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Background and objectives: These analyses were designed to characterize renal disease progression in untreated adults with
Fabry disease.
Design, setting, participants, & measurements: Data from the Fabry Registry for 462 untreated adults (121 men and 341 women) who
had at least two estimated GFR (eGFR) values over a span of >12 months before starting enzyme replacement therapy were included.
Results: Most men (86 of 121, 71%) had more rapid loss of kidney function than the normal adult population (loss of eGFR > ⴚ1
ml/min per 1.73 m2 per year), whereas fewer women (133 of 341, 39%) had rapid loss of kidney function. Patients with rapid
progression had significantly higher mean averaged urinary protein to urinary creatinine ratios (UP/Cr) than patients with slower
progression (1.5 versus 0.2 for men; 1.4 versus 0.5 for women; P < 0.0001). Patients were grouped into quartiles based on averaged
UP/Cr; renal function in men declined more rapidly with higher UP/Cr, with the steepest declines observed in men with UP/Cr >
1.5 (mean eGFR slope, ⴚ5.6 ml/min per 1.73 m2 per year; n ⴝ 30). eGFR slope declined more slowly in women, with the steepest
declines observed in women with UP/Cr > 1.2 (mean eGFR slope, ⴚ1.3 ml/min per 1.73 m2 per year; n ⴝ 85). Regression models
of eGFR slope indicated that UP/Cr is the most important indicator of renal disease progression in adult Fabry patients. In women,
lower baseline eGFR and age were also associated with renal disease progression. Women who had clinical events had more rapid
loss of kidney function.
Conclusions: Urinary protein excretion is strongly associated with renal disease progression in men and women with Fabry
disease.
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F

abry disease is an X-linked lysosomal storage disorder,
characterized by decreased or absent activity of lysosomal ␣-galactosidase A (1), with progressive accumulation of globotriaosylceramide (GL-3) and other glycosphingo-

Received May 17, 2010. Accepted July 16, 2010.
Published online ahead of print. Publication date available at www.cjasn.org.
Correspondence: Dr. Christoph Wanner, University Hospital of Würzburg, Department of Medicine, Division of Nephrology, Oberdürrbacherstr. 6, D-97080
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lipids within many cells, including the vascular endothelium.
In the kidney, this accumulation is observed in all glomerular
cells, peritubular capillaries, vascular endothelial and smooth
muscle cells, and distal tubular cells (2– 4). Progressive GL-3
accumulation is associated with life-threatening complications,
renal failure, cardiovascular dysfunction, and stroke (1,5).
Whereas the development of enzyme replacement therapy
(ERT) represented a major advance in treating Fabry disease
(6 – 8), patients with advanced renal disease have poorer clinical
outcomes in response to ERT than do Fabry patients with
milder disease (3,9). A better understanding of the natural
ISSN: 1555-9041/512–2220
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history of Fabry disease may provide valuable information
about the progressive loss of kidney function and risk of progressing to ESRD, as well as providing an appropriate context
for evaluating response to therapy. The Fabry Registry is an
observational database that compiles clinical and laboratory
data on patients with Fabry disease. Longitudinal data from the
Fabry Registry were analyzed to characterize changes in kidney
function and cardiac and cerebrovascular events over time in
adult Fabry patients before the initiation of ERT.

Materials and Methods
The Fabry Registry began enrolling patients in April 2001. As of July
3, 2009, the Fabry Registry included 2850 patients 18 years of age and
older (1409 men and 1441 women). All patients with Fabry disease are
eligible to enroll, regardless of age, gender, symptoms, or whether they
are receiving ERT from any commercial source. Patient and physician
participation is voluntary. Patients provide informed consent through
local Institutional Review Boards/Ethics Committees and may decline
to participate or withdraw consent at any time. Given the voluntary
participation, patients’ ages at clinical assessments and time intervals
between assessments are variable.
Data from untreated adult Fabry Registry patients, including patients
who subsequently started ERT, were included in these analyses. To be
included, patients were required to have at least two serum creatinine
values for estimated GFR (eGFR) reported over a span of 12 or more
months during the natural history period (i.e., before ERT) and one or
more urine protein/creatinine ratio (UP/Cr, g/g) values reported from
within the time frame of 6 months before the first eGFR assessment to
the date of the final eGFR assessment during the natural history period.
All clinical data in these analyses were collected before any chronic
dialysis or kidney transplantation. Data were analyzed from the first
available eGFR assessment (baseline) until the final available eGFR
assessment during the natural history period for each patient.
GFR was estimated from the serum creatinine using the chronic
kidney disease epidemiology collaboration equation (10). Changes in
eGFR over time (slopes) were calculated with mixed-effect models,
using random effects to determine an intercept and eGFR slope over
time for each patient. Patients were categorized by eGFR slopes
(slope ⱕ ⫺1 and slope ⬎ ⫺1), baseline eGFR categories (ⱖ90, ⬍90 to
ⱖ60, and ⬍60 ml/min per 1.73 m2), and UP/Cr quartiles.
Various parameters including age at baseline eGFR, averaged UP/
Cr, baseline eGFR, and averaged systolic and diastolic BP were used as
predictor variables; individual eGFR slopes for each patient were used
as response variables in further regression analyses by gender.
The Kaplan-Meier method was used to calculate the median age at
first serious clinical events, including cardiovascular, cerebrovascular
or renal events, and death. Cardiovascular clinical events were defined
as myocardial infarction, arrhythmia, cardiac syncope, congestive heart
failure, angina pectoris, or significant cardiac procedures (e.g., pacemaker or other implantable cardiac device placement, bypass, stent
placement, valve replacement, transplantation). Cerebrovascular
events were defined as stroke. Renal events were defined as receiving
chronic dialysis (40 days or longer), kidney transplantation, or eGFR
⬍10 ml/min per 1.73 m2. Differences between the UP/Cr strata were
examined with log rank tests.
A two-sided t test was used to determine whether differences in
continuous clinical parameters with normally distributed data were
statistically significant between subgroups of patients with eGFR
slopes ⱕ ⫺1 ml/min per 1.73 m2 per year versus patients with eGFR
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slopes ⬎ ⫺1 ml/min per 1.73 m2 per year. These parameters included
baseline age (both genders); baseline UP/Cr in men; and diastolic BP in
both genders. A Wilcoxon test was used to determine whether differences in continuous clinical parameters with data that were not distributed normally were statistically different between subgroups of patients with eGFR slopes ⱕ ⫺1 versus ⬎ ⫺1 ml/min per 1.73 m2 per year.
These parameters included baseline UP/Cr in women and averaged
UP/Cr in both genders. UP/Cr values data were transformed (9,11)
before being used in the regression model.
The Kruskal-Wallis test was used to evaluate various clinical parameters across groups of patients categorized by baseline eGFR. Pearson
correlation and Spearman rank correlation analyses were performed to
determine the statistical dependence between various clinical parameters. P ⬍ 0.05 was considered statistically significant. Statistical analyses were performed using SAS statistical software version 9.1 (SAS
Institute, Cary, NC).

Results
A total of 462 adult Fabry Registry patients (121 men and
341 women) had two or more eGFR values and one or more
UP/Cr values over 12 or more months before initiation of
ERT and before any chronic dialysis or transplantation. The
mean age at first eGFR assessment was 34 years for men and
39 years for women. Eighty-one percent of men and 90% of
women were white, which is consistent with the overall
Fabry Registry population. Men were followed for 5 ⫾ 4.6
(SD) years, and women were followed for 4 ⫾ 3.8 years
during the natural history period. At baseline, 17 of 121 men
(14%) and 17 of 341 women (5%) exhibited stage 3 or worse
chronic kidney disease (Figure 1).

Figure 1. Summary of baseline chronic kidney disease (CKD)
stage among Fabry Registry patients with longitudinal renal
data. Percentages of patients in various stages of CKD at the
time of their initial eGFR assessments are shown. The following
definitions were used: stage 0, eGFR ⱖ 90 ml/min per 1.73 m2,
averaged UP/Cr ⬍ 0.3 (g/g), and urinary albumin to creatinine
ratio (UA/Cr) ⬍ 0.03 (g/g), if UA/Cr data were available; stage
1, eGFR ⱖ90 ml/min per 1.73 m2, averaged UP/Cr ⱖ 0.3, and
UA/Cr ⱖ 0.03, if UA/Cr data were available; stage 2, eGFR
ⱖ60 to ⬍90 ml/min per 1.73 m2; stage 3, eGFR 30 to ⬍60
ml/min per 1.73 m2; and stages 4 to 5, eGFR ⬍ 30 ml/min per
1.73 m2. Data for men are shown in light gray bars and data for
women are shown in dark gray bars, with the number of
patients in each CKD stage shown above the bars. All data are
from patients who had not been treated with ERT at the time of
these assessments.
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Patients were grouped into two categories: those with
faster renal disease progression (loss of eGFR ⱕ ⫺1 ml/min
per 1.73 m2 per year) and those with slower renal disease
progression (eGFR slope ⬎ ⫺1 ml/min per 1.73 m2 per year).
Seventy-one percent of men (86 of 121) had faster progression versus 39% of women (133 of 341). Various clinical
characteristics of these patients are shown in Table 1. At the
time of the first eGFR assessment, men with faster renal
disease progression were significantly older than men with
slower renal disease progression (36 versus 30 years; P ⬍ 0.02
by t test). There was no significant age difference between
the two groups of women (41 and 39 years). Mean baseline
eGFR values and duration of follow-up were not significantly different between patients with faster or slower renal
disease progression, respectively.
Patients with faster progression had significantly higher
UP/Cr than those with slower progression, both at baseline
and when each patient’s UP/Cr values were averaged over
the natural history period (Table 1). The median averaged
UP/Cr was 1.1 versus 0.1 for men and 0.6 versus 0.1 for
women with faster or slower disease progression, respectively (P ⬍ 0.0001 by Wilcoxon test). Faster progression was
associated with higher averaged mean diastolic BP in men
(P ⬍ 0.01 by t test) but not women.
Genotype data were available for 101 men and 311 women
(Table 2). The distribution of mutation types was similar in both
groups, with nonsense mutations appearing to be more common in the faster progression groups.

eGFR slopes were calculated based on UP/Cr quartile
groups. Renal function in men declined more rapidly for those
with increased urinary protein levels (Figure 2). The average
eGFR slope was ⫺0.2 ml/min per 1.73 m2 per year among
the 30 men in the lowest averaged UP/Cr quartile and ⫺5.6
ml/min per 1.73 m2 per year among the 30 men in the highest
UP/Cr quartile. Renal function was more stable for women, but
the highest levels of proteinuria were associated with more
rapid declines in renal function (Figure 2). Average eGFR slope
was 0.3 ml/min per 1.73 m2 per year among the 85 women with
the lowest levels, and ⫺1.3 ml/min per 1.73 m2 per year for the
85 women with the highest UP/Cr levels.
When patients were grouped by baseline eGFR categories, patients with lower baseline eGFR levels tended to be older and
tended to have higher averaged UP/Cr values than patients with
less severe renal disease, among both genders (Table 3). Lower
baseline eGFR in women was also associated with higher BP
values. In addition, a higher percentage of women with lower
baseline eGFR reported a history of angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) use
compared with those with better baseline renal function.
Associations between baseline eGFR, age, UP/Cr, and
other clinical parameters were evaluated with univariate
analyses (Pearson correlations and Spearman rank correlations; Table 3). Age, baseline eGFR, averaged UP/Cr, and BP
were identified as candidate covariates and were used to
develop regression models for eGFR slope (Table 4). Averaged transformed UP/Cr was the variable most strongly

Table 1. Clinical characteristics of Fabry registry patients grouped by renal disease progression status
Men

Patients with eGFR data, n
age at baseline, mean (SD), years
eGFRa at baseline, mean (SD)
Follow up time, mean (SD), years
median (25th, 75th)
Patients with baseline UP/Cr data, n
UP/Cr, baseline mean (SD)
median (25th, 75th)
Patients with averaged UP/Cr data, n
UP/Cr, averaged mean (SD)
median (25th, 75th)
BP, n
systolic BP, averaged mean (SD), mmHg
median (25th, 75th)
diastolic BP, averaged mean (SD), mmHg
median (25th, 75th)
Reported history of ACEi/ARB use, n (%)

Women

Faster Progression
(eGFR Slope ⱕ ⫺1)

Slower Progression
(eGFR Slope ⬎ ⫺1)

Faster Progression
(eGFR Slope ⱕ ⫺1)

Slower Progression
(eGFR Slope ⬎ ⫺1)

86
36 (14)
89 (29)
5.1 (4.71)
3.2 (2.0, 6.7)
37
1.4 (1.2)
1.1 (0.7, 1.7)
86
1.5 (1.2)
1.1 (0.7, 1.9)
76
127 (12)
127 (118, 135)
78 (8)
78 (72, 84)
20 (23)

35
30 (10)b
94 (22)
4.2 (4.11)
2.4 (1.4, 5.3)
11
0.4 (0.85)b
0.1 (0.1, 0.2)
35
0.2 (0.3)b
0.1 (0.1, 0.2)
32
127 (11)
128 (121, 132)
73 (8)b
73 (70, 76)
6 (17)

133
41 (12)
96 (23)
4.3 (3.95)
2.8 (2.0, 5.4)
67
1.3 (1.5)
0.6 (0.2, 2.0)
133
1.4 (1.5)
0.5 (0.2, 2.1)
124
124 (14)
123 (114, 135)
77 (9)
77 (69, 84)
29 (22)

208
39 (14)
95 (21)
4.3 (3.6)
3.4 (2.1, 5.1)
111
0.5 (0.7)b
0.1 (0.1, 0.8)
208
0.5 (0.7)b
0.2 (0.1, 1.8)
198
122 (15)
121 (111, 131)
75 (9)
75 (69, 82)
35 (17)

All data are from adult Fabry Registry patients (ⱖ18 years) with two or more eGFR assessments (calculated by the chronic
kidney disease epidemiology collaboration equation) over a period of ⱖ12 months during the natural history period (i.e.,
before any treatment with enzyme replacement therapy) and before any chronic dialysis or renal transplant events.
“Averaged” data reflect the average of all values reported within 6 months of the date of the first eGFR assessment to the
most recent assessment.
a
eGFR data are expressed as ml/min per 1.73 m2.
b
P ⬍ 0.05 for patients with faster versus slower progression within each gender (see Materials and Methods section for
description of statistical analyses used for specific clinical parameters).
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Table 2. Categorization of genotype Fabry registry patients grouped by renal disease progression status
Men

Mutation type, n (%)
nonsense
missense
splice site
frameshift
large deletion
initiator codon
small deletion (no frameshift)
small insertion (no frameshift)
other
Unable to categorize genotype
Not reported

Women

Faster Progression
(eGFR Slope ⱕ ⫺1)

Slower Progression
(eGFR Slope ⬎ ⫺1)

Faster Progression
(eGFR Slope ⱕ ⫺1)

Slower Progression
(eGFR Slope ⬎ ⫺1)

11 (12.8)
39 (45.3)
4 (4.7)
8 (9.3)
—
—
2 (2.3)
—
1 (1.2)
7 (8.1)
14 (16.3)

1 (2.9)
22 (62.9)
0
2 (5.7)
—
1 (2.9)
1 (2.9)
—
—
2 (5.7)
6 (17.1)

17 (12.8)
73 (54.9)
1 (0.8)
8 (6.0)
—
—
4 (3.0)
—
—
13 (9.8)
17 (12.8)

16 (7.7)
117 (56.3)
6 (2.9)
12 (5.8)
1 (0.5)
1 (0.5)
4 (1.9)
4 (1.9)
—
34 (16.3)
13 (6.3)

Figure 2. Effect of proteinuria on eGFR over time in Fabry Registry patients with longitudinal renal data. Patients were grouped
into quartiles with approximately equal numbers of patients, based on averaged UP/Cr levels. eGFR was calculated using the
chronic kidney disease epidemiology collaboration equation, as described in the Materials and Methods section. Data for men are
shown in A and data for women are shown in B.

associated with renal disease progression (P ⬍ 0.0001). The
magnitude of the regression coefficient was threefold greater
for men than women (compare ⫺6.402 ⫾ 0.502 to ⫺2.109 ⫾
0.239). In addition to averaged UP/Cr, the averaged value
for diastolic BP was also a predictor variable in the multivariable regression model for men. Baseline eGFR and age were
also significant factors in renal disease progression among
Fabry women (Table 4). The regression model accounted for
much more of the variance for men than for women (compare adjusted R2, 0.661 and 0.236, respectively).
Patients with Fabry disease are susceptible to serious cerebrovascular and cardiovascular problems. Forty-eight of
the 121 men (40%) and 70 of the 341 women (21%) experienced a major cardiovascular, cerebrovascular, or renal event

during the natural history period, and one female patient
died. Cardiac arrhythmia was reported as the initial event in
25 of 48 men (52%) and 35 of 70 women (50%). Kaplan-Meier
estimates of time to first event, stratified by baseline eGFR
and averaged UP/Cr, are shown in Figure 3. There was no
effect of increased UP/Cr in men or women in either eGFR
strata (log rank tests P ⬎ 0.300). Patients who experienced
clinical events were older and had significantly lower baseline eGFR levels than patients without events (Table 5).
Women who experienced clinical events had significantly
faster renal disease progression (i.e., lower eGFR slope) than
women who did not. Men with clinical events had significantly higher averaged UP/Cr levels and tended to have a
lower eGFR slopes than men without events.
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Table 3. Clinical characteristics of Fabry registry patients grouped by baseline eGFR values
eGFR

Men
number of male patients, N
eGFRa at baseline, mean SD)
age at baseline eGFR, mean (SD), years
men with baseline UP/Cr data, n
UP/Cr, baseline mean (SD)
median (25th, 75th)
men with averaged UP/Cr data, n
UP/Cr, averaged mean (SD)
median (25th, 75th)
BP, n
averaged systolic BP (median, 25th, 75th), mmHg
averaged diastolic BP (median, 25th, 75th), mmHg
reported history of ACEi/ARB use, n (%)
Women
number of female patients, N
eGFRa at baseline, mean (SD)
age at baseline eGFR, mean (SD), years
women with baseline UP/Cr data, n
UP/Cr, baseline mean (SD)
median (25th, 75th)
women with averaged UP/Cr data, n
UP/Cr, averaged mean (SD)
median (25th, 75th)
BP, n
averaged systolic BP (median, 25th, 75th), mmHg
averaged diastolic BP (median, 25th, 75th), mmHg
reported history of ACEi/ARB use, n (%)

P

ⱖ90

⬍90 to ⱖ60

⬍60

68
109 (13.3)
30 (9.4)
29
0.9 (1.0)
0.6 (0.2, 1.1)
68
0.8 (0.7)
0.6 (0.2, 1.2)
63
128 (120, 137)
77 (72, 84)
12 (18)

36
78 (8.6)
37 (12.5)
12
1.5 (1.4)
1.3 (0.6, 1.8)
36
1.3 (1.3)
0.9 (0.1, 1.9)
34
126 (114, 132)
77 (72, 82)
9 (25)

17
42 (13.7)
47 (16.1)
7
1.8 (1.3)
1.5 (0.8, 3.5)
17
1.9 (1.6)
1.5 (1.1, 2.2)
11
122 (118, 134)
72 (70, 78)
5 (29)

210
109 (11.6)
35 (11.3)
109
0.7 (0.9)
0.2 (0.1, 0.9)
210
0.7 (0.9)
0.2 (0.1, 0.9)
196
119 (111, 129)
74 (68, 80)
34 (16)

114
76 (8.0)
46 (10.7)
59
0.8 (1.1)
0.5 (0.1, 1.0)
114
1.0 (1.4)
0.4 (0.1, 1.4)
110
125 (113, 135)
77 (70, 83)
21 (18)

17
47 (8.8)
59 (11.7)
10
2.5 (2.1)
2.1 (0.5, 4.2)
17
1.8 (1.9)
1.0 (0.3, 2.9)
16
138 (131, 144)
84 (74, 90)
9 (53)

⬍0.0001
NS

0.0025

NS
NS
NS

⬍0.001
0.004

0.002

⬍0.0001
0.003
0.008

“Averaged” data reflect the average of all values reported within 6 months of the date of the first eGFR assessment to the
most recent assessment. P values were calculated by the Kruskal-Wallis test; NS, not significant.
a
eGFR data are expressed as ml/min per 1.73 m2.

Table 4. Regression Modeling of eGFR Slope
Men

Predictor Variables
averaged UP/Cr (transformed)a
baseline eGFR
age at baseline eGFR
averaged systolic blood pressure
averaged diastolic blood pressure
Intercept
Number of observations included
R2 value for model
Adjusted R2 value for model

Women

Parameter
Estimate

SE

P

Parameter
Estimate

SE

P

⫺6.402
⫺0.012
⫺0.017
0.009
⫺0.041
7.147

0.502
0.006
0.013
0.012
0.017
1.661
108
0.677
0.661

⬍0.0001
0.065
0.194
0.457
0.015
⬍0.0001

⫺2.109
⫺0.026
⫺0.025
0.002
⫺0.004
4.774

0.239
0.004
0.007
0.008
0.011
0.901
322
0.248
0.236

⬍0.0001
⬍0.0001
0.001
0.815
0.687
⬍0.0001

eGFR was calculated using the chronic kidney disease epidemiology collaboration equation. Averaged values were
calculated by taking the average of all values in the window ⫺6 months from baseline eGFR to date of last eGFR.
a
Averaged UP/Cr was transformed before analysis by taking the 4th root (9,11).

Discussion
Fabry nephropathy can begin at a very young age; glomerular GL-3 deposits have been detected in fetuses (12), and

glomerular sclerosis and vascular lesions have been described
in renal biopsies of children and adolescents who had not yet
exhibited decreased eGFR or overt proteinuria (13,14). “Classi-
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Figure 3. Kaplan-Meier estimates of time to first clinical event. Clinical events included cardiac events (myocardial infarction,
significant cardiac procedure, arrhythmia, angina, or congestive heart failure), cerebrovascular events (strokes), renal events
(chronic dialysis, renal transplant, or eGFR ⬍ 10 ml/min per 1.73 m2), or death. Clinical events may have occurred either while
patients were enrolled in the Fabry Registry or before enrollment, if such events were recorded on patients’ medical history case
report forms. Note that clinical data from patients in this cohort were restricted to data obtained before any chronic dialysis or
renal transplant. Six men and one woman subsequently experienced renal events, and these are included in the Kaplan-Meier
analysis. Patients were stratified by gender and baseline eGFR, as indicated in A–D. Data for patients with averaged UP/Cr ⱖ 0.5
who experienced a clinical event during the natural history period are shown in dark gray, and data for patients with averaged
UP/Cr ⬍ 0.5 are shown in light gray. The numbers of patients at risk for having events at the indicated ages are shown below
the x-axis for each panel.

cally” involved adult men with advanced renal disease were
fully described in 2002 (15). More recent analyses (5), including
those reported herein, describe a much broader spectrum of
kidney involvement and rates of loss of kidney function in men
and women. A better understanding of the natural history of
Fabry nephropathy may help identify patients at higher risk of
progression, and appropriate therapy. Understanding the natural history of Fabry nephropathy is also needed to set treatment goals and interpret the responses to ERT.
Cross-sectional descriptions of Fabry nephropathy (15–17) are
inherently limited, given the wide range of disease severity. Men

progress to ESRD 10 years sooner than women (16,17). The majority of female patients have slowly progressive kidney disease,
but a smaller subset seem to be more seriously affected with
progression to ESRD at the same median age as men (16). Recent
retrospective chart reviews evaluated longitudinal outcomes for a
similar number of Fabry men (128 versus 121 in these analyses) but
many fewer Fabry women (51 versus 341 in these analyses) (5).
In normal individuals, renal function declines with age at approximately ⫺1 ml/min per 1.73 m2 per year during the sixth
decade and more rapidly thereafter (18 –20). Because 95% of the
patients in this cohort were younger than 60 years of age, this rate
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Table 5. Clinical characteristics of patients who experienced renal, cerebrovascular, or cardiovascular events
Men
No Clinical
Events (n ⫽ 73)
Patients with eGFR data, n
age at baseline eGFR, mean (SD), years
median (25th, 75th), years
eGFRa at baseline, mean (SD)
median (25th, 75th)
eGFRa slope, mean (SD), per year
median (25th, 75th)
Patients with baseline UP/Cr data, n
UP/Cr, baseline mean (SD)
median (25th, 75th)
Patients with averaged UP/Cr data, n
UP/Cr, averaged mean (SD)
median (25th, 75th)
BP, n
systolic BP, averaged mean (SD), mmHg
median (25th, 75th)
diastolic BP, averaged mean (SD), mmHg
median (25th, 75th)
Reported history of ACEi/ARB use, n (%)

73
31 (11)
29 (23, 39)
97 (22)
97 (83, 113)
⫺2.2 (2.33)
⫺1.9 (⫺4.0, ⫺0.2)
37
1.0 (1.1)
0.8 (0.2, 1.5)
73
0.9 (0.9)
0.7 (0.2, 1.3)
68
126 (10)
126 (119, 131)
76 (9)
77 (72, 83)
14 (88)

Women

Experienced Clinical
Events (n ⫽ 48)
48
39 (15)b
36 (27, 49)
81 (31)b
89 (58, 100)
57.7, 99.8
⫺3.1 (2.46)c
⫺2.8 (⫺4.2, ⫺1.7)
11
1.7 (1.4)
1.4 (0.8, 3.5)
48
1.4 (1.4)b
1.0 (0.4, 2.0)
40
129 (14)
128 (119, 138)
76 (8)
76 (72, 82)
12 (71)

No Clinical
Events (n ⫽ 271)
271
38 (13)
36 (27, 48)
97 (22)
100 (80, 112)
⫺0.4 (1.37)
⫺0.4 (⫺1.4, 0.4)
160
0.8 (1.2)
0.3 (0.1, 1.0)
271
0.8 (1.1)
0.2 (0.1, 1.1)
256
122 (14)
121 (112, 133)
75 (9)
75 (69, 82)
49 (73)

Experienced Clinical
Events (n ⫽ 70)
70
44 (12)b
43 (37, 51)
88 (21)b
86 (72, 104)
⫺1.0 (1.41)b
⫺1.0 (⫺1.7, 0.0)
18
0.7 (0.8)
0.3 (0.1, 1.1)
70
1.1 (1.5)
0.5 (0.1, 1.5)
66
125 (15)
124 (113, 137)
77 (10)
77 (70, 84)
15 (54)

“Averaged” data reflect the average of all values reported within 6 months of the date of the first eGFR assessment to the
most recent assessment.
a
eGFR data are expressed as ml/min per 1.73 m2.
b
P ⬍ 0.05 by t test.
c
P ⫽ 0.054 by t test.

was used to stratify patients into general categories of “faster” or
“slower” progression. In men, renal function declined more rapidly among those with higher UP/Cr levels. Women generally
had slower reductions in eGFR over time. However, the average
decline in renal function for women with the highest UP/Cr levels
(UP/Cr ⬎ 1.2 g/g) was greater than what would be expected for
their age (18 –20). Proteinuria was a predominant factor in predicting renal disease progression rate for both genders, with a
greater impact in men than in women. In women, lower baseline
eGFR and increased age at baseline were also associated with
more rapid loss of kidney function (Table 4).
The rates of renal decline described herein for untreated Fabry
men with substantial proteinuria are similar to that reported by
Schiffmann et al. (⫺6.9 ml/min per 1.73 m2 per year) (5) in 22 men
with baseline proteinuria ⱖ1 g/24 h, but slower than reported by
Branton et al. (⫺12 ml/min per 1.73 m2 per year) for 14 “classically” affected adult men, all of whom eventually developed
ESRD (15). Women in the Fabry Registry with the highest UP/Cr
(n ⫽ 85) progressed more slowly than described by Schiffmann et
al. (⫺4.6 ml/min per 1.73 m2 per year), but only five women were
included in that analysis (5). In addition to the differences in
patient populations and referral sources, different methods were
used to estimate GFR; the current analyses used the chronic kidney disease epidemiology collaboration equation, whereas the
previous reports used the modification of diet in renal disease
equation or calculated changes in GFR based on two inulin clearance measurements (5,15).
Our findings confirm that proteinuria is a risk factor for renal

progression in Fabry patients (3,9,11); patients with proteinuria
ⱖ1 g/24 h have been shown to be less responsive to ERT with
agalsidase-␤ than patients with less proteinuria (3,9). ACEi/ARBs,
in conjunction with ERT can reduce proteinuria and stabilize renal
function in Fabry patients (11). This is an important issue, as ERT
alone does not decrease overt proteinuria in Fabry disease (3,9,21).
Institution of ACEi/ARB therapy during ERT will not necessarily
confer renal protection (22), unless doses are titrated to achieve
sustained reduction in proteinuria to ⬍0.5 g/24 h (11).
Recent recommendations for patients with Fabry disease receiving ERT include ACEi/ARB treatment to reduce urinary
protein excretion to ⬍0.5 g/24 h (23–25), with the goal of
reducing the rate of kidney function loss to less than ⫺1 ml/
min per 1.73 m2 per year. Sixty-four percent of men and 43% of
women in this cohort had averaged UP/Cr values ⱖ0.5 (data
not shown), and only 22% of men and 19% of women reported
receiving ACEi/ARBs at any time during the observation period. Because the Fabry Registry has limited information about
ACEi/ARB dosing, we focused more attention on averaged
proteinuria levels. Assuming that the reno-protective effects of
ACEi/ARBs are associated with reductions in proteinuria, we
reasoned that the averaged UP/Cr values reflected the renoprotective effects of any ACEi/ARB therapy.
Proteinuria seems to be the most important predictor for
renal progression, but proteinuria had a much greater predictive value for men than women (Table 4). Women tolerate low
levels of proteinuria with less progression than men (Figure 2).
Similar differences between men and women have been de-
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scribed for the Prevention of Renal Valscular Endstage Disease
cohort (26), albeit at lower levels of proteinuria. Whether the
gender difference represents differential susceptibility to progressive damage or pathophysiologic differences manifested as
proteinuria is worthy of further study.
Proteinuria seems to be more important than other identified
risk factors in women, but the majority of the progression risk
was not identified for women. Mutation subtypes and ␣-galactosidase enzyme activity may impact disease progression (15).
We did not include ␣-galactosidase activity in the regression
model because enzyme assays were not standardized, and
there are challenges to extrapolating residual enzyme activity
measured in peripheral blood to organ-specific activity, especially in women, where lyonization can play an important role
in X chromosome–linked diseases (1).
A substantial portion of patients in this cohort (40% of men
and 21% of women) experienced a major renal, cerebrovascular,
or cardiovascular event during the follow-up period. Although
no effect of averaged UP/Cr was observed on time to clinical
events, the most common type of clinical event was cardiac
arrhythmia; this is consistent with previous analyses of Fabry
patients (5,17). Whereas UP/Cr is an important indicator of
renal disease progression, it may not be directly associated with
the cardiovascular aspects of Fabry disease progression. However, renal disease can be both a risk factor for and a consequence of cardiac disease (27,28), and the cardiovascular and
renal manifestations of Fabry disease may be interrelated. Indeed, men who experienced clinical events had significantly
higher averaged UP/Cr levels than men who did not, confirming the need for regular cardiac, cerebrovascular, and renal
assessments for Fabry disease (24,29).
There are important limitations to analyzing registry data,
especially in rare diseases where the number of patients is
small. Missing data limit the use of appropriate covariates in
building regression models of associations between prognostic
factors. This cohort may not be representative of the overall
Fabry patient population because of phenotypic variability.
Including only patients with at least two serum creatinine
measurements imposes a bias against very mildly affected patients who may have had only one baseline assessment,
whereas more severely affected patients may have only had
one baseline evaluation before initiating ERT and would also be
excluded from these analyses. We expect that these two sources
of confounding may have partially offset each other, with consequent regression dilution bias (30).
Taken together, these findings indicate that adult patients
with Fabry disease with overt proteinuria lose renal function
more rapidly than those with little or no proteinuria. Among
women, baseline age and eGFR levels were also prognostic
indicators for more rapid loss of kidney function. Proteinuria
was significantly higher for men with major clinical events
compared with those who did not. Other risk factors have
been associated with stroke in Fabry patients (31), and additional studies are needed to define risk factors associated
with cardiovascular events. In view of the progression of
Fabry nephropathy (5), urinary protein excretion and eGFR
levels should be closely monitored in all Fabry patients,
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regardless of other signs or symptoms. Based on the genderspecific risk factors identified herein, reasonable predictions
of renal outcomes can be defined at the baseline evaluation.
This has important prognostic implications and provides a
basis for interpreting the effects of interventions, such as ERT
and/or ACEi/ARB therapy on renal outcome measures.
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