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Abstract Newborn screening for Fabry disease in Taiwan
Chinese has revealed a high incidence of the late-onset GLA
mutation IVS4+919G→A (∼1 in 1,500–1,600 males). We
studied 94 adults with this mutation [22men, 72 women; mean
age: men 57.8±6.0 (range 42–68), women 39.1±14.1 years
(range 19–82)]. Plasma α-galactosidase A activity assay was
10.4±11.2% of normal in the men and 48.6±19.5% of normal
in the women. Echocardiography in 90 of the adults revealed
left ventricular hypertrophy (LVH) in 19 (21%), including 14
of 21 men (67%) and 5 of 69 women (7%). Microalbuminuria,
based on the urine albumin-to-creatinine ratio measured on at
least two occasions, was present in 17 of 86 subjects (20%)
(men: 5/20, 25%; women 12/66, 18%). At least one ocular
manifestation consistent with Fabry disease was present in 41
of 52 subjects (79%) who underwent ophthalmologic exam-
ination, including 8 (15%) with conjunctival vessel tortuosity,

15 (29%) with cornea verticillata, 10 (19%) with Fabry
cataract, and 34 (65%) with retinal vessel tortuosity. Among
subjects over 40 years of age, men were more likely than
women to have LVH [14/21 (67%) vs 5/25 (20%), p<0.001].
Cardiovascular, renal and ocular abnormalities are highly
prevalent in adult Taiwan Chinese subjects with the Fabry
mutation IVS4+919G→A. Our findings contribute to the
limited understanding of the course of this late-onset disease
variant and underscore the need for close follow up in such
patients.

Introduction

Fabry disease (MIM 301500) is an X-linked lysosomal
storage disorder characterized by deficient α-galactosidase A
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(α-Gal A) activity, leading to progressive accumulation of
globotriaosylceramide (GL-3) in the vascular endothelium of
the skin, kidney, heart, and brain. It is a complex, multisystemic
disorder characterized clinically by angiokeratomas, acropar-
esthesias, hypohydrosis, corneal opacities, gastrointestinal
disturbances, progressive renal impairment, cardiomyopathy,
and early stroke (Desnick et al. 2001). The estimated incidence
of classic Fabry disease is 1 in 40,000–60,000 males in the
general population (Desnick et al. 2001; Meikle et al. 1999).
There is increasing recognition that manifestations in hetero-
zygous females can range from no symptoms at all to
abnormalities as severe as those in affected males (Deegan
et al. 2006; Wang et al. 2007; Wilcox et al. 2008).

During the past decade, there have been reports of late-
onset phenotypes of Fabry disease primarily involving the
heart (Monserrat et al. 2007; Nakao et al. 1995; Sachdev et al.
2002), kidneys (Kotanko et al. 2004; Nakao et al. 2003;
Tanaka et al. 2005) or cerebrovascular system (Rolfs et al.
2005). Patients with the cardiac variant lack the classic
symptoms of Fabry disease and present with left ventricular
hypertrophy (LVH), arrhythmias, or hypertrophic cardiomy-
opathy in the fifth to eighth decades of life. It has been
suggested that 1–4% of men with LVH or hypertrophic
cardiomyopathy have undiagnosed Fabry disease (Monserrat
et al. 2007; Nakao et al. 1995; Sachdev et al. 2002). Patients
with the renal variant develop proteinuria and may progress
to end-stage renal disease, typically after 50 years of age.
Screening by plasma α-Gal A activity has shown that 0.25–
1% of men undergoing hemodialysis were identified with
previously undiagnosed Fabry disease (Kotanko et al. 2004;
Nakao et al. 2003; Tanaka et al. 2005). Ocular findings may
suggest the diagnosis in some individuals, where progressive
deposition of GL-3 in ocular structures may result in
abnormalities at the level of the conjunctival vessels, cornea,
lens, or retinal vessels (Nguyen et al. 2005; Orssaud et al.
2003; Sher et al. 1979; Sodi et al. 2007).

In Japan, an IVS4+919G→A splicing mutation has been
reported in patients with the late-onset cardiac phenotype
(Ishii et al. 2002). Lin et al. (2009) screened ∼57,000
newborn boys and found various Fabry mutations in ∼1 in
1,400, 83% of whom had the cardiac variant mutation
IVS4+919G→A, for an incidence of ∼1 in 1,600. Hwu
et al. (2009) screened ∼90,000 baby boys and found Fabry
mutations in ∼1 in 1,250, 86% with IVS4+919G→A, an
incidence of 1 in 1,500. This suggests a substantial
incidence of the mutation in the Taiwanese population as
a whole, but little is known about its phenotype in adult
men and women. We previously looked for LVH in 20
maternal grandparents of babies carrying this mutation (Lin
et al. 2009). The aim of the present study was to perform
enzyme assays and assess clinical manifestations in a
larger group of Taiwanese adults who carry the IVS4+
919G→A mutation in order to help to delineate the

natural history of late-onset Fabry disease associated
with this genotype.

Materials and methods

Study design and subjects

Pedigree analysis was offered to the parents of the
newborns with the IVS4+919G→A mutation who had
been identified via the Fabry disease newborn screening
program in Taiwan (Lin et al. 2009). Once families had
consented to participate, parents, grandparents and other
blood relatives underwent mutation analysis. Ninety-four
adult subjects who were found to have the IVS4+919G→A
mutation were enrolled in the current study. Informed
written consent was obtained from each of the subjects. The
study was approved by the ethics committee of Taipei
Veterans General Hospital, Taipei, Taiwan.

Molecular, biochemical and clinical assessments

The α-Gal A exons and adjacent intronic and promoter
regions were sequenced using standard techniques as
described elsewhere (Shabbeer et al. 2005; Shabbeer et al.
2006). Plasma α-Gal A enzyme activity was measured
according to the method described by Desnick et al. (1973)
and expressed as numerical value and as the percentage of
the mean in normals (i.e. 12.4 nmol/h/mL plasma; Desnick
et al. 1973; Sheu et al. 1994).

A total of 94 subjects carried the mutation and were
asked to undergo screening for cardiac, renal, and ocular
abnormalities. However, it was up to the subjects to follow
through with all instructions. All had at least one of the
examinations.

Spot urine samples for measurement of albumin and
creatinine levels were collected on at least two occasions to
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Fig. 1 Age distribution of adult subjects with late-onset Fabry
mutation IVS4+919G→A (n=94; 72 women, 22 men)
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rule out confounding factors unrelated to Fabry disease.
The ratio of concentrations of urinary albumin and
creatinine expressed as mg/mmol was used to estimate the
total daily albumin excretion. Microalbuminuria was
defined as urinary albumin-to-creatinine ratio ≥2.0 mg/
mmol for men and ≥2.8 mg/mmol for women on at least
two occasions, based on the National Kidney Foundation's
Kidney Disease Outcome Quality Initiative working group
definition (National Kidney Foundation 2002).

Cardiac evaluation included electrocardiography and
standard echocardiography. LVH was defined as left
ventricular mass >259 g in men and >166 g in women
(Levy et al. 1987).

Ophthalmological evaluation included slit lamp exami-
nation of the bulbar conjunctiva, cornea, lens and fundus.

Statistical analysis

The Statistical Package for Social Sciences (SPSS®) version
11.5 (SPSS, Chicago, IL) was used to analyze the plasma
α-Gal A activity, as well as clinical manifestations and
gender differences. Relationships between clinical findings
and age, as well as clinical findings and plasma α-Gal A
activity, were tested using Pearson correlation, and signif-
icance was tested using Fisher r–z transformations. Differ-
ences were considered to be statistically significant if the p
value was less than 0.05.

Results

Among the 94 adult subjects with the IVS4+919G→A
mutation, there were 22 men and 72 women. Their mean
age (±SD, range) was 57.8 (6.0, 42-68) and 39.1 (14.1, 19-
82) years, respectively (Fig. 1). Half the subjects were
women under 40 years of age, and 22 men (23% of all
subjects) and 25 women (27%) were older than 40.

The plasma α-Gal A activity was analyzed in all
subjects; the mean (±SD, % of normal) values were 1.29
(1.39, 10.4±11.2) nmol/h/mL plasma for men and 6.03
(2.42, 48.6±19.5) nmol/h/mL plasma for women (Fig. 2).
There were no correlations (p>0.05) between clinical
findings and plasma α-Gal A activity in both men and
women.

Echocardiographic examinations (n=90) revealed LVH
in 67% of 21 men assessed and in 7% of 69 women
(Table 1). Men over 40 years were more likely to have LVH
than women over 40 (67 and 20%, respectively; p<0.001).
LVH was more likely to occur in women over 40 than in
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Fig. 2 Residual α-galactosidase activity in women (n=72) and men
(n=22) with late-onset Fabry mutation IVS4+919G→A. Activity is
expressed as percentage of the normal mean (12.4±2.25 nmol/h/mL
plasma)

Table 1 Clinical findings in subjects with Fabry mutation IVS4+919G→A

Examinations Echocardiography Urinary analysis Slit lamp examination

(n=90) (n=86) (n=52)

Findingsa Left ventricular
hypertrophy

Microalbuminuria Conjunctival
vessel tortuosity

Cornea
verticillata

Fabry
cataract

Retinal vessel
tortuosity

At least one Fabry
ocular finding

Men any age 14/21 (67) 5/20 (25) 1/7 (14) 1/7 (14) 0/7 (0) 2/7 (29) 3/7 (43)

Women any age 5/69 (7) 12/66 (18) 7/45 (16) 14/45 (31) 10/45 (22) 32/45 (71) 38/45 (84)

Men aged ≥40 years 14/21 (67) 5/20 (25) 1/7 (14) 1/7 (14) 0/7 (0) 2/7 (29) 3/7 (43)

Women aged ≥40 years 5/25 (20) 7/23 (30) 1/11 (9) 2/11 (18) 2/11 (18) 6/11 (55) 8/11 (73)

p value <0.001 0.700 0.751 0.841 0.257 0.310 0.229

Women aged <40 years 0/44 (0) 5/43 (12) 6/34 (18) 12/34 (35) 8/34 (24) 26/34 (76) 30/34 (88)

p value difference
women aged ≥ and
<40 years

<0.005 0.060 0.507 0.297 0.718 0.171 0.227

a n/subjects examined (%)
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women under 40 years of age (p<0.005) and developed
progressively (r=0.588, p<0.01).Microalbuminuria or higher
levels of proteinuria were found in 17 subjects (20% of 86),
including 5 men (25%) and 12 women (18%; Table 1). There
was no significant difference between its presence in men
(25%) and women (30%) older than 40 (p=0.700), and
between women older and younger than 40 (p=0.06).
However, (micro)albuminuria or proteinuria developed pro-
gressively in women (r=0.281, p<0.05).

At least one Fabry-related ocular manifestation was
present in 41 subjects (79% of subjects examined); in
43% of men and 84% of women. Ocular abnormalities
included retinal vessel tortuosity (29%, 71%, respectively),

cornea verticillata (14%, 31%), Fabry cataract (0%, 22%)
and conjunctival vessel tortuosity (14%, 16%) (Table 1,
Fig. 3). There were no statistically significant differences
between genders or age categories. The examinations were
mostly performed by PKL (79%), whereas 21% of the
subjects were examined by other ophthalmologists at the
ophthalmology outpatient clinic.

Discussion

The natural history of early-onset “classic” Fabry disease is
well documented in the literature (Desnick et al. 2001;
Zarate and Hopkin 2008). Cases of late-onset forms of
Fabry disease have been reported but, to date, there are no
reports of clinical findings in sizeable cohorts of patients.
This is the first report describing the clinical features in
both male and female patients carrying the IVS4+
919G→A mutation in the GLA gene. We confirm a high
prevalence of cardiovascular, renal, and ocular manifesta-
tions associated with Fabry disease in these Taiwan Chinese
adult subjects, including women. Similar to the findings of
Ishii et al. (2002) of ∼10% residual α-Gal A activity in
lymphocytes from patients hemizygous for the IVS4+
919G→A mutation, the mean enzyme activity in the 22
men in our study was 10.4% of normal. Our study is the
first to report α-Gal A activities in heterozygous women
with the IVS4+919G/A mutation, i.e. 48.6% of the normal
mean (n=72), and 14 women (19.4%) had normal α-Gal A
enzyme activity (normal range: 7.9–16.9 nmol/h/mL plasma;
Desnick et al. 1973; Sheu et al. 1994).

Among subjects over 40 years of age, 67% (14/21) of
men and 20% (5/25) of women had LVH. The high
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Fig. 3 Prevalence of individual abnormalities in men (n=22) and
women (n=72) with late-onset Fabry mutation IVS4+919G→A

Table 2 Prevalence of ocular manifestations of classic Fabry disease in various populations compared with Taiwan Chinese with a late-onset
Fabry disease gene

References Area Gender Ocular manifestations

Conjunctival vessel
tortuosity (%)

Cornea verticillata (%) Fabry cataract (%) Retinal vessel
tortuosity (%)

Sher et al. 1979 USA 37 males 78 94.5 37 70

25 females 46 88 14 25

Orssaud et al. 2003 France 32 males 68.7 43.7 37.5 56.2

Nguyen et al. 2005 Australia 34 males 97.1 94.1 11.8 76.5

32 females 78.1 71.9 0 18.8

Sodi et al. 2007 10 European
countriesa

91 males NR 73.1 23.1 NR

82 females NR 76.9 9.8 NR

Present study Taiwan 7 males 14 14 0 29

45 females 16 31 22 71

NR Not reported
a The majority of the patients originated from Italy (n=33), the UK (n=28), Spain (n=26) and Norway (n=23)
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incidence in men is consistent both with the study from Japan
and our earlier investigation (Ishii et al. 2002; Lin et al. 2009).
However, the present study also revealed a substantial
number of women over 40 with the mutation who also had
LVH. Our study was not designed to rule out other causes of
LVH, so we cannot conclusively state that these individuals
in fact had late-onset Fabry disease as a cause of their cardiac
abnormality. However, we have previously found some cases
of hypertrophic cardiomyopathy in which the patients carried
this mutation (Lin et al. 2009). In a population with a
relatively high incidence of this genotype, perhaps gene
testing should be considered in patients who appear to have
idiopathic hypertrophic cardiomyopathy.

Microalbuminuria was also relatively common in our
subjects who were tested, one quarter of the men and nearly
a third of the women over 40 years of age. As with LVH, it
is possible that they may have had latent renal disease from
other causes. But our study suggests that late-onset Fabry
disease belongs in the differential diagnosis for these
individuals.

Ocular findings are also among the early hallmarks of
Fabry disease (Nguyen et al. 2005; Orssaud et al. 2003;
Sher et al. 1979; Sodi et al. 2007) and readily detectable by
slit lamp examination. Progressive deposition of GL-3 in
ocular structures often leads to cornea verticillata (vortex
keratopathy), changes of conjunctival and retinal vessels
(dilatation, tortuosity, aneurysms) or lenticular changes (a
“spoke-like” pattern at the level of the posterior capsule,
usually referred to as “Fabry cataract”). Most women (84%)
and less than half (43%) of men had at least one of these
ocular manifestations. The prevalences of Fabry cataract
(22%) and retinal vessel tortuosity (71%) among females
were surprisingly high as compared to previous reports
(Table 2). It remains to be elucidated if there is an ethnic
predilection for these types of ocular abnormalities in the
Taiwan Chinese Fabry patient population, or specifically in
subjects with the IVS4+919G→A mutation. The preva-
lence of cornea verticillata was considerably lower (14% of
men, 31% of women) as compared with the overall gender-
specific prevalences of ∼75% reported by other groups
(Table 2). This may support the belief that the IVS4+
919G→A mutation is a rather mild pathogenic mutation.

Our findings demonstrate that the phenotype associated
with this mutation cannot be accurately predicted from the
genotype alone. As expected, men who were hemizygous for
IVS4+919G→A had lower enzyme activity than did women
who were heterozygous. Further investigations are needed to
identify genes or other factors that modify the clinical
expression of late-onset Fabry disease related to this mutation.

Enzyme replacement therapy has been used to treat
Fabry disease and experience reveals that early medical
intervention provides a better clinical outcome (Banikazemi
et al. 2007; Weidemann et al. 2009; Wraith et al. 2008).

This leaves little doubt that early detection and timely
therapy are important for patients with classic Fabry
disease. These paradigms are also applicable for patients
with the late-onset mutation IVS4+919G→A as cardiovas-
cular, renal and ocular manifestations are highly prevalent
among these individuals. Our data contribute to the
understanding of the clinical course of this late-onset
variant and provide a rational for modification of current
follow up and therapeutic intervention strategies.

Limitations

Fabry disease is an X-linked lysosomal storage disorder,
but we had relatively few men in our sample. As subjects
were selected based on the family pedigree of neonates
found to have the IVS4+919G→A mutation, most were
young mothers or maternal grandparents. Half were women
younger than 40. It would be good to study larger groups of
men, especially those younger than 40. Another limitation
is the lack of complete data for all of our subjects, as they
were not uniformly able to follow through on all the
examinations.

Conclusion

This study documents a high prevalence of cardiovascular,
renal, and ocular manifestations in Taiwan-Chinese adult
subjects with Fabry mutation IVS4+919G→A. This hot-
spot mutation has been described as a “cardiac variant”
mutation, but our data demonstrate that the clinical
manifestations are not confined only to the heart. Although
more detailed data on the longitudinal progression of the
disease will be required, our findings will be helpful in
determining the necessity and timing of therapeutic inter-
vention with enzyme replacement therapy.
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