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Abstract

Background Tuberous sclerosis complex (TSC) is a rare genetic disorder characterized by benign tumors in multiple
organs, leading to significant morbidity. Despite its recognition as a rare disease in Japan, comprehensive regional
epidemiological data are lacking, hindering effective healthcare resource allocation and the development of targeted
therapies. This study aimed to determine the prevalence and epidemiological characteristics of TSC in Shizuoka
Prefecture and assess the associated healthcare burden.

Methods We conducted a retrospective cohort study using data from the Shizuoka Kokuho Database, covering
approximately 2.4 million residents over an 8.5-year period (April 2012-September 2020). TSC cases were identified
using the International Classification of Diseases, 10th Revision (ICD-10) code Q85.1. Adjusted prevalence rates
were calculated, and analyses were performed on patient demographics, healthcare utilization, comorbidities, and
treatment patterns. Comparisons with the general population were made to assess differences in neurological and
renal complications.

Results A total of 125 patients diagnosed with TSC were identified, resulting in an adjusted prevalence rate of 10.2
per 100,000. Diagnosis rates increased after 2012, likely due to revised diagnostic criteria and the introduction of
mammalian target of rapamycin (mTOR) inhibitors. Patients with TSC exhibited substantial healthcare utilization
and significantly higher rates of neurological and renal complications compared to the general population. Disease
prevalence was notably higher among young males and varied across different age groups.

Conclusions The higher prevalence of TSC observed in Shizuoka Prefecture suggests potential underestimation in
other regions. The findings underscore the need for enhanced diagnostic strategies, including widespread genetic
testing and updated treatment protocols, to effectively manage the diverse manifestations of TSC. Continuous
epidemiological monitoring and adaptive healthcare policies are essential to improve timely diagnosis and the overall
quality of life for patients with TSC. This study supports the necessity of patient-centered approaches in managing
chronic rare diseases.
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Introduction

Tuberous sclerosis complex (TSC), a genetic disorder
characterized by the development of benign tumors
across various body organs, significantly impacts patient
health. Designated as a rare disease in Japan in 2015
[1], TSC has an estimated global prevalence of approxi-
mately 1 in 6,000 individuals [2, 3], suggesting that 15,000
individuals in Japan are potentially affected. However,
accurate patient numbers remain elusive [1], marking a
substantial gap in the comprehensive understanding and
management of TSC.

The management of rare diseases such as TSC is
fraught with challenges [4], notably the often protracted
time from symptom onset to diagnosis [5]. Addressing
this issue, the International Consortium for Rare Diseases
emphasizes the importance of diagnosing the disease and
beginning treatment within 1 year of symptom presenta-
tion [6]. The diagnostic journey for TSC is intricate and
requires the careful evaluation of symptoms, which span
multiple organs including the skin, nervous system, kid-
neys, liver, lungs, gastrointestinal tract, bones, eyes, and
teeth [7]. Age-related variations in symptom presentation
and individual differences add layers of complexity to the
diagnosis and effective treatment of TSC [8, 9].

After diagnosis, ongoing management is guided by
the International TSC Conference Group, which recom-
mends regular assessments tailored to the patient’s spe-
cific symptoms [10]. The limited number of specialized
treatment facilities often forces patients to travel con-
siderable distances, further exacerbating patients’ bur-
den. Additionally, mammalian target rapamycin (mTOR)
inhibitors have improved treatment outcomes but have
not provided a cure and necessitate continuous treat-
ment and monitoring [10].

This study aimed to accurately determine the preva-
lence and epidemiological characteristics of TSC in
Shizuoka Prefecture. By focusing on the challenges
encountered before diagnosis and the ongoing needs
after diagnosis, we highlighted areas where strategic
interventions can significantly alleviate the disease’s
impact. Through this approach, we sought to enhance
our understanding of TSC from the perspective of the
patient journey to better inform policy and healthcare
strategies, thus improving outcomes for individuals who
live with this complex condition.

Methods

Data source

This study used the Shizuoka Kokuho Database, a com-
prehensive dataset that is linked to the Federation of

National Health Insurance Association subscribers. The
database includes a wide range of information, such as
demographic details, registration data, medical claims,
and health checkup records for individuals who reside
in Shizuoka Prefecture [11]. With a total population of
approximately 3.6 million, Shizuoka Prefecture is repre-
sentative of Japan’s climatic conditions and population
distribution. The database captures data from 25% of
residents under 65 years old and 75% of those aged 65
and above. The SKDB primarily includes data from NHI
and LSEMCS, which together cover all elderly residents
over 75 years and a substantial portion of those under
75 years. However, it does not include individuals cov-
ered by employer-based insurance or those who receive
healthcare exclusively through private services. Japan has
a universal healthcare system, and cases of uninsured
patients or individuals relying entirely on private health-
care are exceedingly rare.

Study design, data availability period, and study
population

The retrospective cohort study used the comprehen-
sive Shizuoka Kokuho Database. Detailed schematics of
the study design are depicted in Fig. 1, which provides a
visual representation of the data collection methodology.
This approach facilitated a thorough analysis of longitu-
dinal data that covered 8.5 years from April 2012 through
September 2020 (SKDB2021 version).

Data for each participant were available based on their
active enrollment in the insurance database. The period
extended from the later of two starting points—the date
of the participant’s initial registration with the insurance
scheme or April 2012—and ended on the earlier of two
endpoints—the date of the participant’s withdrawal from
insurance or September 2020. In addition, the database
captures all deaths occurring during the study period,
including those among patients diagnosed with TSC.

The study population comprised all individuals in the
database for whom linked data regarding annual health
checkups and insurance claims was available. This setup
ensured the inclusion of comprehensive health records
for each participant throughout the study period.

Identification of tuberous sclerosis complex cases

Patients were identified as having TSC from insurance
claims that displayed the International Classification of
Diseases — 10th Revision (ICD-10) code Q85.1, which is
specific to the condition [12].
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1 April 2012

30 September 2020

Period available in Shizuoka Kokuho Database

Background investigation period Follow-up period

Index date I End of follow-up

i Date of first diagnosis of  Date of initial diagnosis of gallstone disease, end

- TSC (ICD-10:Q85.1) after 1 of study (30 September 2020), or withdrawal |
participation in cohort || from NHI or LSEMCS, whichever occurred first

5 1

| Entry into database : I
i Date of registration with health |
. insurance provider or 1 April

| 2012, whichever occurred later

Fig. 1 Study Schema.“Cohort entry”is defined as the date of registration with the health insurance provider or 1 April 2012, whichever occurred later.
“Index date”is defined as the date of first diagnosis of TSC (ICD-10: Q85.1) after cohort participation. “Follow-up period”is defined as the interval between
the index date and (1) the end of the study (30 September 2020), (2) the withdrawal date from the health insurance system, or (3) the date of death,
whichever occurred first. ICD-10: International Classification of Diseases — 10th Revision, TSC: tuberous sclerosis complex, NHI: National Health Insurance,

LSEMCS: Late-Stage Elderly Medical Care System

(1 April 2012—-31 September 2020)

2,398,393 subscribers to the National Health Insurance System and the Medical Care
System for the Elderly in the Latter Stage of Life in Shizuoka Prefecture, Japan

v

2,398,268 not diagnosed with TSC

125 diagnosed with TSC

Fig. 2 Flow chart diagram. TSC: tuberous sclerosis complex

Statistical analysis

Continuous variables were reported as means and stan-
dard deviations, whereas categorical variables were sum-
marized as frequencies and percentages. Basic descriptive
statistics, including prevalence rates, sex, age distribu-
tions, treatment patterns, and comorbidity prevalence,
were used to assess TSC patient characteristics. Data on
medical interventions, such as surgical treatments and
prescriptions of mTOR inhibitors, were cataloged and
detailed in specific tables. We incorporated Pearson’s
chi-square test to assess differences in prevalence rates
between males and females, as well as among different
age groups within each sex. Additionally, Pearson’s chi-
square test was performed to evaluate differences in the
prevalence of comorbid conditions between TSC patients
and the non-TSC population. This analysis aimed to
determine whether significant disparities exist in the
occurrence rates of epilepsy, psychotic and affective dis-
orders, and renal complications between the two groups.
A simple missing data imputation was not conducted. All

analyses were conducted using JMP Prol7.0.0 software
(SAS Institute, Cary, NC, USA).

Results

Prevalence of tuberous sclerosis complex by sex and age

in 2019

In an analysis of the Shizuoka Kokuho Database, which
includes data on 2,398,393 individuals, we specifically
examined the records of 125 patients diagnosed with
TSC (Fig. 2). The total number of individuals (2,398,393)
refers to all persons registered in SKDB between 2012
and 2020. In contrast, the number of individuals in 2019
(1,401,399) includes only those covered for at least one
day that year.

Among 1,401,399 registrants in 2019, 85 were identi-
fied as having TSC. Therefore, the initial prevalence rate
was estimated at 6.1 per 100,000. After adjusting for the
age-specific demographics of Shizuoka Prefecture, the
rate increased to 10.2 per 100,000. The sex distribution
among the patients showed minimal variance (41 men
[48.2%] and 44 women [51.8%]). The median age on 1
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Table 1 Prevalence of patients with TSC by sex and age

Group Num- Population Preva- 95%
ber of lence (per confi-
patients 100,000) dence
with TSC interval

Total 85 1,401,314 6.07 -

Male 41 632,033 6.49 4.78-880

Age 0-19 10 54,680 18.29 9.93-
years 33.70
Age 20-64 24 281,428 853 5.73-
years 12.70
Age 65+years 7 295,925 2.37 1.15-4.88
Female 44 769,281 572 4.26-768
Age 0-19 8 52,004 15.38 7.80-
years 3040
Age 20-64 27 315,499 8.56 5.88-
years 12.50
Age 65+years 9 401,778 224 1.18-4.26

TSC: tuberous sclerosis complex. There was no significant difference in
prevalence between male and female (P=0.562), whereas significant
differences were observed in the age-specific prevalence in male (P<0.001) and
female (P<0.001)

January 2019 was 44.0 years, with a range from 1 to 89
years (42 years for men and 44 years for women), indicat-
ing a balanced occurrence of TSC across the sexes. There
was no significant difference in prevalence between male
and female (P=0.562), whereas significant differences
were observed in the age-specific prevalence in male
(P<0.001) and female (P<0.001). Detailed prevalence
data segmented by sex and age are presented in Table 1.
Our analysis highlights that TSC prevalence varies sig-
nificantly across groups; the highest rates are observed in
young men aged 0—19 years, and the lowest rates are in
individuals aged 65 years and older.

Characteristics and outcomes of patients with TSC
classified by age at diagnosis

In our study, 125 patients diagnosed with TSC were
analyzed based on age at diagnosis. The distribution of
patients was as follows: 23.2% were under the age of 20
years, 60.8% fell within the 20 to 64-year age range, and
16.0% were over 65 years of age. The median age at diag-
nosis varied significantly across these groups, with those
under 20 years diagnosed at a median age of 5.0 years,
those between 20 and 64 years at 38.0 years, and those
over 65 years at 74.5 years. The overall median age at
diagnosis across all age groups was 44.0 years. Detailed
patient characteristics including sex distribution and the
prevalence of various comorbid conditions are detailed
in Table 2. Over the average observation period of 65.7
months, 12 deaths were recorded; deaths were split
evenly, with six occurring in each of the 20-64-year and
over 65-year age groups.
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Table 2 Characteristics of all and age group-specific patients
with TSC

Variable (unit) Category Age group at diagnosis Total
in years
0-19 20-64 65+
(n=29) (n=76) (n=20) (n=125)
23.2% 60.8% 16.0%
Median age in 5.0 380 74.5 44.0
years
Sex (%) Male 15(51.7) 35(46.0) 9(45.0) 59(47.2)
Comorbid Yes
conditions
Hemangiomyo-  Yes 0 2(2.6) 0 2(1.6)
lipoma (%)
Cardiac rhabdo- Yes 1(3.5) 0 0 1(0.8)
myosarcoma (%)
Developmental  Yes 135 463 0 5(4.0)
and cognitive
disorders (%)
Epilepsy (%) Yes 18(62.1) 47(61.8) 3(150) 68(54.4)
Lung lymphan-  Yes 0 4(526) 1(50 540
gioleiomyomato-
sis (%)
Polycystic kid-  Yes 0 1(13) 0 1(0.8)
ney disease (%)
Psychotic and Yes 9(31.0) 31(40.8) 7350 47(37.6)
affective disorders
(%)
Renal angio- Yes 0 20(263) 1(5.0) 21(16.8)
myolipoma (%)
Renal cancer (%) Yes 0 2(2.6) 3(15.00 5(4.0)
Renal cysts (%)  Yes 0 2 (4.0)
Retinal tumors ~ Yes
(%)
Subependymal  Yes 0 1013 0 1(0.8)
giant cell astrocy-
toma (%)
Angiofibroma Yes 0 226 0 2(1.6)
(%)
Leukoplakia (%) Yes 0 0 0 0
Neoplastic le- Yes 135  30(395) 4(20.0) 35(28.0)
sion (benign; %)
Neoplastic Yes 11(379) 31(40.8) 5(25.0) 47(37.6)

lesion (unknown;
%)
TSC: tuberous sclerosis complex

Continuous variables are presented as median (range), and categorical variables
are presented as frequency (%)

Surgical and Pharmacological management of patients
with TSC

Our study analyzed the medical interventions in 125
patients with TSC and categorized patients by age group
(Table 3). A noTable 39.2% of patients underwent surgi-
cal procedures, whereas 25.6% received prescriptions
for mTOR inhibitors. The most common surgical sites
were skin or soft tissue (18.4%), followed by unknown
sites (10.4%) and the digestive system (4.8%). Surgeries
involving the head or neck (2.4%), renal system (2.4%),
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Table 3 Surgical treatment and treatment with mTOR inhibitors
for all and age group-specific patients with TSC

Treatment Age group at diagnosis Total
in years
0-19 20-64 65+
(n=29) (n=76) (n=20) (n=125)
Surgical treatment 5(17.2) 35(46.1) 9450 49(39.2)
Head or Neck 0 3(3.9) 0 3(24)
Lung 0 0 1 (5.0) 1(0.8)
Renal 0 3(3.9) 0 3(24)
Digestive System 0 1(1.3) 5(25.0) 6 (4.8)
Skin or Soft Tissue 3(103) 17(224) 3(150) 23(184)
Unknown Site 2(6.9) 11(145) 0 13(104)
Treatment with mTOR inhibitor 6 (20.7) 22 (29.0) 4(20.0) 32 (25.6)
Everolimus tablet 0 14 (184) 2(10.0) 16(12.8)
Everolimus dispersion tablet 4 (13.8) 1 (1.3) 0 5(4.0)
Sirolimus tablet 0 1(1.3) 0 1(0.8)
Sirolimus gel 4(138) 9(118) 0 13 (104)

TSC: tuberous sclerosis complex, mTOR: mammalian target rapamycin

Table 4 Prevalence of comorbidities characterized by TSC in
individuals with and without TSC

Comorbidity Patients  Individuals P-
withTSC  without TSC value
(n=125) (n=2,398,268)

Hemangiomyolipoma 3(24) 43(0.0) <0.001

Cardiac rhabdomyoma 2(1.6) 0 <0.001

Developmental and cognitive 11 (8.8) 9,782 (0.4) <0.001

disorders

Epilepsy and status 75 (60.0) 84,570 (3.5) <0.001

epilepticus

Lung 10 (8.0) 21(0.0) <0.001

lymphangioleiomyomatosis

Any Lung Condition 6 (4.8) 64,101 (2.7) 0.140

Polycystic kidney disease 4(3.2) 2,205 (0.1) <0.001

Psychotic and affective 59 (47.2) 536,432 (22.4) <0.001

disorders

Any Renal Condition 56 (44.8) 284,526 (11.9) <0.001

Renal angiomyolipoma 36 (28.8) 807 (0.0) <0.001

Malignant neoplasms of 8 (6.4) 23611 (1.0) <0.001

urinary tract

Cyst of kidney 8(6.4) 68,381 (2.9) 0.017

Retina 5(0.0) 0.987

Subependymal giant cell 5(4.0) 0 <0.001

astrocytoma

Angiofibroma 5(4.0) 3(0.0) <0.001

Vitiligo 1(0.8) 5,040(0.2) 0.150

TSC: tuberous sclerosis complex

Hemangiomyolipoma (disease code: 8847010), cardiac rhabdomyoma

(disease code: 2398126), developmental and cognitive disorders (F71-
78, F84, F98), epilepsy and status epilepticus (ICD-10: G40, G41), lung
lymphangioleiomyomatosis (disease code: 8843635), any lung condition (ICD-
10: J80, J81, J82, 183, J84, 198), polycystic kidney disease (Q61), psychotic and
affective disorders (F06-07, F09, F20-29, F30-39, F40-48, F60-69, F70-79, F80-
89, F90-98), any renal condition (ICD-10: C64, D17, D30, 112-13, N10-19, N281),
renal angiomyolipoma (disease code: 8844065, 8835603, 8847971), malignant
neoplasms of urinary tract (ICD-10: C64-68), cyst of kidney (ICD-10: N281), retina
(ICD-10: D312), subependymal giant cell astrocytoma (disease code: 8847493),
angiofibroma (disease code: 2159049, 8833091), vitiligo (ICD-10: L80)
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and lungs (0.8%) were less frequent. Other post-diagnosis
testing in these patients is provided in Supplementary
Table 1.

Comparison of comorbidity profiles between patients with
TSC and the general population

In this study, we assessed the prevalence of comorbid
conditions among 125 patients diagnosed with TSC and
compared these rates with those in a large cohort of
2,398,268 individuals without TSC. The analysis revealed
that patients with TSC are significantly more likely than
the broader population to suffer from a range of comor-
bidities including epilepsy, psychotic and affective disor-
ders, and renal complications. Comprehensive statistics
that detail these disparities are tabulated in Table 4. The
tumor prevalence in individuals with and without TSC
is provided in Supplementary Table 2. The comparison
underscores the heightened health burden of those diag-
nosed with TSC.

Discussion

This comprehensive retrospective cohort study uses
extensive data from the Shizuoka Kokuho Database and
provides a detailed epidemiological and clinical profile
of TSC in a significant segment of the Japanese popula-
tion. We identified critical aspects of TSC management,
including the prevalence and demographic distribution
of the disease, revealing an adjusted prevalence of 10.2
per 100,000 in 2019. Our findings underscore a variable
disease impact across age groups, with the highest preva-
lence among young men aged 0-19 years. Additionally,
the management strategies involving surgical and phar-
macological treatments indicate substantial utilization of
healthcare resources, particularly the significant use of
mTOR inhibitors such as everolimus and sirolimus. The
comparison of comorbidity profiles further highlights
the increased health burden experienced by patients with
TSC, particularly with regard to conditions such as epi-
lepsy, psychotic and affective disorders, and renal com-
plications. This study lays the groundwork for addressing
gaps in care and tailoring interventions to improve the
quality of life and outcomes for patients with TSC. Addi-
tionally, some surgical interventions and oft-label medi-
cation uses might not be captured if patients received
them outside the NHI/LSEMCS framework. However,
as this study is based on health insurance claims data, we
could not determine the specific indications for surgery
or mTOR inhibitor use. Instead, we have specified the
anatomical sites of surgery in Table 3. Surgical treatments
may have been applied to various TSC-related conditions
affecting the head and neck, lungs, kidneys, and skin.
Similarly, while mTOR inhibitors were prescribed for
TSC, their precise treatment purposes remain unclear.
We acknowledge these limitations and note that future
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studies using hospital or registry data are needed to clar-
ify treatment indications.

The observed prevalence of TSC in this study (10.2 per
100,000) significantly exceeds previously reported rates
both Japanese and global rates, which generally range
from 3.9 to 7.9 per 100,000 [13, 14, 15, 16]. This notable
discrepancy can be attributed to several factors. Chief
among the factors is the 2012 revision by the Interna-
tional TSC Conference Group of the TSC diagnostic
criteria, which were expanded to include genetic test-
ing and more detailed assessments of patient and family
medical histories—even in patients who lack overt clini-
cal symptoms [1, 10]. This expansion of diagnostic crite-
ria is likely a major contributor to the increased diagnosis
rate observed because it allows for earlier and more accu-
rate identification of the condition. Such changes reflect
a significant shift toward a more inclusive and sensitive
approach to diagnosing TSC and potentially capture a
higher number of mild or atypical patients who previ-
ously went unrecognized. The differences in prevalence
across age groups may also reflect increased genetic
testing and greater awareness of TSC, leading to higher
diagnosis rates in younger individuals. Conversely, older
individuals may include previously undiagnosed cases,
particularly those with mild or asymptomatic forms. For
patients diagnosed at 65 years or older, diagnostic chal-
lenges may have contributed to delayed detection. TSC
diagnosis requires assessment across multiple specialties
[1], and variability in symptom onset, severity, and pres-
ence further complicates identification [8]. Additionally,
patients with intellectual disabilities or neuropsychiatric
symptoms may struggle to communicate their condition
accurately, increasing the risk of missed diagnosis [22].
These factors likely result in TSC remaining undiagnosed
in early life and only being recognized in older patients
when complications arise.

The expanded availability of mTOR inhibitors such as
everolimus and sirolimus has significantly broadened
treatment horizons. Initially approved in 2012 for the
treatment of renal angiomyolipoma and giant cell astro-
cytoma associated with TSC, everolimus had its indica-
tions extended in 2020 to encompass a broader range
of TSC manifestations [17, 18]. Similarly, sirolimus was
approved in 2012 for pulmonary lymphangioleiomyo-
matosis and later, in 2018, for TSC-related skin diseases
[19, 20]. The introduction of these targeted therapies
likely played a role in promoting more rigorous screening
and diagnostic practices. This hypothesis is supported
by other studies in Japan that demonstrate a correlation
between the approval of such drugs and an increase in
the identification of patients with TSC [21]. The height-
ened awareness and ability to manage symptoms phar-
macologically may have led to increased diagnosis as
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clinicians and patients alike became more vigilant in rec-
ognizing the signs of TSC.

The 2015 classification of TSC as an intractable dis-
ease in Japan and the enhanced healthcare benefits and
financial subsidies provided under this designation
likely contributed significantly to the increase in diag-
noses. This policy change is reflected in the increase in
the prevalence rate from 5.4 per 100,000 in 2014 to 6.1
per 100,000 in 2015, marking the most substantial annual
increase observed during the study period. The designa-
tion not only improved access to specialized healthcare
services and support for patients with TSC but also likely
increased awareness among healthcare providers and
patients, enhancing vigilance in identifying and diagnos-
ing TSC at earlier stages.

Although our methodology for identifying patients
with TSC boasts high specificity, the reported prevalence
rates may nevertheless not fully represent the actual
scope of the condition. Future studies integrating mul-
tiple insurance datasets would provide a more compre-
hensive view of TSC healthcare utilization in Japan. This
potential underrepresentation could stem from historical
cases that were diagnosed before our study period and
patients who had not recently engaged with hospital ser-
vices. Additionally, the integration of genetic testing into
insurance coverage starting in 2021 is expected to sig-
nificantly enhance the accuracy of TSC diagnoses. This
advancement underscores the importance of ongoing
surveillance to accurately track and elucidate the evolving
epidemiology of TSC.

Limitations

This study predominantly relies on retrospective data,
which inherently limits our ability to track the long-term
progression of TSC. A significant concern is that older
patients might have remained undiagnosed given inad-
equate screening methods available during their younger
years. Moreover, dependence on administrative data
restricted our ability to comprehensively assess patient-
reported outcomes and detailed symptom development,
potentially skewing our understanding of the disease’s
impact. In particular, symptom data were collected only
from physician-recorded diagnoses, meaning that not
all clinically present symptoms were captured. This may
have led to an underestimation of symptom prevalence.
Due to this limitation, we did not perform statistical
comparisons of symptom prevalence across age groups
and instead presented descriptive statistics to high-
light potential trends. Additionally, the database used
in this study did not capture genetic testing results, as
TSC genetic testing was not covered by Japan’s national
health insurance during the study period, making data
on its implementation unavailable. Another limitation
is the potential selection bias inherent in using a single
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regional database, which might not capture the diver-
sity of TSC cases nationwide. Patients obtaining surgical
interventions or medications through private payment or
employer-based insurance may not be represented. This
could result in an underestimation of healthcare utiliza-
tion among TSC patients. Additionally, the changes in
healthcare policy and diagnostic criteria over time, which
can affect the diagnosis rates and recorded prevalence
independently of the actual disease spread, may have
influenced the study results. Future research incorporat-
ing broader insurance data sources would enhance the
comprehensiveness of our findings.

Conclusions

This investigation into the prevalence and epidemiologi-
cal characteristics of TSC in Shizuoka Prefecture pro-
vided valuable insights into the condition. The observed
prevalence rate, which is higher than that reported in
previous studies, suggests that changes in diagnostic cri-
teria, advancements in treatment options, and updates
to policy may have influenced these figures. These find-
ings highlight the dynamic nature of epidemiological
surveillance and the need for healthcare strategies that
can adapt to evolving diagnostic and treatment land-
scapes. Although this study enhances our understanding
of TSC in Shizuoka, it also underscores the importance
of ongoing research to continually improve patient care
protocols and outcomes for individuals who live with this
challenging condition.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513023-025-03799-w.

[ Supplementary Material 1 ]

Acknowledgements
We thank Anahid Pinchis from Edanz (https://jp.edanz.com/ac) for editing a
draft of this manuscript.

Author contributions

SK conceived the study. SK, SF, and YM designed the study. SK performed the
formal statistical analysis. SK, EN, and SF interpreted the data. SK wrote the first
draft of the manuscript. SK, EN, SF, SY, KU, and YM contributed to the critical
revision of the manuscript. All of the authors have read and approved the final
version of the manuscript.

Funding

The funding for this work was provided by Shizuoka Prefecture. The Shizuoka
Graduate University of Public Health conducts contract research projects
regarding public health in Shizuoka Prefecture, including the current study.

Data availability

According to Shizuoka Prefecture’s data use agreement with local insurers, the
authors cannot provide the analyzed data to readers to protect the privacy of
study participants. However, researchers interested in accessing this dataset
may submit an application to Shizuoka Prefecture for restricted access. For
further information, please contact the staff at Shizuoka Graduate University of
Public Health (e-mail: info@s-sph.acjp).

Page 7 of 8

Declarations

Ethics approval and consent to participate

Given the retrospective and anonymized design of the study, the requirement
for informed consent was exempted. All patient data were thoroughly
anonymized, ensuring the privacy and confidentiality of the participants.

All enrollee data were anonymized by the Federation of National Health
Insurance Association to protect participant confidentiality [11]. The study
adhered to the principles of the Declaration of Helsinki and was approved

by the Medical Ethics Committee of the Shizuoka Graduate School of Public
Health in Shizuoka, Japan (#SGUPH_2021_001_057).

Consent for publication
Not applicable.

Competing interests
The authors have declared that no competing interests exist.

Author details

'Graduate School of Public Health, Shizuoka Graduate University of Public
Health, 4-27-2 Kitaando, Aoi-ku, Shizuoka 420-0881, Japan

Department of Biostatistics and Health Data Science, Graduate School of
Medical Science Nagoya City University, Nagoya, Japan

Received: 11 November 2024 / Accepted: 15 May 2025
Published online: 23 May 2025

References

1. Wataya-Kaneda M, Mizuguchi M, Hatano T, Seyama Y, Hino O, Nishigori CH.
Revised tuberous sclerosis complex diagnostic criteria and treatment guide-
lines [in Japanese]. Nippon Hifuka Gakkai Zasshi. 2018;128:1-16. https://doi.or
9/10.14924/dermatol.128.1.

2. Callaghan F, Shiell A, Osborne J, Martyn C. Prevalence of tuberous sclerosis
estimated by capture-recapture analysis. Lancet. 1998;352:318-9. https://ww
w.sciencedirect.com/science/article/pii/S0140673605788723?via%3Dihub.

3. Sampson J, Scahill S, Stephenson J, Mann L, Connor J. Genetic aspects of
tuberous sclerosis in the West of Scotland. J Med Genet. 1989;26:28-31. https:
//jmg.bmj.com/content/26/1/28.

4. National Organization for Rare Disorders (NORD). Barriers to Rare Disease
Diagnosis, Care and Treatment in the US: A 30-Year Comparative Analysis.
2020. https://rarediseases.org/wp-content/uploads/2020/11/NRD-2088-Barri
ers-30-Yr-Survey-Report_FNL-2.pdf

5. Groft SC, Posada M, Taruscio D. Progress, challenges and global approaches
to rare diseases. Acta Paediatr. 2021;110:2711-6. https://onlinelibrary.wiley.co
m/doi/10.1111/apa.15974.

6. Austin CP, Cutillo CM, Lau LPL, Jonker AH, Rath A, Julkowska D, et al. Future
of rare diseases research 2017-2027: an IRDIRC perspective. Clin Trans| Sci.
2018;11:21-7. https://doi.org/10.1111/cts.12500.

7. Krueger DA, Northrup H. Tuberous sclerosis complex surveillance and
management: recommendation of the 2012 international tuberous sclerosis
complex consensus conference. Pediatric Neurology. 2013;48:255-265. https:
//www.sciencedirect.com/science/article/pii/S0887899413004918?via%3Dih
ub

8. Wataya-Kaneda M, Tanaka M, Hamasaki T, Katayama |. Trends in the preva-
lence of tuberous sclerosis complex manifestations: an epidemiological study
of 166 Japanese patients. PLoS ONE. 2013;8(5):63910. https://doi.org/10.137
1/journal.pone.0063910.

9. Jozwiak S, Schwartz RA, Janniger CK, Bielicka-Cymerman J. Usefulness of
diagnostic criteria of tuberous sclerosis complex in pediatric patients. J Child
Neurol. 2000;15:652-9. https://doi.org/10.1177/088307380001501003.

10. International Tuberous Sclerosis Complex Consensus Group. Updated inter-

national tuberous sclerosis complex diagnostic criteria and surveillance and

management recommendations. Pediatr Neurol. 2021;123:50-66. https://ww
w.sciencedirect.com/science/article/pii/S088789942100151X?via%3Dihub.

Nakatani E, Tabara Y, Sato Y, Tsuchiya A, Miyachi Y. Data resource profile of Shi-

zuoka Kokuho database (SKDB) using integrated health- and care-insurance

claims and health checkups: the Shizuoka study. J Epidemiol. 2021. https://do
i.0rg/10.2188/jea.JE20200480.

12. Ferkingstad E, Oddsson A, Gretarsdottir S, Benonisdottir S, Thorleifsson G,
Deaton AM, et al. Genome-wide association meta-analysis yields 20 loci


https://doi.org/10.1186/s13023-025-03799-w
https://doi.org/10.1186/s13023-025-03799-w
https://jp.edanz.com/ac
https://doi.org/10.14924/dermatol.128.1
https://doi.org/10.14924/dermatol.128.1
https://www.sciencedirect.com/science/article/pii/S0140673605788723?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0140673605788723?via%3Dihub
https://jmg.bmj.com/content/26/1/28
https://jmg.bmj.com/content/26/1/28
https://rarediseases.org/wp-content/uploads/2020/11/NRD-2088-Barriers-30-Yr-Survey-Report_FNL-2.pdf
https://rarediseases.org/wp-content/uploads/2020/11/NRD-2088-Barriers-30-Yr-Survey-Report_FNL-2.pdf
https://onlinelibrary.wiley.com/doi/10.1111/apa.15974
https://onlinelibrary.wiley.com/doi/10.1111/apa.15974
https://doi.org/10.1111/cts.12500
https://www.sciencedirect.com/science/article/pii/S0887899413004918?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0887899413004918?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0887899413004918?via%3Dihub
https://doi.org/10.1371/journal.pone.0063910
https://doi.org/10.1371/journal.pone.0063910
https://doi.org/10.1177/088307380001501003
https://www.sciencedirect.com/science/article/pii/S088789942100151X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S088789942100151X?via%3Dihub
https://doi.org/10.2188/jea.JE20200480
https://doi.org/10.2188/jea.JE20200480

Kishida et al. Orphanet Journal of Rare Diseases

(2025) 20:245

associated with gallstone disease. Nat Commun. 2018;9:5101. https://www.n
ature.com/articles/s41467-018-07460-y.

Ohno Kosaku Y, Noriko, Takeshita Kenzo. Epidemiology of epiloia in Sannin
district, Japan. Morbidity and birth rate. Fiscal Year 1996. 1997; 8-10. https.//j
globaljst.go.jp/en/detail?JGLOBAL_ID=200902199273946414

Welin KO, Carlgvist P, Svensson A, Althin R, Eklund E, Rask O. Epilepsy in tuber-
ous sclerosis patients in Sweden - healthcare utilization, treatment, morbidity,
and mortality using National register data. Seizure. 2017;53:4-9. https://doi.or
9/10.1016/j.seizure.2017.10.005.

Strzelczyk A, Rosenow F, Zollner JP, Simon A, Wyatt G, Holland R, Schubert-
Bast S. Epidemiology, healthcare resource use, and mortality in patients with
tuberous sclerosis complex: A population-based study on German health
insurance data. Seizure: Eur J Epilepsy. 2021;287-95. https://doi.org/10.1016/.
seizure.2021.06.027.

Chu WCY, Chiang LLW, Cha DCC, Wong WHS, Chan GCF. Prevalence, mortality
and healthcare economic burden of tuberous sclerosis in Hong Kong: a
population-based retrospective cohort study (1995-2018). Orphanet J Rare
Dis. 2020;15:264. https://doi.org/10.1186/513023-020-01517-2. https://ojrd.bi
omedcentral.com/articles/.

Pharmaceutical Interview Form. Afinitor Tablets 2.5 mg, 5 mg. Revis January
2023. https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/429102
3

20.

21.

22.

Page 8 of 8

Pharmaceutical Interview Form. Afinitor Dispersible Tablets 2 mg, 3 mg.
Revised. January 2023. https://www.pmda.go,jp/PmdaSearch/iyakuDetail/Ge
nerallist/4291023

Pharmaceutical Interview Form. Rapamune Tablets 1 mg. Created August
2023. https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/429103
5

Pharmaceutical Interview Form. Rapamune Gel 0.2%. Revised June 2022. http
s//www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291700

OkaT, Narukawa M. Increased availability of drugs is correlated with the num-
ber of patients diagnosed thereafter: data analysis of 45 intractable diseases.
J Clin Pharm Ther. 2021;46(5):1319-25. https://doi.org/10.1111/jcpt.13434.
Smith M, Manduchi B, Burke E, Carroll R, McCallion P, McCarron M. Communi-
cation difficulties in adults with intellectual disability: results from a National
cross-sectional study. Res Dev Disabil. 2020,97:103557.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.nature.com/articles/s41467-018-07460-y
https://www.nature.com/articles/s41467-018-07460-y
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902199273946414
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902199273946414
https://doi.org/10.1016/j.seizure.2017.10.005
https://doi.org/10.1016/j.seizure.2017.10.005
https://doi.org/10.1016/j.seizure.2021.06.027
https://doi.org/10.1016/j.seizure.2021.06.027
https://doi.org/10.1186/s13023-020-01517-2
https://ojrd.biomedcentral.com/articles/
https://ojrd.biomedcentral.com/articles/
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291023
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291023
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291023
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291023
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291035
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291035
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291700
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/4291700
https://doi.org/10.1111/jcpt.13434

	﻿Epidemiological insights and healthcare challenges of tuberous sclerosis complex in Shizuoka Prefecture: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source
	﻿Study design, data availability period, and study population
	﻿Identification of tuberous sclerosis complex cases
	﻿Statistical analysis

	﻿Results
	﻿Prevalence of tuberous sclerosis complex by sex and age in 2019
	﻿Characteristics and outcomes of patients with TSC classified by age at diagnosis
	﻿Surgical and Pharmacological management of patients with TSC
	﻿Comparison of comorbidity profiles between patients with TSC and the general population

	﻿Discussion
	﻿Limitations

	﻿Conclusions
	﻿References


