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ackground & Aims: Fabry disease is an X-linked defi-
iency of �-galactosidase A, resulting in lysosomal deposi-
ion of globotriaosylceramide in nearly all tissues. The dis-
ase frequently causes diarrhea and abdominal pain, which
re assumed to arise from malfunction of enteric neurons
nd which mimic diarrhea-predominant irritable bowel
yndrome (IBS). There are limited data about the preva-
ence and nature of gastrointestinal symptoms in patients
ith Fabry disease and the response to enzyme replacement

herapy (ERT) in large cohorts. The aims of this study were
o evaluate the nature and prevalence of gastrointestinal
ymptoms and their impact on health-related quality of life
HRQoL) in patients with Fabry disease and to analyze
hanges after 12 and 24 months of treatment with agalsi-
ase alfa. Methods: Information about gastrointestinal
ymptoms was obtained from regular interviews before and
uring the time of ERT. Data on HRQoL were collected by
sing the EQ-5D questionnaire. Results: The overall prev-
lence of gastrointestinal symptoms was 52%, with abdom-
nal pain and diarrhea being most frequent. Female pa-
ients were more frequently affected than male patients,
nd there was a high prevalence in children (abdominal
ain, 49.3%; diarrhea 25.4%). ERT with agalsidase alfa re-
uced the prevalence of abdominal pain, with a statistically
ignificant decrease in male patients and in children after
2 months of treatment. Conclusions: The gastrointesti-
al symptomatology of Fabry disease is very similar to
iarrhea-predominant IBS; however, pathophysiologic sim-

larities remain to be elucidated. ERT reduced the preva-
ence of gastrointestinal symptoms in Fabry disease, partic-
larly in children and male patients.

abry disease (Online Mendelian Inheritance in Man data-
base 301500) is an X-linked inborn error of metabolism

aused by deficiency of �-galactosidase A, with an estimated
ncidence between 1:40,000 –1:117,000.1,2 The biochemical con-
equence is a progressive lysosomal accumulation of globotri-
osylceramide in nearly all organ systems. The clinical manifes-
ations of Fabry disease typically begin in childhood with
croparesthesia and angiokeratoma. Corneal opacities and mi-
roalbuminuria might also be observed.3 With advancing age,
ital organs are increasingly affected, and the major causes of
eath are cerebrovascular events, myocardial infarction, and
rogressive renal insufficiency. Untreated male patients with
abry disease have an estimated life expectancy of approxi-

ately 50 years.4 Initially, heterozygous females were consid-
red to be asymptomatic carriers; however, it is now apparent
hat they do exhibit symptoms of Fabry disease, with apprecia-
le morbidity and mortality.5,6 Enzyme replacement therapy
ERT) for Fabry disease was approved in 2001 and has been
eported to be well-tolerated and effective.7–9

Previous reports suggest a prevalence of gastrointestinal
ymptoms of up to 70% in cohorts of patients with Fabry
isease. Reported symptoms include abdominal cramps, nausea
nd vomiting, and both diarrhea and constipation.10 Anecdotal
eports also document cases of progressive weight loss associ-
ted, in part, with severe postprandial pain.11,12 Nocturnal di-
rrhea and fecal incontinence occur, with profoundly negative
ffects on social and economic functioning and quality of life.13

ase reports and series suggest gastrointestinal function im-
roves soon after the introduction of ERT.12,14,15 However, this
as not been systematically studied in a large cohort of patients.

We report here on the prevalence and nature of gastrointes-
inal symptoms in 342 patients with Fabry disease enrolled in
he Fabry Outcome Survey (FOS). Data on prevalence and
hanges in symptomatology 12 and 24 months after the intro-
uction of ERT are analyzed, as well as the impact of gastro-

ntestinal symptoms on health-related quality of life (HRQoL).

Methods
Patients and Data Collection
FOS is an open international database for patients with

confirmed diagnosis of Fabry disease. The properties and
anagement of the database have been described previously.3

riefly, patients are evaluated on symptoms of 16 different
rgan systems by simple questions during regular visits at their
reatment centers. Questions on gastrointestinal symptoms in-
lude the manifestation of abdominal pain (its nature, fre-
uency, precipitants) as well as the occurrence of nausea, con-
tipation, vomiting, and diarrhea (“Do you suffer from . . .?”). In
ddition, patients are asked whether there was a diagnosis of
astritis/ulcer, pancreatitis, hemorrhoids, or other gastrointes-
inal disorder made by a physician at any time during their

edical history. Data collection is on a voluntary basis and is
ot linked to continued provision of ERT, being aware that this

Abbreviations used in this paper: BMI, body mass index; ERT, en-
yme replacement therapy; FOS, Fabry Outcome Survey; HRQoL,
ealth-related quality of life; IBS, irritable bowel syndrome.

© 2007 by the AGA Institute
1542-3565/07/$32.00
doi:10.1016/j.cgh.2007.08.012
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ight affect follow-up. Data are collected anonymously, en-
ered into the database by clinical staff in their respective
nstitutions, and stored centrally. Data collected in FOS are
erived from patients’ medical histories as well as regularly
ompleted questionnaires regarding pain and HRQoL. HRQoL
s evaluated by using the EQ-5D questionnaire.16 Additional
nformation about the patient’s health state and a broad range
f laboratory parameters are entered by physicians or nurses.
he FOS database has been approved by the Ethics Institution
eview Board of all participating centers, and all patients pro-
ided written informed consent.

Data Analysis and Statistics
Cross-sectional analysis of reported symptoms and age of

nset was performed. For patients who were symptomatic at entry
nto FOS, age at onset of symptoms was taken from the patient’s
eport of the first manifestation of each symptom. For patients
ho did not report symptoms at entry into FOS but who devel-
ped and reported such complaints later, age at onset was re-
orded accordingly. Longitudinal analysis of reported symptoms
as based on a subset of patients for whom data were available at
2 � 3 and 24 � 3 months after initiation of ERT. Data are
resented as mean � standard deviation; age at onset is reported
s median � standard deviation. Significance testing for improve-
ent of gastrointestinal symptoms in patients receiving ERT was

erformed with McNemar test for paired binomial data.

able 1. Demographics of Patients Enrolled in the FOS by Oc

Total

o. of patients in FOS by October 2005 714
o. of patients
With information on GI symptoms 342
Without information on GI symptoms 372

ge (y; mean � SD)
With GI symptoms 35.0 � 17.6 3
Without GI symptoms 35.2 � 15.7 3

eight (cm; mean � SD)
With GI symptoms 162.6 � 18.2 16
Without GI symptoms 167.4 � 14.5 17
eight (kg; mean � SD)
With GI symptoms 65.2 � 19.5 6
Without GI symptoms 65.7 � 16.2 6

MI (kg/m2; mean � SD)
With GI symptoms 23.0 � 5.2 2
Without GI symptoms 23.2 � 4.5 2

I, gastrointestinal; SD, standard deviation.
Changes in quality of life data were analyzed with the signed
ank test. Any group comparison of quality of life was done
ith Wilcoxon rank sum test. Children were excluded from the

valuation of HRQoL, because reliable reference data for the
Q-5D are only available for adults.

Results
At the time of this analysis (October 2005), 752 patients

ad been enrolled in the FOS database from 11 countries in
urope. Clinical data on signs and symptoms of Fabry disease
ere available in 714 individuals (369 female and 345 male)

ncluding 127 children younger than the age of 18 years (70
irls, 57 boys). Patient characteristics are summarized in Table 1.
f these, 342 patients had documented information about

astrointestinal symptoms and had not been treated with ERT
efore or at the time of entering the FOS database. Notably,
hese patients were not different from those in whom gastro-
ntestinal information was not available (Table 1).

Prevalence and Nature of Gastrointestinal
Symptoms in Patients With Fabry Disease
Figure 1 illustrates the nature and prevalence of gastro-

ntestinal symptoms in the 342 patients evaluated. The overall
revalence of gastrointestinal complaints was 52.0% (n � 178).
nterestingly, female patients reported gastrointestinal symp-

r 2005

le Female Adults Children

5 369 587 127

9 203 271 71
6 166 318 54

16.9 36.9 � 17.9 41.3 � 13.9 10.9 � 5.0
13.4 36.4 � 18.0 39.3 � 12.9 10.9 � 4.1

22.3 160.5 � 14.2 168.2 � 8.8 142.3 � 26.8
13.3 160.5 � 13.2 170.8 � 8.8 144.9 � 22.7

21.6 62.4 � 17.9 68.7 � 14.2 40.4 � 20.1
16.3 62.8 � 15.7 69.3 � 12.7 41.8 � 16.4

4.3 23.8 � 5.7 24.3 � 4.9 18.4 � 3.8
4.1 24.1 � 4.9 23.8 � 4.3 19.2 � 4.2

Figure 1. Reported prevalence of
gastrointestinal symptoms in 342 pa-
tients with Fabry disease: more than
50% of patients with Fabry disease re-
ported gastrointestinal symptomatol-
ogy before the initiation of ERT. The
most prevalent symptoms were ab-
tobe

Ma

34

13
20

2.3 �
4.3 �

5.6 �
2.4 �

2.8 �
7.8 �

1.9 �
2.5 �
dominal pain and diarrhea.
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oms more often than male patients (54.2% vs 48.9%), and
hildren reported symptoms more frequently than adults (60.8% vs
9.8%).

Abdominal pain. The most prevalent gastrointestinal
ymptom was abdominal pain, which was present in 32.5% of
he evaluated patients (Figure 1). There was no difference in the
revalence between male and female patients. Children reported
bdominal pain more frequently than adults (49.3% vs 28.0%).
onsistent with this, the median age at onset of abdominal
ain was 14.0 years (range, 0–69 years; Figure 2).

Diarrhea. Diarrhea was reported in 20.5% of the pa-
ients with documented information on gastrointestinal symp-
oms. There was a marked difference between male (25.9%) and
emale patients (16.7%; Figure 1). Similar to abdominal pain,
iarrhea was more frequently reported in children than in
dults (25.4% vs 19.2%; Figure 1). The median age at onset of
iarrhea was 15.5 years (range, 0–60 years).

Constipation. Constipation was reported as a gastro-
ntestinal symptom in 13.5% of the 342 evaluable patients. In
ontrast to diarrhea, constipation was nearly twice as frequently
eported by female patients as by male patients (16.7% vs 8.6%;
igure 1). Moreover, constipation was equally prevalent in chil-
ren and adults (13.3% and 14.1%, respectively; Figure 1). The
edian age at onset of constipation was 17.5 years (range, 0–66

ears; Figure 2).
Nausea and vomiting. The reported prevalence of

ausea in this population of patients with Fabry disease was
2.3%, and there were minor differences between male and
emale patients (13.8% vs 10.1%; Figure 1). A higher proportion
f children than adults reported nausea (15.5% vs 11.4%; Figure 1),
nd the median age at onset of nausea and vomiting was 12.7
ears and 12.5 years, respectively (Figure 2). Vomiting was
eported by a minority of patients (6.7%). There were fewer
emale than male patients with vomiting (7.9% vs 5.0%). The
revalence of nausea and vomiting in children was about twice
hat observed in adults (Figure 1).

Other gastrointestinal symptoms. FOS also col-
ects data on the presence of other gastrointestinal symptoms.

f the 342 patients evaluated, 29 (8.5%) reported hemorrhoids,
5 (4.4%) reported gastritis or ulcer, and 3 (0.9%) reported

igure 2. Median age at onset of gastrointestinal symptoms in 292
atients with Fabry disease. Gastrointestinal symptoms were reported
t an early stage. For comparison, mean age of onset of acroparaes-
hesia, as the leading symptom in Fabry disease, is 9 years.
ancreatitis. s
Symptom combinations. The most frequently ob-
erved combination of gastrointestinal symptoms in patients
ith Fabry disease was abdominal pain and diarrhea (14.3%),

ollowed by abdominal pain and nausea (9.4%), and abdominal
ain and constipation (7.3%).

Body Mass Index
The mean body mass index (BMI) of children in FOS

as 18.4 kg/m2, which is equal to values between the 50th and
he 75th percentiles.17 There were no differences in BMI be-
ween children with and without gastrointestinal complaints
18.2 vs 18.8 kg/m2). A similar result was observed in adult
atients. Those with gastrointestinal manifestations had a
ean BMI of 24.7 kg/m2, whereas those without gastrointesti-

al symptoms had a mean BMI of 23.9 kg/m2.

Use of Medications for Gastrointestinal
Symptoms
The use of medications for gastrointestinal symptoms

as recorded for only 8 patients in the database, and we have
herefore not undertaken any further analysis of these data.

Relationship Between Gastrointestinal
Symptoms and Quality of Life
At baseline, data on HRQoL were available for 108

atients (41 male, 67 female). The mean EQ-5D score in this
ohort was 0.69. However, patients with gastrointestinal symp-
oms (n � 65) had significantly lower EQ-5D scores than
atients without gastrointestinal symptoms (n � 43; 0.63 vs
.78; P � .05). Patients with diarrhea had lower EQ-5D scores
ompared with those without diarrhea (0.56 vs 0.61; P � not
ignificant).

Changes in Gastrointestinal Symptoms After
Twelve Months of Enzyme Replacement
Therapy
Data on abdominal pain were available for 62 patients

t baseline and after 12 months of ERT (14 children, 48 adults;
1 females, 41 males; Figure 3). Abdominal pain was reported
y 49% of the patients at baseline and by 39% 12 months after

nitiation of ERT. Changes were similar in male and female

igure 3. Reported changes in prevalence of abdominal pain after 12
onths of ERT with agalsidase alfa; numbers in brackets represent the

umber of evaluable patients with relevant data on gastrointestinal

ymptomatology at baseline and after 12 months of therapy.



p
a
1
i
m
d
w
p

w
f
d
(
a
i
m
g
c
(

w
s
p
f
t
E
c
0
t
s
f

a
a
a
2
t

w
v
i
a
r
w
m
i
s

a
g
c
2
(
r
t
f
h
c
2

F
o
e
o

F
m
n
s

F
o
e

1450 HOFFMANN ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 5, No. 12
atients (10% in both subgroups). Notably, the prevalence of
bdominal pain in children was reduced from 64% to 36% after
2 months of treatment. During the same period, the frequency

n adults fell from 44% to 40% (Figure 3). Overall, improve-
ents were significant in male patients (P � .05) and in chil-

ren (P � .05). Interestingly, efficacy tables revealed that there
ere no male patients and no children reporting abdominal
ain for the first time after 12 months of ERT (data not shown).

Data on diarrhea at baseline and after 12 months of ERT
ere available in 60 individuals (12 children, 48 adults; 21

emales, 39 males). At baseline, 27% of these patients reported
iarrhea, and the prevalence was reduced by 8% after 12 months

Figure 4). Interestingly, improvement was more pronounced
mong male than female patients (10% vs 5%). The prevalence
n children was significantly reduced from 36% to 7% after 12

onths of ERT (P � .05), whereas changes in the other sub-
roups did not reach statistical significance. In addition, no
hild reported diarrhea for the first time after starting ERT
data not shown).

Data on changes of HRQoL after 12 months of treatment
ith agalsidase alfa were available in 33 patients. Mean EQ-5D

cores slightly improved from 0.65 � 0.35 to 0.69 � 0.31 in
atients with gastrointestinal symptoms after 12 months and
rom 0.72 � 0.23 to 0.77 � 0.23 in patients without gastroin-
estinal complaints (not significant). The improvement in
Q-5D scores was entirely attributable to male patients, be-
ause female patients maintained an EQ-5D score of 0.70 �
.34, whereas scores in male patients changed from 0.55 � 0.34
o 0.68 � 0.29 (not significant). A trend for improved EQ-5D
cores was also seen in patients with diarrhea, increasing overall
rom 0.59 � 0.32 to 0.68 � 0.26 (not significant).

Changes in Gastrointestinal Symptoms After
Twenty-four Months of Enzyme Replacement
Therapy
Data on abdominal pain were available for 58 patients

t baseline and after 24 months of ERT (10 children and 48
dults; 25 females, 33 males). The prevalence of abdominal pain
t baseline was 43%, and only 29% reported this symptom after
4 months of ERT (P � .05). Interestingly, in female patients
he prevalence of abdominal pain was reduced from 40% to 20%,

igure 4. Reported changes in prevalence of diarrhea after 12 months
f ERT with agalsidase alfa; numbers in brackets represent number of
valuable patients with relevant data on gastrointestinal symptomatol-

gy at baseline and at 12 months. o
hereas improvements in male patients were less striking (45%
s 36%). Thirty-five percent of adult patients reported abdom-
nal pain at baseline, whereas the prevalence was reduced to 25%
fter 24 months of treatment. The reduction in frequency of
eported abdominal pain was more striking in children, in
hom the prevalence was reduced from 80% to 50% after 24
onths of ERT (Figure 5). Notably, no child reported abdom-

nal pain as a new symptom during 24 months of ERT (data not
hown).

Information on diarrhea was available in the FOS database
t baseline and after 24 months of ERT for 57 patients. This
roup comprised 25 female and 32 male patients, including 11
hildren (Figure 6). At baseline, the prevalence of diarrhea was
8%, and after 24 months of ERT this was reduced to 26%
Figure 6). In the subgroup of male patients, 41% of patients
eported diarrhea at baseline and 34% after 24 months of
reatment. In contrast to this, the prevalence of diarrhea in
emale patients (12% vs 16%) and adults (24% vs 26%) was
igher after 2 years of ERT compared with baseline. However, in
hildren, the prevalence was markedly reduced from 45% to
7%. Finally, only 5% of the patients who did not complain

igure 5. Reported changes in prevalence of abdominal pain after 24
onths of ERT with agalsidase alfa; numbers in brackets represent

umber of evaluable patients with relevant data on gastrointestinal
ymptomatology at baseline and at 24 months.

igure 6. Reported changes in prevalence of diarrhea after 24 months
f ERT with agalsidase alfa; numbers in brackets represent number of
valuable patients with relevant data on gastrointestinal symptomatol-

gy at baseline and at 24 months.
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bout diarrhea at baseline developed this symptom after 24
onths of ERT (data not shown).
EQ-5D data after 24 months of treatment with agalsidase

lfa were available in 18 patients (12 male, 6 female). In these
atients, HRQoL improved from 0.63 � 0.37 to 0.71 � 0.31

not significant).

Discussion
Fabry disease is a rare multisystemic inherited meta-

olic disease with profound effects in almost all organ systems,
educed life expectancy,4 and substantial involvement of the
astrointestinal tract.11,18 –25 However, most reports are based on
ingle cases or small cohorts. A larger cohort of patients was
escribed by MacDermot et al,4 who reported a prevalence of
pproximately 70% for gastrointestinal symptoms in 98 male
atients with Fabry disease. In this report, the predominant
astrointestinal symptoms were abdominal pain and diarrhea,
nd there was no information regarding gastrointestinal symp-
oms in female patients or children with Fabry disease. Reports
n the effects of ERT on gastrointestinal symptoms were lim-

ted to small numbers of treated patients.12,14,15

We have analyzed 714 unselected symptomatic adults and
hildren with Fabry disease in FOS. Follow-up of these patients
uring more than 24 months has allowed longitudinal analyses
f changes during ERT. The overall prevalence of gastrointes-
inal symptoms in 342 patients in the FOS database from
hom data on gastrointestinal symptoms were available was
2% (male patients 54%, female patients 49%), which is lower
han previously reported.4,21,26 A potential explanation for this
iscrepancy is under-reporting of symptoms, because the data
ithin FOS are based on information obtained from the med-

cal history at baseline. The reporting of symptoms in this
ontext is spontaneous rather than elicited by direct question-
ng, and patients with long-standing symptoms might accom-

odate their condition and have a lower perception of ill
ealth. Furthermore, FOS includes clinically affected indi-
iduals as well as biochemically deficient patients with minimal
vert symptomatology. We also cannot exclude a selection bias

n favor of patients with gastrointestinal symptoms. More than
0% of the patients enrolled in the database at the time of these
nalyses provided no information regarding gastrointestinal
ymptoms.

There are some gender differences in the reported prevalence
f gastrointestinal complaints in patients with Fabry disease,
g, constipation was reported in 16.7% of the female patients
nd 8.6% of the male patients. However, there are gender dif-
erences reported also in the literature regarding bowel habits
nd gastrointestinal symptoms in the general population.27,28

ence, the differences observed here might reflect the situation
n the general population on a higher prevalence level caused by
he underlying disease in these patients.

The prevalence of gastrointestinal symptoms in children
ounger than the age of 18 years is markedly higher than in
dults, although this is less than previously described in the
iterature on pediatric Fabry disease.29,30 The most prevalent
astrointestinal symptom in children was abdominal pain
49%). For comparison, healthy individuals had a prevalence of
2.3% for abdominal pain, 19.2% for diarrhea, and 19.9% for
onstipation.31 These data suggest that abdominal pain and
iarrhea might be directly related to Fabry disease rather than

eflecting the average probability of developing gastrointestinal a
ymptoms. It remains speculative why the reported prevalence
or abdominal pain in adults is lower than in children. One
ossible explanation might be that patients with a long history
f a certain complaint might under-report this symptom.32

hether the lower prevalence of gastrointestinal symptoms in
dult patients with Fabry disease is part of the natural course of
he disease needs further elucidation in prospective studies.

The assumption that abdominal pain and diarrhea might be
irectly related to Fabry disease is supported by the age at
anifestation of abdominal pain, which is 14.0 years (Figure 2)

nd therefore is close to the age at manifestation of acropares-
hesia. In only 3 patients, all of whom were children, was a
astrointestinal symptom the sole potential manifestation of
abry disease. Hence, these data indicate that the gastrointes-
inal tract might be affected early in the course of Fabry disease.

Gastrointestinal symptoms in Fabry disease do also impact
n HRQoL. EQ-5D scores in patients with gastrointestinal
ymptoms at baseline were significantly lower than in patients
ithout such complaints. Because abdominal pain is the major
astrointestinal symptom in patients with Fabry disease, “pain/
iscomfort” as a dimension of the EQ-5D is not an independent
ariable. However, it is not feasible to evaluate HRQoL disre-
arding the impact of pain on the individual’s situation.

Twelve and 24 consecutive months of ERT with agalsidase
lfa had beneficial effects on gastrointestinal symptoms. Im-
rovements were particularly noted for abdominal pain (pre-
ominantly male patients and children, Figures 3 and 5) and
iarrhea (Figures 4 and 6). In the subgroup of patients with

nformation on gastrointestinal symptoms at baseline and after
4 months of ERT, 25 patients reported abdominal pain at
aseline, but only 15 of these patients still reported abdominal
ain after 24 months. In addition, at baseline, the predomi-
ance of gastrointestinal improvements in children under ERT
lso during a period of 24 months suggests that these changes
ight not be related to placebo effect rather than to the

pplication of the missing enzyme in Fabry disease. ERT might
ave a preventative role in the development of gastrointestinal
ymptoms. For instance, no child without abdominal pain at
aseline developed this symptom during 24 months of ERT.
hus, early treatment of asymptomatic or mildly symptomatic
atients might be justified to prevent progression. However, a
nal statement on such preventive effects of ERT in children
eeds confirmation on a larger cohort of patients in the young
ge group under treatment followed during a longer period of
ime.

Reports of marked weight loss in patients with Fabry disease
nd gastrointestinal symptoms4,11,12,15 are not confirmed by the
ata presented here. The BMI was in the normal range irrespec-
ive of the presence or absence of gastrointestinal symptoms,
nd there was no evidence of any deficiency of specific nutrients
n the biochemical and hematologic data held in FOS (data not
hown). Thus, the high prevalence of gastrointestinal symp-
oms is not accompanied by organic intestinal disease or mal-
utrition. In this respect, the gastrointestinal features of Fabry
isease closely resemble functional gastrointestinal disorders
uch as irritable bowel syndrome (IBS).21 However, it remains
pen whether abdominal pain in IBS is caused by neuropathy,
oo.

Gastrointestinal symptoms in patients with Fabry disease
ave a profound impact on HRQoL. Patients with Fabry disease

nd gastrointestinal symptoms had a significantly lower EQ-5D
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core at baseline compared with patients without gastrointes-
inal manifestations. In addition, patients with diarrhea had
ower EQ-5D scores compared with those without diarrhea,
lthough this difference was not statistically significant.

Changes of EQ-5D were not significant after 12 and 24
onths, respectively. However, the number of patients with

vailable information during treatment was relatively low and
ight limit this subanalysis. In addition, we cannot exclude the

act that overall improvements of quality of life lead also to
mproved perception of gastrointestinal functions. However,
uch an effect might be lessened during a period of more than

years of follow-up.
These data, on the basis of a large cohort of patients,

trongly suggest improvements in gastrointestinal function
hat could have a major positive effect on quality of life for
atients with Fabry disease. The mechanisms whereby improve-
ents in gastrointestinal symptomatology in patients with

abry disease occur remain unknown. Light and electron mi-
roscopic investigations of the gastrointestinal tract demon-
trated lipid deposition within ganglion cells of the enteric
ervous system.18,19,24,33 There is also evidence for altered intes-
inal motility in Fabry disease.18,19,22,23 In addition, small mes-
nteric vessels might show cytoplasmic deposition of glyco-
phingolipids, and it has been suggested that microvascular
schemia is implicated.23

Thus, dysfunction of enteric neurons, intestinal dysmotility,
nd microvascular changes might all be relevant in the patho-
hysiology of gastrointestinal symptoms in Fabry disease. Fur-
hermore, there is no evidence of increased inflammatory activ-
ty in the intestine in Fabry disease. Therefore, gastrointestinal
nvolvement in Fabry disease in part is reminiscent of diarrhea-
redominant IBS. It will be interesting to determine in prospec-
ive studies whether improvements in gastrointestinal function,
s a consequence of ERT, can be correlated with alterations in
he morphology and function of enteric nerves and the micro-
asculature, or whether the improvements reported by affected
atients are achieved by functional alterations. Notably, there
re reports of improvements in other neurologic symptoms
ith ERT, eg, peripheral nerve function,34,35 neuropathic pain,36

nd hearing.37,38

Strength and Limitations of This Study
This study is an open observational study rather than a

rospectively planned investigation. Therefore, no comparison
roup was included in this study, and differences between
ubgroups of patients have to be discussed carefully.

The definitions of gastrointestinal symptoms in the context
f the FOS database before this analysis were not predefined,
nd information collected is based on reports by patients,
ather than on biochemical markers or the results of investiga-
ions.

Because data collection was not linked to the availability of
RT, the loss of follow-up data is considerably large. Neverthe-

ess, this study on gastrointestinal symptoms in patients with
abry disease is based on a large, unselected cohort of patients
nder both conditions, without and with treatment of Fabry
isease by ERT.

Appendix 1
The data in this study were provided by the European
OS Investigators Group:
Austria: C. Binder, P. Kotanko, T. Kroepfl, B. Plecko (Graz);
. Bodamer, A-C. Hauser, J. Kleinert, G. Sunder-Plassmann

Vienna). Belgium: G. Clerbaux, B. Georges, M. C. Nassogne, Y.
irson (Brussels); F. Dehout, D. Roland, L. Van Maldergem, L.
authier (Charleroi); P. Goyens (Liège); F. Eyskens (Middel-
eim). Czech Republic: J. Bultas, D. Karetová, A. Linhart, J.-C.
ubanda, S. Magage (Prague). France: G. Choukroun (Amiens);

. Berthelot (Angers); A-S. Cairey-Reomonnet (Besançon); D.
acombe (Bordeaux); S. Benziane (Cambrais); A. Khau Van
ien (Dijon); J. M. Mittelberger (Freyming Merlebach); D.
obbelaere (Lille, Jeanne de Flandres); E. Hachulla (Lille, C
uriez); B. Dussol (Marseille); R. Reade (Maubeuge); P. Kamin-

ky (Nancy); C. Guyot (Nantes); P. Jaeger (Nice); D. Germain
Paris, HEGP); O. Lidove (Paris, Bichat); E. Monlun (Pau); R.
aussaud (Reims, R Debré); B. Richalet (Saint Lô); E. Andres
Strasbourg); D. Caraman (Thionville); J. Bazex (Toulouse); N.

uali (Paris, Tenon); G. Touati (Necker); P. Bataille (Boulogne
ur mer); P. Hardy (Arras); R. Perrichot (Vannes). Germany: A.
on Arnim-Baas; J. Hennermann (Berlin); M. Cybulla, K. Walter,
. P. H. Neumann (Freiburg); A. Gal, E. Schäfer (Hamburg); A.
as, S. Illsinger (Hannover); K. Baron, F. Bähner, M. Beck, K.
runs, S. Delgado-Sànchez, R. Hartung, C. Kampmann, A. Keil-
ann, K. Lackner, S. Pitz, A. Schwarting, C. Whybra (Mainz); B.
offmann (Duesseldorf); B. Koletzko (Munich); T. Böttcher, A.
olfs (Rostock). Italy: O. Gabrielli, I. F. Salvatori (Ancona); P.
trisciuglio, D. Concolino (Catanzaro); W. Borsini, S. Buchner
Florence); F. Menni, R. Ravaglia (Milan); R. Parini, F. Santus
Monza); R. Di Vito (Ortona) Al. Burlina, Alb. Burlina, G.
ognana (Padova); D. Antuzzi, M. Castorina, M. Di Lillo, S.
eriozzi, R. Ricci (Rome). Norway: L. A. Bindoff, L. H. Bostad,
. H. Haugen, A. Hirth, G. Houge, L. M. Lægreid, G. Neckel-
ann, N. Strømsvik, E. Svarstad, T. J. Thune, C. Tøndel (Ber-

en); A. Skarbøvik, O. Kaarbøe (Ålesund). Spain: M. A. Barba
Albacete); R. Botella (Alicante); E. Gómez Huertas (Central
sturias); J. Herrera (General Asturias); J. Ara, J. Bonal, G. Pintos

Badalona); J. Ballarin, R. Torra (F. Puigvert-Barcelona); J. Tor-
as (Bellvitge-Barcelona); V. Torregrosa (Clinic-Barcelona); J.
onzález (Cadiz); M. García, C. Herrera, I. Martin, J. Rodriguez

Huelva); A. Cano Ruíz (Madrid); F. J. Barbado, J. García-
onsuegra, A. García de Lorenzo, M. López (La Paz, Madrid); J.
aniagua, F. Rodriguez (Ponferrada); S. Hernández (Linares); V.
ernández (Santiago); J. Andreu (Seville); I. Febrer, A. Perez
arcía (Valencia); A. Rivera (Vigo). Sweden: B. Öqvist, C. Green

Lund); I. Dahlman (Stockholm). Switzerland: P. Ferrari, B.
ogt (Bern); F. Barbey, J. Theytaz (Lausanne); G. Schulthess, K.
alter, U. Widmer (Zurich). United Kingdom: T. M. Cox, P.
eegan, U. Ramaswami, N. Wright, L. Allen, A. Bol, D. Dutka,
. Galt (Cambridge); R. Baker, M. Blincoe, R. Bruce, A. Burns,
. Cadge, C. Davey, J. Elliott, P. M. Elliott, S. Evans, L. Ginsberg,
. Hajioff, D. Hughes, A. Ioannidis, S. Keshav, A. Mehta, A.
illigan, C. Orteu, L. Richfield, J. Shah (London).
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