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SUMMARY: Fabry disease (FD) is a rare multisystemic lysosomal storage disorder with diverse pediatric 
manifestations. This multicenter study analyzed 64 children with FD from the Chinese Children Genetic Kidney 
Disease Database following establishment of the first national pediatric FD multidisciplinary team (MDT) in April 
2020, which expanded to 15 centers by January 2022. Median diagnostic age was 11.4 years in males and 9.4 years 
in females, with diagnostic delays of 4.4 and 4.0 years, respectively. Family screening accounted for most female 
diagnoses (72.2%), while 6.5% of males were incidentally detected during genetic testing for other diseases. Missense 
variants predominated (65.2% males, 66.7% females). Biochemically, males had markedly reduced α-Gal A activity 
(0.6 ± 0.4 μmol/L/h), and most patients showed elevated globotriaosylsphingosine (Lyso-GL-3), including 87.0% of 
males and 83.3% of females. Neuropathic pain was the most common initial symptom (52.2% males, 27.8% females; 
median onset 8 years), primarily acroparesthesia (92.1% and 85.7%, respectively). Other frequent features included 
anhidrosis/hypohidrosis (58.7% males, 11.1% females). Multisystem involvement included cardiac (arrhythmia n = 
11, left ventricular hypertrophy n = 3), pulmonary (obstructive airway disease in 24.2% of males), skeletal (low bone 
mineral density in 4/7 tested males), and renal manifestations (reduced glomerular filtration rate (GFR) in 3). Thirty-
seven patients received enzyme replacement therapy at median ages of 12.9 years (males) and 11.7 years (females). 
This first nationwide pediatric FD cohort highlights substantial diagnostic delays and underscores the importance of 
MDT collaboration, family screening, and early recognition to improve outcomes in affected children.
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1. Introduction

Fabry disease (FD) is a rare X-linked lysosomal storage 
disorder characterized by reduced or complete absence of 
the enzyme α-galactosidase A (α-Gal A) due to mutations 
in the GLA gene. In 2018, FD was included in the first 
official list of 121 rare diseases in China (No. 27). 
Clinical symptoms frequently emerge in childhood or 
adolescence (1-5). With the accumulation of the substrate 
globotriaosylceramides (GL-3) and its derivative 
deacetyl GL-3 (globotriaosylsphingosine, Lyso-GL-3), 
early symptoms can develop into life-threatening 
complications, leading to serious clinical events 
including renal, cardiac, cerebrovascular complications 
or death. However, the initial symptoms of FD are 
atypical, the clinical manifestations are diverse, and there 
is a significant delay from the onset of symptoms to 
diagnosis, which can be as long as 14-16 years (6).
	 The approval of enzyme replacement therapy (ERT) 
in China in 2019 positioned FD as one of the few genetic 
metabolic diseases amenable to targeted therapy. With 
advances in enzymatic assays and genetic testing, early 
diagnosis provides a crucial opportunity for timely 
intervention before irreversible organ damage occurs. To 
address diagnostic challenges, the Children's Hospital 
of Fudan University established the first pediatric 
multidisciplinary diagnosis and treatment (MDT) team 
for FD in April 2020. A tertiary referral framework was 
introduced, incorporating risk-based symptom and family 
screening, dried blood spot (DBS) triple testing (α-Gal 
A activity, lyso-GL-3 levels, and GLA sequencing), and 
targeted newborn genetic testing for high-risk metabolic 
disorders (7).
	 The Fabry Aim Children Early (ACE) Project, 
jointly initiated by the Chinese Association for 
Improving Birth Outcome and Child Development and 
the Children's Hospital of Fudan University, expanded 
MDT implementation to 21 institutions between July 
2021 and January 2022 (Supplementary Table S1 and 
Supplementary Figure S1, https://www.irdrjournal.
com/action/getSupplementalData.php?ID=281). These 
teams were established in tertiary hospitals across 
China to improve early detection and provide effective 
interventions for children and families with FD.
	 A clearer understanding of pediatric FD phenotypes 
in China is essential for guiding both diagnosis and long-
term management. This study summarizes the clinical 
characteristics and treatment status of children diagnosed 
through the MDT network.

2. Patients and Methods

2.1. Study design and data sources

This retrospective multicenter study enrolled pediatric 
patients (≤ 18 years) diagnosed with FD before March 
2025 from the Chinese Children's Genetic Kidney 

Disease Database (CCGKDD, www.ccgkdd.com.cn) – a 
national multicenter registry systematically documenting 
genotypic and phenotypic data of children with inherited 
kidney diseases in China (8).
	 Inclusion criteria: i) Age ≤ 18 years at diagnosis; ii) 
Confirmed FD diagnosis meeting one of the following 
criteria (9):
	 Identification of a pathogenic or likely pathogenic (P/
LP) GLA gene variant according to the American College 
of Medical Genetics and Genomics (ACMG) guidelines 
(10);
	 For males: Presence of a GLA gene variant of 
uncertain significance (VUS) combined with deficient 
α-Gal A activity (< 2.4 μmol/L/h);
	 For females: Presence of a GLA VUS with elevated 
plasma Lyso-GL-3 (≥ 1.11 ng/mL) and/or deficient α-Gal 
A activity.
	 Exclusion criteria: i) Absence of essential biochemical 
data—specifically, α-Gal A activity or Lyso-GL-3 levels—
required for diagnostic confirmation; ii) Initiation of ERT 
before collection of baseline clinical data.
	 Clinical information was collected using a standardized 
questionnaire to ensure uniform data acquisition across 
centers. Collected data included demographics, presenting 
symptoms, organ involvement, genetic test results, and 
treatment status.

2.2. Data collection and management

A standardized, web-based electronic case report form 
(e-CRF) was specifically designed for this study to 
ensure uniform and comprehensive data collection 
across all participating centers. The e-CRF captured the 
following domains:
	 i) Demographics: Age, sex, family history.
	 ii) Diagnostic data: Age at first symptom onset, age 
at diagnosis, reason for diagnostic testing (symptoms vs. 
family screening), diagnostic delay.
	 iii) Genetic data: GLA gene variant (nucleotide 
and protein change), zygosity, ACMG classification, 
segregation analysis within the family.
	 iv) Biochemical data: α-Gal A enzyme activity 
(reference: > 2.4 μmol/L/h), plasma Lyso-GL-3 level 
(reference: < 1.11 ng/mL).
	 v) Clinical manifestations: A comprehensive review 
of systems was conducted to document involvement 
across neurological (pain characteristics: acroparesthesia, 
Fabry crises, burning sensation, tingling, numbness), 
dermatological (angiokeratoma), ophthalmological 
(cornea verticillata, cataracts), gastrointestinal (abdominal 
pain, diarrhea, constipation), renal (microalbuminuria, 
proteinuria, estimated glomerular filtration rate - eGFR), 
cardiac (arrhythmias, left ventricular hypertrophy, valvular 
abnormalities), respiratory (pulmonary function tests), 
auditory (hearing loss), and skeletal (bone mineral density) 
systems.
	 Severe clinical events were defined as: cardiac events 
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females, with a median onset age of 8 years.

3.2. Genetic and biochemical characteristics

Genetic and biochemical features are summarized in 
Table 1.
	 Missense variants were the predominant mutation 
type in both sexes (males: 65.2%; females: 66.7%). Male 
patients exhibited markedly reduced α-Gal A enzyme 
activity (0.6 ± 0.4 µmol/L/h), while females showed 
variable but generally normal enzyme levels (2.3 ± 0.9 
µmol/L/h).
	 Despite this, elevated plasma Lyso-GL-3 levels 
were detected in the majority of both sexes (males: 
87.0%; females: 83.3%), indicating significant substrate 
accumulation even among females with normal 
enzymatic activity.

3.3. Clinical manifestations and multisystem involvement

The spectrum and frequency of organ system 
involvement are detailed in Table 2, with further 
visualization provided in Figure 1 and Figure 2. Key 
systemic manifestations are summarized below:
	 i) Neurological involvement: During follow-up, 
90.5% of symptomatic males and 38.9% of females 
experienced neuropathic pain. Acroparesthesia was 
predominant (males: 92.1%; females: 85.7%) and 
manifested as burning (52.6% vs. 14.3%), tingling (31.6% 
vs. 57.1%), or numbness (10.5% vs. 14.3%). Fabry crises 
were reported in 63.2% of males and 28.6% of females.
	 ii) Renal involvement: Although overt kidney disease 
was uncommon, early renal abnormalities were evident. 
Among 41 males with evaluable data, 14.6% had renal 
abnormalities, most commonly microalbuminuria 
(12.2%) and reduced estimated GFR (7.3%). One patient 
presented with renal tubular dysfunction, suggesting 
early tubular involvement.
	 iii) Cardiac manifestations: Cardiac abnormalities 
were observed in both sexes. Arrhythmias occurred in 
27.5% of males and 44.4% of females. Left ventricular 
hypertrophy (LVH) was noted in 7.5% of males, while 
valvular dysfunction and conduction disturbances were 
reported across both groups.
	 iv) Additional organ system involvement: Notable 
involvement was also found in other organ systems. 
Ophthalmological examination revealed cornea 
verticillata in a substantial proportion of both males and 
females (48.7% and 53.8%, respectively). Respiratory 
function testing identified obstructive airway disease in 
24.2% of the male patients. Furthermore, sensorineural 
hearing loss was detected in 10.8% of males. 
Involvement of other systems included: skeletal, with 
low bone mineral density found in 4 out of 7 (57.1%) 
tested males.

3.4. Treatment status

(atrial fibrillation, admission for any rhythm disturbance 
or congestive heart failure), stroke, and the need for 
dialysis and transplantation.
	 vi) Treatment data: Use of ERT (agalsidase alfa or 
beta), age at ERT initiation, duration of ERT, adjunctive 
therapies (analgesics, RAAS inhibitors, etc.), and 
reported adverse events.
	 All data extracted for analysis were collected prior to 
the initiation of ERT to accurately represent the natural 
history of the disease.

2.3. Statistical analysis

Descriptive statistics were used to summarize the patient 
characteristics. Categorical variables were presented as 
numbers and percentages (n, %). Continuous variables 
were expressed as mean ± standard deviation (SD) and 
median with range (min-max). Data visualization was 
conducted using GraphPad Prism (version 9.0, GraphPad 
Software, San Diego, CA, USA).

2.4. Ethical approval

The study was approved by the Institutional Review 
Board of Children's Hospital of Fudan University 
(No. 2021241) and conducted in accordance with the 
Declaration of Helsinki. Written informed consent was 
obtained from all legal guardians and from patients aged 
≥ 8 years. All personal identifiers were anonymized to 
protect participant privacy.

3. Results

A total of 64 pediatric patients with FD from the Chinese 
Children Genetic Kidney Disease Database were 
included in this study (Supplementary Table S2, https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=281), comprising 46 males (71.9%) and 18 
females (28.1%).

3.1. Baseline demographic and diagnostic characteristics
The baseline demographic and diagnostic characteristics, 
stratified by sex, are presented in Table 1.

	 The median age at diagnosis was 11.4 years (range: 
0.1–18.2) for males and 9.4 years (range: 1.7–16.7) 
for females. Family screening accounted for 72.2% of 
female and 34.8% of male diagnoses, highlighting a 
marked sex difference in diagnostic pathway. In three 
males (6.5%), GLA variants were identified incidentally 
during genetic testing for unrelated conditions.
	 The median age at symptom onset was slightly 
earlier in males (6.4 years) than in females (7.0 years), 
with corresponding diagnostic delays of 4.4 years and 4.0 
years, respectively.
	 Neuropathic pain was the most frequent presenting 
symptom, observed in 52.2% of males and 27.8% of 
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Treatment details are summarized in Table 3.
	 A total of 37 patients (31 males, 6 females) received 
ERT, initiated at median ages of 12.9 years in males 
and 11.7 years in females. The median interval from 
symptom onset to ERT initiation was 7.3 years in males 
and 4.0 years in females.
	 Most patients received agalsidase beta (Fabrazyme®). 
ERT was generally well tolerated; only two males (6.5%) 
experienced grade 3 adverse events, with no grade ≥ 4 
reactions reported.
	 Adjunctive medications included analgesics (41.3% 
of males) and renin–angiotensin–aldosterone system 
(RAAS) inhibitors (13.0%), reflecting proactive 
nephroprotective management within multidisciplinary 
care frameworks.

3.5. Severe clinical events

During the study observation period, severe clinical 
events were rare. Only one male patient (2.2%) 
experienced a significant renal event requiring 
transplantation. There were no reported deaths, cardiac, 
or cerebrovascular events.

4. Discussion

This nationwide study, conducted through China's first 
MDT network dedicated to pediatric FD, provides the 
first comprehensive overview of its clinical spectrum, 

diagnostic patterns, and management practices in Chinese 
children. The key findings include diagnostic delays, 
early multisystem involvement, sex-related clinical 
differences, and the increasing adoption of early enzyme 
replacement therapy within MDT care frameworks.

4.1. Diagnostic delay and the critical role of family 
screening

Diagnostic delay remains a key challenge in FD, 
particularly in pediatric populations. International 
registries have documented prolonged intervals between 
symptom onset and diagnosis—reaching 13.7 years in 
males and 16.3 years in females (11). Against this global 
background, our study demonstrates meaningful progress 
within China's emerging MDT framework: the median 
diagnostic delay in our pediatric cohort was 4.4 years for 
males and 4.0 years for females.
	 This substantial reduction reflects the early success 
of the national pediatric FD MDT network, underscoring 
the benefits of systematic family screening, cascade 
genetic testing, and improved clinician awareness. 
Notably, 72.2% of female patients in our cohort were 
diagnosed through family screening, highlighting the 
decisive role of this strategy in shortening the diagnostic 
odyssey. This approach aligns with both Chinese expert 
consensus (12) and international recommendations from 
European (13,14) and the United States (15) guidelines, 
which emphasize cascade testing as the most effective 

Table 1. Summary of demographic and disease characteristics by sex

Characteristic

Age at Fabry diagnosis (years)
     Mean ± SD
     Median age (range)
Diagnostic Data
     Age at first onset of symptom (years)
          Patients with symptoms, n (Percentage)
          Mean ± SD
          Median age (range)
     Diagnostic delay (years)
          Mean ± SD
          Median age (range)
     Reason for testing, n (%)
          Symptoms
          Family screening
          Patients at risk of genetic metabolic disorders
     Family members diagnosed with Fabry, n (%)
          Yes
          No
          Unknown/not reported
Genetic Data
     GLA variants Type, n (%)
          Missense
          Truncating
          Deletion
          Splicing
          Intron
Biochemical Data
     GLA activity, Mean ± SD (μmol/L/h)
     Elevated plasma lyso-GL-3, n (%)

Male (n = 46)

10.6 ± 4.6
11.4 (0.1–18.2)

42 (91.3%)
  5.5 ± 4.5
  6.4 (0–16.0)

  5.6 ± 5.1
  4.4 (0–17.5)

27 (58.7%)
16 (34.8%)
  3 (6.5%)

41 (89.1%)
  3 (6.5%)
  2 (4.3%)

30 (65.2%)
  6 (13.0%)
  6 (13.0%)
  2 (4.3%)
  2 (4.3%)

  0.6 ± 0.4
40 (87.0%)

Female (n = 18)

  9.8 ± 4.0
  9.4 (1.7–16.7)

  9 (55.0%)
  5.5 ± 4.8
  7.0 (0–13.0)

  4.5 ± 5.5
  4 (-4.8–13.5)

  5 (27.8%)
13 (72.2%)
  0

11 (100%)
  0
  0

12 (66.7%)
  3 (16.7%)
  1 (5.6%)
  1 (5.6%)
  1 (5.6%)

  2.3 ± 0.9
15 (83.3%)
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means of early identification.
	 To further narrow this gap, the integration of 
systematic family-based cascade screening with 
expanded newborn and high-risk population screening 
programs is critical. Such coordinated efforts within the 
MDT framework will be pivotal in realizing true early 
detection and timely intervention for children with FD in 
China.

4.2. Sex differences and clinical relevance in females

As expected, given FD's X-linked inheritance, male 
patients in our cohort presented with earlier symptom 
onset and more severe clinical manifestations, notably 
neuropathic pain and anhidrosis/hypohidrosis. However, 
a significant proportion of female children (nearly half) 
were symptomatic, some exhibiting severe features like 
Fabry crises and cardiac arrhythmias.

	 The recent consensus review by Hopkin et al. (16) 
demonstrated that over two-thirds of female patients 
develop multisystem involvement, and more than one-
third experience severe clinical features in adults. The 
clinical heterogeneity observed in females primarily 
arises from random X-chromosome inactivation and 
the lack of effective cross-correction of the enzymatic 
defect between cells. These pathophysiological 
mechanisms explain the potential for significant tissue 
and organ damage even with normal plasma α-Gal A 
activity (16). Therefore, female children with confirmed 
GLA variants or relevant clinical symptoms should 
receive equally rigorous monitoring and longitudinal 
assessment as males, independent of their enzyme 
activity levels.

4.3. Early organ involvement and expanding the 
monitoring paradigm

Table 2. Prevalence of organ system involvement and clinical manifestations

Parameter

Total number
Organ system, n (%)
Neuropathic pain symptoms
     Age at acroparaesthesia onset, Mean ± SD (years)
     Age at acroparaesthesia onset, (years)
     Median age (range)
     Acroparaesthesia in hands
     Acroparaesthesia in feet
     Fabry crises
     Burning pain
     Tingling
     Numbness
     Headache/migraine
Anhidrosis or hypohidrosis
Angiokeratoma
Gastroenterological
     Abdominal pain
     Constipation/Diarrhea
     Nausea/Vomiting
Ophthalmology (*NA = 7/5)
     Cornea verticillata
     Posterior subcapsular cataract
     Visual impairment
     Retinal vascular tortuosity
Sensorineural hearing loss (*NA = 9/7)
Depression (*NA = 37/16)
Respiratory (*NA = 13/7)
     Obstructive respiratory diseases
     Restrictive respiratory diseases
Renal (*NA = 5/6)
     Microalbuminuria
     Low glomerular filtration rate
     Renal tubular dysfunction
Cardiovascular (*NA = 6/7)
     Arrythmias
     Valvular dysfunction
     Conduction abnormalities
     Left ventricular hypertrophy
     T-wave inversion on electrocardiogram
     Congenital heart disease
Low bone mineral density (*NA = 39/17)

Male

46
42 (91.3%)
38 (82.6%)
  8.4 ± 3.0
  8
  (0–16)
27 (58.7%)
36 (73.5%)
24 (52.2%)
24 (52.2%)
12 (26.1%)
  4 (8.7%)
  3 (6.5%)
27 (58.7%)
21 (45.7%)
  9 (19.6%)
  6 (13.0%)
  5 (10.9%)
  2 (4.3%)
23 (59.0%)
19 (48.7%)
  3 (7.7%)
  1 (2.6%)
  1 (2.6%)
  4 (10.8%)
  1 (1.1%)
  8 (24.2%)
  8 (24.2%)
  1 (3.0%)
  6 (14.6%)
  5 (12.2%)
  3 (7.3%)
  1 (2.4%)
23 (57.5%)
11 (27.5%)
  3 (7.5%)
  3 (7.5%)
  3 (7.5%)
  2 (5.0%)
  2 (5.0%)
  4 (57.1%)

Female

18
  9 (50.0%)
  7 (38.9%)
  9.0 ± 2.1
  8
  (7–13)
  4 (22.2%)
  7 (38.9%)
  2 (11.1%)
  1 (5.6%)
  4 (22.2%)
  1 (5.6%)
  1 (5.6%)
  2 (11.1%)
  2 (11.1%)
  3 (16.7%)
  2 (11.1%)
  1 (5.6%)
  1 (9.1%)
  7 (53.8%)
  7 (53.8%)
  0
  0
  0
  0
  0
  0
  0
  0
  0
  0
  0
  0
  4 (44.4%)
  4 (44.4%)
  0
  0
  0
  0
  0
  0

*NA = number of patients with no data available in groups of male and female.
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Figure 1. The first symptoms in male and female patients diagnosed with Fabry disease. (A) Proportion and type of first symptoms 
reported in male patients (n = 46); (B) Proportion and type of first symptoms reported in female patients (n = 18). Symptom categories include: 
Angiokeratoma, Unexplained chronic kidney disease, Anhidrosis or hypohidrosis, Dysesthesia, Gastrointestinal problems and none. Data are 
presented as percentage of patients reporting each symptom as their first manifestation.

Figure 2. Proportion of male and female patients with Fabry disease showing different clinical manifestations at diagnosis. Bar chart 
comparing the prevalence of various clinical manifestations at the time of diagnosis between male (n = 46) and female (n = 18) patients. 
Manifestations shown: Cerebrovascular, Hearing impairment, Low creatinine clearance/proteinuria, Gastrointestinal problems, Cornea verticillata, 
Respiratory, Respiratory, Angiokeratoma, Cardiac abnormalities, Fabry crises, Acroparaesthesia, Anhidrosis or hypohidrosis. Data are derived 
from the same cohort as in Figure 1.

Table 3. Treatment patterns and details of enzyme replacement therapy

Parameter

Total number
Medication, n (%)
ERT, n (%)
     Fabrazyme®, agalsidase beta 1 mg/kg/14 days (n)
     Replagal®, agalsidase alfa 0.2 mg/kg/14 days (n)
     Switch between therapies (n)
     Age at first ERT (years), Mean ± SD
     Age at first ERT (years), Median age (range)
     Symptom onset to first ERT (years), Mean ± SD
     Symptom onset to first ERT (years), Median age (range)
     Duration of ERT (years), Mean ± SD
     Patients with grade 3 adverse event, n (%)
     Patients with grade 4-5 adverse event, n (%)
Analgesics
RAAS blockers
Potassium citrate

Male

46
31 (67.4%)
31 (67.4%)
24
  7
  2
12.92 ± 2.88
12.9 (7.7–18.6)
  7.40 ± 4.85
  7.25 (0.8-17.8)
  2.90 ± 1.37
  2 (6.5%)
  0
19 (41.3%)
  6 (13.0%)
  1 (2.2%)

Female

18
  7 (38.9%)
  6 (33.3%)
  6
  0
  1
11.73 ± 2.78
12.9 (7.2–14.1)
  5.11 ± 4.91
  3.95 (0.3–13.7)
  2.55 ± 1.16
  0
  0
  1
  0
  0

Abbreviations: ERT, enzyme replacement therapy; RAAS, Renin-angiotensin-aldosterone system.
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Consistent with previous studies (1,3,15,17), our 
findings reaffirm that FD is a multisystem disorder from 
early childhood, with neuropathic pain as the earliest 
and most prevalent symptom. In our cohort, 90.5% 
of symptomatic males and 38.9% of females reported 
pain. This manifestation, primarily in the form of 
acroparesthesia (affecting 92.1% of symptomatic males 
and 85.7% of females), often exhibits gender-specific 
characteristics, with a predominant burning sensation 
in males (52.6%) and tingling in females (57.1%). 
Notably, Fabry crises occurred in 63.2% of males and 
28.6% of females, underscoring the severe and episodic 
nature of this neuropathic phenotype. These results echo 
previous pediatric reports (3,18) and highlight the need 
for proactive surveillance rather than reactive symptom 
management.
	 Neuropathy in FD often coexists with subclinical 
injury in other organ systems, progressing silently 
during childhood. Renal involvement—manifested as 
microalbuminuria or early GFR reduction—can precede 
overt nephropathy, supporting the use of sensitive 
biomarkers (e.g., urinary podocyte markers, advanced 
imaging) to detect preclinical injury (17,19). Cardiac 
abnormalities, including arrhythmias and LVH, were also 
observed, aligning with data that identify cardiac disease 
as the leading cause of mortality in FD (20). Therefore, 
annual ECG and echocardiographic monitoring from 
diagnosis are warranted.
	 This study identifies additional features contributing 
to the pediatric phenotype, beyond neurologic, 
renal, cardiac, ophthalmologic, and angiokeratoma 
presentations. Low bone mineral density in over half of 
tested males and obstructive pulmonary dysfunction in 
nearly one-quarter indicate previously underappreciated 
skeletal and respiratory involvement. These findings, 
consistent with emerging evidence (21,22), suggest Fabry 
pathology may extend to mesenchymal and connective 
tissues, warranting integration of skeletal and pulmonary 
assessments into routine follow-up. Sensorineural hearing 
loss, detected in 10.8% of males compared with 6.4% in 
prior reports (23), further supports inclusion of audiologic 
evaluation in comprehensive care. Gastrointestinal 
symptoms, though less frequently reported here, are likely 
underrecognized due to nonspecific presentations (24,25); 
structured and targeted assessment should thus be part of 
pediatric evaluation.
	 Collectively, these findings emphasize that 
multisystem involvement—including renal, cardiac, 
skeletal, respiratory, auditory, and gastrointestinal 
systems—can emerge in early childhood, even 
before overt decline. We therefore advocate an 
expanded, integrated monitoring paradigm that 
addresses neuropathic pain as a sentinel feature while 
systematically screening for subclinical organ injury. 
Such a holistic, anticipatory approach is essential to delay 
disease progression and optimize long-term outcomes in 
pediatric FD.

4.4. Timing of therapy and indications for early 
intervention

The rationale for early treatment is firmly supported by 
pathological and clinical evidence. Gb3 accumulation 
and podocyte injury begin in early childhood, preceding 
overt albuminuria or renal function decline (26). A recent 
study (27) further suggests that early diagnostic kidney 
biopsies should be considered irrespective of biochemical 
findings, to facilitate timely ERT initiation in pediatric 
FD.
	 The median age of ERT initiation in our cohort (12.9 
years in males, 11.7 years in females) was slightly higher 
than the recommended early-intervention window. 
Current disease-specific therapies include agalsidase 
beta—approved in Europe for patients aged ≥ 8 years 
and in the U.S. for those aged ≥ 2 years; agalsidase 
alfa—approved in Europe from age ≥ 7 years; and 
pegunigalsidase alfa—approved in both Europe and 
the US in 2023 for adults. Migalastat was additionally 
approved in Europe in 2021 for patients aged ≥ 12 years 
(28).
	 International and national guidelines consistently 
advocate early intervention once Fabry-related 
symptoms or biomarkers appear. In the United States, 
the 2016 Fabry Pediatric Expert Panel recommends 
ERT for any symptomatic boy or girl, regardless of 
age, with neuropathic pain, renal or cardiac disease, 
or gastrointestinal involvement. For asymptomatic 
boys with classical mutations, treatment is discussed 
by 8–10 years, while asymptomatic girls are followed 
longitudinally (15). The French 2019 consensus 
recommends initiating ERT in symptomatic patients with 
neuropathic pain, albuminuria ≥ 3 mg/mmol, or cardiac/
gastrointestinal involvement, and considering earlier 
therapy in asymptomatic boys with classic GLA variants 
and Lyso-Gb3 > 20 nmol/L (29). Similarly, a Portuguese 
review advises treatment for classic males from 8–10 
years and for females or late-onset males once organ 
involvement is evident (30).
	 The 2021 Chinese Expert Consensus on the 
Diagnosis and Treatment of Fabry Disease (2nd edition) 
aligns with these recommendations, suggesting ERT 
initiation in boys and girls presenting with Fabry-related 
symptoms, though without a defined age threshold (12). 
This symptom-based, individualized approach reflects 
a growing national emphasis on early recognition and 
timely management of pediatric FD.
	 Collectively, these perspectives underscore that early 
ERT initiation, guided by genotype, biomarkers, and 
subclinical organ involvement, is essential to prevent 
irreversible progression. The modest delay in treatment 
initiation in our cohort highlights the ongoing need 
to improve early diagnosis and therapy access within 
China's developing pediatric FD network.

4.5. Study limitations
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This study has limitations inherent to its retrospective 
design. The modest sample size, recruited from 
specialized centers, may limit generalizability. The 
analysis focused exclusively on pre-ERT data, which, 
while informative of the natural history, does not allow 
for assessment of treatment response. Future prospective, 
longitudinal studies are needed to evaluate the impact of 
early ERT initiation on long-term outcomes.

5. Conclusion

In summary, this study—based on the Chinese Children 
Genetic Kidney Disease Database—confirms that 
pediatric FD in China manifests as a multisystem 
disorder with significant renal, cardiac, skeletal, 
respiratory, and auditory involvement from an early 
age. Findings from this Chinese cohort underscore the 
importance of MDT-driven strategies, family screening, 
and early therapeutic intervention to improve long-term 
outcomes in Chinese children with FD.
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