
Frequency of Unrecognized Fabry Disease Among Young
European-American and African-American Men With First
Ischemic Stroke

Marcella A. Wozniak, MD, PhD, Steven J. Kittner, MD, MPH, Stanley Tuhrim, MD, John W.
Cole, MD, MS, Barney Stern, MD, Mark Dobbins, Marie E. Grace, PhD, Irina Nazarenko, MS,
Robert Dobrovolny, PhD, Eric McDade, DO, and Robert J. Desnick, PhD, MD
Departments of Neurology (M.A.W., S.J.K., J.W.C., B.S., M.D., E.M.), University of Maryland
School of Medicine and Veterans Affairs Medical Center (M.A.W., S.J.K., J.W.C., B.S.),
Baltimore, Md; the Departments of Neurology (S.T.) and Genetics and Genomic Sciences
(M.E.G., I.N., R.D., R.J.D.), Mount Sinai School of Medicine, New York, NY

Abstract
Background and Purpose—The cause of initial ischemic stroke in up to 30% of young
patients remains unclear. Fabry disease, due to deficient α-galactosidase A (α-Gal A) activity, is a
vascular endothelial glycosphingolipid storage disease typically presenting in childhood. With
advancing age, patients develop renal, cardiac, and cerebrovascular disease and die prematurely. A
European study suggested an increased prevalence of unrecognized Fabry disease in patients with
cryptogenic stroke. We hypothesized that α-Gal A deficiency is a rare cause of initial early-onset
ischemic stroke in men.

Methods—The Stroke Prevention in Young Men Study enrolled >550 men (15 to 49 years) with
first ischemic stroke in the Baltimore–Washington area in 2004 to 2007. Frozen plasma samples
were assayed for α-Gal A activity, and DNA from patients with consistently low plasma α-Gal A
activities were sequenced.

Results—The study sample consisted of 558 men (42% African-American; median age 44
years). Stroke was cryptogenic in 154 men (40% African-American). In 10 patients with low
plasma α-Gal A activities, DNA sequencing identified alterations in the α-Gal A gene in 2
patients. The polymorphism, D313Y, which results in low plasma enzyme activity, but near
normal levels of cellular activity was seen in one European-American male. The Fabry disease-
causing A143T mutation was seen in an African-American male with cryptogenic stroke (0.18%
of all strokes: upper 95% CI=0.53%; 0.65% of cryptogenic strokes: upper 95% CI=1.92%).

Conclusions—In this biracial population, unrecognized Fabry disease is a rare but treatable
cause of initial ischemic stroke in young men.
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Fabry disease, due to deficient α-galactosidase A (α-Gal A) activity, is a vascular
endothelial glycosphingolipid storage disease that has 2 major subtypes. The classic
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phenotype typically presents in affected males in childhood or early adolescence with
angiokeratoma, acroparesthesias, hypohidrosis, gastrointestinal cramping and diarrhea, and
corneal changes. With advancing age, affected males develop renal, cardiac, and
cerebrovascular disease and die prematurely in the fourth or fifth decades of life.1 Affected
males with the later-onset phenotype do not have the early manifestations of the classic
phenotype and present later in life with cardiac and/or renal disease.2,3 In a series of >37 000
Italian newborn males, the incidence of mutations causing classic Fabry disease was
approximately one in 37 000, whereas one in approximately 4600 males had mutations
predicting the later-onset phenotype.4 Furthermore, screening has identified previously
unrecognized α-Gal A deficiency in approximately 0.20% to 1.0% of hemodialysis
patients5–8 and in 3% to 4% of patients with left ventricular hypertrophy or hypertrophic
cardiomyopathy.3,9–11 This suggests that many patients with the later-onset phenotype Fabry
disease are not diagnosed.

Recently, a German study reported previously unrecognized α-Gal A deficiency in 4.9% of
432 young men with initial and recurrent cryptogenic ischemic strokes.12 However, Brouns
et al13 in a smaller study of 64 Belgian men with cryptogenic strokes did not identify any
patients with α-Gal A deficiency. Thus, the prevalence of unrecognized Fabry disease
among young patients with ischemic strokes remains unclear, particularly among patients
with first stroke or strokes attributed to other causes. We report our findings on the
frequency of undiagnosed Fabry disease in young men presenting with an initial ischemic
stroke in a multiracial American population.

Methods
Patient Population

The Stroke Prevention in Young Men Study is a population-based case–control study
initiated to examine risk factors for ischemic stroke in young men. Study recruitment and
data collection were conducted between 2003 and 2008. Cases were men, aged 15 to 49
years, hospitalized with a first cerebral infarction identified by discharge surveillance from
one of 51 hospitals in the greater Baltimore–Washington area and direct referral from
regional neurologists. The methods for discharge surveillance, chart abstraction, case
adjudication, and assignment of probable and possible underlying causes have been
described elsewhere.14,15 Recruitment within 3 years of stroke was required for enrollment
of cases. Control subjects were men free of a history of stroke identified by random-digit
dialing and were frequency-matched to the cases by age and geographic region of residence.

α-Gal A Enzyme Screening and Mutation Analysis
Frozen plasma samples were assayed for α-Gal A activity16 with the addition of 117 mmol/
L of α-N-acetylgalactosamine in the reaction mixture to inhibit α-N-
acetylgalactosaminidase (α-Gal B) activity.17 Plasma samples with <30% of mean normal
activity (15.6±6.2 nmol/hr/mL plasma, n=200 males) were reassayed. DNA from patients
with consistently low plasma α-Gal A activities were sequenced as previously described to
identify specific α-Gal A gene mutations and to confirm the diagnosis of Fabry disease.18,19

The α-Gal A promoter (−1000 to ATG), all exons, and intron/exon boundaries were
sequenced. This study was approved by the Institutional Review Boards of University of
Maryland School of Medicine and Mount Sinai School of Medicine.

Results
The study sample consisted of 558 men (301 European-American, 235 African-American,
22 other ethnicities; median age 44 years). Stroke was cryptogenic in 28% (154 of 558) of
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men (92 European-American; 58 African-American; 4 other ethnicities). The α-Gal A
activities in the plasma samples ranged from 0.71 to 78.3 with a mean and median of 18.6
and 14.4 nmol/hr/mL, respectively. Based on a cutoff of 30% of the normal mean α-Gal A
activity (<4.65 nmol/hr/mL), plasmas from 10 subjects were reassayed. These patients had
initial enzyme activities from 0.71 to 4.62 nmol/hr/mL. The repeat assays ranged from 0.36
to 6.8 nmol/mL/hr (Table 1). Genomic DNA was isolated from their leukocytes, which had
been stored frozen, and their α-Gal A genes were sequenced. Two patients had α-Gal A
gene alterations (Table 1). In a European-American male, the common polymorphism,
D313Y, was identified. The D313Y polymorphism results in low plasma enzyme
activity,20,21 but >60% of normal levels in leukocytes or when expressed in COS-1 cells21

and is not associated with clinical disease. Sequencing identified the second alteration as a
previously identified Fabry disease-causing mutation, A143T,22 in an African-American
male who had a cryptogenic stroke (0.18% of all strokes: upper 95% CI=0.53%; 0.65% of
cryptogenic strokes: upper 95% CI=1.92%). This patient had not previously been diagnosed
with Fabry disease.

Discussion
To date, there have been 2 published studies of the frequency of unrecognized Fabry disease
among patients with cryptogenic strokes. Rolfs et al12 reported that 4.9% of 432 males and
2.5% of 289 females with cryptogenic strokes had unrecognized Fabry disease.
Subsequently, Brouns et al13 reported that Fabry disease was not identified among 64
Belgian males with cryptogenic strokes. Contrary to the German report, our study indicates
that Fabry disease is rare in young adults with first ischemic stroke of undetermined cause.

It is likely that the wide discrepancy in reported prevalence of Fabry disease between our
study and the German study is due to differences in study populations (Table 2). The
German report12 suggested that unrecognized Fabry disease occurred in almost 5% of 18- to
55-year-old men with an otherwise undetermined stroke etiology. In that study, 10% of all
cryptogenic stroke cases had multiple cerebrovascular events and 46.7% (10 of 21) of men
with a cryptogenic stroke and a Fabry mutation had multiple cerebrovascular events. It is not
clear if the German study included only patients with ischemic stroke or included a small
percentage of patients with primary intracerebral hemorrhage.

In contrast, our study included only first ischemic stroke cases. When the German study is
reanalyzed to include only first ischemic stroke cases, the prevalence of Fabry disease is
lower. The German data can be disaggregated into a prevalence of 2.17% patients with
Fabry disease among 367 men with first ischemic stroke and a prevalence of 24.3 among 41
men with recurrent ischemic stroke. This lower rate is substantially closer to the rate we
report. In addition, the mutations associated with the German cases were not reported, so it
is possible that some of the cases may have had the D313Y polymorphism with low plasma
enzyme activity, which has an allele frequency of approximately 0.5% among European-
Americans but with near normal cellular enzyme activity.20,21

Our study is the first to look at unselected patients with first ischemic stroke. We had
hypothesized that the metabolic defect of Fabry disease could be synergistic with other risk
factors. In addition, Fabry disease may be associated with cardiomyopathy and the stroke
would have been classified as cardioembolic rather than cryptogenic. However, there were
no cases of Fabry disease in strokes of known etiology in our study.

The diagnosis of Fabry disease in young patients with stroke is important for several
reasons. Although it is not known whether enzyme replacement therapy will prevent
ischemic stroke recurrence, it is known to delay or prevent other manifestations of Fabry
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disease, particularly renal and cardiac complications.23,24 Equally important are the potential
benefits for family members. Institution of enzymatic replacement therapy in
presymptomatic individuals could potentially eliminate the manifestations of Fabry disease.

The results of our study suggest that the yield for screening is lower for first compared with
recurrent cryptogenic ischemic stroke. Although our study did not identify any particular
features that would enhance the yield of screening, it remains prudent to consider screening
patients with clinical features suggestive of Fabry disease. Because Fabry disease is an X-
linked disease, family history should be obtained regarding the (1) mother’s brothers; (2)
patient’s brothers; (3) patient’s sons; and (4) patient’s sister’s male children. Female carriers
can also manifest disease symptoms.25,26 The occurrence of early or idiopathic end-stage
renal disease, proteinuria, cardiac disease, ischemic stroke, hypohidrosis, acroparesthesias,
and/or angiokeratomas should suggest the diagnosis of Fabry disease. Genetic testing should
be undertaken for the patient and at-risk family members. Affected individuals should be
referred for further evaluation and therapeutic intervention.

Conclusion
Our study suggests the yield of screening young men with an initial ischemic stroke
regardless of etiology for Fabry disease is low regardless of etiology. The yield of screening
in recurrent cryptogenic ischemic stroke in young adults remains unclear. There is a need for
a large sample size replication of the findings of the German study, which suggested a
prevalence of 24.3% for unrecognized Fabry disease among men with recurrent cryptogenic
stroke. Because Fabry disease is a treatable condition and the diagnosis has implications for
other family members, the decision to screen for Fabry disease should be made on an
individual basis.

Acknowledgments
Sources of Funding

This research was supported in part by (1) a research grant from the American Heart Association, Grant-in-Aid
0755425U, to S.J.K. and R.J.D.; (2) a VA Career Development Award to J.W.C.; and (3) a postdoctoral fellowship
in biochemical/molecular genetics from the Genzyme Corporation to R.D. This material is based on work supported
in part by the Office of Research and Development, Medical Research Service, the Baltimore Research
Enhancement Award Program in Stroke, and the Baltimore Geriatrics Research, Education, and Clinical Center of
the Department of Veterans Affairs; a Cooperative Agreement with the Division of Adult and Community Health,
Centers for Disease Control and Prevention; the National Institute of Neurological Disorders and Stroke (NINDS)
and the National Institutes of Health Office of Research on Women’s Health (ORWH; Grant R01 NS45012); the
National Institute on Aging (NIA) Pepper Center (Grant P60 12583); and the University of Maryland and Mount
Sinai School of Medicine General Clinical Research Center Grants (Grant M01 RR 165001; Grant MO1 RR
00066), National Center for Research Resources, National Institutes of Health, and the American Heart Association
(Grant in Aid 0755425U). This study used samples from the NINDS Human Genetics Resource Center DNA and
Cell Line Repository (http://ccr.coriell.org/ninds) as well as clinical data.

Disclosures

R.J.D. receives research and training grant support and royalties from the Genzyme Corporation. He serves as a
consultant for the Genzyme Corporation and Amicus Therapeutics, Inc and owns founder stock in Amicus
Therapeutics Inc. R.D. receives training grant support from the Genzyme Corporation. Mount Sinai School of
Medicine and the Department of Genetics and Genomic Sciences receive royalties from the sale of Fabrazyme.

References
1. Desnick, RJ.; Ioannou, YA.; Eng, CM. Alpha-galactosidase A deficiency: Fabry disease. In: Scriver,

CR.; Beaud, AL.; Sly, WS.; Valle, D., editors. The Metabolic and Molecular Bases of Inherited
Disease. New York: McGraw-Hill; 2001. p. 3733-3774.

Wozniak et al. Page 4

Stroke. Author manuscript; available in PMC 2013 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://ccr.coriell.org/ninds


2. von Scheidt W, Eng CM, Fitzmaurice TF, Erdmann E, Hubner G, Olsen EG, Christomanou H,
Kandolf R, Bishop DF, Desnick RJ. An atypical variant of Fabry’s disease with manifestations
confined to the myocardium. N Engl J Med. 1991; 24:395–399. [PubMed: 1846223]

3. Nakao S, Takenaka T, Maeda M, Kodama C, Tanaka A, Tahara M, Yoshida A, Kuriyama M,
Hayashibe H, Sakuraba H, Tanaka H. An atypical variant of Fabry’s disease in men with left
ventricular hypertrophy. N Engl J Med. 1995; 333:288–293. [PubMed: 7596372]

4. Spada M, Pagliardini S, Yasuda M, Tukel T, Thiagarajan G, Sakuraba H, Ponzone A, Desnick RJ.
High incidence of later-onset fabry disease revealed by newborn screening. Am J Hum Genet. 2006;
79:31–40. [PubMed: 16773563]

5. Nakao S, Kodama C, Takenaka T, Tanaka A, Yasumoto Y, Yoshida A, Kanzaki T, Enriquez AL,
Eng CM, Tanaka H, Tei C, Desnick RJ. Fabry disease: detection of undiagnosed hemodialysis
patients and identification of a ‘renal variant’ phenotype. Kidney Int. 2003; 64:801–807. [PubMed:
12911529]

6. Kotanko P, Kramar R, Devrnja D, Paschke E, Voigtländer T, Auinger M, Demmelbauer K, Lorenz
M, Hauser AC, Kofler HJ, Lhotta K, Neyer U, Pronai W, Wallner M, Wieser C, Wiesholzer M,
Zodl H, Födinger M, Sunder-Plassmann G. Results of a nationwide screening for Anderson-Fabry
disease among dialysis patients. J Am Soc Nephrol. 2004; 15:1323–1329. [PubMed: 15100373]

7. Ichinose M, Nakayama M, Ohashi T, Utsunomiya Y, Kobayashi M, Eto Y. Significance of
screening for Fabry disease among male dialysis patients. Clin Exp Nephrol. 2005; 9:228–232.
[PubMed: 16189631]

8. Tanaka M, Ohashi T, Kobayashi M, Eto Y, Miyamura N, Nishida K, Araki E, Itoh K, Matsushita K,
Hara M, Kuwahara K, Nakano T, Yasumoto N, Nonoguchi H, Tomita K. Identification of Fabry’s
disease by the screening of alpha-galactosidase A activity in male and female hemodialysis patients.
Clin Nephrol. 2005; 64:281–287. [PubMed: 16240899]

9. Sachdev B, Takenaka T, Teraguchi H, Tei C, Lee P, McKenna WJ, Elliott PM. Prevalence of
Anderson-Fabry disease in male patients with late onset hypertrophic cardiomyopathy. Circulation.
2002; 105:1407–1411. [PubMed: 11914245]

10. Ackerman MJ, Landstrom AP. Detection of subclinical Fabry disease in patients presenting with
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2007; 50:2404–2405. [PubMed: 18154966]

11. Monserrat L, Gimeno-Blanes JR, Marín F, Hermida-Prieto M, García-Honrubia A, Pérez I,
Fernández X, de Nicolas R, de la Morena G, Payá E, Yagüe J, Egido J. Prevalence of Fabry
disease in a cohort of 508 unrelated patients with hypertrophic cardiomyopathy. J Am Coll
Cardiol. 2007; 50:2399–2403. [PubMed: 18154965]

12. Rolfs A, Bottcher T, Zschiesche M, Morris P, Winchester B, Bauer P, Walter U, Mix E, Löhr M,
Harzer K, Strauss U, Pahnke J, Grossmann A, Benecke R. Prevalence of Fabry disease in patients
with cryptogenic stroke: a prospective study. Lancet. 2005; 366:1794–1796. [PubMed: 16298216]

13. Brouns R, Sheorajpanday R, Braxel E, Eyskens F, Baker R, Hughes D, Mehta A, Timmerman T,
Vincent MF, De Deyn PP. Middelheim Fabry Study (MiFaS): a retrospective Belgian study on the
prevalence of Fabry disease in young patients with cryptogenic stroke. Clin Neurol Neurosurg.
2007; 109:479–484. [PubMed: 17509753]

14. Johnson CJ, Kittner SJ, McCarter RJ, Sloan MA, Stern BJ, Buchholz D, Price TR. Interrater
reliability of an etiologic classification of ischemic stroke. Stroke. 1995; 26:46–51. [PubMed:
7839396]

15. Kittner SJ, Stern BJ, Wozniak M, Buchholz DW, Earley CJ, Feeser BR, Johnson CJ, Macko RF,
McCarter RJ, Price TR, Sherwin R, Sloan MA, Wityk RJ. Cerebral infarction in young adults: the
Baltimore–Washington Cooperative Young Stroke Study. Neurology. 1998; 50:890–894.
[PubMed: 9566368]

16. Desnick RJ, Allen KY, Desnick SJ, Raman MK, Bernlohr RW, Krivit W. Fabry’s disease:
enzymatic diagnosis of hemizygotes and heterozygotes. Alpha-galactosidase activities in plasma,
serum, urine, and leukocytes. J Lab Clin Med. 1973; 81:157–171. [PubMed: 4683418]

17. Mayes JS, Scheerer JB, Sifers RN, Donaldson ML. Differential assay for lysosomal alpha-
galactosidase in human tissues and its application to Fabry’s disease. Clin Chim Acta. 1981;
112:247–251. [PubMed: 6263521]

Wozniak et al. Page 5

Stroke. Author manuscript; available in PMC 2013 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



18. Shabbeer J, Yasuda M, Luca E, Desnick RJ. Fabry disease: 45 novel mutations in the alpha-
galactosidase A gene causing the classical phenotype. Mol Genet Metab. 2002; 76:23–30.
[PubMed: 12175777]

19. Shabbeer J, Yasuda M, Benson SD, Desnick RJ. Fabry disease: identification of 50 novel alpha-
galactosidase A mutations causing the classic phenotype and three-dimensional structural analysis
of 29 missense mutations. Hum Genomics. 2006; 2:297–309. [PubMed: 16595074]

20. Froissart R, Guffon N, Vanier MT, Desnick RJ, Maire I. Fabry disease: D313Y is an alpha-
galactosidase A sequence variant that causes pseudodeficient activity in plasma. Mol Genet Metab.
2003; 80:307–314. [PubMed: 14680977]

21. Yasuda M, Shabbeer J, Benson SD, Maire I, Burnett RM, Desnick RJ. Fabry disease:
characterization of alpha-galactosidase A double mutations and the D313Y plasma enzyme
pseudodeficiency allele. Hum Mutat. 2003; 22:486–492. [PubMed: 14635108]

22. Eng CM, Ashley GA, Burgert TS, Enriquez AL, D’Souza M, Desnick RJ. Fabry disease: thirty-
five mutations in the alpha-galactosidase A gene in patients with classic and variant phenotypes.
Mol Med. 1997; 3:174–182. [PubMed: 9100224]

23. Banikazemi M, Bultas J, Waldek S, Wilcox WR, Whitley CB, McDonald M, Finkel R, Packman S,
Bichet DG, Warnock DG, Desnick RJ. Fabry Disease Clinical Trial Study Group. Agalsidase-beta
therapy for advanced Fabry disease: a randomized trial. Ann Intern Med. 2006; 146:77–86.
[PubMed: 17179052]

24. Weidemann F, Niemann M, Breunig F, Herrmann S, Beer M, Störk S, Voelker W, Ertl G, Wanner
C, Strotmann J. Long-term effects of enzyme replacement therapy on fabry cardiomyopathy:
evidence for a better outcome with early treatment. Circulation. 2009; 119:524–529. [PubMed:
19153271]

25. Wang RY, Lelis A, Mirocha J, Wilcox WR. Heterozygous Fabry women are not just carriers, but
have a significant burden of disease and impaired quality of life. Genet Med. 2007; 9:34–45.
[PubMed: 17224688]

26. Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, Banikazemi M, Feldt-Rasmussen U, Sims K,
Waldek S, Pastores GM, Lee P, Eng CM, Marodi L, Stanford KE, Breunig F, Wanner C, Warnock
DG, Lemay RM, Germain DP. Females with Fabry disease frequently have major organ
involvement: lessons from the Fabry Registry. Mol Genet Metab. 2008; 93:112–128. [PubMed:
18037317]

Wozniak et al. Page 6

Stroke. Author manuscript; available in PMC 2013 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wozniak et al. Page 7

Table 1

The Summary of Mutation Analysis in Patients With Consistently Low α-Gal A Activity

Male Patients
With Stroke

α-Gal A Activity†

Mutation
AnalysisInitial Assay‡ Confirmatory Assay‡

  1 2.08 1.00 A143T

  2 4.62 6.80 WT*

  3 2.84 3.09 WT

  4 2.03 2.23 WT

  5 0.71 0.36 D313Y

  6 2.94 3.20 WT

  7 4.06 2.69 WT

  8 1.01 1.66 WT

  9 3.04 1.67 WT

10 3.75 3.50 WT

*
Wild type.

†
nmol/hr/mL protein; normal mean±SD: 15.6 nmol/hr/mL protein; normal mean=same for all patients.

‡
All values are means of duplicate enzyme assays.
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