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Abstract

The wide range of clinical symptoms observed in patients with Fabry disease

(FD) often leads to delays in diagnosis and initiation of treatment. Delayed initiation

of therapy may result in end-organ damage, such as chronic renal failure, hypertro-

phic cardiomyopathy, and stroke. Although some tools are available to identify

undiagnosed patients, new comprehensive screening methods are needed. In this

study, the outcomes of the cascade screening applied to three index cases with FD

from 2 familes were investigated. In the pedigree analysis, 280 individuals were

included; out of them, 131 individuals underwent genetic testing and cascade screen-

ing for FD. During the screening program, a total of 45 individuals were diagnosed,

with a diagnostic ratio of 1:15. The average age at diagnosis for all individuals was

30.9 ± 17.7 years, and %25 were pediatric cases (mean age 9.5 ± 5.9 years). Thirty

affected relatives were diagnosed from the two index cases in Family 1 and 15 indi-

viduals were diagnosed from one index case in Family 2. There were 13 consanguine-

ous marriages observed among 2 pedigres, in two both spouses were affected,

leading to two homozygous affected daughters in one couple. In regions where there

is a high prevalence of consanguineous marriages, implementing the cascade screen-

ing approach to identify all individuals at risk can be beneficial for patients with FD,

specifically women and children.
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1 | INTRODUCTION

Fabry disease (FD, OMIM 301500) is an X-linked, multisystemic, pro-

gressive lysosomal storage disease, caused by pathogenic variants in

the GLA gene encoding the α-galactosidase A enzyme (α-Gal A, EC

3.2.1.22). The deficiency of the activity of α-Gal A enzyme, which is

involved in the breakdown of glycosphingolipid, causes the accumula-

tion of glycosphingolipids, globotriaosylceramide (Gb3), and its deriva-

tive globotriaosylsphingosine (lyso-Gb3) in various cell types including

endothelial and smooth muscle cells, renal and cardiac parenchymal

cells, and the central nervous system. This accumulation results in pro-

gressive and irreversible damage to vital organs (Germain, 2010;

Yuasa et al., 2017).

In patients with classic FD, which is characterized by significantly

reduced or no residual α-Gal A activity, the disease manifests present

in childhood with non-specific findings such as acroparesthesia, hypo-

hidrosis, abdominal pain, and fatigue (Schiffmann & Ries, 2016). Con-

sequently, it is often difficult to consider the diagnosis of FD during

this period. (Ezgu et al., 2022; Ries et al., 2005). Complications associ-

ated with FD, such as chronic kidney disease (CKD), left ventricular
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hypertrophy (LVH) and cerebrovascular events, are commonly

observed during the third and fourth decades of life (del Pino

et al., 2018; O'Mahony & Elliott, 2010; Sims et al., 2009). Asymptom-

atic or late-onset phenotype, which only affects one or a few organs,

can be observed in female patients. In some cases, female patients

may also exhibit the classic FD phenotype associated with severe

findings (Juchniewicz et al., 2018). In the presence of classic signs and

symptoms identified as red flags, such as neuropathic pain, anhidro-

sis/hypohidrosis, angiokeratomas, cornea verticillate, hearing loss, gas-

trointestinal problems (nausea, vomiting, abdominal pain, diarrhea or

constipation), LVH of unknown origin (concentric and asymmetric),

albuminuria, proteinuria, CKD, juvenile and/or cryptogenic transient

ischemic attack or stroke. When these red flags are present, it is

important to consult a health care professional, such as a geneticist or

metabolic disorders specialist, for proper evaluation and diagnosis of

FD (Citro et al., 2022; Pieroni et al., 2021).

The diagnosis can be established by α-Gal A enzyme activity

assay and/or by molecular analysis in affected males. Men inherit the

mutant GLA gene only from their mother, as it is located on the X

chromosome. Consequently, they are always hemizygous in the GLA

gene. In female patients, mainly consisting of heterozygotes in

GLA gene, α-Gal A enzyme activity is often at similar levels to healthy

controls (Yuasa et al., 2017). Therefore, the GLA gene sequence analy-

sis is crucial for accurate diagnosis. GLA gene analysis is also used to

test family members at risk (Ortiz et al., 2018).

Molecular studies have identified more than 1000 different GLA

variants until now. Due to the phenotypic heterogeneity of this

genetic disorder and the large number of pathogenic variants in the

GLA gene, the treatment approach varies depending on factors such

as genotype, sex, family history, phenotype, and specific clinical symp-

toms (Ezgu et al., 2022; Germain et al., 2020). Enzyme replacement

therapy (ERT) has demonstrated efficacy in stabilizing and improving

various manifestations associated with FD. Initiating treatment in the

early stages of the disease may effectively prevent the progression

toward irreversible organ damage and the subsequent development

of associated life-threatening complications (Germain et al., 2019;

Thomas & Hughes, 2014). While the prevalence of classical FD in

males was formerly known as 1: 117,000, when the late-onset pheno-

type is included, it is known that the frequency varies between

1/1500–1/7800 and the disease is seen worldwide (Hsu &

Niu, 2018). Considering the prevalence of FD, it is believed that there

many undetected cases are still awaiting diagnosis.

Cascade genetic screening is a method used to identify individuals

at high risk for hereditary diseases by genetic testing in relatives of

people known to have specific genetic variants. Detection of the dis-

ease early, particularly in asymptomatic individuals, leads to improved

clinical findings and outcomes. It is generally considered to be more

cost-effective than population screening (Cernat et al., 2021). Many

factors, such as the inheritance pattern of the disease, the depth of

screening, and the degree of penetrance can influence the outcomes

of cascade screening (George et al., 2015).

The present study evaluates the pedigree analysis of two patients

diagnosed with end-stage renal disease, as well as the results of the

cascade screening method applied to these patients. This method

detected, 30 new FD patients from the first family and 15 new FD

patients from the second family. Among them, there were two cou-

ples both diagnosed with FD and two female patients with homozy-

gotes in the GLA gene.

2 | PATIENTS AND METHODS

2.1 | Subjects

We performed a retrospective study of two consecutive patients with

FD, consulting at the Department of Inherited Metabolic Disorder.

This cross-sectional descriptive study was conducted in accordance

by the Declaration of Helsinki and was approved by the Dokuz Eylül

University Ethics Committee (Approval No: 2020/26-51; Date:

26.10.2020). All participants gave written informed consent for the

using their personal data. Considering the X-linked inheritance pattern

of the disease, index cases were interviewed regarding their family

members, and at least a three-generation family pedigree was drawn.

Index cases were requested to contact family members who probably

have FD and refer them to the diagnosis center. Individuals who could

not be reached due to communication problems, such as poor com-

munication or being adopted, were asked to be referred to the center

by contacting their family physician and explaining the risk of having

FD. Detailed information about the disease, including its hereditary

trait and index case, was given to each new family member who

applied for cascading screening.

The pedigree analysis was reconstructed each time a new pro-

band was identified. For male patients, the mothers, daughters, and

siblings were screened. For female patients, the parents, children,

and siblings were screened. If a consanguineous relationship was

detected between the couples, their spouses sample were also col-

lected. In cases where it was not possible to obtain a sample from a

first-degree relative of a newly diagnosed FD case (due to death, test

refusal, transportation constraints, etc.), cascade screening was not

terminated at that point. Instead, the risk of having FD was assessed

by attempting to obtain samples from other first-degree relatives,

including children, siblings, mother, and father. This process was

repeated each time a new proband was detected. The total number of

individuals screened, the number of individuals at risk of inheriting

pathogenic variants, and the number of patients diagnosed with FD

were determined. Age, sex, α-Gal A enzyme levels, plasma lyso-Gb3

levels (if available), and GLA gene analysis reports of family members

examined within the scope of comprehensive family screening were

examined (Table S1). When a family member who had the identical

variant as the index case (index patient-1 and index patient-2;

c.902G>A, index patient-3; c.1226C>T) was detected, they were con-

sidered to have FD following with the European Fabry Working

Group Consensus report (Biegstraaten et al., 2015). The pedigree

analysis was expanded to include these newly detected cases. By

examining the family member relations among all individuals with FD,

these pedigrees merged with the index case's pedigree.
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Because of the wide clinical spectrum of FD, all probands were

evaluated by a multidisciplinary team of experts experienced in FD,

including specialists of inherited metabolic disorders, medical geneti-

cists, neurologists, cardiologists, nephrologists, ophthalmologist.

Patients' age at diagnosis, age at the symptom onset, sex, and

FD-related findings (such as acroparesthesia, angiokeratoma, hypohi-

drosis) were questioned. The treatments administered before the

diagnosis was questioned. Family members exhibiting at least one FD-

specific sign, such as proteinuria, arrhythmia, sudden loss of hearing,

and so on were classified as symptomatic. On the other hand, those

without any signs were classified as asymptomatic. Deceased family

members, who had a high probability of having FD due to X-linked

inheritance, were not included in the study even if they had a history

of FD-related conditions such as renal failure or transient ischemic

attack (TIA), since there were no available samples for testing.

2.2 | GLA gene analysis

2.2.1 | Sample collection and DNA extraction

Minimum 2 mL of peripheral venous blood samples of the subjects

were collected to the EDTA tubes. Total genomic DNA were

extracted via magnetic bead purification method. MagPurix Blood

DNA Extraction Kit (Zinexts, Taiwan) were used with MagPurix Auto-

mated Extraction System (Zinexts, Taiwan) according to the manufac-

turer's protocol. DNA quality and concentration measurements are

performed by NanoDrop ND1000® Spectrophotometer (Thermo

Fisher Scientific, USA). After the proper quality (50–100 ng/μL con-

centration and A260/A280:1.8-2.0 purity) of DNA is ensured, DNA is

stored in �20�C prior to study.

2.2.2 | Sanger sequencing

The laboratory workflow included initial sequencing of all coding

exons and exon-intron boundaries (±10 base pairs) of the GLA gene in

index patients. After confirmation of pathogenic variants in index

patients, cascade screening was performed in each family by sequenc-

ing of only the exon in which the mutation was found (exon 6 or

exon 7).

Direct amplification and sequencing of GLA gene were performed

using primer sequences designed according to the GRCh38 human

genome GLA reference sequence (Ensembl transcript ID:

ENST00000218516). Exons and exon-intron boundaries were ampli-

fied using a standard PCR procedure that used AmpliTaq Gold™

360 DNA Polymerase (Applied Biosystems—Thermo Fisher Scientific,

USA). Amplifications were performed using Eppendorf 5332 Master-

cycler (Eppendorf AG, Germany). Sequencing reactions were per-

formed with BigDye Terminator v3.1 Cycle Sequencing Kit (Applied

Biosystems—Thermo Fisher Scientific, USA), and electrophoresed on

an ABI 3130 Capillary Electrophoresis System (Applied Biosystems—

Thermo Fisher Scientific, USA). Sequence alignment and evaluation

were performed using CLC Genomics Workbench v3.6.5 (Qiagen,

Germany). Detected variants were classified according to the current

guidelines (Richards, et al., 2015). During variant annotation;

rsID numbers were used for variants registered in the

Single Nucleotide Polymorphism Database (dbSNP) (https://www.

ncbi.nlm.nih.gov/snp/). Population frequency data were obtained

from the gnomAD database (https://gnomad.broadinstitute.org/) and

relevant pathogenicity submissions were obtained and evaluated from

the ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar/)

(Table 1).

2.3 | Statistical analysis

Statistical analysis was performed using the IBM SPSS Statistics for

Windows version 22.0 (IBM Corp., Armonk, NY, USA). Descriptive

statistical methods were used to analyze the results. The normality of

the distribution of the numerical variables was evaluated using the

Kolmogorov–Smirnov test. Values for the numerical variables were

expressed as mean ± standard deviation or median (minimum-maxi-

mum), depending on the normality of distribution. Categorical vari-

ables were reported as numbers and percentages (%).

3 | RESULTS

3.1 | Patient 1 and patient 2

Index patient-1 (IV.67) was a 53-year-old male referred to the

nephrology department due to high serum creatinine levels, protein-

uria, and hyperkalemia. He was diagnosed with renal failure of

unknown origin. Medical history revealed a consanguineous marriage

between his parents, and it was learned that several relatives also

had CKD. He had complaints of numbness and tingling in his hands

and feet since childhood as well as heat intolerance, constipation,

and recurrent abdominal pain. On physical examination, there were

multiple angiokeratomas on the trunk of the patient. Ophthalmologi-

cally, corneal opacity was observed by slit-lamp examination while

an otolaryngology examination identified sensorineural deafness.

Echocardiography revealed LVH with markedly prominent papillary

muscles. The interventricular septum measured 18 mm, and the pap-

illary muscles were measured at 17 mm in diastole. FD was sus-

pected, and enzyme levels were examined based on the patient's

medical history and clinical findings. α-Gal A enzyme activity was

below 0.1 μmol/L/h (normal >2.8 μmol/L/h), and lyso-Gb3 was

14.7 ng/mL (normal >1.30 ng/mL). Molecular analysis of GLA

revealed that he was hemizygous for the previously described

c.902G>A (p. Arg301Gln) pathogenic variant associated with the

classic FD phenotype (Table 1). ERT was initiated due to the pres-

ence of arrhythmia, LVH, cornea verticillata, angiokeratoma, and

CKD. As there were many individuals with CKD in his family history,

pedigree analysis was performed (Figure 1a). While conducting the

pedigree analysis, it was noticed that Patient 1 had a
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consanguineous relationship with Patient 2 who had also sought

medical attention at the Department of Inborn Errors of Metabolism.

Patient 2 (IV.17), a 42-year-old female, was receiving peritoneal dial-

ysis for CKD. In addition to renal failure, she presented with symp-

toms of heat intolerance and sporadic episodes of gastrointestinal

distress. Echocardiography had revealed normal IVS thickness

(10 mm) and normal left ventricular posterior wall thickness (9 mm).

FD was investigated for the etiology of CKD, and c.902G>A variant

was detected in the GLA gene. Family screening was performed by a

pedigree analysis (Figure 1b). The diagnosis was established approxi-

mately 3 weeks prior to the identification of the index case, during

which it was observed that she exhibited the same variant as the

index case. Notably, these two patients resided in different cities

and were unaware of their familial relationship. The pedigree was

expanded using the cascade method employed for index patient 1 to

explore the consanguineous connections between the patients. Con-

sequently, it was determined that comprehensive screening of all

family members was essential, and the two pedigrees were merged

for this objective.

3.1.1 | Cascade screening—Family 1

The pedigree analysis of 214 individuals, spanning six generations, is

illustrated in Figure 2. The samples could not be collected from

30 (14%) family members who had passed away (individuals from the

first and second generations were no longer alive). Considering

X-linked inheritance, it was determined that 57 (27%) individuals were

TABLE 1 The details and pathogenicity of variants identified in this study.

Nucleotide

sequence
variant

Protein

sequence
variant Location

Mutation
type dbSNP ID*

gnomAD
(v.2.1.1)** ClinVar*** ACMG pathogenicity ****

c.902G>A p.Arg301Gln Exon 6 Missense rs104894828 - Pathogenic P (PM1, PM2, PM5, PP1,

PP2, PP3, PP5 > Strong)

c.937G>T p.Asp313Try Exon 6 Missense rs28935490 0.003040 Conflicting

interpretations of

pathogenicity

B (BS1, BS2)

c.1226C>T p.Pro409Leu Exon 7 Missense - - - LP (PM2, PM5, PP2, PP3)

*https://www.ncbi.nlm.nih.gov/snp/.

**(Karczewski et al., 2020).

***https://www.ncbi.nlm.nih.gov/clinvar/.

****(Richards et al., 2015).

F IGURE 1 The family trees of
Patient 1 and Patient 2.

KISA ET AL. 4 of 11

https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/clinvar/


not at risk. Twenty-four (11%) individuals could not undergo screening

due to various reasons, such as financial constraints, communication

difficulties within the family, adoption, refusal to participate in the

test, and settlement in remote areas (different countries or cities).

Three (1.4%) female family members, who unable to be sampled, were

identified as obligate carriers. 103 (48%) individuals were tested.

c.902G>A variant was detected in 32 (15%) individuals including the

index case (Figure 3). In addition, a c.937G>T (p. Asp313Tyr) variant

was detected in a family member, and there was no FD-specific symp-

tom in this 5-year-old girl. This was interpreted as a benign variant

and no further action were taken for this variant. A total of 10 couples

had consanguineous marriages. In one of these consanguinity mar-

riages, the mother and daughter carried a heterozygous variant in a

family, while the father and son carried a hemizygous variant in the

GLA gene (Figure 2).

In Family 1, there were a total of 30 newly diagnosed patients.

Among these patients, seven (22%) were under 18 years old. Out of

the pediatric patients, five (71%) were girls and two (28%) were boys.

None of the children had advanced organ damage seen in FD such as

CKD or LVH. A nine-year-old male patient (V.11) had cornea verticil-

lata. Three patients of pediatric patients had complaints of abdominal

pain. One of these patients (V.17) was being investigated by the Pedi-

atric Rheumatology Department with the suspicion of Familial Medi-

terranean Fever (FMF) due to recurrent abdominal pain. Six out of the

25 adult patients (24%) were male. Additionally, six patients declined

systemic evaluation. Eight patients (25%), including the index case,

F IGURE 2 The pedigree analysis of Patient 1 and Patient 2. Red box indicates the family where both spouses are affected. *: This individual is
also III.3. **: This individual is also IV.14.

F IGURE 3 Cascade screening of
Family 1.
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had advanced organ involvement due to FD (CKD in five patients,

LVH in seven patients, and TIA in one patient). Three patients were in

dialysis treatment due to CKD, and one patient had undergone renal

transplantation. ERT treatment was initiated in 14 patients, and three

patients refused treatment. Fifteen patients remained asymptomatic

and were regularly monitored. A family member who was learned to

be adopted was diagnosed with FMF due to recurrent abdominal pain

and was receiving colchicine treatment. After receiving ERT treat-

ment, his symptoms significantly decreased.

3.2 | Patient 3

A 44-year-old male patient was referred to the hospital with evidence

of CKD and LVH. His family history revealed that his mother, father,

and one of his brothers died with the diagnosis of CKD and cerebro-

vascular events of unknown origin. Echocardiography showed LVH as

his interventricular septum measured 21 mm and the posterior wall

measured 20 mm in diastole. The α-Gal A enzyme activity was below

0.2 μmol/L/h (normal >2.8 μmol/L/h), Lyso GL3:42.5 ng/mL (normal

>1.30 ng/mL). Molecular analysis of the GLA gene revealed the novel

c.1226C>T variant (Table 1).

3.2.1 | Cascade screening—Family 2

The pedigree analysis of Family 2 is presented in Figure 4. Considering

X-linked inheritance, 35 out of 66 family members were found to be

at risk. Two of the individuals at risk had passed away. Samples could

not be taken from seven individuals due to various reasons such as

transportation difficulties, financial reasons, and unwillingness to get a

diagnosis. Of the 28 screened family members, FD was detected in

15 relatives by screening. Cascade screening was limited to pedigree

analysis involving four generations due to insufficient information

about the family tree of patients. When the index case was evaluated

together, 13 (81%) of the patients were female, and four (25%) of

them were under 18 years of age. There was consanguineous mar-

riage in three families.

When the cascade screening results were examined, considering

the two pedigree analyses together, 131 out of 280 individuals in

the pedigree analysis were tested, and 45 patients with FD were

reached (34%). (Family 1; 2:30, Family 2; 1:15). There were 13 con-

sanguineous marriages. In both families, both the mother and the

father had FD. When the demographic and clinical findings of all

members with GLA variant were examined together with the index

cases, 11 (23%) were male, 37 (77%) were female, the average age

was 32 ± 17.6 (median, 31 years, minimum-maximum, 1–68 years)

(Table S1). The mean age at diagnosis of the patients (not including

index cases) diagnosed by cascade screening was 30.9 ± 17.7 years

(median, 29 years, minimum-maximum, 1–68 years). Fourteen

patients refused systemic evaluation. Of the patients, 12 (25%) were

children, 36 (75%) were adults. The mean age of the children was

9.5 ± 5.9 (median, 10 years, minimum–maximum, 1–18 years) (nor-

mally distributed). The distribution of clinical findings of patients

grouped according to X linked inheritance were compared in Table 2.

ERT was started in 20 patients (42%), five patients refused treat-

ment, and 23 patients (48%) were recommended to have regular

follow-up.

F IGURE 4 The pedigree analysis of Patient 3. The family with both parents with FD is framed in a red box.
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3.2.2 | The patients with homozygote variant in
GLA gene

The index case's nephews had married each other, and the mother

was heterozygous, and the father was hemizygous in terms of c.1126

C>T in GLA variant. The couple had four children, two homozygous

affected daughters and two unaffected sons. The daughters had sig-

nificantly low enzyme levels and highly elevated lysoGL3 levels, simi-

lar to classic Fabry disease. (Family member IV.6: α-Gal A; 0.1 μmol/

L/h LysoGL3: 49.3 ng/mL (0–3.5); Family member IV.7: α-Gal A;

0.2 μmol/L/h LysoGL3: 50.3 ng/mL). At the time of diagnosis, sys-

temic evaluation including urine sampling, abdominal USG, and hear-

ing evaluation were normal. It was learned that the older sibling,

previously examined in the general pediatric evaluation, had positive

(+2) protein in her urine analysis with a simple dipstick test. Five years

later, they applied to the outpatient clinic of inherited metabolic disor-

der. The 10-year-old younger sister had no complaint and was consid-

ered asymptomatic. Physical examination was normal, weight: 31.6 kg

TABLE 2 Baseline characteristics of patients with FD in Family-1 and Family-2.

Homozygote (IV-6/IV-7) Heterozygote Hemizygote

N (%) 2 (4) 35 (73) 11 (23)

Age

Mean + SD 4/6 32.6 ± 15.9 34.9 ± 21.2

Med [min–max] 32 [3–66] 31 [1–68]

Alfa-Gal A (>1.2 μmol/L/h) 0.1/ 0.2 1.8 ± 0.8

2.1 [0.2–3.1]
0.4 ± 0.3

0.2 [0.1–0.9]

Lyso-Gl3 (<3.5 ng/mL) 49.3/50.3 4.3 ± 1.5

4.7 [0.5–7.9]
36.7 ± 16.4

38.8 [14.7–58]

Clinical findingsa

Asymptomatic 1/2 22/35 1/11

Angiokeratomas - 10/33 6/10

Pain

Dysesthesia/episodic crisis of burning in hands or

feet

1/2 8/33 7/11

Reduced sweating

Hypohidrosis or anhidrosis (not sweating enough) 1/2 0/33 6/11

Corneal signs

Corneal whorls/cornea verticillata - 8/27 8/9

Heat/cold/exercise intolerance - 2/30 2/7

Hearing problems

Hearing loss, tinnitus and vertigo

- 13/34 3/10

Gastrointestinal symptoms

Nausea, vomiting, non specific abdominal pain,

constipation, diarrhea

- 9/32 4/9

System Involvementa

Kidney

Proteinuria 1/2 10/33 9/11

Decreased glomerular filtration rateb - 5/32 6/33

Progressive renal impairment - 3/33 3/11

Cardiac

Abnormal ECG - 4/28 2/8

Shortened PR interval, non-sustained ventricular

tachycardia

Left ventricular hypertrophy - 4/33 7/11

Stroke/Transient ischaemic attack - 1/11 0/25

Number of patients on ERT 14/33 6/11

aSome of the patients could not be tested or very few tests could be performed, the number of patients with findings/total number of patients who

evaluated were shown.
bDecreased glomerular filtration rate was defined as GFR <90 mL/min/1.73 m2.

7 of 11 KISA ET AL.



(centile: 48, SD score: �0.05) height: 136 cm (centile: 45.22, SD score:

�0.12; BMI: 17 kg/m2). The older sister had tingling in the hands and

feet, abdominal pain, and hypohidrosis. The family stated that she

could not go to school several times a month due to abdominal pain.

There were no remarkable findings on physical examination, weight:

42 kg (centile: 60, SD score: 0.27); height: 146 cm (centile: 34, SD

score: �0.41; BMI: 20 kg/m2). The routine laboratory panels revealed

normal complete blood count, electrolyte levels, and liver and kidney

function in both children. In the younger sibling, 24-h urine protein

demonstrated a rate of 5.09 mg/m2/h, while the Glomerular Filtration

Rate (GFR) was measured at 117 mL/min/1.73 m2. In the older sibling,

24-h urine protein demonstrated a rate of 6.4 mg/m2/h, while the

GFR was measured at 165 mL/min/1.73 m2.

4 | DISCUSSION

The main goal of FD treatment is to prevent disease progression and

irreversible organ damage. Early recognition of clinical signs

and prompt initiation of ERT is crucial in preventing further progres-

sion and complications and improving long-term outcomes (Hsu &

Niu, 2018). Cohort studies conducted on patients with FD have dem-

onstrated that patients were followed for a long time with misdiagno-

ses and the average time between symptom onset and the accurate

diagnosis was 14 years in men and 19 years in women (Eng

et al., 2007). Although there has been a slight decrease in the duration

of these periods due to increased awareness, there are still patients

whose diagnosis period exceeds 30 years (Reisin et al., 2017). The

prevalence of diagnosed patients, especially in the pediatric popula-

tion, is low (Ries et al., 2005). Further research is required to explore

screening modalities aimed at early detection of undiagnosed patients,

thereby reducing the time for diagnosis. In screening high risk

patients, specific populations, that is, patient groups with diseases car-

rying high risk for FD, such as LVH, end-stage renal disease, hemodial-

ysis, and cerebrovascular event are screened. In studies conducted

with this method in the Anatolian region, the prevalence of FD was

found to be 1.05% in patients with idiopathic left ventricular hyper-

trophy (Barman, 2019), 0.31% in patients with a history of renal trans-

plant surgery (Yalln et al., 2019), 1.8% in CKD (Turkmen et al., 2016),

and 0.3% in hemodialysis patients (Sayilar et al., 2016). Although the

patients can be detected with this method, it was seen that end organ

damage has already developed in all of the patients. In addition, pedi-

atric patients cannot be detected with this screening method, as it is

applied to the population with advanced age. However, in FD, which

was formerly called adult disease, it is now known that GB3 accumula-

tion begins before the age of five, and the findings can be seen in

childhood (Laney et al., 2015; Liern et al., 2019).

With newborn screening and family screening, FD can be diag-

nosed earlier (Schiffmann & Ries, 2016). Numerous later-onset forms

and unclassified and uncertain genetic variants (A143T, D313Y) are

detected by newborn screening method. However, by increasing diag-

nostic laboratory testing and follow-up visits, they lead to increased

scanning costs (Gragnaniello et al., 2021; Viall et al., 2022). A large

number of patients are reached with the cascade screening method

(Moiseev et al., 2022). In particular, approximately 80% of pediatric

patients are found using this method (Hopkin et al., 2008). When it is

used together with neonatal screening or screening of at-risk popula-

tions, (CKD, LVH), even more new FD patients are reached (Germain

et al., 2021).

In a literature analysis examining the benefits of family screening

in FD, it was shown that an average of 4.8 additional affected family

members were diagnosed from each proband, and two-thirds of these

patients were women (Germain et al., 2021). In a study conducted in

USA, a total of 27 patients were reached with two index FD, and the

ratio was reported as 1:13 (Maron et al., 2018). Fifteen patients with

FD were detected in a family residing in Argentina, with a positive

case detection rate of 33% (Rozenfeld et al., 2019). This rate is 35% in

the study of Herrera et al (Herrera & Miranda, 2014). In the present

study, a total of 45 patients with FD from two families (Family 1;

2:30, Family 2; 1:15) were reached by comprehensive family screen-

ing. Similar to other studies, the disease detection rate was 34%, 25%

of the patients were under the age of 18 years and 50% of them were

asymptomatic. The family members were diagnosed approximately

20 years earlier compared to index cases. In a study that screened rel-

atives of index patients with cascade screening, 20% of the cases

were under 18 years of age and 40% were asymptomatic (Germain

et al., 2021; Moiseev et al., 2022). In a study conducted in Denmark,

the age of diagnosis of index cases was 42 years, while the age of

diagnosis of family members was 26 years. With cascade screening,

the age of diagnosis is decreases and patients can be diagnosed in the

asymptomatic period (Effraimidis et al., 2022).

The diagnosis and treatment strategies have generally focused on

men who are affected, while female patients have long been charac-

terized as carriers (MacDermot et al., 2001). Although it is now known

that the disease may also have a severe effect on women, the diagno-

sis time for symptomatic female patients is much longer than that for

men (Ortiz et al., 2018). Similiar to pediatric patients, most female FD

patients can be diagnosed through family screening (Gutiérrez-

Amavizca et al., 2014; Juchniewicz et al., 2018). In this study,

37 women were diagnosed FD and by the time they were diagnosed

with FD, severe organ damage had already developed in two hetero-

zygous female patients (progressive renal failure). The present study

made a valuable contribution to the literature by describing the novel

c.1226C>T variant and its clinical manifestations and also by identify-

ing the first homozygous female FD patients in Family 2. Both of their

parents had findings of FD and they were initiated on ERT. Unlike het-

erozygous female FD patients, the enzyme level was found to be sig-

nificantly low in these patients, and they had findings such as

hypohidrosis, proteinuria, and acroparesthesia in the first decade

of life.

The study's first limitation is the inability to reach all family

members in the pedigree. Several reasons contribute to this, includ-

ing low social ties with those in the upper generation, the unwilling-

ness of certain family members to participate in screening (resulting

from fear of receiving a diagnosis, challenges in accessing the hos-

pital, financial difficulties, or living in a different country), and death

KISA ET AL. 8 of 11



of family members. A study examining pedigree analysis in which all

at-risk individuals are screened will offer more significant insights

into the outcomes of the cascade screening method. Another limi-

tation is that organ involvement could not be evaluated as some

family members refuse extensive diagnostic procedures and

treatment.

Experienced physicians in FD play a crucial role in increasing clini-

cians' awareness about the disease, offering support during the diag-

nostic process, conducting systematic patient reviews post-diagnosis,

performing family screenings for the index case, and determining the

initiation of treatment (Thomas & Mehta, 2013).

5 | CONCLUSION

Implementing the cascade screening approach to screen all individuals

at risk can prove beneficial in identifying patients with FD, specifically

women and children.

AUTHOR CONTRIBUTIONS

Conception and design: Pelin Teke Kisa, Mehmet Kocabey, Burcu

Ozturk Hismi, Nur Arslan. Method development: Pelin Teke Kisa, Meh-

met Kocabey, Burcu Ozturk Hismi. Clinical data collection and interpre-

tation: Zumrut Arslan Gulten, Bulent Huddam, Selim Ekinci, Evrim

Bozkaya, Harun Akar, Ozge K. Karalar Pekuz, Ayca Aydogan. Analysis

and interpretation: Pelin Teke Kisa, Mehmet Kocabey, Burcu Ozturk

Hismi. Writing and revising draft: Pelin Teke Kisa, Mehmet Kocabey,

Burcu Ozturk Hismi. Reviewing draft: All authors.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

PATIENT CONSENT STATEMENT

All participants gave their written informed consents for the use of

their personal data.

ORCID

Pelin Teke Kisa https://orcid.org/0000-0001-6481-3172

Mehmet Kocabey https://orcid.org/0000-0001-9565-6907

REFERENCES

Barman, H. A. (2019). Ratio of Fabry disease in patients with idiopathic left

ventricular hypertrophy: A single center study from Turkey. The Anato-

lian Journal of Cardiology, 23(2), 79–85. https://doi.org/10.14744/

anatoljcardiol.2019.84782

Biegstraaten, M., Arngrímsson, R., Barbey, F., Boks, L., Cecchi, F.,

Deegan, P. B., Feldt-Rasmussen, U., Geberhiwot, T., Germain, D. P.,

Hendriksz, C., Hughes, D. A., Kantola, I., Karabul, N., Lavery, C.,

Linthorst, G. E., Mehta, A., van de Mheen, E., Oliveira, J. P., Parini, R.,

… Hollak, C. E. M. (2015). Recommendations for initiation and

cessation of enzyme replacement therapy in patients with Fabry dis-

ease: The European Fabry Working Group consensus document.

Orphanet Journal of Rare Diseases, 10, 36. https://doi.org/10.1186/

s13023-015-0253-6

Cernat, A., Hayeems, R. Z., & Ungar, W. J. (2021). Cascade health service

use in family members following genetic testing in children: A scoping

literature review. European Journal of Human Genetics, 29(11), 1601–
1610. https://doi.org/10.1038/s41431-021-00952-4

Citro, R., Prota, C., Ferraioli, D., Iuliano, G., Bellino, M., Radano, I.,

Silverio, A., Migliarino, S., Polito, M. V., Ruggiero, A.,

Napoletano, R., Bellizzi, V., Ciccarelli, M., Galasso, G., &

Vecchione, C. (2022). Importance of echocardiography and clinical

"red flags" in guiding genetic screening for Fabry disease. Fron-

tiers in Cardiovascular Medicine, 9, 838200. https://doi.org/10.

3389/fcvm.2022.838200

del Pino, M. D., Andrés, A., Bernabéu, A. A., de Juan-Rivera, J.,

Fernández, E., de Dios García Díaz, J., Hernández, D., Luño, J.,

Fernández, I. M., Paniagua, J., Posada de la Paz, M., Rodríguez-

Pérez, J. C., Santamaría, R., Torra, R., Ambros, J. T., Vidau, P., &

Torregrosa, J.-V. (2018). Fabry nephropathy: An evidence-based narra-

tive review. Kidney and Blood Pressure Research, 43(2), 406–421.
https://doi.org/10.1159/000488121

Effraimidis, G., Rasmussen, Å. K., Dunoe, M., Hasholt, L. F., Wibrand, F.,

Sorensen, S. S., Lund, A. M., Kober, L., Bundgaard, H.,

Yazdanfard, P. D. W., Oturai, P., Larsen, V. A., de Abreu, V. H. F.,

Enevoldsen, L. H., Kristensen, T., Svenstrup, K., Bille, M. B., Arif, F.,

Mogensen, M., … Feldt-Rasmussen, U. (2022). Systematic cascade

screening in the Danish Fabry Disease Centre: 20 years of a national

single-centre experience. PLoS One, 17(11), e0277767. https://doi.

org/10.1371/journal.pone.0277767

Eng, C. M., Fletcher, J., Wilcox, W. R., Waldek, S., Scott, C. R.,

Sillence, D. O., Breunig, F., Charrow, J., Germain, D. P., Nicholls, K., &

Banikazemi, M. (2007). Fabry disease: Baseline medical characteristics

of a cohort of 1765 males and females in the Fabry Registry. Journal of

Inherited Metabolic Disease, 30(2), 184–192. https://doi.org/10.1007/
s10545-007-0521-2

Ezgu, F., Alpsoy, E., Bicik Bahcebasi, Z., Kasapcopur, O., Palamar, M.,

Onay, H., Ozdemir, B. H., Topcuoglu, M. A., & Tufekcioglu, O. (2022).

Expert opinion on the recognition, diagnosis and management of chil-

dren and adults with Fabry disease: A multidisciplinary Turkey per-

spective. Orphanet Journal of Rare Diseases, 17(1), 90. https://doi.org/

10.1186/s13023-022-02215-x

George, R., Kovak, K., & Cox, S. L. (2015). Aligning policy to promote Cas-

cade genetic screening for prevention and early diagnosis of heritable

diseases. Journal of Genetic Counseling, 24(3), 388–399. https://doi.
org/10.1007/s10897-014-9805-5

Germain, D. P. (2010). Fabry disease. Orphanet Journal of Rare Diseases, 5,

30. https://doi.org/10.1186/1750-1172-5-30

Germain, D. P., Elliott, P. M., Falissard, B., Fomin, V. V., Hilz, M. J.,

Jovanovic, A., Kantola, I., Linhart, A., Mignani, R., Namdar, M.,

Nowak, A., Oliveira, J. P., Pieroni, M., Viana-Baptista, M.,

Wanner, C., & Spada, M. (2019). The effect of enzyme replacement

therapy on clinical outcomes in male patients with Fabry disease: A

systematic literature review by a European panel of experts. Molecular

Genetics and Metabolism Reports, 19, 100454. https://doi.org/10.

1016/j.ymgmr.2019.100454

Germain, D. P., Moiseev, S., Suárez-Obando, F., Al Ismaili, F., Al

Khawaja, H., Altarescu, G., Barreto, F. C., Haddoum, F., Hadipour, F.,

Maksimova, I., Kramis, M., Nampoothiri, S., Nguyen, K. N., Niu, D.-M.,

Politei, J., Ro, L.-S., Vu Chi, D., Chen, N., & Kutsev, S. (2021). The bene-

fits and challenges of family genetic testing in rare genetic diseases—
Lessons from Fabry disease. Molecular Genetics & Genomic Medicine,

9(5), e1666. https://doi.org/10.1002/mgg3.1666

Germain, D. P., Oliveira, J. P., Bichet, D. G., Yoo, H. W., Hopkin, R. J.,

Lemay, R., Politei, J., Wanner, C., Wilcox, W. R., & Warnock, D. G.

9 of 11 KISA ET AL.

https://orcid.org/0000-0001-6481-3172
https://orcid.org/0000-0001-6481-3172
https://orcid.org/0000-0001-9565-6907
https://orcid.org/0000-0001-9565-6907
https://doi.org/10.14744/anatoljcardiol.2019.84782
https://doi.org/10.14744/anatoljcardiol.2019.84782
https://doi.org/10.1186/s13023-015-0253-6
https://doi.org/10.1186/s13023-015-0253-6
https://doi.org/10.1038/s41431-021-00952-4
https://doi.org/10.3389/fcvm.2022.838200
https://doi.org/10.3389/fcvm.2022.838200
https://doi.org/10.1159/000488121
https://doi.org/10.1371/journal.pone.0277767
https://doi.org/10.1371/journal.pone.0277767
https://doi.org/10.1007/s10545-007-0521-2
https://doi.org/10.1007/s10545-007-0521-2
https://doi.org/10.1186/s13023-022-02215-x
https://doi.org/10.1186/s13023-022-02215-x
https://doi.org/10.1007/s10897-014-9805-5
https://doi.org/10.1007/s10897-014-9805-5
https://doi.org/10.1186/1750-1172-5-30
https://doi.org/10.1016/j.ymgmr.2019.100454
https://doi.org/10.1016/j.ymgmr.2019.100454
https://doi.org/10.1002/mgg3.1666


(2020). Use of a rare disease registry for establishing phenotypic clas-

sification of previously unassigned GLA variants: A consensus classifi-

cation system by a multispecialty Fabry disease genotype-phenotype

workgroup. Journal of Medical Genetics, 57(8), 542–551. https://doi.
org/10.1136/jmedgenet-2019-106467

Gragnaniello, V., Burlina, A. P., Polo, G., Giuliani, A., Salviati, L., Duro, G.,

Cazzorla, C., Rubert, L., Maines, E., Germain, D. P., & Burlina, A. B.

(2021). Newborn screening for Fabry disease in Northeastern Italy:

Results of five years of experience. Biomolecules, 11(7), 951. https://

doi.org/10.3390/biom11070951

Gutiérrez-Amavizca, B. E., Orozco-Castellanos, R., Padilla-Gutiérrez, J. R.,

Valle, Y., & Figuera, L. E. (2014). Pedigree analysis of Mexican families

with Fabry disease as a powerful tool for identification of heterozy-

gous females. Genetics and Molecular Research, 13(3), 6752–6758.
https://doi.org/10.4238/2014

Herrera, J., & Miranda, C. S. (2014). Prevalence of Fabry's disease within

hemodialysis patients in Spain. Clinical Nephrology, 81(2), 112–120.
https://doi.org/10.5414/CN108053

Hopkin, R. J., Bissler, J., Banikazemi, M., Clarke, L., Eng, C. M.,

Germain, D. P., Lemay, R., Tylki-Szymanska, A., & Wilcox, W. R. (2008).

Characterization of Fabry disease in 352 Pediatric Patients in the

Fabry Registry. Pediatric Research, 64(5), 550–555. https://doi.org/10.
1203/PDR.0b013e318183f132

Hsu, T. R., & Niu, D. M. (2018). Fabry disease: Review and experience dur-

ing newborn screening. Trends in Cardiovascular Medicine, 28(4), 274–
281. https://doi.org/10.1016/j.tcm.2017.10.001

Juchniewicz, P., Kloska, A., Tylki-Szyma�nska, A., Jak�obkiewicz-

Banecka, J., Węgrzyn, G., Moskot, M., Gabig-Cimi�nska, M., &

Piotrowska, E. (2018). Female Fabry disease patients and

X-chromosome inactivation. Gene, 641, 259–264. https://doi.org/10.
1016/j.gene.2017.10.064

Karczewski, K. J., Francioli, L. C., Tiao, G., Cummings, B. B., Alföldi, J.,

Wang, Q., Collins, R. L., Laricchia, K. M., Ganna, A., Birnbaum,

D. P., Gauthier, L. D., Brand, H., Solomonson, M., Watts, N. A.,

Rhodes, D., Singer-Berk, M., England, E. M., Seaby, E. G., Kosmicki,

J. A., … Consortium, G. A. D. (2020). The mutational constraint

spectrum quantified from variation in 141,456 humans. Nature,

581(7809), 434–443.

Laney, D. A., Peck, D. S., Atherton, A. M., Manwaring, L. P.,

Christensen, K. M., Shankar, S. P., Grange, D. K., Wilcox, W. R., &

Hopkin, R. J. (2015). Fabry disease in infancy and early childhood: A

systematic literature review. Genetics in Medicine, 17(5), 323–330.
https://doi.org/10.1038/gim.2014.120

Liern, M., Collazo, A., Valencia, M., Fainboin, A., Isse, L., Costales-

Collaguazo, C., Ochoa, F., Vallejo, G., & Zotta, E. (2019). Podoci-

turia en pacientes pediátricos con enfermedad de Fabry. Nefro-

logía, 17(5), 323–330. https://doi.org/10.1016/j.nefro.2018.

05.009

MacDermot, K. D., Holmes, A., & Miners, A. H. (2001). Natural history of

Fabry disease in affected males and obligate carrier females. Journal

of Inherited Metabolic Disease, 24(Suppl 2), 13–14. https://doi.org/10.
1023/A:1012447102358

Maron, M. S., Xin, W., Sims, K. B., Butler, R., Haas, T. S., Rowin, E. J.,

Desnick, R. J., & Maron, B. J. (2018). Identification of Fabry disease in

a tertiary referral cohort of patients with hypertrophic cardiomyopa-

thy. American Journal of Medicine, 131(2), 200.e1–200.e8. https://doi.
org/10.1016/j.amjmed.2017.09.010

Moiseev, S., Tao, E., Moiseev, A., Bulanov, N., Filatova, E., Fomin, V., &

Germain, D. P. (2022). The benefits of family screening in rare dis-

eases: Genetic testing reveals 165 new cases of Fabry disease among

at-risk family members of 83 index patients. Genes, 3(9), 1619.

https://doi.org/10.3390/genes13091619

O'Mahony, C., & Elliott, P. (2010). Anderson-Fabry disease and the heart.

Progress in Cardiovascular Diseases, 52(4), 326–335. https://doi.org/10.
1016/j.pcad.2009.11.002

Ortiz, A., Germain, D. P., Desnick, R. J., Politei, J., Mauer, M., Burlina, A.,

Eng, C., Hopkin, R. J., Laney, D., Linhart, A., Waldek, S., Wallace, E.,

Weidemann, F., & Wilcox, W. R. (2018). Fabry disease revisited: Man-

agement and treatment recommendations for adult patients. Molecular

Genetics and Metabolism, 123(4), 416–427. https://doi.org/10.1016/j.
ymgme.2018.02.014

Pieroni, M., Moon, J. C., Arbustini, E., Barriales-Villa, R., Camporeale, A.,

Vujkovac, A. C., Elliott, P. M., Hagege, A., Kuusisto, J., Linhart, A.,

Nordbeck, P., Olivotto, I., Pietilä-Effati, P., & Namdar, M. (2021). Car-

diac involvement in Fabry disease: JACC review topic of the week.

Journal of the American College of Cardiology, 77(7), 922–936. https://
doi.org/10.1016/j.jacc.2020.12.024

Reisin, R., Perrin, A., & García-Pavía, P. (2017). Time delays in the diagnosis

and treatment of Fabry disease. International Journal of Clinical Prac-

tice, 71(1), e12914. https://doi.org/10.1111/ijcp.12914

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J.,

Grody, W. W., Hegde, M., Lyon, E., Spector, E., Voelkerding, K.,

Rehm, H. L., & ACMG Laboratory Quality Assurance Committee.

(2015). Standards and guidelines for the interpretation of sequence

variants: A joint consensus recommendation of the American College

of Medical Genetics and Genomics and the Association for Molecular

Pathology. Genetics in Medicine, 17(5), 405–424.
Ries, M., Gupta, S., Moore, D. F., Sachdev, V., Quirk, J. M., Murray, G. J.,

Rosing, D. R., Robinson, C., Schaefer, E., Gal, A., Dambrosia, J. M.,

Garman, S. C., Brady, R. O., & Schiffmann, R. (2005). Pediatric Fabry

disease. Pediatrics, 115(3), e344–e355. https://doi.org/10.1542/peds.
2004-1678

Rozenfeld, P. A., Masllorens, F. M., Roa, N., Rodriguez, F., Bonnano, M.,

Yvorra, C., & Ceci, R. (2019). Fabry pedigree analysis: A successful pro-

gram for targeted genetic approach. Molecular Genetics and Genomic

Medicine, 7(7), e00794. https://doi.org/10.1002/mgg3.794

Sayilar, E. I., Ayar, Y., & Yavuz, M. (2016). Prevalence of Fabry disease

among Turkish dialysis patients: Data from hemodialysis centers in

Bursa province. Clinical Nephrology, 165–172, 165–172. https://doi.
org/10.5414/CN108672

Schiffmann, R., & Ries, M. (2016). Fabry disease: A disorder of childhood

onset. Pediatric Neurology, 64, 10–20. https://doi.org/10.1016/j.

pediatrneurol.2016.07.001

Sims, K., Politei, J., Banikazemi, M., & Lee, P. (2009). Stroke in fabry disease

frequently occurs before diagnosis and in the absence of other clinical

events: Natural history data from the Fabry registry. Stroke, 40(3),

788–794. https://doi.org/10.1161/STROKEAHA.108.526293

Thomas, A. S., & Hughes, D. A. (2014). Fabry disease. Pediatric Endocrinol-

ogy Reviews, 12(Suppl 1), 88–101. https://doi.org/10.5005/jp/books/
11937_17

Thomas, A. S., & Mehta, A. B. (2013). Difficulties and barriers in diagnosing

Fabry disease: What can be learnt from the literature? Expert Opinion

on Medical Diagnostics, 7(6), 589–599. https://doi.org/10.1517/

17530059.2013.846322

Turkmen, K., Guclu, A., Sahin, G., Kocyigit, I., Demirtas, L., Erdur, F. M.,

Sengül, E., Ozkan, O., Emre, H., Turgut, F., Unal, H., Karaman, M.,

Aclkel, C., Esen, H., Balli, E., Bltlrgen, G., Tonbul, H. Z., Yllmaz, M. I., &

Ortiz, A. (2016). The prevalence of Fabry disease in patients with

chronic kidney disease in Turkey: The TURKFAB study. Kidney and

Blood Pressure Research, 41(6), 1016–1024. https://doi.org/10.1159/
000452605

Viall, S., Dennis, A., & Yang, A. (2022). Newborn screening for Fabry dis-

ease in Oregon: Approaching the iceberg of A143T and variants of

uncertain significance. American Journal of Medical Genetics Part C:

Seminars in Medical Genetics, 190(2), 206–214. https://doi.org/10.

1002/ajmg.c.31998

Yalln, S. F., Eren, N., Sinangil, A., Yilmaz, V. T., Tatar, E., Ucar, A. R.,

Sevinc, M., Can, Ö., Gurkan, A., Arik, N., Alisir Ecder, S., Uyar, M.,

Yasar, M., Gulcicek, S., Mese, M., Dheir, H., Cakir, U., Köksal

Cevher, Ş., Turkmen, K., … Seyahi, N. (2019). Fabry disease prevalence

KISA ET AL. 10 of 11

https://doi.org/10.1136/jmedgenet-2019-106467
https://doi.org/10.1136/jmedgenet-2019-106467
https://doi.org/10.3390/biom11070951
https://doi.org/10.3390/biom11070951
https://doi.org/10.4238/2014
https://doi.org/10.5414/CN108053
https://doi.org/10.1203/PDR.0b013e318183f132
https://doi.org/10.1203/PDR.0b013e318183f132
https://doi.org/10.1016/j.tcm.2017.10.001
https://doi.org/10.1016/j.gene.2017.10.064
https://doi.org/10.1016/j.gene.2017.10.064
https://doi.org/10.1038/gim.2014.120
https://doi.org/10.1016/j.nefro.2018.05.009
https://doi.org/10.1016/j.nefro.2018.05.009
https://doi.org/10.1023/A:1012447102358
https://doi.org/10.1023/A:1012447102358
https://doi.org/10.1016/j.amjmed.2017.09.010
https://doi.org/10.1016/j.amjmed.2017.09.010
https://doi.org/10.3390/genes13091619
https://doi.org/10.1016/j.pcad.2009.11.002
https://doi.org/10.1016/j.pcad.2009.11.002
https://doi.org/10.1016/j.ymgme.2018.02.014
https://doi.org/10.1016/j.ymgme.2018.02.014
https://doi.org/10.1016/j.jacc.2020.12.024
https://doi.org/10.1016/j.jacc.2020.12.024
https://doi.org/10.1111/ijcp.12914
https://doi.org/10.1542/peds.2004-1678
https://doi.org/10.1542/peds.2004-1678
https://doi.org/10.1002/mgg3.794
https://doi.org/10.5414/CN108672
https://doi.org/10.5414/CN108672
https://doi.org/10.1016/j.pediatrneurol.2016.07.001
https://doi.org/10.1016/j.pediatrneurol.2016.07.001
https://doi.org/10.1161/STROKEAHA.108.526293
https://doi.org/10.5005/jp/books/11937_17
https://doi.org/10.5005/jp/books/11937_17
https://doi.org/10.1517/17530059.2013.846322
https://doi.org/10.1517/17530059.2013.846322
https://doi.org/10.1159/000452605
https://doi.org/10.1159/000452605
https://doi.org/10.1002/ajmg.c.31998
https://doi.org/10.1002/ajmg.c.31998


in renal replacement therapy in Turkey. Nephron, 142(1), 26–33.
https://doi.org/10.1159/000496620

Yuasa, T., Takenaka, T., Higuchi, K., Uchiyama, N., Horizoe, Y., Cyaen, H.,

Mizukami, N., Takasaki, K., Kisanuki, A., Miyata, M., & Ohishi, M.

(2017). Fabry disease. Journal of Echocardiography, 15(4), 151–157.
https://doi.org/10.1007/s12574-017-0340-x

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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