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Purpose: To evaluate life expectancy and cause of death among pa-
tients with Fabry disease, an X-linked lysosomal storage disorder.
Methods: Data from 2848 patients in the Fabry Registry were summa-
rized using descriptive statistics. Life expectancy at birth was compared
with that of the United States general population. Results: As of August
2008, 75 of 1422 males and 12 of 1426 females in the Fabry Registry
were reported to have died. The 87 deceased patients were diagnosed at
a much older age than other patients in the Fabry Registry: median age
at diagnosis was 40 vs. 24 years in males and 55 vs. 33 years in females.
The life expectancy of males with Fabry disease was 58.2 years,
compared with 74.7 years in the general population of the United States.
The life expectancy of females with Fabry disease was 75.4 years,
compared with 80.0 years in the United States general population. The
most common cause of death among both genders was cardiovascular
disease. Most (57%) patients who died of cardiovascular disease had
previously received renal replacement therapy. Conclusions: Most de-
ceased Fabry Registry patients exhibited serious cardiac and renal
dysfunction. Late diagnosis may have contributed to the early deaths of
these patients. Genet Med 2009:11(11):790–796.
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Fabry disease is a rare, X-linked metabolic disorder caused by
insufficient activity of the lysosomal enzyme �-galactosi-

dase A. This leads to the accumulation of glycolipids with
terminal �-galactosidic linkages, particularly globotriaosylcer-
amide (GL-3), in various tissues and cell types.1 The progres-
sive accumulation of glycolipids eventually impairs organ func-
tion. The incidence of Fabry disease has been estimated as 1 in
40,000 to 1 in 117,000 live births.1,2 This may be an underes-
timate, as patients with milder forms of the disease are not
always diagnosed. There is no known predilection of Fabry
disease for any specific race or ethnicity.

The early symptoms of Fabry disease, including neuropathic
pain in the extremities, hypohidrosis, and gastrointestinal symp-
toms such as abdominal pain, diarrhea, and food intolerance,
typically begin during childhood.3–5 Later in life, many patients
develop life-threatening disease manifestations, including
chronic renal disease, cardiovascular disease, and strokes.6–11

The signs and symptoms of Fabry disease are generally most
severe among hemizygous males; however, heterozygous fe-
males often exhibit serious clinical manifestations affecting
quality of life and longevity.7,10,12,13 Enzyme replacement ther-
apy (ERT) with recombinant human �-galactosidase A reduces
plasma GL-3 levels and accumulation of GL-3 in tissue, atten-
uating many manifestations of Fabry disease,14–16 including
stabilization, of estimated glomerular filtration rate over
time18,19 and reduction of cardiomyopathy.20,21

Lifespan is considerably shortened in males with Fabry dis-
ease. Before renal dialysis and renal transplants became widely
available, the average age at death among males with Fabry
disease was reported as 41–42 years.22,23 The increased avail-
ability of renal replacement therapy over the past several de-
cades has extended the lifespan of Fabry patients. However, life
expectancy of patients with Fabry disease has not been formally
analyzed. Since 2001, five studies of relatively small cohorts of
patients with Fabry disease have reported survival data6–8,13,24

and one study has reported cause of death data.24 In these
studies, males were reported to survive to a mean or median age
of 50–57 years6,8,13,24 and females to a mean or median age of
64–72 years.7,13,24 The Fabry Registry, which tracks the natural
history and outcomes of patients with Fabry disease, had en-
rolled 2848 patients, including 1422 males and 1426 females, as
of August 2, 2008. Detailed analyses of life expectancy, clinical
events, and cause of death among males and females in this
much larger cohort will provide valuable current information
about longevity and mortality of patients with Fabry disease.

MATERIALS AND METHODS

The Fabry Registry is an ongoing, observational database
that compiles clinical and investigative data on patients with
Fabry disease. It began enrolling patients and collecting data in
April 2001. All patients with Fabry disease are eligible for
enrollment, regardless of age, gender, symptoms, or whether
they are receiving ERT. Patient and physician participation is
voluntary. All patients provided informed consent through local
institutional review boards/ethics committees and may decline
to participate or withdraw consent at any time.

Data collected by the Fabry Registry are entered into a
database through a set of standardized case report forms. Data
were analyzed using SAS statistical software version 8 (SAS
Institute Inc., Cary, NC) and summarized using descriptive
statistics. All Fabry Registry patients with assessment data were
included in these analyses, regardless of enzyme treatment
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status. The cause of death was reported by treating physicians.
Patients who were reported as deceased but for whom the date
of death was unavailable were excluded from the analyses.
The number of person-years of follow-up was calculated
from the date of birth until the date of death or, for living patients,
from the date of birth until the date of each patient’s last assess-
ment. Life expectancy at birth was computed according to standard
life table methods25 and compared with the United States general
population.26 Patients’ ethnicities were self-reported and are in-
cluded as a standard part of demographic characterization of the
cohort.

Significant clinical events were categorized as cardiovascular,
cerebrovascular, or renal. Cardiovascular events were defined as
myocardial infarction, significant cardiac procedures (e.g., pace-
maker placement, coronary bypass, stent placement, valve replace-
ment), arrhythmia, angina pectoris, or congestive heart failure.
Cerebrovascular events were defined as strokes. Renal events were
defined as chronic dialysis (�40 days) or renal transplantation.

RESULTS

As of August 2, 2008, 75 of 1422 males and 12 of 1426
females in the Fabry Registry had died. Demographic data are
summarized in Table 1. No major differences in ethnicity or in
geographic region were observed between deceased patients
and living patients. As shown in Table 1, the median age at
death was 54.3 years in males (range, 31.2–84.8) and 62.0 years
in females (range, 39.9–76.1). Both living and deceased males
reported the onset of Fabry symptoms at a median age of 10
years. The median age at symptom onset was younger in living
females (15.2 years) than in deceased females (22.1 years), but
this difference may not be meaningful, given that there were
only 12 deceased females in the Fabry Registry (Table 1).
Deceased patients were diagnosed with Fabry disease at much
older ages than living patients. Deceased males were diagnosed
at a median age of 39.8 years (range, 7.8–81.0), whereas living
males were diagnosed at a median age of 24.4 years (range,

Table 1 Demographic characteristics of deceased and living Fabry Registry patients

Parameter

Males Females

Deceased (N � 75) Alive (N � 1347) Deceased (N � 12) Alive (N � 1414)

Ethnicity, n (%)

White 66 (88.0) 1007 (74.8) 10 (83.3) 1125 (79.6)

Black 0 28 (2.1) 0 23 (1.63)

Hispanic 1 (1.3) 106 (7.9) 1 (8.3) 90 (6.4)

Asian 2 (2.7) 54 (4.0) 0 18 (1.3)

Other 3 (4.0) 48 (3.6) 0 33 (2.3)

Not specified 3 (4.0) 104 (7.7) 1 (8.3) 125 (8.8)

Geographic region, n (%)

United States 29 (38.7) 486 (36.1) 6 (50.0) 483 (34.2)

Europe 36 (52.0) 583 (43.3) 4 (33.3) 673 (47.6)

Rest of the world 7 (9.3) 278 (28.6) 2 (16.7) 258 (18.3)

Age at death or last follow-up (yr)

Mean (SD) 53.7 (9.82) 36.2 (15.17) 60.9 (12.76) 40.7 (17.47)

Median (range) 54.3 (31.2–84.8) 37.6 (1.4–82.3) 62.0 (39.9–76.1) 41.9 (0.2–84.1)

Age at first Fabry symptom (yr)

N 61 1055 9 811

Mean (SD) 17.3 (16.12) 14.1 (12.39) 22.3 (13.86) 21.6 (16.50)

Median (range) 10.2 (4.2–68.0) 9.7 (0–73.4) 22.1 (6.7–43.4) 15.2 (0–77.7)

Age at Fabry diagnosis (yr)

N 74 1327 12 1349

Mean (SD) 40.6 (15.52) 26.5 (15.72) 53.3 (15.62) 33.3 (17.83)

Median (range) 39.8 (7.8–81.0) 24.4 (0–79.8) 55.4 (23.8–72.5) 32.7 (0–80.6)

Year of diagnosis

N 74 1327 12 1349

Mean (SD) 1991 (11.5) 1996 (10.0) 1997 (5.9) 1999 (9.2)

Median (range) 1992 (1966–2007) 2001 (1953–2008) 1999 (1987–2005) 2003 (1950–2008)
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0–79.8). Similarly, deceased females were diagnosed at a me-
dian age of 55.4 years (range, 23.8–72.5), compared with 32.7
years for living females (range, 0–80.6). In chronological
terms, living patients were diagnosed more recently than de-
ceased patients. Deceased males and females were diagnosed in
median year 1992 and 1999, respectively, compared with 2001
and 2003 for living Fabry Registry males and females (Table 1).

As shown in Figure 1, most males died between the ages of
40 and 60 years, whereas most females died at ages older than
60 years. No Fabry Registry patients died before the age of 30
years. Sixty-one of the 75 deceased males (81.3%) and 5 of the
12 deceased females (41.7%) were known to have received
ERT, which became commercially available in Europe 2001
and in the United States in 2003. The median length of time that
these patients were on ERT was 12 months in males and 4
months in females. The risk of mortality among all patients in
the Fabry Registry is shown in Figure 2. In males, the mortality
rate increased from age 40 years onward and increased more
rapidly at each 5-year increment over the age of 50 years. As
expected, male patients were documented to have a higher
mortality rate than females across all age categories. The mor-
tality rate among females remained relatively steady until the
age of 60 years and rapidly increased after the age of 65 years.

Life expectancy of Fabry Registry patients was calculated at
5-year increments, beginning from the date of birth. The Fabry
Registry includes patients from 39 countries, with most patients
enrolled in United States (35%) and in Europe (46%). The
United States general population was used as a reference pop-
ulation, where life expectancy is 74.7 years in males and 80.0
years in females.26 Life expectancy data for the European pop-
ulation overall are not available, but average life expectancies
among 14 European countries range from 74.2 to 78.0 years in
males and from 80.1 to 83.1 years in females.27 As shown in
Figure 3, Fabry males had a substantially reduced life expect-
ancy compared with the general population. At birth, the life
expectancy of males was 58.2 years, compared with 74.7 years
in the general population. Between birth and the age of 60 years,
the average life expectancy was 17 years less in Fabry males
compared with males in the general population. Over the age of
60 years, the life expectancy of Fabry males was closer to that
of the general population; however, these data are based on

relatively few surviving male patients. Only 93 of 1422 males in
the Fabry Registry (6.5%) were �60 years old. The gap in life
expectancy between females in the Fabry Registry and in the
general population was considerably smaller. The life expect-
ancy of Fabry females at birth was 75.4 years, compared with
80.0 years in the general population. Over all age categories, the
average life expectancy was 6.4 years less in Fabry females
compared with the general population. The gap widened slightly
among patients over the age of 70 years, again possibly reflect-
ing the small number of surviving Fabry females over that age:
66 of 1426 females in the Fabry Registry (4.6%) were over the
age of 70 years.

The reported cause of death was known for 56 of 75 males
(74.7%) and 10 of 12 females (83.3%), as shown in Table 2.
Cardiovascular disease was the most common cause of death
among both genders; 30 of 56 males with a known cause of death
(53.6%) and 5 of 10 females with a known cause of death (50.0%)
had their deaths classified as being due to cardiovascular dis-
ease. The median age at death due to cardiovascular disease was
55.5 years in males and 66.0 years in females. Among males
with a known cause of death, the second and third most com-
mon causes of death were cerebrovascular disease (7 of 56,
12.5%) and renal disease (6 of 56, 10.7%). Among the five
males who died of infection (8.9% of males with a known cause
of death), one experienced sepsis after hemodialysis, one expe-
rienced septicemia after a renal transplant, one experienced
septicemia due to a urinary tract infection, and two had pneu-
monia, one of whose infection was reported as being secondary to
congestive heart failure. One male committed suicide at the age of
31 years. The second most common cause of death among females
with a known cause of death was cancer (3 of 10, 30.0%).

Most of the 87 deceased Fabry Registry patients had expe-
rienced a serious cardiovascular, cerebrovascular, or renal event
at some time, as defined in Methods. Sixty-eight of 75 males
(90.7%) and 10 of 12 females (83.3%) experienced 1 or more
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Fig. 1. Age at death for Fabry Registry patients. Percent-
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clinical events before their death, as shown in Table 3. A much
smaller proportion of living patients have experienced clinical
events: 478 of 1347 living males (35.5%) and 283 of 1414
living females (20.0%). As shown in Figure 4, the most com-
mon first clinical events experienced by deceased males were
renal events; 24 of 75 (32.0%) received chronic dialysis and 11
of 75 (14.7%) received a kidney transplant. Twenty-eight of 75
deceased males (37.3%) experienced some type of cardiovascular
event, the most common being arrhythmia (12 of 75, 16.0%).
Twelve of 75 deceased males (16.0%) had strokes. Deceased
females were more likely to have experienced cardiovascular
events (8 of 12, 66.7%) as their first clinical event than renal events
(4 of 12, 33.3%). Arrhythmia was the most common type of first
cardiovascular event among deceased females, although these data
are based on relatively few patients; 4 of 12 deceased females
(33.3%) had arrhythmias.

Thus, although the most common cause of death among males
was cardiovascular disease, renal events were more common as the
first clinical event than were cardiovascular events. Among the 30
males whose cause of death was classified as cardiovascular, 19
(63.3%) had also experienced a renal event at some point. Two of
the five females (40.0%) who died of cardiovascular disease had
also experienced a renal event during their lives.

DISCUSSION

The Fabry Registry has collected clinical data from a large,
international cohort of patients with Fabry disease, enabling the
calculation of life expectancies. At birth, the life expectancy of
Fabry males was 58.2 years, compared with 74.8 years in the
general US population. The life expectancy of Fabry females at
birth was 75.4 years, compared with 80.1 years in the general
US population.

Deceased patients were much more likely to have experi-
enced clinical events than living patients. This may be partially
because the living patients were substantially younger at the
time of their last follow-up visit than the deceased patients were
at the time of their deaths. Deceased males had died at a median
age of 54.3 years, whereas the median age at last follow-up was
37.6 years among living males. Similarly, the median age at
death among females was 62.0 years, compared with a median
age of 41.9 years at last follow-up visit, for living females.
Thus, living patients had less time to have experienced clinical
events than the older deceased patients.

Cardiovascular disease was the most common cause of death
in both males and females with Fabry disease. However, renal
replacement therapy (either chronic dialysis or kidney trans-
plant) was the most common type of clinical event that was first
experienced by deceased males, and most males who died of
cardiovascular disease had previously received renal replace-
ment therapy (19 of 30, 63%). Among deceased females, renal
replacement therapy and arrhythmia were the most common
types of first clinical event. Thus, without renal replacement
therapy, many patients would have presumably died of renal
failure, rather than cardiovascular disease, at much younger
ages.22,23 Renal disease in general can be both a cause and a
consequence of cardiac disease.28,29 Furthermore, it has been
well established that patients who receive kidney transplants or
hemodialysis are at increased risk of cardiovascular disease.30,31

Consequently, the cardiovascular and renal manifestations of
Fabry disease may be at least partially interrelated. The impact
and pathophysiology of Fabry disease is well known and has
been the focus of many studies.3–13,17 However, little is known
about the progressive effect of Fabry disease on the cardiovas-
cular system. It has been established that Fabry disease leads to
GL-3 accumulation in the vascular endothelium of the heart, as
well as within cardiomyocytes.15,32 It is not known whether the
deaths due to cardiovascular disease in this cohort were caused
primarily by cardiovascular complications of Fabry disease
itself or due to complications of underlying renal disease. Based
on the involvement of the vascular endothelium and the myo-
cardium, Fabry disease may lead to cardiovascular death via
multiple pathways.

Five males were reported to have died of infection. There is
no evidence that patients with Fabry disease are particularly
susceptible to infection. It is likely that some of these infections
arose as complications of the various medical procedures that
patients with advanced Fabry disease require. One patient died
of sepsis after hemodialysis and a second died of septicemia
after a renal transplant. In addition, cardiovascular disease is a
known risk factor for pneumonia, which was reported as the
cause of death in 2 males.

The patients who died were diagnosed with Fabry disease at
a relatively late age: median 40 years in males and 55 years in
females. Accordingly, the disease had progressed substantially
before these patients were diagnosed, which likely contributed
to their early deaths. Fortunately, patients today tend to be
diagnosed with Fabry disease at a much earlier age; in 2007, the
median age at diagnosis among the overall population of Fabry
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Registry patients was 24 years in males and 31 years in fe-
males.10 As cardiovascular disease was the most common cause
of death, cardiac function should be closely monitored in pa-
tients with Fabry disease. All patients should be routinely mon-
itored by standard and 24-hour electrocardiogram and echocar-

diogram, regardless of gender or whether they exhibit signs of
cardiac disease.33 In addition, cardiologists should consider the
possibility of Fabry disease in patients with hypertrophic car-
diomyopathy (HCM). A study of 153 males with HCM identi-
fied 6 patients (4%) who had undiagnosed Fabry disease.34 A

Table 2 Cause of death among Fabry Registry patients

Deceased males (N � 75) Deceased females (N � 12)

No. deaths, n (%) Median age at death (yr) No. deaths, n (%) Median age at death (yr)

Cause of death

Cardiovascular 30 (40.0) 55.5 5 (41.7) 66.0

Unknown or not
reported

19 (25.3) 53.8 2 (16.7) 56.0

Cerebrovascular 7 (9.3) 49.3 1 (8.3) 56.7

Renal 6 (8.0) 55.5 1 (8.3) 74.3

Infection 5 (6.7) 42.2 0 —

Gastrointestinal 3 (4.0) 44.9 0 —

Cancer 2 (2.7) 61.1 3 (25.0) 63.3

Respiratory 1 (1.3) 71.5 0 —

Suicide 1 (1.3) 31.2 0 —

Othera 1 (1.3) 47.9 0 —

Percentages were calculated based on the total number of deceased patients, including those for whom a cause of death was unknown or not reported. Two males and
one female Fabry Registry patients who were deceased but who did not have a date of death reported were excluded from the dataset.
aOne male died after suffering multiorgan failure during hip surgery (sepsis, hepatic insufficiency, and cardiorespiratory failure).

Table 3 Age at first clinical event in deceased and living Fabry Registry patients

Parameter

Males Females

Deceased
(N � 75)

Alive
(N � 1347)

Deceased
(N � 12)

Alive
(N � 1414)

Ever experienced any clinical event, n (%) 68 (90.7) 478 (35.5) 10 (83.3) 283 (20.0)

Age at first clinical event (yr)

Mean (SD) 43.3 (10.57) 37.8 (11.55) 52.3 (13.03) 46.7 (13.49)

Median (range) 43.5 (16.8–76.8) 38.3 (5.30–80.4) 49.9 (31.2–74.8) 47.2 (17.0–78.2)

Ever experienced renal event, n (%) 44 (64.7) 216 (45.1) 4 (40.0) 30 (10.6)

Age at first renal event (yr)

Mean (SD) 43.3 (10.25) 39.4 (10.03) 43.0 (8.29) 40.8 (12.21)

Median (range) 42.3 (16.8–79.1) 39.9 (14.8–74.0) 45.0 (31.2–50.6) 39.5 (17.0–77.8)

Ever experienced cerebrovascular event, n (%) 28 (41.2) 110 (22.3) 3 (30.0) 69 (24.4)

Age at first cerebrovascular event (yr)

Mean (SD) 47.0 (11.13) 40.2 (11.88) 60.1 (6.74) 47.1 (14.5)

Median (range) 48.3 (25.8–80.1) 39.5 (13.8–73.6) 56.7 (55.8–67.9) 46.7 (19.8–74.8)

Ever experienced cardiac event, n (%) 43 (63.2) 334 (69.9) 8 (80.0) 231 (81.6)

Age at first cardiac event (yr)

Mean (SD) 49.7 (9.26) 40.2 (12.38) 55.5 (11.46) 48.6 (13.03)

Median (range) 50.6 (25.6–76.8) 41.7 (5.3–80.4) 50.3 (47.5–74.8) 49.8 (17.3–78.2)

Percentages of patients who experienced renal, cerebrovascular, or cardiac events were calculated based on the number of patients in that category who ever experienced
any clinical event.
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second screening study of 508 patients with HCM, including
328 males and 180 females, reported that 1% of patients had
undiagnosed Fabry disease.35

It is important to note that 61 of the 75 deceased males
(81.3%) and 5 of the 12 deceased females (41.7%) in the Fabry

Registry were known to have received ERT at some point.
These patients were untreated for the majority of their lives, as
the median duration of ERT was 12 months in males (range,
0.1–7.3 years) and 4 months in females (range, 0.1–2.8 years).
As noted earlier, the deceased patients were diagnosed at a

A

B

0

10

20

30

40

50

Pe
rc

en
ta

ge
 o

f M
al

es

35

159

12

128 7

68 3
21 1 33

5

38

12

76

24

129

11

30

28

288

All First
Renal
Events

Chronic
Dialysis

Renal
Transplant

All First
Cardiac
Events

Arrythmia Significant
Cardiac

Procedure

Myocardial
Infarction

Angina
Pectoris

Congestive
Heart

Failure

First
Cereb
Events
(Stroke)

Type of First Clinical Event

Deceased Males (N=75)
Living Males (N=1347)

0

10

20

30

40

50

60

70

Pe
rc

en
ta

ge
 o

f F
em

al
es

Deceased Females (N=12)
Living Females (N=1414)

4

26

4

100 1

51

1

15

1

55
1

18

1
51

8

239

1

3

917

All First
Renal
Events

Chronic
Dialysis

Renal
Transplant

All First
Cardiac
Events

Arrythmia Significant
Cardiac

Procedure

Myocardial
Infarction

Angina
Pectoris

Congestive
Heart

Failure

First
Cereb
Events
(Stroke)

Type of First Clinical Event

Fig. 4. Type of significant clinical events first experienced by Fabry Registry patients. Panel A, Data are expressed as the
percentage of all deceased or living Fabry Registry males who experienced the indicated events as their first clinical event. Panel
B, Data are expressed as the percentage of all deceased or living Fabry Registry females who experienced the indicated events
as their first clinical event. Data for deceased patients are shown in black bars, and data for living patients are shown in gray
bars, with the number of patients in each age category shown above each bar. The percentages of all patients with renal events
and all patients with cardiac events are shown along with the percentages of patients with specific types of renal and cardiac
events (indicated in brackets). Note that six deceased males and two deceased females are included in multiple categories,
because they experienced more than one type of first event on the same date. Cereb, cerebrovascular.

Genetics IN Medicine • Volume 11, Number 11, November 2009 Life expectancy in Fabry disease

Genetics IN Medicine • Volume 11, Number 11, November 2009 795



relatively late age and were therefore likely to have been in the
advanced stages of Fabry disease at the time of diagnosis, as
well as at the time they began receiving ERT.

A recent report by Mehta et al.24 evaluated the cause of death
in patients enrolled in the Fabry Outcome Survey (FOS). Sim-
ilar to the Fabry Registry findings, Mehta et al.24 reported that
the most common cause of death was cardiovascular disease
(36%), followed by infection (15%), among the 42 patients
whose deaths were reported between 2001 and 2007. The mean
ages at death are generally similar in the two studies: 51.8 years
in FOS males versus 53.7 years in Fabry Registry males and
64.4 years in FOS females versus 60.9 years in Fabry Registry
females. Neither life expectancy nor the age at diagnosis of
deceased patients was reported by Mehta et al. The findings
from both studies suggest that recent improvements in treating
renal disease have led to a decrease in Fabry patient deaths due to
renal failure; more patients currently die of cardiovascular disease.

The findings from these analyses are limited by the observa-
tional nature of data reported to registries. For example, al-
though a standardized definition of clinical events is provided in
the Fabry Registry case report form, an independent committee
did not adjudicate all events. In addition, patients may be lost to
follow-up and/or the occurrence or timing of clinical events or
death may not be captured.

Earlier diagnosis, guidelines for treating children, and the
broader availability of ERT will enable patients to be treated
earlier, well before reaching advanced stages of cardiovascular
or renal disease. Previous studies have shown that ERT most
effectively slows the progression of renal decline18,19,36 and
cardiomyopathy20,21 when patients are treated early during the
course of the disease. Accordingly, earlier diagnosis and initi-
ation of treatment would be expected to extend survival. The
findings of these analyses highlight the burden of Fabry disease,
which frequently leads to multiple serious clinical events and is
associated with reduced lifespan. Physicians caring for patients
with Fabry disease should continue to vigilantly evaluate and
identify disease progression and end-organ involvement, to
institute treatments aimed at improving patient outcomes.
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