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GENERAL INTRODUCTION

This chapter provides a concise overview of the current knowledge and 
emerging issues concerning Fabry disease, the subject of this thesis. It includes 
a short summary of historical aspects of the disease, clinical characteristics, 
pathophysiology, diagnosis and treatment. 

1. HISTORY OF FABRY DISEASE
In 1898 two dermatologists, William Anderson from the UK and Johannes Fabry 
from Germany, independently described for the first time the dermatological 
characteristics of what is now known as Fabry disease or Anderson-Fabry 
disease 1;2. The disease was named after the typical dermatological findings as 
‘angiokeratoma corporis diffusum’ and ‘purpura haemorrhagica nodularis’. More 
than 50 years later, Ruiter and co-workers reported the post-mortem examinations 
in two boys with Fabry disease and suggested that the disorder was not merely a 
dermatologic disease, but a systemic vascular disease 3. 

In 1955, the Belgian scientist Christian de Duve discovered distinct intracellular 
particles which appeared to have digestive function within cells and named 
these particles lysosomes 4, work for which he was awarded the Nobel prize 
for Physiology or Medicine in 1974. One of his co-workers, Henri-Gery Hers, 
involved in research on glycogen metabolism, discovered the enzyme deficiency 
responsible for Pompe disease 5. The fact that this enzyme worked best at an acid 
pH, made him consider that the enzyme could be localized in the lysosome. In 
1965 Hers established the concept of lysosomal storage disorders, based on his 
research on Pompe disease. Until now, more than 50 diseases are recognized as 
caused by an inherited defect in the lysosomal machinery. 

In 1967, Brady et al demonstrated that Fabry patients were deficient in the 
activity of the lysosomal enzyme ceramide-trihexosidase 6. Kint et al subsequently 
demonstrated that this enzyme was actually an alpha-galactosidase 7. Enzyme 
analysis could now be performed, allowing reliable diagnosis of male Fabry 
patients. The X-linked nature of the disease was first recognized in 1965 8 and the 
location of the alpha-galactosidase A gene at Xq22 was established by Hamers 
et al 9. In 1972, Desnick performed the first study aimed at correction of the 
enzyme deficiency in a Fabry patient by means of kidney transplantation 10. This 
was the first step to a more recent hallmark in the history of Fabry disease: the 
development of enzyme supplementation therapy as a targeted treatment 11;12. 
The introduction of this potentially disease modifying treatment generated a 
tremendous impulse for research on this disease (figure 1), which resulted in an 
enormous increased knowledge, but also raised many new questions.
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2. GENERAL CLINICAL DESCRIPTION 
Fabry disease is a multisystemic disorder, with a remarkable phenotypic 
heterogeneity, predominantly affecting skin, heart, kidney, peripheral nerves and 
brain 13. Fabry disease is caused by a genetic defect in the alpha-galactosidase-A 
gene (GLA-gene), which is localized on the long arm of the X-chromosome (Xq22.1). 
Thus far more than 500 different mutations have been described, predominantly 
consisting of missense and nonsense mutations, but small deletions, insertions 
and splicing defects have also been reported (www.hgmd.cf.ac.uk/ac/lost.php). 
Biochemically, Fabry disease is characterized by a deficiency of the lysosomal 
enzyme alpha-galactosidase A. This hydrolase is responsible for the breakdown 
in lysosomes of glycosphingolipids, predominantly globotriaosylceramide 
or ceramide trihexoside (Gb3, Gl3 or CTH) by catalyzing the removal of a 
terminal α-galactose. Glycosphingolipids are important components of the cell 
membrane, and are presumed to play an important role in signal transduction and 
immunology. In Fabry disease, Gb3 has been found to accumulate in many cells, 
including renal epithelial cells, endothelial cells, vascular smooth muscle cells, 
cardiomyocytes, and neuronal cells. 

Classically, early clinical manifestations of the disease include skin 
abnormalities (angiokeratoma), hypo- or anhydrosis, painful acroparesthesia, 
gastro-intestinal complaints and typical corneal deposits on slit-lamp examination 
(cornea verticillata) (see Table 1). Complications of Fabry disease as the result 

Figure 1. Number of publications on Fabry disease in PubMed database from 1980-2010 

Search in PubMed database on “Fabry disease OR Anderson-Fabry disease” and “screening AND Fabry disease OR Anderson-Fabry disease” in abstracts and titles.

Figure 1. Number of publications on Fabry disease in PubMed database from 1980-2010. 
Search in PubMed database on “Fabry disease OR Anderson-Fabry disease” and “screening 
AND Fabry disease OR Anderson-Fabry disease” in abstracts and titles.
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of progressive organ involvement consist of renal failure, stroke and cardiac 
complications and may develop as early as the second decade of life 14. However, 
signs and symptoms of organ disease generally start only in the 3rd- 5th decade, 
which results in a significant decreased life expectancy especially in males 15. 
Males are generally more severely affected, while females show a more variable 
and protracted disease course 16.

Fabry disease exhibits a broad phenotypic spectrum and also includes patients 
who develop only late onset complications, such as renal failure or cardiac 
complications, in the absence of a history of acroparesthesia and anhydrosis; 
these phenotypes are reported as the cardiac and renal variant 17;18 (see figure 
2). Relatively high residual enzyme activity is often noted in patients with a late 
disease onset, often referred to as an atypical variant of Fabry disease.  

3. MANIFESTATIONS IN HETEROZYGOTES
Until only 10 years ago, Fabry disease was considered to affect almost exclusively 
adult males, which was in accordance with, and largely based on, the X-linked 
inheritance pattern of Fabry disease. Females with Fabry disease were considered 
to be asymptomatic heterozygotes (hence the term ‘carriers’) with only a few 
rare exceptions. However, during the last decade it has become evident that 
there is considerable variability in disease expression in females, ranging from 
asymptomatic to as severe as seen in male patients 16;19-23. Compared to male Fabry 
patients, symptoms usually develop later in life and are generally less severe. The 

Table 1. Early signs and symptoms of Fabry disease.

Early signs and symptoms

Acroparesthesia   Burning, tingling pains of hands and feet
    Chronic and acute 
     Provoked by exercise, heat and stress
     Caused by small fiber neuropathy

An/hypohidrosis   Absence of sweating or decreased ability to sweat

Angiokeratoma    Typical skin lesions
     Localization: trunk, swimsuit area 

Cornea verticillata   Corneal clouding
     Detectable on split lamp examination

Hearing loss    High frequency hearing loss
     Tinnitus

Gastro-intestinal symptoms   Abdominal pain
     Diarrhea 

Renal disease    Micro-albuminuria 
     Proteinuria
     Hyperfiltration

11
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residual enzyme activity in women varies considerably, ranging from normal to nearly 
completely absent 24, but this is not an unequivocal predictor of clinical severity 
15. The presence of moderate and even severe disease expression in female Fabry 
heterozygotes is remarkably higher when compared to heterozygotes in e.g. the 
other X-linked lysosomal storage disorder (mucopolysaccharidosis type II, MPS-II 
or Hunter Syndrome). It has been hypothesized that skewed inactivation of the 
X-chromosome may explain disease expression in Fabry females, but the results 
of studies on this are conflicting 12;25;26 and do not explain the preponderance of 
clinically affected females in Fabry disease compared to other X-linked disorders. 

4. FABRY DISEASE IN PEDIATRICS
In 2003 a multinational cohort study reported for the first time extensively on 
the phenotype of Fabry disease in children, with data on 35 European children 
with this disorder 27. This study revealed that Fabry disease may become clinically 
manifest during childhood. All males (age 1-21 years) and 85% of the females (age 
1.5-20 years) had signs and symptoms of the disease. Following this study, three 
other important studies on pediatric patients have been published, one presenting 
the results from another cohort study and two presenting the data on pediatric 
patients from international registries on Fabry disease (the Fabry Registry and 
the Fabry Outcome Survey) 28-30. It should be taken in consideration that these 
studies may be biased by inclusion of more severely affected children, as they will 
be more willing to participate, resulting in an overestimation of the prevalence 
of symptoms in children. The most recent and largest study on 352 pediatric 
patients demonstrated that the presenting and most prominent symptom is 
neuropathic pain in hands and feet, the so-called acroparesthesia 28. Boys reported 
the onset of acroparesthesia at a median age of 7 years, compared to the age 
of 9 in girls. Acroparesthesia, caused by peripheral small fiber neuropathy 31, 

Figure 2. Phenotypic spectrum of Fabry disease 
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generally aggravate during exercise, temperature change and stress. The pain can 
be chronic or intermittent and is usually resistant to normal analgesics such as 
paracetamol and NSAID’s. These pains can be severe and disabling. Misdiagnoses 
are common, and include mainly rheumatic fever and growing pains. In the absence 
of a family member known with Fabry disease, diagnosis is often delayed 32 and as 
a consequence these specific pains are not treated adequately. 

Other disease manifestations during childhood may include angiokeratoma, 
which is reported in up to 53% of the boys and 38% of the girls 28-30. The lesions 
are typically localized on the trunk, scrotum and the umbilical area (see figure 3), 
but may also be found on hands, feet and in the face. Patients may have a (partial) 
inability to sweat, resulting in heat intolerance and episodes of fever of unknown 
origin. Ophthalmic manifestations of Fabry disease are also common, even in 
young children. The ocular findings typically do not impair vision, but are almost 
exclusively seen in Fabry disease and include cornea verticillata and conjunctival 
and retinal vessel tortuosity. Cornea verticillata is found in up to 73% of the boys 
and 70% of the girls 28-30. Furthermore, gastro-intestinal symptoms, including 
abdominal pain, diarrhea and nausea, have been frequently reported 28-30.  

Involvement of kidneys, heart and central nervous system in pediatric patients 
is generally rare, however several patients with early involvement of these organs 
have been reported in the literature. Cardiac involvement has been described in 
a high number of children with Fabry disease in one cohort study 14. In this study 
on 20 children (8 boys), 35% already had mild left ventricular hypertrophy, and all 
patients had a left ventricular mass of >75th percentile of that in healthy controls. 
However, the mild increase in left ventricular mass did not result in either systolic 
or diastolic dysfunction. Overt renal disease with glomerular filtration rates (GFR) 
below normal usually does not develop until the third and fourth decade, but 
proteinuria may occur in adolescents and decreased GFR has been occasionally 
detected 33-35. Micro-albuminuria is usually the first clinical sign of renal involvement. 
A renal biopsy study in pediatric Fabry patients has demonstrated that significant 

Figure 3. Angiokeratoma in a 12 year old Fabry patient localized in the umbilicus  

Figure 3. Angiokeratoma in 
a 12 year old Fabry patient 
localized in the umbilicus.
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morphologic renal involvement may already occur before the onset of proteinuria 
and decreased glomerular filtration rate 36. Cerebral white matter lesions seen on 
MRI in Fabry patients and strokes usually do not occur during childhood, but have 
been reported in young males with Fabry disease 37-39.  

Quality of life in pediatric patients has been addressed in a few studies and it 
has been shown that boys may already have significant lower scores in the domains 
of bodily pain and mental health before the age of 10 years 28;30; however, these 
results should be taken with caution, since in one of these studies 28 normative 
data from an adult population was used. 

5. PATHOPHYSIOLOGY AND GENOTYPE-PHENOTYPE 
CORRELATION
The pathophysiology of Fabry is still largely unknown. Accumulation of Gb3 in 
endothelial cells and other cell types has long been considered as the cause of 
the progressive clinical manifestations of the disease. However, several findings 
suggest that other factors play an important role. First of all, it was demonstrated 
that in males accumulation of Gb3 already starts in utero 40;41, while clinical 
symptoms develop much later in life. Small amounts of storage material were 
already seen in kidney and myenteric plexuses cells of an aborted fetus at a 
gestational age of 19 weeks 40, while renal disease usually does not become 
manifest until after the second decade of life. In addition, there is no good 
correlation between Gb3 levels and clinical symptoms of Fabry disease 15. Finally, 
reduction in Gb3 levels with treatment of enzyme replacement therapy does not 
necessarily prevent disease progression 42;43. 

Recently a new potential biomarker, globotriaosylsphingosine (lysoGb3), the 
deacylated form of Gb3, was found to be highly elevated in plasma of all male 
patients with classic Fabry disease 44. LysoGb3 was also increased in plasma of 
symptomatic female patients, although to a lesser extent. It was demonstrated 
that lysoGb3 inhibits alpha-galactosidase A and stimulates proliferation of 
smooth muscle cells and thus might be a critical factor in the pathophysiological 
cascade in Fabry disease. In addition, another factor, sphingosine-1-phosphate, 
was recently shown to be a growth-promoting factor involved in cardiovascular 
remodeling in Fabry disease 45. 

Genotype-phenotype correlation is hampered by the large number of 
‘private’ mutations, being confined to individual families. In addition, the disease 
manifestations may vary within families carrying the same mutation 46, suggesting 
that modifier genes or other genetic factors may be important. In general, 
however, mutations that have been described as associated with more attenuated 
late-onset disease are frequently missense mutations, e.g. the N215S genotype. 
One missense variant is considered to be a polymorphism, the D313Y genotype 47.
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6. TREATMENT
Before enzyme replacement therapy was available, treatment of Fabry disease was 
only supportive and symptomatic. Enzyme replacement therapy is the first specific 
and disease modifying therapy for Fabry disease. In 2001, following the results 
of two randomized controlled trials (RCTs), two different recombinant enzyme 
preparations were approved in the Netherlands agalsidase alfa  (Replagal®, 
registered dose 0.2 mg/kg, produced by human skin fibroblasts overexpressing the 
human alpha-galactosidase A gene), and agalsidase beta (Fabrazyme®, registered 
dose 1 mg/kg, produced by CHO cells; both administered intravenously every 
other week). Agalsidase alfa was found to have a favorable effect on the severity 
of acroparesthesia in 26 adult male patients compared with placebo, during a 
treatment period of six months 11;12;43;48-52.  Treatment with agalsidase beta of 56 
men and two women during 20 weeks reduced storage of Gb3 in plasma and renal, 
endomyocardial and skin microvascular endothelium 11;12. The only phase IV long 
term study (35 months) that included a placebo controlled-arm was performed 
with agalsidase beta 48. This study established that treatment with agalsidase 
beta delayed the time to clinical events (renal, cardiac, or cerebrovascular 
event or death) and identified proteinuria as a predictor of clinical outcome, 
suggesting that a certain degree of organ damage unfavorably influences 
outcome 48. Other studies reported improvements in cardiac function 53-55, 
gastrointestinal symptoms 56, as well as stabilization of kidney function 42;43;52 
and reduction of pain 12.

To date, the optimal timing of the start of enzyme replacement therapy has 
not been elucidated. Although it is generally hypothesized that early initiation of 
treatment may prevent irreversible damage and disease progression, the efficacy 
of presymptomatic treatment has currently not been established. Only a few 
studies have focused on treatment efficacy of enzyme replacement therapy in 
children 57. In the first clinical trial published in 2007, 13 patients (9 boys) were 
studied for 23 weeks 57. Treatment was in general well tolerated and was found to 
reduce storage of Gb3 in plasma. In 2008 the results of another study on efficacy 
of enzyme replacement therapy in 16 pediatric patients (14 boys) were published. 
After 48 weeks, reduced Gb3 accumulation in dermal capillary endothelial cells 
and plasma was observed 58. All studies in pediatric patients are limited by their 
open label design, the short term follow-up and the small number of patients 
studied. Furthermore, in the absence of an untreated placebo group, these 
studies are complicated by subjective clinical outcome parameters, e.g. pain and 
gastro-intestinal symptoms.  

Other therapeutic approaches are under investigation, including substrate-
reduction therapy, chaperones and the combination therapy of enzyme 
replacement therapy and chaperones.
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7. DIAGNOSIS AND PREVALENCE
Currently, most patients with Fabry disease are diagnosed through family 
screening, i.e. after a diagnosis of Fabry disease in a family member. In the 
absence of a known family member with Fabry disease, time between the onset 
of symptoms and diagnosis may be as long as 16 years and the diagnosis is often 
not established until adulthood 32. Due to the variability in clinical expression, the 
nonspecific signs and symptoms and the rarity of the disease, early recognition 
by physicians is difficult. 

To detect patients that may otherwise remain undiagnosed and who may 
benefit from early recognition and initiation of disease modifying treatment, 
several screening studies have been performed in populations at high risk for 
Fabry disease, e.g. patients with unexplained renal failure or left ventricular 
hypertrophy 17;18;59-68. In addition to these selected screening studies, a number of 
studies have focused on the feasibility of newborn screening for Fabry disease, 
including studies analyzing enzyme activity in newborn dried blood spots 69-74. 
This resulted in three pilot studies on newborn screening (see Table 2). The first 
study was done in Italy 75. Enzyme analysis was performed in blood spots of in 
total 37.104 male neonates. In twelve neonates with deficient alpha-galactosidase 
A activity, mutations were found in the GLA-gene, including three mutations 
previously described in late-onset patients, one classical mutation and four novel 
missense mutations. This results in a calculated birth prevalence of Fabry disease 
in 1 in 3.100 newborns, with 92% of the patients having mutations associated 
with late-onset disease. The second study was performed in Taiwan and included 
90.288 male neonates 76. An incidence of 1 in 1.250 neonates was found, 86% 
of which  had the intronic mutation IVS4+919G->A associated with late onset 
disease. Finally, Lin et al screened 57.451 male neonates in Taiwan and found an 
incidence of 1 in 1400, 83% carrying the same intronic mutation as reported in the 
other Taiwan study77. According to these studies the prevalence of Fabry disease 
is much higher than previously assessed on the basis of the number of patients 

Table 2. Overview of pilot newborn screening studies for Fabry disease.

Study 

Newborns screened
n

aGal A deficiency
n, dried blot spots

GLA mutation
n

Late onset
%Males Females Males Females Males Females

Spada et al Italy 37.104 - 41a - 12 - 92%

Hwu et al Taiwan 90.288 81.689 638b 325 73 2 89%

Lin et al Taiwan 57.451 52.576 58c 9 42 3 98%

a aGalA activity <20% of normal mean, b aGalA activity <30% of normal mean, 
c aGalA activity <40% of normal mean (2 x)
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diagnosed as a result of clinical signs and symptoms (1:40.000-117.000 live male 
births) 13;78. This finding has several implications: perhaps there is underdiagnosis of 
true Fabry disease patients, who may benefit from early therapeutic intervention. 
On the other hand, a high number of “patients” may be identified in whom only 
minor or even no abnormalities will ever occur and thus should not be labeled as 
Fabry disease patients. 

8. AIMS AND OUTLINE OF THIS THESIS
This thesis comprises a number of studies, aimed to gain more insight into 
the pathophysiology of Fabry disease, to improve delineation of phenotypic 
expression of the disease in heterozygotes and to enhance knowledge on quality 
of life and psychosocial development of Fabry patients. Finally our aim was to 
summarize current screening strategies and to identify issues to be considered in 
relation to the discussion on population (newborn) screening for Fabry disease. 

In chapter 2 the histopathological findings in two placentas of pregnancies 
from mothers with Fabry disease are studied, to evaluate the spectrum of 
placental storage of Gb3. The diagnostic value of plasma lysoGb3 is studied in 
the Dutch cohort of Fabry patients and is described in chapter 3. Furthermore 
the relation between plasma lysoGb3 and clinical manifestations of Fabry disease 
is evaluated. In chapter 4 and 5 the clinical characteristics of heterozygotes 
with Fabry disease are studied. In chapter 6 the quality of life and psychosocial 
development of young adults grown up with Fabry disease is studied. Chapter 
7 illustrates the delay in diagnosis that is common in Fabry disease. Chapter 8 
studies the long term efficacy of enzyme replacement therapy in the Dutch cohort 
of Fabry patients. Chapter 9 provides a summary of different studies on screening 
for Fabry disease in high risk populations. Finally, we performed qualitative 
research exploring experiences and opinions of Fabry patients, Fabry experts and 
ethicists to identify issues that need to be considered before the introduction 
of newborn screening. These studies are described in chapter 10 and 11. In a 
general discussion, chapter 12, an overview of the results is given and directions 
for future research are outlined. 
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ABSTRACT
There are only a few reports on the histology of placental tissue of pregnancies 
from mothers with Fabry disease. Fabry disease is a lysosomal disorder 
caused by α-galactosidase A deficiency. Extensive glycosphingolipid (GSL) 
accumulation in fetal and maternal placenta tissue obtained from a Fabry 
mother and her affected male newborn has previously been reported. Here we 
report the evaluation of placenta tissue of two pregnancies in Fabry mothers, 
one of an unaffected male newborn (placenta A) and one of an affected 
female newborn (placenta B). The mother of the female affected offspring was 
treated with recombinant α-galactosidase A (enzyme replacement therapy, 
ERT) during the pregnancy (placenta B). Storage material was only detected 
in smooth muscle cells of the umbilical cord of placenta B. No accumulation 
was seen in both placentae. Combining these results with the outcome in two 
earlier described placentae, a heterogeneous picture emerges. This may be 
due to differences in disease severity in the mothers or severity of disease 
in their offspring. In addition, a possible effect of ERT on placental GSL 
accumulation could also explain lack of GSL storage in placenta B.
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INTRODUCTION
Deficiency of the lysosomal enzyme α-galactosidase A (α -Gal A) leads to the 
X-linked lysosomal storage disorder Fabry disease (OMIM #301500). This disorder 
is characterized by accumulation of glycosphingolipids (GSL) in different cell 
types. Classically, the disease manifests during childhood with acroparesthesia, 
angiokeratoma and hypohidrosis, and progresses to renal, cardiac and neurological 
morbidity 1.

Storage of GSL already occurs in utero 2-4. In a fetus with a gestational age of 
19 weeks, storage was already seen in kidney and myenteric plexuses3. Vedder et 
al. described extensive accumulation of GSL in placental and umbilical cord tissue 
of an affected newborn born to a female Fabry disease patient 2. Here we report 
on two additional pregnancies in Fabry patients in whom we evaluated placental 
tissue and umbilical cord. One was treated with recombinant α-galactosidase A 
(rh- α -Gal A) during pregnancy.

CASES AND PLACENTAL ANALYSIS
Placenta A was from a 39-year-old woman diagnosed with Fabry disease at the 
age of 24, following a positive family history. She had no complaints consistent 
with Fabry disease and no abnormalities were detected on cerebral magnetic 
resonance imaging (MRI), echocardiography, audiography and studies of renal 
function. No enzyme therapy had been initiated. α-Galactosidase A (α -Gal A) 
activity in leucocytes was decreased (13.5 nmol/h/mg protein; reference 32–60). 
Analysis of the GLA gene revealed a base substitution (c.1232T > C, F18S). During 
her uneventful pregnancy, prenatal evaluation showed that her male foetus was 
not affected with Fabry disease.

Placenta B was from a 24 years old female, who suffered from acroparesthesia 
since childhood. Leukocyte α -Gal A activity was decreased (15.7 nmol/h/mg 
protein). GLA gene analysis revealed a base substitution (c.901C > T, R310X). 
Her renal function was normal (103 mL/min/1.73 m2), but she was proteinuric (0.7 
g/24 h). There was no left ventricular hypertrophy on echocardiogram. Brain MRI 
showed multiple white matter abnormalities. She started at the age of 21 with 
enzyme supplementation therapy (agalsidase beta 1.0 mg/kg/14 days), which was 
continued when she became pregnant. After an uneventful pregnancy she gave 
birth to a girl in whom the same mutation was detected.

Placenta C and D were previously described2. In short, placenta C was derived 
from an affected mother with severe acroparesthesia giving birth to an affected 
boy. Placenta D was from a non-affected mother who gave birth to an affected 
girl. None of these mothers received enzyme replacement therapy before or 
during pregnancy.
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Both patients gave informed consent for histological studies of placental 
tissue. The placentae were examined, weighed and five biopsies of 1 cm3 
were taken from the umbilical cord (1), the maternal (2) and fetal side of the 
placenta (2). Samples were fixed in Karnovsky’s fixative for electron microscopy 
(EM). The details of EM analysis have been described elsewhere2. In brief, after 
fixation, the material was post fixed in 1% osmium tetroxide, block-stained with 
1% uranyl acetate, one-step dehydration in dimethoxypropane and embedded 
in epoxyresin LX-112. Light microscopy sections were stained with toluidine 
blue. EM sections were stained with tannic acid, uranyl acetate and lead citrate, 
followed by examination in a Philips CM10 (FEI). Photographs were taken with a 
Morada digital camera (S.I.S.).

Both placentae had a centrally inserted umbilical cord and showed no 
abnormalities on macroscopic evaluation. The placentae weighed 590 and 565 g 
respectively. In placenta A and in the umbilical cord, no GSL storage (absence of 
zebra bodies), was found. In placenta B no GSL accumulation was found either, 
but smooth muscle cells of the umbilical cord showed inclusion bodies typically 
seen in Fabry disease (Fig. 1). No abnormalities were found in the placentae.

DISCUSSION
Combining these findings with a previously reported study on placental tissue 
in FD 2, a heterogeneous picture emerges (Table 1). This heterogeneity may be 
caused by both maternal and foetal factors. An additional explanation could be 
the effect of enzyme replacement therapy with recombinant α-galactosidase A. 

A potential maternal factor influencing the degree of placental GSL 
accumulation might be the severity of Fabry disease in the mother. Placenta A 
and D were from a respectively mildly affected FD mother and a mother who 

Figure 1A. Vascular smooth muscle cell with 
zebra bodies (arrows) in vein of umbilical cord.

Figure 1B. Higher magnification of endothelial 
cell with zebra bodies (arrow), periodicity 4.8 
nm (arrow). N = nucleus.
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had no FD. In both these placentae (A and D) no GSL accumulation could be 
detected. In the two mothers who did have symptoms of Fabry disease, placental 
GSL accumulation was found in one placenta (placenta C), and in the umbilical 
cord of both placentae (placenta B and C).

The observed variability in placental or umbilical GSL accumulation may also 
be influenced by fetal factors, of which most prominent would be disease status 
and gender. Complete absence of GSL storage was seen in placenta A from 
an unaffected male, whereas only mild storage was seen in the umbilical cord 
of placenta B from an affected female newborn. Complete absence of storage 
was found in placenta D of an affected female newborn. This minimal or absent 
storage is in contrast to the extensive number of zebra bodies found in placenta C 
of an affected male. These differences could possibly be explained by the amount 
of enzyme in the newborn. The absent activity in the male newborn might have 
resulted in the GSL accumulation in placenta C, whereas the minimal or absent 
storage in placenta B and D could have been the result of significant residual 
α-Gal A activity. 

Passive transport of the rh-αGal A that was given to mother B, thus resulting 
in reduced GSL accumulation, is unlikely because of the molecular weight of the 
enzyme of ~100 kD. However, an influence of rh-α-Gal A treatment by either 
clearing the maternal part of the placenta, or active vesicular transport of the 
recombinant enzyme to the newborn cannot be excluded. Additional observations 
are needed in placentae of treated patients to substantiate a possible benefit with 
regard to placental GSL clearance.

Table 1. Characteristics of FD mothers and histological evaluation of placentae.

Placenta A Placenta B Placenta C 1 Placenta D 1

Characteristics mother

Fabry disease Yes Yes Yes No

Age 39 24 23 NA

Enzyme activity 2 13.3 15.7 26.2 NA

Mutation in GLA gene F18S R301X Tyr134MetfsX31 NA

Clinical evaluation No abnormalities Proteinuria, WMLs Acroparesthesia NA

Histological evaluation (EM)

Foetal placenta - - + -

Maternal placenta - - + -

Umbilical cord - + + -

WML: white matter lesions; NA: not available; + / -: GBS accumulation present/ absent; 1 As 
described previously (Vedder et al 2006); 2 α-Galactosidase activity in leukocytes (normal value 
32-60 nmol/mg.hr)
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We conclude that there is a wide variability in GSL accumulation in placental 
tissue of pregnant Fabry disease patients. This could be caused by maternal or 
fetal factors, but the effect of treatment with rh-α-Gal A cannot be ruled out.
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CHAPTER 3

ABSTRACT
Fabry disease is an X-linked lysosomal storage disorder due to deficiency of 
alpha-Galactosidase A, causing accumulation of globotriaosylceramide and 
elevated plasma globotriaosylsphingosine (lysoGb3). The diagnostic value and 
clinical relevance of plasma lysoGb3 concentration was investigated. All male 
and adult female patients with classical Fabry disease could be discerned by 
an elevated plasma lysoGb3. In young pre-symptomatic Fabry heterozygotes, 
lysoGb3 levels can be normal. Individuals carrying the R112H and P60L 
mutations, without classical Fabry symptoms, showed no elevated plasma 
lysoGb3. Multiple regression analysis showed that there is no correlation 
of plasma lysoGb3 concentration with total disease severity score in Fabry 
males. However, plasma lysoGb3 concentration did correlate with white 
matter lesions (odds ratio: 6.1 per 100 nM lysoGb3 increase (95% confidence 
interval (CI): 1.4–25.9, p=0.015). In females, plasma lysoGb3 concentration 
correlated with overall disease severity. Furthermore, plasma lysoGb3 level 
was related to left ventricular mass (19.5±5.5 g increase per 10 nM lysoGb3 
increase; p=0.001). In addition, it was assessed whether lifetime exposure to 
lysoGb3 correlates with disease manifestations. Male Fabry patients with a 
high lysoGb3 exposure (>10,000 U), were moderately or severely affected, 
only one mildly. Female patients with a low exposure (<1000 U) were 
asymptomatic or mildly affected. A large proportion of the females with an 
exposure >1000 U showed disease complications. Plasma lysoGb3 is useful 
for the diagnosis of Fabry disease. LysoGb3 is an independent risk factor for 
development of cerebrovascular white matter lesions in male patients and left 
ventricular hypertrophy in females. Disease severity correlates with exposure 
to plasma lysoGb3.
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INTRODUCTION  
Fabry disease (OMIM 301500) is caused by deficient activity of the lysosomal 
enzyme α-Galactosidase A (E.C. 3.2.1.22) 1. The deficiency leads to lysosomal 
accumulation of glycosphingolipids with a terminal α-galactosyl moiety, in 
particular globotriaosylceramide (Gb3), also known as ceramide trihexoside (CTH) 
2. Primarily affected cells are smooth muscle and endothelial cells, contributing 
to the predominance of vascular complications in Fabry disease 3;4. Although its 
inheritance is X-linked, both males and females can be affected by Fabry disease 
5-10. Male patients typically present acroparesthesia as well as angiokeratoma and 
hypo- or anhydrosis already at a young age. In the third and fourth decade of life, 
renal, cardiac, cerebral complications, and hearing loss may develop 4;5. Atypical 
manifestations have been described for male patients with high residual enzyme 
activity. In such individuals the disease may be limited to one organ only, such as 
the heart, or may show a milder course 4-7. Intriguingly, despite significant amounts 
of residual α-Galactosidase A activity, female carriers display a vast spectrum of 
disease severity, ranging from total absence of clinical disease to severe organ 
damage 8-12. The observed residual enzyme activity in plasma or blood cells from 
female carriers varies considerably due to random X-inactivation, ranging from 
normal to nearly completely absent, and is a poor predictor of the clinical course 
13. Also in other aspects, the relationships between residual enzyme activity, Gb3 
accumulation and disease manifestations in Fabry patients are still puzzling. For 
example, it has been documented that in male hemizygotes prominent storage 
of Gb3 already occurs in utero whilst clear clinical symptoms develop much later 
in life 14;15. Furthermore, it has become apparent that no strict correlation exists 
between clinical manifestation of Fabry disease and plasma Gb3 levels 12;15;17. In 
hemizygotes with classical manifestation of Fabry disease, the plasma Gb3 level is 
already abnormally high at very young age prior to prominent clinical symptoms, 
whereas in heterozygotes, even symptomatic females, Gb3 levels are generally 
within the normal range. Based on these findings, monitoring of the clinical course 
in Fabry patients by analysis of their plasma Gb3 is presently considered to be of 
little value 12;16;17. In urine of symptomatic Fabry patients, both heterozygotes and 
hemizygotes, Gb3 levels are generally abnormally high 18;19. However, again no 
correlation of this parameter with disease manifestation has been observed 12;16;17. 

The enigmatic relationships between residual α-Galactosidase A capacity, Gb3 
levels and disease manifestation has prompted us to consider an additional factor 
in the pathogenesis of Fabry disease. In analogy to Krabbe disease, the occurrence 
of a deacylated storage lipid was hypothesized. Indeed, globotriaosylsphingosine 
(lysoGb3) was found to be dramatically elevated in plasma of all male patients 
with classical Fabry disease 20. Plasma lysoGb3 was also increased in plasma of 
symptomatic female patients, although to a lesser extent than in male patients. 
Comparable findings were made in Fabry mice lacking α-Galactosidase A activity 20. 
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In our initial investigation, a relatively small number of Fabry patients were 
studied, in particular few females 20. In the follow-up investigation presented here, 
the entire cohort of Dutch patients with classic manifestation of Fabry disease 
was analyzed with respect to plasma lysoGb3 content. The aim of this study was 
two-fold. Firstly, the value of plasma lysoGb3 in confirming the diagnosis of Fabry 
disease was determined. This is relevant for individuals carrying an abnormality 
in the α-Galactosidase A gene with unknown consequence, or pre-symptomatic 
female carriers for which demonstration of true Fabry disease is problematic with 
present laboratory methods (e.g. those with normal plasma or urinary Gb3). The 
second aim of the investigation was to determine the relationship between plasma 
lysoGb3 and clinical manifestations of Fabry disease. Our earlier observation that 
lysoGb3 is capable of promoting proliferation of smooth muscle cells in vitro 20, 
suggested that lysoGb3 could contribute to the noted intima media thickening 
and vascular pathology, and thus may constitute a risk for disease manifestation 
5;21-23. The results of our investigation are reported here.

METHODS

Patients
All 92 Fabry patients, including 69 adult and 23 paediatric patients from 28 families, 
with classical Fabry disease seen at the outpatient clinic of the Academic Medical 
Center from 1999-2008 were included in the study. Classical Fabry disease was 
defined as a mutation in the α-Galactososidase A gene and the occurrence of 
typical manifestations of the disease, such as acroparesthesias, angiokeratoma, 
hypo- or anhydrosis in at least one male family member. Patients with the R112H 
and P60L mutation did not meet the criteria of classical Fabry disease and were 
analysed separately. Healthy controls, comparable for age were recruited for 
analysis of plasma lysoGb3. None of the patients received enzyme therapy at 
the time of plasma lipid analysis. The diagnosis was confirmed by demonstration 
of deficient leukocyte α-Galactosidase A activity and genotyping 24. All patients 
gave informed consent. For all patients, a full medical history was obtained 
as well as a routine physical examination, including height, weight and blood 
pressure measurements. Body mass index was determined and hypertension was 
diagnosed in case of a systolic BP ≥ 140 mmHg and/ or a diastolic BP ≥90 mmHg in 
three consecutive measurements performed on the same arm. Dyslipidemia was 
diagnosed according to the Dutch guidelines for dyslipidemia and cardiovascular 
risk management. Smoking status was scored as current, smoking in the past, or 
never smoking. Renal function (eGFR) was estimated using the abbreviated MDRD 
equation in adults and the Schwartz formula in children 25;26. Glomerular filtration 
rate measured by simultaneous infusion of iothalamate and hippuran (mGFR) was 
performed in adult and in most children (n = 50) and Cr51 EDTA in 2 adult patients. 
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Renal failure was defined as an mGFR < 60 ml/min. Microalbuminuria was defined 
as albumin exceeding 30 mg in a 24-hour-urine portion in two consecutive portions 
taken a least 1 week apart. Proteinuria was diagnosed when total protein count 
was more than 300 mg in these samples. A standard brain magnetic resonance 
imaging (MRI) evaluation for presence of (lacunar) infarctions was available from 
83 patients. An electrocardiogram (ECG) and cardiac ultrasound investigation was 
available from 87 and 76 patients, respectively. Left ventricular hypertrophy (LVH) 
was defined as a left ventricular mass (LVmass) of >259 g in males and >166 g in 
females 27. Hearing tests were performed by using conventional audiometry and 
were available from 79 patients. Hearing loss was defined as a PTA (the average 
hearing loss in dB at 0.5, 1.0 and 2.0 kHz) > 25 dB of the most affected ear 28.  
The presence of acroparesthesia was obtained by medical history of pain in hands 
and feet. The presence of angiokeratoma was scored when this was confirmed by 
physical examination of the skin by a medical professional specialized in Fabry 
disease. Overall severity of disease was assessed by the MSSI scoring system, a 
composite score of clinical symptoms 29.

Plasma Gb3 and lysoGb3 measurements 
Quantitation of Gb3 in plasma samples was performed as described previously 
30. Quantitative measurements of plasma lysoGb3 were performed as described 
with minor modifications 20. In brief, 100 μl of plasma was extracted with 900 μl 
of chloroform/methanol 1/2 (vol/vol). The extract was centrifuged for 10 min. at 
14,000 × g and the pellet was discarded. To the supernatant, 300 ml chloroform 
and 450 ml MQ-H2O was added, mixed, and centrifuged for 2 min. at 14,000 
× g to separate the phases. The upper phase was collected, and the lower 
chloroform phase was re-extracted with 1.2 ml of methanol/ MQ-H2O 1/1 (vol/
vol) to quantitatively extract lyso-Gb3. The combined upper phases were dried 
under nitrogen flow, taken up in 1 ml MQ-H2O, and extracted twice with 1 ml 
of water-saturated 1-butanol. LysoGb3 was recovered from the butanol phase 
with an overall recovery of >90%. The butanol phase was dried, dissolved in 120 
μl of freshly prepared 0.1 M NaOH in methanol and incubated at 37°C for 1 
hour. Of this solution, 50 μl was derivatized with 25 μl of o-phtaldialdehyde (OPA) 
reagent (5 mg of OPA, 0.1 ml of ethanol, 5 μl of 2-mercaptoethanol, and 10 ml 
of 3% boric acid, pH 9.0). The OPA-derivatized lyso-Gb3 was separated by HPLC 
and identified by fluorescence detection as described previously 30. All plasma 
samples were extracted in duplicate. Quantification was performed by addition 
of lysoGb3 (Sigma-Aldrich) to normal plasma at concentrations ranging from 0 
to 1 mM. The limit of detection of plasma lysoGb3 was 3 nM. Quantification 
of lysoGb3 was based on a commercially available standard (Sigma-Aldrich) as 
described earlier 20.  We plan to synthesize a large batch of lysoGb3 ourselves and 
use this standard in the future, given the observation that commercial lysoGb3 
batches show a contamination with N-acetylated lysoGb3.
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Electronmicroscopy
After fixation, the material was post fixed in 1% osmiumtetroxide, block-
staining with 1% uranyl acetate, one-step dehydration in dimethoxypropane and 
embedding in epoxyresin LX-112. LM sections were stained with toluidine blue. 
EM sections were stained with tannic acid, uranyl acetate and lead citrate and 
examined in an Philips CM10 (FEI).

Photographs were taken with a Morada digital camera, (S.I.S.).

Statistical analysis 
Statistical analyses were performed using SPSS 17.0 (IBM, Chicago). Results are 
expressed as median (range). Differences between groups were assessed by 
the Mann-Whitney U-test. Correlations between variables were described by 
Spearman’s rank correlation coefficients. Multiple logistic and linear regression 
was used to determine the association between lysoGb3 and disease parameters 
adjusted for age as a continuous variable, gender, smoking status, body-mass 
index and the presence or absence of a history of hypertension, and the presence 
of other cardiovascular disease including diabetes, hemochromatosis and 
dyslipidemia 31. 

Linear regression was applied to quantify the association between continuous 
outcome variables and lysoGb3, while logistic regression was used for binary 
outcome variables. In the former case, B values represent the slope of the linear 
regression line (y = a+B x) while keeping all other variables constant and reflects 
the change of the outcome variable when lysoGb3 changes 1 unit (i.e. 10 nM or 
100 nM). With logistic regression the odds ratio was determined which reflects 
the change of the odds of the binary outcome when lysoGb3 changes 1 unit while 
keeping all other variables constant.

RESULTS

Diagnostic value of plasma lysoGb3
The average age of the male (n=37) and female Fabry patients (n=55) did not 
differ significantly, the median being 33 and 35 years, respectively. As has been 
previously described, lysoGb3 values were around 15 times higher in males as 
compared to females 20, ranging from 51-489 (median 286) in males to 0-99 
(median 18) in females (Figure 1). Also, the disease severity was significantly 
higher in the male Fabry patients than in female patients, reflected in an average 
higher MSSI score of 21 and 7, respectively.

To determine the usefulness of plasma lysoGb3 measurement for confirmation 
of the diagnosis of Fabry disease, the concentrations of Gb3 and lysoGb3 were 
determined in plasma specimens of all 92 subjects as well as healthy controls 
(Figure 1). In male Fabry patients, a striking increase in plasma Gb3 concentration 
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was observed. Almost all of the male Fabry patients could also be recognized 
by their abnormally high plasma Gb3 concentration; although in some cases the 
Gb3 levels were close to the upper normal range (Fig 1 upper panel). In the 
case of female Fabry patients, plasma Gb3 concentration did not allow a clear 
discrimination from normal subjects: only few individuals showed values slightly 
above the upper normal range (Fig 1 lower panel). In sharp contrast to the findings 
with plasma Gb3, almost all female Fabry patients showed plasma lysoGb3 
concentrations clearly exceeding normal levels. Only in two heterozygotes aged 
5 years and 7 years respectively, lysoGb3 was within the normal range. The latter 
individual showed a plasma lysoGb3 of 5.3 nM at the age of 11 years, slightly 
above the upper normal range. These findings indicate that demonstration of 
high plasma lysoGb3, (> 3 nM), may be used for confirming the diagnosis of Fabry 
disease. A (near) normal level in very young female individuals however, does 
however not exclude the status of a carrier of Fabry disease. 

Age, overall disease severity and plasma lysoGb3 in male and 
female Fabry patients
The effect of age on lysoGb3 levels is depicted in Figure 2. In the case of male 
Fabry patients, no significant correlation was found between lysoGb3 levels 
and the age of the investigated individuals. This is consistent with a previous 
observation of a high lysoGb3 level in cord blood of an affected male 20. In female 
Fabry patients, lysoGb3 levels showed a trend to be higher in older individuals 
(ρ= 0.25; p=0.06). Similar findings were made when plasma lysoGb3 levels were 
related to MSSI scores of Fabry patients reflecting overall disease severity (Fig. 3). 
Male Fabry patients did not show a correlation between lysoGb3 level and MSSI 
score (ρ= 0.08; p= 0.63). In contrast, female Fabry patients there was a significant, 

Figure 1. Diagnostic value of lysoGb3 in Fabry disease. Plasma Gb3 and 

lysoGb3 concentrations in males (A) and females (B). 

Males: Gb3: controls n=10, patients n=36; lysoGb3: controls n=9, patients n=37.

Females: Gb3: controls n=13, patients n=54; lysoGb3: controls n=9, patients n=55.

Figure 1. Diagnostic value of lysoGb3 in Fabry disease. Plasma Gb3 and 

lysoGb3 concentrations in males (A) and females (B). 

Males: Gb3: controls n=10, patients n=36; lysoGb3: controls n=9, patients n=37.

Females: Gb3: controls n=13, patients n=54; lysoGb3: controls n=9, patients n=55.

Figure 1. Diagnostic value of lysoGb3 in Fabry disease. Plasma Gb3 and lysoGb3 concentrations 
in males (A) and females (B). Males: Gb3: controls n=10, patients n=36; lysoGb3: controls n=9, 
patients n=37). Females: Gb3: controls n=13, patients n=54; lysoGb3: controls n=9, patients 
n=55).
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Table 1. Baseline characteristics: lysoGb3 and MSSI score.

Males Females
Males vs Females

(p-value)

Number of patients, N 37 55

Age in years Median (range) 33 (3.6-64) 35 (2.0-71) 0.9

MSSI  Median (range) 21 (5-59) 7 (0-32) <0.0001

LysoGb3 (nM) Median range 286 (51-489) 18 (0-99) <0.0001

Figure 2. Relation of plasma lysoGb3 levels and age. Plasma lysoGb3 levels 

related to age for 37 male (A) and 55 female patients (B) with Fabry disease.
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Figure 2. Relation of plasma lysoGb3 levels and age. Plasma lysoGb3 levels related to age for 37 
male (A) and 55 female patients (B) with Fabry disease.

Figure 3. Relation of plasma lysoGb3 with clinical severity of Fabry disease. 

Plasma lysoGb3 levels in 37 male (A) and 55 female patients (B) related to overall 

disease severity (Mainz Severity Score Index (MSSI)).
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Figure 3. Relation of plasma lysoGb3 with clinical severity of Fabry disease. Plasma lysoGb3 
levels in 37 male (A) and 55 female patients (B) related to overall disease severity (Mainz Severity 
Score Index (MSSI)).
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albeit not strict, correlation between plasma lysoGb3 and MSSI score (ρ= 0.53; 
p<0.0001).

Plasma lysoGb3 and clinical manifestations
Given the impact of age and gender on disease severity in Fabry patients, 
multiple regression analysis was performed to assess whether plasma lysoGb3 is 
an independent contributor to disease manifestations. For this purpose, male and 
female patients were analyzed separately. Multiple regression logistic and linear 
regression was used to determine the association between lysoGb3 and disease 
parameters adjusted for age as a continuous variable, and general cardiovascular 
risk factors (Table 2). For Fabry males parameters are related to an increase in 
lysoGb3 of 100 nM; for Fabry females we used a smaller increment of 10 nM 
since the range of lipid abnormality in females is much lower (see Figure 1). 
Table 2 shows that based upon linear regression analysis plasma lysoGb3 is not 
associated with the MSSI score in males (1.3 ± 1.0 increase of MSSI score per 
100 nM increase of lysoGb3 (p= 0.23)). In contrast, for female Fabry patients a 
significant association was noted between plasma lysoGb3 and MSSI score (1.6 ± 
0.4 increase of MSSI per 10 nM increase of plasma lysoGb3 (p<0.0001)). 

Table 2. Multiple regression analysis of contribution of plasma lysoGb3 to disease 
manifestations.

Linear regression

Males Females 

B-value per 100 nM 
lysoGb3 p

B -value  per 10 nM 
lysoGb3 p

MSSI  1.3 ± 1.0     0.23 1.6±0.4 <0.0001

LVmass -5.1 ± 8.0    0.53 24.8±5.6 * <0.0001

Renal function (mGFR) -7.1 ± 6.8    0.32 0.3±1.6 0.84

Logistic regression Males Females 

Odds ratio (95% CI)
per 100 nM lysoGb3

p Odds ratio (95% CI) per 10 
nM lysoGb3

p

MSSI (>20) 0.8 (0.2-2.4) 0.68 1.9  (1.1-3.5) 0.03

LVH 0.6 (0.2-2.0) 0.41 1.6  (0.9-2.7) 0.11

WML 6.1 (1.4- 25.9) 0.015 1.2  (0.9-1.9) 0.18

Hearing loss 3.0 (0.9-10.1) 0.07 1.0  (0.4-2.4) 0.99

Renal failure (mGFR) 1.5 (0.5-4.5) 0.49 1.3  (0.05-34.6) 0.87

Microalbuminuria 0.9 (0.5-1.8) 0.80 1.2  (0.9-1.6) 0.32

Proteinuria 0.9 (0.4-1.7) 0.66 1.0  (0.6-1.5) 0.93

Angiokeratoma 1.0 (0.6-1.9) 0.92 1.4  (1.0-1.9) 0.07

Acroparesthesia 2.3 (0.8-7.0) 0.14 1.0  (0.7-1.4) 0.94

B-value=19.5±5.5, p=0.001 when adjusted for hypertension.
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Next, specific disease manifestations were analyzed. When adjusted for age, 
plasma lysoGb3 concentration does not appear to correlate with LVmass in males 
(p=0.53). However, a significant influence was noted for the effect on LVmass in 
female Fabry patients (24.8 ± 5.6 gram increase per 10 nM increase of lysoGb3 
(p<0.0001) and 19.5 ± 5.5 (p= 0.001) after adjustment for hypertension) (Table 
2). There was no apparent correlation of plasma lysoGb3 concentration with 
hearing loss, renal failure (both mGFR and eGFR), microalbuminuria, proteinuria, 
or presence of angiokeratoma (Table 2). 

The association of plasma lysoGb3 with the development of white matter 
lesions and cerebrovascular accidents formed a clear exception. Plasma lysoGb3 
concentration contributes independently to the development of these lesions in 
the brain in male Fabry patients. The odds ratio was 6.1 (95% confidence interval 
(CI): 1.4-25.9) per 100 nM lysoGb3 increase (p=0.015). In females the odds ratio 
was 1.2 (95% CI: 0.9-1.9) per 10 nM lysoGb3 increase, which was not significant 
(p=0.18). Figure 4 illustrates the occurrence of cerebrovascular white matter 
lesions for male Fabry patients. Most male patients around 35 years develop brain 
lesions32. The ones without such white matter abnormalities all have comparatively 
low plasma lysoGb3 levels (see Figure 4). In females (not shown), the patient with 
the highest plasma lysoGb3 had a white matter lesion already at the age of 13.

Exposure to plasma lysoGb3 and clinical manifestations
Next we examined whether the lifetime exposure to lysoGb3 contributes to 
the likelihood of presentation of symptoms. Maximum lifetime exposure was 
estimated by calculating the product of plasma lysoGb3 concentration and the 
age of an individual. This is very likely an overestimation in the case of female 
Fabry patients. The calculated cumulative lysoGb3 exposure of individual 
Fabry patients was compared to the disease severity (see Table 3). For this 
purpose, patients were stratified as asymptomatic or mildly affected (MSSI 

Figure 4. Correlation between plasma lysoGb3 concentration and incidence of white 

matter lesions in male Fabry patients. Plasma lysoGb3 levels were correlated with 

occurrence of white matter lesions in male Fabry patients (n=33).

Figure 4. Correlation between 
plasma lysoGb3 concentration 
and incidence of white matter 
lesions in male Fabry patients. 
Plasma lysoGb3 levels were 
correlated with occurrence of 
white matter lesions in male 
Fabry patients (n=33).
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0-19), moderately affected (MSSI 20-39), or severely affected (MSSI >40) 29. 
Four ranges of exposure values were distinguished: 0-1000, 1000-5000, 5000- 
10000 and >10000 U (nM lysoGb3 x year). Female patients with a low lysoGb3 
exposure of 0-1000 U (n=38), 36 were asymptomatic or mildly affected. The two 
patients with a low lysoGb3 exposure who had a higher MSSI score suffered from 
hypertension and obesity. These risk factors may have contributed to the higher 
MSSI score. Of the female patients with a higher lysoGb3 exposure of 1000-5000 
(n=17), 11 were moderately affected (MSSI 20-39), but 6 had a MSSI below 20. 
These 6 cases were examined in more detail. The first case (35 y, MSSI 10) had 
proteinuria, but no other complications. A recent follow-up MRI examination, at 
the age of 40, revealed a lacunar infarction. The second case (44 y, MSSI 9) had 
microalbuminuria, modest LVH, white matter lesions and hearing loss. The third 
case (15 y, MSSI 10) had acroparesthesia and several white matter lesions. The 
fourth case (49 y, MSSI 17) showed angiokeratoma, LVH, white matter lesions, and 
microalbuminuria. The fifth case (53 y, MSSI 18) had LVH, white matter lesions and 
proteinuria. The sixth case (37 y, MSSI 6) had LVH and angiokeratoma. In other 
words, 5 out of the 6 female patients with relatively high lysoGb3 had significant 
disease symptoms at the time of the lysoGb3 assessment, not reflected in a high 
MSSI score exceeding 19. Of the male patients (n=37), only a single, 3 year-old 
individual, had a low lysoGb3 exposure (802 U) together with a low MSSI of 8. 
Table 3 shows that the proportion of male patients with severe disease is clearly 
increasing with higher lysoGb3 exposure. Of the 12 male patients with a modestly 
higher lysoGb3 exposure of 1000-5000 U, 8 were mildly affected. The remaining 4 
patients were moderately affected. Of the 12 patients with a lysoGb3 exposure of 
5000-10000, 6 were mildly affected, 5 moderately affected and a single individual 
severely affected. The latter case was a smoker with hypertension, which may 
have contributed to his relatively high MSSI. Finally, in the 12 male patients with 
a very high lysoGb3 exposure exceeding 10000 U, 6 were moderately affected 

Table 3.  LysoGb3 exposure and disease severity.

LysoGb3 exposure <1000 U 1000-5000 U 5000-10000 U >10000 U

Females
(n=55)

Total n=38
Asymp-mild n=36
Moderate n=2#
Severe none

Total n=17
Mild n=6*
Moderate n=11
Severe none

None None

Males
(n=37)

Total n=1
Asymp-mild n=1
Moderate none
Severe none

Total n=12
Mild n= 8
Moderate n= 4
Severe none

Total n=12
Mild n= 6
Moderate n= 5
Severe n= 1##

Total n=12
Mild none
Moderate n= 6
Severe n= 6

LysoGb3 exposure= plasma lysoGb3 concentration x age; expressed in Units (nM x year).
Asymptomatic-mild = MSSI 0-19; moderate = MSSI 20-39; severe = MSSI >40.
* 5/6 patients with MSSI 0-19 had significant symptoms; # hypertension, overweight; 
##:hypertension, smoker.
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and 5 were severely affected. Only one individual was mildly affected with a MSSI 
of 17. The percentage of moderately and severely affected patients increased 
significantly with increasing lysoGb3 exposure in both females (p< 0.001) and 
males (p=0.008). Finally, the relationship between plasma lysoGb3 exposure and 
the incidence of white matter lesions was examined more closely. It was found 
that in male Fabry patients the plasma lysoGb3 exposure (Figure 5B) correlates 
better than age (Figure 5A) with existence of a white matter lesion. In female 
patients this difference was less pronounced.

R112H and P60L mutation
A subset of patients did not classify for classical Fabry disease. This concerned 
11 patients with the R112H mutation (5 males, 7 females) and 4 patients with 
the P60L mutation (2 males, 2 females). Their lysoGb3 ranged from 0-11 nM in 
females and 0-20 nM in males. Although, the α-Galactosidase A activity in plasma 
and leukocytes was reduced in most of these individuals, they did not express 
any of the classical Fabry symptoms. A single 61-year old male from this group 
developed renal insufficiency at the age of 43. A kidney biopsy performed at 

Figure 5. White matter lesion: relation to lysoGb3 exposure and to age. 

White matter lesions in females (A) and males (B) relation to lysoGb3 exposure 

and to age. Plasma lysoGb3 exposure expressed in nM×year. WML: white matter 

lesion detected by MRI.

Figure 5. White matter 
lesion: relation to lysoGb3 
exposure and to age. 
White matter lesions in 
females (A) and males 
(B) relation to lysoGb3 
exposure and to age. 
Plasma lysoGb3 exposure 
expressed in nM×year. 
WML: white matter lesion 
detected by MRI.
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that time led to the diagnosis of Fabry disease. Recent reanalysis of that biopsy 
showed some storage in the epithelial cells, but no storage in the endothelium 
as is usually detected in Fabry patients (Figure 6). This case was considered an 
atypical variant of Fabry disease by the pathologist. Furthermore this patient 
suffered from hypertension that could have attributed to development of renal 
insufficiency. These observations suggest that in case of low plasma lysoGb3 values 
in males a diagnosis of Fabry disease may need reconsideration in individuals 
with an α-Galactosidase A mutation with unknown consequence.

DISCUSSION
Our investigation of 92 hemizygotes and heterozygotes for Fabry disease, seen at 
the Academic Medical Centre prior to therapy, has revealed that measurement of 
plasma lysoGb3 concentration is useful for confirmation of the diagnosis of Fabry 
disease. In all hemizygous male and adult heterozygous female Fabry patients 
the plasma lysoGb3 concentration was found to be abnormally high and clearly 

Figure 6. (A) Kidney biopsy from the patient with the R112H mutation. Epithelial cells of 

the podocytes show zebra bodies (arrow). In the endothelial cells (E) these zebra bodies are 

absent (original magnification 20,000×). (B) Kidney biopsy from a patient with a classical 

Fabry mutation and phenotype. Zebra bodies (arrows) are present in both epithelial cells and 

endothelial cells (E) (original magnification 30,000×). 

Figure 6. (A) Kidney biopsy from the patient with the R112H mutation. Epithelial cells of the 
podocytes show zebra bodies (arrow). In the endothelial cells (E) these zebra bodies are absent 
(original magnification 20,000×). (B) Kidney biopsy from a patient with a classical Fabry mutation 
and phenotype. Zebra bodies (arrows) are present in both epithelial cells and endothelial cells (E) 
(original magnification 30,000×).
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distinguishable from normal. In very young female Fabry heterozygotes a lack of 
plasma lysoGb3 elevation may however be uninformative. For example, we were 
unable to detect elevated plasma lysoGb3 in a 7-year old Fabry patient. However, 
at the age of 11 years the plasma lysoGb3 was clearly elevated. The findings for 
plasma lysoGb3 levels sharply contrast with those for plasma Gb3 concentrations. 
Confirmation of the diagnosis of Fabry disease by demonstration of elevated 
plasma Gb3 concentration is only possible in male Fabry patients. Most female 
Fabry patients show plasma Gb3 levels within the normal range.

Our study further revealed that plasma lysoGb3 is not elevated in a number of 
individuals carrying an α-Galactosidase A gene with a nucleotide change which 
is not unequivocally linked to Fabry disease. Examples of this are the R112H 
substitution and the P60L substitution. Although, the α-Galactosidase A activity 
in plasma and leukocytes is reduced in these individuals, they do not develop 
marked elevated plasma lysoGb3. Since their urinary Gb3 is not increased, it 
seems questionable whether these individuals should be considered as Fabry 
patients at all. These observations suggest that plasma lysoGb3 measurement 
may prove to be a useful additional assessment for confirmation of Fabry disease 
in individuals with an α -Galactosidase A mutation with unknown consequence.

A pathophysiological role of elevated plasma lysoGb3 in Fabry disease may 
be considered. Barbey and co-workers were the first to report an increased 
carotid intima-media thickness in the absence of atherosclerotic plaques in 
adult Fabry patients 22, a finding which was soon confirmed by others 21. Barbey 
and colleagues proposed that a circulating factor contributes to the noted 
vessel remodeling in Fabry patients and subsequent vasculopathy 22. We earlier 
demonstrated that exposure of smooth cells in culture to lysoGb3 concentrations 
as occurs in male Fabry patients prominently stimulates the proliferation of these 
cells 20. Our present investigation using multiple logistic and linear regression 
with adjustments for age and cardiovascular risk factors, revealed some significant 
relationships between plasma lysoGb3 concentration and clinical manifestations. 
This is remarkable since relatively low numbers of male (n=37) and female (n=55) 
Fabry patients were studied. The relationships become more pronounced when 
data of both genders are combined with appropriate adjustment for gender. For 
example, the linear correlation between lysoGb3 and MSSI is 1.4 ± 0.5 (p=0.007) 
per 10 nM increase of lysoGb3 and 24.3 ± 5.3 g increase of LVmass (p <0.0001) 
per 10 nM increase of lysoGb3 for the patients combined. The logistic correlation 
between lysoGb3 and white matter lesions shows an odds ratio (95% CI) of 1.2 
(1.0-1.3) (p=0.004) for both males and females per 10 nM increase. 

We investigated whether lifetime exposure to plasma lysoGb3 influences 
disease severity. The individual lifetime exposure was crudely estimated by 
calculating the product of plasma lysoGb3 level and age of the investigated 
subject. A correlation indeed was noted between plasma lysoGb3 exposure 
disease classification, using the Mainz severity scoring index (MSSI) 29, both 
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for male and female Fabry patients. This finding is striking since white matter 
abnormalities and micro-albuminuria hardly contribute to the Mainz severity score. 

It should be mentioned that age by itself is a major factor that determines 
the clinical outcome in Fabry patients. The contribution of lysoGb3 on top of 
age is most apparent with respect to white matter lesions: in patients with a 
high exposure to lysoGb3, white matter lesions were clearly more frequently 
present. The inverse was true as well: in the older male patients, only the ones 
with a relatively low lysoGb3 level had not yet developed white matter lesions. 
For females, the most important conclusion is that levels are much lower than in 
males, but when relatively high lysoGb3 values are identified at a young age, this 
almost invariably relates to the presence of disease signs and/or symptoms. 

Unfortunately, no IMT data had been collected prior to therapeutic intervention 
for most of the Fabry patients included in this study. We therefore are unable to 
correlate IMT values with plasma lysoGb3 concentration or estimated exposure. 
Very recently Barbey and colleagues reported a slight elevation in sphingosine-
1-phosphate in plasma of Fabry patients 31. In their report it is suggested that 
this lipid abnormality may underlie the carotid intima media thickening in Fabry 
patients. Spingosine-1-phosphate is known to be an important regulator of 
the vessel wall 34. Since lysoGb3 and sphingosine-1-phosphate show structural 
resemblance it is of interest to investigate the effect of lysoGb3 on sphingosine-
1-phosphate signaling in the vessel wall. 

It is surprising that our data suggest that plasma lysoGb3 concentration is an 
independent risk factor for different disease manifestations in males and in females 
(white matter lesions and left ventricular hypertrophy for females, respectively). 
It will be of interest to study a larger cohort of FD patients with complete clinical 
assessment, particularly mildly affected male patients, to establish whether 
the noted gender-difference truly exists or is caused by the limited number of 
individuals investigated in our study.

Since almost a decade enzyme replacement therapy, based on chronic 
intravenous administration of recombinant α-Galactosidase A, has become 
available for the treatment of Fabry patients 35-37. Two enzyme preparations are 
currently registered. One enzyme is produced by Chinese hamster ovary (CHO) 
cells with classic recombinant technology (agalasidase beta, Fabrazyme) and the 
other enzyme is produced by cultured human skin fibroblasts with an activated 
promoter of the α-Gal A gene (agalasidase alfa, Replagal). Both recombinant 
enzymes are quite comparable in properties and differ only slightly in glycan 
composition 24. We earlier reported on responses in plasma Gb3 levels in Fabry 
patients treated with the two enzyme preparations at several dosing regimens 37. 
The impact of enzyme replacement therapy on plasma lysoGb3 concentration is 
subject of a separate ongoing investigation. Preliminary findings were reported 
in our previous study 20, indicating that treatment of Fabry patients with both 
enzyme preparations gives rise to a reduction, but not complete correction of 
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plasma lysoGb3 20. Multiple regression analyses revealed that, when adjusted 
for age and cardiovascular risk factors, the plasma lysoGb3 concentration in 
male Fabry patients is an independent risk for cerebral white matter lesions and 
in female Fabry patients for left ventricular hypertrophy. Our observation that 
lysoGb3 concentration decreases upon enzyme replacement therapy is therefore 
encouraging.

In conclusion, the measurement of plasma lysoGb3 is valuable for confirmation 
of the diagnosis of Fabry disease, particularly in female heterozygotes. Our 
investigation indicates that exposure to plasma lysoGb3 correlates with severity 
of disease manifestation. Plasma lysoGb3 concentration is an independent risk 
factor for development of cerebrovascular white matter and cerebrovascular 
events lesions in male patients and left ventricular mass in females. Further 
investigations in patients and mice with an α-Galactosidase A deficiency will give 
more insight into the role of circulating lysoGb3 in the vasculopathy of Fabry 
disease.
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ABsTRACT 
Fabry disease is an X-linked disorder caused by a deficiency of the enzyme 
α-galactosidase A. As a result its main substrate globotriaosylceramide (Gb3) 
accumulates in endothelial cells and other cell types. In females, the disease 
phenotype is highly variable. This variability is not fully understood, but might 
at least in part be due to skewed inactivation of the X-chromosome during 
early embryogenesis. Here we report the biochemical, clinical and molecular 
characteristics of a young female with Fabry disease with CNS involvement from 
the early age of thirteen years and a silent hemorrhagic infarction in the globus 
pallidus at the age of sixteen. The activity of α-galactosidase A in leucocytes 
was nearly absent and comparable to activities detected in hemizygote Fabry 
males. Moreover, the plasma concentration of globotriaosylsphingosine 
(lysoGb3), which is the deacylated form of Gb3 and is related to a high risk for 
cerebrovascular white matter lesions in Fabry males, was exceptionally high. 
Evaluation of X-inactivation in leukocytes showed 100% skewed inactivation of 
the paternal wild-type allele, potentially explaining the remarkable phenotype 
in this girl.  
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INTRODUCTION
Fabry disease (OMIM 301500) is an X-linked lysosomal storage disorder caused 
by a deficiency of the enzyme α-galactosidase A (αGal A). As a result its main 
substrate globotriaosylceramide (Gb3) accumulates in endothelial cells and 
other cell types. In males, the first symptoms of Fabry disease typically occur 
during childhood and include acroparesthesia, angiokeratoma and hypohidrosis 
1. Disease progression may lead to renal insufficiency, cardiomyopathy and 
neurological complications in adults 2, resulting in a decreased life expectancy 3. 
It is currently well established that severe disease manifestations may also occur 
in females with Fabry disease 4-7, even though they generally have a milder course 
of the disease. Development of symptoms in females has been attributed at least 
in part to skewed inactivation of the X chromosome 8-11. 

Central nervous system (CNS) involvement is mainly characterized by white 
matter lesions (WML), transient ischemic attacks (TIAs) and strokes 13;14. The 
pathogenesis of CNS involvement is poorly understood. Fabry patients show 
alterations in cerebral blood flow and exhibit tortuosity and dilatation of large 
vessels 15;16. Besides the appearance of WMLs, stroke can be an early and first 
clinical symptom in Fabry disease 17-19. In the observational international Fabry 
Registry, of the patients who had a stroke, 50% of the male and 38% of the 
female patients of all patients who had a stroke, had their first stroke before the 
diagnosis of Fabry disease was established 17. CNS involvement is uncommon 
in children and adolescents with Fabry disease, but both WMLs and stroke have 
been reported in young boys 20-22. 

Here, we report the enzymatic, biochemical and molecular characteristics, 
including a 100% skewed X-inactivation pattern, in a young female patient with 
Fabry disease who had CNS involvement already at the age of thirteen years.

Case history 
At the age of thirteen years, the girl (Figure 1, patient III.1) was evaluated 
following the diagnosis of Fabry disease in her mother. The girl reported minor 
acroparesthesia during exercise and on examination a few angiokeratoma were 
seen on her back. 

Clinical evaluation including echocardiography and renal assessment 
revealed no abnormalities. Magnetic resonance imaging (MRI) of the brain was 
considered normal at that time. No proteinuria (defined as > 0.3 mg/24hr) or 
(micro-) albuminuria (defined as albumin-creatinine ratio (ACR) >2.5 mg/mmol in 
two out of three consecutive early morning voids) was present. Ophthalmologic 
evaluation revealed cornea verticillata. Audiological studies showed mild bilateral 
high-frequency hearing loss. MRI of the brain was repeated two years later, at 
the age of 15 years. A 4 mm periventricular WML on T2 and FLAIR-weighted 
images was detected near the posterior horn in the right hemisphere (Figure 
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2a). In retrospect, this lesion was already present on the initial MRI. Treatment 
with intravenous enzyme replacement therapy (ERT, agalsidase alfa, 0.2 mg/kg 
every 2 weeks) and anti-platelet therapy was started. MRI of the brain one year 
later, at the age of sixteen, demonstrated an additional lesion of 7 mm in the left 
hemisphere in the globus pallidus (Figure 2b) fitting a hemorrhagic infarction, 
however without clinical symptoms. An MRI one year later showed residual 
lesions. Clinical risk factors for cardiovascular disease only revealed a history 
of cigarette smoking. Blood pressure, cholesterol and fasting glucose levels 
were normal. Laboratory studies on other risk factors for cerebral infarction at 
a young age, including fibrinogen, clotting factor VIII, antithrombin deficiency, 
lupus anticoagulant, factor II mutation, factor V Leiden mutation, protein C and S 
deficiency, elevated lipoprotein, anti-cardiolipin and homocysteine did not reveal 
any abnormalities. 

Family history 
The girl’s grandmother was the index case of the family (Figure 1: patient I.2) 
and was diagnosed with Fabry disease when she developed renal insufficiency. 
Previously she had developed persistent blindness of unknown origin in one eye 
at the age of 50. She died of renal insufficiency at the age of 57. Her daughter, 
the mother of the girl (Figure 1, patient II.1) had amaurosis fugax of the left eye at 
the age of 22 years. At the age of 40 she had a short episode of acute dizziness, 
loss of muscle control in one leg and nausea, which resolved spontaneously. Later, 
aged 45, an MRI of the brain revealed a hyperintense lesion on FLAIR imaging of 
the right cerebellar hemisphere, interpreted as a lacunar infarction (Figure 2c). In 
addition sensorineural hearing loss and microalbuminuria were found. The aunt 
of the girl (figure 1: patient II:3), who was asymptomatic, was also diagnosed 
with Fabry disease. Periventricular WMLs were seen on MRI (Figure 2d) and mild 
left ventricular hypertrophy was found on echocardiography at the age of 48 
years. The girl’s seven years older sister (figure 1: patient III.2) was also diagnosed 
with Fabry disease. She had no clinical signs or symptoms of the disease and no 
abnormalities were detected on MRI of the brain, echocardiography, audiological 
studies or studies on renal function.Figure 1. Pedigree of the family.  

I:2 the index patient; III:1 the girl with WML at an early age

I:1 I:2

II:2 II:3 II:4

III:3III:2III:1 III:4

II:1

Figure 1. Pedigree of the family. 

I:2 the index patient; III:1 the girl with WML 
at an early age
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METHODS

Enzyme activity, plasma Gb3 and lysoGb3 analysis 
Alpha-Galactosidase A activity was measured in leukocytes according to Mayes et 
al 23. Plasma Gb3 and lysoGb3 was measured as described previously 24;25.

DNA mutation analysis and analysis of X inactivation patterns
Genomic DNA was isolated from EDTA blood using PUREGENE chemistry (Gentra 
Systems, Minnesota, Minneapolis, USA). GLA coding region and splice junction 
variation were analyzed by Sanger sequencing using the Big Dye Terminatorv3.1 
cycle sequencing kit (Applied Biosystems, Foster City, California, USA). A precise 
description of the methods is available on request.

Nomenclature for the description of the sequence variation is according to http://
www.hgvs.org/mutnomen/ using with NM_000169.2 as the reference sequence.

Inactivation status of the X-chromosome was studied in genomic DNA from 
EDTA blood using polymorphic markers at the Androgen Receptor locus and two 
methylation sensitive restriction enzymes (HpaII and CfoI) as earlier described 26. 

Figure 2. MRI FLAIR images of the girl (A and B), mother (C) and aunt (D). Periventricular white 
matter lesion (A), lesion in globus pallidus (B), hyperintense lesion right cerebellum (C) and 
periventricular white matter lesions (D)
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As a reference we analyzed skewing in 10 healthy young women (average age 16 
years) and found an average skewing of 61% with a standard deviation (SD) of 15%.

RESULTS

Enzyme activity and analysis of plasma Gb3 and lysoGb3 
Alpha-Galactosidase A in leucocytes was strongly reduced (1.8 ng/mmol/hr)  and 
plasma concentration of lysoGb3 was markedly elevated (99 nmol/ml) in this 
young female patient (patient III.1) at the age of 13 years also as compared to the 
values found in her mother and sister (Table 1). 

DNA mutation analysis and analysis of X inactivation patterns
Mutation analysis of the GLA gene revealed a base substitution (c.1025G>A) 
leading to an amino-acid change p.R342Q. This mutation is often found in Fabry 
patients with a classic phenotype and is one of the most prevalent mutations in the 
Fabry registry 17;27. This mutation was also detected in the other affected relatives. 
Sequencing all exons and flanking intron/exon boundaries revealed no other 
mutations in the GLA gene. Karyotyping revealed a normal 46 XX karyogram, 
excluding Turner syndrome and an X autosome translocation. Evaluation of 
X-inactivation in leukocytes of the girl showed 100% skewed inactivation of the 
paternal wild-type allele (Table 1). In contrast, in both her sister and her mother, 
the X-chromosomes were randomly inactivated (Table 1). 

DISCUSSION
Here we report on a young female Fabry patient with cerebral manifestations and 
100% skewed X-inactivation of the wild type X-chromosome. She already had a 
WML on MRI studies at the age of thirteen and a silent hemorrhagic infarction in 
the globus pallidus at the age of sixteen. To our knowledge, this is the first report 
of extensive CNS involvement in such a young female with Fabry disease. 

Table 1. Biochemical and molecular characteristics of the family.

Leukocytes αGal activity Plasma Gb3 LysoGb3 X-inactivation

Normal 32-60 nmol/mg/h Normal < 3µmol/l Normal<3nM
% expression of the 
mutated allele

II.1 27 0.77 16 51% (SD=7)

II.3 4.1 2.93 36 not done

III.1 1.8 2.21 99 100%

III.2 18.1 1.43 14 53% (SD=8)
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The severity of Fabry disease in this girl is in accordance with the enzyme activity 
which was found to be reduced to levels seen in males with Fabry disease. In 
addition, the plasma concentration of lysoGb3, which is the deacylated form of Gb3 
and is formed in αGal A deficient cells 28, was exceptionally high. In most female 
heterozygotes, plasma lysoGb3 is low at birth and only gradually increases with age. 
Of interest, a recent study revealed that high plasma lysoGb3 levels in male Fabry 
patients is related to a high risk for cerebrovascular white matter lesions 25.  

The high frequency of moderate and even severe disease expression in 
female Fabry heterozygotes compared to heterozygotes in e.g. the other X-linked 
lysosomal storage disorder, mucopolysaccharidosis type II (MPS-II, Hunter 
Syndrome) is remarkable. In MPS-II, heterozygotes are almost always unaffected. 
Several theories have been proposed to explain the variable disease penetrance 
in females with X-linked diseases 29.  X-inactivation pattern as an explanation 
of disease severity in female Fabry patients has been suggested previously 8-12. 
Dobrovolny et al demonstrated that heterozygotes with a significantly inactivated 
wild-type allele (skewing 75:25 and more towards the mutated gene) tended to 
have a more rapid clinical evolution of the disease 8. One might argue that skewed 
X-inactivation favoring the presence of cells expressing the mutated allele may 
explain the presence of clinical symptoms in Fabry heterozygotes. However, in one 
study, the distribution of X-inactivation patterns in heterozygotes did not differ 
from controls12. Another possible mechanism in Fabry may be a lack of metabolic 
cross-correction. Lysosomal enzymes excreted by cells can be taken up by deficient 
cells and may subsequently correct the enzyme deficiency to some extent. This 
phenomenon has been proposed to explain why in MPS-II heterozygotes in 
general do not express the disease phenotype 30. Although intercellular transfer of 
αGal A and metabolic cross-correction have been reported in vitro 31, apparently 
this mechanism is insufficient to prevent storage and clinical symptoms in a 
considerable proportion of Fabry heterozygotes. An explanation may be that 
formation of a specific metabolite in αGal A deficient cells could potentially affect 
αGal A competent cells. Indeed it has been shown that lysoGb3, formed in αGal 
A deficient cells, inhibits residual αGal A activity. Furthermore lysoGb3 promotes 
smooth muscle cell proliferation and altered podocyte behavior in vitro. Both are 
known cell-types involved in the pathogenesis of Fabry disease 28;32. 

The family history presented here is remarkable for the high prevalence of 
cerebrovascular complications. The mother of the child showed clinical symptoms 
of a TIA at the age of 40 and both she and the grandmother suffered from sudden 
loss of vision of unknown origin, which might be caused by a vascular occlusion. 
Sudden loss of visual acuity has been previously reported in Fabry disease patients 
21;33-35. In addition to the endothelial accumulation of Gb3, other factors may play a 
role in the pathogenesis of cerebral pathology including WMLs in Fabry patients, 
such as increased homocysteine concentration and genetic modifiers such as IL-6, 
eNOS, factor V and protein Z polymorphism, which were not studied in this family 
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36;37. An extensive workup in the 13 year old patient did not reveal any of the more 
common prothrombotic disorders other than Fabry disease, apart from smoking. 

This case study has limitations. Imaging of the brain was not done at an early 
age in the mother and aunt, and therefore early presence of asymptomatic CNS 
lesions cannot be excluded. Furthermore, the pattern of X-inactivation was 
determined only in leukocytes and it is uncertain whether the same 100% skewed 
inactivation pattern is present in all cell types and tissues, including the endothelial 
and subendothelial cells in the brain. Finally, although extensive studies did not 
reveal any risk factors for stroke, we did not study all potential genetic modifiers 
reported by Altarescu and co-workers 36. 

We demonstrate that WML including a silent cerebral infarction may occur 
at an early age in females with Fabry disease. This supports the inclusion of 
brain imaging by MRI for assessment and follow-up of Fabry patients from an 
early age and independent of gender. We also showed that ERT in combination 
with anti-platelet therapy did not prevent progression of the CNS disease in this 
young Fabry patient. It has been suggested previously that ERT may not be very 
effective in reducing the incidence of TIAs or strokes in patients with advanced 
Fabry disease 38. Future studies need to address the benefit of timely initiation of 
stroke prevention by other therapeutic interventions in addition to ERT. 
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ABSTRACT 
Background  Fabry disease (FD) is an X-linked lysosomal storage disorder, 
caused by a deficiency of α-galactosidase A. Several studies demonstrated 
that heterozygotes have symptoms such as acroparesthesia, abdominal pain 
and chronic fatigue. However, as these symptoms are aspecific and relatively 
common in the general population, it is important to compare the prevalence 
of these symptoms with an appropriate control group. The aim of this study 
was to explore the prevalence of signs and symptoms in FD females in 
comparison to a control group.

Methods  FD females and age-matched controls were approached to 
complete a questionnaire. This questionnaire was developed by the Dutch 
Fabry patient organization (Fabry Support en Informatie Groep Nederland, 
FSIGN) with input from Fabry expert-physicians from the AMC. We compared 
the prevalence symptoms using Pearson’s chi-square test. Bonferroni 
correction was used to correct for multiple comparisons. 

Results  A total of 63 heterozygotes and 52 controls completed the 
questionnaire. Many symptoms were also common in controls. Yet, fatigue, 
palpitations, pains in hands and feet, joint pain, dizziness, loss of libido 
and proteinuria during pregnancy were more common in Fabry females (all 
p<0.001). 

Conclusion  In addition to acroparesthesia - fatigue, palpitations, dizziness, 
proteinuria during pregnancy, libido loss and joint pain are more prevalent in 
FD females as compared to a control group. Although, these symptoms are 
present in a significant proportion of normal controls they deserve further 
attention by treating physicians to better understand their significance, 
treatment and relationship with FD.
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INTRODUCTION
Fabry disease (FD) is a lysosomal storage disorder, caused by a deficiency of the 
lysosomal enzyme alpha-galactosidase A 1. Accumulation of globotriaosylceramide 
in vascular cells leads to multiple organ disease, characterized by acroparesthesia, 
angiokeratoma, progressive renal failure, cardiac complications and stroke. Unlike 
most lysosomal storage disorders, the inheritance of FD is X-linked and therefore 
in general heterozygotes have a mosaic state. 

Following the availability of enzyme replacement therapy (ERT) in 2001, a 
number of Fabry cohort studies and post-marketing registry studies have been 
reported in the literature, describing the natural history of FD in males 2-4, females 
5-12 or both 13-16. These studies have shown that despite residual enzyme activity, 
FD females do develop signs and symptoms of FD, such as left ventricular 
hypertrophy, proteinuria, and stroke and, to a lesser extent, renal failure. The 
prevalence of acroparesthesia, a well-known symptom of Fabry disease, ranges 
from 23 to 90% of the patients in the different cohort studies (see Table 5). These 
studies also reported a high prevalence of other non-specific complaints such 
as fatigue, palpitations, chest pain, abdominal pain and diarrhea in FD females 
(see Table 5). As all of these symptoms are non-specific, care should be taken to 
attribute them directly to FD, especially as these studies lack control groups. At 
the outpatient clinic, Fabry females sometimes report symptoms or complaints of 
which both patient and the treating physician are unsure whether that complaint 
is part of the clinical spectrum of FD. The only way to appreciate whether certain 
complaints, aspecific or not, are part of the spectrum of FD is to study their 
prevalence in comparison with an appropriate control group.

 In order to study the spectrum and prevalence of FD related symptoms in 
FD females, the Dutch Fabry patient organization (Fabry Support en Informatie 
Groep Nederland, FSIGN), in collaboration with the lysosomal center ‘Sphinx’ of 
the AMC, initiated a questionnaire study on symptoms in FD females and an age 
matched control group. Based on personal experience of a group of FD females 
certain symptoms were added to the questionnaire. The purpose of this study was 
to explore the prevalence of symptoms in FD females compared to controls by 
use of a questionnaire.

METHODS 

Participants and recruitment. 
Participants for the study were recruited from the Academic Medical Centre, the 
national referral center for patients with Fabry disease in the Netherlands. We 
asked all FD females, aged 12 years and older, diagnosed by mutation analysis (n= 
81) to participate. We sent a letter explaining the aim of the study including two 
questionnaires. FD females were asked to fill out one questionnaire (marked “P”) 
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and to give one questionnaire to a non-Fabry female friend, neighbor or relative 
(marked “C”), with approximately the same age. All questionnaires were analyzed 
anonymously. This study was judged by the Ethical Committee of the AMC, 
Amsterdam as being a non-interventional study, which does not require formal 
approval under Dutch law and is considered to cause no harm to the study subjects. 

Questionnaire
The questionnaire was developed by two members (ES and AS) of the Dutch Fabry 
patient organization (FSIGN) in close collaboration with Fabry expert-physicians 
(SMR and CEH) from the AMC. During a meeting organized and attended by FD 
females only (n=20), the content of the questionnaire was discussed. Based on 
personal experience of the attendees, additional symptoms were added that were 
so far not considered to be part of Fabry symptomatology (see results, Table 4).  

The questionnaire contained general questions on health, sports, smoking, 
employment and sleeping difficulty (12 questions). Furthermore women were 
asked on the presence of cardiopulmonary, gastrointestinal, musculoskeletal, 
neuropsychological, urogenital symptoms and pregnancy outcome (54 questions). 
Participants were asked to respond yes/no to the presence of these symptoms 
during the last three months. 

Statistical analysis 
All statistical analyses were performed using SPSS version 16.0. Pearson’s chi-
square test was used to compare the frequency of symptoms in FD females with 
the frequency in control females. The Fisher’s exact test was used when one or 
more of the cells in the 2 × 2 contingency table had an expected frequency of 
five or less. 

Multiple testing may result in false positive results simply due to chance. 
Therefore, the significance level was adjusted in accordance with the Bonferroni 
correction 17. To determine the significance level, a p-value of 0.05 was divided 
by the number of comparisons done (n=66; p=0.0008) and was subsequently set 
at p<0.001. In addition, odds ratios were calculated, but here we used a 95% 
confidence interval. 

RESULTS
A total of 62 FD females completed the questionnaire (response rate of 77%). 
In addition 53 female controls participated in the study. The mean age of the 
FD females was 39 years versus 42 years in controls (p=0.67; Table 1). Pearson’s 
chi-square test was used to compare the frequency of symptoms in FD females 
with the frequency in control females. The results of these test are mentioned in 
tables 1-3. There was no difference in employment status, smoking, alcohol use 
and sports participation (Table 1). 
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Perceived health status was significantly decreased in FD females as 26 
patients reported not feeling healthy compared to three controls (42% versus 
8 % respectively; p<0.001, OR 12.1). Significantly more patients with FD were 
prescribed medication, including enzyme replacement therapy (65% versus 31% 
respectively, p<0.001, OR 4.09; Table 1). In total 28 FD females were treated with 
ERT (45%). 

Cardiopulmonary symptoms
Palpitations were reported significantly more often in FD females (48% versus 
13% in controls, p<0.001, OR 5.96). Almost half of the patients reported to have 
shortness of breath, although there was no significant difference after Bonferroni 
correction (Table 2). 

Gastrointestinal (GI) symptoms
GI symptoms were reported often by both FD females and control females, 
see Table 2. FD females frequently reported nausea, swallowing difficulties, 
abdominal pain, diarrhea and constipation. Abdominal pain was reported by 
60% of the FD females. Diarrhea and constipation were present in 41% and 34% 
respectively. These symptoms were also common in controls (in 30%, 19% and 
9% respectively). After adjustment of the p-value with the Bonferroni correction, 
there were no significant differences in gastro-intestinal symptoms between the 
two groups (nausea: p=0.01; swallowing difficulties: p=0.01; abdominal pain: 

Table 1. Characteristics of FD females and controls.

Fabry Control OR  (95% CI) p value

Age 39.3 (±17.5) 41.7 (±16.7) NA 0.67

Employed 29/52 (56%) 31/44 (71%) 0.53 (0.23-1.23) 0.14

Doing sports 31/62 (50%) 36/53 (68%) 0.47 (0.22-1.01) 0.052

Smoking 8/62 (13%) 10/52 (19%) 0.62 (0.23-1.71) 0.36

Drinking alcohol 30/61 (49%) 33/52 (64%) 0.58 (0.26-1.19) 0.13

Not sleeping well * 32/61 (53%) 14/53 (26%) 3.07 (1.39-6.78) 0.005

Not well rested when awake * 37/60 (62%) 16/52 (33%) 3.62 (1.65-7.94) 0.002

Perceived health status as not good 26/61 (42%) 3/52 (8%) 12.1 (3.4-43.3) <0.001

Medication 40/62 (65%) 16/52 (31%) 4.09 (1.86-8.98) <0.001

Paramedic treatment * 16/62 (26%) 7/53 (13%) 2.29 (0.86-6.08) 0.09

In treatment specialist / general 
practitioner *

31/60 (52%) 10/53 (19%) 4.60 (1.96-10.8) <0.001

Health problems * 40/60 (67%) 18/51 (35%) 3.67 (1.67-8.05) 0.001

Data are number (%). OR=odds ratio. * p<0.05. Underlined: significant after Bonferroni correction. 
NA: not applicable.
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Table 2. Prevalence of symptoms in FD females and controls.

Fabry Control OR  (95% CI) p value

Cardiopulmonary symptoms 

Palpitations 29/61 (48%) 7/53 (13%) 5.96  (2.32-15.3) <0.001

Skipped heartbeat * 20/60 (33%) 6/53 (11%) 3.92  (1.43-10.7) 0.006

Chest pain * 18/62 (29% ) 5/51 (10%) 3.76  (1.29-11.0) 0.01

Shortness of breath * 30/62 (48%) 10/53 (19%) 4.03  (1.72-9.43) 0.01

Gastrointestinal symptoms

Regurgitation 23/61 (38% ) 16/52 (31%) 1.36  (0.62-2.98) 0.44

Reflux 18/62 (29%) 11/52 (21%) 1.52  (0.64-3.61) 0.34

Nausea * 27/62 (44%) 11/53 (21%) 2.95  (1.28-6.77) 0.01

Swallowing difficulties * 19/61 (31%) 6/53 (11%) 3.54  (1.29-9.71) 0.01

Hiccup 25/58 (43%) 18/51 (35%) 1.39  (0.64-3.01) 0.40

Abdominal pain * 37/62 (60%) 16/53 (30%) 3.42  (1.58-7.43) 0.002

Diarrhoea * 25/61 (41%) 10/53 (19%) 2.99 (1.27-7.03) 0.01

Constipation * 21/61 (34%) 5/53 (9%) 5.04 (1.74-14.6) 0.002

Flatulence 34/62 (55%) 25/53 (47%) 1.36 (0.65-2.84) 0.41

Musculoskeletal symptoms

Myalgia * 35/62 (57%) 19/53 (36 %) 2.32  (1.09-4.93) 0.03

Muscle cramps * 25/62 (40%) 8/53 (15%) 3.80  (1.53-9.42) 0.003

Back ache * 38/61 (62%) 17/53 (32%) 3.50  (1.61-7.60) 0.001

Joint pain 36/62 (58%) 13/52 (25%) 4.15  (1.86-9.29) <0.001

Pain in hands 36/62 (58%) 6/53 11%) 10.85 (4.04-29.1) <0.001

Pain in feet 24/61 (39%) 5/53 (9%) 6.23  (2.17-17.9) <0.001

Neuropsychological symptoms

Loss of strength * 28/62 (45%) 8/53 (15%) 4.63  (1.88-11.4) 0.001

Numbness 8/61 (13%) 8/53 (15%) 0.85 (0.30-2.44) 0.56

Fatique 55/62 (89%) 30/53 (57%) 6.02  (2.32-15.7) <0.001

Dizziness 37/62 (60%) 10/53 (19%) 6.36  (2.71-15.0) <0.001

Headache 36/62 (60 %) 24/53 (45%) 1.67 (0.80-0.59) 0.12

Depressed mood 34/62 (55%) 20/51 (39%) 1.88  (0.89-3.99) 0.19

Urogenital symptoms

Urinary incontinence 16/62 (26%) 12/53 (23%) 1.19 (0.50-2.80) 0.69

Dysuria # 3/62 (4.8%) 1/53 (1.9) 2.64 (0.27-26.2) 0.62

Premenstrual symptoms 26/40 (65%) 20/34 (29%) 1.30 (0.51-3.34) 0.59

Menstrual symptoms 24/35 (67%) 23/31(74%) 0.76 (0.26-2.22) 0.42

Menarche at 12-15 years 44/62 (71%) 36/53 (68%) NA 0.72

Fertility problems # 5/40 (13%) 1/39 (2.6%) 5.43 (0.60-48.8) 0.20

Loss of libido 27/45 (60%)  9/31 (23%) 3.67 (1.38-9.75) <0.001
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p=0.002; diarrhea: p=0.01 and constipation: p=0.002). Any GI symptom was 
mentioned by 51 of the 62 Fabry females versus 27 of the 53 controls (82% versus 
51%, p<0.001, Pearson chi square test). 

Musculoskeletal symptoms
The results on the neuromuscular symptoms are summarized in table 2. Joint 
pain was present in 36 FD females which was significantly more compared to 13 
control females (58% versus 25%, p<0.001, OR 4.15). In addition pain in hands 
and feet was reported significantly more frequent in FD females (58% versus 11%, 
p <0.001, OR 10.9 and 39% versus 9% respectively, p<0.001, OR 6.2). 

Neuropsychological symptoms
Dizziness was reported more frequently by FD females (60% versus 19%, p<0.001, 
OR 6.36). Fatigue was reported by almost all patients (n=55), but also by many 
controls (n=30), yet it was significantly more common in FD females (89% versus 
57%, p<0.001, OR 6.02). No differences were found in other neuropsychological 
symptoms (see Table 2).

Menstrual cycle
The prevalence of premenstrual, menstrual symptoms and menarche was not 
different between Fabry females and controls (p=0.59, p=0.42 and p=0.72 
respectively; see Table 2). 

Table 2. Continued.

Fabry Control OR  (95% CI) p value

Dermatological symptoms

Dry skin* 42/61 (68%) 25/53 (47%) 2.48 (1.15-5.32) 0.03

Acne 10/61 (16%) 6/53 (11%) 1.54 (0.52-4.55) 0.44

Eczema 11/62 (18%)) 7/53 (13%) 1.42 (0.51-3.96) 0.50

Vitiligo 6/62 (10%) 5/53 (9%) 1.03 (0.30-3.58) 0.97

Urticaria# 4.9 (3/61) 3.8 (2/52) 1.29 (0.21-8.05) 1.00

Other symptoms

Hypohidrosis * 17/59 (29%) 5/51 (10%) 3.72 (1.26-11.0) 0.01

Spontaneous tear in molar 13/60 (22%) 10/49 (20%) 1.08 (0.43-2.73) 0.87

Allergy 10/62 (16%) 9/53 (17%) 0.94 (0.35-2.52) 0.90

Snoring 20/62 (32%) 31/53 (56%) 0.34 (0.16-0.73) 0.30

Gum disease 16/62 (26%) 6/53 (11%) 2.72 (0.98-7.58) 0.05

Data are number (%). OR=odds ratio. Underlined: significant after Bonferroni correction.  
* p<0.05. 
# Fisher’s exact test because of small sample size.
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Pregnancy related outcome
Thirty-two females with Fabry disease had a history of pregnancy and 35 controls 
(in total 89 pregnancies in Fabry females, 78 in controls; miscarriages not included). 
The results are summarized in table 3. Proteinuria during pregnancy was reported by 
nearly one third of Fabry females (34% versus 0%, p<0.001) as well as hypertension 
during pregnancy in FD females, although the latter was not significantly different 
(34% versus 14%, p=0.05). There were no significant differences in frequency of 
pre-eclampsia (9.4% versus 0%, p=0.10), miscarriages (25% versus 11%, p=0.15), 
fertility problems (13% versus 2.6%, p=0.20) and premature delivery in FD females 
and controls (19% versus 6%, p=0.14). In addition, intrauterine death did not occur 
more often in the studied group (3% versus 3%, p=1.0). 

Other symptoms
Loss of libido was also reported significantly more common by FD females than 
controls (60% vs.23%, p<0.001, OR 3.67). Loss of libido was not significantly 
related to fatigue in both FD females (p=0.38) and non-FD females (p=0.06). 
Twenty-nine percent (17/59) of the FD females had hypohidrosis (versus 10% in 
controls 5/51, p=0.01) (see Table 2). 

Table 3. Pregnancy and pregnancy outcome in FD females and controls.

Fabry (n=62)
Control 
(n=53) OR  (95% CI) p value

Pregnancy outcome

Hypertension during pregnancy # 11/32 (34%) 5/35 (14%) 3.14 (0.95-10.4) 0.05

Proteinuria during pregnancy 11/32 (34%) 0/35 (0%) NA <0.001

Preeclampsia # 3/32 (9.4%) 0/35 (0%) NA 0.10

Premature delivery # 6/32 (19%) 2/35 (5.7%) 3.81 (0.71-20.4) 0.14

Induced labour 7/32 (22%) 5/35 (14%) 1.68 (.47-5.95) 0.42

Pelvic instability # 2/32 (6.2%) 4/35 (11%) 0.52 (0.09-3.03) 0.68

Microsomia # 3/32 (9.4%) 1/35 (2.9%) 3.52 (0.35-35.7) 0.34

Macrosomia # 1/32 (3.1%) 1/35 (2.9%) 1.10 (0.07-18.3) 1.00

Postpartum bleeding # 3/32 (9.4%) 5/35 (15%) 0.62 (0.14-2.84) 0.71

Retained placenta # 4/32 (13%) 6/35 (17%) 0.69 (0.18-2.71) 0.74

Miscarriage 8/32 (25%) 4/35 (11%) 2.58 (0.69-9.61) 0.15

Intrauterine death 1/32 (3.1%) 1/35 (2.9%) 1.10 (0.07-18.3) 1.00

Data are numbers (%). OR=odds ratio. Underlined: significant after Bonferroni correction. # 
Fisher’s exact test because of small sample size. NA= not applicable.
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DISCUSSION
In this exploratory study we compared the prevalence of both classical FD related 
symptoms as well as a variety of other complaints in a large cohort of FD females 
with prevalence of these symptoms in a well matched control group. This study 
confirms that some previously described symptoms are significantly more common 
in Fabry females. Pain in hands and feet, acroparesthesia, are indeed a common 
symptom in FD females. The prevalence of acroparesthesia in the current study is 
higher than previously reported by us in a smaller cohort 16, and is in agreement 
with the overall prevalence of 61% (range 23-90%) in several other studies (see 
Table 5). Palpitations were also significantly more common in FD females. Fatigue 
was the most commonly reported symptom (89%), as was also reported by Mac 
Dermot et al 9. Although, as may be expected, a substantial proportion of normal 
controls also experienced chronic fatigue (57%), this was significantly more 
prevalent in the FD females. In addition to the more commonly to FD attributed 
symptoms, this study also confirms a higher prevalence of symptoms of joint pain 
and dizziness in FD females as compared to controls. 

A high prevalence of gastro-intestinal symptoms was observed (any GI symptom 
was mentioned by 82% of the Fabry females, versus 51% in controls). However, 
none of these individual symptoms were significantly more prevalent in the Fabry 
disease group with a threshold of p<0.001 following the Bonferonni correction for 

Table 4. Symptoms suggested by Fabry females: FD females versus controls.

Fabry (n=62) Control (n=53) OR  (95% CI) p value

Not sleeping well * 32/61 (53%) 14/53 (26%) 3.07 (1.39-6.78) 0.005

Not well rested when awake * 37/60 (62%) 16/52 (33%) 3.62 (1.65-7.94) 0.002

Snoring 20/62 (32%) 31/53 (56%) 0.34 (0.16-0.73) 0.30

Headache 36/62 (60 %) 24/53 (45%) 1.74  (0.83-3.66) 0.12

Flatulence 34/62 (55%) 25/53 (47%) 1.36 (0.65-2.84) 0.41

Hiccup 25/58 (43%) 18/51 (35%) 1.39  (0.64-3.01) 0.40

Myalgia * 35/62 (57%) 19/53 (36 %) 2.32  (1.09-4.93) 0.027

Muscle cramps * 25/62 (40%) 8/53 (15%) 3.80  (1.53-9.42) 0.003

Dry skin* 67.6 (42/61) 47.2 (25/53) 2.48 (1.15-5.32) 0.03

Acne 16.4 (10/61) 11.3 (6/53) 1.54 (0.52-4.55) 0.44

Eczema 17.7 (11/62) 13.2 (7/53) 1.42 (0.51-3.96) 0.50

Vitiligo 9.7 (6/62) 9.4 (5/53) 1.03 (0.30-3.58) 0.97

Spontaneous tear in molar 21.7 (13/60) 20.4 (10/49) 1.08 (0.43-2.73) 0.87

Allergy 16.1 (10/62) 17.0 (9/53) 0.94 (0.35-2.52) 0.90

Gum disease 25.8 (16/62) 11.3 (6/53) 2.72 (0.98-7.58) 0.05

Data are numbers (%). OR=odds ratio. * = p<0.05.
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multiple comparisons. Nevertheless, five of the nine gastro-intestinal symptoms 
that were included in the questionnaire were more common in FD females with a 
p-value of <0.05, with odds ratios ranging from 3 to 5 (Table 2). We feel therefore 
that it is unlikely that this is completely due to chance and suggests that the 
gastro-intestinal tract is indeed affected in FD females. In other studies the overall 
prevalence of gastro-intestinal symptoms in FD females was 34% (range 11-58%). 
In one large cohort study the prevalence of GI symptoms was 58%, and consisted 
of complaints of bloating, indigestion and abdominal cramps 9. A previous 
smaller study by our group revealed only a prevalence of 12% in the female Fabry 
patients 16. The differences in prevalence between that study and the current one 
could be due to difference in methods used (questionnaire versus physicians’ 
interpretation). The fact that we also observed a high prevalence of gastro-
intestinal symptoms in controls (51%) emphasizes the need to include a control 
group, especially when evaluating the prevalence of non-specific symptoms.  

This study has identified several potentially FD related symptoms that were 
previously not recognized. This may be relevant for both FD females and their 
treating physicians. First, our results indicate that there is a high prevalence 
of proteinuria during pregnancy in FD females. It cannot be made clear from 
this study whether these patients had proteinuria before pregnancy, which was 
subsequently revealed during pregnancy or that Fabry females are more prone 
to develop proteinuria during pregnancy. However, this finding deserves further 
study. So far, only case-studies on uneventful pregnancies have been reported 18-23. 
The prevalence of hypertension during pregnancy and pre-eclampsia was slightly 
increased in Fabry females, although not to a statistically significant level in this 
relatively small group. Its exact pathophysiological mechanism remains unclear. 
We suggest that complications during pregnancy and pregnancy outcome should 
be studied in a larger cohort of FD females. 

In the current study, we found a high prevalence of loss of libido. This may well 
be caused by the presence of a chronic medical condition 24 and therefore not 
necessarily be Fabry-specific. Nevertheless it is important for physicians treating 
FD females to acknowledge presence of this symptom.  

A limitation of the current study is that we used a non-validated questionnaire 
specifically developed for this study. Though a variety of symptoms were 
evaluated, this questionnaire might not have covered all possible signs and 
symptoms. Another limitation of the study is the way controls were selected, as 
this was a patient selected group of friends, neighbors or relatives, and controls 
were not randomly selected. However, this approach also has advantages, as it 
generates a control group which is similar in several important respects, such 
as socioeconomic status and education. In addition, the groups did not differ 
in age and the controls included in the study were not only healthy individuals. 
We decided not to stratify for age and treatment with ERT, to prevent additional 
testing. However, these are important confounders. In general we found that 
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patients treated with ERT had more symptoms and were generally older than 
patients not on ERT (data not shown).

Finally, we confirm that fatigue, palpitations, pains in hands and feet, dizziness 
and joint pain are more prevalent in FD females as compared to a control group. 
Although, these symptoms are present in a significant proportion of normal 
controls they deserve further attention by treating physicians and researchers to 
better understand their significance, treatment and possible relationship with FD. 
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ABSTRACT
Little is known on the impact of growing up with Fabry disease (FD) on 
psychosocial development. Children with FD may suffer from severe recurrent 
pains in hands and feet, gastro-intestinal symptoms and heat intolerance. 
These symptoms may influence quality of life and may interfere with a normal 
psychosocial development. It is important to evaluate psychosocial outcomes 
of patients with FD into adulthood to be able to optimize support of children with 
FD. The current cross-sectional questionnaire study investigated psychosocial 
development and quality of life of 28 young adults with FD, aged 18–35 years 
(9 males, 19 females), using the Course of Life questionnaire and the Short 
Form-36 questionnaire for quality of life. The results were compared with an 
age-matched normative population. We found significant differences in the 
achievement of milestones in social development of male Fabry patients. The 
milestones that were affected were ‘going out to bars’ and ‘participation in 
sports activities’. Other than that FD patients appear to be able to achieve a 
rather normal psychosocial development until adulthood. Quality of life was 
decreased in Fabry males in the domains of physical functioning and bodily 
pain and of general health perception in females.
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INTRODUCTION
Fabry disease (FD) [OMIM 301500] is an X-linked lysosomal storage disorder 
caused by a deficiency of the lysosomal enzyme alpha-galactosidase A [E.C. 
3.2.1.22]. Accumulation of glycosphingolipids in various cell types ultimately 
causes a high risk for renal insufficiency, left ventricular hypertrophy and stroke 
in adults 1. Due to the X-linked inheritance, the disease primarily affects males, 
but females can be affected as well 2–5. Although females generally have a milder 
disease course, both sexes can display symptoms during childhood 6–10. The most 
prominent symptoms in pediatric patients are recurrent pains in hands and feet 
(acroparesthesia) and gastrointestinal complaints. Acroparesthesia, caused by 
peripheral small fiber neuropathy 11, are generally the presenting symptoms and 
can be evoked by exercise and fever. These pains usually do not respond to 
usual pain medication (e.g. paracetamol or NSAIDs) but often require treatment 
with anticonvulsants or antidepressants. Gastrointestinal complaints comprise 
abdominal pain, diarrhea, constipation, nausea and vomiting. Other signs and 
symptoms frequently observed in children and young adults with FD are skin 
lesions (angiokeratoma) and hypohidrosis with heat intolerance. A delay between 
onset of symptoms and diagnosis is common in the absence of known family 
members with FD 12,13.

It has been shown previously that FD has a significant negative influence on 
quality of life (QoL) in children, especially in boys 6,10,14. In addition, growing up 
with FD might also have a significant impact on the psychosocial development 
into adulthood. Other studies have demonstrated that children with chronic 
illnesses (e.g. end stage renal disease, childhood cancer, children with anorectal 
malformations, Hirschsprung’s disease and galactosaemia) are indeed likely to 
achieve fewer psychosocial milestones in their developmental trajectory, or to 
achieve them at an older age compared to their peers 15–17. Achievement of 
milestones (e.g. having friends, participating in sports, having tasks at home, 
first job, first boy-/girlfriend) during childhood is important for transition from 
childhood into adult life 18. The impact of growing up with FD on reaching 
psychosocial developmental milestones has not been studied yet. Nevertheless, 
detailed knowledge on this topic can be highly relevant for optimizing support of 
children with Fabry.

The first aim of this study was to assess the impact of growing up with FD 
disease by comparing the psychosocial developmental trajectory (autonomy, 
psychosexual and social development), sociodemographic outcomes (marital 
status, education level and employment) and current QoL of young adults who 
have grown up with FD with non-Fabry controls. The second aim was to explore 
potential relations of the psychosocial developmental trajectory with disease 
severity and current QoL in young adults with FD.
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MATERIALS AND METHODS

Recruitment
Patients were included in this study if they met the following criteria: (1) a 
diagnosis of FD established by enzyme analysis and mutation analysis in 
males (hemizygotes) and mutation analysis in the females (heterozygotes), (2) 
age between 18 and 35 years and (3) no cognitive impairment. Patients were 
recruited from the Fabry cohort at the Academic Medical Center in Amsterdam, 
the national expertise center for FD in the Netherlands. A total of 33 patients 
(10 males and 23 females) met these criteria and were approached for this study. 
They received a letter or e-mail explaining the aims of the study and a reference 
to an internet based questionnaire. After 2 weeks a reminder e-mail was sent to 
those who had not participated, followed by a telephone call to non-responders 4 
weeks later. It was explained that participation was voluntary and not responding 
to the questionnaire would not influence the relationship with their treating 
physician. Noninterventional studies do not require ethical approval under Dutch 
law, therefore no approval was sought at the Medical Ethical Committee of our 
institution.

Clinical evaluation
Patients were asked to report whether they (yes/no) had experienced 
acroparesthesia, angiokeratoma, an- or hypohidrosis or abdominal pain before 
diagnosis of FD and the age of onset of these symptoms. We asked patients to 
score these signs and symptoms for severity (1=mild, 2=moderate, 3=severe). 

In addition, we collected clinical data from all patients at the time of the 
study. The presence of microalbuminuria was defined as albumin exceeding 30 
mg in a 24-hour urine sample. Proteinuria was defined as total protein excretion 
in the urine of more than 300 mg in this sample. Brain magnetic resonance 
imaging (MRI) evaluation was used to assess the presence of white matter lesions 
(WML) and (lacunar) infarctions. Left ventricular hypertrophy (LVH) was defined 
as a left ventricular massN259 g in males and N166 g in females measured by 
echocardiography. 

For all patients, the Mainz Severity Score Index (MSSI) 19 was calculated before 
initiation of enzyme replacement therapy. The MSSI reflects the overall disease 
severity of FD; a MSSI score <20 reflects mild disease, 20–40 moderate, and >40 
severe disease.

Psychosocial development
Psychosocial development was assessed with the Course of life (CoL) 
questionnaire. The CoL questionnaire measures achievement of psychosocial 
developmental milestones. The items concern behavior characteristic of certain 
age-stages, developmental tasks, and the limitations children might face when 
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they grow up with a chronic disease. The items are divided into five scales: 
‘Autonomy development’ (6 items, autonomy at home and outside home; score 
6–12), ‘Psychosexual development’ (4 items, love and sexual relations; score 4–8), 
‘Social development’ (12 items, contacts with peers; score 12–24), ‘Anti-social 
behavior’ (4 items, misbehavior at school and outside school; score 4–8) and 
‘Substance use and gambling’ (12 items; score 12–24). A higher scale score on the 
‘Autonomy development’, ‘Psychosexual development’ and ‘Social development’ 
indicates the accomplishment of more psychosocial developmental milestones. 
Apart from the five scales, the questionnaire measures socio-demographic 
outcomes in young adulthood: marital status (living with a partner versus single), 
educational level (low, middle or high; based on the highest level of education 
completed), employment status (employed versus unemployed). A complete 
description of the scale-items was published by Stam et al15. Based on Stam et 
al15, we considered the validity, test–retest reliability and internal consistency of 
the CoL questionnaire to be sufficient for our study.

In the present study only the questions related to ‘Autonomy’, ‘Psychosexual’, 
‘Social development’ and socio-demographic outcome were used to restrict the 
length of the questionnaire and to assess the items considered most likely to be 
affected by FD. We compared the scale scores and socio-demographic outcomes 
of FD patients with control data from 485 peers aged 18 to 30 years from the 
general Dutch population 15, with the exception of the Autonomy scale which had 
too limited internal consistency. We also analyzed the item scores.

Short Form-36 questionnaire for quality of life
The SF-36 questionnaire20 was used to assess the current QoL of the young adults 
with FD included in the study. This questionnaire consists of 36 questions forming 
eight scales (physical functioning, role physical, bodily pain, general health, 
vitality, social functioning, role emotion and mental health). A scale score was 
calculated for each scale, ranging from 0 to 100. A higher score reflects a better 
QoL. Age and gender matched norm data from the general Dutch population are 
available 21.

Data analysis
To determine whether there were differences between the CoL scale-scores of 
young adults with FD and controls we performed analysis of variance (ANOVA) 
by group, age and gender. To test whether the psychosocial developmental 
trajectory of male patients was more affected than that of female patients, the 
interaction term ‘group* gender’ was included into the model. In addition we 
compared the scale-scores from FD patients and controls in males and females 
separately using independent sample t-test. To gain a detailed insight into the 
developmental trajectory, differences between patients and controls were tested 
on (dichotomized) item level – indicating the achievement of a milestone – by 
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means of the (Mantel-Haenszel) chi-square-test by group and gender. Differences 
in socio-demographic outcomes between patients and controls were tested by 
(Mantel-Haenszel) chi-square-test by group and gender. 

The SF-36 scale scores (QoL) of the young males and females with FD were 
compared to the scale scores of the age matched normative Dutch males and 
females using the non-parametric Wilcoxon signed rank test. 

Spearman’s rank correlation was used to determine whether the score on 
Social developmental scale-score was associated with QoL and disease severity 
as assessed by the MSSI score. Non parametric Mann–Whitney U test was done 
to compare the score in Social development of those patients that grew up with 
acroparesthesia to those who did not. We used chi-square-tests to test whether 
there were differences in the achievement of specific milestones in relation to 
growing up with acroparesthesia. 

A significance level of 0.05 was used for all analyses, conducted with the 
Statistical Package for Social Sciences (SPSS) Windows version 16.0 and 18.0.

RESULTS

Clinical characteristics
A total of 28 Fabry patients (9 males and 19 females) completed the CoL 
Questionnaire (response rate 85%). Patient characteristics are summarized in 
table 1. All males had grown up with acroparesthesia and in 2 out of 9 (22%) 
males angiokeratoma were present during childhood versus 63% (12/18) and 21% 
(4/18) respectively in females with FD. Fifty-six percent of the males scored the 
acroparesthesia as ‘severe’, females only 25%. A delay in diagnosis was common. 
The median age at diagnosis was 17 years (range males 9–35, females 13–21). 
The median MSSI-score of the males was 16 (range 11–25) and of females 4 
(range 0–10). At the time of the study all males and 9 of the 19 females were 
treated with enzyme replacement therapy (ERT). Micro-albuminuria was the most 
frequent symptom of organ involvement and was observed in 7 out of 9 males 
and 5 out of 18 females (78% and 26% respectively). 

Psychosocial development
Patients with FD did not differ from the control group regarding their scores in 
autonomy development (regular chores in the family, paid jobs, vacation without 
adults, leaving the parents home) and psychosexual development (first girlfriend, 
first time falling in love, first time sexual intimacy, first time sexual intercourse). 

ANOVA did reveal a difference in the scale score of the social development 
depending on the gender group. Male FD patients achieved significantly fewer 
milestones in social development than the males from the control group, while 
there was no difference between the Fabry females and control females (Table 2). 
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Table 1. Patient characteristics.

Fabry males
(n=9)

Fabry females
(n=19)

Age (years)   25 (18-35) 27 (18-33)

Age at diagnosis 17 (9-35) 17 (13-21)

Age at onset symptoms    7.5 (3-14) 9 (0-22)

Currently on ERT, % (n) 100% (9) 37% (9)

During childhood: 
Acroparesthesia % (n)
    Mild
    Moderate
    Severe
Angiokeratoma % (n)
An/hypohidrosis % (n)
Abdominal pain % (n)

100% (9)
0%

44%
56%

22% (2)
22% (2)
33% (3)

58% (11)
33%
42%
25%

21% (4)
16% (3)
26% (5)

MSSI – score a 16 (11-25) 4 (0-10)

At presence:
Microalbuminuria % (n)
Proteinuria % (n)
WML % (n)
Lacunar infarction % (n)
LVH % (n)

78% (7)
11% (1)
33% (3)
11% (1)
33% (3)

26% (5)
5.3% (1)
16% (3)
5.3% (1)
16% (3)

a = At first assessment, pre-treatment with ERT 
Data described are medians and range unless otherwise described.
ERT: enzyme replacement therapy. MSSI: Mainz severity score index. WML: white matter lesions. 
LVH: left ventricular hypertrophy.

Table 2. Scale scores of the social and psychosexual domain of the Course of life questionnaire; 
Fabry versus control group.

Fabry males
(n=9)

Control males
(n≈225) pb

Fabry females
(n=16)

Control females 
(n≈260) pb

Social 
developmenta 

19.0 ± 2.7 21.0 ± 2.4 0.02 21.2 ± 2.5 20.9 ± 2.5 NS

Psychosexual 
development

7.0 ± 1.2 7.1 ± 1.2 NS 7.6 ± 0.8 7.2 ± 1.1 NS

Data are means ± standard deviation. 
a Significant interaction effect of group*gender according to ANOVA (p = 0.03)
bAccording to paired t-test

The males that scored lowest on social development included three brothers from 
one single family. 

Table 3 presents the frequencies of the individual milestones of social 
development, including the results of the (Mantel-Haenszel) chi-square-tests. 
Patients with FD, especially males, scored lower on some milestones. They were 
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Table 3. Developmental milestones: frequencies of the items of the Course of life scale Social 
development; Fabry versus control group.

Fabry 
males
(n=9)

Control 
males 

(n=239) pa

Fabry 
females
(n=16)

Control 
females
(n=269) pa

At least one year of membership in a sports 
club at elementary school 

yes
no

33 (3)
67 (6)

88 (209)
12 (29)

<0.001 68 (13)
32 (6)

81 (218)
19 (51)

NS

Number of friends in kindergarten through 
third grade, elementary school
4 or more
less than 4

89 (8)
11 (1)

68 (162)
32 (75)

NS 68 (13)
32 (6)

58 (157)
42 (112)

NS

Number of friends in fourth-sixth grade, 
elementary school

4 or more
less than 4

78 (7)
22 (2)

72 (171)
28 (66)

NS 68 (13)
32 (6)

66 (178)
34 (90)

NS

Best friend, elementary school
yes
no

67 (6)
33 (3)

71 (170)
29 (69)

NS 84 (16)
16 (3)

77 (207)
23 (62)

NS

Most of the time playing with…..,
elementary school friends
brothers and sisters, parents, on your own

78 (7)
22 (2)

87 (204)
13 (30)

NS 90 (17)
11 (2)

88 (232)
12 (32)

NS

At least one year of membership in a sports 
club at middle / high school 

yes
no

44 (4)
56 (5)

77 (183)
23 (55)

0.04 74 (14)
26 (5)

71 (190)
29 (79)

NS

Number of friends at middle / high school
4 or more
less than 4

67 (6)
33 (3)

72 (171)
28 (66)

NS 63 (12)
37 (7)

67 (181)
33 (88)

NS

Best friend middle / high school
yes
no

44 (4)
56 (5)

65 (155)
35 (82)

NS 68 (13)
32 (6)

81 (217)
19 (52)

NS

Leisure time, mainly with…, 
middle / high school friends
brothers and sisters, parents, on your own

67 (6)
33 (3)

81 (193)
19 (45)

NS 100 (19)
0 (0)

89 (237)
11 (30)

NS

Belonging to a group of friends middle / 
high school

yes
no

78 (7)
22 (2)

78 (185)
22 (51)

NS 95 (18)
5.3 (1)

83 (218)
17 (46)

NS

Going out to a bar or disco high school 
sometimes  / often
never

33 (3)
67 (6)

86 (204)
14 (34)

0.001 84 (16)
16 (3)

84 (226)
16 (43)

NS

At least one year of membership in a sports 
club / competitive sports after high school

yes
no

22 (2)
78  (7)

54 (124)
46 (107)

0.09 53 (10)
47 (9)

45 (119)
55 (147)

NS

Data are percentages (numbers). a According to Mantel-Haenszel chi-square-tests.
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less likely than control males to engage in competitive sports or were less likely to 
be member of a sports club during elementary school. The number of males that 
achieved this milestone was significantly lower than that of their male peers from 
the control group (3/9, 33%, while 88% achieved this milestone in the control 
group). Females with FD did not differ from their female peers in this respect. 
Male patients also scored lower than their male peers on “competitive sports or 
sportsclub during middle/high school” (4/9, 44%, with 77% achieving this mile 
stone in the control group). Furthermore, males were less likely to go out to a bar 
or a disco than the control group. Considering the achievement of this milestone 
by gender, male patients had a lower score than their male peers (3/9, 33% versus 
86%), while there was no difference for the females. 

Socio-demographic outcome 
No differences between Fabry patients and the control group were found on 
socio-demographic outcomes: marital status (Fabry versus control: living together 
36% versus 39%, p=0.57) educational level (Fabry versus control: low 32% versus 
29%; middle 54% versus 51%; high 14% versus 20%, p=0.76) or employment 
status (Fabry versus control: employed 71% versus 76%, p=0.67). In addition 
we found no differences comparing Fabry males with control males and Fabry 
females with control females separately. 

Short Form-36 questionnaires for quality of life
From 26 of the 28 patients (93%) SF-36 data were available at the time of the study 
to assess current QoL. Fabry males scored significantly lower in the domains of 
physical functioning and bodily pain compared to the general Dutch population. 
Females scored significantly lower in the domain of general health perception 
(Table 4).

Social developmental milestones in relation to disease severity and 
QoL
Disease severity (MSSI score) was significantly associated with the scale score of 
Social development (Spearman rank r=-0.48; p=0.01, Fig. 1), with a higher score 
of social development in patients with a low MSSI, thus mildly affected. The Social 
development score did not differ significantly between patients who reported 
to suffer from acroparesthesia during childhood and those who did not (median 
score 20 versus 22; p=0.12). In addition there was no difference between the 
presence of acroparesthesia and the achievement of the individual milestones 
“engaging in competitive sports” and “going out to bars and discos” (p=0.45 
and p=0.26). We did not test the relation between Social development and the 
presence of angiokeratoma, anhydrosis and abdominal pain, because these 
symptoms were too infrequently reported to allow reliable statistical analysis. 
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The SF-36 scales vitality, role physical and physical functioning were significantly 
associated with the Social development score (r=0.46, p=0.02; r=0.42, p=0.04 
and r=0.46, p=0.02 respectively). 

Table 4. Scores of the subscales of the SF-36: Fabry versus normative population.

Fabry males
(n=9)

Normative male 
population pa

Fabry females
(n=16)

Normative 
male 

population pa 

Physical 
functioning

70 (50-95) 97.3 0.007 90 (55-100) 91.9 NS

Role physical 100 (0-100) 90.6 NS 100 (0-100) 83.1 NS

Bodily pain 52 (31-84) 87.8 0.008 74 (22-100) 78.9 NS

General health 
perception

72 (20-90) 80.4 0.05 59.5 (20-100) 78.3 0.003

Vitality 65(25-85) 74.5 NS 47.5 (20-100) 67.4 0.09

Social 
functioning

87.5 (50-100) 89.5 NS 68.8 (50-100) 85.9 NS

Role emotional 100 (0-100) 90.4 NS 100 (0-100) 81.1 NS

Mental health 88 (40-100) 80.8 NS 80 (44-100) 76.4 NS

Data are medians and range. 

a According to Wilcoxon signed rank test. Underlined data p<0.05.

Figure 1. Social development score related to disease severity (MSSI).
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DISCUSSION
This is the first exploratory study on autonomy, psychosexual, and social 
development and socio-demographic outcome of young adults who have grown 
up with FD. Our study has shown that these young adults do not achieve fewer 
milestones related to autonomy development and psychosexual development, 
compared to non-Fabry controls. In addition, the socio-demographic outcomes 
of young adults who have grown up with FD were, on average, similar to controls. 
We did find significant differences in the achievement of milestones in social 
development of male Fabry patients. The milestones that were affected were 
‘going out to bars’ and ‘participation in sports activities’. Other than that FD 
patients appear to be able to achieve a rather normal psychosocial development 
until adulthood.

Interestingly, the achievement of milestones in psychosexual development 
of both males and females were not delayed. This is noteworthy since the 
angiokeratoma often appear on the genital area during early teenage years, 
especially in boys. We hypothesized that having angiokeratoma might result 
in less self-confidence during first sexual experiences, but apparently, if this 
happened at all, it did not result in delayed sexual milestones. 

The differences that were found in the achievement of the individual milestones 
‘going out to bars and discos’ and ‘participation in sports activities’ in the social 
development of male FD patients are likely related to the signs and symptoms 
of FD, although we were not able to demonstrate this. There was a relationship 
between the Social development score and the MSSI, but this was not present for 
males alone (data not shown). We do hypothesize, however, that acroparesthesia, 
which were present in all males included in this study, may

have interfered with sports since these pains generally aggravate during 
exercise. In addition, fatigue, which is commonly reported by FD patients, may 
contribute. Whether the less frequent attendance to bars and disco’s is related 
to exercise (dancing) or high ambient temperature cannot be extracted from this 
questionnaire. Since the items related to friendship were identical to controls, it is 
unlikely that FD males are more socially isolated. 

Diagnosis in this cohort was delayed and most patients (if treated) were not 
treated with enzyme replacement therapy or specific pain medication until their 
late teens or early twenties. The fact that most Fabry patients appear to be 
able to achieve a rather normal psychosocial development might be due to the 
intermittent nature of Fabry pains and/or to adequate coping strategies. 

Our findings add to the results from previous studies that focused on the QoL 
of patients with FD 6,10,14,22,23, and suggest that young adults, especially males, do 
have a decreased QoL in several aspects. Previously, Hopkin et al. found decreased 
QoL in girls aged 14–18 years in the domains of bodily pain and health perception. 
We found only differences in the domain of general health perception. This 
difference may be due to the natural history of acroparesthesia, which generally 
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is at its worst in the paediatric age-ranges and decreases in adolescence 6. Our 
results are in line with the study of Wilcox et al., who found that QoL is impaired 
at a later age in females than in males, but become equally affected from the age 
of 30 years in both genders 23. From previous studies we know that achievement 
of developmental milestones and QoL in young adulthood are associated 24,25. 
Indeed, although the small number of males may hamper definite conclusions, we 
found that males with a low score on the Social development-scale in general also 
tended to score lower on the SF-36 scales. Social development was also related 
to disease severity, although this was almost completely influenced by the effect 
of gender. 

Our study is limited by the small number of Fabry patients, especially males, 
that could be included in the study. However, given the high response rate, we 
included almost all patients in this age range in the Netherlands in our study and 
thus our results are representative of the Dutch FD patients. Nevertheless as a 
result of the small sample size, the power to detect differences between Fabry 
and non-Fabry young adults was low. Therefore, and because of the explorative 
nature of the study, we decided not to compensate for multiple testing. The fact 
that the psychosocial development is measured retrospectively limits the range of 
topics. In order to prevent bias caused by inadequate memory, the questions are 
factual and do not go further back than to primary school. 

We conclude that growing up with FD has an impact on several aspects of 
the social development in males but not in females. As this might possibly be 
related to acroparesthesia, optimizing the treatment of pain by pain medication 26 

or by enzyme replacement therapy 27,28 may be relevant to help to achieve optimal 
social development. Fortunately, despite the affected social development and 
impact of FD on QoL, psychosexual and autonomy development as well as socio-
demographic outcomes appear not to be affected, which is encouraging for 
families with children with FD.
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ABSTRACT
The expansion of the internet has resulted in widespread availability of medical 
information for both patients and physicians. People increasingly spend 
time on the internet searching for an explanation, diagnosis or treatment for 
their symptoms. Regarding rare diseases, the use of the internet may be an 
important tool in the diagnostic process. The authors present two cases in 
which concerned parents made a correct diagnosis of a lysosomal storage 
disorder in their child by searching the internet after a long doctor’s delay. 
These cases illustrate the utility of publicly available internet search engines 
in diagnosing rare disorders and in addition illustrate the lengthy diagnostic 
odyssey which is common in these disorders.  
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INTRODUCTION
The expansion of the internet has resulted in widespread public access to both 
scientific and non-scientific information. When confronted with a health complaint, 
people increasingly spend time on the internet searching for a diagnosis or 
treatment. Many physicians nowadays are confronted with patients or parents 
who present potential diagnoses and treatments for their complaints, which 
were retrieved from the internet. This behaviour undoubtedly influences patient/
parent–physician relationship 1;2. The suggested diseases or remedies found on 
the internet may not be relevant to the patient’s health issues, presenting rare 
diagnoses or treatment strategies that do not fall within the realm of conventional 
medicine for more common complaints and disorders. But sometimes these 
internet searches may reveal the correct diagnosis for rare diseases, which were 
not considered by the patients’ physician. Here, we describe two cases where, 
after a long doctor’s delay, concerned parents diagnosed a lysosomal storage 
disorder (LSD) in their child by searching the internet.

Case A
An 11-year-old boy was referred to our metabolic center after his parents had 
suggested a diagnosis of Fabry disease to their pediatrician. From the age 
of 5 years he had suffered from severe episodic pains in the hands and feet, 
especially during exercise and fever. In addition, he had unexplained recurrent 
fever, joint aches and a skin rash on hands and feet. Three different pediatricians 
were consulted: a general pediatrician and two specialists in periodic fever 
syndromes and immunology, respectively. This led to the consideration of the 
following diagnoses: growing pains, juvenile idiopathic arthritis, hyper-IgD 
syndrome, tumor necrosis factor receptor-1-associated periodic syndrome and 
familial Mediterranean fever. Extensive laboratory tests were performed, but 
none of these diagnoses could be confirmed. Because symptoms persisted, 
the concerned parents initiated a search on internet, using ‘Google’ as search 
engine. They used the following search terms (in Dutch): unexplained recurrent 
fever, pain in feet and skin rash. Browsing the internet for several hours, they 
found a picture of a skin rash in a patient with Fabry disease. They immediately 
recognized the skin rash as similar to their child’s, and after studying all available 
information, they concluded that their child might suffer from Fabry disease. On 
physical examination, angiokeratoma were present on the hands, feet, knees and 
hips (figure 1A). The consulted ophthalmologist found cornea verticillata. The 
diagnosis of the LSD Fabry disease was confirmed by enzyme analysis. There 
were no signs of renal and cardiac involvement, as often seen at this age. He 
was started on enzyme replacement therapy (ERT) within the scope of an early 
intervention trial (FIELD study, NCT00701415). 

Fabry disease is an X linked LSD caused by a deficiency of the enzyme 
α-galactosidase A (αGAL-A). The main substrate of αGAL-A, globotriaosylceramide 
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(Gb-3), accumulates in endothelial cells and other cell types. In childhood, 
Fabry disease is characterized by severe episodic pains in the hands and 
feet (acroparaesthesia), anhydrosis and angiokeratoma. In adult life, disease 
progression causes renal, cardiac and neurological morbidity, and a reduced 
life-span. Since 2001, therapy has become available as ERT. Treatment with ERT 
reduces tissue Gb-3 and may stabilize renal disease and other disease features 3.

Figure 1B. Bowed fingers on both hands on patient B.

Figure 1A. Patient A: angiokeratoma on the palmar side of the hands. Right hand ulnar side and 
left hand ulnar side and thenar. 
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Case B
A boy, aged 16 months, was referred to a metabolic center, after his mother 
suspected that he might have  mucopolysaccharidosis type I (MPS I). Born 
prematurely at 33 weeks (1790 g) from non-consanguineous parents, the boy 
needed continuous pulmonary airway pressure during his first 3 days of life. He 
failed his neonatal hearing tests. In the following 3 months, he was admitted several 
times because of excessive crying. At the age of 3 months, he was seen because of 
macrocephaly. A mild hydrocephalus without signs of high pressure was diagnosed 
on MRI. A wait-and-see policy was adopted. At the age of 5 months, a one-sided 
inguinal hernia was corrected. The child was referred to a clinical geneticist at 
the age of 7 months, primarily for investigation of myotonic dystrophy type 1, an 
autosomal dominant disorder that had been diagnosed in his father. Apart from 
the possibility of myotonic dystrophy, the geneticist was also asked to consider 
other diagnoses, in view of his symptoms. No alternative diagnosis was suggested 
by the clinical geneticist. The child had recurrent upper airway infections during 
his first year of life and was noted to snore significantly during sleep. At the age 10 
months, an adenectomy was performed, grommets were placed, and he received 
hearing aids. His parents noticed kyphosis, changing facial features, bowed fingers 
(figure 1B), an umbilical hernia and slowing of psychomotor development. This 
latter observation resulted in cognitive testing, which revealed an IQ of 72 (−1 
to −2 SD). Numerous visits to the pediatrician did not lead to a diagnosis for the 
plethora of signs and symptoms. The mother, who was anxious to know what was 
wrong with her child, repeatedly searched the internet for a diagnosis. One day, 
she entered ‘bowed fingers’ (in Dutch) into the search engine ‘Google,’ and the 
first hit was a Belgium website on lysosomal storage disorders. Studying this site, 
which showed pictures of children with MPS I, the mother immediately recognized 
the specific facial features of her child and thought that MPS I, Hurler phenotype, 
could be a likely diagnosis. Confronted with this information, the pediatrician 
requested appropriate enzymatic studies, confirming the diagnosis. The patient 
received successful hematopoietic stem cell transplantation (HSCT) at the age of 
19 months, after a treatment period with ERT.

MPS I is an autosomal recessive LSD caused by a deficiency of the enzyme 
α-L-iduronidase. Accumulation of glycosaminoglycans leads to cellular and organ 
dysfunction. Three phenotypes are recognized: the severe Hurler, the intermediate 
Hurler–Scheie and the attenuated Scheie syndrome. Patients with the Hurler 
syndrome have marked cognitive delay, coarse facial features, corneal clouding, 
hearing impairment, hepatosplenomegaly, umbilical and inguinal hernias, 
and orthopedic cardiac and respiratory problems in early childhood . Without 
treatment, life expectancy is limited. Patients with the Scheie syndrome have 
normal intelligence and survive into adulthood, although they may experience 
significant morbidity such as restricted joint mobility, carpal tunnel syndrome, 
skeletal dysplasia, cardiac involvement and pulmonary dysfunction. HSCT may 
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preserve mental function if performed at an early age, generally before the age 
of 2 years. In addition, ERT has become available since 2003 for the treatment of 
the non-neurological complications in MPS I 4.

CONCLUSION
These cases illustrate the utility of publicly available internet search engines in 
diagnosing rare disorders, such as LSDs. They also demonstrate the lengthy 
diagnostic odyssey that often occurs in these disorders. A prolonged diagnostic 
odyssey is more devastating if an early diagnosis is of vital importance for the 
efficacy of treatment. This is indeed the case for both presented disorders. ERT 
in patients with Fabry disease is less efficacious when started when the disease 
already progressed 5;6. In patients with the severe Hurler phenotype of MPS I, 
HSCT is preferably done as early as possible, before significant involvement of 
the central nervous system (CNS) 7. Early HSCT improves the chances both for 
engraftment 8 and for prevention of CNS complications. Given the rare nature of 
these disorders, many pediatricians will never see a patient with these diseases 
and will not recognize it, and subsequently a diagnosis is unlikely to be made. 
Faced with an undiagnosed disorder in their child, many parents will start roaming 
the internet. The presented cases show that this may result in a final diagnosis.

It has been previously reported that the search engine ‘Google’ can be a useful 
diagnostic tool for both physicians 9, 10 and non-physicians 11,12, especially in difficult 
diagnostic cases. Tang and  Ng selected 26 complex cases presented in the New 
England Journal of Medicine: in 58% of the cases, ‘Google’ revealed the correct 
diagnosis 10. Siempos et al followed the same strategy in non-physicians, which 
resulted in a correct diagnosis in 22.1% of the cases 12. The difference in success rate 
could be because non-physicians may find it more difficult to interpret quality and 
reliability of information on the internet 2. The search terms used by physicians and 
non-physicians might also explain these differences. The parents of the presented 
cases did not have a medical background and were of average education. Apart 
from the recognition of symptoms leading to diagnosis of a disorder, as illustrated 
here and elsewhere 10–12,  frequent searches on the internet may also lead to anxiety 
and medical overconsumption, also known as cyberchondria 2, 13, 14. 

Nowadays, with easy internet access, physicians should acknowledge the 
transformation of patients from passive recipients to active consumers of health 
and should be open to discuss the value of the information offered by the patients. 
Finding the right balance between patient-suggested ‘internet made-diagnosis’ 
and medical overconsumption can be challenging and is a relatively new dilemma 
in medicine. Finally, the presented cases demonstrate that physicians, when 
confronted with unrecognized combinations of signs and symptoms, should 
use internet searches themselves as part of their diagnostic strategy to prevent 
unacceptable diagnostic delay.
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ABSTRACT
Introduction Fabry disease is an X-linked lysosomal storage disorder 
caused by α-galactosidase A deficiency. Accumulation of its substrate 
globotriaosylceramide (Gb3) is believed to cause disease complications 
including renal, cardiac and cerebrovascular disease. Males are generally more 
severely affected compared to females, while late-onset cases exhibit limited 
disease. Treatment with α-galactosidase A (enzyme replacement therapy, 
ERT) leads to clearance of accumulated Gb3 and stabilization of disease in 
some patients, but its long term efficacy is unclear. 

Methods Renal function, cardiac mass and cerebral white matter lesions 
were prospectively studied in males and females with Fabry disease treated 
with ERT (ERT cohort). Additionally, the occurrence of major complications, 
defined as major cardiac events, stroke, end-stage renal disease and death in 
the ERT cohort was compared to a symptomatic natural history (NH) cohort. 

Results Of the 75 patients on ERT (median treatment duration 5.2 years, 
range 0.05-11.0), prospective follow-up of at least 6 months was available 
for 57 adult patients (30 males) and 6 adolescents who started ERT during 
childhood. Estimated renal function declined in males (-3.4 ml/min/1.73 m2 

per year, SE 0.2; p<0.001) despite ERT as opposed to females who showed 
a decline in renal function (-0.8 ml/min/1.73 m2 per year, SE 0.3; p= 0.001) 
comparable to healthy individuals. Cardiac mass increased during ERT in 
males (+ 1.2 gram/m2.7, SE 0.3; p<0.001), but remained stable in females 
(-0.3 gram/m2.7 per year, SE 0.4; p=0.52). ERT did not prevent the occurrence 
of cerebral white matter lesions.  In symptomatic patients without a previous 
major complication, including the ERT cohort (n=58) and NH cohort (n=42), 
the odds for developing the first major complication increased with age (OR 
1.05 (95% CI: 1.0-1.1) per year, p= 0.012), and declined with longer treatment 
duration (OR 0.82 (95% CI: 0.68-0.96) per year of ERT, p=0.015) independent 
of gender. In patients with one complication (n=33), the odds of developing a 
second complication in another organ system for males and females was also 
favorably influenced by treatment (OR 0.52 (0.31-0.88), p=0.014). 

Conclusion Long term ERT combined with optimal supportive care does not 
prevent disease progression, but may stabilize disease in some patients. The 
risk of developing a first or second complication declines with increasing 
treatment duration. Treatment with ERT of advanced Fabry disease with 
limited life expectancy seems therefore to be of doubtful benefit. Additional 
studies should focus on higher effectiveness in patients at high risk. 
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INTRODUCTION
Fabry disease is an X-linked lysosomal storage disorder caused by deficiency of 
α-galactosidase A 1;2. This leads to accumulation of glycosphingolipids, mainly 
globotriaosylceramide (Gb3). The accumulation in cells of the arterial wall, kidney 
and heart causes a diverse spectrum of disease manifestations. Both males and 
females can be affected; however, disease is generally milder in females 3-6. Males 
with classical disease manifestations usually have no residual α- galactosidase A 
activity and can present with acroparesthesia, anhydrosis, angiokeratoma during 
childhood followed by renal, cardiac and cerebrovascular complications 7. Early 
death is caused by end stage renal failure, stroke or cardiac complications. Atypical 
cases, with preserved residual enzyme activity, can exhibit a more attenuated 
course, sometimes with involvement of only one organ such as the heart  8;9. 
Females can either be severely affected, present with a more attenuated course 
or remain fully asymptomatic. Within families, disease can vary as well 10;11.  

In 1999, recombinant α-galactosidase A for Fabry disease became available 
in the EU. The European Medicines Agency (EMA) authorized two enzymes in 
2001: agalsidase-alfa (Replagal®, Shire HGT) and agalsidase-beta (Fabrazyme®, 
Genzyme Corp). The number of clinical trials that included a placebo arm was 
limited. Both for agalsidase alfa and agalsidase beta short term randomized 
controlled trials of 6 months and 20 weeks respectively were performed 12;13. 
These trials showed benefit of therapy with respect to clearance of Gb3 from 
vascular endothelium (agalsidase beta) and improvement in pain (agalsidase 
alfa). However, the paucity of data prompted the EMA to approve these products 
under exceptional circumstances, which means that additional data collections 
are needed. Since then several studies on short and long term outcome have 
been published. The only long-term phase IV study with a placebo arm was 
conducted with agalsidase beta. In this trial, a modest reduction in the rate of 
complications in treated patients was shown compared to placebo 14. Proteinuria 
was a predictor of worse outcome, suggesting that a certain degree of organ 
damage impairs clinical outcome. All other long-term studies lack an untreated 
comparator. These are mostly post-marketing studies using drug registry 
data from either the Fabry Outcome Survey (FOS, Shire) or the Fabry Registry 
(Genzyme). The advantage of such post-marketing registries is the relatively large 
amount of included patients, but datasets are frequently incomplete and there is 
considerable variation in the way of assessment 15. From these data, it is therefore 
difficult to extract the long term benefit of enzyme replacement therapy (ERT); 
although it has been consistently shown that decline in renal function may occur, 
especially in patients with pre-existing renal impairment 16-18. Smaller, often single 
center, studies have shown that progression of disease of cardiac and cerebral 
manifestations may occur despite treatment 17-19. It appears as if patients with 
advanced disease benefit less from therapy, but lack of an untreated control group 
hampers a definite conclusion. Since prospectively collected data from untreated 
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Fabry patients after the introduction of ERT in general concern less severely 
affected patients, some studies have compared clinical outcomes to historical 
data. This in turn usually involved patients with a more severe clinical phenotype 
or publications from registries 3;4;20. A comparison of the development of clinical 
complications in equally affected patients before and after the availability of ERT 
has not been performed. This information is vital as the efficacy of ERT should be 
clarified and the rationale for the reimbursement of these costly therapies needs 
underpinning. The first objective of this study was to analyze long-term follow-up 
of ERT treated Fabry disease patients in the Netherlands on renal, cardiac and 
cerebrovascular parameters. The second objective was to compare the time to 
occurrence of major complications in ERT treated patients versus a symptomatic 
natural history cohort.

PATIENTS AND METHODS

Enzyme replacement therapy (ERT) cohort and natural history (NH) 
cohort
The Academic Medical Center is the national referral center for patients with Fabry 
disease. Prospective data were collected from all treated and untreated patients 
with a confirmed diagnosis of Fabry disease through enzyme-activity and DNA 
analysis at our hospital between 1999 and 2010. In addition, historical data were 
collected from all patients for whom a medical record was available. An enzyme 
replacement therapy (ERT) cohort and a natural history (NH) cohort were defined 
(see below). Patients were classified as typical or atypical patients on the basis of 
phenotype, genotype and biochemical data. Previously it was shown that plasma 
lysoGb3 is elevated in classically affected Fabry adults. In patients with R112H and 
P60L substitutions, without a classical phenotype, lysoGb3 is not elevated 21;22. 
Both cohorts mainly consisted of patients with a classical phenotype. A minority 
consisted of patients with the R112H and P60L substitutions and of some recently 
diagnosed patients with intermediate levels of lysoGb3 suspected to have a more 
attenuated course of disease. These patients were called atypical patients.

The cohorts were constructed as follows:
ERT cohort. Prospective data were collected from patients that were treated 

with ERT (n=75). 
Patients were treated either with agalsidase alfa (0.2 mg/kg) or agalsidase 

beta at a dose of 0.2 mg/kg or 1.0 mg/kg. Thirteen patients were treated with 
the 0.2 mg/kg dose agalsidase beta as part of a previous trial 23. Four patients 
continued this regimen. In addition, 21% (16/75) of the patients switched from 
agalsidase beta 0.2 mg/kg/ 2 weeks (n=9) or agalsidase alfa (n=7) to agalsidase 
beta 1.0 mg/kg/ 2 weeks because of treatment failure, as defined in this trial 23. 
Current available data are too limited to draw a definitive conclusion on equality 
or difference in effectiveness between agalsidase alfa and agalsidase beta 23;24. 
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Therefore it seemed a reasonable approach to combine patients treated with 
either agalsidase alfa or agalsidase beta.  

NH cohort. Data were derived from medical records of Fabry patients that 
developed a complication before the initiation of ERT, either during the time 
that ERT was not yet available or before a diagnosis of Fabry was made, as well 
as from Fabry patients that remained untreated after 1999 when ERT became 
available. Only untreated symptomatic patients were included, because inclusion 
of all untreated patients after ERT became available would result in a bias by 
indication: patients with milder disease or no symptoms remain untreated.  In the 
untreated symptomatic patients no ERT was initiated (yet) due to various reasons 
including the personal preference of the patient and intensified treatment criteria 
(i.e. nowadays starting when one symptom is present) during the years.  

The symptomatic stage was defined by the presence of any of the following 
symptoms: chronic kidney disease (CKD 1-5), left ventricular hypertrophy (LVH) 
or cerebral white matter lesions (WML). All of these symptoms are early signs 
of end-organ damage and an indication for ERT according to the Dutch ERT 
treatment guidelines. In addition LVH and CKD are predictors for cardiac and 
renal complications in Fabry disease, and WML for stroke in general 3;6;25-28.  Since 
the association between acroparesthesia and cardiac, renal or cerebrovascular 
complications is not evident, patients with acroparesthesia but without any 
other symptom were not included in the symptomatic group for the analysis of 
complications. Supportive care, which has been intensified over the last 10 years, 
was provided according to local standards: microalbuminuria or proteinuria was 
treated with ACE-inhibitor and/or AT-2 antagonists. In addition, anti-coagulant, 
anti-arrhythmic and pain medication was instituted when required. 

Data collection
Patients were routinely seen at the outpatient-clinic and renal, cardiac and cerebral 
data were collected. Renal function was estimated every three to six months, 
cardiac ultrasound and cerebral MRI were performed yearly. Baseline data for the 
ERT cohort was defined as the data closest to start of ERT: prior to start of therapy 
or with a maximum of 4 weeks thereafter. 

Renal function 
Renal function (eGFR) was estimated using the abbreviated MDRD equation and 
the Schwartz formula in children up to 16 years of age 29;30. Microalbuminuria and 
proteinuria were defined according to international criteria (microalbumin >30 
mg/24 hour urine collection and proteinuria >300 mg/24 hour urine collection 
in two consecutive samples within at least three months) 31. For each patient 
baseline chronic kidney disease stage (CKD) stage was determined according to 
the same international guidelines (American Guidelines of CKD) 31. Hyperfiltration 
was defined as eGFR> 135 ml/min/1.73 m2.
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Left ventricular mass
Left ventricular mass (LVmass) was assessed by cardiac ultrasound.  The formula by 
Devereux  for LVmass indexed for height was used 32. Left ventricular hypertrophy 
in males was defined as LVmass >51 g/m2.7 in males and >48 g/m2.7 in females 33. 
In children the criteria for LVH in children were used 34.

White matter lesions
A cerebral white matter lesion was diagnosed by a neuroradiologist in case of a 
hyperintense white matter lesion of more than 1 mm in diameter on FLAIR- and T2-
weighted MRI images. A simplified scoring system was used to score the presence 
of white matter lesions and whether progression was notified. Progression was 
defined as a new lesion or increase of the volume of a pre-existing lesion. 

Major complications 
Time to the first major complication was evaluated. In addition the time (i.e. age) 
to a second and third major complication in another end-organ was assessed. 
Major complications were defined as stroke (CVA), cardiac complications, 
ESRD and death. The diagnosis of CVA was established by a neurologist. 
Cardiac complications included: onset of atrial fibrillation, onset of any other 
rhythm disturbance needing hospitalization, pacemaker or implantable cardiac 
defibrillator (ICD) implantation, cardiac congestion for which hospital admittance 
was needed, myocardial infarction, percutaneous coronary intervention, or 
coronary artery bypass graft. ESRD was defined as CKD stage 5 (a GFR<15 ml/
min/1.73 m2), dialysis or renal transplantation.

Data analysis
For the analysis of renal function, LVmass and WMLs, only data were used that 
were collected prospectively. For the analysis of data on renal function, LVmass 
and WMLs at least 6 months of follow-up was required for patients on ERT to be 
included. For the analysis of the occurrence of major complications all symptomatic 
patients were included, independent of duration of follow-up. For renal function, 
LVmass and WML, no comparison with untreated patients could be performed, as 
there were few follow-up data of untreated symptomatic patients. For the analysis 
of the occurrence of major complications, data from the NH cohort were compared 
to ERT cohort. The follow-up period for major complications was recorded for 
either cohorts until the data lock (December, 2010) or death. In patients treated 
with Fabrazyme 1.0 mg/kg/ 2 weeks, data lock was in August 2009 or October 
2009 since they were dose reduced or switched after these dates as a result of 
the worldwide Fabrazyme shortage 35. Data on adolescents (18-25 years) who 
initiated ERT (n=6) during childhood (age< 18 years) were analyzed separately to 
evaluate the efficacy of early (i.e. at a young age) ERT intervention.
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Statistical analysis
Means and standard deviations and/or medians with ranges were used to summarize 
continuous variables. Change of renal function and LVmass was assessed using 
repeated measures with random intercepts for each patient. Slopes of decline of 
renal function were calculated per CKD category and and LVmass by presence or 
absence of LVH. Change of eGFR and LVmass were expressed as mean change 
per year and standard error (SE). As part of a subanalysis, the annual change of 
left ventricular mass was calculated and compared to baseline LVmass. For this 
purpose, yearly follow-up time intervals from baseline were defined: follow-up 1 
year ± 3 months, 2 years ± 3 months etc. This annual change was analyzed using 
the Wilcoxon signed rank test. 

Time to a first cerebral white matter lesion or the first additional lesion after 
baseline, and the time to the first, second and third major complication in both the 
NH and the ERT cohort were assessed using Kaplan-Meier curves. Comparison of 
curves was performed using the log-rank test. The contribution of age and gender, 
as known predictors and ERT duration on the development of the first and second 
major complication was determined. Not meeting the assumption of proportional 
hazards in Cox regression, multiple logistic regression was applied. ERT duration 
was calculated for the time up to the first or second event or censoring date. ERT 
duration and age were included as continuous factors (expressed in years), gender 
as a dichotomous one. For comparison of continuous data between independent 
groups the Mann-Whitney U-test was applied, for dichotomous data the Fisher’s 
exact test was used. A p-value of p < 0.05 was considered statistically significant. 
Analyses were performed with SPSS version 17.0. 

RESULTS

Patients
1. Patients for assessment of renal function, WMLs and LVH during ERT. Of the 75 
patients on ERT, 68 adults started ERT above 18 years of age. The other 7 started 
ERT during childhood (age <18 years), six of them adolescents with at least six 
months of follow-up on renal, cardiac and WML outcome (figure 1).  Of the 68 
adults on ERT, data were available for renal function in 57 patients (30 males), for 
LVmass in 53 patients (27 males) and WMLs in 50 patients (25 males). One child 
and eleven adults receiving ERT had less than 6 months follow-up period at the 
time of the data lock, due to: death (n=4), worldwide agalsidase beta shortage 
(n=3), or ERT only recently started (n=5). Three patients in the ERT cohort had a 
R112H or P60L substitution (2 males). In addition 4 males were suspected to have 
a more attenuated course of disease based on their lysoGb3 levels. 

2. Patients for assessment of major complications. In total, 142 patients (58 males) 
with complete medical records were studied, including 26 children. Sixty-seven 
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remained untreated and 75 started ERT. Of the patients that remained untreated, 
the symptomatic stage could not be determined in 7 patients because of 
incomplete assessments, 32 had no symptoms and 28 were symptomatic.  In 
addition, 14 patients had developed a first complication before start of ERT. 

The symptomatic patients (n=28+14) were included in the symptomatic NH 
cohort (n=42, of which 13 atypical patients). For the analysis of the symptomatic 
ERT cohort, only ERT treated patients without a previous complication before start 
of ERT and with symptoms were included (n=58, including 3 atypical patients) 
(Figure 1). Three patients in the ERT cohort only had acroparesthesia and were 
not included in this analysis. 

Figure 1. A.  The flow-chart shows the patients in the ERT cohort for the prospective 

analysis of renal function, left ventricular mass and cerebral white matter lesions. B. The 

flow-chart demonstrates all patients with complete medical records and the cohorts used for 

the analysis of the time to the first complication.

A.

B.

142 patients with complete records 

28 remained 
untreated (NH 
cohort) 

14 developed a 
complication 
before initiation 
of ERT (NH 
cohort) 

58 ERT initiated 
before first 
complication (ERT 
cohort) 

35 no 
symptoms

7 no complete 
assessments

100 symptomatic: 
CKD,LVH or 

75 Fabry patients on ERT 

Follow-up< 6 months due to: death 
(n=4), shortage (n=3), ERT 
recently started (n=5)

63 patients> 6 months of follow-up

57 adults, data on renal 
function (n=57), LVmass 
(n=53) and/or WMLs 
(n=50) 

6 adolescents , data on 
renal function (n=6), 
LVmass (n=6) and WMLs 
(n=6) 

Figure 1. A. The flow-chart shows the patients in the ERT cohort for the prospective analysis 
of renal function, left ventricular mass and cerebral white matter lesions. B. The flow-chart 
demonstrates all patients with complete medical records and the cohorts used for the analysis of 
the time to the first complication.
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For the analysis of the second complication in another end-organ, all patients 
who had a first complication and still alive (n=33), were included in the analysis. 
This group consisted of 6 patients in NH cohort and 27 in the ERT cohort (including 
7 atypical patients).

The analysis on the third complication included all patients, with two 
complications in different end-organs (n=9): 3 from the NH cohort and 6 from the 
ERT cohort (only classic mutations).

1. Renal function, left ventricular mass and cerebral white matter 
lesions in the ERT cohort.
The baseline characteristics of the patients with data on renal function, left 
ventricular mass and/or white matter on long-term follow-up during ERT (n=63) 
are presented in table 1. The median follow-up during ERT treatment, i.e. ERT 
duration in the adults (n=57) was 5.5 (range 0.51-10.0) years. In the adolescents 
the median ERT duration was 4.7 (2.0-6.8) years.

Renal function 
In 57 adults (30 males) on ERT at least two serum creatinine values were available 
6 months apart and renal function was calculated (estimated GFR (eGFR)). 

Table 1. Baseline characteristics of the ERT cohort with more than 6 months of follow-up.

Baseline (prior to ERT)
Males 
ERT

Females 
ERT

Adolescents
ERT

N
Agalsidase alfa
Agalsidase beta

30
 9
21

27
10
17

6 (2M)
4
2

Age start ERT, mean ± SD 
median (range)

38.9 ± 14.3
40.2 (18.0-65.3)

46.8 ± 12.3
47.2 (20.8-71.5)

16.6 ± 0.7
16.6 (15.9-17.7)

ACE-ARB (%) 8 (26.7) 10 (37.0) 0 (0)

Hypertension 8 (26.7) 5 (18.5) 0 (0)

eGFR (ml/min/1.73 m2) 88.5 ± 40.6 86.6 ± 31.3 150.4 ± 42.8

CKD 1-5 (%) 23 (76.7) 21 (77.8) 3 (50)

LVH  (%) 13/23 (50.0) 13/23 (56.5) 0/4 (0)

WML (%) 12/24 (50) 21/27 (77.8) 2/6 (33.3)

Dialysis (%) 0 (0) 0 (0) 0 (0)

Kidney transplant (%) 0 (0) 1 (3.7) 0 (0)

Cardiac complication (%) 4 (13.3) 1 (3.7) 0 (0)

CVA (%) 2 (6.7) 1 (3.7) 0 (0)

LVH: left ventricular hypertrophy. WML: white matter lesions, CKD 1-5: chronic kidney disease 
stage 1-5, CVA: cerebrovascular accident. The presence of LVH or cerebral white matter lesions 
was not known for all patients at baseline.
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Males. Baseline eGFR in males, was 88.5±40.6 ml/min/1.73 m2 and mean 
change was -3.4 (SE 0.2) ml/min/1.73 m2 per year, p<0.001. Twenty males (66.7%) 
also used ACE-inhibitors or ARB during ERT treatment. Decline of renal function 
per subgroup of baseline CKD stage is shown in table 2. Excluding the 5 males 
with hyperfiltration the mean decline in CKD 0 (n=5) was -2.2 (SE 0.4 ) ml/min/1.73 
m2 (p<0.001) and CKD1 (n=7) -3.4 (SE 0.4) ml/min/1.73 m2 (p<0.001).

Females. Baseline eGFR in females, was 86.6±31.3 ml/min/1.73m2 and changed 
with -0.8 (SE 0.3) ml/min/1.73 m2 per year (p= 0.001). Twenty-three females used 
also ACE-inhibitors or ARB (85.2%) during follow-up. Mean change per year 
per CKD stage is presented in table 2. Only one female showed hyperfiltration; 
excluding this female resulted in a comparable eGFR change of (n=5) -0.9 (SE 0.5) 
(p=0.06) in CKD stage 0.

Left ventricular mass
Longitudinal data on LVmass were available in 53 adult patients (27 males, age 
37.1±13.0 years, 26 females, age 46.6±12.3 years). 

Males. In males LVmass increased significantly with 1.2 (SE 0.3) gram/m2.7 per 
year (p<0.001) during a median follow-up of 5.0 (0.5-10.1) years between first and 
last ultrasound. LVH was present in 40.7% (11/27) patients at the first ultrasound 
available. LVmass increased with 1.0 (SE 0.3) g/m2.7 per year in males without LVH 
at the first assessment (p=0.004) and with 1.5 (SE 0.5) g/m2.7 in males with LVH 
at the first ultrasound (p=0.008). In 4 males, baseline LVmass was assessed more 
than six months before start of ERT; excluding these baseline data did not affect 
the conclusions.  Subsequently, the yearly increase of LVmass was investigated 
compared to baseline. Baseline LVmass was available for 21 male subjects. For 11 
males an echo one year after start of ERT was available. LVmass did not change in 

Table 2. Mean change of eGFR during ERT in 30 male and 27 female patients per CKD stage.

CkD stage at start of ERT

Males Females

N
eGFR change 

±SE/year p-value N
eGFR change 

±SE/year p-value

CKD 0 (=GFR> 60, no 
microalbuminuria or proteinuria)

7 -2.5±0.4* <0.001 6 -1.0±0.5* 0.05

CKD1 (=GFR>90, microalb+ ) 10 -4.5±0.4* <0.001 7 -1.3±0.7 0.07

CKD2 (=GFR 60-90, microalb+) 4 -2.1±0.3 <0.001 10 -0.3±0.3 0.25

CKD3 (=GFR30-60) 6 -4.1±0.2 <0.001 3 -1.4±0.5 0.015

CKD4(=GFR 15-30) 3 -2.0±0.2 <0.001 1 -3.5±0.3 -

CKD5 (=GFR<15) 0 0

M=male, F=female. * eGFR change without hyperfiltration (GFR>135 ml/min/1.73 m2) in males: 
CKD 0 (5M): -2.2±0.4 ml/min/1.73 m2 (p<0.001), CKD 1 (7M) -3.4 ml/min/1.73 m2 (p<0.001) and 
in females: CKD 0 (6F): 0.9±0.5 (p=0.06).
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the first four years of ERT compared to baseline (p=0.28). After five years of ERT 
and more, the increase was significant compared to baseline (+9.5 ± 11.5 g/m2.7, 
n=11, p=0.016).  However, differences in response in the first year were observed: 
in 7 males LVmass showed a decrease, while in 4 males LVmass did not respond 
(remained stable or increased). These differences were not explained by type of 
ERT, dosage, the presence of antibodies, a history of hypertension or age at start 
of ERT, but were predicted by CKD stage. In the males without a response, all had 
CKD stage 3 or higher, while males who responded the first year had CKD ≤2, with 
the exception of one male with CKD stage 3 (4/4 versus 6/7, p=0.015).  

Females. In females, LVmass changed with -0.3 (SE 0.4) gram/m2.7 per year 
(p=0.52) during a median follow-up of 5.0 (range 1.1- 8.0) years between first 
and last cardiac echo. LVH was present in 50% at the first ultrasound available. 
In females without LVH at the first ultrasound, mean change was -0.3±0.5 g/m2.7 

per year (p=0.61). In females with LVH at the first ultrasound LVmass change was 
-0.4±0.6 g/m2.7 (p=0.48).

Similarly to the males, individual differences in response were noted. Thirteen 
females showed a decline during follow-up, while 13 females remained stable or 
had a gradual increase. However, these differences could neither be explained by 
CKD stage, nor by the presence of hypertension, age at start of ERT, type of ERT 
or dosage.

White matter lesions
At least one or more follow-up MRIs were performed in 50 patients, 25 males 
(mean age 37.3±12.9 years) and 25 females (mean age 46.6±12.8 years).

Males. Of the males with a baseline MRI 11/20 already had WML before the 
initiation of ERT. During follow-up, twelve (48%) developed (new) white matter 
lesions. The median ERT treatment duration at the time of a new white matter 
lesion or time to follow-up was 3.1 (0.9-8.1) years. The time to development 
of white matter lesions was not statistically different in the group with baseline 
white matter lesions compared to the group without white matter lesions on 
baseline (p=0.44). The age of the males without white matter lesions on baseline 
was significantly lower than in the males with white matter lesions at baseline 
(p=0.006).

Females. Of the females, in total, 20/25 (80%) had white matter lesions before 
ERT. Seven of 25 (28%) developed (new) white matter lesions during and 4.0 
(1.0-6.1) years in females. The time to appearance of white matter lesions was not 
statistically different in the group with or without baseline white matter lesions 
(p=0.77).

The adolescent cohort.
Six adolescents (2 males), started ERT before adulthood and had at least 6 months 
of follow-up. The indication for therapy was acroparesthesia, microalbuminuria 
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and a WML matter lesion (n=1), acroparesthesia and microalbuminuria (n=2), 
microalbuminuria (n=2) and WML (n=1). Median age at start of ERT was 16.6 
(range 15.9-17.7) years. Median follow-up during ERT was 4.7 (range 2.0-6.8) years. 
During follow-up mean decline of eGFR was -7.3±1.0 ml/min/1.73 m2 (p<0.001). 
Four adolescents showed hyperfiltration at baseline. One female and one male 
developed white matter lesions during follow-up; one female with a previous 
white matter lesion developed an asymptomatic lacunar infarction. None of these 
patients had LVH at baseline. LVmass remained stable during follow-up with an 
annual change of 0.04±0.5 g/m2.7 (p=0.93). No major complications developed. Of 
notice, two of the patients reported to be enzyme therapy incompliant (estimated 
percentage of missed infusions 20%).

2. Major complications: development of ESRD, a cardiac 
complication, CVA, or death.
Baseline-characteristics of the symptomatic NH (n=42) and ERT cohort (n=58) 
at the time of presentation of symptoms in the AMC were compared. The use 
of ACE-ARB was comparable for both cohorts at first presentation, but in the 
ERT cohort, more patients used ACE-inhibitors /ARBs during follow-up 16 (38 %) 
versus 40 (69%), p=0.002).  The proportion of atypical patients differed in both 
cohorts 13 (31%) in the NH cohort versus 3 (5%) in the ERT cohort, p=0.001).  The 
proportion of males (21 (50%) in the NH cohort versus 27 (47%) in the ERT cohort, 
p=0.74), less affected patients,  defined as one symptom only 16 (38 %) in the 
NH cohort versus 30 (52%) in the ERT cohort, p=0.58) and more severely affected 
patients, defined as two or more symptoms or presenting with a complication 
26 (62%) in the NH cohort versus 26  (45%) in the ERT cohort, p=0.58) were 
comparable. 

As expected, the more severely affected patients were significantly older at 
presentation than the patients with one symptom only (p<0.001).

A first complication occurred in 34 patients (22 males, 12 females) (figure 2). 
Nineteen patients received no ERT at the time of the first complication. These 
included a cardiac event (9 males/4 females), ESRD (1 female) and stroke (3 
males/2 females); fifteen patients on ERT with a median treatment duration of 
3.2 (range 0.7-7.6) years developed a major complication, including a cardiac 
event (4 males/3 females), ESRD (3 male/1 female), stroke (2 males/1 female) 
and death (1 male). There was no difference in the time to the first complication 
between the NH cohort and ERT cohort (p=0.69). Leaving the atypical patients 
out of the analysis, no difference was observed (p=0.28).  Age, gender and ERT 
duration including all symptomatic patients (NH and ERT cohort) all significantly 
contributed to the prediction of a first complication in both the NH and ERT 
cohort (table 3, figure 2). The odds for developing the first major complication 
increased with age (OR 1.05 (95% CI: 1.0-1.1) per year, p= 0.012), and declined 
with longer treatment duration (OR 0.82 (95% CI: 0.68-0.96) per year of ERT, 
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Figure 2. Developing a first complication.  
The curves show the percentage without a first complication during follow-up. The small vertical lines represent 

censored data (follow-up till the vertical line without development of a complication). A. The time to the first 

complication is depicted for the NH cohort and the ERT cohort . B. The time to the first complication is shown 

based on the median ERT duration for the ERT cohort only: patients receiving ERT more than 4.2 years 

(13M/16F, age at start of ERT 40.1 (15.9-71.5) years) or less than 4.2 years (14M/15F, age at start of ERT 41.2 

(15.2-60.5 years)). Of note, in the analysis ERT duration was included as a continuous variable. 
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Table 3. Multiple logistic regression analysis for the development of a first complication on 
gender, age and ERT duration as predictors in symptomatic patients and the development of a 
second complication on gender, age and ERT duration as predictors in a group of patients with 
a previous complication.

First complication Second complication

Odds ratio (95% CI) 1 p-value Odds ratio (95% CI) 2 p-value

Age 1.05 (1.0-1.1) 0.012 1.02 (0.93-1.1) 0.75

Gender (male) 4.45 (1.6-12.1) 0.003 2.8 (0.40-19.6) 0.30

ERT duration in years 0.82 (0.68-0.96) 0.015 0.52 (0.31-0.88) 0.014

The odds ratio represents the additional risk of developing a complication per year increase of 
age and per each year of ERT treatment. 
1. Intercept = e-3.024 2. Intercept = e-0.326

Figure 2. Developing a first complication. The curves show the percentage without a first 
complication during follow-up. The small vertical lines represent censored data (follow-up till 
the vertical line without development of a complication). A. The time to the first complication is 
depicted for the NH cohort and the ERT cohort . B. The time to the first complication is shown 
based on the median ERT duration for the ERT cohort only: patients receiving ERT more than 
4.2 years (13M/16F, age at start of ERT 40.1 (15.9-71.5) years) or less than 4.2 years (14M/15F, 
age at start of ERT 41.2 (15.2-60.5 years)). Of note, in the analysis ERT duration was included as 
a continuous variable.
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p=0.015) independent of gender. Exclusion of the atypical patients revealed a 
more beneficial effect of ERT duration (OR 0.71, (95% CI: 0.58- 0.87), p=0.001) 
(table 3). 

In total, 33 patients who had a first complication and were alive, were included 
in the analysis for the development of a second complication related to another 
organ (or death). Twenty-seven patients received ERT for a median treatment 
duration of 2.3 years (0.1-8.5) years up to the second complication or follow-
up. Fourteen patients developed a second complication. In the NH cohort, 5/6 
patients developed a second complication, including a cardiac event (1 male), 
ESRD (1 female), stroke (1 female) and death (1 male/1 female). In the ERT cohort, 
9/27 patients had a second complication; a cardiac event (2 males/1 female), 
ESRD (1 male), stroke (2 males) or died (3 males). There was no difference in the 
rate of development of a second complication between the NH group and ERT 
group (p=0.72). ERT duration (but not gender and age) appeared to contribute 
significantly to the prediction of a second complication (table 3). The odds ratio 
without age and gender in the analysis resulted in a similar value, but with a 
higher statistical significance (0.53 (95% CI: 0.34-0.85), p=0.008). Excluding the 
atypical patients (n=7), did not alter the conclusions. Of the nine patients who 
were still alive after the second complication, four developed a third complication 
in a third organ or died, all within 6 years; two with and two without treatment. 
The number of patients was too limited for further analysis. 

DISCUSSION
This study shows that enzyme replacement therapy with either agalsidase alfa or 
agalsidase beta has limited effectiveness on the course of eGFR, cardiac mass 
and development of white matter lesions. In addition, no difference could be 
established in the occurrence of major complications in symptomatic males and 
females treated with ERT compared to untreated symptomatic patients with Fabry 
disease. However, increased treatment duration reduced the odds of developing 
a first and second major complication in another organ. This means that in 
general, prolonged treatment may delay the occurrence of complications. This is 
in line with the study by Banikazemi et al, a placebo-controlled trial conducted on 
clinical events with a mean follow-up of 18 months 14. The major clinical endpoint 
was similar to the current study: the development of a stroke, a cardiac event, a 
renal event, or death. When corrected for baseline proteinuria, the hazard ratio for 
developing the composite endpoint seemed lower in the ERT cohort compared 
to the placebo group (HR 0.47 (95% CI: 0.21-1.03), p=0.06). In that study, patients 
were included with advanced Fabry disease. In contrast, in our study both patients 
with early symptoms as well as those with more severe disease were included. 
Despite the inclusion of milder affected patients, complications could not be 
prevented. 
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A limitation of our study is that we also used retrospective data. The controls 
were selected from the era before treatment was available, before a diagnosis of 
Fabry was made and consisted of symptomatic patients who remained untreated 
after ERT became available. Only those patients with symptoms were included, 
which is in line with the selection of patients who did receive treatment with ERT. 
This way, patients had a comparable baseline disease state. Nevertheless, it is 
possible that there has been an underestimation of disease progression in the 
NH cohort, since perhaps not all complications were recorded as rigorously as for 
the patients who were followed after treatment became available. Secondly, the 
inclusion of more atypical patients in the symptomatic NH study cohort could also 
have underestimated the efficacy of ERT. Indeed, repeating the analysis without 
these milder affected untreated patients revealed a more beneficial effect of ERT 
duration. The effect of ERT however might also be overestimated, as patients 
included in the ERT cohort received better supportive care by more strict control 
of blood pressure and proteinuria, mainly through the use of antihypertensive 
drugs, ACE/ARB medication, statins and anti-platelet drugs. 

Another criticism might be that we combined the data on agalsidase alfa 
and agalsidase beta. Currently, the controversy whether the drugs are equally 
effective, is unsolved. We have shown in the past that agalsidase alfa and 
agalsidase beta led to an identical rate of complications when given at equal dose 
23. Preliminary results from the Canadian Fabry Disease Initiative Study indicate 
that there is no difference in outcome at registered dose (agalsidase alfa at 0.2 
mg/kg versus agalsidase beta at 1.0 mg/kg), although we found differences in 
biochemical response 35. The groups in the current analysis are too small to make 
any meaningful analysis of the effectiveness of agalsidase alfa versus agalsidase 
beta with respect to the rate of occurrence of complications. Therefore, we 
decided to combine the two treatment cohorts. 

Despite these limitations the most important conclusion that can be drawn 
from this study is that in general, long term outcome studies so far have been 
more positive.

In general long term outcome studies have been more positive so far. 
Although it has gradually become clear that disease manifestations are usually not 
reversible, interpretation of data frequently emphasizes the lack of progression or 
delay in progression as important benefits. For example, in the study by Mehta 
et al, it was concluded that long term ERT with agalsidase alfa led to substantial 
and sustained benefits. The data indicated, however, that there was a decline in 
renal function despite therapy and no change in left ventricular mass. Although it 
was suggested that the deterioration could be slowed down by ERT, evidence for 
this is weak as the historic controls from the literature could not be compared for 
baseline severity. Similarly, in 58 patients, mainly males, treated with agalsidase 
beta for 4.5 years, a positive outcome was reported with stabilization of renal 
function but patients with a more rapid decline were left out of the analysis 17. Over 
the last years, smaller, uncontrolled cohort studies have increasingly reported on 
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progression of disease despite treatment in patients with more advanced renal or 
cardiac disease, especially in patients with decreased renal function and cardiac 
fibrosis. A better outcome in less affected patients has been shown 36;19;17. A 
recent study on five years evaluation of ERT in 151 males treated with agalsidase 
beta, demonstrated a decline in renal function in the vast majority of patients, 
predicted by (persistent) proteinuria, low baseline renal function and older age 37. 

Of interest is whether males and females respond differently to ERT. In our 
study females had a stable renal function which resembled the healthy population 
38. Also, cardiac mass remained stable in females, while an increase was shown in 
the male patients. This is in line with previous registry studies on either agalsidase 
alfa or agalsidase beta, showing a more favorable course in females as compared 
to males 37;39. In males, however, the degree of kidney failure adversely affects 
cardiac response as CKD in general is known to contribute to the development of 
increased LVmass, independent of blood pressure 40;41. Indeed in the current study, 
no response or progression of LVmass was primarily seen in patients with advanced 
renal disease. Previous studies reported the presence of fibrosis as an explanatory 
factor for unresponsiveness to ERT 19;42;43. In our cohort, insufficient cardiac MRI 
data were available to assess this. White matter lesions developed in both males 
and females despite therapy and both in patients with and without baseline white 
matter lesions. White matter lesions increase with age in the general population as 
well as in Fabry 22. Whether the extent (lesion load) of the white matter lesions is 
favorably influenced by treatment was not analyzed in this study. 

If ERT cannot prevent disease progression in severely affected patients 
and if longer treatment duration is associated with a slowing down in the rate 
of complications, it is tempting to assume that early therapy is most effective. 
However, the results of a robust analysis of early treatment in minimally affected 
patients, especially classically affected boys, is still awaited (trial number 
NCT00701415, http://www.clinicaltrials.gov ).  In the small group of 6 adolescents 
that started ERT during childhood in the current study, it was shown that eGFR 
declined (-7.3±1.0 ml/min/1.73m2), but as four patients showed hyperfiltration, 
this could indicate a normalization of renal function. Furthermore LVmass remained 
stable but development of white matter lesions occurred despite treatment. We 
hypothesize that even in early symptomatic patients disease progression cannot 
be completely halted, but may be slowed down. 

In conclusion, long term ERT combined with optimal supportive case does not 
prevent disease progression, but longer treatment duration may lower the risk 
of developing additional major complications. As the risk of developing a first or 
second complication declines with increasing treatment duration, no beneficial 
effect of ERT in the short term is expected. Therefore treatment with ERT of 
advanced Fabry disease seems to be of little benefit. Studies are needed that 
confirm that early and pre-symptomatic, intervention in patients at high risk of 
complications prevents disease progression.
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ABSTRACT
Introduction  Fabry disease (FD) may present with left ventricular 
hypertrophy (LVH), renal insufficiency or stroke. Several studies investigated 
FD prevalence in populations expressing these symptoms. A systematic review 
was conducted to calculate the overall prevalence of FD in these cohorts. 

Methods  Online databases were searched for studies on screening for FD. 
Study population selection, screening methods and outcome of screening 
were recorded.

Results  20 studies were identified, ten of which included both male and 
female patients. In all (n=19) studies with male and almost all (n=10) with 
female patients, α-galactosidase A (α -Gal A) activity was used as the 
screening method. In men on dialysis (10 studies), overall FD prevalence was 
0.33% (95% confidence interval (CI) 0.20% - 0.47%) and in women (6 studies) 
0.10% (95% CI 0% - 0.19%). Combined prevalence of FD in patients with renal 
transplant was 0.38% in men (95% CI 0.07% - 0.69%) and 0% in women. In 
patients with LVH, selection of study population and differences in the method 
of screening hampered the  calculation of an overall prevalence (ranging from 
0.9% to 3.9% in men and 1.1% to 11.8% in women). In premature strokes (n=2 
studies), overall FD prevalence was 4.2% (95% CI 2.4% - 6.0%) in men and 
2.1% (95% CI 0.5% - 3.7%) in women.

Discussion  The prevalence of FD in dialysis patients is 0.33% for men and 
0.10% for women. The prevalence of FD in LVH is at least 1% for both genders. 
In women, most studies were performed with α-Gal A activity measurements 
as the screening tool, although this method fails to detect one third of female 
patients with FD, underestimating the overall prevalence in women.
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INTRODUCTION
Fabry disease (FD, Online Mendelian Inheritance in Man 301499) is an X-linked 
lysosomal storage disorder caused by a deficiency of the lysosomal hydrolase 
α -galactosidase A (α-Gal A). Glycosphingolipid accumulation (mainly 
globotriaosylceramide, Gb-3) in different cell types ultimately results in organ 
dysfunction 1; 2. Historically, FD was believed to manifest primarily in men at 
puberty, with angiokeratoma, anhidrosis and acroparesthesias3, followed by 
renal insufficiency, left ventricular hypertrophy (LVH) and strokes in the fourth 
or fifth decade of life. However, during the past decade, patients with α-Gal A 
deficiency with relatively few and isolated symptoms, such as isolated LVH or 
renal failure at later stages in life, had been described 4;5. Initially, these patients 
were named atypical FD patients to distinguish them from patients with multi-
organ symptoms at a young age, designated as classic FD patients. Currently, 
it is generally accepted that FD exhibits a vast phenotypic spectrum, lacking a 
clear genotype - phenotype correlation 6. This diversity in clinical presentation 
applies even more to carrier women. Some women with FD remain asymptomatic 
throughout their entire life, whereas others manifest symptoms with a severity 
comparable with male patients 7-9. The residual enzyme activity in women varies 
considerably, ranging from normal to nearly completely absent. 

Clinical trials with intravenous administration of α-Gal A showed a beneficial 
response, with stabilization of the disease, especially in less severely affected 
patients 10-13. In more advanced disease, documented by the presence of proteinuria 
or a glomerular filtration rate of less than 60 ml/min, renal function continues to 
deteriorate despite continued treatment 11;14. It is generally hypothesized that 
early treatment may be the best option to prevent organ damage, which is the 
subject of currently employed clinical trials. Unfortunately, the low prevalence 
of the disease, the variability in clinical expression and the paucity of specific 
clinical symptoms hamper easy recognition by physicians. Consequently, patients 
are often identified when irreversible organ damage is already present. More 
recently, it has been recognized that the prevalence is probably significantly 
higher than initially assumed. While data from the Dutch metabolic diagnostic 
centers resulted in an estimated birth prevalence of 1 in 238 000 in male 
newborns 15, a landmark study from Nakao et al 16 showed that 3% of Japanese 
men referred to a tertiary center as having LVH are with α-Gal A deficiency. In 
addition, a pilot study on newborn screening for FD revealed a remarkably high 
prevalence 17. These findings, combined with the need for early diagnosis, have 
prompted several researchers to perform screening studies for FD in “high-risk” 
populations: patient populations that express a specific symptom that could be 
caused by FD, such as renal failure or LVH. In this review, we summarize the results 
of these studies. The specific issues around neonatal screening are not included in 
this review. In addition, we discuss currently applied methods of screening, their 
pitfalls and new techniques that may become of use in the near future.
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METHODS
We searched PubMed, Medline and Embase databases using the keywords 
“Fabry disease AND prevalence OR Screening” up until 2009. Additional studies 
were found by  crosschecking references. Only studies that screened a well-
defined cohort for α-Gal A deficiency were selected. Small studies in which family 
members were screened after an initial diagnosis of FD in an index case were 
not included. We recorded selection of subjects, screening method, methods 
of confirmation of FD and outcome of screening. We also recorded the number 
of false positives. We separately analyzed and discussed the outcome for the 
screening of male and female subjects. Patients already known to have FD but 
who were included in the studies were included in the prevalence calculation. 
Patients in whom no DNA confirmation was performed after a positive screening 
result for α-Gal A activity were excluded. The present study was evaluated in 
accordance with the Standards for Reporting of Diagnostic Accuracy principle.

RESULTS

Search results
Our search revealed 26 studies. Two studies on newborn screening were excluded 
17;18. Two studies were excluded since they were not performed in recognized 
high-risk populations 19;20. Two studies were only published as an abstract and 
were excluded as well 21;22. Table 1 summarizes the results of the screening studies. 
Of the 20 remaining studies, 9 were performed in male subjects only 5;16;23-29. One 
study was performed exclusively in women 30. The remainder (n=10) was done in 
a combined male and female cohort. 

In total, two patients who had a positive screening but in whom no DNA 
mutation analysis was performed were excluded: one patient from Utsumi et al 
’s study 31, and one patient from Porsch et al ’s study 27. In the latter study, the 
other identified FD patient had a mutation in the α-Gal A gene (Porsch, personal 
communication 2008), but it was not mentioned in the original publication. This 
patient was included in the analysis.

Dialysis and transplantation 
Most screening studies have been carried out in patients on renal dialysis 
(12 of which four were carried out in Japan). In three studies, patients on 
chronic ambulatory peritoneal dialysis were also included 23;26;31, all other 
were performed in patients on hemodialysis only. A total of 7182 men were 
screened in 12 studies and 24 patients were found to have FD, corresponding 
with a mean prevalence of 0.33% (95% confidence interval (CI) 0.20% - 0.47%) 
(see also figure 1). The detection rate of FD in the six studies comprising a 
total of 4179 female dialysis patients revealed four female patients diagnosed 
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as having FD, corresponding with a prevalence of 0.10% (95% CI 0.0% - 0.19%) 
(see figure 2). 

Two studies were performed in patients who had received renal transplantation 
in which 0.38% (6/1584, 95% CI 0.07% - 0.69%) of the studied men and 0% (0/395, 
95% CI could not be calculated) of the studied women were shown to have FD. 
Most of the studies in dialysis and renal transplantation did not exclude patients 
and evaluated an unselected cohort. In four studies, a selection of patients eligible 
for screening was performed: in one study, patients were excluded with a prior 
diagnosis of FD 24; in three other studies, those with a biopsy proven other cause 
of renal failure were excluded 27;36.

Other risk populations
Four studies were performed in cohorts of patients with cardiac hypertrophy. 
These studies differed in patient selection and method. Three studies were 

Figure 1. Summary of screening studies in male dialysis patients.

Figure 2. Summary of screening studies in female dialysis patients.
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performed in male patients. These patients were selected either because of 
LVH on echocardiography, 16 a diagnosis of hypertrophic cardiomyopathy or 
not otherwise explained LVH 29. The outcome of these studies in men, which 
were all performed by means of enzyme  activity analysis, varied from 7/203 
(3.4%) to 3/328 (0.9%) in unselected cohorts, and was 6/153 (3.9%) in a selected 
cohort. The differences in selection criteria between these cohorts precluded the 
calculation of an overall prevalence. It should be noted that although Nakao and 
coworkers initially could not identify a mutation in the α-Gal A gene in five of 
seven patients,16 additional investigations revealed a mutation in this gene in 
all patients 41. For the two studies that investigated female patients, a difference 
in screening method was noted as well. One study investigated 34 women with 
LVH with unknown cause using endomyocardial biopsies as a screening tool. Four 
patients were found to have FD (12%) 30. In the only other study in a female 
cohort, enzyme activity analysis was applied as the screening method in an 
unselected population of women with hypertrophic cardiomyopathy. Of these 
patients, 2/180 (1.11%) were found to have FD 38. Again, the difference in patient 
selection and screening method precludes an overall estimation of prevalence in 
female patients with LVH/ hypertrophic cardiomyopathy. 

Two studies reported on the prevalence of FD in patients with cryptogenic 
stroke 39;40. In both cohorts, other known causes of stroke were excluded. In these 
two studies, a prevalence of 4.9% (21/432) and 0% (0/64) was demonstrated, 
respectively, which corresponds to an overall prevalence of 4.2% (95% CI 2.4% - 
6.0%) in men and 2.1% (95% CI 0.5% - 3.7%) in women.

Methods of screening 
In all studies concerning male patients, α-Gal A activity analysis was used as the 
primary screening method. In the case of women, all studies but one 30 used 
α-Gal A activity analysis. Sources for α-Gal A activity analysis were plasma (9/20, 
45%), bloodspots (8/20, 40%), leucocytes (3/20, 15%) and whole blood (1/20, 
5%). In a single study, two different methods for screening were applied: partly 
leucocytes and partly bloodspots 28. Histological analysis of myocardial biopsies 
was employed in one study 30. In all 20 studies, confirmation of positive screening 
was performed by mutation analysis.

The α-Gal A activity level serving as a threshold for positive screening varied 
widely in the different studies and ranged from <60% to <10%. In most studies in 
which both men and women were investigated, the same cut-off value was used 
for both sexes. The number of false positives in the entire cohort (data available 
from 18 studies in which enzyme activity analysis was used, thus comprising 19 
methods in total) was 1.84% (0.30% - 3.38%) in men and 2.5 % (0.96% - 4.06%) 
in women. 

Bloodspots as screening tool yielded more false-positive results (4.2%, 95% CI 
1.2% - 7.1%), when compared to plasma (1.0%, 95% CI -0.2% - 2.0%, p<0.01) or 
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leucocytes (1.3%, 95% CI -0.4% - 3%, p=0.06). There was a statistically significant 
correlation between the percentage of false positives and the cut-off value of a 
positive test (Spearman’s ρ=0.44, p=0.04). Thus, setting a higher threshold of 
residual enzyme activity results in more false negatives. The exact number of false 
negatives cannot be retrieved from the publications included in this study.

DISCUSSION
We analyzed 20 studies in which high-risk populations were screened for the 
presence of FD. These studies varied with respect to the type of organ involvement 
(renal, cardiac or neurologic), included patients (men or women or both) and the 
method of screening. The confirmation of diagnosis in all studies was done by 
DNA mutation analyses in men and women, ensuring a proper diagnosis and 
allowing pooling of the individual studies. One important limitation of combining 
the results is that the selection of patients was not identical for all studies: exclusion 
of other causes of disease was not always performed in the same way, which can 
influence the outcome. The prevalence of FD in the dialysis population has been 
studied most extensively and was shown to be 0.33% for men and 0.10% for 
women. Only a few studies have been performed in cohorts of patients with LVH. 
In two of these studies, other causes of LVH were excluded 29;30, causing a selection 
bias in comparison with two other studies in which these remained included 16;38. 
This bias most likely explains the large difference in prevalence observed in these 
studies (varying from 0.9% to 3.9% in men and 1.1% to 11.8% in women). These 
confounders preclude the calculation of a combined overall prevalence of FD 
in patients with LVH or hypertrophic cardiomyopathy. Two studies were carried 
out in patients with premature strokes, resulting in a combined prevalence of 
4.2% in men and 2.1% in women. This is entirely due to the results of one study 
because in the other (smaller) study, not a single patient with FD was detected 
39;40. Also, the detection of potential polymorphisms (see below) that may add to 
the high prevalence found in one study 39 cannot be excluded since this report did 
not provide the mutations that were found in the identified FD patients. Patients 
found in this study seem to have less Fabry-related symptoms than those who are 
included in the available disease registries; for instance, cornea verticillata is seen 
in >70% in patients in one FD registry (Fabry Outcome Survey) 42 and only 25% 
of subjects in the study of Rolfs et al 39. This could be caused by the inclusion of 
patients with mutations that cause less severe disease, or polymorphisms. Given 
their limited number, and the differences in inclusion criteria, additional studies in 
renal transplantation, LVH and premature cerebrovascular accident are needed to 
allow a better calculation of the prevalence of FD in these groups. 

To make a reliable comparison of studies, it should be defined which criteria 
result in a reliable diagnosis. Both α-Gal A activity or DNA mutation analysis have 
limitations as a criterion for diagnosing FD. Since we expect that the need for 
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early screening for FD will increase in light of therapeutic developments, these 
limitations deserve further discussion. 

Enzyme activity analysis as a method of screening 
We found that the vast majority (91%) of the screening studies in women were 
performed using α-Gal A activity analysis as the primary screening method. It 
is known that enzyme analysis is not suitable for detection of female patients 
with α-Gal A deficiency 43;44 because of the random X inactivation. Recent studies 
again confirmed that irrespective of the source used (either bloodspot, plasma 
or leucocytes), up to one third of female FD patients is not identified by enzyme 
activity analysis (false-negative screening result) 45;46. If one would extrapolate 
this to the entire cohort summarized in this article, with 19 women detected, 
nine patients could have been missed. Previously, it was thought that a high 
residual enzymatic activity might protect against symptoms. If this were true, 
missing women with high enzyme activity would be of no clinical significance in 
the context of screening for FD patients. However, recent studies revealed that 
there is no correlation between residual α-Gal A activity in plasma and severity 
of the disease in heterozygotes for FD 47. This is illustrated by four Dutch female 
FD patients with significant LVH who have high residual enzyme activity in plasma 
and leucocytes. These patients will not be detected in (LVH) screening studies 
that employ a cut-off value of <50%  45. Therefore, we believe that enzyme activity 
should not be used for screening for FD in women 23. Enzyme activity analysis 
is usually reliable for screening male patients. Disease-causing mutations in the 
α-Gal A gene result in significant reduction of enzyme activity in cell extracts 
and plasma specimens as can be detected with artificial substrates. However, 
the finding of a reduced enzyme activity in such in vitro tests does not always 
render a firm diagnosis of FD. The D313Y substitution in the α-Gal A gene serves 
as example. While in male D313Y carriers, the plasma enzyme activity towards 
the artificial substrate is significantly reduced, additional studies demonstrated 
high residual enzyme activity and no abundant excretion of urinary Gb-3 48. As 
a result, the D313Y substitution is now generally considered to be a so-called 
pseudo-deficiency. The D313Y substitution is a quite common polymorphism that 
is present in at least 1% of the normal control population. In addition, in a recent 
report by Aerts et al, a family with the R112H mutation in the α-Gal A gene was 
found to exhibit no classic Fabry symptoms, near normal to normal levels of both 
plasma urinary GL-3 as well as the newly discovered lysoGL-3, despite a reduced 
leucocyte enzyme activity in the male subjects 49. Additional studies are under 
way to establish whether R112H is a true obligate disease causing mutation. In 
conclusion, not all individuals with significantly reduced enzyme activity in in vitro 
tests develop symptomatic FD.
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DNA mutation analysis 
To reduce the chance of missing a diagnosis of FD in a female subject, screening 
for mutations on the α-Gal A gene can be performed. This is a laborious method 
since FD does not exhibit common mutations and full sequencing of the α-Gal A 
gene is required. Unless there is a male family member with the same mutation, 
absent α-Gal A activity and symptoms that are consistent with FD, predicting 
whether a mutation in the α-Gal A gene is pathogenic is difficult. This might even 
hold true if the same mutation has been described in other male patients with 
classic symptoms of FD or if the particular mutation has been described in male 
patients with classic FD symptoms. The aforementioned D313Y mutation may be 
found in screening patients for FD. Following its classification as a polymorphism 
causing pseudo-deficiency, some authors already excluded patients with this 
sequence in the screening studies 38. Thus, some presumed mutations in the α-Gal 
A gene may in fact be a polymorphism not causative of FD. It can a priori not be 
excluded that there is no clear distinction between a mutation and polymorphism: 
in some individuals, a particular amino acid change in α-Gal A may be without 
consequences and in another individual this may be different. More insight into 
disease causing mutations and possible pseudo-deficiencies or polymorphisms 
as well as the role of epigenetic factors is urgently needed, especially since 
introduction of FD in newborn screening programs is currently being considered. In 
addition, a recent study revealed that a high number of male Taiwanese newborns 
had a reduced α-Gal A activity and a mutation: c.936+919G>A (IVS4+919G>A) 
18. It is at present unclear whether this mutation is associated with the clinical 
symptoms seen in FD 41. Given these considerations and the fact that long-term 
outcome of treatment in (asymptomatic) patients is currently unknown, newborn 
screening for FD does not yet meet the well-established criteria for efficacious 
screening. 

Alternative screening methods 
Other screening techniques were evaluated that have to be equally robust as 
α-Gal A activity in male patients, less laborious than DNA mutation analysis in 
female studies, but could be applicable for both genders. Candidates could be 
a combination of different lysosomal enzymes, the measurement of surrogate 
markers, the measurement of accumulating substrates or a combination of these. 
Meikle and colleagues showed that a ratio of saposin C to α-Gal A protein in blood 
spots could distinguish all four studied female FD patients from the control group 
50. Their results have not yet been confirmed in a larger population. Assessment 
of Gb-3, the main accumulating glycosphingolipid in FD, as screening method for 
women with FD failed to give reliable results, with some of the heterozygotes not 
being detected 39;51;52. Another study using urine spots on filter paper could not 
detect atypical cardiac variants of FD in men and women 53, and this method does 
not seem suitable for use in children below the age of 6 months 54. Kitagawa and 
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colleagues measured urinary α-Gal A concentration in combination with urinary 
Gb-3 concentration and identified all 28 heterozygotes that were studied 55. This 
approach has not been evaluated in a larger population. Recently, a new plasma 
abnormality, lysoGb-3 (or lysoCTH) has been identified in FD. The sensitivity 
to detect symptomatic women by means of GL-3 measurement in bodily fluids 
remains to be established 49. To conclude, apart from enzyme activity analysis in 
men and α-Gal A gene analysis in men and women, there are currently no other 
well-established methods of screening for FD.

In conclusion, a considerable number of patients with one of the major 
symptoms of FD can be identified by screening. Since enzyme treatment is 
available and treatment should start preferably before end-organ damage is 
irreversibly present, FD should be considered in the differential diagnosis of 
patients with LVH, renal failure or stroke. In women, most studies were performed 
with α-Gal A activity measurements as screening tool, despite the knowledge 
that this method fails to detect one third of female patients with FD. This would 
implicate that in addition to the observed 19 patients detected by screening in 
all studies combined, approximately nine may have been missed (being false 
negative). DNA mutation analysis as a screening  method carries the risk of 
identifying polymorphisms of the α-Gal A gene that are sometimes mistakenly 
seen as obligate disease-causing mutations (e.g., the D313Y mutation). 

REFERENCES
1. Kint JA. Fabry’s disease: alpha-galactosi-

dase deficiency. Science 1970;167:1268-9.
2. Brady RO, Gal AE, Bradley RM, Martensson 

E, Warshaw AL, Laster L. Enzymatic defect 
in Fabry’s disease. Ceramidetrihexosidase 
deficiency. N Engl J Med 1967;276:1163-7.

3. Desnick RJ, Ioannou YA, Eng ME. a-Galac-
tosidase A deficiency: Fabry disease. In: 
Scriver CR, Beaudet AL, Sly WS, Valle D, 
eds The metabolic and molecular bases 
of inherited disease 8th edn 3 New York: 
McGraw-Hill 2001:3733-74.

4. Elleder M, Bradova V, Smid F, Budesinsky 
M, Harzer K, Kustermann-Kuhn B, 
Ledvinova J, Belohlavek, Kral V, Dorazilova 
V. Cardiocyte storage and hypertrophy as 
a sole manifestation of Fabry’s disease. 
Report on a case simulating hyper-
trophic non-obstructive cardiomyopathy. 
Virchows Arch A Pathol Anat Histopathol 
1990;417:449-55.

5. Nakao S, Kodama C, Takenaka T, Tanaka A, 
Yasumoto Y, Yoshida A, Kanzaki T, Enriquez 
AL, Eng CM, Tanaka H, Tei C, Desnick RJ. 
Fabry disease: detection of undiagnosed 
hemodialysis patients and identification 

of a “renal variant” phenotype. Kidney Int 
2003;64:801-7.

6. Verovnik F, Benko D, Vujkovac B, Linthorst 
GE. Remarkable variability in renal disease 
in a large Slovenian family with Fabry 
disease. Eur J Hum Genet 2004;12:678-81.

7. Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, 
Banikazemi M, Feldt-Rasmussen U, Sims 
K, Waldek S, Pastores GM, Lee P, Eng CM, 
Marodi L, Stanford KE, Breunig F, Wanner 
C, Warnock DG, Lemay RM, Germain DP. 
Females with Fabry disease frequently 
have major organ involvement: lessons 
from the Fabry Registry. Mol Genet Metab 
2008;93:112-28.

8. MacDermot KD, Holmes A, Miners AH. 
AndersoneFabry disease: clinical manifes-
tations and impact of disease in a cohort of 
60 obligate carrier females. J Med Genet 
2001;38:769-75.

9. Mehta A, Ricci R, Widmer U, Dehout 
F, Garcia dL, Kampmann C, Linhart A, 
Sunder- Plassmann G, Ries M, Beck M. 
Fabry disease defined: baseline clinical 
manifestations of 366 patients in the 

130



SCREENING FOR FABRY DISEASE IN HIGH-RISk POPULATIONS

9

Fabry Outcome Survey. Eur J Clin Invest 
2004;34:236-42.

10. Eng CM, Guffon N, Wilcox WR, Germain 
DP, Lee P, Waldek S, Caplan L, Linthorst 
GE, Desnick RJ. Safety and efficacy of 
recombinant human a-galactosidase A 
replacement therapy in Fabry’s disease. N 
Engl J Med 2001;345:9-16. 

11. Wilcox WR, Banikazemi M, Guffon N, 
Waldek S, Lee P, Linthorst GE, Desnick RJ, 
Germain DP. Long-term safety and efficacy 
of enzyme replacement therapy for Fabry 
disease. Am J Hum Genet 2004;75:65-74.

12. Schiffmann R, Kopp JB, Austin HA III, 
Sabnis S, Moore DF, Weibel T, Balow JE, 
Brady RO. Enzyme replacement therapy 
in Fabry disease: a randomized controlled 
trial. JAMA 2001;285:2743-9. 

13. Banikazemi M, Bultas J, Waldek S, Wilcox 
WR, Whitley CB, McDonald M, Finkel 
R, Packman S, Bichet DG, Warnock DG, 
Desnick RJ. Agalsidase-beta therapy for 
advanced Fabry disease: a randomized 
trial. Ann Intern Med 2007;146:77-86.

14. Germain DP, Waldek S, Banikazemi M, 
Bushinsky DA, Charrow J, Desnick RJ, 
Lee P, Loew T, Vedder AC, Abichandani 
R, Wilcox WR, Guffon N. Sustained, long-
term renal stabilization after 54 months 
of agalsidase beta therapy in patients 
with Fabry disease. J Am Soc Nephrol 
2007;18:1547-57.

15. Poorthuis BJ, Wevers RA, Kleijer WJ, 
Groener JE, de Jong JG, van Weely S, 
Niezen-Koning KE, van Diggelen OP. 
The frequency of lysosomal storage 
diseases in The Netherlands. Hum Genet 
1999;105:151-6.

16. Nakao S, Takenaka T, Maeda M, Kodama 
C, Tanaka A, Tahara M, Yoshida, Kuriyama 
M, Hayashibe H, Sakuraba H. An atypical 
variant of Fabry’s disease in men with left 
ventricular hypertrophy. N Engl J Med 
1995;333:288-93.

17. Spada M, Pagliardini S, Yasuda M, 
Tukel T, Thiagarajan G, Sakuraba H, 
Ponzone A, Desnick RJ. High incidence 
of later-onset Fabry disease revealed by 
newborn screening. Am J Hum Genet 
2006;79:31-40.

18. Hwu WL, Chien YH, Lee NC, Chiang 
SC, Dobrovolny R, Huang AC, Yeh HY, 
Chao MC, Lin SJ, Kitagawa T, Desnick 
RJ, Hsu LW. Newborn screening for 
Fabry disease in Taiwan reveals a high 
incidence of the later-onset GLA muta-
tion c.936+919G/A (IVS4+919G/A). Hum 
Mutat 2009;30:1397-405.

19. Hauser AC, Lorenz M, Voigtlander T, 
Fodinger M, Sunder-Plassmann G. 
Results of an ophthalmologic screening 
programme for identification of 
cases with AndersoneFabry disease. 
Ophthalmologica 2004;218:207-9.

20. Vedder AC, Gerdes VE, Poorthuis BJ, 
Helmond M, Trip MD, Aerts JM, Hollak CE. 
Failure to detect Fabry patients in a cohort 
of prematurely atherosclerotic males. J 
Inherit Metab Dis 2007;30:988.

21. Walters BAJ, Prichard M, McCardle H, 
et al. Prevalence of reduced plasma 
a-Galactosidase activity in a cohort of 
male patients on hemodialysis (HO) in the 
United States. Abstract, Annual Clinical 
Genetics Meeting, of the American 
College of Medical Genetics, March 2002, 
New Orleans, USA.

22. Spada M, Pagliardini S. Screening for 
Fabry disease in end-stage nephropathies. 
J Inherit Metab Dis 2002;25(Suppl I):113.

23.  Linthorst GE, Hollak CE, Korevaar JC, van 
Manen JG, Aerts JM, Boeschoten EW. 
alpha-Galactosidase A deficiency in Dutch 
patients on dialysis: a critical appraisal of 
screening for Fabry disease. Nephrol Dial 
Transplant 2003;18:1581-4.

24. Ichinose M, Nakayama M, Ohashi T, 
Utsunomiya Y, Kobayashi M, Eto Y. 
Significance of screening for Fabry disease 
among male dialysis patients. Clin Exp 
Nephrol 2005;9:228-32.

25. Maslauskiene R, Bumblyte IA, Sileikiene 
E, Grazulis S, Laurinavicius A, Pleckaitis 
M, Alekniene D, Dobrovolskiene R, 
Vainauskas V, Juodeikiene L, Steckis R, 
Sakalauskiene M, Macius K, Urbanaviciene 
J, Labutiene V, Gaupsiene E, Ziaukiene G, 
Burbaickaja S, Gailiunas J. [The prevalence 
of Fabry’s disease among male patients 
on hemodialysis in Lithuania (a screening 
study)] (In Lithuanian.). Medicina (Kaunas) 
2007;43(Suppl 1):77-80.

26. Andrade J, Waters PJ, Singh RS, Levin A, 
Toh BC, Vallance HD, Sirrs S. Screening 
for Fabry disease in patients with chronic 
kidney disease: limitations of plasma 
alpha-galactosidase assay as a screening 
test. Clin J Am Soc Nephrol 2008;3:139-45.

27. Porsch DB, Nunes AC, Milani V, Rossato 
LB, Mattos CB, Tsao M, Netto C, Burin M, 
Pereira F, Matte U, Giugliani R, Barros EJ. 
Fabry disease in hemodialysis patients 
in southern Brazil: prevalence study and 
clinical report. Ren Fail 2008;30:825-30.

28. Kleinert J, Kotanko P, Spada M, Pagliardini 
S, Paschke E, Paul K, Voigtlander T, Wallner 
M, Kramar R, Stummvoll HK, Schwarz C, 

131



CHAPTER 9

9

Horn S, Holzer H, Fodinger M, Sunder-
Plassmann G. Anderson-Fabry disease: 
a case-finding study among male kidney 
transplant recipients in Austria. Transpl Int 
2009;22:287-92.

29. Sachdev B, Takenaka T, Teraguchi H, Tei C, 
Lee P, McKenna WJ, Elliott PM. Prevalence 
of Anderson-Fabry disease in male patients 
with late onset hypertrophic cardiomy-
opathy. Circulation 2002;105:1407-11.

30. Chimenti C, Pieroni M, Morgante E, 
Antuzzi D, Russo A, Russo MA, Maseri A, 
Frustaci A. Prevalence of Fabry disease 
in female patients with late-onset hyper-
trophic cardiomyopathy. Circulation 
2004;110:1047-53.

31. Utsumi K, Kase R, Takata T, Sakuraba H, 
Matsui N, Saito H, Nakamura T, Kawabe 
M, Iino Y, Katayama Y. Fabry disease in 
patients receiving maintenance dialysis. 
Clin Exp Nephrol 2000;4:49-51.

32. Kotanko P, Kramar R, Devrnja D, Paschke E, 
Voigtlander T, Auinger M, Demmelbauer 
K, Lorenz M, Hauser AC, Kofler HJ, Lhotta 
K, Neyer U, Pronai W, Wallner M, Wieser 
C, Wiesholzer M, Zodl H, Fodinger M, 
Sunder-Plassmann G. Results of a nation-
wide screening for Anderson-Fabry 
disease among dialysis patients. J Am Soc 
Nephrol 2004;15:1323-9.

33. Bekri S, Enica A, Ghafari T, Plaza G, 
Champenois I, Choukroun G, Unwin R, 
Jaeger P. Fabry disease in patients with 
end-stage renal failure: the potential 
benefits of screening. Nephron Clin Pract 
2005;101:c33-c8.

34. Tanaka M, Ohashi T, Kobayashi M, Eto 
Y, Miyamura N, Nishida K, Araki E, Itoh 
K, Matsushita K, Hara M, Kuwahara K, 
Nakano T, Yasumoto N, Nonoguchi H, 
Tomita K. Identification of Fabry’s disease 
by the screening of alpha-galactosidase A 
activity in male and female hemodialysis 
patients. Clin Nephrol 2005;64:281-7. 

35. Merta M, Reiterova J, Ledvinova J, 
Poupetova H, Dobrovolny R, Rysava R, 
Maixnerova D, Bultas J, Motan J, Slivkova 
J, Sobotova D, Smrzova J, Tesar V. A nation-
wide blood spot screening study for Fabry 
disease in the Czech Republic haemodi-
alysis patient population. Nephrol Dial 
Transplant 2007;22:179-86.

36. Terryn W, Poppe B, Wuyts B, Claes K, Maes 
B, Verbeelen D, Vanholder R, De Boeck K, 
Lameire N, De Paepe A, De Schoenmakere 
G. Two-tier approach for the detection 
of  alpha-galactosidase A deficiency 
in a predominantly female haemodi-

alysis population. Nephrol Dial Transplant 
2008;23:294-300.

37. De Schoenmakere G, Poppe B, Wuyts B, 
Claes K, Cassiman D, Maes B, Verbeelen 
D, Vanholder R, Kuypers DR, Lameire N, 
De Paepe A, Terryn W. Two-tier approach 
for the detection of alpha-galactosidase A 
deficiency in kidney transplant recipients. 
Nephrol Dial Transplant 2008;23:4044-8.

38. Monserrat L, Gimeno-Blanes JR, Marin F, 
Hermida-Prieto M, Garcia-Honrubia A, 
Perez I, Fernandez X, de NR, de la MG, 
Paya E, Yague J, Egido J. Prevalence of 
Fabry disease in a cohort of 508 unrelated 
patients with hypertrophic cardiomyop-
athy. J Am Coll Cardiol 2007;50:2399-403.

39. Rolfs A, Bottcher T, Zschiesche M, Morris 
P, Winchester B, Bauer P, Walter U, Mix 
E, Lohr M, Harzer K, Strauss U, Pahnke 
J, Grossmann A, Benecke R. Prevalence 
of Fabry disease in patients with cryp-
togenic stroke: a prospective study. Lancet 
2005;366:1794-6.

40. Brouns R, Sheorajpanday R, Braxel E, 
Eyskens F, Baker R, Hughes D, Mehta A, 
Timmerman T, Vincent MF, De Deyn PP. 
Middelheim Fabry Study (MiFaS): a retro-
spective Belgian study on the prevalence 
of Fabry disease in young patients with 
cryptogenic stroke. Clin Neurol Neurosurg 
2007;109:479-84.

41. Ishii S, Nakao S, Minamikawa-Tachino R, 
Desnick RJ, Fan J. Alternative splicing in 
the alpha-galactosidase A gene: increased 
exon inclusion results in the Fabry 
cardiac phenotype. Am J Hum Genet 
2002;70:994-1002.

42. Sodi A, Ioannidis AS, Mehta A, Davey 
C, Beck M, Pitz S. Ocular manifesta-
tions of Fabry’s disease: data fromthe 
Fabry Outcome Survey. Br J Ophthalmol 
2007;91:210-14.

43. Desnick RJ, Allen KY, Desnick SJ, Raman 
MK, Bernlohr RW, Krivit W. Fabry’s disease: 
enzymatic diagnosis of hemizygotes and 
heterozygotes. Alpha-galactosidase activ-
ities in plasma, serum, urine, and leuko-
cytes. J Lab Clin Med 1973;81:157-71.

44. Rietra PJ, Tager JM, De Groot WP. Detection 
of Fabry hemizygotes and heterozygotes 
by measurement of -galactosidase in 
urine. Clin Chim Acta 1972;40:229-35.

45. Linthorst GE, Poorthuis BJ, Hollak CE. 
Enzyme activity for determination of pres-
ence of Fabry disease in women results 
in 40% false-negative results. J Am Coll 
Cardiol 2008;51:2082; [author reply -3]

46. Linthorst GE, Vedder AC, Aerts JM, Hollak 
CE. Screening for Fabry disease using 

132



SCREENING FOR FABRY DISEASE IN HIGH-RISk POPULATIONS

9

whole blood spots fails to identify one-
third of female carriers. Clin Chim Acta 
2005;353:201-3.

47.  Vedder AC, Linthorst GE, van Breemen 
MJ, Groener JE, Bemelman FJ, Strijland 
A, Mannens MM, Aerts JM, Hollak CE. The 
Dutch Fabry cohort: diversity of clinical 
manifestations and Gb3 levels. J Inherit 
Metab Dis 2007;30:68-78.

48. Froissart R, Guffon N, Vanier MT, Desnick 
RJ, Maire I. Fabry disease: D313Y is an 
alpha-galactosidase A sequence variant 
that causes pseudodeficient activity in 
plasma. Mol Genet Metab 2003;80:307-14.

49. Aerts JM, Groener JE, Kuiper S, Donker-
Koopman WE, Strijland A, Ottenhoff 
R, van Roomen C, Mirzaian M, Wijburg 
FA, Linthorst GE, Vedder AC, Rombach 
SM, Cox-Brinkman J, Somerharju P, Boot 
RG, Hollak CE, Brady RO, Poorthuis BJ. 
Elevated globotriaosylsphingosine is a 
hallmark of Fabry disease. Proc Natl Acad 
Sci U S A 2008;105:2812-17.

50. Fuller M, Lovejoy M, Brooks DA, 
Harkin ML, Hopwood JJ, Meikle PJ. 
Immunoquantification of {alpha}-galactos-
idase: evaluation for the diagnosis of Fabry 
disease. Clin Chem 2004;50:1979-85

51. Fuller M, Sharp PC, Rozaklis T, Whitfield 
PD, Blacklock D, Hopwood JJ, Meikle PJ. 
Urinary lipid profiling for the identification 

of Fabry hemizygotes and heterozygotes. 
Clin Chem 2005;51:688-94.

52. Kitagawa T, Ishige N, Suzuki K, Owada 
M, Ohashi T, Kobayashi M, Eto Y, Tanaka 
A, Mills K, Winchester B, Keutzer J. 
Non-invasive screening method for Fabry 
disease by measuring globotriaosylcera-
mide in whole urine samples using tandem 
mass spectrometry. Mol Genet Metab 
2005;85:196-202. 

53. Auray-Blais C, Cyr D, Ntwari A, West ML, 
Cox-Brinkman J, Bichet DG, Germain DP, 
Laframboise R, Melancon SB, Stockley 
T, Clarke JT, Drouin R. Urinary globot-
riaosylceramide excretion correlates 
with the genotype in children and adults 
with Fabry disease. Mol Genet Metab 
2008;93:331-40.

54. Barr C, Clarke JT, Ntwari A, Drouin R, Auray-
Blais C. Fabry disease urinary globotria-
osylceramide/creatinine biomarker evalu-
ation by liquid chromatographyetandem 
mass spectrometry in healthy infants 
from birth to 6 months. Mol Genet Metab 
2009;97:278-83.

55. Kitagawa T, Suzuki K, Ishige N, Ohashi 
T, Kobayashi M, Eto Y, Tanaka A, Odaka 
H, Owada M. Non-invasive high-risk 
screening for Fabry disease hemizygotes 
and heterozygotes. Pediatr Nephrol 
2008;23:1461-71.

133



10



fABRy PATieNTS’ eXPeRieNCeS WiTH THe  
TiMiNG Of DiAGNOSiS RelevANT fOR THe 

DiSCUSSiON ON NeWBORN SCReeNiNG

Machtelt G. Bouwman, MD;1  Minke H. de Ru, MD;1 Gabor e. 
linthorst, MD, PhD;2 Carla e.M. Hollak, MD, PhD;2 

frits A. Wijburg, MD, PhD;1 and Myra C.B. van zwieten, PhD;3

 
1 Department of Pediatrics, 2 Department of Endocrinology and Metabolism, 

Amsterdam Lysosome Center, 3 Department of General Practice / Medical Ethics, 
Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands

 
Submitted 



CHAPTER 10

10

ABSTRACT 
Objective This study aimed to explore Fabry disease (FD) patients’ experiences 
with the timing of their diagnosis and identify important patient-oriented 
themes relevant to discussions about the need for newborn screening (NBS) 
for this disorder.

Methods Thirty FD patients (13 males) were included in a qualitative study 
involving semi-structured interviews. The interviews were audiorecorded 
and transcribed, and the transcripts were analyzed to identify themes that 
captured the patients’ experiences. 

Results The interview analysis revealed six relevant themes. One of these 
was the impact of a delayed diagnosis on severely affected patients, who 
often felt misunderstood and were frequently misdiagnosed. In contrast, 
some patients mentioned the drawbacks of presymptomatic diagnosis, which 
was associated with labeling and medicalization. In addition, the ability to 
anticipate future FD-related problems was considered both an advantage and 
a disadvantage of early diagnosis. Still, patients reported that they felt that 
an early FD diagnosis could prevent disease progression through the timely 
initiation of treatment. 

Conclusions This study identified several relevant themes that reflect 
both the phenotypic heterogeneity of the disease and the substantial 
differences between patients’ experiences with and without FD symptoms 
before diagnosis and among the patients in each group. These results add 
considerable nuances to the discussion about NBS programs for FD and 
should be incorporated into the debate.
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INTRODUCTION 
Newborn population screening (NBS) aims to provide early presymptomatic 
diagnosis of treatable disorders that require treatment initiation before the onset 
of clinical signs and symptoms to prevent severe and irreversible sequelae or 
death. In the late 1960s and early 1970s, phenylketonuria (PKU), was the first 
disorder for which NBS became available in many countries and it serves as the 
undisputed example of a successful NBS strategy 1. As a result of advances in 
disease-modifying therapy and screening techniques, the number of diseases 
included in NBS programs has expanded in recent decades. Many countries 
currently screen for more than 10 disorders, most of them inborn errors of 
metabolism. With the introduction of intravenous enzyme replacement therapy 
(ERT) for several lysosomal storage disorders (LSDs), the inclusion of these LSDs 
in NBS programs became a topic of discussion 2-5. These disorders include Fabry 
disease (FD), the subject of this study.

FD, an X-linked LSD, is caused by a deficiency of the lysosomal hydrolase 
alpha-galactosidase A, which leads to globotriaosylceramide (Gb3) accumulation 
in many cell types 6. FD usually presents during childhood with severe pain in 
the hands and feet (acroparesthesia) and gastrointestinal symptoms 7. Disease 
progression may result in renal, cardiac and neurological disease with severe 
morbidity and reduced life expectancy in adults 8. The diagnosis is often not 
established until adulthood because of nonspecific signs and symptoms and 
the rarity of the disease 9-11. FD treatment was only symptomatic until in 2001, 
when disease-modifying treatment with ERT became available. ERT was shown to 
reduce tissue Gb3 and stabilize renal and cardiac disease 8;12;13, however, disease 
progression despite therapy has also been observed 14-16. Recent studies suggest 
that early initiation of treatment might improve efficacy 14;17, however, the optimal 
timing of enzyme replacement therapy has not been elucidated, and it is has not 
been established whether ERT is more effective when initiated before patients 
develop patients. Furthermore, there is a lack of well-established biomarkers for 
disease severity and progression, although progress has been made recently 18. 
This, combined with a poor genotype-phenotype correlation, hampers predictions 
about the course of the disease.

To date, the debate about the potential benefits and drawbacks of FD 
screening has focused on technical aspects and expert opinions. A number of 
studies have focused on the feasibility of NBS for FD, including studies analyzing 
enzyme activity in dried blood spots 19-26. This resulted in three pilot studies of 
NBS for FD, in which an unexpectedly high number of newborns with low enzyme 
activity and mutations in the GLA gene were identified, presumably as a result of 
detecting later-onset FD 27-29. 

Until now, the opinions of FD patients have not been taken into account in 
studies and commentaries about screening for FD. The importance of exploring 
the opinions of patients and their families about the expansion of NBS programs 
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has been demonstrated in several studies on cystic fibrosis, Duchenne’s muscular 
dystrophy, mucopolysaccharidoses and 22q11 deletion syndrome for example 
30-33. These studies invariably indicate that patients and their parents are highly 
supportive of the inclusion of a disease in NBS programs. Because we know from 
the literature that patients’ attitudes towards genetic testing do not necessarily 
reflect their actual behavior 34;35, investigating patients’ experiences rather than 
their opinions may thus provide valuable input for the discussion of expanding 
NBS to include FD.

Therefore, we conducted an interview-based study to explore FD patients’ 
experiences, focusing on the timing of their diagnosis, with the primary goal to 
fuel the discussion about inclusion of FD in NBS programs. 

METHODS  

Patients
This study was conducted at the Academic Medical Center (AMC) in Amsterdam, 
the national referral center for patients with FD in the Netherlands. 

Patients were recruited by one of the authors (MGB), an MD involved in 
clinical care of children with FD and FD-related research. The patients received 
an information letter explaining the study’s aim and the voluntary nature of the 
interviews. For this study, we randomly approached patients throughout the entire 
spectrum of the disease, including both males and females, severely and mildly 
affected patients and asymptomatic patients. In addition, we included patients 
who were diagnosed early as a result of family screening as well as patients 
diagnosed after a considerable delay. When patients were younger than 18 years, 
their parents (all parents being also patients) were also interviewed. The Medical 
Ethical Committee of the AMC declared that under Dutch law, no approval was 
needed for this study.

Data collection
Semi-structured interviews were conducted between September 2009 and January 
2010. All interviews were conducted by one researcher (MGB) who was trained 
in qualitative research methods. The interviews took place either at the patient’s 
home or at the hospital, depending on the patient’s preferences. Each interview 
lasted approximately 30 minutes. At the beginning of the interview, the voluntary 
nature of participation was emphasized, and patients were informed that the 
interview would be completely confidential and anonymously analyzed. A topic 
list (table 1) was used to guide the interview. The questions were open-ended, 
and the interviewer encouraged the patients to share their experiences. The 
interviewer kept field notes describing the interview setting and other reflections 
to facilitate reproducing the interview context. All interviews were audiorecorded.
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After the first six interviews, the patient information letter and topic list were 
adjusted, to emphasize our special interest in the patients’ personal experiences, 
rather than their opinions about NBS for FD. In addition, we noticed that the 
topic list was difficult for young teenagers to reflect upon; therefore we decided 
to include only patients aged of 16 years and older from that point forward. We 
enrolled patients in the study until we felt that no new information related to the 
research question was obtained and data saturation had been reached. The last 
five interviews were analyzed specifically to determine whether they provided 
new insights.

Data analysis 
SPSS Version 16.0 was used to calculate descriptive statistics of patients’ 
characteristics. Data are presented as medians with ranges. 

The interviews were audiorecorded and transcribed. The transcripts were 
uploaded in MAXqda 10 (www.maxqda.com), a software program for qualitative 
research analysis. Five interviews were openly coded by two researchers 
independently (MGB and MHdeR, pediatrician). MGB performed axial coding to 
develop a code tree 36. After that, the codes were used to identify the main themes 
most relevant to the research question. These steps were discussed with three 
other researchers (GEL, internist-endocrinologist/FD expert; FAW, pediatrician/
FD expert; and MCBvZ, medical ethicist/qualitative researcher). Six themes were 
identified, and they are presented in the Results section.

Table 1. Topic list for interviews.

A. Introduction by researcher

      - Emphasis on voluntary participation

      - Emphasis on confidentiality 

      - Short explanation aim of the study  

B. Open ended questions

     - Report on course of disease

     - How was the timing of diagnosis experienced? 

     - What were the benefits or disadvantages of the timing of your diagnosis of FD? 

     - How do you experience the burden of the disease? 

     - How did you experience the period before diagnosis? 

 - What if diagnosis would have been earlier / later?
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RESULTS 
Patient characteristics are summarized in table 2. Thirty-two patients with FD were 
approached, and 30 were interviewed (13 males, 17 females). Two patients, aged 
16 and 54 years, were not willing to participate because of lack of interest and 
lack of time, respectively. The median age of the participating patients at time of 
the study was 43 years (range: 12 to 68 years). Five patients were under the age 
of 18 years. 

Seventeen patients, mostly females (n=12), had been diagnosed with family 
screening, after a family member’s FD diagnosis. Nine patients, predominantly 
males (n=7), were diagnosed with FD as a result of the diagnostic workup based 
on clinical signs and symptoms of FD. The remaining four patients had been 
diagnosed by chance (see Tables 2 and 3, Patients 12, 14, 15 and 17).

The patients were diagnosed with FD at a median age of 25.5 years (range: 
5 to 55 years). The majority of patients had experienced FD-related symptoms 
before diagnosis (n=23, 77%). The median time between the onset of symptoms 
and diagnosis was 13 years (range: 0 to 39 years). Sixteen patients experienced a 
diagnostic delay of more than five years. Within this group, the perceived severity 
of symptoms varied from mild (n=9) to severe (n=7). The patients who were 
diagnosed presymptomatically (n=7) were all diagnosed through family screening 
and were mostly females (n=6) (see Table 3).  

Table 2. Characteristics of FD patients.

n (%)

Gender, male 13 (43%)

Age (range) 43 (12-68)

Treatment with ERTa 25 (83%)

MSSIb (range) 13.5 (0-37)

Age at diagnosis (range) 25.5 (5-55)

Symptoms pre-diagnosis 23 (77%)

Age at onset symptoms (range) 8 (3-40)

Physician consulted for symptoms 15 (65%)

Time from symptoms to diagnosis in years (range) 13 (0-39 )

Diagnosis through family 17 (57%)

Diagnosis following analysis of symptoms 9 (30%)

Diagnosis ‘by chance’ 4 (13%)

Data are medians and ranges. 
aERT: enzyme replacement therapy
bMSSI: Mainz severity score index, pre- treatment with ERT
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Table 3. Overview of participants.

Resp.

Age 
diag-
nosis

Age 
symp-
toms Gender Diagnosis 

Symptoms 
pre-diagnosis Mutation  

1 5 − Male Family Presymptomatic 
diagnosis

F18S

2 5 5 Male Family Acroparesthesia R342Q

3 8 3 Male Family (mother 
with FD, resp 10)

Acroparesthesia  p.Asn53fs

4 10 − Female Family Presymptomatic 
diagnosis

R227Q

5 10 − Female Family Presymptomatic 
diagnosis

IVS6-2(a>t)     

6 11 8 Male Symptoms Severe 
angiokeratoma

R342Q

7 11 5 Male Symptoms Acroparesthesia p.Leu268Ser     

8 11 11 Female Family Acroparesthesia p.Tyr134MetfsX31

9 13 − Female Family Presymptomatic 
diagnosis

F18S

10 15 − Female Family Presymptomatic 
diagnosis

p.Asn53fs

11 17 3 Female Family (mother, 
resp. 24)

Mild acroparesthesia 
and nausea 

L243X

12 18 6 Female By chance (cornea 
verticillata)

Acroparesthesia and 
anhydrosis 

R301X

13 18 4 Male Symptoms Severe 
acroparesthesia

W226X

14 18 10 Male By chance (cornea 
verticillata)

Acroparesthesia and 
anhydrosis 

R342Q

15 26 15 Male By chance (cornea 
verticillata)

Acroparesthesia E358 frameshift

16 25 3 Male Symptoms Angiokeratoma, 
acroparesthesia

p.Ile319LeufsX10

17 26 10 Female By chance 
(renal biopsy 
glomeronephritis) 

Acroparesthesias C202W

18 29 29 Female Symptoms Skin leasions, 
recognized from 
father with FD

p.Leu347Phefs28

19 29 3 Female Family Mild acroparesthesia 
pre-diagnosis

R342Q

20 34 20 Female Family Mild acroparesthesia 
during deliveries and 
fever

R227X

21 35 7 Male Family Acroparesthesia Q416X
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From the qualitative analysis, we identified six themes relevant to the aim of 
this study. These themes were (1) feeling misunderstood, (2) misdiagnosed, (3) 
reproductive planning, (4) medicalization and labeling, (5) anticipating the future, 
and (6) preventing disease progression with treatment.

(1) Feeling misunderstood
From the interviews, a vivid picture emerged of the impact of growing up with 
severe and unrecognized clinical symptoms. In general, the patients with severe 
symptoms and a delayed diagnosis (n=7) reported that their symptoms, mainly 
consisting of acroparesthesia, fatigue and heat intolerance, were misunderstood 
and not taken seriously by parents, physicians and teachers at school. The patients 
were frequently told that they “were being overdramatic”. 

“Yes, pain, pain, pain, pain, hands, legs, feet. It’s been that way since 
childhood. When I was about four or five years old, the pain started, 
and it never really disappeared. Back then, it felt so extreme, it seemed 
there was no way out. (….) If I had been diagnosed earlier, I would 
have been able to say: ‘this is what I have and, yes, this is happening 
to me’, and there would have been a lot more understanding from 

Table 3. Continued.

Resp.

Age 
diag-
nosis

Age 
symp-
toms Gender Diagnosis 

Symptoms 
pre-diagnosis Mutation  

22 37 − Female Family Presymptomatic 
diagnosis

F18S

23 39 ? Female Family (son, resp. 
6)

Mild acroparesthesia, 
palpitations and 
dizziness 

R342Q

24 40 40 Female Symptoms Cardiac complaints L243X

25 40 8 Male Symptoms Severe 
acroparesthesia

IVS6-2(a>t)     

26 41 − Female Family (son, resp. 
7)

Presymptomatic 
diagnosis

p.Leu268Ser     

27 44 10 Female Family Acroparesthesia, 
CVA, LVH

D136Y

28 49 − Male Symptoms Atypical 
poly-neuropathy

R122H

29 51 12 Male Symptoms Acroparesthesia, 
renal failure 

R342Q

30 55 − Female Family Presymptomatic 
diagnosis

R227X
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others. I would not have had to battle against everything; it would 
have made things much easier.”   (Resp. #13, male)

“And they thought I was being overdramatic.(…) I was in such pain 
and asked for a painkiller, but I did not get it because they didn’t 
know what was wrong with me and thought I was just acting like a 
baby.” (Resp. #25, male) 

 “And then, at some point, people would say -  if I had to go cycling 
or play handball - I used to play handball - and then every time I’d be 
in pain and people would say: ‘stop being so over dramatic. That’s 
impossible; five minutes ago you were just fine.’ You know, like that.”  
(Resp. #17, female)

These experiences of feeling misunderstood affected patients’ self-esteem:

“I mean, if people constantly think you’re being overly dramatic or 
just trying to get attention, you yourself start believing you’re a little 
strange, and I think that really affects your self-esteem. On the other 
hand I think it makes you a fighter.”  (Resp. #27, female)

(2) Misdiagnosed
Patients with severe symptoms were frequently seen by different doctors and 
admitted to hospitals before the correct diagnosis was made. Misdiagnoses 
were common and included juvenile rheumatoid arthritis, muscular dystrophy 
and infectious mononucleosis. In addition, symptoms were often attributed to 
psychological problems instead of somatic diseases. When the correct diagnosis 
was finally made, the patients generally felt relieved to have their symptoms 
acknowledged. These patients felt that an earlier diagnosis “would have made 
things much easier”. 

“I have always been in and out of hospitals, but they were never 
able to determine what it was. Yes, I have been treated by different 
physicians and GPs and they always said it was all in my mind. But, 
well, that appeared not to be the case.” (Resp. #13, male)

“Yes, and what I was predominantly told was that it was all in my 
head. And my hearing started to deteriorate. And, well, there were 
many things that they were unable to comprehend or thought were 
purely psychological. (…) And that is why it was so comforting to see 
all the symptoms listed, as it made me think, all right, they all belong 
together. Yes, all of this is because of the disease. Yes, for me, it was 
more comforting than thinking it was all just randomly happening to 
me.” (Resp. # 27, female)
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“Well, that is very frustrating. That’s why, at a certain point, we 
said we’re not going to the hospital anymore, because he gets 
weighed and measured and asked how he’s doing. Well then usually 
everything’s fine, it’s always like that..  And then you think, ‘Well here 
I am again.’ And well, what’s the point, if nobody seems to know 
what he has? And in retrospect I understand, I mean it’s so rare, they 
hadn’t seen it before. But it’s very frustrating. And we also started to 
get a little anxious, like I just said; ‘Here we are again with our child.”  
(Resp. # 26, female, mother of Resp. # 7)

However, patients who were only mildly symptomatic before diagnosis and 
were diagnosed five years or more after the onset of symptoms (n=9) had never 
visited a doctor because of these symptoms. They only had experienced mild 
acroparesthesia during fever or exercise. They had never felt worried because 
of these symptoms and considered these symptoms as either “normal” or due 
to “growing pains” or “muscle pain”. Some patients had recognized that these 
symptoms were also present in other family members. These patients did not 
experience any limitations as a result of these symptoms. 

“Yes, the pain and not being able to sweat, but I cannot remember 
being worried so much about why I have it while others don’t. It was 
just what it was. And my uncle had it too, so I wasn’t the only one.”  
(Resp. # 14, male)

 

“If I didn’t have the flu or a cold or something like that, I didn’t 
notice it much, because I was able to play sports and do everything. 
Yes, go out and so on: that wasn’t a problem. (…) Because, well, 
for me, it didn’t affect my health. I could do everything anyone else 
could do. So I wasn’t much hindered, either with my studies or, later 
on, with work.” (Resp. # 15, male)

(3) Medicalization and labeling
Females who were diagnosed presymptomatically with FD as a children (n=4) 
grew up with the knowledge that they were only “carriers”, as that was the 
belief about FD at that time. Generally speaking, this knowledge did not have 
any major impact on their lives other than their reproductive choices. However, 
several female patients reported having negative experiences as a result of being 
diagnosed presymptomatically with FD. They felt that they were “being labeled 
as a patient”, when they had no symptoms at all. 

“I very much got the feeling I was immediately labeled as a patient, 
and I really didn’t like that. I got the feeling that I was being labeled 
from a medical point of view.” (Resp. # 4, female)
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In addition, they felt that the diagnosis and the enrollment in follow-up protocols 
had made them feel ill.  

“I feel like I’ve been filed along with other Fabry patients; that is 
how I feel. Well, if you say to me: ‘You are a Fabry patient, I will say: 
‘Well, I’m not’. But that is how you are treated. You have to undergo 
all kinds of tests, fill in questionnaires and discuss things, while it 
all just seems so irrelevant for me, like I have to sit and wait until 
something goes wrong. And that’s a feeling I don’t like. Why should 
I be subjected to MRI scans every year? It makes me feel so… it 
almost makes me feel sick. (…) So, as far as I’m concerned, I’m glad 
I didn’t know before now, because I have been healthy all my life, 
and still am, actually. So, because you cannot prepare yourself for it, 
there isn’t anything you can do to prevent things from happening. So 
yeah, that makes it difficult. What would be the benefit of knowing 
early on?” (Resp. #26, female)

 “Well, how can I explain it? As far as I am concerned, I didn’t need 
to know yet, because it made a really big impact on my life. For me, 
it could have been 20 years later. Because then you… you receive a 
lot of information, and you’re really confronted with what you’ve got. 
Because I…well, then you become aware of the fact that you have 
something that will cause certain limitations in life. (…) And well, I 
think that what I’m experiencing now is less severe than I initially 
anticipated.” (Resp. # 22, female)

(4) Reproductive planning
Overall, patients’ experiences with making reproductive choices were diverse. 
Half of the patients with children were aware that they had FD when they decided 
to have children and were thus able to make reproductive choices. One patient 
described the difficulty and impact of making reproductive choices.

“Well, I was aware of the fact that I’m a carrier of Fabry disease. I 
would, by definition, pass it on. The consequences of that - how 
does one make a decision? And should people be informed? (…) 
I think that is something; I would say the impact of that is even 
greater than the impact of the diagnosis, being a carrier and how 
to deal with it. And informing people adequately, because these 
are delicate matters. (….)  It did have an impact on the joy of 
having a girl, because, well, although she is a carrier, she will not 
be affected negatively by it. And for me, it also played a part in my 
thinking, would I want more children? Well no, I would rather not, 
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because there is a chance that it might be a boy, with all its negative 
implications.” (Resp. # 4, female) 

For two interviewed patients, the hereditary nature of their disease was a reason 
to have no biological children at all.

“Then I decided, I would not have more children. Yes, that still bothers 
me a lot, because all around me women are getting pregnant. (…) 
Because I knew what my father had been through. And he eventually 
died from it, so yeah, I thought, not for me. Then I would rather have 
a life without children.” (Resp. # 18, female)

“No, that’s what I said the moment I was diagnosed, that is a closed 
chapter for me. If it stops somewhere… well, I just don’t want to pass 
it on through me. I’m aware of all the negative effects, and I could 
not bear to put another child on this earth with possibly the same 
problem. I myself know how one can be hampered in life and I don’t 
want to inflict the same on somebody else.” (Resp. #13, male)”

One interviewed patient decided to have no more children when both her children 
appeared to have FD.

“Yes, the question of how many children you want and how much 
you can handle… For me, now that I know I have two children with 
Fabry disease, we decided that two is enough. Because I have Fabry 
disease myself, I have been able to make a choice.” (Resp. # 8, 
female)

However, most of the patients, especially the males, just decided to have children 
without taking any specific measures, e.g., prenatal testing.

 “No, but I can remember that, yes. But you are not so aware of 
what it really is and I didn’t have any complaints. Yes, and at that 
time there was not much that could be done so, well, it became 
something we knew, but didn’t do anything about it. And I knew that 
if I were to become pregnant genetic testing would have been an 
option, but I didn’t do that either.” (Resp. #10, female)

Some patients did decide to perform prenatal testing, and for one interviewed 
patient, it resulted in the termination of a pregnancy with an affected male fetus. 

“And then I got pregnant, and they needed to do an amniotic fluid 
test. We had decided beforehand that if it was a boy, we would 
terminate the pregnancy. Because I could just see my father and I 
wouldn’t wish that kind of life for my child. And at the same time I 
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didn’t think it would ever happen to me. They had to induce labor, 
because it was too late for an abortion, of course. (…) Yes, I had 
many sleepless nights, but, well, life goes on. And I was also very 
happy. Because I’ve actually never regretted doing it.” (Resp. # 9, 
female) 

In contrast, some patients who were not aware that they had FD before they had 
children were relieved to be ignorant at when their children were conceived. 

“On the one hand I think how fortunate I am that I was not aware I 
had Fabry disease before I had children, because I do not know what 
decision I would have made. There would have been the dilemma 
and feelings of guilt that you had possibly passed it on to your child 
and now I, well, now I just didn’t know. That makes you feel less 
guilty, I think.” (Resp. # 20, female) 

(5) Anticipating the future
When the participants were asked about their views of the timing of their diagnosis 
and on the question what it would have meant for them if their diagnosis had been 
made earlier, the anticipation of the future was reported as both an advantage 
and disadvantage. Some patients felt that an “early” diagnosis made it possible to 
anticipate future FD-related problems, which allowed them to make choices in life. 

“Well, at least now I know what the future has in store for me, and 
what I have, and what I can take into account.” (Resp. # 5, female) 

“So you can make conscious decisions: What will I do in life? (…) I 
am a pharmacist now, so that is not so hard, but what if you have to 
do something else? (…) If it involves heavy physical activity, you will 
not be able to do it at a certain point in time. So that is why I feel it 
is of interest to know.” (Resp. # 2, male)

On the other hand, more patients indicated that a disadvantage of an early 
diagnosis was the loss of carefree life and increased worrying about the future. 

“Yes, because I have two boys (..) and because I was aware of the 
medical history in the family, and it’s like, well, this is what’s in store. 
My uncle had a couple of kidney transplants and he eventually 
died of heart failure (…) and then hearing the stories about my 
grandmother’s brothers - three of them I believe, dying at 35 years 
of age. Okay, we’re talking the turn of the last century of course, but 
it was disheartening to hear, all the same, and although knowledge 
of the disease has improved, you still think if you have to go through 
what my uncle went through, that’s not easy.” (Resp. # 20, female)
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“Other facts that surfaced with the diagnosis of Fabry disease, 
well, they scare me a little. I mean, if you look at the brain, the 
white matter lesions are increasing. The cardiac muscle is enlarged, 
hearing deteriorates. Well, I don’t know if I would have wanted to be 
made aware of all that earlier.” (Resp. #29, male)

In addition, some parents reported that not knowing their child had the disease 
was a positive experience.  

“Well, I think that there was a certain kind of peace while raising our 
children.. that there was a time when we were more calm. Because 
since diagnosis, well, things have changed. So in that respect, life 
was carefree for many years.” (Resp. #24, female)

”Well, we didn’t know, and thus he was able to grow up as a normal 
boy without a medical history. For us as parents and for him as a 
child, I think it was a carefree childhood, but I don’t know how things 
would have been if he had known since birth and how we would 
have responded to that. (..) But I still appreciate the time we had 
without knowing.”  (Resp. # 23, parent of Resp.# 6) 

Worrying about the future was also mentioned in relation to the heterogeneity of 
the disease and the insecurity of the diagnosis. 

“And there are a lot of people like me, who may have some 
complaints, but are nonetheless capable of living a rather normal 
life. And there are some who are severely affected and have a lot 
more difficulty coping with it. You just have to wait and see in which 
category you end up.” (Resp. #14, male)

(6) Preventing disease progression with treatment  
Most patients mentioned early treatment and the prevention of complications as 
an important advantage of an early diagnosis. They felt that complications might 
have been prevented if they would have been treated earlier.

 “Well, concerning treatment and all. Yes, I may not have fallen into 
some kind of limbo; then things may have been different, yes. Yes, 
things may have been a lot easier and maybe I wouldn’t have been 
as severely physically affected as I am now. But well, that’s all in 
retrospect, because you just don’t know for sure.” (Resp. #13, male)

However, patients’ experiences also illustrate the uncertainty about treatment 
efficacy.
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“Yes, there are still many uncertainties surrounding Fabry disease. 
Then, at a certain point, there were also doubts about the 
effectiveness of the treatment. Well, then you wonder if it’s worth 
getting hooked up to an intravenous drip every two weeks if there 
are so many doubts? Why should I keep doing that? But, well, 
you don’t know what the impact would be if you didn’t take the 
treatment, what that would mean in the long run. But well, those 
are things that I think about regularly; you know, should I continue?” 
(Resp. #15, male) 

In addition, the benefit of early treatment was weighed against the possible 
burden of treatment.

“Maybe, but then we’re heading into treatment territory; maybe 
you’ll be able to prevent damage to the organs. I see that as an 
advantage. But on the other hand, the question is: should you start 
at an early age? Because it is quite a burden, every two weeks.” 
(Resp. #15, male)

DISCUSSION 
In this study, we explored FD patients’ experiences with the timing of their diagnosis, 
with the primary aim of identifying relevant themes to fuel the discussion about 
expanding NBS programs to include FD. We used a qualitative, open approach 
and interviewed 30 patients with FD. The interview analysis revealed six relevant 
themes. This study illuminates the impact of a delayed diagnosis on some severely 
affected patients, who felt misunderstood and were misdiagnosed. On the other 
hand, the study also illustrates the drawback of a presymptomatic diagnosis for 
some patients, who felt labeled and overmedicalized. Though an early diagnosis 
was seen as an advantage for anticipation of the future, increased worrying was 
also frequently noted as a disadvantage. Finally, the possible prevention of FD 
complications with adequate, timely treatment was considered as an important 
reason to receive an early diagnosis; however, the respondents also mentioned the 
uncertainty of treatment efficacy as an important factor. Overall, the interviewed 
patients’ experiences varied remarkably.

A delay between the onset of symptoms and diagnosis was common in 
the studied patients (mean delay: 14.0 years ± 13.0 for males; 14.4 ± 12.2 for 
females) and was comparable to the delay described in 194 index patients in 
the Fabry Outcome Survey (mean delay: 13.7 ± 12.7 years for males; 16.3 ± 14.7 
for females) 11. The results of our study once again demonstrate the significant 
impact of a diagnostic delay, which by Hayes and co-workers also reported for 
patients with mucopolysaccharidoses (MPS), another LSD30. It is important to note 
however, that the negative experiences in our study seemed to depend on the 
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severity of symptoms before diagnosis in a subset of patients. Approximately 
half of the patients with a delay in diagnosis did not visit a doctor for their FD-
related symptoms and did not report limitations caused by these symptoms. It 
is of interest that some patients did not regard their symptoms as ‘abnormal’, 
because some family members experienced the same symptoms. 

The themes identified in this interview study highlight important patient 
perceptions about the timing of the FD diagnosis, and reflect the heterogeneity 
of the disease. Females were formerly labeled as “carriers”, based on the X-linked 
mode of FD inheritance. In this study, for females who grew up with this paradigm 
and were aware of their carrier status, this had few implications at that time, apart 
from reproductive planning. During the last decade, it has become clear that females 
can have significant disease-related symptoms, even to the same extent as male FD 
patients 37. Consequently, females with FD are now included in follow up programs 
aimed at detecting early organ damage. Our results highlight the drawback of this 
approach, which may lead to medicalization and labeling in asymptomatic patients. 
Furthermore, a frequently mentioned disadvantage of an early diagnosis was the 
loss of a carefree life and increased anxiety about the future. 

The lack of routinely applied biomarkers and the poor genotype-phenotype 
correlation of FD, which has numerous private mutations and variable disease 
severity even within families, generally preclude the prediction of the disease 
course in individual patients. Consequently, asymptomatic patients diagnosed 
with FD do not know what to expect, which may enhance anxiety. Previous 
experiences in recently expanded NBS programs, e.g., medium-chain acyl-CoA 
dehydrogenase deficiency 38, and the aforementioned results of NBS for FD 27-29, 
have shown that a large number of individuals with presumed mild mutations or 
novel missense changes of unknown clinical significance will be diagnosed through 
NBS. The potential burden of a presymptomatic FD diagnosis needs to be weighed 
carefully against the benefits of early access to treatment. This again emphasizes 
the importance of studies aimed at predicting the FD phenotype, enabling the 
identification of those patients who will benefit most from early treatment.

Previous reports on the opinions of parents and patients with other diseases 
on NBS reveal some similarities to our study results. Detmar et al, found that 
the availability of “medical treatment options” was the most commonly cited 
argument favoring the expansion of NBS programs in focus group discussions of 
parents-to-be, parents of healthy children and parents of patients with CF, PKU 
and Duchenne muscular dystrophy. This indicates the relevance of this criterion 
in deciding if NBS is desirable for a certain condition 39. In contrast, even in the 
absence of treatment, Hayes et al, demonstrated that the majority of parents 
were in favor of NBS for MPS 30 and a majority of expectant parents from the 
Netherlands were in favor of screening childhood-onset disorders, regardless of 
the disease’s treatability 40. Although in our study, treatment opportunities and 
the prevention of complications emerged as important arguments in favor of an 
early diagnosis, patients also reported uncertainty about treatment efficacy. In 
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addition, patients weighed the benefits of treatment against the invasiveness of 
receiving intravenous medication every other week.

For this study, the patients were randomly selected based on planned visits 
at the clinic. Although we ensured that the included patients represented the 
entire spectrum of the disease, we cannot be certain that the results covered all 
the experiences of FD patients. However, because only two patients declined 
participation, the likelihood of bias in the selection of participants seems 
negligible. 

CONCLUSION
This is the first study to examine the experiences and reflections of FD patients 
in relation to the timing of their diagnosis. Important, divergent themes were 
identified, reflecting both the phenotypic heterogeneity of the disease and the 
substantial differences in experiences between patients with and without FD 
symptoms before diagnosis and among the patients within each group. These 
results are highly relevant to the current discussion about NBS programs, because 
they present considerable nuances that must be incorporated into the debate 
about whether FD should be included in NBS programs.
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ABSTRACT 
Decision policies on the advisability of including a condition in newborn 
screening (NBS) programs, are complex and require a careful weighing of 
potential benefits and harms. The aim of this study was to provide an overview 
of the different opinions of various involved parties regarding the inclusion of 
Fabry disease (FD) in NBS programs. 

We conducted focus group discussions with representatives of three 
groups: FD experts, FD patients and ethicists. Firstly, focus group discussions 
were held with the three separate groups. This was followed by focus group 
discussions with three groups in which the participants were randomly 
mixed. All discussions were recorded, transcribed and analyzed, resulting 
in an overview of the most important arguments shared by the focus group 
participants. 

All participants recognized the importance of early FD diagnosis, especially 
in symptomatic patients; however, the general opinion in all of the focus 
groups was that at this moment, it is too early to include FD in NBS programs 
due to a lack of knowledge of several crucial issues. All of the participants 
emphasized that the current inability to predict the severity and course of the 
disease in asymptomatic patients, in combination with a lack of knowledge 
regarding the optimal timing of treatment and the efficacy of treatment, 
strongly argue against inclusion of FD in NBS programs.

Although the aim of this study was not to reach a consensus, all participants 
showed significant agreement. Arguments considered to be crucial for the 
discussion on the inclusion of FD in NBS programs were identified. The key 
issues that were identified in this study require further study in order to allow 
a careful weighing of the potential benefits and harms of NBS programs for 
FD in the future. 
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INTRODUCTION  
Newborn population screening (NBS) was implemented in the late 1960’s to 
identify infants who appear healthy at birth, but have diseases that may cause 
severe morbidity or even death if left untreated. Phenylketonuria was the first 
disorder to be implemented in NBS and, to date, is a primary example of a 
successful screening program because early dietary intervention prevents severe 
cognitive impairment in children suffering from this condition1. Technological and 
therapeutic progress has resulted in rapid expansion of screening programs over 
the course of the last decade. Wilson and Jungners’ screening criteria have long 
been used to determine which diseases should be implemented in NBS programs 
2; however there is currently an intense debate regarding the inclusion of diseases 
for which disease modifying treatment is less effective or even absent, such as 
cystic fibrosis and Duchenne muscular dystrophy 3-6. 

In recent decades, the prognosis of patients with several lysosomal storage 
disorders (LSDs) have significantly improved due to advances in supportive care 
and the availability of disease-specific treatment by enzyme replacement therapy 
(ERT). Treatment appears to be more effective when initiated before organ 
damage has evolved; however the recognition of early signs and symptoms can 
be difficult. This issue has directed studies into the feasibility and advisability of 
including these LSDs in NBS programs.  

Fabry disease (FD), which is an X-linked LSD, is caused by a deficiency of 
alpha-galactosidase A 7. FD males usually develop symptoms during childhood 
or adolescence, and, in adulthood, disease progression is associated with renal, 
cardiac and neurological morbidity. Disease modifying treatment has become 
available since 2001 with the development of ERT8;9. Unfortunately, in many 
patients, disease progression is observed despite therapy 10-12.This might be due 
to limitations of the treatment itself, but some studies have shown that organ 
damage present before the initiation of treatment may also be an important 
factor13;14. Therefore, it is suggested that treatment should be initiated early and 
at least before the development of irreversible pathology. Unfortunately, the rarity 
of the disease in addition to the insidious onset of the disease with nonspecific 
symptoms often preclude the early diagnosis of FD 15; hence, NBS for FD may be 
of great benefit by allowing pre-symptomatic diagnosis. Moreover, three pilot-
studies, two in Taiwan and one in Italy 16-18, have addressed the feasibility of this 
approach. A remarkable high prevalence of up to 1 in 1250 screened newborn 
males with a low enzyme activity was detected. In all three studies, subsequent 
mutation analysis revealed mutations that were presumably associated with a 
later onset disease. 

Determining whether a condition can be recommended for inclusion in NBS 
programs, is a complex process that requires a careful weighing of potential 
benefits and harms. The aim of this study was to provide an overview of the 
different opinions of several participating parties, with the intent to enrich the 
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ethical discussion of whether FD should be included in NBS programs. Therefore, 
we conducted focus group discussions with representatives of the three most 
important groups of stakeholders in this matter: FD experts, FD patients and 
ethicists.

METHODS
We used a qualitative focus group discussions study design to explore the various 
opinions of NBS for FD. Focus group discussions were used as we expected that 
group interaction would lead to a more consistent identification of all of the 
pertinent arguments.

Focus group participants
Three groups of participants were invited: 
(i) international FD experts (n=6), (ii) 
international specialists in the field of 
health policy, law and ethics (n=6) and 
(iii) Dutch FD patients (n=6) (see Table 1). 
Participants were approached by three 
authors of this study (GL, FW, MZ) and 
were selected through their network. FD 
experts consisted of pediatricians, clinical 
geneticists, an internist and a biochemist, 
and all participants had a broad experience 
with FD. Because the number of FD 
experts worldwide is small due to the 
rarity of the disease, one co-author (FW) 
also participated in the FD expert group; 
however, to prevent a conflict of interest, 
he was not involved in the analysis of the 
data presented here. The second group, 
specialists in law and ethicists consisted 
of individuals with special expertise and 
interest in the field of NBS. In the patient 
group, two members of the Dutch Fabry 
patient organization participated (Fabry 
Support en Informatie Groep Nederland, 
FSIGN). The other patients were selected 
based on their ability to reflect on the subject 
and to discuss in English. Participation was 
voluntary and no honoraria were provided. 
International participants received travel 

Table 1. Participant characteristics.

Fabry experts (n=6) n 

Gender
    Male
    Female 

4 
2 

Nationality
    Dutch
    Non-Dutch 

3 
3 

Specialty 
    Internist
    Pediatrician
    Clinical Geneticist
    Biochemist

1
2
2
1

Ethicists (n=6) N

Gender
    Male
    Female 

3
3

Nationality
    Dutch
    Non-Dutch 

4
2

Specialty
    Health law
    Community genetics
    Ethics 
    Ethics of communication
    Ethical aspects of genetics     

1
1
2
1
1

Fabry patients (n=6) N

Gender
    Male
    Female 

2
4

Nationality
     Dutch
     Non-Dutch 

6
0
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and accommodation expenses. All participants received one review article on FD 
and one article on the screening of high risk populations, as an introduction to 
the discussion 19;20.

Focus group discussions
Six focus group discussions were conducted on a single day (May 13th 2011) at 
the Academic Medical Center (AMC) in Amsterdam. Each discussion session was 
facilitated by one moderator (MvZ, ethicist/qualitative researcher; GEL, internist-
endocrinologist/FD expert, and MGB, physician/ FD researcher, respectively). The 
task of the moderator was to encourage all of the participants to engage in the 
discussion and to share their views. One observer per group took notes during 
the discussions and assisted the moderator if necessary. 

Figure 1 depicts an overview of the proceedings of the day. During a plenary 
meeting the aims of the focus group meeting were once again explained and 
additional background information on FD was provided, including information 
on the prevalence, clinical manifestations and results from pilot studies on NBS. 
It was emphasized that the aim of the meeting was not to reach consensus on 
NBS for FD, but rather to explore different opinions. Participants consented to 

Figure 1. Overview of the program.

Figure 1. Overview of the program 
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audio-recording of the discussions . Subsequently, three focus group discussions 
were conducted with the three groups of experts separately (FD experts, ethicists 
and FD patients). Discussions lasted approximately two hours. In a second 
plenary meeting the three observers briefly shared with the entire group what 
was discussed in the separate focus groups. This was followed by three focus 
group sessions, now in new, mixed settings. Each group then included two FD 
experts, two ethicists and two patients. These focus group discussions lasted 
approximately 1.5 hours. Apart from the focus group discussions in the morning 
with (Dutch) patients, all discussions were held in English.  

A semi-structured topic-list was used during the discussions in the morning 
(Table 2). For the afternoon program, moderators and observers formulated five 
statements, based on what was discussed in the morning, as input for the mixed 
focus group discussions (Table 3).

Table 2. Topic list for focus group discussions.

Introduction

   Introduction round 

   Approval audiorecording of meeting

   Confidentiality 

   Check on knowledge on neonatal screening (patient group) 

Open ended questions

   General attitude towards neonatal screening Fabry disease

   Expected advantages of screening for Fabry disease

        Delay in diagnosis            

        Psychological impact delay diagnosis 

        Early treatment 

        Prevention/delay of complications

        Reproductive choices 

   Expected disadvantages of neonatal screening Fabry disease

        Pre-symptomatic diagnosis

        Detection patients with a mild phenotype 

        Efficacy of treatment 

        Invasive treatment  

        Stigmatisation

        False positives 

        Missing 1/3th of female patients
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Data analysis 
All recordings were transcribed verbatim. Summaries of the discussions were sent to 
all participants to determine the accuracy and completeness. The transcripts were 
uploaded in a software program for analysis of qualitative research (MAXqda10). 
All transcripts of the morning focus group sessions were openly coded by one 
researcher (MGB) and analysis was performed as described by Boeije et al 21. All 
arguments in favor and against screening and the most frequently mentioned 
arguments were identified. These steps in the analysis were discussed with GEL 
and MvZ. The transcripts of the mixed focus group discussions were specifically 
analyzed to see whether new arguments were mentioned or other new insights 
were given. 

Ethical considerations
The Medical Ethical Committee of our hospital declared that under Dutch 
law no approval was needed for this study. This study is part of the research 
project T6-208 ‘Sustainable Orphan Drug Development through Registries and 
Monitoring’ at Top Institute Pharma in the Netherlands. None of the partners of 
this collaboration had any influence in the design of the study, analysis of the data 
or preparation of the manuscript. 

RESULTS 
In total the discussions generated 12 hours of recording. The quality of all of the 
recordings was adequate for analysis. In general, discussions were lively and all 
participants shared their views during the sessions. In all of the groups arguments 
both in favor of and against screening were expressed. All arguments that came 
forward in the three groups are listed in table 4. Overall, there was a clear 
consensus in the Fabry expert group as well as in the ethicist group that there are 
still insufficient data to justify NBS for FD. In general, in the Fabry expert group, 
pediatricians were more in favor of screening than the other medical specialists. In 
the focus group with only patients, there was less consensus. Besides FD-specific 
discussions, the general concerns of NBS, e.g., informed consent, the definition 

Table 3. Statements used as input for the mixed focus group discussions.

1) Increasing awareness of FD amongst physicians makes NBS unnecessary.

2) NBS should be performed to prevent a psychological impact of the delayed diagnosis.

3) NBS makes healthy individuals feel sick.

4) NBS should not be performed because the disease is very heterogeneous and prediction of 
phenotype is difficult.

5) Current treatment with ERT is efficacious enough to qualify as a treatable disease.
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Table 4. Arguments in favor and against NBS for FD.

Arguments in favour of NBS for FD Arguments against NBS for FD

Fabry experts

Importance of having a diagnosis when 
symptomatic

Difficulty predicting the phenotype *

Initiation of treatment before irreversible 
damage

Overdiagnosing and diagnosing late onset 
disease * 

Lack of evidence efficacy early treatment *

Psychological medicalization

Anxiety 

Cost treatment#

Invasiveness treatment#

Ethicists

Prevention of irreversible damage Overdiagnosing and diagnosing late onset 
disease *

Prevention delay in diagnosis Costs and invasiveness treatment

Lack of evidence efficacy early treatment 

No good test with predictive value 

Little knowledge on natural history of mild 
phenotype

Fabry patients

Being able to anticipate future problems * Burden of a pre-symptomatic diagnosis *

Prevention delay in diagnosis * Overdiagnosing and diagnosing late onset 
disease * 

Prevention irreversible organ damage Invasiveness treatment

Reproductive choices Costs

Stigmatisation (mortgages, insurances)  

* Arguments most often expressed, # specifically considered a minor argument in the discussion.

of treatability and shifting of criteria for inclusion in NBS programs were discussed 
in all of the groups. These discussions are not further described.

We identified seven important themes from the qualitative analysis of the first 
three discussions: (1) difficulty of predicting the phenotype, (2) overdiagnosis 
and diagnosing late onset disease, (3) burden of a presymptomatic diagnosis, (4) 
importance of diagnosis in symptomatic patients, (5) lack of evidence regarding 
the efficacy of early treatment, (6) costs and invasiveness of treatment and (7) 
alternatives to NBS. These themes will be further described. In addition, the 
outcome of the mixed focus group discussions (focus groups 4-6) will be described. 
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1. Difficulty of predicting the phenotype
Both FD experts and ethicists mentioned that NBS would detect patients with new 
mutations with unclear clinical relevance. There was consensus in the Fabry expert 
group that the current difficulty in phenotype prediction is an important argument 
against NBS for FD. The need to be able to predict which patients would benefit 
from treatment, and preventing unnecessary burdensome treatment to others, 
was considered as very important. 

“For me, that’s one of the reasons why I would be very hesitant to 
say ‘yes’ to including Fabry disease at this moment. Because we 
are really bad at predicting the course of the disease in infants.” 
(focusgroup (FG) 1, paediatrician #1)

“So, as far as I am concerned, I would say: ‘at least at this time it 
would be too early.’ Because we need to know better whether the 
people detected, are actually the ones who are going to develop 
symptoms, as the group that is detected at birth is so much larger 
than the group that you know has symptoms and that have Fabry 
disease.” (FG 2, ethicist #1)

“It comes down to the fact that you cannot predict at an early stage 
who is going to be very sick, and if a treatment intervention is 
needed.” (FG 1, internist #1)

“One of the criteria, of course, is that it needs to be clear who needs 
to be treated when. If you would be able to tell quite specifically 
who, with what mutation, would have symptoms say before 10 years 
of age and who would need treatment also before 10 years or 5 
years of age, then you might want to have 2 steps. First go to the 
enzyme and then go to the DNA and then tell exactly which children 
will have the severe form and then start treatment in those and then 
for the other ones maybe you wouldn’t even want to report it initially. 
It’s probably not that black and white.” (FG 2, ethicist # 2)

Some argued that detecting patients with unclear mutations is a common problem 
in NBS and is thus not specific for FD. 

“But it is not rare in newborn screening to detect patients with new 
genotypes and unknown phenotypes. PKU was introduced in the 
early seventies and I think 30% of PKU patients have what we call 
hyperphenylalaninemia, which is generally not really a disease. They 
are just followed up and sometimes given very mild diets; essentially 
we really don’t know what to do with them.”  (FG 1, paediatrician #1)
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Most FD experts agreed that if good predictors and biomarkers would be available, 
their opinion regarding the inclusion of FD in NBS could change favorably. 

“In the ideal world, you could choose to have a crystal ball, when 
you are newborn, that says exactly what you are going to get in your 
life. But the problem today is that the crystal ball makes mistakes in 9 
of 10 cases. (…) I mean if you have a perfect screen, that really could 
predict that this person is going to have Fabry disease and that it will 
really be Fabry disease, then it’s okay.” (FG 1, clinical geneticist #2)

2. Overdiagnosis and diagnosing late onset disease
It was discussed in all of the groups that NBS may result in the diagnosis of patients 
with late onset disease and even in the identification of individuals who may never 
develop disease. Participants referred to the results of pilot screening studies on 
FD, where a high prevalence of presumed late onset disease was found 16-18. 

“Also a question I have is, if previously we thought 1 in 40,000 
was affected and now it’s 1 in 3000, what does that mean exactly, 
because who comes out of the screening?  Does it mean that a large 
group of people never develop symptoms? That could be the case 
and so you never see that they actually suffer from, well, have Fabry 
disease.” (FG 2, ethicist, #5)

“If it’s clear that it prevents a lot of the symptoms from curing, then of 
course you have to do that, but if a large amount of people that you 
find by screening are actually not going to develop these symptoms 
or the symptoms are not very serious, then…….” (FG 2, ethicist #1)

A biochemist wondered whether an early diagnosis of an adult onset disease 
would really be beneficial to the patient.

“A patient, who develops an adult disease, is it really in the interest 
of the patient to know at day zero they will develop an adult disease. 
If you look at the wider spectrum he may not perhaps develop a 
disease at all.”  (FG 1, biochemist #1)

Furthermore, the burden of the identification of individuals who will remain 
asymptomatic was considered to outweigh the burden of missing some patients 
that will end up with irreversible disease. In addition, this was weighed against the 
benefits of being able to make reproductive advantages. 

“Selective high-risk screening is I think much more logical than 
neonatal screening, and to prevent a few patients from coming at 
a late and irreversible stage to your clinic, then you need to screen 
all patients and pick up all asymptomatic patients. That burden, in 
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my view, doesn’t outweigh the burden, how sad it is for the couple 
of patients that you miss and that end up with irreversible disease.” 
(FG 1, internist # 1)

“What you have to weigh is the possible disadvantage of the 
child knowing something that has no consequences, but that they 
weren’t able to decide whether they wanted to know, against the 
reproductive advantages. That’s a very complicated balance.” (FG 
2, ethicist # 4)

3. Burden of a presymptomatic diagnosis 
The disadvantages of having a presymtomatic diagnosis were expressed, 
especially by FD experts and patients. Patients reflected on their own experience. 
The knowledge of having the disease while being asymptomatic was considered 
to be a burden by some of the participating patients.  

“I’m also concerned about my daughter, who is a carrier of the 
disease. It’s always with you, even though she’s a completely healthy 
girl, but you’re always aware of it. When does she need to be 
treated, is she ill, is it related to Fabry – it’s a double-edged sword. 
I’m not sure that it’s a good thing to know what could, potentially, be 
coming.” (FG 3, patient #1)

“What affects me is that my mother was symptom free until the 
age of 70 and it was probably a good thing she didn’t know better, 
because then we would have had that to worry about. When you 
screen and you suddenly detect 1 in 3,000 patients (…) and that 
may possibly be the group that never gets sick – a very, very large 
group – and yet they will have this hanging over their heads, as in, 
maybe they’ll become ill. I find it creates quite a burden, also when 
I look at my two daughters, with everything you wonder, could it be 
Fabry? So I do find it creates a certain burden to be aware of it.” (FG 
3, patient #2)

FD experts mentioned that a presymptomatic diagnosis, if not guided correctly, 
may lead to medicalization and to increased anxiety and may result in falsely 
attributing symptoms to the diagnosis. 

“Knowing that there is a disease, even at the moment that there 
are no complaints, may result, if not guided correctly, in a lot of 
medicalization.” (FG 1, pediatrician #1)

“It creates a lot of anxiety and it may create explanations for all kinds 
of problems that they may have in life.” (FG 1, clinical geneticist #1) 
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4. Importance of diagnosing symptomatic patients 
In contrast to the burden of a presymptomatic diagnosis, the importance of a 
diagnosis for symptomatic patients was emphasized in both the FD expert- and 
patient group. 

“And at the moment that symptoms present themselves it would 
have been nice if it had been diagnosed earlier because, well, 
especially the boys, at least for the first part of their youth, their 
puberty, they really missed out on that, due to being bedridden by 
the pain, by not being able to do anything, not being able to join in. 
That was really distressing.” (FG3, patient #5)

In relation to this, it was discussed that treatment with ERT is less effective when 
there is already irreversible damage. 

“The main issue with these drugs is that, when started too late, it actually 
doesn’t work properly and we are spending huge amounts of money 
on a drug that is not terribly effective in these patients. The incentive 
of diagnosing early and wanting to start early is actually in the best 
interest of the patient, because the idea is that you are trying to prevent 
an irreversible disease from progressing.” (FG1, pediatrician #2)

“Yes, well look, I’m an advocate for screening because I think, well, 
the sooner you know, the sooner it gives you some form of security. 
And if I relate that to my story and also what I’ve heard from other 
patients, um, yeah, the sooner you start the process and not wait 
for the consequences, the chances of leading a better life become 
increasingly greater than waiting for potential damage to happen.” 
(FG 3, patient #4)

5. Lack of evidence regarding efficacy of early treatment
There was agreement that treatment with ERT is less effective when irreversible 
damage is present. FD experts also agreed on the fact that currently there is 
not enough evidence to support early treatment preventing the occurrence of 
irreversible organ damage. FD experts concluded that there is currently insufficient 
evidence to justify pre-symptomatic treatment of FD patients. Although this was 
not one of the main themes in the ethicists group, it was mentioned that it is not 
clear yet at when treatment should be started.

“That point is always made when we talk about lysosomal storage 
disease: that we should identify the patients early. But in Fabry 
disease we really don’t know if early diagnosis and early treatment 
will help prevent the complications later on in the disease.” (FG 1, 
biochemist #1)
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“There is no convincing evidence at the moment yet, that if we start 
treatment presymptomatic we can really prevent disease, but there 
is circumstantial evidence from several countries that, if you can 
start earlier, you can delay the progression of the disease.” (FG 1, 
internist #1)

“The treatment should also be needed then at an early stage and 
that’s also the question: we don’t know that either. So, also, there 
should be relevant treatment available. We may have that, but we 
don’t know at what stage you would have to start.” (FG 2, ethicist # 1)

6. Costs and invasiveness of treatment  
The costs of ERT were mentioned as an issue in the discussion on NBS in all 
three groups. Ethicists and FD experts agreed that costs should be taken into 
consideration; however, FD experts explicitly mentioned that this is not a 
primary issue. 

“It will be an issue, but it’s not a primary issue for deciding on ‘does 
this disease qualify for inclusion in newborn screening’.” (FG 1,  
pediatrician #1)

Ethicists perceived the invasiveness of treatment as an important issue to be 
considered. FD experts agreed on this; however, they felt it does not weigh 
heavily on the discussion and in relation to the other topics, and, therefore, was 
considered to be a minor point. 

“But even if it’s not part of the criteria, it seems to be quite important, 
because giving treatments to people that is quite heavy on their 
lives; it’s medicalising their lives.” (FG 1, ethicist #1)

They felt that the overall experience is that patients get used to the treatment. 
Some patients agreed; however, others did express that it would be much easier, 
especially for children, if treatment would be in the form of an oral drug. 

“The initial start is a burden, but after a while you get used to it.” (FG 
1, clinical geneticist #2)

“My feelings are torn, I must say. Look, when I look at my eldest son, 
I’ll say I’m still happy that I know now and that we can treat him. But 
if I look at my own situation, I’ve just had relatively few symptoms, 
as did my relatives, and I do find the treatment to be an enormous 
burden. For children especially.” (FG3, patient #1)
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7. Alternatives to NBS
Interestingly, during the discussions several alternatives to NBS were suggested 
by the participants, despite the fact that this issue was not included in the topic 
list. These included increasing awareness for FD, family screening, cascade 
screening, selective high risk screening and population screening at older age.

“Of course it would help a great deal if the disease was at the 
top of the minds of doctors and specialists so that they would be 
able to deal with it; that if they can recognize the symptoms they 
can supervise you in a certain way (…) Of course it would be an 
enormous help if Fabry receives enough attention to shorten the 
diagnostic delay.” (FG3, patient #4)

“Could there be other kinds of models where you identify the people 
at the moment they need treatment and not 20 years in advance. 
If it would be feasible just to do a very good cascade screening 
and pick up all patients that way, then you don’t need a newborn 
screening. And it could be feasible to have a prevention consultation 
for everybody every 5 years and pick up the patients with early 
kidney problems, early hypertrophic cardiomyopathy, early, without 
complications, all those things and then start treatment in an 
effective way.” (FG2, ethicist #5)

“If you know all the objections against newborn screening, then 
cascade screening might be a good alternative for newborn 
screening I think.” (FG2, ethicist #4)

Additional outcomes of mixed group discussions
During the mixed focus group discussions (FG 4-6), FD experts and ethicists 
verified some of their beliefs and opinions on FD in their interaction and discussion 
with FD patients. In addition, alternatives to NBS were further emphasized. 

“In general I would say: currently, yes, increasing awareness is 
preferred. (…) With the current problems that we are facing with 
implementing NBS, I think the way to go would be to try to improve 
awareness, pedigree analysis and all that and look for the very early 
symptomatic patients to avoid non-diagnostic delays, but again, 
with the problems that we are facing with newborn screening.”  (FG 
4, internist #1)

However, the feasibility of increasing awareness was also doubted, especially for 
general practitioners. 
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“Whether it’s feasible to increase awareness amongst all physicians, 
that’s something I really wonder. (…)Because I think it’s not feasible 
for all physicians to achieve awareness of Fabry in time, only small 
groups that see quite a lot of these patients. They might become 
more aware, but lots of people go to GP’s with these kinds of 
complaints and they are rather non-specific.” (FG 4, ethicist #2)

“Aches, simply one symptom, that was my only symptom at that 
time. And it could also be e.g. a tick bite. This can probably also 
cause the same pains. I think it’s really hard to diagnose, this disease. 
It’s a really rare disease among all more common diseases.” (FG4, 
patient #3)

To overcome this difficulty, participants suggested the implementation of specific 
tools for general practitioners, e.g. databases on rare diseases and the inclusion 
of rare diseases in current protocols.

Most participants of the mixed group discussions agreed the most on 
statement number 4: NBS should not be performed because the disease is very 
heterogeneous and phenotype prediction is difficult. 

“The problem with NBS then would be that you not only diagnose 
the patients early who would have severe complaints and who might 
have advantages of not delaying diagnosis, but you would also 
identify many people who have a low enzyme activity, but who will 
never develop disease. So, the problem is that we do not have a 
test that shows exactly who will have clinical symptoms and who 
will profit from early treatment, apart from those that only have an 
abnormal metabolism but who will never develop complaints.” (FG 
4, ethicist #2)

DISCUSSION 
In this study, we identified several arguments that are relevant to the discussion 
of whether or not to include FD in NBS programs by performing focus group 
discussions with different stakeholders. Although the aim of this study was to 
explore the opinions and attitudes of the topic and not necessarily reach a 
consensus, there was significant agreement during all of the discussions. Although 
it was agreed that the early diagnosis and treatment of FD is important, especially 
in symptomatic patients, the general opinion in the different focus groups was 
that it would be too early to include FD in NBS programs. It was concluded that 
screening might detect children who may never become symptomatic or may 
develop only late onset disease, with limited severity. The inability to predict the 
phenotype was considered to be one of the most important barriers for inclusion 
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of FD in NBS. Furthermore the lack of evidence of early treatment efficacy was 
believed to be an important barrier for NBS of FD. 

There was a considerable overlap in the experiences and opinions that were 
expressed during the FD patient focus group (Table 4) and the experiences were 
expressed in a qualitative interview study by 30 FD patients regarding the timing 
of their diagnosis recently conducted by our group (submitted for publication), 
especially concerning reproductive planning, medicalization, anticipating the 
future, and preventing disease progression with treatment. This overlap suggests 
that the considerations that were brought forward by the six patients involved in this 
focus group discussion are representative of that of the Dutch Fabry population. 

Our study results indicate that before the implementation of FD in NBS 
programs should be seriously considered, some issues need to be fully elucidated. 
This study emphasizes the need for studies on genotype- phenotype correlation, 
phenotype predictors and early FD treatment efficacy. Interestingly, during the 
discussions, many alternatives to NBS were suggested that would facilitate the 
early diagnosis of FD patients. One suggestion was to increase awareness among 
physicians. Indeed, due to the rarity of the disease, many physicians are poor at 
recognizing Fabry manifestations, as shown in a recent survey among a large group 
of international rheumatologists, one of the specialists Fabry patients may consult 
22. It is known that in the absence of family members with FD, a delay in diagnosis 
is common and may be up to 14 years in males, as described in 194 index patients 
in the Fabry Outcome survey 23. Although the feasibility of increasing awareness 
may be debatable, it may be important to provide specific tools for physicians 
to be able to diagnose rare diseases, e.g. through websites or by including rare 
diseases in currently applied diagnostic protocols. Improving family screening 
was another suggested approach. Indeed, one study revealed that, on average, 
five additional patients with FD may be diagnosed in a family pedigree following 
the identification of one proband or index case 24. At present, at our center, index 
patients are provided with oral and written explanation of the hereditary nature of 
the disorder. They are given general advice to inform potentially affected family 
members and are encouraged to that they seek genetic counseling. A more active 
approach that uses a system of cascade screening to intensify the search for family 
members at risk and subsequent counseling and diagnostic studies might result 
in a much higher yield. Such cascade family screening approaches are currently 
applied in the Netherlands to patients with familial hypercholesterolemia25. 

To our knowledge, this is the first study using focus group discussions in order 
to explore opinions on NBS for a LSD. In our selection of the participants, we 
made sure to include participants with different backgrounds and nationalities. 
To increase the reliability of the results, different researchers were involved in 
both the data collection (moderators and observers) and data analysis (MG, MZ 
and GL). We anticipated and observed a significant interaction among all of 
the participants during the focus group discussions, which allowed a consistent 
identification of different arguments. This study is unique in the fact that FD 
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experts, ethicists and FD patients discussed this issue together, in an open setting 
and atmosphere, with no other interests aside from sharing opinions, which differs 
from e.g. consensus meetings. The unanimous positive reactions that we received 
from the participants confirmed our idea that this method of research could be of 
value for other complex and ethical discussions concerning other LSDs. 

In summary, this study gives profound insight into the arguments that are 
relevant to the discussion of including FD in NBS programs and demonstrates 
that there is insufficient knowledge regarding associated crucial issues. All of 
the participants, emphasized that the lack of a clear phenotype prediction and 
uncertainty of the efficacy of early treatment should be fully elucidated before NBS 
for FD can be considered. These key issues should be further studied, to facilitate 
a careful weighing of potential benefits and harms of NBS programs for FD.

ACkNOWLEDGEMENTS
We thank all participants for their valuable contributions to the focus group 
discussions. We thank Saskia Rombach, Jessica de Ruijter, and Bouwien Smid 
for their contribution as observers during the discussions. This study is part of 
the research project T6-208 ‘Sustainable Orphan Drug Development through 
Registries and Monitoring’ at Top Institute Pharma in the Netherlands. 

REFERENCES
1. Bickel H, Gerrard J, Hickmans EM. Influence 

of phenylalanine intake on phenylke-
tonuria. Lancet 1953;265:812-813.

2. Wilson JM, Jungner YG. [Principles and 
practice of mass screening for disease]. Bol.
Oficina Sanit.Panam. 1968;65:281-393.

3. Grob R. Is my sick child healthy? Is my 
healthy child sick?: changing parental 
experiences of cystic fibrosis in the age 
of expanded newborn screening. Soc.Sci.
Med. 2008;67:1056-1064.

4. Kharrazi M, Kharrazi LD. Delayed diagnosis 
of cystic fibrosis and the family perspec-
tive. J.Pediatr. 2005;147:S21-S25.

5. Parsons EP, Clarke AJ, Hood K, Lycett 
E, Bradley DM. Newborn screening for 
Duchenne muscular dystrophy: a psycho-
social study. Arch.Dis.Child Fetal Neonatal 
Ed 2002;86:F91-F95.

6. Ross LF. Screening for conditions 
that do not meet the Wilson and 
Jungner criteria: the case of Duchenne 
muscular dystrophy. Am.J.Med.Genet.A 
2006;140:914-922.

7. Kint JA. Fabry’s disease: alpha-
galactosidase deficiency. Science 
1970;167:1268-1269.

8. Eng CM, Guffon N, Wilcox WR et al. 
Safety and efficacy of recombinant human 
alpha-galactosidase A--replacement 
therapy in Fabry’s disease. N.Engl.J.Med. 
2001;345:9-16.

9. Schiffmann R, Kopp JB, Austin HA, III et 
al. Enzyme replacement therapy in Fabry 
disease: a randomized controlled trial. 
JAMA 2001;285:2743-2749.

10. Banikazemi M, Bultas J, Waldek S et al. 
Agalsidase-beta therapy for advanced 
Fabry disease: a randomized trial. Ann.
Intern.Med. 2007;146:77-86.

11. Warnock DG, Ortiz A, Mauer M et al. Renal 
outcomes of agalsidase beta treatment 
for Fabry disease: role of proteinuria and 
timing of treatment initiation. Nephrol.
Dial.Transplant. 2011

12. Weidemann F, Niemann M, Breunig F et 
al. Long-term effects of enzyme replace-
ment therapy on fabry cardiomyopathy: 
evidence for a better outcome with early 
treatment. Circulation 2009;119:524-529.

171



CHAPTER 11

11

13. Banikazemi M, Bultas J, Waldek S et al. 
Agalsidase-beta therapy for advanced 
Fabry disease: a randomized trial. Ann.
Intern.Med. 2007;146:77-86.

14. Weidemann F, Niemann M, Breunig F et 
al. Long-term effects of enzyme replace-
ment therapy on fabry cardiomyopathy: 
evidence for a better outcome with early 
treatment. Circulation 2009;119:524-529.

15. Mehta A, Ricci R, Widmer U et al. Fabry 
disease defined: baseline clinical mani-
festations of 366 patients in the Fabry 
Outcome Survey. Eur.J.Clin.Invest 
2004;34:236-242.

16. Hwu WL, Chien YH, Lee NC et al. Newborn 
screening for Fabry disease in Taiwan reveals 
a high incidence of the later-onset GLA 
mutation c.936+919G>A (IVS4+919G>A). 
Hum.Mutat. 2009;30:1397-1405.

17. Lin HY, Chong KW, Hsu JH et al. High 
incidence of the cardiac variant of Fabry 
disease revealed by newborn screening 
in the Taiwan Chinese population. Circ.
Cardiovasc.Genet. 2009;2:450-456.

18. Spada M, Pagliardini S, Yasuda M et 
al. High incidence of later-onset fabry 

disease revealed by newborn screening. 
Am.J.Hum.Genet. 2006;79:31-40.

19. Schiffmann R. Fabry disease. Pharmacol.
Ther. 2009;122:65-77.

20. Linthorst GE, Bouwman MG, Wijburg FA et 
al. Screening for Fabry disease in high-risk 
populations: a systematic review. J.Med.
Genet. 2010;47:217-222.

21. Boeije H. Analysis in qualitative research.  
2009.  Sage, London. 

22. Cimaz R, Guillaume S, Hilz MJ et al. 
Awareness of Fabry disease among rheu-
matologists--current status and perspec-
tives. Clin.Rheumatol. 2011;30:467-475.

23. Hopkin RJ, Bissler J, Banikazemi M et al. 
Characterization of Fabry disease in 352 
pediatric patients in the Fabry Registry. 
Pediatr.Res. 2008;64:550-555.

24. Laney DA, Fernhoff PM. Diagnosis of 
Fabry disease via analysis of family history. 
J.Genet.Couns. 2008;17:79-83.

25. Ned RM, Sijbrands EJ. Cascade Screening 
for Familial Hypercholesterolemia (FH). 
PLoS.Curr. 2011;3:RRN1238.

172





12



GeNeRAl DiSCUSSiON  
AND fUTURe PeRSPeCTiveS 





GENERAL DISCUSSION AND FUTURE PERSPECTIVES

12

1. INTRODUCTION
Following the availability of enzyme replacement therapy (ERT) for Fabry disease 
a decade ago, the number of studies on Fabry has increased tremendously (see 
chapter 1, figure 1). This has resulted in an increase in observations and some 
improvement in the understanding of this rare disease. Indeed, many questions 
remain to be answered. The discovery and availability of a potentially disease 
modifying treatment for Fabry disease in the form of ERT also raised new concerns, 
such as how to determine treatment efficacy and how to assess the optimal timing 
of initiation of treatment. Finally, the notion that early start of treatment may 
improve treatment efficacy and thus the prognosis of patients with Fabry disease, 
in combination with the fact that first signs and symptoms of Fabry disease are 
often not recognized resulting in a long diagnostic delay, raised questions on the 
feasibility of selected and/or population screening. 

This thesis comprises several studies on different aspects of Fabry disease 
with a focus on psychosocial development of adolescents, the clinical phenotype 
in heterozygotes, long term treatment efficacy and aspects of screening for 
Fabry disease. In the next section several issues will be highlighted and possible 
research strategies will be discussed. 

2. WHAT IS THE IMPACT OF A LONG DIAGNOSTIC 
DELAY AND ACROPARESTHESIA?
Fabry disease is a rare, heterogeneous, lysosomal storage disorder which involves 
primarily the skin, heart, kidney and nervous system. The rarity of the disease, in 
combination with the nonspecific signs and symptoms and the heterogeneity of 
the course of the disease, complicates recognition of the disorder by physicians. 
In the absence of affected and previously diagnosed family members, the first 
clinical manifestations during childhood – generally being acroparesthesia, 
angiokeratoma and anhydrosis - are often not recognized as signs and symptoms 
of Fabry disease. Therefore, the time from onset of symptoms to diagnosis may 
be more than a decade (chapter 7). Although this delay in diagnosis is not unique 
for Fabry disease and is an issue complicating many rare disorders, this diagnostic 
delay may have significant impact on patients with the severe symptoms of Fabry 
disease as it may prevent timely start of both symptomatic as well as disease 
modifying treatment. Although it still remains to be proven that early start of ERT 
can prevent the occurrence of complications, it has been shown that in advanced 
cases ERT has little effects 1-3. Of less dispute is adequate and early symptomatic 
treatment, including adequate pain medication and the use of ACE-inhibitor and/
or AT-2 antagonists. We explored experiences of Fabry patients with regard to the 
timing of their diagnosis, and described the results in chapter 9. Patients with Fabry 
disease that experienced a delay in diagnosis reported that their symptoms, mainly 
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consisting of acroparesthesia, fatigue and heat intolerance, were misunderstood 
and not taken seriously by parents, physicians and teachers at school and that 
misdiagnosis was common. Patients were frequently told that they “were being 
overdramatic”. They often had to go through a prolonged diagnostic trajectory 
before the correct diagnosis was finally established and symptoms were often 
attributed to psychological problems instead of a somatic disease. Therefore, a 
timely diagnosis is highly relevant for these patients, providing early and accurate 
acknowledgement for their symptoms and to prevent the impact of growing up 
with severe and unrecognized clinical symptoms. 

Secondly, growing up with a chronic disease might have significant impact 
on the psychosocial developmental trajectory resulting in achievement of fewer 
psychosocial milestones, or at an older age, compared to peers 4-8. Achievement 
of milestones (e.g. having friends, participating in sports, having chores, a first job, 
the first boy-/girlfriend) during childhood is important for transition from childhood 
into adult life 9. In chapter 6 we demonstrated that Fabry disease has an impact 
on several aspects of the social development in males, with less participation in 
sports and less going out to bars and discos compared to peers. As this is likely to 
be related to the presence of acroparesthesia, optimizing the treatment of pain by 
analgesics may help to achieve optimal social development. However, providing 
adequate pain treatment in Fabry disease can be very difficult. Only few studies 
report on the efficacy of different drugs for acroparesthesia. No prospective trials 
on treatment of acroparesthesia have been published.  Case series suggest that 
carbamazepine, intravenous morphine and lidocain may provide optimal pain 
relief 10-12, however it is difficult to determine whether reported improvements 
are the result of the treatment or the natural, often fluctuating, course of the 
symptoms. In our experience, carbamazepine is highly effective in treating chronic 
acroparesthesia, however the excruciating pains during the so called ‘Fabry 
crises’, may occur despite carbamazine. Other options such as antidepressive 
agents and opiates should be tried in addition to carbamazepine in that case. 
Our experience is that even high dosed polypharmacy may fail to ameliorate the 
pain crises (unpublished observations). Other causes of small fiber neuropathy 
should be excluded. A stepwise approach how to manage of acroparesthesias in 
Fabry is lacking, with most observations or reviews documenting expert opinion. 
A prospective study on the management of acroparesthesias is warranted. 
Nevertheless, it is clear that optimal treatment of pain in Fabry disease can only 
be achieved when the diagnosis of Fabry disease is established as normal pain 
treatment regimes in children will fail. An early diagnosis is therefore relevant to 
optimize psychosocial development, especially in boys. 
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3. DOES EARLY TREATMENT WITH ERT PREVENT 
DISEASE PROGRESSION?
ERT is the first specific and potentially disease modifying therapy available for 
Fabry disease. Two different recombinant alpha-galactosidase A preparations are 
currently available in the Netherlands agalsidase alfa (Replagal®) and algasidase 
beta (Fabrazyme®). The first short term studies on efficacy of these novel therapies 
reported mainly a beneficial effect on clinical outcome (pain, renal function) 13, and 
reductions in accumulation of the substrate globotriaosylceramide (Gb3) levels 14. 
Additional follow-up demonstrated stabilization of renal function in some, but not 
all patients 15-19. Cardiac mass stabilized (or was slightly reduced) in some cases, 
but again others demonstrated progression. 2;18;20;21. Of interest, several studies 
indicated that disease progression occured more rapidly in patients started on 
ERT while having severe disease at baseline, especially kidney disease (proteinuria 
and chronic kidney disease (CKD) stage > 3) 1;2;15;19;22;23 and cardiac fibrosis 21. As 
a result, it is generally hypothesized that treatment with ERT in younger, less 
severely affected patients is more effective. 

In our study on efficacy of long term treatment, we demonstrated that ERT 
combined with optimal supportive case does not prevent disease progression, 
especially in males (loss of GFR, increase in left ventricular mass and occurrence 
of white matter lesions), but may stabilize disease in some patients (chapter 8). 
No differences were found in progression of the disease between patients with 
and without signs of organ damage at initiation of ERT (CKD stage, presence 
of left ventricular hypertrophy and white matter lesions). However, although no 
differences were found between disease progression in treated versus untreated 
patients, increased treatment duration did reduce the odds of developing a first 
and second complication. These findings emphasize the need to delineate more 
precisely who will benefit from ERT and who will not. The suggestion of a positive 
outcome of longer treatment (eg earlier initiation) strengthens the necessity to 
study the efficacy of early treatment. In the small group of adolescents (n=6) 
that started treatment early, during childhood, left ventricular mass remained 
stable, nevertheless GFR declined (-7.3±1.0 ml/min/1.73m2) during a median 
follow-up of 4.7 years. Most adolescents however already had hyperfiltration at 
start of therapy, thus the decrease in GFR may reflect normalization rather than 
progression. Development of white matter lesions occurred despite treatment. 

Further studies are needed to investigate the true benefit of early intervention 
on disease progression in Fabry disease. Currently, a multinational, open-label 
study with a duration of five years is ongoing, evaluating treatment with ERT 
(agalsidase beta, Fabrazyme®) in treatment-naive male pediatric patients with 
Fabry disease without severe symptoms (NCT00701415; clinical trials.gov). Two 
dosages are being compared: 1 mg/kg every month and 0.5 mg/kg every two 
weeks. Unfortunately, no untreated control group is included in this study. Results 
therefore will have to be compared to natural history data from untreated pediatric 
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patients, usually having less severe disease, with less rigorous follow-up. This, in 
combination with the slow rate of progression of disease, might make it difficult 
to draw definite conclusions from this study and patients will need to be included 
in further long term follow-up studies.  

Another factor which might influence treatment efficacy is the emergence 
of antibodies against exogenous administered alpha-galactosidase A in some 
patients. As males with Fabry disease generally do not express residual enzyme 
activity, exogenous administration of the enzyme alpha-galactosidase A may lead 
to an immune response as the enzyme is seen as a foreign protein by the immune 
system. Antibody formation towards alpha-galactosidase A has been reported 
to occur in over 40% of males treated with agalsidase alfa and over 80% 
of males treated with agalsidase beta, although the use of different assays 
hampers comparison 19;22;24. Almost all of the antibody responses involve 
immunoglobulin G (IgG) subclass antibodies; however immunoglobulin 
E (IgE) antibody reactions have been described 25. Antibodies have been 
demonstrated to exhibit neutralizing capacities, inhibiting the enzyme activity in 
vitro 26. In addition, a major proportion of circulating enzyme during infusion is 
bound to IgG and as a result altered enzyme targeting and trafficking has been 
shown 26. Several studies demonstrated that Gb3 clearance in urine, and to 
a lesser extent in plasma, decreases in the presence of antibodies 24;26-28 and 
it was shown that this causes re-accumulation of Gb3 in skin capillaries 29. 
Thus far, no correlation between antibody titers and onset of clinical events 
has been established, however it seems very likely that antibodies have a 
negative effect on treatment efficacy and future research should focus on 
strategies that overcome these effects. 

Several other therapeutic approaches are currently under investigation, 
including substrate-reduction therapy, chaperone therapy and the combination 
therapy of ERT and chaperones. Substrate-reduction therapy reduces the 
biosynthesis of glycosphingolipids and has been shown to be effective for 
Gaucher disease type 1, another lysosomal storage disorder. In vivo and in vitro 
studies of substrate deprivation therapy for Fabry disease have demonstrated 
a reduction of Gb3 30;31 and an additive reduction when combined with ERT 32. 
Treatment with pharmacological chaperones is based on the selective binding 
of small molecules to proteins in cells, leading to improved protein folding 
and trafficking, and increased activity 33. This approach might be an alternative 
treatment option for a subset of patients with missense mutations leading 
to protein misfolding and subsequent rapid degradation while the mutated 
enzyme may still have significant residual activity if it had reached the lysosomal 
compartment. A phase III, double blind, randomized, placebo controlled study 
currently investigates the efficacy of a pharmacological chaperone (migalastat 
hydrochloride) in Fabry disease (NCT 00925301, clinicaltrial.gov). In addition, 
studies with the combination of chaperones with ERT in patients are initiated 
(NCT 01196871, clinicaltrial.gov). 
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4. WHAT DEFINES FABRY DISEASE?
During the last years an increasing number of individuals have been identified with 
a decreased activity of alpha-galactosidase A and mutations in the coding GLA 
gene of which the clinical relevance is unknown. These individuals are generally 
identified because of selective screening of patients with relatively few or isolated 
symptoms of Fabry disease or within the scope of pilot studies on the feasibility of 
newborn screening programs for Fabry disease. This raises the essential question 
on the definition of Fabry disease. The following four approaches are, often, but 
not always, used in combination to establish a diagnosis of Fabry disease.

Firstly, diagnosis can be highly suspected on the basis of clinical signs and 
symptoms. The combination of typical acroparesthesia, angiokeratoma and 
anhydrosis in a male, is a strong indicator for Fabry disease. However, classical 
symptoms may be less prominent or even absent in milder or later-onset forms 
of the disease. In addition, several Fabry related signs and symptoms are 
rather aspecific. For instance, fatigue, palpitations, chest pain, abdominal pain 
and diarrhea are frequently reported in relation to Fabry disease, but are also 
common symptoms in the general population. This is illustrated by our study on 
the prevalence of symptoms in heterozygotes compared to controls, in which 
we detected that, although all reported gastrointestinal symptoms combined are 
significantly more often reported by Fabry heterozygotes (82%), the prevalence of 
these symptoms in controls is also very high (51%) (chapter 5). In addition, several 
signs and symptoms related to Fabry disease are found in normal elderly people, 
such as mild left ventricular hypertrophy and cerebral white matter lesions. A large 
study on the prevalence of white matter lesions revealed that of 1077 randomly 
selected Dutch elderly people, aged 60-90 years, only 8% was free of cerebral 
white matter lesions 34. Thus, care should be taken to attribute the presence of 
white matter lesions directly to Fabry disease, and this emphasizes the need 
to further specify these signs of Fabry disease. So, only in the case of a highly 
classical presentation in males, diagnosis of Fabry disease can be established 
with a high degree of certainty on the basis of signs and symptoms; however, this 
should still be confirmed by enzyme analysis. 

Secondly, in male Fabry patients with a classical form of the disease, the 
activity of alpha-galactosidase A in leukocytes or fibroblasts is generally very 
low to absent, which confirms a definite diagnosis. However, significant residual 
enzyme activity has been reported in males and appears to be related to late 
onset disease 35;36. Furthermore, in heterozygotes (females), the residual enzyme 
activity varies considerably, ranging from normal to nearly completely absent 
and studies have shown that one third of females will be missed when diagnosis 
is established based on enzyme activity alone 37. There is no clear correlation 
between the disease severity and the residual enzyme activity in females 38.  
So, diagnosing heterozygotes based on enzyme activity is not reliable and 
complementary diagnostic approaches are needed. 
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Sequencing the GLA gene may also provide essential information on defining 
Fabry disease. However, in the absence of classical symptoms, or a family member 
carrying the same mutation with classical Fabry disease, predicting whether 
a mutation is pathogenic can be very difficult, especially in heterozygotes. To 
determine whether known gene variants are disease-causing or not, genotype-
phenotype relations can be studied in large databases, allowing pooling of data for 
Fabry disease. Two registries have been set up, the Fabry Outcome Survey (FOS, 
Shire) and the Fabry Registry (Genzyme) to study post-marketing safety and efficacy 
of ERT. One study using data from the FOS on 114 different mutations, studied 
genotype-phenotype correlation, defining the phenotype based on the number 
of affected organs and a composite score using the FOS-Mainz Severity Score 
Index (FOS-MSSI). These registries are unfortunately limited by incompleteness of 
datasets and variable quality of data, due to lack of standardization of assessments 
39, thus hampering phenotypic characterization of patients. The currently used 
registries are not primarily designed to study genotype-phenotype correlations as 
the main objectives of these registries are related to post-marketing surveillance. 
Genotype - phenotype correlation of unknown mutations may be studied by 
mapping GLA mutations onto a three-dimensional structural model of the 
enzyme. Structural modeling provides information on the structural location 
(e.g. localization in the functionally important region or further away) and the 
number of atoms influenced by the amino acid substitution 40-42. Another 
approach of studying the impact of a mutation is to express a mutation in a cell 
system, and measure in vitro enzyme activity. However no studies have shown the 
correlation between enzyme activity as determined in vitro and clinical disease. 
The high number of private mutations, finally, hampers this approach and more 
in general defining clear genotype-phenotype correlations in Fabry disease. 
Variable disease severity within families carrying identical mutations 43 suggest 
that other factors also influence phenotype in Fabry disease. 

Finally, Fabry disease might also be defined on the basis of the finding 
of accumulation of the substrate of alpha-galactosidase A, mainly being 
globotriaosylceramide (Gb3). This can be found by performing histology, 
demonstrating Gb3 inclusions with light or electron microscopy in different cells, 
or by analyzing the metabolites in a quantitative way in plasma or urine. The 
majority of Fabry males show increased plasma Gb3, however in females this is 
usually normal 38. In contrast urinary Gb3, has been found to be increased in the 
majority of both Fabry males and females 38. A clear relation between plasma 
and urinary Gb3 levels and the occurrence of clinical manifestations has not been 
established 38. Globotriaosylsphingosine (lyso-Gb3), which is the deacylated form 
of Gb3, was more recently found to be increased in males as well as most females 
with Fabry disease 44. Plasma lysoGb3 exposure was shown to correlate with 
disease severity and was found to be an independent risk factor for development 
of cerebrovascular signs in male patients and left ventricular mass in females 
(chapter 3). Also, lyso-Gb3 allowed differentiating between patients with classical 
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Fabry disease and patients with mutations presumed to be associated with a milder 
phenotype or perhaps even no Fabry disease (the R112H and P60L genotype; 
chapter 3). These observations suggest that plasma lysoGb3 measurement may 
prove to be an useful additional assessment for confirmation of Fabry disease in 
individuals with an alpha-galactosidase A mutation with unknown consequence. 

In conclusion, diagnosing Fabry disease should be the result of a combination of 
clinical, biochemical and molecular characteristics, because the isolated approach 
will result in either overdiagnosis (patients with non-pathogenic mutations) or 
underdiagnosis (heterozygotes with normal enzyme activity). Measuring urinary 
Gb3 and plasma lysoGb3 should be further explored as a marker to confirm a 
biochemical diagnosis in heterozygotes and atypical Fabry patients.

5. FABRY DISEASE IN HETEROZYGOTES
It is currently well established that, despite its X-linked inheritance, severe disease 
manifestations may also occur in females with Fabry disease. Females generally 
have a milder disease course and complications generally occur later in life. In 
chapter 2 we describe that storage may already be present at birth in females, as 
we found inclusion bodies in smooth muscle cells of the umbilical cord. However, 
there was no storage in placental tissue in contrast to previously found in males. 
In chapter 5 we explored the prevalence of symptoms in Fabry heterozygotes 
compared to age-matched controls, using a retrospective survey. Fatigue, 
palpitations, pains in hands and feet, joint pain, dizziness, loss of libido and 
proteinuria during pregnancy were significantly more common in Fabry females. 
Even though these symptoms are present in a significant proportion of normal 
controls, they deserve further attention by treating physicians to better understand 
their significance in Fabry disease and to study whether these symptoms are 
amenable by ERT or by symptomatic treatment. Development of symptoms in 
females has been attributed to skewed inactivation of the X chromosome. There 
is some evidence supporting this hypothesis. One case report describes uneven 
X-inactivation in a female monozygotic twin with discordant phenotypic expression 
(15). Secondly, Drobovolny et al studied the relation between X-inactivation and 
clinical manifestations and found a more rapid disease progression in females 
with predominantly inactivated wild type X chromosomes 13;45;46. However, another 
study failed to confirm the relation between X inactivation and disease severity 47. 
This study was limited by the inability to determine which allele was inactivated in 
a substantial portion of the patients included. An interesting finding though was 
that the frequency of occurrence of skewed X-inactivation in Fabry heterozygotes 
did not differ from that in controls. In chapter 4 we report on a young female 
Fabry patient with already severe manifestation of the disease at an early age 
and 100% skewed X-inactivation of the wild type X-chromosome in leukocytes. 
Although the pattern of X-inactivation was determined only in leukocytes and it 
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is uncertain whether the same 100% skewed inactivation pattern is present in all 
cell types and tissues, this case-study supports the hypothesis that X-inactivation 
pattern plays a role in the phenotype in heterozygotes. Another possible 
mechanism may be a lack of metabolic cross-correction. Lysosomal enzymes 
excreted by cells can be taken up by deficient cells and may subsequently 
correct the enzyme deficiency to some extent. Although intercellular transfer 
of alpha-galactosidase A and metabolic cross-correction have been reported in 
vitro 48, apparently this mechanism is insufficient to prevent storage and clinical 
symptoms in a considerable proportion of Fabry heterozygotes. An explanation 
may be that formation of a specific metabolite in alpha-galactosidase A deficient 
cells could potentially affect alpha-galactosidase A competent cells. Indeed it 
has been shown that lysoGb3, formed in alpha-galactosidase A deficient cells, 
inhibits residual alpha-galactosidase A activity 44. 

6. IS FABRY DISEASE A CANDIDATE FOR POPULATION 
SCREENING?
An approach to early diagnosis of Fabry disease is newborn screening. The 
general aim of newborn screening is to detect disease in apparently healthy 
newborns, that if left untreated cause severe disability or death. In general, 
newborn screening programs have expanded during the last decades as a result 
of both technological developments, especially the development of tandem 
mass spectrometry, and advances in disease-modifying therapy. Also in the 
Netherlands, the newborn screening program was expanded from three to 17 
diseases in 2007, following the advice of the Dutch Health Council 49. Inclusion 
of a number of lysosomal storage disorders in newborn screening programs 
has gained considerable interest owing to the availability of ERT 50-53. Studies 
have focused on measuring enzyme activity in dried blood spots 54-58. For Fabry 
disease, three pilot newborn screening programs have been performed 59-61. 
These studies, one performed in Italy, the other two in Taiwan, revealed a much 
higher prevalence of Fabry disease than previously estimated on the basis of the 
number of patients diagnosed as a result of clinical signs and symptoms and family 
studies. However, many patients had significant residual enzyme activity and the 
majority of the detected mutations were associated with late onset disease. In 
Taiwan, one specific mutation appeared to be highly prevalent. Further studies 
are needed to delineate the natural history of late onset disease associated with 
these mutations. 

In chapters 9 and 10, relevant issues to be considered when discussing 
newborn screening for Fabry disease are identified. Our interview study highlights 
important patient perceptions about the timing of the diagnosis of Fabry disease, 
reflecting the heterogeneity of the disease. The impact of a delayed diagnosis 
when having severe symptoms is illustrated (see above), as well as the drawback 
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of a presymptomatic diagnosis, i.e. the risk of medicalization and labeling. 
Furthermore, a frequently mentioned disadvantage of an early diagnosis was the 
loss of a carefree life and increased anxiety about the future (chapter 9). During 
explorative focus group discussions with Fabry experts, ethicists and Fabry 
patients, it was generally agreed that the current difficulties with predicting the 
severity and course of Fabry disease in asymptomatic patients, in combination 
with the lack of knowledge on optimal timing of treatment and the efficacy of 
treatment, argue strongly against inclusion of Fabry disease in newborn screening 
programs (chapter 10). 

It can be argued that detection of mutations causing mild or unknown 
phenotypes during newborn screening is a common problem. Indeed, following 
the expansion of the program in the Netherlands, the total number of individuals 
detected with an abnormal screening result and subsequent diagnosed with an 
inborn error was considerably higher than the number of patients diagnosed 
following clinical signs and symptoms, especially for biotinidase deficiency and 
MCAD deficiency (19-fold and 3-fold respectively) 62. Detection of patients with 
mild phenotypes is not the goal of newborn screening and should be carefully 
balanced to the benefits of newborn screening for a particular disease, i.e. early, 
presymptomatic diagnosis of more severe phenotypes. 

7. WHAT ARE THE ALTERNATIVE APPROACHES TO 
ALLOW EARLY DIAGNOSIS OF FABRY DISEASE?
One alternative approach to allow timely diagnosis of Fabry patients would be 
to increase awareness amongst physicians who might be confronted with Fabry 
patients. The feasibility to achieve this for a general practitioner is probably low, 
since general practitioners are confronted with a large group of patients with 
unexplained symptoms. In addition, there is a great number of rare diseases and 
it is unrealistic to expect general practitioners to be aware of the initial presenting 
signs and symptoms of all of them. It is more feasible to try to increase awareness 
of the presenting signs and symptoms of Fabry disease amongst pediatricians, 
thus allowing early diagnosis in those patients before the occurrence of irreversible 
organ damage, when treatment might be most effective. In general, educating 
and stimulating physicians to perform internet search strategies for patients 
with persistent signs and symptoms of unknown origin might be a feasible 
approach for identification of rare disorders (chapter 7). Another approach to 
achieve early diagnosis could be by optimizing family screening, allowing early 
diagnosis in relatives of index patients. Applied strategies for the identification of 
affected family members will be different according to local protocols for genetic 
counseling and ethical regulations, and the diagnosis of Fabry disease can be 
missed or delayed if family screening is not actively pursued. A recent study on 
the results of family screening for Fabry disease revealed that, on average, five 
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additional patients with Fabry disease may be diagnosed in a family pedigree 
following the identification of one proband or index case 63.  At present, index 
patients in the Netherlands are provided with an oral and written explanation on 
the hereditary nature of the disorder. They are given general advice to inform 
potentially affected family members and to suggest that they seek genetic 
counseling. Approximately two patients per proband are currently identified 
(unpublished data). A more active approach, using a system of cascade screening 
to intensify the search for family members at risk, and offering counseling and 
diagnostic studies, might result in a much higher yield. Such cascade family 
screening approaches are currently applied in the Netherlands to patients with 
familial hypercholesterolaemia 64. However, as early treatment of Fabry disease 
is currently not proven to be as effective as in familial hypercholesterolaemia, 
an active approach might not be appropriate yet. Finally, high risk populations, 
i.e. patient populations that express a specific symptom that could be caused 
by Fabry disease, such as renal failure or left ventricular hypertrophy, can be 
screened for Fabry disease, the so-called selected screening. The need for early 
diagnosis has prompted several screening studies on the prevalence of Fabry 
disease in high risk populations. In chapter 9 we summarized these studies and 
calculated the combined prevalence. These combined studies demonstrated that 
the prevalence of Fabry disease in the dialysis population was 0.33% for men and 
0.10% for women. The prevalence found in cohorts of patients with LVH varies 
from 0.9% to 3.9% in men. As this approach will only lead to the identification of 
patients in whom organ damage is already present, who might not benefit from 
treatment with ERT, selected screening will only be beneficial for the relatives of 
these patients. 

8.  QUALITATIVE RESEARCH AND PATIENTS’ 
PERSPECTIVE 
This thesis includes several chapters in which the patients’ perspective has been 
taken into account. In chapter 5 we evaluated the prevalence of symptoms in Fabry 
heterozygotes, with the use of a questionnaire, which was largely developed by 
Fabry heterozygotes themselves. The aim was to identify possiblle unrecognized 
symptoms in females and to better understand aspecific complaints brought 
forward by Fabry heterozygotes. In this study none of the symptoms that were 
specifically suggested by the Fabry females as probably related to Fabry disease 
were found to be significantly more prevalent amongst Fabry females than in 
controls. However, this study revealed that fatigue, palpitations, pains in hands 
and feet, joint pain, dizziness, loss of libido and proteinuria during pregnancy 
were more common in Fabry females. Although these symptoms were present 
in a significant proportion of normal controls, they deserve further attention 
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by treating physicians to better understand their significance, treatment and 
relationship with Fabry disease. 

Furthermore, we used a qualitative research approach to explore the pros 
and cons of newborn screening for Fabry disease (chapters 10 and 11). In 
general, qualitative research is becoming more prominent in medicine and 
health care. During the last decades increasing number of qualitative studies 
appeared in medical journals. Several medical journals with high impact factors 
have set criteria specifically for qualitative studies (e.g. BMJ, http://resources.
bmj.com/bmj/authors/checklists-forms/editors-checklists and PLOS medicine65). 
Qualitative research addresses different kinds of research questions compared 
to the more well-known quantitative research, because it investigates patients’ 
needs, beliefs and experiences. We performed an interview study, exploring 
patients’ experiences with the timing of their diagnosis, with the primary aim 
of identifying relevant themes to fuel the discussion about expanding newborn 
screening programs to include Fabry disease. To date, the debate about the 
potential benefits and drawbacks of screening for Fabry disease had focused on 
technical aspects and expert opinions, rather than the opinions or experiences 
of Fabry patients. We feel that it is highly relevant to take the experiences of 
patients into consideration when discussing complex issues such as these.  

In our experience, performing qualitative research on patients may also 
proof to be of value for the involved physicians. Firstly, although physicians are 
familiar with the competence to openly explore issues when taking the clinical 
history of their patients, these communication skills are more consequently used 
during in-depth interviews. In our study we have experienced how this intense 
communication led to a better understanding of the patients’ perspective in 
relation to health and disease, and provided a more complete, holistic, insight 
in the patient and his/her disease, including social and psychological aspects. 
Although it is clear that this open explorative approach is very time-consuming, 
the use of this method of communication may prove to be of value to physicians, 
and consequently to patients, also during their normal practice. In addition, 
we noticed that the detailed process of data analysis, exploring and analyzing 
patients’ experiences, brings considerable nuances to the surface and, without 
doubt, prevents the tendency to generalize.

9. FUTURE PERSPECTIVES
Further studies are needed to investigate the true benefit of early treatment 
with ERT. The results of the current multinational, open-label, study evaluating 
treatment with ERT in young male pediatric patients with no or only mild signs 
and symptoms of Fabry disease, have to be awaited and efforts should be made 
to compare these results with reliable natural history data. In addition, a long term 
follow study of treatment efficacy in patients included in this study will need to 
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be done. Moreover, efforts should be made to collect multi-center, international, 
data on patients treated early with ERT. 

In the absence of clear objective clinical endpoints in pediatric patients with 
Fabry disease, the psychosocial development and quality of life are important 
outcome measures that need to be carefully considered for inclusion in follow-up 
studies and treatment efficacy-studies. As all adolescents included in our current 
study on course of life grew up without ERT, it would be of interest to repeat the 
study on the course of life in a cohort of children that grew up treated with ERT, 
to evaluate the impact of treatment on psychosocial development.

For all future studies on Fabry disease, it will proof to be essential to have 
full international agreement on the definition of Fabry disease based on clinical, 
biochemical and molecular characteristics. International consensus meetings may 
be instrumental to achieve consensus on this definition.

Finally, it is of upmost importance to study the natural course of patients with 
late onset signs and symptoms and of patients with mutations with unknown 
clinical relevance. This will prove to be essential for decisions on treatment 
initiation and follow-up of these individuals. 

Based on the results of our studies, it is my personal opinion that, at this 
moment, there are insufficient grounds to include Fabry disease in a newborn 
screening program. Indeed, several important issues need to be resolved before 
newborn screening for Fabry disease should be reconsidered. The focus of these 
studies should be on unraveling how to identify those patients who will develop 
severe symptoms at an early age and will benefit from introduction of disease 
modifying treatment. 

Table 1: Direction for future studies.

Long term efficacy of early initiation of enzyme replacement therapy 
Prospective study on the management of acroparesthesias
Studies on predictors of phenotype
Consensus on definition of Fabry disease
Natural course in patients with mild and late onset Fabry disease
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SUMMARY
This thesis comprises several studies, aimed at gaining more insight in the 
pathophysiology of Fabry disease, an improved delineation of phenotypic 
expression of the disease in heterozygotes and more knowledge on quality of 
life and psychosocial development of Fabry patients. Finally, our aim was to 
summarize current screening strategies and to identify issues to be considered in 
relation to the discussion on population (newborn) screening for Fabry disease. 

Chapter 1 presents a concise overview of the history of Fabry disease, its 
clinical characteristics, pathophysiology, diagnosis and treatment and serves 
as an introduction to the thesis. 

In chapter 2 we studied glycosphingolipid accumulation in placental tissue 
of two Fabry heterozygotes, one of an unaffected male newborn (placenta A) 
and one of an affected female newborn (placenta B). Placenta A was completely 
free of storage, both on the maternal and fetal side. Storage in smooth muscle 
cells of the umbilical cord of placenta B was found, but not in the placenta itself. 
These findings combined with those described previously, present a complex 
and heterogeneous picture. Differences in disease severity in the mothers, the 
gender of the fetus and the presence of disease in the newborn, may all influence 
placental pathology in Fabry disease. In addition, the lack of glycosphingolipids 
storage in placenta B, especially on the maternal side, might be a possible effect 
of enzyme replacement therapy (ERT), as the mother was treated with ERT during 
pregnancy.   

In chapter 3 we evaluated the diagnostic value of globotriaosylsphingosine 
(lysoGb3), a relatively new and promising biomarker for Fabry disease. Plasma 
lysoGb3-values of 37 male and 55 female Fabry patients were measured before 
treatment with ERT and the association between lysoGb3 and disease severity and 
disease parameters was determined. Plasma lysoGb3 was found to be increased 
in all Fabry patients, with the exception of a few young girls. Therefore, lysoGb3 
determination can be used for confirmation of the diagnosis of Fabry disease. In 
patients with atypical Fabry disease, lysoGb3 was within normal values. Plasma 
lysoGb3 exposure was shown to correlate with disease severity and was found to 
be an independent risk factor for development of cerebrovascular signs in male 
patients and left ventricular mass in females. 

In chapter 4, the enzymatic, biochemical and molecular characteristics of 
a young female patient with Fabry disease are described. This girl developed 
central nervous system involvement (cerebral white matter lesions) due to Fabry 
disease from the very early age of thirteen years. Despite treatment with ERT, a 
hemorrhagic infarction occurred at the age of fifteen years. Alpha-Galactosidase 
A activity, measured in leukocytes, was strongly reduced (1.8 ng/mmol/hr) and 
plasma lysoGb3 was markedly elevated (99 nmol/ml), which could all be explained 
by the 100% skewed X-inactivation of the paternal wild-type allele found in 
leukocytes. Though X inactivation was only assessed in leukocytes, these findings 
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support the hypothesis that skewed X-inactivation may be one of the contributors 
of the clinical phenotype in female patients. However, other yet unknown factors 
will contribute to the remarkably high number of females with clinical signs and 
symptoms in Fabry disease. Furthermore, these findings support the inclusion 
of brain imaging by MRI for assessment and follow-up of Fabry patients from an 
early age, independent of gender.

In order to identify signs and symptoms in females that have not been previously 
recognized, and to better understand aspecific complaints brought forward by 
Fabry heterozygotes, a questionnaire for Fabry heterozygotes was developed. In 
chapter 5, the results of this questionnaire, completed by 63 heterozygotes and 
52 aged-matched controls, are reported. Fatigue, palpitations, pains in hands 
and feet, joint pain, dizziness, loss of libido and proteinuria during pregnancy 
were found to be  significantly more common in Fabry females. Although these 
symptoms are present in a significant proportion of normal controls, they deserve 
further attention by treating physicians to better understand their significance 
in Fabry disease and to study if these symptoms are amendable by ERT or by 
symptomatic treatment.

Chapter 6 focuses on the psychosocial development and quality of life in 28 
young adults with Fabry disease as assessed by the Course of Life questionnaire 
and the Short Form-36 questionnaires. Compared to an age-matched normative 
population, social development of Fabry males was affected, as they were less 
likely to participate in sports and going out to bars and discos. We hypothesized 
that this difference might be caused by acroparesthesia, which generally 
aggravate during heat or exercise. This observation strengthens the need for 
adequate pain management. Furthermore, Fabry adolescents were found to have 
decreased quality of life in the physical domains of the quality of life assessment. 
Despite the affected social development and impact of Fabry disease on quality 
of life, psychosexual and autonomy development, as well as socio-demographic 
outcomes, were not affected, which is encouraging for families with children with 
Fabry disease.

The enormous expansion of the availability of information on the internet has 
resulted in widespread access to this information for both patients and physicians. 
Regarding rare diseases, the use of internet may provide an important tool in 
the diagnostic process. In chapter 7 we present two cases in which concerned 
parents made a correct diagnosis of a lysosomal storage disorder (MPS I and 
Fabry disease) in their child by searching the internet after a long doctor’s delay. 
These cases illustrate the utility of publicly available search engines in diagnosing 
rare disorders and in addition illustrate the lengthy diagnostic odyssey which is 
common in lysosomal storage disorders.

The results of a study in our cohort on long-term efficacy of treatment with 
ERT are described in chapter 8. The follow-up of 75 patients, treated during a 
median of 5.2 (range 0.05-11) years with ERT, of renal function, cardiac mass 
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and cerebral white matter lesions revealed that there was a substantial disease 
progression despite ERT in males, as shown by a decline in renal function and an 
increase in cardiac mass. In females renal function and cardiac mass remained 
stable. Treatment with ERT did not prevent the occurrence (or progression) of 
white matter lesions in both males and females. Though the occurrence of major 
complications, defined as major cardiac events, stroke, end stage renal disease 
and death did not differ between the treated and untreated cohorts, the odds of 
developing a first and second complication was favorably influenced by treatment 
duration. It was concluded that long term treatment with ERT combined with 
optimal supportive case does not fully prevent disease progression, but may 
stabilize disease in some. These findings emphasize the need to delineate more 
precisely who will benefit from ERT and who will not. The possible positive 
effect of longer treatment strengthens the necessity to study the efficacy of early 
initiation of treatment. 

In chapter 9 the results of a systematic review calculating the overall prevalence 
of Fabry disease in high risk cohorts are presented. In males on renal dialysis 
the overall Fabry disease prevalence was found to be 0.33% (95% CI 0.20-0.47) 
and in females 0.10% (95% CI 0-0.19). Combined prevalence of Fabry disease in 
patients with a history of renal transplant was 0.38% (95% CI 0.07-0.69) in males 
and 0% in females. In patients with left ventricular hypertrophy (LVH), selection 
of study-population and differences in the method of screening hampered the 
calculation of an overall prevalence (ranging from 0.9-3.9% in males and 1.1-
11.8% in females). In premature strokes (N=2 studies) overall prevalence of Fabry 
disease was 4.2% (95% CI 2.4-6.0) in males and 2.1% (95CI 0.5-3.7) in females. 

In chapter 10 the experiences of patients with Fabry disease on the timing of 
their diagnosis are reported, analyzing semi-structured interviews with 30 Fabry 
patients. These interviews aimed to identify important patient oriented themes 
relevant to the discussion on newborn screening of Fabry disease. Six divergent 
themes were identified as relevant. One was the impact of a delayed diagnosis 
on severely affected patients, who often felt misunderstood and were frequently 
misdiagnosed. In contrast, others reported the drawback of a presymptomatic 
diagnosis, which resulted in stigmatization and medicalization. The ability to 
anticipate the future was considered as both an advantage and a disadvantage of 
an early diagnosis. Yet, patients reported that an early diagnosis of Fabry disease 
would be important to prevent disease progression with timely treatment. The 
reported divergent themes reflect both the phenotypic heterogeneity of the 
disease as well as the substantial differences between experiences of patients 
and bring important nuances to the discussion on newborn screening programs.

Chapter 11 deals with a focus group study aimed at exploring opinions on the 
issue of newborn screening of Fabry disease of various parties involved: Fabry 
experts, ethicists and Fabry patients. Several arguments were identified that 
were considered to be crucial to the discussion on inclusion of Fabry disease in 
newborn screening programs. This study concluded that the current inability to 
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predict the severity and course of the disease in asymptomatic patients combined 
with the lack of knowledge on optimal timing and the efficacy of treatment with 
ERT, is a strong argument against inclusion of Fabry disease in newborn screening 
programs. Research should focus on these key questions.

Finally, chapter 12 presents a general discussion on the results of the studies 
included in this thesis and an outline for further studies aimed at resolving the 
resulting research questions.
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SAMENVATTING
In dit proefschrift worden de resultaten beschreven van een aantal studies die 
gericht zijn op het verkrijgen van meer inzicht in de pathofysiologie van de ziekte 
van Fabry, het verruimen van de kennis over het fenotype van deze ziekte bij 
vrouwen en het verkrijgen van kennis over de kwaliteit van leven en levensloop 
van jongvolwassenen met de ziekte van Fabry. Tot slot worden huidige methodes 
van vroege opsporing van deze ziekte besproken en worden aspecten beschreven 
die van belang zijn voor de beslissing of de ziekte wel of niet in het neonatale 
bevolkingsscreeningsprogramma (de hielprikscreening) opgenomen zou moeten 
worden. 

Hoofdstuk 1 geeft een korte samenvatting van de geschiedenis, de klinische 
verschijnselen, aspecten van de pathofysiologie, diagnose en behandeling van 
de ziekte van Fabry. 

In hoofdstuk 2 wordt de stapeling van glycosfingolipiden in placentaweefsel 
van twee vrouwen met de ziekte van Fabry onderzocht. De eerste placenta 
behoorde bij een niet aangedaan jongetje (placenta A), de tweede bij een 
meisje die wel draagster bleek van de ziekte. In placenta A werd geen stapeling 
gevonden, noch aan de moederlijke noch aan de foetale kant. In placenta B werd 
alleen stapeling gezien in de gladde spiercellen van de navelstreng, niet in de 
placenta zelf. De mate van stapeling blijkt aldus zeer heterogeen. Hierbij spelen 
waarschijnlijk de ernst van de ziekte bij de moeders, het geslacht van de foetus 
en het al dan niet aanwezig zijn van de ziekte bij de foetus een rol. Daarnaast kan 
een mogelijk effect van enzymtherapie in placenta B niet worden uitgesloten, 
aangezien moeder B hier tijdens de zwangerschap mee werd behandeld.

In hoofdstuk 3 wordt de diagnostische waarde van een nieuwe en 
veelbelovende marker voor de ziekte van Fabry beschreven. Van 37 mannen en 
55 vrouwen met de ziekte van Fabry werd in het plasma de concentratie van de 
stof globotriaosylsphingosine, ‘lysoGb3’, bepaald vóór de start met behandeling 
met enzymtherapie. De relatie tussen de lysoGb3 concentratie en ziekte-ernst 
en lysoGb3 concentratie en ziekteparameters werd onderzocht. De lysoGb3 
concentratie was verhoogd in het plasma van alle Fabry-patiënten, behalve 
bij een aantal jonge meisjes met Fabry. Hieruit concluderen wij dat lysoGb3-
bepaling gebruikt kan worden om de diagnose ziekte van Fabry te bevestigen. In 
patiënten met een atypische vorm van de ziekte van Fabry bleek de concentratie 
van het lysoGb3 niet verhoogd. Er bestond een correlatie tussen concentratie 
van lysoGb3 en ziekte-ernst, en lysoGb3 bleek een onafhankelijke voorspeller van 
het optreden van cerebrovasculaire verschijnselen bij mannen en linkerventrikel-
hypertrofie bij vrouwen. 

In hoofdstuk 4, worden de enzymatische, biochemische en moleculaire 
karakteristieken beschreven van een meisje met de ziekte van Fabry. Dit meisje 
bleek al op de jonge leeftijd van 13 jaar witte stofafwijkingen in de hersenen 
te hebben, passend bij de ziekte van Fabry. Ondanks behandeling met 
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enzymtherapie kreeg zij een hemorragisch infarct op de leeftijd van 15 jaar. 
Enzymactiviteit van het alpha-galactosidase A, gemeten in leukocyten, was sterk 
verlaagd (1.8 ng/mmol/hr) en plasma lysoGb3 was sterk verhoogd (99 nmol/ml), 
wat verklaard kon worden door 100% inactivatie van het vaderlijke wild-type allel 
in leukocyten. Deze bevindingen ondersteunen de hypothese dat een scheve 
X-inactivatie een rol speelt bij het klinische fenotype van vrouwen met de ziekte 
van Fabry. Echter, andere, nog onbekende factoren spelen zeker een rol bij het 
opvallend hoge aantal vrouwen met verschijnselen van deze X-gebonden ziekte. 
Deze bevindingen ondersteunen de aanbeveling dat, ongeacht het geslacht, 
beeldvorming van de hersenen vanaf een vroege leeftijd verricht dient te worden. 

Om het vóórkomen van klachten bij vrouwen met de ziekte van Fabry te 
bestuderen, en om aspecifieke klachten geuit door vrouwen met de ziekte van 
Fabry beter te kunnen duiden, werd een vragenlijst ontwikkeld. In hoofdstuk 5 
beschrijven we de resultaten van deze vragenlijststudie, waar 63 vrouwelijke Fabry-
patiënten en 52 controles aan deelnamen. Vermoeidheid, hartkloppingen, pijn in 
handen en voeten, gewrichtsklachten, duizeligheid, libidoverlies en eiwitverlies 
in de urine tijdens de zwangerschap werden significant vaker gerapporteerd bij 
Fabry-patiënten dan bij controles. Ondanks het feit dat deze klachten ook in een 
groot deel van de controles aanwezig waren, verdienen deze klachten verdere 
aandacht van behandelend artsen om het belang van deze klachten beter te 
kunnen begrijpen.

In hoofdstuk 6 bestuderen wij de psychosociale ontwikkeling en kwaliteit 
van leven van 28 jongvolwassenen met de ziekte van Fabry, door middel van 
de Course of Life- en de Short-Form-36-vragenlijsten. In vergelijking met een 
normatieve populatie van dezelfde leeftijd, bleek de sociale ontwikkeling van 
Fabry jongens achtergebleven. Zij bleken minder deel te nemen aan sport en 
minder uit te gaan. Onze hypothese is dat dit verschil verklaard kan worden 
door onbehandelde acroparesthesieen, pijnklachten in handen en voeten, 
die verergeren tijdens warmte en inspanning. Deze observatie benadrukt het 
belang van adequate pijnbehandeling. Daarnaast bleken de jongvolwassenen 
een verminderde kwaliteit van leven te scoren in de lichamelijke domeinen. 
Behalve deze gevonden verschillen bleken de psychoseksuele ontwikkeling, de 
autonomie ontwikkeling en de socio-demografische uitkomsten niet te verschillen 
ten opzichte van de normatieve populatie, wat geruststellend is voor families met 
kinderen met de ziekte van Fabry. 

Er is tegenwoordig heel veel medische informatie op het internet beschikbaar 
voor zowel patiënten als artsen. Voor zeldzame ziektes kan het internet een 
belangrijk hulpmiddel zijn bij het diagnostische proces. In hoofdstuk 7 beschrijven 
wij twee casus waarin bezorgde ouders een juiste diagnose stellen van een 
lysosomale stapelingsziekte bij hun kind (de ziekte van Fabry en MPSI)  na een 
korte zoektocht op het internet. Deze casus illustreren het nut van openbaar 
beschikbare zoekmachines voor het stellen van een diagnose. Daarnaast 
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illustreren deze casus het langdurige diagnostische traject dat ouders en kind 
dikwijls moeten doorlopen. 

De resultaten van een onderzoek naar de lange termijneffectiviteit van 
enzymtherapie voor de ziekte van Fabry worden beschreven in hoofdstuk 
8. Het beloop van de nierfunctie, hartspiermassa en het ontstaan van witte 
stofafwijkingen in de hersenen werden onderzocht in 75 patiënten die gedurende 
5.2 jaar (mediaan) behandeld werden met enzymtherapie. Bij mannen bleek er, 
ondanks enzymtherapie, sprake te zijn van een significante verslechtering van de 
ziekte. Bij vrouwen bleef de nierfunctie en de hartspiermassa stabiel. Behandeling 
met enzymtherapie kon het optreden van (nieuwe) witte stofafwijkingen in de 
hersenen niet voorkomen. Tussen het behandelde en onbehandelde cohort 
werd geen verschil gevonden in de tijd tot het optreden van grote complicaties, 
dat werd gedefinieerd als belangrijke cardiale complicaties, herseninfarcten, 
eindstadium nierfalen en overlijden. Wel werd de kans op het ontwikkelen van 
een eerste en tweede complicatie gunstig beïnvloed door de behandelingsduur. 
Wij concluderen dat behandeling met enzymtherapie op de lange termijn 
gecombineerd met optimale ondersteunende therapie, voortgang van de ziekte 
niet kan voorkomen, maar wel tot staan kan brengen in een deel van de patiënten. 
Het gunstige effect van een langere behandelingsduur benadrukt het belang van 
onderzoek naar de effectiviteit van vroege behandeling met enzymtherapie. 

In hoofdstuk 9 presenteren wij de resultaten van een systematische review 
waarbij het vóórkomen van de ziekte van Fabry in verschillende hoogrisicogroepen 
wordt berekend. Het vóórkomen van de ziekte bij mannen die gedialyseerd worden 
was 0.33% en bij vrouwen 0.10%. Bij patiënten met linkerventrikel-hypertrofie, 
konden wij door verschillen in studiepopulatie en methode van screening, geen 
overall prevalentie-getal berekenen. De totale prevalentie van de ziekte van Fabry 
bij vroegtijdige herseninfarcten (2 studies) was 4.2% voor mannen en 2.1% voor 
vrouwen.

In hoofdstuk 10 beschrijven wij de resultaten van ons onderzoek naar de 
ervaringen van Fabry-patiënten met betrekking tot het tijdstip waarop bij henzelf, 
of hun kind, de diagnose was gesteld. Dertig patiënten met de ziekte van Fabry 
werden hierover geïnterviewd, met als doel de discussie over het al dan niet 
opnemen van de ziekte van Fabry in de hielprikscreening te kunnen voeden 
vanuit het patiëntenperspectief. De ervaringen van de geïnterviewde patiënten 
bleken niet eenduidig, en worden in dit hoofdstuk aan de hand van zes thema’s 
beschreven. Bij patiënten die lang klachten hadden voordat de diagnose gesteld 
werd, had dit een grote impact op hen gehad. Deze patiënten hadden zich veelal 
onbegrepen gevoeld, onder meer omdat er vaak een verkeerde diagnose werd 
gesteld en/of omdat hen, al dan niet in deze letterlijke bewoording, verteld was 
dat zij zich ‘niet aan moesten stellen’. Andere patiënten benadrukten echter 
de nadelen die een presymptomatische diagnose met zich mee kon brengen, 
namelijk de kans op stigmatisering en medicalisering. Het gevoel voorbereid te 
zijn op de toekomst kwam in de interviews naar voren als zowel een mogelijk 
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nadeel als een voordeel van een vroege diagnose. Patiënten hadden dikwijls de 
indruk dat een vroege diagnose verdere verslechtering van de ziekte had kunnen 
voorkomen. De thema’s zoals die naar voren kwamen reflecteren de heterogeniteit 
van de ziekte en brengen belangrijke verschillen naar voren tussen ervaringen van 
patiënten. Deze gevonden verschillen nuanceren de discussie over de vraag of de 
ziekte van Fabry in de hielprikscreening opgenomen zou moeten worden. 

In hoofdstuk 11 worden de resultaten gerapporteerd van een focusgroep 
studie, die was opgezet om de meningen te verkennen van verschillende 
groepen betrokkenen over mogelijke opname van de ziekte van Fabry in de 
hielprikscreening. In dit hoofdstuk worden de belangrijkste argumenten beschreven 
die Fabry-experts, Fabry-patiënten en medisch ethici in deze focusgroepen naar 
voren brachten. De algemene conclusie van alle focusgroepen was dat het huidig 
onvermogen de ernst en het beloop van de ziekte in asymptomatische patiënten te 
kunnen voorspellen, gecombineerd met het ontbreken van voldoende kennis over 
de optimale timing en effectiviteit van enzymtherapie, belangrijke argumenten 
zijn tégen het opnemen van de ziekte van Fabry in de hielprikscreening. Verder 
onderzoek naar voorspellers van de ernst van de ziekte en effectiviteit van vroege 
behandeling met enzymtherapie is eerst nodig. Tevens werden in de focusgroepen 
mogelijke alternatieven genoemd voor vroege opsporing van de ziekte van Fabry.  

Tot slot, worden in hoofdstuk 12 de resultaten van het onderzoek van dit 
proefschrift bediscussieerd en wordt er richting gegeven aan toekomstig 
onderzoek met betrekking tot de diverse aspecten van de ziekte van Fabry die in 
dit proefschrift aan de orde zijn gesteld. 
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voor alle leerzame momenten op de woensdagmiddag.

Op F5: Els, Lydia, Maaike W en Birgit, bedankt voor al jullie praktische hulp en 
betrokkenheid! 

Graag wil ik ook het bestuur van de Fabry patiëntenvereniging bedanken voor 
de prettige en vruchtbare samenwerking. Erica Schenk en Annelies Sweeb: veel 
succes met het verder uitrollen van de vrouwenvragenlijst!

Marian Verheul (alias de tiktijger): bedankt voor de fijne samenwerking en het 
snelle uittypen van de vele transcripten! Leah: bedankt voor al je snelle vertaal- 
en correctiewerk!

Het metabole team: Annet, Minke, Henk, Thessa, Klaske, Simone en Esther, 
bedankt voor de fijne samenwerking en gezelligheid! Minke, ik heb het altijd erg 
leuk gevonden met je te sparren over het kwalitatieve onderzoek. Lieve Klaske en 
Thessa, bedankt voor al jullie praktische hulp, maar bovenal gezellige momenten. 
Klaske, ik vind het heel stoer hoe jij het roer om hebt durven gooien en wie weet 
werken we in de toekomst weer samen, mocht je ook voor de kindergeneeskunde 
kiezen! Lieve Thessa, ik heb veel bewondering hoe goed jij het schip varende 
hebt weten te houden na het vertrek van Klaske, geen gemakkelijke opgave!  

En dan mijn kamergenootjes, Amber, Marlies en Quirine, jullie hebben mij wegwijs 
gemaakt in het onderzoek in de metabole ziekten en hebben me opgevrolijkt 
als ik het even niet zag zitten. Ik kijk met veel plezier terug naar onze tijd op 
H8! Amber, respect hoe je alle ballen hoog weet te houden en wat super dat we 
samen met de opleiding gaan beginnen! Marlies, succes met je opleiding tot AVG 
arts. Ik bewonder je betrokkenheid en enthousiasme! Quirine, wat ben je toch een 
toppertje! Zo oprecht sociaal en betrokken naar een ieder, dat heb ik nog nooit 
meegemaakt. Van jouw vechtlust en optimisme kan ik ontzettend veel leren.

Lieve Fem, Jessica, Linda, Veronica, Marjolein en Serwet, jullie hebben mij 
gesteund tijdens de laatste loodjes. Fem, you’re one of a kind! Wat heb ik 
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je gemist het laatste half jaar toen je in Afrika zat. Jouw inzicht in onderzoek 
gecombineerd met jouw humor zijn uniek! Lieve Jessica, harde werkster, steeds 
weet je weer nieuwe dingen te ontdekken en verzinnen. Ik voorspel dat jouw 
boekje prachtig word, cum laude! Je bent duidelijk niet alleen een prachtige 
verschijning! Bedankt voor het overnemen van de FIELD-studie tijdens mijn 
zwangerschapsverlof. Linda, wat fijn dat jij de FIELD studie nu van mij overneemt! 
Met jouw organisatietalent gaat dat helemaal goed komen! Ik wens je veel succes 
en vooral plezier in jouw promotietraject! Veronica, Marjolein en Serwet, bedankt 
voor alle gezellige momenten en veel succes met jullie onderzoek! Laten we nog 
vaak met zijn allen uit eten gaan! 

Collega-onderzoekers van het interne metabole team en biochemie: Marieke, 
Saskia, Laura, Bouwien en Maria, bedankt voor alle gezelligheid tijdens lunch en 
koffie en leerzame brainstorms tijdens onze journal-clubs. Saskia: onze trajecten 
hadden een grote overlap. Ik ben diep onder de indruk van jouw kennis over 
Fabry en statistiek! Bedankt voor de fijne samenwerking en ik wens je heel veel 
succes nu in de kliniek! Marieke bedankt voor al je tips en hulp tijdens de laatste 
fase!

Collega-onderzoekers van de kindergeneeskunde, in het bijzonder Tessa, 
Saskia H. en Marieke, bedankt voor alle leuke momenten! Onderzoekers metabole 
ziekten die mij voorgingen: Malika, Josanne, Hidde en Christiaan bedankt voor 
het geven van het goede voorbeeld.  

Lieve paranimfen, wat een fijn idee dat jullie op de grote dag naast mij zullen staan, 
bedankt daarvoor! Lieve Anne; nadat ik naar Amsterdam verhuisde, schreven we 
elkaar als penvriendinnen vele brieven en tot op de dag van vandaag delen we 
alle ups en downs. Bedankt voor je vriendschap en je vertrouwen in mij! Lieve 
Judith, in sommige opzichten lijken we nogal op elkaar en daarom voelt onze 
band wellicht extra speciaal. Ik ben heel blij met onze vriendschap! 

En natuurlijk wil ik ‘de meiden’ bedanken, met wie ik in verschillende 
samenstellingen de afgelopen jaren zoveel leuke dingen heb gedaan! Lieve Ilse, 
veelal de spil van de meidengroep, ik bewonder je daadkracht en optimisme! 
Lieve Lotte, wat fijn om ervaringen te kunnen delen als jonge moeders en jonge 
dokters! En wat leuk dat we nu samen de opleiding gaan beginnen, het gaat ons 
lukken! Lieve Margot, Anke en Marjolein v/d H., het is genieten tijdens etentjes 
en feestjes! Wat is er veel gebeurd in 10 jaar.. ik kijk uit naar de volgende 10! Lieve 
Maaike, Mireille, Marjolein W., Sanne, Ydje, Patricia, Myriam en Goedele: bedankt 
voor alle gezellige feestjes, etentjes, koffietjes en meer! Tot slot, Suzanne, wat 
leuk dat we elkaar al die jaren zijn blijven volgen! 

Lieve Betty en Alfred, bedankt voor jullie betrokkenheid en belangstelling voor 
mijn onderzoek en bovenal voor alle goede zorgen voor Melle! Lieve Virginie, 
jammer dat je zover weg woont. Ik hoop Maya snel live te zien!
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Lieve mam, bedankt dat je er ondanks jouw drukke schema altijd voor me bent, 
een sms’je of telefoontje en je bent er! Wat fijn dat je op dinsdag steeds weer 
vroeg naar Amsterdam kwam om op Melle te passen! Lieve Jan, veel dank voor al 
je correctiewerk, je wist er steeds weer foutjes uit te halen! En fijn dat ik mij een 
aantal keer met laptop terug heb kunnen trekken in jullie huisje in Voorthuizen om 
ongestoord te kunnen schrijven!

Lieve pap en Lotte, ook jullie zijn er altijd voor mij en hebben me altijd op de 
voet gevolgd. Ik heb altijd het gevoel gehad dat welke keuze ik ook maak, het 
goed is. Ik wil jullie daar ontzettend voor bedanken! Ook dank voor het oppassen 
op Melle op de dinsdagen!

Lieve Roos en Mirjam, wat fijn jullie als zussen te hebben! Lieve Roos, we 
hebben heel wat meegemaakt de laatste jaren samen. Ik heb bewondering voor 
het feit dat je altijd je eigen weg bent gegaan en kijk vol vertrouwen naar de 
toekomst! Lieve Mir, ik zal altijd je kleine zusje blijven en hoop in de toekomst wat 
vaker naar Noordwijk te kunnen komen. Leuk om nu ook als moeders ervaringen 
uit te kunnen wisselen! En natuurlijk Rudolf, Coen en Stan: ik ben heel blij dat 
jullie er zijn!!

En dan.. lieve Melle, wat ben ik trots op je! Je maakt steeds mijn dag weer goed! 
Je bent een heerlijk jochie; wat fijn om samen met jou de wereld te mogen 
ontdekken! En lieve Evi, hoogzwanger van jou heb ik dit proefschrift afgerond. 
Heerlijk dat je er nu bent, ik geniet volop van je! Ik hou ontzettend veel van jullie 
allebei!

Tot slot, Leon, ‘liefde van mijn leven’, bedankt dat je er onvoorwaardelijk steeds 
opnieuw voor me bent! Ik ben trots op ‘ons’ en hoe we het samen rooien! Ook de 
komende tropenjaren kunnen we samen aan! Ik heb je lief! 
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CURRICULUM VITAE
Machtelt Bouwman werd op 10 augustus 1979 geboren in Amsterdam. Zij 
groeide deels op in Ter Aar, deels in Amsterdam. In 1997 behaalde zij haar 
diploma aan het Vossius Gymnasium te Amsterdam. Nadat zij werd uitgeloot 
voor Geneeskunde, studeerde zij een jaar bewegingswetenschappen aan de Vrije 
Universiteit te Amsterdam, waar ze haar huidige man leerde kennen. Een jaar 
later kon ze met haar opleiding geneeskunde beginnen aan de Vrije Universiteit. 
Tijdens haar studie en co-schappen heeft zij aan diverse onderzoeksprojecten 
binnen de kindergeneeskunde meegewerkt. Na het behalen van het arts-examen 
‘cum laude’ op 17 juni 2005, deed zij met veel plezier klinische ervaring op als 
ANIOS kindergeneeskunde in de Gelderse Vallei te Ede (opleider: Dr. G. van 
Enk) en in het Wilhelmina Kinderziekenhuis te Utrecht (opleider: Dr. J. Frenkel) 
waar haar keuze voor de kindergeneeskunde werd bevestigd. In 2008 was zij 
werkzaam als ANIOS in het Emma Kinderziekenhuis in Amsterdam, toen zij door 
Prof. Dr. F.A. Wijburg werd gevraagd onderzoek naar vroege behandeling met 
enzymtherapie van kinderen met de ziekte van Fabry te coördineren. Dit heeft 
uiteindelijk geresulteerd tot het proefschrift dat nu voor u ligt. In januari 2012 is 
Machtelt Bouwman gestart met haar opleiding Kindergeneeskunde in het Emma 
Kinderziekenhuis (opleider: Prof. Dr. A.P. Bos). Machtelt is getrouwd met Leon van 
Beurden, en samen hebben ze twee kinderen, Melle en Evi. 
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