagnosis may differ in other rare conditions (e.g., adult-onset conditions, conditions with 
available disease-modifying therapies).
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Changes in outpatient encounter specialties pre- and 
post-diagnosis

Table 1: Participant demographics

Figure 1. Participant diagnostic journey and study follow-up period. 
A. Symptomatic onset (black dots) and length of medical record 
follow-up (red, blue lines) for each participant relative to their 
diagnosis date (year 0), with participants grouped by age at 
diagnosis. B. Age at diagnosis, age at symptomatic onset, and time 
from symptomatic onset to diagnosis by condition. Participants with 
date of symptomatic onset recorded: KS, n = 38; SLC6A1, n = 16. Median 
time from symptomatic onset to diagnosis: KS = 2.20 years, SLC6A1 = 
2.30 years. C. Number of participants diagnosed by various clinical 
specialties.
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Figure 2: HRU pre- and post-diagnosis. A. Number of outpatient encounters per 
patient-year of data. B. Negative binomial regression analysis of pre- and post-diagnosis 
rate ratios (RR) for encounters (dots = RR, lines = 95% CI). 90-day or 1-year time windows 
pre- and post-diagnosis were used to minimize potential confounding due to changes 
over time. Encounter rates per patient-year were not significantly different pre- vs. 
post-diagnosis for either condition (p>0.05). This included analyses of all encounters 
(inpatient and outpatient), of ED/hospital encounters only, of direct hospital admissions 
only, or of procedures only. C. Length of hospital admissions did not differ significantly 
pre- and post-diagnosis (dx) for participants with KS (median: pre-dx = 1, post-dx = 2, 
two-sample t-test: p=0.43) or SLC6A1 (median: pre-/post-dx = 1, p=0.08). D. Number of 
seizure/EEG-related direct admissions per patient-year increased significantly 
post-diagnosis for participants with SLC6A1 (two-sample t-test, **p=0.01).
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Figure 3: Changes in outpatient encounter categories pre-and post-diagnosis. 
Percent of outpatient encounters attributed to various specialties 1 year pre-and 
post-diagnosis were calculated. Overall outpatient specialty composition varied 
significantly pre- and post-diagnosis (chi-square test: KS, p = 1.26e-06; SLC6A1, 
p=3.92e-11). D
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