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Abstract

Fabry disease (OMIM 301500) is an X-linked lysosomal storage disorder with
characteristic vascular, renal, cardiac and cerebral complications. Globotriaosylceramide
(Gb3) accumulates in Fabry patients as a result of α-Galactosidase A deficiency. The
phenotypic variability is high, but the relationship between clinical symptoms in individual
Fabry patients has not been uniformly documented. Also, the relation between the most
prominent biochemical abnormalities, elevated Gb3 levels in plasma and urine, and
clinical symptoms is not firmly established. Clinical and biochemical characteristics of 96
(25 deceased) Dutch Fabry patients were collected retrospectively and before the initiation
of enzyme therapy. Clinical assessment revealed that median life expectancy was 57 yrs
for male and 72 yrs for female patients. Cerebral complications, acroparesthesias and
gastrointestinal complications, but not cardiac and auditory complications, were all seen
more frequently in male than female patients. Glomerular filtration rate (GFR) was highly
variable in male patients, including 2 patients with GFR<30mL/min, but median GFR did
not differ between males and females (103 and 101 mL/min respectively). Hyperfiltration
was more frequently observed in the female patient group. Microalbuminuria was present
in 60% of males and 45% of females. No specific pattern of combined symptoms existed
except for a relationship between left ventricular hypertrophy (LVH) and cerebral
complications (males 36%, females 32%), or proteinuria (males 35%, females 31%). Gb3
was found to be more elevated in plasma samples from male (n=26; median 6.27 mmol/L
(1.39-9.74)) than female Fabry patients (n=37; median 2.16 (0.77-4.18)). This was also
observed for urinary Gb3: males (n=22; median 1851 nmol/24h (40-3724)), females
(n=29; median 672 (86-2052)). Plasma and urinary Gb3 levels correlated with each other
in both males (ρ=0.4, P=0.05) and females (ρ=0.4, P=0.03), but no correlation between
elevated Gb3 levels and clinical symptoms could be detected. In conclusion, analysis of
the characteristics of the Dutch Fabry cohort has revealed that a limited relationship
between various disease manifestations exists and that individual symptoms do not
correlate with elevated urinary or plasma Gb3 levels, limiting their value as surrogate
disease markers.

Concise summary:
Globotriaosylceramide (Gb3) is used as a surrogate marker for Fabry disease to evaluate

the efficacy of enzyme replacement therapy, but its relationship with clinical disease
measures has never been systematically studied. We show that individual symptoms do not
correlate with urinary or plasma Gb3 levels. In addition, we found that there is a limited
relationship between disease manifestations, suggesting that there is no strict sequence of
clinical events.
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Introduction

Fabry disease (OMIM 301500) is an X-linked lysosomal storage disorder caused by the
deficiency of the lysosomal enzyme α-Galactosidase A (α-Gal A) [1,2]. This results in
accumulation of specific glycosphingolipids (mainly globotriaosylceramide, Gb3) in
lysosomes of all cells in the body. Clinical complications are mostly of vascular origin and
comprise progressive renal insufficiency, cardiac infarction or hypertrophy, arrhythmias
and cerebral infarctions [3].  During childhood the main symptoms consist of episodes of
excruciating pain in hands and feet (acroparesthesias), and absence of sweating
(anhidrosis). Recently it has become more broadly appreciated that female carriers can also
exhibit complications, although usually the disease has a more attenuated or protracted
course in these patients [4]. There is a striking variability in the severity of symptoms and
complications between patients, even within the same family [5]. No clear genotype-
phenotype correlation has been demonstrated, though it has been suggested that patients
with no residual enzyme activity may develop renal insufficiency earlier than those with
residual α-Gal A activity [6]. Markers to identify patients at risk to develop early
complications of the disease are currently unavailable. The importance of identifying early
signs, symptoms or biochemical abnormalities that may relate to progressive disease has
gained further attention as a result of the recent development of enzyme replacement
therapy for Fabry disease [7,8]. Insight into the natural course of a chronic disorder and the
value of markers with regard to optimization of therapy has already been acknowledged
for other diseases, such as Gaucher disease [9]. A number of studies presenting data on the
natural course of Fabry disease are available [4,10-15], but apart from the study on Fabry
females presented by Gupta et al. [12], none of these focus on the full clinical picture
combined with biochemical parameters. Extensive data sets revealing a relation between
clinical symptoms and/or a logical sequence of symptoms are still lacking. The
Netherlands, with a population of 16 million inhabitants, has one allocated center for
treatment and evaluation of Fabry disease, allowing us to provide detailed clinical and
biochemical records of a large cohort of Fabry patients, and to describe the life expectancy
and causes of death of Fabry patients based on retrospective data.

The goal of the present study was to analyze the relation between different clinical
symptoms of Fabry disease patients and to establish a possible correlation between these
symptoms and Gb3 levels in plasma and/or urine samples.
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Patients & methods

Patients
All patients who were seen at the Adult Clinic for Inherited Metabolic Diseases of the

Academic Medical Center in Amsterdam between 1999 and 2005, in whom a full set of
clinical and biochemical data was obtained, were included in this study (current cohort).
In addition, medical records from 25 deceased patients with a confirmed diagnosis of
Fabry disease (10 females and 15 males) were retrieved from other hospitals (historic
cohort). These data were collected from pedigree analysis performed by de Groot [16] and
by detailed analysis of family histories. Also, we obtained data from studies performed on
Fabry disease between 1970 and 1985 at the department of biochemistry in our hospital,
which at that time already acted as a referral center for diagnosis of Fabry disease.

Data obtained from the patients of the historic cohort were used to generate an overview
of causes of death and perform survival analysis only.  Patients were diagnosed with Fabry
disease either by demonstration of reduction of α-Gal A activity in leukocytes or DNA
mutation analysis. If this information was not available, a reliable diagnosis of Fabry
disease was considered if a characteristic clinical picture was present and  Fabry disease
was enzymatically confirmed in two or more children of that particular patient.

Clinical evaluation
A complete medical history and physical examination was obtained from the patients of

the current cohort. Renal function was estimated by calculating the creatinin clearance
from plasma creatinin and total urinary creatinin in a representative 24 hours urine
collection. Quantitative analysis of micro-albuminuria and/or proteinuria was done. A
standard brain magnetic resonance imaging (MRI) evaluation for presence of (lacunar)
infarctions was performed. In scoring for lacunar infarctions, abnormalities resulting from
perivascular spaces (which are distributed in a characteristic pattern) were excluded. In all
patients an electrocardiogram (ECG) and cardiac ultrasound was performed. Left
ventricular hypertrophy (LVH) was defined as a left ventricular mass (LVmass) >259 g in
males and >166 g in females [17]. In patients who were eligible for enzyme replacement
therapy (ERT), based on the presence of significant renal, cardiac or neurological
complications [18], assessment of glomerular filtration rate (GFR) using simultaneous
infusion of iothalamate and hippuran was performed. This method is very accurate with an
intratest coefficient of variation of 1.93± 0.20% [19]. The filtration fraction (FF) was
calculated as the ratio of GFR and effective renal plasma flow (ERPF). Hyperfiltration is
defined as a GFR of more than 125 mL/min or a FF of more than 0.25 based on local
reference values obtained from a healthy Dutch population (with a normal glucose
tolerance test), with 95% of measurements below this cut off value. Hearing tests were
performed using conventional audiometry. Hearing loss was defined conductive (air-bone
gap of 15 dB or more for 0.5, 1 and 2 kHz) or sensorineural (average air-bone gap of les
than 15 dB for 0.5,1 and 2 kHz). Impairment was evaluated using pure-tone averages
(PTAs) for 0.5, 1 and 2 kHz. Impairment was classified as normal (0-25 dB) mild (26-40

164

Chapter 11

versie 17-04.qxp  17-4-2008  10:51  Pagina 164



dB), moderate (41-55dB) moderately severe (56-70dB) or severe (>70 dB).
Ophthalmologic evaluation was performed for the presence of cornea verticilata.

Overall severity of disease was assessed using the Mainz Severity Score Index (MSSI)
[20]. In brief, the MSSI is composed of four sections that cover the general, neurological,
cardiovascular, and renal signs and symptoms of the disease. Within the general section,
items such as facial appearance, angiokeratoma, edema, and diaphoresis are listed, while
in the neurological section the presence or absence of tinnitus, vertigo, acroparesthesia and
pain, as well as cerebrovascular events are scored. The cardiac section encompasses left
ventricular hypertrophy, ECG abnormalities, valve insufficiencies, presence or absence of
a pacemaker and hypertension, while the renal component scores proteinuria up to end
stage renal failure. The total scores are reported to represent mild (<20), moderate (20-40),
or severe (>40) Fabry disease.

Pain assessment and quality of life questionnaires
Determination of the quality of life of patients with Fabry disease was performed using

the SF-36 [21]. Assessment of pain was performed using the Brief Pain Inventory (BPI) as
has been used in a clinical trial with Agalsidase alfa [8].

Enzyme activity and DNA mutation analysis
α-Galactosidase A activity was measured in leukocytes according to Desnick et al. [22].

To inhibit α-Galactosidase B activity the measurement was performed in the presence of
0.1 molar N-Acetylgalactosamine [23]. No special efforts were made to further
characterize the residual α-Galactosidase A activity. DNA-mutation analysis was
performed as earlier described [5].

Globotriaosylceramide (Gb3) analysis in plasma and urine
Levels of Gb3 in plasma were measured by High Pressure Liquid Chromatography

(HPLC) with a method slightly modificated from the one described by Taketomi et al. [24].
To 50 μL of plasma 1 nmol of C18-sphinganine was added as internal standard. Lipids were
extracted according to Folch [25]. The lipids were hydrolyzed in borosilicate glass tubes
(Schott GL14, 12x100 mm) with polytetrafluoretheen-lined screw caps in 0.5 mL of
freshly prepared 0.1 M NaOH in methanol, using the CEM microwave Solids/Moisture
System SAM-155 oven, equipped with a rotating Teflon tray with 36 tube holes, 60 min at
85% of maximum power. Deacylated glycosphingolips and sphingoid bases were
derivatized with 25 μL OPA reagent as described by Merril et al. [26]. OPA-derivatized
sphingoid bases and lyso-glycosphingolipds were separated using an HPLC system
(Waters Associates, Molford, MA) with an Altima BDS C18 3 μm, 150x4,6 mm reverse
phase column and methanol:water; 88:12 (w/w as eluent). All samples were run in
duplicate and in every run two reference samples were included. Coefficient of variation:
inter-assay 4%, intra-assay < 14%.

Urinary glycolipids were extracted from sediment obtained after spinning 100 mL urine
at 28.000g for 1 hour according to Folch [25]. The chloroform phase was applied to a

165

The Dutch Fabry cohort

versie 17-04.qxp  17-4-2008  10:51  Pagina 165



chloroform equilibrated LiChrolut RP18 column (Merck, Darmstadt, Germany). Bound
glycolipids were eluated with aceton:MetOH (9:1) v/v and dried under nitrogen. Gb3 was
isolated on HPTLC (HP-TLC-silicagel 60) with development solvent of
CHCl3/MetOH/H20 50/21/3 v/v/v. Lipids were identified with orcinol staining and
quantified using reference standards by density scanning (Scanning Quantity One).

Statistical analysis
All results are expressed by median and range. Differences between variables were

calculated using the Mann Whitney U test. Life expectancy was calculated by Kaplan-
Meier analysis of all patients before start of enzyme replacement therapy. Correlations
between variables are described with the use of Spearman rank correlation coefficients. P-
values less than 0.05 were considered significant.

Results

Patients
In total 110 adult patients were identified, born between 1898 and 1988, of whom 85

patients, 50 females and 35 males, were still alive (current cohort). Fourteen of these
patients (6 females and 8 males) were excluded, because only limited clinical and
biochemical data were available. These patients did not differ from the other 71 patients
(44 females (median age 41 years (range 16-73)) and 27 males (median age 42 (range 16-
64)), with respect to disease severity. In addition, records on the age and cause of death
were available for 25 deceased patients (historic cohort).

Table 1.

Males Females
Number of Median age of Number of Median age of 
patients death (range) patients death (range)

Cardiac event 7  49 (32-65) 2    70 (65-74)
Cerebral accident or MID     1  55 3  73 (70-76)
Renal insufficiency 4 55 (33-65) 3 52 (36-72)
Other 3 58 (42-61) 2 65 (55-75)

MID = Multiple infarct dementia

All patients were of Caucasian extraction and lived throughout the Netherlands. Detailed
clinical information was available from the current cohort only. Causes of death (historic
cohort) are listed in Table 1. Median age of death for all causes was 49 years (32-65) in
males and 70 years (36-76) in females. Survival analysis showed a median life expectancy
of 57 years (95% CI 52-62) for male patients and 72 years (95% CI 69-75) for female
patients (Fig. 1), patients who died of renal complications before the availability of dialysis
(±1960) were excluded from the analysis. Analysis of patient survival including two
patients who died of uremia before 1960 did not result in a different outcome.
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Enzyme activity and DNA mutation analysis
Enzyme activity in leukocytes was measured in 23 male patients; all had low to deficient

activity. Six male patients (26%) had no detectable residual enzyme activity. As expected,
in female patients leukocyte α-Gal A activity was variable. Of the 39 female patients
tested, seven (18%) had (near) normal levels (Fig. 2A). In all families in which DNA-
mutation analysis was performed the responsible α-Gal A mutation was identified (Table
2). In total 20 different mutations were found, spread over the 7 exons of the α-Gal A gene.
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Figure 1. Kaplan Meier survival analysis of Dutch Fabry patients (n=96). Median survival of 57 years (95% CI 52-62) for males
and 72 years (95% CI 69-75) for females.
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Figure 2. (A) Residual α-galactosidase A activity in Fabry males (n=23) and females (n=39). Enzyme activity was measured as
described in Patients and Methods. Activity is expressed, as % of the lower limit (mean - 2 SD) of values in normal subjects. (B)
Prevalence of individual symptoms in male (n=27) and female (n=44) patients of the Dutch Fabry cohort. Prevalence of each
symptom is expressed as % of total number of patients.
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Signs and Symptoms
All Fabry-related signs were seen more often in male than in female Fabry patients (Fig.

2B.)  Acroparesthesias (chronic mild to moderately neuropathic pain in hands and feet) at
the time of visit to the clinic was reported by 82% of male versus 23% of female patients.
However all males, except two, had suffered from acroparesthesias in their early teens.
Gastrointestinal symptoms defined as nausea, vomiting, diarrhoea and abdominal
distensibility were reported by 12% of the female Fabry patients and 33% of the male
Fabry patients.

Table 2. Mutations in α-Galactosidase A gene in the Dutch Fabry cohort (coding sequence and protein nomenclature according
to http://www.hgvs.org/mutnomen/; reference sequence NM 000169.1).

No. patients/       Residual activitya

Exon   Mutation       families            [median (range)]
1 c.53t>c p.Phe18Ser 12/1 3.3, 8.2; n=2

c.179c>t p.Pro60Leu 1 NA
2 c.215t>g p.Met72Arg 1 NA

c.335g>a p.Arg112His 6/1 4.6 (2.7–7.6); n=4
3 c.406g>t p.Asp136Tyr 5/1 0; n=3  

c.436c>t p.Pro146Ser 1 NA
c.606del p.Cys202TrpfsX38 2/1 NA

4 c.548g>a p.Gly183Asp 3/1 3.6; n=1
5 c.658c>t p.Arg220X 8/2 0 (0–5.9); n=5

c.677g>a p.Trp226X 3/1 2.9, 6.7; n=2
c.680g>a p.Arg227Gln 3/1 NA
c.679c>t p.Arg227X 2/1 0.6; n=1
c.718–719del p.His240GlufsX9 1 NA

6 c.893a>g p.Asn298Ser 1 7.3; n=1
c.897c>g p.Asp299Glu 1 NA

Intron 6 c.1000–2A>T 1 NA
7 c.1025g>a p.Arg342Gln 16/2 3.4 (1.8–4.5); n=4

c.1072–1073del p.Glu358AspfsX16 1 NA
c.1123–1175del p.Gly375 Arg392>GlufsX6   1 NA
c.1156c>t p.Gln386X 2/1 NA

Cerebral complications
MRI data were available for 41 females and 25 males. Complications defined as a CVA

or (asymptomatic) lacunar infarctions on MRI were present in 13 (32 %) of female patients
(median age 52 (24-72)) and in 12 (48 %) male patients (median age 46 (16-64)).

Renal complications
According to the K/DOQI (kidney disease outcomes quality initiative chronic kidney

disease) classification [27] 8 males (30%) and 15 females (43%) suffered from Stage 1
chronic kidney disease (CKD) (GFR > 90 mL/min and persistent proteinuria), 3 males
(11%) and 3 females (7%) Stage 2 CKD (GFR 60 to 89 mL/min and proteinuria), 5 males
(19%) and 2 females (5%) Stage 3 CKD (GFR 30 to 59 mL/min), 2 males (7%) Stage 4
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CKD (GFR 15 to 29 mL/min) and 1 male (4%) Stage 5 CKD (GFR < 15 mL/min). This
was increased in comparison to the prevalence of CKD in the general Dutch population:
1.3%, 3.8%, 5.3%, 0.1% and 0.1% for Stage 1 to 5, respectively [28]. Creatinin clearance
declined in both male and female patients over time. However a large proportion of
patients maintained an estimated GFR of more than 60 mL/min up to 60 years of age (Fig.
3A). One male patient developed end stage renal disease at the age of 24 years.
Microalbuminuria (classified as > 30 mg/24h) was present in 45% (19/42) of Fabry
females and 60% (15/25) of Fabry males. There was no correlation between the level of
microalbuminuria and creatinin clearance in female (ρ=0.08, P=0.67) nor in male patients
(ρ=-0.18, P=0.40). Residual α-Gal A activity in leukocytes did not correlate with creatinin
clearance (ρ=-0.12, P=0.34).

In a subgroup of patients (the ones who were eligible for enzyme replacement therapy),
18 females (median age: 47 (21-60)), and 20 males (median age: 42 (19-64)), glomerular
filtration rate (GFR) was measured at baseline. The median GFR was 102 mL/min (30-
135) in the female patients and 103 mL/min (21-154) in the male patients. Hyperfiltration,
defined as a GFR of more than 125 mL/min or a filtration fraction of more than 0.25 was
seen in 78% of females with a median filtration fraction (FF) of 0.27 (0.26-0.32) and in
45% of  males (median FF 0.27 (0.26-0.30)).

Cardiac Complications
Echocardiographic data were available for 18 Fabry males and 38 females (Fig. 3B). Left

ventricular hypertrophy (LVH) was present in 11 males (45%) and 24 females (63%).
LVMass correlated with age (ρ=0.5, P=0.04 and ρ=0.6, P=0.01 respectively).

Auditory symptoms
Pretreatment audiometric data were available for 20 Fabry males and 38 females.  Normal
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Figure 3. Relationship between age and creatinin clearance and left ventricular mass. (A) Scatterplot of retrospective,
crossectional data on creatinin clearance and age of male (n=26, ρ=-0.5, P=0.003) and female (n=43, ρ=-0.3, P=0.05) patients.
(B) Scatterplot of retrospective, crossectional data on left ventricular mass values and age of male (n=18, ρ=0.5, P=0.04) and
female (n=38, ρ=0.6, P=0.01) patients. Estimated regression lines for male (solid line) and female patients (dotted line) are
depicted.
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hearing (PTA most affected ear <25 dB) was seen in 75% of male and 87% of female
patients. Sensorineural hearing was more frequently noted in patients aged > 40 years.

Table 3. Mainz severity score of Dutch Fabry cohort.

Females Males P
n 39 23
Age (median (range)) 38 (16-72) 42 (19-64) NS
General 1   (0-7) 5  (0-13) <0,001
Neurological 3   (0-9) 9  (0-14) <0,001
Cardiovascular 2   (0-16) 9  (0-15) NS
Renal 0   (0-8) 4  (0-12) <0,001
Total MSSI score 10   (0-32) 22  (2-59) 0,001

Mainz Severity Score Index
Complete datasets for assessment of severity of disease (MSSI) were available for 39

Fabry females and 23 males with a median age of 38 (range 16-72) and 42 (range 19-64)
years, respectively. Table 3 shows the overall score and subscores (general, cardiovascular,
renal and neurological). Median overall score for Fabry females was 10 (range 0-32) and
for males 22 (range 2-59), which strongly correlated with age (ρ=0.7, P<0.01 in both
groups). A statistically significant difference between both sexes was present for general,
neurological and renal scores, but not for cardiovascular score.

Quality of Life/Painscore
Quality of life was measured using the SF-36. Both male and female patients report a

lower quality of life as compared to healthy individuals. When comparing male patients to
female patients, a tendency towards a higher quality of life was seen in the males (P=
0.053). No difference in BPI score (question 3, pain at its worst) between male and female
patients could be detected (P=0.28).
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Note.Median value and range are presented for the subscores (general, cardiovascular, renal and neurological; for details see the
description in Materials and Methods) and for the total MSSI score. Differences between females and males are analyzed by the
Mann Whitney U test. NS= not significant

Males

R
enal failure

LV
H

A
uditory

com
plications

C
erebral

com
plications

Proteinuria

Renal failure                          10        13         17         21

LVH                         10                      20          36          35

Auditory
complications
Cerebral
complications

Proteinuria

13          20                       29         18

17          36         29                       29

21          35         18          29 

Females

R
enal failure

LV
H

A
uditory

com
plications

C
erebral

com
plications

Proteinuria

Renal failure                            5          3          5           7

LVH                          5                       14          32          31

Auditory
complications
Cerebral
complications

Proteinuria

 3          14                        11         10

 5          32          11                       20

 7          31          10         20 

Table 4. Combined occurrence of two different Fabry-related symptoms in the Dutch patient cohort. Auditory complication is
defined as hearing loss of >25dB. Cerebral complications are defined as a CVA or (asymptomatic) lacunar infarction on MRI.
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Presence of a combination of two Fabry-related symptoms (Table 4)
Renal failure (creatinin clearance <90 mL/min) in combination with microalbuminuria or

proteinuria (>30 mg/24h) was only present in a minority of patients (males 21%, females
7%). The presence of both left ventricular hypertrophy and renal failure (males 10%,
females 5%) or auditory complications and renal failure (males 13%, females 3%) was
relatively rare.

However, both left ventricular hypertrophy and cerebral complications (males 36%,
females 3%) and left ventricular hypertrophy and proteinuria (males 35%, females 31%)
coincide often. In 29% of male patients cerebral complications combined with proteinuria
was present.

Comparison of signs and symptoms with data from the literature
Table 5 summarizes the signs and symptoms found in the Dutch Fabry cohort in

comparison to those reported in previous studies [4,10-15]. Acroparesthesias are less often
reported in the Dutch female patients, also gastro-intestinal symptoms are less frequently
seen in both Dutch male and Dutch female patients as compared to the other reports.
Table 5. Overview of literature data on complaints and symptoms in Fabry patients. Abnormal renal function is defined as
proteinuria or decreased GFR.

Age (years)   Acroparaesthesias     Cerebral          Abnormal renal   LVH        GI
n      (mean)  (%)             complications (%)   function  (%)     (%)  symptoms (%)

Males
MacDermot et al [13] 98        34 77 24 84 88 69
Mehta et al [14] 201       36 76 12 44 46 55
Dutch cohort 27       42 82 48 63 61 33

Females
MacDermot et al [4]             60 45 70 35 35 19 58
Guffon [11] 11 NR 73 9 73 36 27
Whybra et al [15] 20 38 90 15 55 55 50
Mehta et al [14] 165 41 64 27 33 28 50
Deegan et al [10] 248 38 57 25 79 26 50
Gupta et al [12] 57 43 74 7 ≥61 19      ≥53
Dutch cohort 44 41 23 32 48 63          12
Note. NR=not reported

Globotriaosylceramide (Gb3) in plasma and urine
Plasma Gb3 was measured in 26 males and 37 females with Fabry disease. Normal values

for plasma Gb3 are 1.88 ± 1.3 μmol/L based on measurements in 23 healthy controls. Fig.
4 shows that plasma Gb3 was elevated (> 3.18 μmol/L) in the case of 21 (81%) Fabry
males (median 6.27 μmol/L (range 1.39 -9.74)) and 5 (14%) Fabry females (median 2.16
μmol/L (range 0.77-4.18)). Urinary Gb3 excretion (normal <400 nmol/24h) was also more
strikingly elevated in Fabry males (n=22, median 1851 nmol/24h (40-3724)) than Fabry
females (n=29, median 672 nmol/24h (86-2052). Three Fabry males (13%) and 6 females
(20%) presented however values within the normal range. Plasma Gb3 correlated with
urinary Gb3 in both males (ρ=0.4, P=0.05) and females (ρ=0.4, P=0.03). Analysis of the
abnormally elevated plasma and urinary Gb3 levels in relation to age failed to reveal a
correlation in both males (ρ= 0.1, P=0.6 and ρ=0.1, P=0.7, respectively) and females (ρ=-
0.3, P=0.6 and ρ=-0,2, P=0.4, respectively).
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Correlation between clinical symptoms and urinary and plasma Gb3 levels
No correlation between plasma and urinary Gb3 levels and most of the clinical parameters

(pain, creatinin clearance, microalbuminuria, hearing loss and residual α-Gal A activity in
leukocytes) could be established (Table 6).  In both male and female patients a correlation
between plasma Gb3 and LVH and plasma Gb3 and MSSI was noted. However when
analyzing patients with elevated plasma Gb3 levels (> 3.18 μmol/L) only, this correlation
was lost (males: ρ=0.4, P=0.2 and ρ=0.3, P=0.2, females ρ=0.0, P=1 and ρ=0.6, P=0.4,
respectively). The same trend was seen in the correlation between urinary Gb3 and LVH
and urinary Gb3 and MSSI in male Fabry patients, when excluding patients with urinary
Gb3 levels within the normal range (<400 nmol/L) no correlation was seen (ρ=0.3, P=0.4
and ρ=0.3, P=0.3, respectively).

Plasma Gb3
a Urinary Gb3

a

Female        Male           Female          Male

Pain (BPI-3) ρ -0.1 (31) 0.18 (20) -0.27 (28) 0.08 (20)
P 0.6 0.4 0.2 0.7 

LVMass ρ 0.6 (32) 0.51 (16) 0.34 (27) 0.53 (14)
P 0.01 0.04 0.08 0.05

GFR ρ -0.4 (17) -0.34 (18) -0.27 (17) 0.04 (18)
P 0.09 0.2 0.30 0.9

Creatinine clearance ρ -0.3 (37) -0.06 (22) -0.03 (29) 0.03 (20)
P 0.12 0.8 0.9 0.9

Microalbuminuria ρ 0.26 (36) 0.21 (21) 0.20 (29) 0.13 (20)
P 0.12 0.35 0.3 0.59

Hearing loss ρ 0.06 (32) 0.38 (18) -0.05 (28) 0.29 (17)
P 0.7 0.12 0.8 0.25

% α-Gal A activity ρ -0.30 (35) -0.26 (20) -0.29 (28) -0.34 (20)
P 0.08 0.27 0.1 0.1

MSSI total ρ 0.59 (33) 0.47 (21) 0.17 (28) 0.52 (20)
P 0.001 0.03 0.4 0.02
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Figure 4. Relationship between plasma (A) and urinary (B) Gb3 levels and age of male (n=26 and n=22, respectively) and female
(n=37 and n=29, respectively) Fabry patients. Correlations between elevated levels of plasma and urinary Gb3 and age: ρ=0.1,
P=0.6 and ρ=0.1, P=0.7 resp. for males and ρ=-0.3, P=0,6 and ρ=-0.2, P=0.4 resp. for females. ULN: upper limit of normal.

Table 6. Correlation coefficients (ρ, P-value) between clinical symptoms and plasma Gb3 in males and females and urinary Gb3
in males and females. aThe number of analyzed patients is given in brackets.
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As cerebral complications were reported dichotomously no correlations could be
calculated. Analysis of differences in levels of urinary and plasma Gb3 in patients with and
without cerebral complications revealed a higher level of plasma Gb3 in male patients with
cerebral complications (P=0.01). This difference was still present after elimination of
patients with plasma Gb3 levels within the normal range. No differences in levels of
urinary and plasma Gb3 could be detected between females with and without cerebral
complications.

Discussion

This study describes a large cohort of Fabry patients for which clinical data on the whole
spectrum of disease manifestations were obtained in a uniform way. In addition, detailed
information on causes of death from a historic cohort of 25 deceased patients was
available. Although a high proportion of the complete population diagnosed in the
Netherlands was included in the study, there can be an overestimation of symptomatology,
since less severely affected patients may remain undiagnosed. Survival analysis in our
cohort reveals a median life expectancy of 57 years for males and 72 years for females
showing a more favourable outcome as compared to previous studies [4,13]. Comparison
of the observed clinical features of the Dutch Fabry cohort with reports on other cohorts
reveals some minor differences. LVH is more common in the Dutch female patient group
(63%) as compared to reports on other female patient populations 19% [4], 36% [11],
55% [15] and 28% [14]. Data on cardiac involvement for the cohort described by
MacDermot et al. [4] were solely based on information collected through questionnaires
and Guffon [11] only reported on a very small group of patients. Our female cardiac data
can be best compared to the results reported by Whybra et al. [15], Mehta et al.[14] and
Deegan et al. [10], revealing that the average age of the female patients in the Dutch
cohort, was slightly higher. This may contribute to the higher incidence of cardiac
involvement in the Dutch female Fabry patient population.  In addition, cerebral
manifestations were also more prevalent in both male (48%) and female (32%) patients in
the Dutch Fabry cohort. For example, Gupta et al [12] reported small infarctions on brain
MRI in only 7% of Fabry females. The fact that LVH is an independent predictor for the
presence of cerebrovascular complications [29,30] and the lower frequency of LVH in the
patient cohort described by Gupta (19% vs. 63% in the Dutch cohort) may contribute to
this difference. Variation in age, environmental factors and blood pressure may also
contribute to the differences between the two patient cohorts. Gastrointestinal symptoms
are less frequent in the Dutch patient cohort. Acroparesthesias or neuropathic pain were
only observed in about one fourth of the Dutch females. The differences in methodology
to capture these relatively subjective symptoms may contribute to the discrepancies with
previous studies. To assess the overall severity of Fabry disease manifestations Mainz
Severity Score Index has earlier been developed [20]. The Dutch patient group showed a
substantial lower overall MSSI score as compared to the German Fabry patients studied by
Whybra et al [20]. This difference is not caused by age, as the patients in the Dutch cohort
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are of comparable age, but is possibly due to some selection-bias since Whybra only
scored patients who were eligible for enzyme replacement therapy. It should be kept in
mind that using a scoring system for evaluation of severity of disease remains intrinsically
difficult for a disorder like Fabry disease in which variability of symptoms is a hallmark.
Stroke, for example, which may be severely disabling, only counts for 5 MSSI points. If
this is the only feature of the disease, a patient may end up with an overall score below 20,
and classified as suffering only from mild disease.

This report describes the first Fabry cohort in which glomerular filtration rate (GFR) is
measured through infusion of iothalamate and hippuran, generating the possibility to
calculate glomerular filtration fraction. Although the cohort in which GFR is measured
may be subjected to selection bias (these patients were selected to start ERT because of
serious Fabry related organ involvement) some interesting findings need to be discussed.
An elevated filtration fraction or glomerular hyperfiltration was seen more often in the
female patient group. Although end stage renal failure in females heterozygous for Fabry
disease is not very common, the presence of hyperfiltration and microalbuminuria can
clearly be established and represents an early sign of renal insufficiency. This may be an
indication for treatment with angiotensin converting enzyme inhibitors/angiotensin
receptor blockers and/or enzyme replacement therapy.

Interestingly, as recently also indicated by Deegan et.al. [10], we noted no relationship
between the presence of microalbuminuria and/or proteinuria and a reduced creatinin
clearance (<90 mL/min). Both patients with microalbuminuria and normal creatinin
clearance as well as patients with hyperfiltration or reduced creatinin clearance without
microalbuminuria or proteinuria were identified. This emphasizes that there is not always
a strict sequence of nephropathological events which may guide the clinician to install
therapy at an early stage.

We failed to establish a strict course of Fabry disease manifestation characterized by
specific combinations of symptoms. Patients either present with a single Fabry-related
symptom, or show different combinations of symptoms. The only exception seems that
both LVH and cerebral complications and LVH and proteinuria tend to coincide. It is
known that proteinuria predisposes for cardiovascular complications [31]. It is of interest
to note that the combination of cerebral symptoms and proteinuria was only detected in
29% of male and 20% of female patients. The unpredictable heterogeneity in clinical
expression of Fabry disease is further emphasized by the diversity of clinical symptoms in
family members carrying the same mutation (data not shown). This is in line with earlier
observations of a lack of genotype-phenotype correlation. The absence of a stereotypic
course of disease has focused attention to possible surrogate disease markers that might
render a useful tool for a clinician to monitor severity of disease and its progression. The
accumulating globoside Gb3 has particularly been considered as surrogate marker for
Fabry disease. Yet, in our patient cohort, elevated levels of Gb3 in plasma or urine do not
correlate with severity of disease (MSSI). None of the Fabry related symptoms correlated
with Gb3 levels in urine or plasma samples. Although male patients with cerebral
complications show higher levels of plasma Gb3 as compared to males without, the
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clinical value of urinary or plasma Gb3 as a surrogate marker for manifestation of Fabry
disease seems limited, in this cross sectional study. Whether changes in Gb3 are of value
during longitudinal follow-up in relation to ERT,  using ”hard endpoints”  such as death,
progression to end stage renal disease or stroke, has not been addressed here and remains
to be studied. The poor predictive value of plasma or urinary lipid levels is not entirely
surprising. We noted prominent lipid accumulation in placental tissue [32], a finding
illustrating that onset of clinical complications only occurs after several years of lipid
deposition.  Since globotriaosylceramide levels in the circulation and urine proof not to be
very informative, a further search for an alternative surrogate marker is needed.
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