
Screening for Fabry disease among 619 hemodialysis patients 
in Saudi Arabia

Salwa A. Alhemyadi, MD, Mamoun Elawad, MD, FRCP, Konstantinos Fourtounas, MD, Zakaria Abdrabbou, MD, 
Bellalah Alaraki, MRCP, Siddeg Younis, MRCP, Zahir Nawaz, MRCP, Salem Alqurashi, MD, Sarar Mohamed, FRCPCH, MD.

813

ABSTRACT

 w!  5¹œuF#$«  v{d*«  5Ð  ©FD®  ÍdÐU!  ÷d&  —UA²½«  Èb&  b¹b%  ∫·«b¼_«
ÆvKJ$« qO#ž

 WJKL*UÐ  WO#Oz—   UOHA²#&  3  w!  WO+U³²Ýô«  WÝ«—b$«  Ác¼  X¹dł√  ∫WO−NM*«
 18  s&  d³1√®  5G$U³$«  v{d*«  lOLł  vKŽ  WÝ«—b$«  XKL²ý«  ÆW¹œuF#$«  WOÐdF$«
 W¹UN½  w!  ÍuK1  ÷d&  s&  Êu½UF¹Ë  vKJ$«  qO#ž  …bŠË  ÊËdC×¹  s¹c$«  ©WMÝ
 s¹c$«Ë FD l& 5!ËdF*« v{d*« U½œUF³²Ý« ÆvKJ$« qO#ž w!Ë ©ESRD® WKŠd*«
 WFIÐ Â«b6²ÝUÐ FD ‰ 5K¼R*« v{d*« lOLł h×! - ÆWÝ«—b$« w! W1—UA*« «uC!—
 W−O²½  dNþ Ê√ rŁ Æ©A ôUž UH$√® A “«b¹“u²1ôUž UH$_ ©DBS® W!U'« Âb$«
 ÆÈdš√ W¹bO1Qð .e½≈ W#¹UI& U½cš√ ©40% s& d¦1√ .e½≈ ◊UA½® wÐU−¹≈ DBS
 - ¨©40%s& d¦1√ .e½ù« ◊UA½® U ÎC¹√ WOÐU−¹≈ WO½U¦$« DBS WMOŽ X½U1 U&bMŽ

ÆGLA 5−K$ d$UÝ q#K#ð ¡«dł≈

 …dOš_« tKŠ«d0 ÍuKJ$«  ¡«b$«  s& Êu½UF¹ i¹d& 619 tŽuL−& UMB×! ∫ZzU²M%«
 Æα≠Gal A  .e½≈  Èu²#*  DBS  Â«b6²ÝUÐ  FD  qł√  s&  vKJ$«  qO#ž  vKŽË
 Èb$ ÊU1 ¨—U³²šô« …œUŽ≈ bMŽ ÆWMOŽ 11 w! 40% s& q+√ w1e½ù« ◊UAM$« ÊU1
 ¡ôRN$ d$UÝ q#K#ð dNþ√ ÆFD v$≈ dOA¹ U2 w1e½≈ ◊UA½ 20% s& q+√ ÀU½≈ 3
 ÆFD hO6Að b1R¹ Íc$« ©cÆ1055CæG ©pÆAla352Gly dOG²*« 3 ÀU½ù«
 qL% ÷«dŽ_« W1bŽ v¦½√ sŽ WŁö¦$« v{d*« ¡ôR¼ bŠ_ wKzUF$« h×H$« nA1

ÆŸuM$« fH½

 Ê√  Ëb³¹  Æi¹d&  1000  qJ$  4.8  tÝ«—b$«  Ác¼  w!  FD  —UA²½«  ÊU1  ∫W&ö)«
 W$UF! WO−Oð«d²Ý« u¼ ESRD s& Êu½UF¹Ë ÍdÐU! s& Êu½UF¹ s¹c$« v{d*« h×!
 sŽ  r¼b¹b% - s¹c$«  v{d*«  »—U+√  ÊS!  ¨p$– vKŽ  …ËöŽ  ÆWHKJ²$«  YOŠ  s&

ÆÁc¼ h×H$« WO−Oð«d²Ý« “eF¹ h×H$« o¹dÞ

Objectives: To determine the prevalence of Fabry disease 
(FD) among Saudi patients on hemodialysis.

Methods: This prospective study was conducted 
in 3 major hospitals in the. All adult patients (>18 
years old) attending the dialysis unit who have end-
stage renal disease (ESRD) and on hemodialysis 
were included. Known patients with FD and 
those who refused to participate in the study were 
excluded. All eligible patients were screened for FD 
using dry blood spot (DBS) for alpha-galactosidase 
A (α-Gal A). A positive DBS (enzyme activity <40%) 
was followed by another confirmatory enzyme assay. 
When the second DBS sample was also positive (enzyme 
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activity <40%), a Sanger sequencing of the GLA gene 
was performed.

Results: A total of 619 patients with ESRD and on 
hemodialysis were screened for FD using DBS for α-Gal 
A enzyme level. Enzymatic activity was below 40% in 11 
samples. On retesting, 3 females had <20% enzymatic 
activity suggesting FD. Sanger sequencing of these 3 
females showed the variant c.1055C>G (p.Ala352Gly) 
confirming the diagnosis of FD. Family screening of one 
of these 3 patients revealed one asymptomatic female 
carrying the same variant.

Conclusion: The prevalence of FD in this cohort was 
4.8 per 1000 patients. Screening of Fabry patients with 
ESRD seems to be a cost-effective strategy. Furthermore, 
relatives of the patients identified by screening enhances 
this screening strategy.
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Fabry disease (FD) is an X-linked lysosome-storage 
disease caused by a deficiency of the enzyme alpha-

galactosidase A (α-Gal A), encoded by the GLA gene.1

The genetic basis of FD is well established. 
According to the human gene mutation database, more 
than one-thousand mutations in the GLA gene have 
been described.2 As a x-linked disease, the prevalence of 
FD in females is predicted to be double that in males.1 
There are multiple types of FD-causing mutations.3 The 
most common are point mutations, including missense 
or nonsense nucleotide substitution (approximately 
70%).2,3 Other variants, such as small deletions, 
insertions, and duplications, were reported in FD.2,4

Deficiency of α-Gal A activity results in the 
accumulation of glycosphingolipids (GSLs), specifically 
globo-tria-osyl-ceramide (Gb3) and globo-tria-osyl-
sphingosine (lyso Gb3).5-8 Lysosomal  globo-tria-osyl-
sphingosine accumulates exclusively in the lysosomes of 
various body tissues and organs, leading to irreversible 
cell damage.5,7 Lysosomal  globo-tria-osyl-sphingosine  
has a role in vascular remodeling; it stimulates smooth 
muscle proliferation and has a role in enhancing the 
proliferation of cardiomyocyte and glomerular injury.5,7

There is a wide variability in the clinical phenotype 
of FD. This is observed in the age of onset, the disease 
progression, and the organs affected.9,10 Furthermore, 
there is no clear genotype/phenotype correlation.1,9,10 
Many genetic and environmental factors were proposed 
to explain this heterogeneity.1 Nevertheless, most 
of the patients with FD present with chronic kidney 
disease, premature stroke, or left ventricular failure.9-12 
Heterozygous females tend to be asymptomatic or 
present with milder symptoms, whereas hemizygous 
males typically have severe symptoms.1,9,11 The 
clinical heterogeneity of FD and the nonspecific 
symptoms make the diagnosis challenging. Moreover, 
approximately 30% of females with FD have a normal 
α-Gal A level.1,6,8 Therefore, genetic analysis is required 
to confirm the diagnosis.

As the clinical diagnosis of FD is challenging; 
therefore, screening of subjects with clinical suspicion 
of the disease is important.13-18 Early detection and 
initiation of enzyme replacement therapy (ERT) may 
slow the progression of the disease.19-22

Wide-scale newborn screening has been implemented 
for FD in many countries.1 This allows the early detection 

and treatment of patients with FD. Screening is based 
on measurement of alpha-galactosidase A enzyme 
activity in dry blood spot (DBS) using either tandem 
mass spectrometry (MS/MS) or fluorimetry.23 This 
method has also been used for screening of FD in adults 
with high risk of the disease. If the initial screening test 
showed low enzymatic activity, another DBS sample 
is tested to confirm the result.23 Enzymatic assay of 
lysosomal enzymes including alpha-galactosidase A in 
DBS has been developed, evaluated and improved in 
the last 2 decades.24 Previous studies have shown that 
DBS enzyme assay using MSMS is comparable to the 
fluorometric method.1,25,26 Moreover, DBS has the 
practical advantage in universal screening.

Currently, there are no data on the prevalence of 
FD in the Kingdom of Saudi Arabia (KSA). Here, we 
screen individuals with a high risk of FD, specifically 
those receiving hemodialysis who may benefit from 
ERT. We expect that the data generated in this study 
will provide insights into the prevalence of FD in KSA. 
Also, the segregation study of the relatives of the index 
individual picked by screening helps in early diagnosis 
and initiation of ERT for asymptomatic subjects. 
Therefore, this study aimed to determine the prevalence 
of FD among adults on hemodialysis who attend 3 
tertiary centers in KSA.

Methods. This prospective study enrolled adult 
patients (>18 years old) with unexplained end-stage 
renal disease (ESRD) and on maintenance hemodialysis. 
The study was conducted in 3 referral hospitals in KSA. 
which included 2 hospitals in the central region: Prince 
Sultan Military Medical City (PSMMC), Riyadh, KSA 
(with more than 1500 beds; 450 beds in the dialysis 
unit), King Khalid hospital in Al-Kharj (with 385 
beds), KSA,  and Tabuk Military Hospital, Tabuk, KSA, 
which is located in the northern region (with 350 beds). 
Patients were recruited over one year between January 
2018 and January 2019. All adult patients (>18 years 
old) with unexplained ESRD on hemodialysis attending 
these 3 hospitals were included. Known patients with 
FD and those who refused to participate in the study 
were excluded. Also, patients with a known cause of 
ESRD, such as obstructive uropathy, were excluded. 
The diagnosis of ESRD was established by the standard 
biochemical, radiological, and histological tests.1 Data 
was abstracted from the laboratory and clinical records 
using case report forms.

The diagnosis of FD in all enrolled patients was 
confirmed by enzyme assay analysis (alpha-gal-A 
enzyme activity in white blood cells) and DNA sequence 
analysis.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Informed consent was offered to the patients 
before enrolment in the study. Patients who refused to 
participate in the study were excluded. The institutional 
research board at PSMMC approved this study.

Screening and diagnosis of Fabry disease. Screening 
for FD was performed by measuring α-Gal A activity in 
DBS. Blood was spotted directly onto the filter paper 
using a Lancet finger stick. Blood spots were dried for 
at least 4 hours at room temperature and stored in 
sealed plastic bags at 4°C. Then samples transported to 
the laboratory for measurement of the enzyme activity 
using a fluorimetric method.8 A positive DBS (enzyme 
activity <40%) was followed by another confirmatory 
enzyme assay. When the second DBS sample was positive 
(enzyme activity <40%), molecular confirmation is 
requested. Three ml of Ethylenediaminetetraacetic acid 
blood was taken for deoxyribonucleic acid extraction and 
amplification by Polymerase chain reaction, followed by 
Sanger sequencing of the GLA gene.3 The diagnosis of 
FD was considered confirmed if a variant is detected 
in the GLA gene. Given the higher probability of FD 
and the fact that enzymatic activity can be normal in 
Fabry females, all first-degree relatives of the confirmed 
cases were offered both enzymatic and genetic testing to 
screen for the disease.

Statistical analysis. The statistical analysis was 
performed using the Statistical Package for Social 
Sciences  software, version 22.0 (IBM Corp, Armonk, 
NY, USA). Categorical variables were presented as 
frequencies and percentages, while continuous variables 
were presented as mean and standard deviation. A 
p<0.05 was considered significant.

Results. A total of 619 patients with ESRD and 
on hemodialysis were screened for FD using DBS for 
α-Gal A enzyme level. Enzymatic activity was below 
40% of the normal level in 11 samples. On retesting 
of these 11 subjects, 3 females were shown to have 
<20% enzymatic activity suggesting FD (Table 1). 
Sanger sequencing of these 3 females showed the variant 
c.1055C>G (p.Ala352Gly), confirming the diagnosis of 

Table 1 - Characteristics of patients with end-stage renal disease who underwent screening for Fabry disease.

Variables Findings
Total number of patients screened 619
Number of patients with first positive α-Gal A enzyme level (40% of enzyme activity) 11
Number of patients with repeat positive α-Gal A enzyme level (<20% of enzyme activity) 3
Number of patients carry the mutation c.1055C>G (p.Ala352Gly) 3
Prevalence of Fabry disease among patients 4.8 per 1000 patient

α-Gal A: alpha-galactosidase A

FD. Therefore, the prevalence of FD in this cohort of 
patients with ESRD and on hemodialysis was 4.8 per 
1000 patients.

Family screening of one of these 3 patients revealed 
one asymptomatic female sibling carrying the same 
variant. All first-degree relatives of the other 2 patients 
with FD failed to consent for screening, and therefore 
these persons were not tested. The 3 confirmed 
patients had no family history of kidney disease or FD 
(Table 2). The family pedigree of the 3 patients is shown 
in Figures 1-3. A detailed history and clinical examination 
failed to show any symptoms or signs related to FD 
except for chronic kidney disease (Table 2). Specifically, 
there were no skin, eye, or cardiovascular manifestations. 
Also, electrocardiogram and echocardiography were 
normal. Renal biopsy was not performed in any of the 3 
patients because the kidney is expected to be small and 
fibrotic, and therefore, the findings are unlikely to be 

Figure 1 - Family pedigree of patient 1.  

Figure 2 - Family pedigree of patient 2. 
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Table 2 - Characteristics of patients with a confirmed diagnosis of Fabry disease.

Characteristic Case 1 Case 2 Case 3
Age 52 61 71
Gender Female Female Female
Clinical features ESRD ESRD ESRD
First α-Gal A enzyme level <40% <40% <40%
Repeat α-Gal A enzyme level <20% <20% <20%
Lyso Gb3 level Normal Normal Normal
Mutation c.1055C>G (p.Ala352Gly) c[1055C>G (p.Ala352Gly) c[1055C>G] (p.Ala352Gly)
ERT Yes No No
Consanguinity Yes No No

Family history of Fabry disease No No No

Nonspecific pain No No No
Angiokeratoma No No No
Anhidrosis No No No
Cardiomyopathy No No No
CVS exam Normal Normal Normal
Premature stroke No No No
ECHO Normal Normal Normal
ECG Normal Normal Normal
US Kidney Small contracted Small contracted Small contracted
Creatinine clearance 7ml/min 9ml/min 5ml/min
Highest urea (mg/dL) 30 22 22.3
Highest creatinine (MmoL/L) 855 867 993
Kidney biopsy Not done Not done Not done
Renal transplant On list Not considered Not considered
Duration of hemodialysis 20 years 8 years 6 years

α-Gal A:  alpha-galactosidase A, ESRD: end stage renal disease, ERT: enzyme replacement therapy,
Lyso Gb3: lysosomal globo-tria-osyl-sphingosine, CVS: cardiovascular system, ECHO: echocardiography,

ECG: electrocardiography US: ultrasonography

Figure 3 - Family pedigree of patient 3. 

informative.
Discussion. Fabry disease is a progressive disorder 
that affects multiple organs, including the kidney, the 
heart, and the brain. Its diagnosis is challenging because 
the symptoms and signs of the disease are nonspecific 
and, therefore, can be overlooked. It seems that FD is 
underdiagnosed, especially in Arab countries. This is 
evident from the few reported cases from the region. 

Also, there are few Arab patients with FD included in the 
Fabry registry.11 This registry was initiated in 2001 and 
considered as the largest observational database in the 
world for orphan diseases; most of its recruited patients 
were from Europe and North America.11 Universal 
newborn screening might be the only reliable method 
to ascertain the epidemiological data on FD and to 
optimize its management by early detection and starting 
ERT.22 Nevertheless, screening of high-risk populations 
might be more practical and could identify patients 
with late-onset manifestation.13 This encouraged us to 
screen for FD among our patients with ESRD.

The prevalence of FD in our cohort of 619 Saudi 
patients with ESRD and on hemodialysis was 4.8 
per 1000 patients. A similar approach was adopted 
in previous studies, which reported a prevalence of 
0.2-1.7% of FD in patients with chronic kidney 
disease depending on the population screened and the 
method of screening.1,10-18 Linthorst et al,13 conducted 
a systematic review of FD screening of high-risk 
populations. The authors showed that the average 
prevalence of FD among hemodialysis patients was 
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0.33% in males and 0.10% in females. Our cohort 
included both males and females and showed a higher 
prevalence of FD among hemodialysis patients. This 
indicates that FD is underdiagnosed in our institutes. 
Similarly, Sayilar et al,16 screened 1527 patients on 
hemodialysis (n=1435) or peritoneal dialysis (n=92) 
for FD across 17 dialysis centers in Bursa province, 
Turkey. The authors reported a 0.3% overall prevalence 
of FD among Turkish patients.16 Similarly, a Russian 
nationwide FD screening among 5572 dialysis patients 
revealed a prevalence of 0.36%.18 In contrary to our 
results, a recent study from Thailand failed to detect 
any definitive FD patients in a cohort with ESRD of 
unknown etiology.17 This could partially be explained 
by the small population screened (124 patients). This 
suggests that it is necessary to include larger centers 
in screening trials of orphan diseases to increase their 
statistical power.13

In our cohort, 3 females showed enzyme activity 
of <20% after retesting. They all carry the variant 
c.1055C>G (p.Ala352Gly). This variant causes an 
amino acid change from Ala to Gly at position 352. 
According to study in 2018, this variant has previously 
been described for Fabry disease by Lukas et al,2 who 
showed that the variant leads to an enzymatic activity 
range of 53.7±4.2 relative to wild-type activity in vitro.3 
Furthermore, in vitro studies showed that this variant 
is deoxygalactonojirimycin responsive.27,28 This drug is 
used for treatment of FD.1 Similarly, this variant was 
reported as likely pathogenic by Bioscientia institut 
fuer medizinische diagnostik GmbH, Sonic Healthcare 
in Clinvar database.27 Other clinical, biochemical and 
computational evidence suggesting pathogenicity of 
this variant include: i) The clinical phenotype of the 3 
patients is consistent with FD, as all of them presented 
with unexplained ESRD, which is a known feature 
of the disease; ii) The presence of a single variant in 3 
unrelated patients with a phenotype consistent with FD 
suggests that this mutation is likely to be disease-causing; 
iii) The α-Gal A enzyme was low in the 3 patients on 
2 occasions; iv) In Silico prediction studies indicate 
that this variant is likely damaging and disease causing; 
v) This variant has a low allele frequency in the Western 
population.3,27 However, this variant was reported in 10 
patients in Saudi Genome Project that lists a database of 
over 6300 variants in different monogenic disorders.29 
Therefore, further functional and population studies 
of the variant we identified is needed to ascertain and 
replicate our findings and to give more insight into 
the genotype phenotype correlation of FD in the Arab 
region and to compare it with the rest of the world. 
Nevertheless, We have shown evidence from the clinical 
presentation (unexplained ESRD), low enzyme activity, 

functional studies and in Silico prediction studies that 
the variant we detected is likely pathogenic.

We did family segregation study for patient one. The 
other 2 families declined to consent for segregation. This 
study showed a 20-year-old female sibling of patient one 
is a carrier of the same variant in a heterozygote status. 
Her α-Gal A enzyme was <20%. However, her renal 
function was intact. She was put under surveillance and 
close monitoring.

Lysosomal globo-tria-osyl-sphingosine was normal 
in our 3 patients with FD. This biomarker is known to 
correlate with the severity of the disease, and it has been 
shown to be high in male patients and normal or mildly 
elevated in females, which was the case in our 3 female 
patients.7,8

Study limitations. The main limitation of this study 
is that we relied on the α-Gal A enzyme level as the only 
screening tool. It is well known that females and also 
some mild pathogenic variants in males have residual 
enzyme activity. Thus, some FD patients might have 
been missed. Adding other biomarkers to the screening 
strategy, such as Lyso Gb3, could have improved the 
accuracy of our case finding.7 Also, we were unable to 
complete the family segregation for logistic reasons and 
family denial. Family screening could have detected 
more cases.

In conclusion, FD is common in Saudi patients with 
ESRD on hemodialysis. Therefore, it seems that FD is 
more common in KSA than previously thought. This 
study indicates that screening of patients with ESRD 
for FD seems to be a cost-effective case-finding strategy. 
Furthermore, screening of relatives of patients detected 
by screening might further enhance this screening 
strategy. 
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