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Objectives

These analyses were designed to determine the incidence of major cardiovascular (CV) events and the natural
history of CV complications in patients with Fabry disease.

Background

Fabry disease, a genetic disorder caused by deficiency of alpha-galactosidase A activity, is associated with CV
dysfunction.

Methods

Major CV events (myocardial infarction, heart failure, or cardiac-related death) were analyzed in 2,869 Fabry Registry patients during the natural history period (i.e., before enzyme replacement therapy or among patients who never received
therapy). Multivariate logistic regression analyses were performed to identify significant predictors of CV events.

Results

Eighty-three of 1,424 men (5.8%) and 54 of 1,445 women (3.7%) experienced CV events at mean ages of 45
and 54 years, respectively. Heart failure was the most common first CV event, reported by 50 men (3.5%) and
33 women (2.3%). Hypertension and left ventricular hypertrophy were the risk factors most strongly associated
with CV events. When these parameters were used as covariates in logistic regression analyses, the odds ratio
(OR) for hypertension in men was 7.8 (95% confidence interval [CI]: 2.1 to 28.6, p ⫽ 0.0019), and the OR for
hypertension in women was 4.5 (95% CI: 1.6 to 12.3, p ⫽ 0.0037). The OR for left ventricular hypertrophy was
4.8 in men (95% CI: 1.03 to 22.2, p ⫽ 0.0463) and 8.2 in women (95% CI: 2.6 to 26.0, p ⫽ 0.0003).

Conclusions

Major CV events occurred in approximately 5% of Fabry Registry patients during the natural history period.
All patients with Fabry disease should be monitored for possible CV risk factors, particularly hypertension
and left ventricular hypertrophy. (J Am Coll Cardiol 2011;57:1093–9) © 2011 by the American College of
Cardiology Foundation

Fabry disease is an X-linked lysosomal storage disorder,
characterized by decreased or absent activity of lysosomal
alpha-galactosidase A. As a result of this enzyme deficiency,
globotriaosylceramide (GL-3) and other glycosphingolipids

accumulate within various tissues, including kidney, heart,
and skin (1). The initial signs and symptoms of Fabry
disease—including neuropathic pain in the extremities,
hypohidrosis, angiokeratomas, and gastrointestinal discomfort—
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typically appear during childhood.
Vital organ function progressively declines over time, putting
CI ⴝ confidence interval
patients with Fabry disease at
CV ⴝ cardiovascular
risk of developing renal failure,
ERT ⴝ enzyme replacement
cardiovascular (CV) dysfunction,
therapy
and stroke (2– 6).
GL-3 ⴝ
The CV manifestations of
globotriaosylceramide
Fabry disease include hypertenHF ⴝ heart failure
sion, left ventricular hypertrophy
LVH ⴝ left ventricular
(LVH), rhythm and conduction
hypertrophy
abnormalities, increased intimaMI ⴝ myocardial infarction
media thickness, valvular insuffiOR ⴝ odds ratio
ciency, and ischemic heart disease (7–9). Over time, these
cardiac complications can progress to heart failure (HF),
myocardial infarction (MI), and life-threatening arrhythmias (4,6,10). However, the incidence rate and predictors of
CV events in patients with Fabry disease are not well
known. Recent data suggest that women and, occasionally,
pediatric patients experience CV manifestations and events
(6,11). A better understanding of the CV complications of
Fabry disease is essential for identifying patients for risk
stratification and potential therapy. Therefore, we evaluated
major CV events and the risk factors associated with these
events in an international cohort of patients in the Fabry
Registry.
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Definition of CV, renal, and cerebrovascular events.
CV events were defined as MI, HF, or cardiac-related
death. Renal events were defined as renal dialysis or renal
transplantation. Cerebrovascular events were defined as
stroke. Clinical events were reported to the Fabry Registry
by treating physicians, on the basis of their medical judgment, and were not independently adjudicated.
Analysis of risk factors. Clinical and medical history data
in the Fabry Registry were analyzed to determine how many
patients had reported various potential cardiac risk factors,
including left posterior wall thickness, interval between each
P- and R-wave (PR interval), hypertension, a history of
smoking, hypercholesterolemia, estimated glomerular filtration rate, urinary protein to creatinine ratio, and diabetes.
The Modification of Diet in Renal Disease equation was
used to estimate glomerular filtration rate (12).
Risk factors for experiencing a CV event were analyzed
through univariate and multivariate logistic regression models. For the multivariate model, the stepwise selection
method was used to determine the covariates that best fit
the model (13). Results of these analyses are expressed as
odds ratios (ORs) and corresponding 95% confidence intervals (CIs). The Wald chi-square test was used to evaluate
statistical significance with an alpha-level of p ⬍ 0.05. Age
at CV events and age at diagnosis were compared between
patient groups with the Student t test.
Results

Methods
The Fabry Registry is an ongoing, observational database
that compiles clinical and laboratory data on an international cohort of patients with Fabry disease. All patients
with Fabry disease are eligible to enroll, regardless of
whether they are receiving enzyme replacement therapy
(ERT) from any commercial source. Patients provide informed consent through local institutional review boards/
ethics committees and may decline to participate or withdraw consent at any time. Independent boards of advisors
recommend clinical and outcome variables that should be
collected. Treating physicians determine the actual frequency of assessments according to the individualized needs
of the patients. Given the voluntary nature of reporting
data, some assessments of patients are not consistently
reported to the Fabry Registry. In addition, patient ages at
clinical assessments and time intervals between assessments
are variable.
Data analyses and statistics. Only data from untreated
Fabry Registry patients or data obtained before any ERT
was initiated (among patients who received treatment) were
included in these analyses. The period of data extended
from date of birth until last available follow-up record
before initiation of therapy for each patient. Cross-sectional
data were analyzed with SAS statistical software version 9.1
(SAS Institute, Inc., Cary, North Carolina) and summarized with descriptive statistics.

As of October 3, 2008, the Fabry Registry had enrolled
2,869 patients. Among these, 137 patients (4.8%) had
experienced a major CV event during the natural history
period, including 83 of 1,424 men (5.8%) and 54 of 1,445
women (3.7%). As shown in Table 1, the mean age at first
CV event was 45.2 years in men and 53.6 years in women
(p ⬍ 0.0001). Among both sexes, Fabry Registry patients who
had CV events were diagnosed at an older age than patients
who did not: mean 40.9 years versus 26.4 years in men (p ⬍
0.0001), and mean 48.3 years versus 32.8 years in women
(p ⬍ 0.0001). As shown in Figure 1, most men (72%)
experienced their first CV event between the ages of 35 and
⬍55 years, whereas most women (72%) experienced their
first CV event between the ages of 45 and ⬍65 years. Five
of 83 men (6.0%) and 1 of 54 women (1.9%) experienced a
CV event before age 25.
Heart failure was the most common type of CV event
among this cohort; 50 of 83 men (60%) and 33 of 54 women
(61%) experienced HF. Thirty-eight of 83 men experienced
MI (46%), and 22 of 54 women experienced MI (41%). Six
patients had CV events before the age of 25 years: 3 men
with HF, 2 men with MI, and 1 woman with HF.
The incidence rates of first CV events in the overall Fabry
Registry natural history population are shown in Table 2.
Fabry men exhibited a higher incidence of CV events than
Fabry women within each age category, with the greatest
difference occurring between the ages of 45 and ⬍55 years.
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Demographic
and Clinical and
Characteristics
of Fabry Registry
Patients
Table 1 Demographic
Clinical Characteristics
of Fabry
Registry Patients

Characteristics

Men With
CV Events
(n ⴝ 83)

Men Without
CV Events
(n ⴝ 1,341)

Women With
CV Events
(n ⴝ 54)

Women Without
CV Events
(n ⴝ 1,391)

All Patients
(n ⴝ 2,869)

Age at first CV event (yrs)
Mean (SD)

45.2 (11.15)*

—

53.6 (10.75)

—

48.5 (11.71)

Median (range)

46.9 (19.3–76.8)

—

54.7 (21.3–78.2)

—

48.8 (19.3–78.2)

Age at Fabry diagnosis (yrs)
n

83

Mean (SD)

40.9 (15.92)*†

Median (range)
Hypertension, n (%)
Hypercholesterolemia, n (%)
History of smoking, n (%)

1,320

51

1,334
32.8 (17.70)

2,788

26.4 (15.67)

48.3 (16.81)‡

30.3 (17.26)

40.3 (7.3–81.0)

24.4 (0.0–79.8)

48.3 (13.9–78.2)

32.3 (0.0–80.6)

29.2 (0.0–81.0)

47/82, 57.3%

320/1156, 27.7%

25/53, 47.2%

267/1205, 22.2%

659/2,496, 26.4%

6/14, 42.9%

129/637, 20.3%

7/17, 41.2%

361/879, 41.1%

503/1,547, 32.5%

34/76, 44.7%

274/1057, 25.9%

17/44, 38.6%

222/1090, 20.4%

547/2,267, 24.1%

Estimated GFR, ml/min/1.73 m2, mean ⫾ SD (n)

66 ⫾ 36.4 (36)

90 ⫾ 47.5 (870)

72 ⫾ 18.3 (30)

93 ⫾ 31.2 (1005)

91 ⫾ 39.54 (1,941)

Urinary protein to urinary creatinine ratio, g/g,
mean ⫾ SD (n)

3.4 ⫾ 3.86 (15)

1.1 ⫾ 1.93 (458)

2.6 ⫾ 4.19 (9)

1.0 ⫾ 1.96 (584)

1.1 ⫾ 2.03 (1,066)

Left ventricular posterior wall thickness, mm,
mean ⫾ SD (n)

15.4 ⫾ 3.58 (30)

11.6 ⫾ 3.51 (559)

13.9 ⫾ 3.15 (27)

10.0 ⫾ 2.80 (777)

10.9 ⫾ 3.32 (1,393)

Patients with cardiovascular (CV) events are patients for whom recorded CV events occurred during the natural history time period (i.e., before the start of enzyme replacement therapy). Percentages were
calculated on the basis of the number of patients who had data available within each category. The date of diagnosis was not available for all patients. Normal values were defined as: left ventricular posterior
wall thickness ⱕ12 mm; estimated glomerular filtration rate (GFR) ⱖ90 mg/ml/min/1.73 m2; urinary protein/urinary creatinine ratio ⱕ1 g/g. Hypertension was defined as having either a measured systolic
BP ⱖ130 mm Hg or a measured diastolic BP ⱖ80 mm Hg or having reported a medical history of hypertension on the case report form. Hypercholesterolemia was defined as having either a measured
total cholesterol level ⬎200 mg/dl or low-density lipoprotein level ⬎130 mg/dl or having reported a medical history of hypercholesterolemia on the case report form. Laboratory parameter values included
the last natural history value obtained before first CV event of the patient or the last value available during the natural history period for patients who did not experience CV events. *p ⬍ 0.001 for men who
had CV events versus women who had CV events, by Student t test. †p ⬍ 0.001 for men who had CV event versus men who did not have CV events, by Student t test. ‡p ⬍ 0.001 for women who had CV
event versus women who did not have CV events, by Student t test.

Among both sexes, the incidence rates of CV events
progressively increased with age, reaching a maximum in
patients over the age of 65 years. Because there are relatively
few Fabry Registry patients over the age of 65 years, the
95% CIs associated with these incidence rates are wide
(Table 2).

Figure 1

Various cardiac and renal characteristics of the subset of
Fabry Registry patients who experienced CV events are
shown in Figure 2. The majority of these patients exhibited
LVH (defined as left ventricular posterior wall thickness
ⱖ12 mm) and hypertension (defined as systolic blood
pressure ⱖ130 mm Hg or diastolic blood pressure ⱖ80 mm

Age at First CV Event in Fabry Registry Patients

Percentages of patients experiencing their first cardiovascular (CV) event (heart failure, myocardial infarction, or cardiac-related death) during 6 age categories are
shown. Numbers above the bars indicate the number of patients in each category. All data are from patients who had not been treated with enzyme replacement therapy
at the time of their first CV event.
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Incidence
of CV Rates
EventsofinCV
Fabry
Registry
Patients
Table 2 Rates
Incidence
Events
in Fabry
Registry Patients
Age Categories (yrs)
0 to <25

25 to <35

35 to <45

45 to <55

55 to <65

>65

All Ages

Men
1,424

1,003

Patients with CV events, n (%)

Patients ever in age category (n)

5 (0.35)

8 (0.80)

21 (2.97)

39 (10.96)

Person-yrs of follow-up time

31,862

8,654

5,307

2,199

495

0.16

0.92

3.96

17.74

14.14

26.18

1.71

0.1–0.4

0.4–1.8

2.4–6.0

12.6–24.2

5.7–29.1

5.4–76.5

1.4–2.1

Incidence rate*
95% CI for incidence rate

708

356

109

21

1,424

7 (6.42)

3 (14.29)

83 (5.83)

115

48,631

Women
1,445

1,119

892

Patients with CV events, n (%)

Patients ever in age category (n)

1 (0.07)

1 (0.09)

7 (0.78)

19 (3.22)

20 (6.41)

Person-yrs of follow-up time

33,306

10,088

7,433

4,420

0.03

0.10

0.94

4.30

0.0–0.2

0.0–0.6

0.4–1.9

2.6–6.7

Incidence rate*
95% CI for incidence rate

590

312

90

1,445

6 (6.67)

54 (3.74)

1,806

522

57,575

11.08

11.49

0.94

6.8–17.1

4.2–25.0

0.7–1.2

For Fabry Registry patients who experienced a cardiovascular (CV) event, person-years of follow-up were defined as the number of years from birth to the date of the first recorded CV event. For Fabry Registry
patients who did not experience CV events, person-years of follow-up were defined as the last available follow-up date during the natural history period. Patients over the age of 25 years are included in
multiple age categories, on the basis of their age at the last follow-up visit. *Incidence rate data are expressed as number of first CV events/1,000 person-years of follow-up time.
CI ⫽ confidence interval.

Hg) at the time of their first CV event. At the time of their
first CV event, 93% of men and 78% of women had LVH;
56% of men and 58% of women had hypertension at that
time. Approximately one-third of the patients with LVH
exhibited LVH in the absence of hypertension (25% of men
and 10% of women, among the 40 patients who had both
types of data available). A substantial proportion of patients
had serious renal dysfunction at the time of their first CV
event, including stage 3 or worse chronic kidney disease and
proteinuria. A higher percentage of men exhibited renal
abnormalities, compared with women, among patients for
whom renal data were available (Fig. 2).

Figure 2

The majority of patients had ejection fraction and PR
intervals within the normal range at the time of their first
CV event, among those for whom data were available.
Thirteen of 15 men (87%) and 12 of 19 women (63%) had
PR intervals within the normal range at the time of their
first CV event (defined as PR interval 120 to 200 ms).
Twenty-one of 28 men (75%) and 22 of 25 women (88%)
had ejection fractions within the normal range at the time of
their first CV event (defined as estimated ejection fraction
ⱖ55%).
The lower portion of Table 1 shows the distribution of
various potential risk factors among Fabry Registry pa-

Cardiac and Renal Abnormalities Among Fabry Registry Patients Who Experienced CV Events

Percentages were calculated on the basis of the number of patients who had cardiac or renal data available within ⫾ 12 months of the date of their first cardiovascular
(CV) event. Clinical assessments designated as “abnormal” included: LVH ⫽ left ventricular posterior wall thickness ⱖ12 mm; hypertension ⫽ systolic blood pressure
ⱖ130 mm Hg or diastolic blood pressure ⱖ80 mm Hg; chronic kidney disease (CKD) Stage 3 or worse ⫽ estimated glomerular filtration rate ⬍60 ml/min/1.73 m2; proteinuria ⫽ urinary protein/urinary creatinine ratio ⱖ1 g/g. Numbers above the bars show the number of patients with abnormal cardiac or renal values in each group.
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tients who experienced CV events and in those who did
not. As in the general population, patients with Fabry
disease who had CV events were more likely to have risk
factors like hypertension, increased left ventricular posterior wall thickness, a history of smoking, and renal
dysfunction, compared with Fabry patients who did not
have CV events.
In Table 3, results of logistic regression analyses of these
factors are shown as ORs expressing the association of each
risk factor with the occurrence of CV events. Univariate
analyses suggested that LVH, hypertension, older age at
diagnosis, hypercholesterolemia (in men), a history of
smoking, and renal dysfunction were associated with the
occurrence of CV events (Table 3). A stepwise selection of
covariates from the univariate analyses identified LVH and
hypertension as the factors most strongly associated with the
occurrence of CV events in each sex. Compared with
patients who did not report hypertension, men with hypertension had a nearly 8-fold increase in the risk of experiencing a CV event (OR: 7.8, 95% CI: 2.1 to 28.6, p ⫽
0.0019), and women with hypertension had a 4.5-fold risk
of experiencing a CV event (OR: 4.5, 95% CI: 1.6 to 12.3,
p ⫽ 0.0037). Left ventricular hypertrophy also significantly
increased the odds of experiencing a CV event in the
multivariate model. Compared with patients who did not
have LVH, men with LVH were nearly 5 times more likely
to experience a CV event (OR: 4.8, 95% CI: 1.0 to 22.2,
p ⫽ 0.0463), and women with LVH were more than 8 times
more likely to experience a CV event (OR: 8.2, 95% CI: 2.6
to 26.0, p ⫽ 0.0003). Other parameters that seemed to be
associated with CV events in univariate analyses did not
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emerge as significant risk factors in the stepwise selection of
covariates for the multivariate model, in either sex.
The occurrence of other significant clinical events among
this cohort was also analyzed. Twenty-five of 83 men (30%)
and 3 of 54 women (5.6%) who had CV events also
experienced a renal event (defined as renal transplant or
chronic dialysis). Nine of 83 men who had CV events (11%)
and 7 of 54 women who had CV events (13%) also
experienced a stroke. The majority of patients who had CV
events experienced a CV event as their first and/or only
major clinical event during the natural history period (89%
of men and 94% of women). Two of the 137 patients who
experienced CV events were reported to have died: 1 man
who had previously experienced HF, and 1 woman who had
previously experienced MI.
In addition to major CV events (HF, MI, death),
arrhythmias were reported by 281 of 2,869 patients (10%)
during the natural history period (169 men and 112
women), although most of these patients did not have an
arrhythmia type specified in their case report forms. Among
those for whom this information was available, 74% reported atrial arrhythmias.
Discussion
We evaluated data obtained during the natural history
period (i.e., before any ERT or from patients who never
received therapy) in 2,869 Fabry Registry patients. One
hundred thirty-seven patients (83 men and 54 women)
experienced major CV events (i.e., MI, HF, or cardiacrelated death) before any exposure to ERT. Although it is

Univariate
Multivariate
Analyses of Parameters
to the
Occurrence
CV Eventsof CV Events
Table 3 and
Univariate
and Multivariate
Analyses of Related
Parameters
Related
to the of
Occurrence
Univariate Analyses

Multivariate Analyses

n (Events/No Events)

OR (95% CI)

n (Events/No Events)

OR (95% CI)

1,239 (83/1,156)

6.82 (4.14–11.21)*

447 (19/428)

7.81 (2.14–26.56)†
4.77 (1.03–22.22)†

Men
Hypertension (sBP ⱖ130 mm Hg or dBP ⱖ80 mm Hg
or reported history)
LVH (left ventricular posterior wall thickness ⱖ12 mm)
Older age at Fabry diagnosis (ⱖ40 yrs)
Hypercholesterolemia (total cholesterol ⱖ20 mg/dl or
LDL cholesterol ⱖ130 mg/dl)
Smoking (reported history)
Low eGFR (⬍60 ml/min/1.73 m2)

590 (31/559)

12.05 (3.62–40.1)*

447 (19/428)

1,403 (83/1,320)

3.92 (2.50–6.15)*

—

—

651 (14/637)

2.95 (1.01–8.66)†

—

—

1,133 (76/1,057)

2.31 (1.44–3.71)†

—

—

909 (39/870)

2.33 (1.22–4.45)†

—

—

1,258 (53/1,205)

4.95 (2.81–8.69)*

677 (22/650)

4.47 (1.63–12.27)†

Women
Hypertension (sBP ⱖ130 mm Hg or dBP ⱖ80 mm Hg
or reported history)
LVH (left ventricular posterior wall thickness ⱖ12 mm)

805 (28/777)

11.17 (4.47–27.96)*

677 (22/650)

8.23 (2.61–26.01)†

1,385 (51/1,334)

4.22 (2.28–7.78)*

—

—

896 (17/879)

1.00 (0.38–2.66)‡

—

—

Smoking (reported history)

1,134 (44/1,090)

2.46 (1.32–4.60)†

—

—

Low eGFR (⬍60 ml/min/1.73 m2)

1,038 (33/1,005)

3.85 (1.78–8.32)*

—

—

Older age at Fabry diagnosis (ⱖ40 yrs)
Hypercholesterolemia (total cholesterol ⱖ20 mg/dl or
LDL cholesterol ⱖ130 mg/dl)

n (events/no events) represents the total number of patients for whom each type of data were available, with the numbers in parentheses representing the number of these patients who had a CV event,
followed by the number of these patients who did not have a CV event. *p ⬍ 0.0001; †p ⬍ 0.05; ‡not statistically significant by the Wald test.
CI ⫽ confidence interval; dBP ⫽ diastolic blood pressure; eGFR ⫽ glomerular filtration rate; LDL ⫽ low-density lipoprotein; LVH ⫽ left ventricular hypertrophy; OR ⫽ odds ratio; sBP ⫽ systolic blood
pressure.
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well-known that Fabry patients have a high risk of CV
events, this is the first study to systematically analyze the
rates and risk factors associated with such events in a large
cohort of patients with Fabry disease. Not unexpectedly, the
incidence rate of CV events was higher among men than
women, because men generally experience higher penetrance and more severe manifestations of X-linked disorders (14). During the natural history period, 3.5% of men
and 2.7% of women experienced HF, whereas 2.7% of men
and 1.5% of women experienced MI. A recent retrospective
chart review of 447 patients with Fabry disease reported very
similar percentages of these events in untreated Fabry
Registry patients (4).
This cohort of patients first experienced CV events at a
mean age of 45 years in men and 54 years in women.
Multivariate analyses indicated that the 2 risk factors most
strongly associated with CV events in both sexes were
hypertension and LVH. In fact, 86% of patients had LVH
and 57% of patients had hypertension at the time of their
first CV event, among those for whom such data were
available. Left ventricular hypertrophy, myocardial fibrosis,
and diminished regional left ventricular function have been
identified as key markers of advanced Fabry cardiomyopathy
(15). Although patients who had CV events were diagnosed
at an older age than patients who did not have events, age
at diagnosis was not a significant predictor of CV events
in a stepwise selection of covariates. Key risk factors,
including hypertension and LVH, would be expected to
worsen with age in both Fabry and non-Fabry patients.
The findings suggest that these parameters, particularly
hypertension, should be closely monitored in Fabry
patients and treated appropriately (16); untreated hypertension is known to lead to various types of more serious
CV disease, including LVH (17).
The Fabry Registry also collects data on renal events (i.e.,
kidney transplants or chronic dialysis) and cerebrovascular
events (i.e., strokes). The majority of patients in this cohort
experienced a CV event as their first and/or only major clinical
event during the natural history period (89% of men and 94%
of women). However, a substantial proportion of patients
exhibited chronic kidney disease stage 3 or worse and/or
proteinuria at the time of their first CV event. Because renal
disease itself can cause or exacerbate heart disease (18), renal
dysfunction might also play an indirect role in the development
of hypertension and Fabry cardiomyopathy.
Studies on patients with Fabry cardiomyopathy have
demonstrated a significant increase in left ventricular mass
and posterior lateral wall hyperenhancement on cardiac
magnetic resonance imaging that correlates with fibrosis
(19 –21). As with other cardiomyopathies, this increase in
left ventricular mass and myocardial fibrosis might be the
substrate for cardiac events (22–24).
Enzyme replacement therapy has been shown to reduce
left ventricular mass and improve myocardial function in
some patients with Fabry disease (25–28); however, it seems
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to be more effective in patients who are in the early stages of
Fabry cardiomyopathy without evidence of myocardial fibrosis (29). Similarly, in terms of renal function, ERT has
been shown to be most beneficial when initiated before the
onset of advanced renal disease (30 –32). Given the natural
history of CV events in the patient population evaluated,
future studies should focus on the effect of ERT on CV
events. Fabry patients might benefit from general therapies
used to control cardiac and renal disease, in addition to
ERT, such as the use of angiotensin-converting enzyme
inhibitors and/or angiotensin receptor blockers to control
urinary protein excretion (33).
Study limitations. Observational data reported to registries are subject to various limitations. For example, a
schedule of recommended clinical assessments is provided,
but treating physicians determine the actual frequency of
assessments according to individual patient needs. Similarly,
the Fabry Registry case report form provides a standardized
definition of clinical events; however, individual physicians
are responsible for reporting their patient data. It is also
important to note that not all patients who had CV events
during the natural history period had complete sets of
clinical data reported, which limited the number of patients
who could be included in the logistic regression models of
associations between CV events and specific risk factors.
The numbers of patients who had CV events in the
univariate analyses ranged from 14 to 83 for men and from
17 to 53 for women. The multivariate analyses included data
from 19 men and 22 women who had CV events and who
also had both echocardiographic and blood pressure data
available. These numbers are relatively small compared with
the total number of patients in this cohort who had CV
events (83 men and 53 women). Therefore, these patients
might not be representative of the overall population of
Fabry patients who experience CV events. In addition, these
are cross-sectional analyses of patients at different ages and
with a wide range of disease severity, and the temporal
relationship between clinical or medical history characteristics (risk factors) and CV events was not established.

Conclusions
Patients with Fabry disease, particularly those with hypertension and/or LVH, have a high risk of experiencing HF
and MI at a relatively young age. Many patients also
experience various types of arrhythmias. The cardiac manifestations of Fabry disease are consistent with other forms
of CV disease, which makes it difficult to identify the
disease solely on the basis of cardiac assessments. The
medical community in general, especially cardiologists,
should be aware of Fabry disease as a possible cause of
cardiac dysfunction. Earlier diagnosis of these patients,
before the onset of end organ failure, will allow for prompt
initiation of appropriate treatment.

JACC Vol. 57, No. 9, 2011
March 1, 2011:1093–9

Acknowledgments

The authors thank the many patients who participate in the
Fabry Registry as well as the physicians and research
coordinators who have entered clinical data on these patients. The authors also thank Dr. Dominique P. Germain
(Garches, France) for reviewing and providing critical comments on the manuscript, their colleagues at Genzyme
Corporation (Cambridge, Massachusetts), Fanny O’Brien,
PhD, and J. Alexander Cole, DSc, MPH, for collaboration
on the statistical analyses, and Badari Gudivada for statistical programming support.
Reprint requests and correspondence: Dr. Manesh R. Patel,
Division of Cardiovascular Medicine, Duke University School of
Medicine, Box 3850 Medical Center, Durham, North Carolina
27710. E-mail: manesh.patel@duke.edu.
REFERENCES

1. Desnick RJ, Ioannou YA, Eng CM. Alpha-galactosidase A deficiency:
Fabry disease. In: Scriver C, Beaudet A, Sly W, Valle D, editors. The
Metabolic Bases of Inherited Disease. 8th edition. New York, NY:
McGraw-Hill, 2001:3733–74.
2. Branton MH, Schiffmann R, Sabnis SG, et al. Natural history of Fabry
renal disease: influence of alpha-galactosidase A activity and genetic
mutations on clinical course. Medicine (Baltimore) 2002;81:122–38.
3. Mehta A, Ricci R, Widmer U, et al. Fabry disease defined: baseline
clinical manifestations of 366 patients in the Fabry Outcome Survey.
Eur J Clin Invest 2004;34:236 – 42.
4. Schiffmann R, Warnock DG, Banikazemi M, et al. Fabry disease:
progression of nephropathy, and prevalence of cardiac and cerebrovascular events before enzyme replacement therapy. Nephrol Dial Transplant 2009;24:2102–11.
5. Sims K, Politei J, Banikazemi M, Lee P. Stroke in Fabry disease
frequently occurs before diagnosis and in the absence of other clinical
events: natural history data from the Fabry Registry. Stroke 2009;40:
788 –94.
6. Wilcox WR, Oliveira JP, Hopkin RJ, et al. Females with Fabry disease
frequently have major organ involvement: lessons from the Fabry
Registry. Mol Genet Metab 2008;93:112–28.
7. Pierre-Louis B, Kumar A, Frishman WH. Fabry disease: cardiac
manifestations and therapeutic options. Cardiol Rev 2009;17:31–5.
8. Weidemann F, Linhart A, Monserrat L, Strotmann J. Cardiac
challenges in patients with Fabry disease. Int J Cardiol 2010;141:3–10.
9. Weidemann F, Strotmann JM, Niemann M, et al. Heart valve
involvement in Fabry cardiomyopathy. Ultrasound Med Biol 2009;35:
730 –5.
10. Shah JS, Hughes DA, Sachdev B, et al. Prevalence and clinical
significance of cardiac arrhythmia in Anderson-Fabry disease. Am J
Cardiol 2005;96:842– 6.
11. Hopkin RJ, Bissler J, Banikazemi M, et al. Characterization of Fabry
disease in 352 pediatric patients in the Fabry Registry. Pediatr Res
2008;64:550 –5.
12. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999;130:461–70.
13. Muller KE, Fetterman BA. Section 11.5.5., selecting the best model.
In: Regression and ANOVA: An Integrated Approach Using SAS
Software. Cary, North Carolina: SAS Institute, Inc., 2002:231.
14. Dobyns WB, Filauro A, Tomson BN, et al. Inheritance of most
X-linked traits is not dominant or recessive, just X-linked. Am J Med
Genet A 2004;129A:136 – 43.

Patel et al.
CV Events in Fabry Disease

1099

15. Weidemann F, Breunig F, Beer M, et al. The variation of morphological and functional cardiac manifestation in Fabry disease: potential
implications for the time course of the disease. Eur Heart J 2005;26:
1221–7.
16. Eng CM, Germain DP, Banikazemi M, et al. Fabry disease: guidelines
for the evaluation and management of multi-organ system involvement. Genet Med 2006;8:539 – 48.
17. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the
Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension 2003;42:1206 –52.
18. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events, and
hospitalization. N Engl J Med 2004;351:1296 –305.
19. Kampmann C, Linhart A, Devereux RB, Schiffmann R. Effect of
agalsidase alfa replacement therapy on Fabry disease-related hypertrophic cardiomyopathy: a 12- to 36-month, retrospective, blinded
echocardiographic pooled analysis. Clin Ther 2009;31:1966 –76.
20. Moon JC, Sheppard M, Reed E, Lee P, Elliott PM, Pennell DJ. The
histological basis of late gadolinium enhancement cardiovascular magnetic resonance in a patient with Anderson-Fabry disease. J Cardiovasc
Magn Reson 2006;8:479 – 82.
21. Suzuki O, Abe M. An autopsy case of Fabry’s disease with cardiac
manifestations. J Clin Exp Hematop 2009;49:121–3.
22. Amado LC, Lima JA. Myocardial scar as arrhythmia risk in patients
with hypertrophic cardiomyopathy. Curr Opin Cardiol 2010;25:
276 – 81.
23. Pujadas S, Vidal-Perez R, Hidalgo A, et al. Correlation between
myocardial fibrosis and the occurrence of atrial fibrillation in hypertrophic cardiomyopathy: a cardiac magnetic resonance imaging study.
Eur J Radiol 2010;75:e88 –91.
24. Puntmann VO, Yap YG, McKenna W, Camm AJ. Significance of
maximal and regional left ventricular wall thickness in association with
arrhythmic events in patients with hypertrophic cardiomyopathy. Circ
J 2010;74:531–7.
25. Beer M, Weidemann F, Breunig F, et al. Impact of enzyme replacement therapy on cardiac morphology and function and late enhancement in Fabry’s cardiomyopathy. Am J Cardiol 2006;97:1515– 8.
26. Breunig F, Weidemann F, Strotmann J, Knoll A, Wanner C. Clinical
benefit of enzyme replacement therapy in Fabry disease. Kidney Int
2006;69:1216 –21.
27. Hughes DA, Elliott PM, Shah J, et al. Effects of enzyme replacement
therapy on the cardiomyopathy of Anderson-Fabry disease: a randomised, double-blind, placebo-controlled clinical trial of agalsidase
alfa. Heart 2008;94:153– 8.
28. Weidemann F, Breunig F, Beer M, et al. Improvement of cardiac
function during enzyme replacement therapy in patients with Fabry
disease: a prospective strain rate imaging study. Circulation 2003;108:
1299 –301.
29. Weidemann F, Niemann M, Breunig F, et al. Long-term effects of
enzyme replacement therapy on Fabry cardiomyopathy: evidence for a
better outcome with early treatment. Circulation 2009;119:524 –9.
30. Banikazemi M, Bultas J, Waldek S, et al. Agalsidase-beta therapy for
advanced Fabry disease: a randomized trial. Ann Intern Med 2007;
146:77– 86.
31. Germain DP, Waldek S, Banikazemi M, et al. Sustained, long-term
renal stabilization after 54 months of agalsidase beta therapy in
patients with Fabry disease. J Am Soc Nephrol 2007;18:1547–57.
32. West M, Nicholls K, Mehta A, et al. Agalsidase alfa and kidney
dysfunction in Fabry disease. J Am Soc Nephrol 2009;20:1132–9.
33. Ortiz A, Oliveira JP, Wanner C, Brenner BM, Waldek S, Warnock
DG. Recommendations and guidelines for the diagnosis and
treatment of Fabry nephropathy in adults. Nat Clin Pract Nephrol
2008;4:327–36.
Key Words: cardiomyopathy y Fabry disease y hypertension y left
ventricular hypertrophy y lysosomal storage diseases.

