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Abstract This is a descriptive analysis of a cohort of 59
Taiwanese patients with Fabry disease and either classical
Fabry or cardiac variant IVS4+919G>A (IVS4) mutations
from a disease registry, the Fabry Outcome Survey (FOS;
sponsored by Shire). Most of our classical Fabry patients
were symptomatic and were identified upon seeking

medical advice at our clinics, whereas most of our IVS4
patients attended our clinics after newborn screening
identified this mutation in their grandsons. The objective
was to determine differences in cardiac manifestations
between patients with classical Fabry or IVS4 mutations
by comparing age at onset of selected cardiac symptoms.
Data were extracted in August 2013 and analyzed retro-
spectively. Fifty-nine Taiwanese patients (median age at
extract 60.7 years [range 15.0–86.9]; n ¼ 36 [61%] male)
with proven IVS4 (n ¼ 41 [69%]) or classical Fabry
mutations (n ¼ 18 [31%]) had available data on cardiac
symptoms. Of 55 (93%) patients with reported left
ventricular hypertrophy (LVH), mean [SD] age (years) at
first symptom was lower in classical Fabry males (30.0
[15.1]; n ¼ 4) than classical Fabry females (49.6 [8.9];
n ¼ 11; p < 0.05), but not in IVS4 females (57.4 [13.7];
n ¼ 10) compared with IVS4 males (55.9 [11.3]; n ¼ 30).
Mean age at first LVH diagnosis was significantly lower in
classical Fabry males versus IVS4 males (p < 0.05). No
significant difference in age at onset of arrhythmia or
conductive abnormality, chest pain, or palpitations or
cardiac syncope was found between the groups. The most
noteworthy finding of this study is the lack of a significant
gender sex difference in age at onset of cardiac symptoms
in IVS4 patients.

Introduction

Fabry disease is caused by the deficiency or absence of
alpha-galactosidase A (a-Gal A) activity, leading to
progressive deposition of glycosphingolipids, mainly
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globotriaosylceramide (Gb3), in the lysosomes of multiple
tissues and organs. Originally thought to be less severe in
females (Desnick et al. 2001), more recent evidence
indicates that symptoms of this X-linked disorder can
manifest as severely in females as in males (Mehta et al.
2004; Wilcox et al. 2008), although they generally occur
later in life and show greater variation in severity among
female patients (Deegan et al. 2006). The frequency of
classic Fabry disease has been estimated as one in 40,000,
and its symptoms typically manifest during childhood,
including acroparesthesias, angiokeratoma, corneal opac-
ities, and anhidrosis (Desnick et al. 2001; Ries et al. 2005).
Atypical, late-onset phenotypes have been reported that
lack these classic symptoms but instead present with
cardiac (Nakao et al. 1995), renal (Nakao et al. 2003), or
cerebrovascular disease (Brouns et al. 2010). The frequency
of atypical Fabry disease is unknown, but it has been
suggested to be more common than previously believed
(Nakao et al. 1995). In Taiwan, our team first revealed a
surprisingly high incidence (approximately one in 1,600
males) of a cardiac variant GLA splicing mutation, IVS4
+919G>A, in our newborn population (Chong et al. 2008)
and subsequently identified this mutation in a number of
Taiwan Chinese adult patients with idiopathic hypertrophic
cardiomyopathy (Lin et al. 2009, 2010, 2013). Thereafter,
another newborn screening center in Taiwan also revealed a
very similar incidence (one in 1,460 males) of this mutation
in their study (Hwu et al. 2009). In addition to Taiwan, this
mutation has also been found in Japan (Ishii et al. 2002),
China, and in Han populations from Singapore, Malaysia,
the Philippines, and Vietnam by our team (Niu, unpub-
lished data).

Our previous study (Lin et al. 2010) showed that a high
proportion of adults (>40 years of age) carrying the IVS4
+919G>A mutation experienced microalbuminuria and
retinal vessel tortuosity, but symptoms involving these
organs were very mild and did not cause significant
morbidity. However, a high frequency of severe cardiac
symptoms causing significant morbidity was also found
among these adults. More recently, DNA-based newborn
screening for this mutation revealed a higher incidence (one
in 875 males and one in 399 females) than our previous
enzyme-based Fabry newborn screening in Taiwan (Chien
et al. 2012).

Although the hotspot IVS4+919G>A mutation is now
being observed with greater frequency, understanding of
the natural course of cardiac variant Fabry disease with
this specific mutation remains limited. The objective of
this study was to determine differences in cardiac
manifestations between patients with the IVS4 and
classical Fabry mutations by comparing age at first
manifestation of selected cardiac symptoms in Taiwanese
patients with data recorded in the Fabry Outcome Survey

(FOS). The FOS is an international registry, sponsored by
Shire, for the long-term collection of data on the natural
history of Fabry disease in patients who are either
untreated or treated with agalsidase alfa enzyme replace-
ment therapy (ERT).

Patients and Methods

Entry of data from Taiwanese patients into the FOS
database began in July 2012. All Taiwanese patients with
the IVS4+919G>A mutation (IVS4 patients) or classical
mutations (classical Fabry patients; Table 1) are eligible for
inclusion in FOS, whether or not they have received ERT
with agalsidase alfa. Fabry disease diagnosis in all patients
was confirmed by enzyme assay measuring a-Gal A
activity (males) and/or a-Gal A gene mutation analysis
(males and females). All of the procedures undertaken in
this study were approved by the institution review board,
and all patients gave written, informed consent prior to data
entry.

Anonymous data for analysis are submitted electroni-
cally to the central FOS database. Each patient’s medical
history is documented by a physician or nurse specialist,
including the year of Fabry disease diagnosis, signs and
symptoms of the disease, treatment, demographic details,
and family history.

All measurements routinely performed in clinical practice
are entered into the database. Echocardiographic data are
collected in accordance with pre-specified guidelines
contained within FOS. Measurements were performed
according to the American Society of Echocardiography
recommendations (Nagueh et al. 2009). Left ventricular
parameters including diastolic interventricular septal thick-
ness (IVSd), systolic and diastolic left ventricular internal

Table 1 Classical Fabry mutations

Classical Fabry mutation

• c.274G>T(D92Y)

• c.319C.T(p.Q107X)

• c.394G>A(p.G132R)

• c.612G>A(p.W204X)

• c.901C>T(p.R301X)

• c.1034C>G(p.5345X)

• c.1066C>G(p.R356W)

• c.1081G>C(p.G361X)

• c.1087C>T(p.R363C)

• c.1095delT(p.Y365X)

• c.1194delA(p.E398DfsX6)

• c.1228A>G(p.T410A)
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diameter (LVIDd and LVIDs), and diastolic left ventricular
posterior wall thickness (LVPWd) were measured by two-
dimensional guided M-Mode echocardiography. Left ven-
tricular mass (LVM) was calculated according to the formula
published by the American Society of Echocardiography
(Lang et al. 2005): LVM (g) ¼ 0.8 � (1.04 � [(LVIDd) +
(IVSd) + (LVPWd)]3 � [LVIDs]3) + 0.6. Left ventricular
mass was normalized to height in meters2.7 (LVMI ¼
LVM/height2.7). Left ventricular hypertrophy (LVH) is
defined as left ventricular mass indexed to height2.7 (g/
m2.7) of >51 g/m2.7 in males and >48 g/m2.7 in females
(de Simone et al. 1992).

In this study, we examine the baseline data of cardiac
manifestations in Taiwanese patients with IVS4+919G>A or
classical Fabry mutations recorded in the FOS database.
Age, sex, genetic mutation, LVMI, and age at first
symptoms/signs, including arrhythmia or conductive abnor-
mality, chest pain, left ventricular hypertrophy, and palpita-
tions or cardiac syncope, were analyzed. Data for this study
were extracted from the FOS database in August 2013. Data
extraction and analysis in FOS are supported by Shire.

Statistical Analyses

Descriptive statistics were calculated, and statistical signifi-
cance to compare age at onset of the selected cardiac
symptoms by mutation group (IVS4 or classical Fabry) and

sex was evaluated using the full interaction analysis of
variance (ANOVA) model methodology. Fisher’s exact test
was used to compare the prevalence of cardiac symptoms
between the IVS4 and classical mutation groups. Statistical
significance was set at 5%, and SAS version 9.2 software
was used to perform the tests.

Results

By August 2013, from a total of 71 Taiwanese patients
registered in the FOS database, there were 67 Taiwanese
patients with proven IVS4+919G>A mutation or classical
Fabry mutations. Fifty-nine had cardiac symptoms recorded
and were included in this analysis (Fig. 1). The median age
at the time of data extraction was 60.7 years (range
15.0–86.9). Two of the patients with classical Fabry
mutations were younger than 18 years. Thirty-six patients
(61%) were male, and 23 patients (39%) were female. A
total of 41 patients (69%) had IVS4+919G>A mutations,
which is twice as many as had classical Fabry mutations
(18 patients, 31%). Of the IVS4 patients, there were more
males (30 patients, 73%) than females (11 patients, 27%).
The ratio of male to female patients with the IVS4
+919G>A mutation was 2.73:1, compared with 1:2 with
classical Fabry mutations (six male patients, 33%; 12
female patients, 67%). The demographic characteristics of
the study population are shown in Table 2.

Total pa�ents in FOS at 
�me of data extrac�on 

n = 1802

Total Taiwanese
pa�ents 

n = 71

Taiwanese pa�ents 
with IVS4 or classical 

muta�on data 
n = 67

Taiwanese pa�ents with
cardiac symptoms  

N = 59

Taiwanese pa�ents
with non-classical 
muta�on n = 4

Taiwanese pa�ents without 
genotype or cardiac symptom data
n = 8

Males with classical 
Fabry muta�ons 

n = 6 (33%)

Females with classical 
Fabry muta�ons 

n = 12 (67%)

Males with the 
IVS4 muta�on 

n = 30 (73%)

Females with the 
IVS4 muta�on 

n = 11 (27%)

Fig. 1 Flow diagram of patients included in this analysis
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The prevalence, mean, and median age at first cardiac
symptoms in Taiwanese patients in FOS are shown in
Table 3. Left ventricular hypertrophy was the most common
sign of cardiac manifestation in both IVS4 and classical
Fabry patients. Fifty-five (93%) patients, including 40
(97.6%) with the IVS4+919G>A mutation (100% in males
and 90.9% in females) and 15 (83.3%) with classical Fabry
mutations (66.7% in males and 91.7% in females), were
found to have LVH. The mean [SD] age at first diagnosis of
LVH was significantly lower in classical Fabry males (30
years [15.1]; n ¼ 4) than in classical Fabry females (49.6
years [8.9]; n ¼ 11; p < 0.05), but in the IVS4 patients
there was no difference between IVS4 males (55.9 years
[11.3]; n ¼ 30) and IVS4 females (57.4 years [13.7];
n ¼ 10). Also, a significantly lower age at first LVH
diagnosis was found for classical Fabry males compared
with IVS4 males (p < 0.05); however, no significant
difference was found in mean age at first LVH diagnosis
between classical Fabry females and IVS4 females. Fur-
thermore, age at LVH diagnosis was significantly lower in
classical Fabry males compared with classical Fabry
females and IVS4 males and females combined (p < 0.01).

Regarding arrhythmia or conductive abnormality, none of
our classical Fabry males had these signs; however, more than
half of the IVS4 females (54.5%), classical Fabry females

(58.3%), and most of the IVS4 males (83.3%) did. Interest-
ingly, no significant difference in age at onset of arrhythmia or
conductive abnormality was found between these three
groups. Regarding chest pain, 30% of IVS4 males, 45.5% of
IVS4 females, 16.7% of classical Fabry males, and 66.7% of
classical Fabry females had this symptom. No significant
difference in age at onset of this cardiac symptom was found
among these four groups. Similarly, there was no significant
difference between these four groups in age at onset of
palpitations or cardiac syncope, which occurred in 33.3%
IVS4 males, 45.5% IVS4 females, 16.7% classical Fabry
males, and 50% classical Fabry females.

Discussion

The most noteworthy finding in this study is that no
significant difference in age at onset of cardiac manifes-
tations was found between IVS4 males and females. This is
quite different to the situation in classical Fabry patients,
where males show a trend toward a more severe clinical
course and earlier disease onset age than females (Mehta
et al. 2009). It is generally thought that cardiac manifes-
tations of Fabry disease, such as arrhythmia, angina, and
LVH, are caused by Gb3 accumulation in sinus nodes, the

Table 2 Demographic characteristics and sex and mutation status of Taiwanese patients in FOS with cardiac symptoms and IVS4 or classical
Fabry mutations (n ¼ 59)

Characteristic N ¼ 59

Median (range) age at extract, years 60.7 (15.0–86.9)

Aged <18 years at extract, n (%) 2 (3)

Male, n (%) 36 (61)

Female, n (%) 23 (39)

Residual a-Gal A activity, % of midpoint of normal range, mean (SD)

IVS4 overall (n ¼ 41) 21.6 (21.0)

IVS4 male (n ¼ 30) 10.4 (4.5)

IVS4 female (n ¼ 11) 52.2 (17.4)

Classical Fabry overall (n ¼ 16)a 31.4 (25.0)

Classical male (n ¼ 4)a 2.9 (3.5)

Classical female (n ¼ 12) 41.0 (21.2)

Sex and Fabry mutation status, n (%)

IVS4 overall 41 (69)b

IVS4 male 30 (73)

IVS4 female 11 (27)

Classical overall 18 (31)b

Classical male 6 (33)

Classical female 12 (67)

a n ¼ 2 missing
b Prevalence, IVS4 overall vs. classical overall; p < 0.05
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conduction system, vascular endothelium, and myocardio-
cytes. Therefore, the more severe the a-Gal A defect, the
greater the accumulation of Gb3 and the more severe the
clinical manifestations and earlier the disease onset will be.
Fabry disease is believed to be an X-linked disease, where
female patients usually have two X chromosomes contain-
ing two a-Gal A genes. After random X-chromosome
inactivation, a heterozygote Fabry female becomes mosaic,
with two cell populations, one of which expresses the
normal a-Gal A gene and the other the abnormal a-Gal A
gene. As a consequence, except in rare cases of skewed X-
chromosome inactivation, random X-chromosome inactiva-
tion usually leads to greater residual enzyme activity, lower
levels of Gb3 accumulation, a milder clinical and biochem-
ical phenotype, and a later Fabry disease onset age in
females compared with males, especially when they have
the same a-Gal A gene mutation. Since this phenomenon
can be observed in classical Fabry patients, we found the
lack of a significant difference in age at onset of cardiac
manifestations between IVS4 males and females in the
current study surprising. Interestingly, we also found that
females with classical Fabry mutations appeared to have a
similar age at onset of the selected cardiac symptoms as
male and female IVS4 patients. Currently, we do not have a
good explanation for this finding. It could mean that the
amount of Gb3 accumulation is not the main factor
inducing cardiac manifestations in heterozygous females
and patients with a milder form of Fabry disease. Indeed,
there is some evidence to suggest that increased levels of
urinary and plasma Gb3 are not correlated with clinical
Fabry symptoms (Vedder et al. 2007). Perhaps there are

other contributing pathogenic factors, such as degree of the
inflammatory reaction (Biancini et al. 2012; De Francesco
et al. 2013), the vulnerability of cardiomyocytes (modified
by some cardiomyopathic genes or other unknown genes)
(Desnick and Doheny 2014), or cell non-autonomous
phenomena.

Recently, a new hypothesis of cross-induction by
globotriaosylsphingosine (lyso-Gb3) was proposed in order
to explain damage to cells containing active non-mutated X
chromosomes in heterozygous Fabry females (Pinto et al.
2010). This hypothesis is based on increased levels of
plasma lyso-Gb3, but not Gb3, found in most symptomatic
female heterozygotes, which appears to be positively
correlated with the severity of the clinical picture (Aerts
et al. 2008). This widely diffusible lyso-Gb3 might have the
capacity to induce cell damage via some mechanism that
we do not yet understand well. Interestingly, in a previous
study on our IVS4 patients, we also found only lyso-Gb3
levels, not Gb3, elevated in our symptomatic male and
female patients, and these lyso-Gb3 levels also appeared to
positively correlate with the severity of cardiac manifes-
tations (Liao et al. 2013). Since we found that serum lyso-
Gb3 can be elevated in both male and female infants, does
this mean that cardiac manifestations are induced after a
long and insidious course of elevated lyso-Gb3?

We believe that it is too soon to propose any alternative
hypotheses regarding the pathogenesis of cardiac manifes-
tations in Fabry disease, especially with such inconclusive
evidence. Although this study is the first and largest
analysis comparing age at onset of cardiac manifestations
between male and female IVS4 cardiac variant and classical

Table 3 Prevalence (%) of cardiac symptoms and mean (SD) and median (range) age at onset in Taiwanese patients in FOS

IVS4 mutation Classical Fabry mutation

Age at first symptom Male (N ¼ 30) Female (N ¼ 11) Male (N ¼ 6) Female (N ¼ 12)

LVHa n ¼ 30 (100%) n ¼ 10 (90.9%) n ¼ 4 (66.7%) n ¼ 11 (91.7%)

Mean (SD) 55.9 (11.3)b 57.4 (13.7) 30.0 (15.1)b,c 49.6 (8.9)c

Median (range) 58.9 (19.9–68.3) 57.8 (34.7–86.0) 28.1 (14.3–49.4) 51.7 (32.6–59.7)

Chest pain n ¼ 9 (30%) n ¼ 5 (45.5%) n ¼ 1 (16.7%) n ¼ 8 (66.7%)

Mean (SD) 48.6 (12.7) 40.9 (10.8) 43.5 47.8 (13.6)

Median (range) 47.4 (27.1–66.6) 43.2 (24.4–52.1) 43.5 (43.5–43.5) 48.8 (29.2–68.2)

Arrhythmia or conductive abnormality n ¼ 25 (83.3%)d n ¼ 6 (54.5%) n ¼ 0 (0%)d n ¼ 7 (58.3%)

Mean (SD) 58.0 (7.3) 63.3 (19.6) – 49.2 (11.5)

Median (range) 60.3 (39.8–67.5) 60.5 (37.1–86.0) – 51.2 (32.7–65.7)

Palpitations or syncope n ¼ 10 (33.3%) n ¼ 5 (45.5%) n ¼ 1 (16.7%) n ¼ 6 (50%)

Mean (SD) 54.7 (10.2) 42.4 (11.9) 43.5 51.6 (13.2)

Median (range) 58.8 (39.8–66.6) 47.0 (24.4–54.8) 43.5 (43.5–43.5) 52.5 (29.2–68.2)

a Age at first diagnosis of LVH
bAge, IVS4 male vs. classical Fabry male; p < 0.05
c Age, classical Fabry male vs. classical Fabry female; p < 0.05
d Prevalence, IVS4 male vs. classical Fabry male; p < 0.001
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Fabry disease patients, the sample size is not large enough
to reach any definitive conclusions. However, we hope that
this report will encourage investigators in the field of Fabry
disease to collect more data to help clarify whether or not a
significant difference exists in age at onset of cardiac
manifestations between cardiac variant Fabry male and
female patients or even among classical Fabry female
patients. If there is, it will be interesting to investigate the
possible alternative pathogenesis of cardiac manifestations
in these patients.

There are some limitations in this study. This analysis is
retrospective in nature and uses data from FOS (a physician-
driven registry for patient data in real-world healthcare
settings); thus, the criteria for patient selection were not as
stringent as in a clinical trial. As previously noted, the
sample size was small (zero in one of the cardiac symptom
groups); this is not unusual in rare disease registries, but for
this analysis some of the potentially eligible patients could
not be included due to incomplete database entries at data
extraction. However, of the 71 Taiwanese patients registered
in FOS at the time of data extraction, the majority (n ¼ 59;
83.1%) met the inclusion criteria. Due to the small sample
size, only descriptive statistics were used, and the possibility
of a confounding effect, or that some of these analyses may
have lacked the statistical power to detect a significant
effect, cannot be ruled out without further follow-up to
confirm the trends observed. There is also the possibility of
selection bias in this analysis, since most of our classical
Fabry patients came to our clinics owing to their symptoms/
signs of Fabry disease (acroparesthesia, renal insufficiency,
or hypertrophic cardiomyopathy). In contrast, most of our
IVS4 patients attended our clinics as a result of newborn
screening identifying the IVS4+919G>A mutation in their
grandsons. Some of these IVS4 grandparents did not have
significant clinical manifestations of the heart, but they were
found to have hypertrophic cardiomyopathy; thus, the
prevalence of hypertrophic cardiomyopathy was high in
these patients. Furthermore, the patients of the IVS4 group
tended to be older than those of the classical Fabry group,
and we do not know how long LVH had been present in
these patients; therefore, the analysis of age at onset of
symptoms such as chest pain and palpitations might be
subject to recall bias.

Conclusions

This retrospective study on Taiwanese patients with Fabry
disease found no significant difference in onset age of
cardiac manifestations between males and females with the
cardiac variant IVS4+919G>A mutation.
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