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Abstract Our objective was to examine the prevalence of
Fabry disease in Russian children with chronic pain in the
distal limbs. This non-interventional, multi-centre study in-
cluded children 2–18 years of age with chronic recurrent uni-
lateral or bilateral pain, burning, or acroparesthesia in the
hands or feet. The presence of Fabry disease was defined by
abnormal alpha-galactosidase A activity in males or alpha-
galactosidase gene (GLA) mutation in females. Among 214
patients (110 males), 84.1% had bilateral limb pain and 31.8%
had unilateral limb pain recorded at some time point; 61
(28.5%) patients had a positive family history possibly asso-
ciated with Fabry disease. Alpha-galactosidase A activity was
within the normal range in all 109 of the male patients tested.
One female patient had a GLA mutation (C937G > T) and
alpha-galactosidase A activity within the normal range.

Conclusion: We did not find definitive evidence of Fabry
disease in these children with a history of chronic recurrent
unilateral or bilateral limb pain or acroparesthesia. The pres-
ence of chronic limb pain does not appear to be highly predic-
tive of a diagnosis of Fabry disease in Russian children and
adolescents, suggesting that key early signs and symptoms of
Fabry disease are not specific to the disease.

What is Known:
• Signs and symptoms of Fabry disease are seen in children < 10 years of

age; pain in the distal limbs is a common early symptom.

What is New:
• Fabry disease was not diagnosed in this population of Russian children

with a history of chronic limb pain.
• The presence of acroparesthesia or chronic limb pain does not appear to

be highly predictive of a diagnosis of Fabry disease in Russian children
and adolescents, suggesting that these early symptoms of Fabry
disease are not specific to the disease.
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Introduction

Fabry disease (OMIM 301500) is an X-linked lysosomal stor-
age disease associated with a functional deficiency of the ly-
sosomal enzyme alpha-galactosidase A that results in substan-
tial morbidity and premature mortality [16, 17, 26, 28]. Signs
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and symptoms of Fabry disease can occur in children of both
sexes under 10 years of age [26–28].

Classic Fabry disease is seen in hemizygous males with
minimal functional alpha-galactosidase A activity. Affected
males display the classic phenotype, with the development of
characteristic signs and symptoms, including angiokeratomas,
acroparesthesia, and hypohydrosis, beginning in childhood and
followed by progressive renal, cardiac, and cerebrovascular
disease as globotriaosylceramide accumulates in lysosomes
throughout the body [4]. Impaired inflammatory and immune
responses have been implicated as contributing to disease pro-
gression [2, 38].

Other forms of Fabry disease include asymptomatic to se-
vere disease in heterozygous females and later-onset pheno-
types associated with renal, cardiac, and cerebrovascular com-
plications in males with various non-classic mutations [4].

Previous reports have estimated the overall frequency of
Fabry disease to range between 1 per 117,000 total births
[20] and ~ 1 in 40,000 males [4]. Early diagnosis of Fabry
disease is often difficult, especially in females, because the
symptoms are variable and non-specific [10, 23, 35]. Pain in
the distal extremities is a common symptom of Fabry disease,
starting in early childhood [37]. Screening for chronic pain in
the paediatric population has not previously been explored as
a means of identifying patients with Fabry disease.

The primary objective of this study was to assess the prev-
alence of Fabry disease in an enriched population of paediatric
patients with chronic limb pain. A secondary objective was to
determine the success rate of study definitions in diagnosing
Fabry disease in this population.

Materials and methods

Study design and patient population

This was a non-interventional, multi-centre study conducted
from December 2013 to March 2015 in seven regions of the
Russian Federation with a total population of approximately
38 million: Moscow City, Moscow Region, Saint Petersburg
City, Saratov Region, Samara Region, Rostov Region, and
Sverdlovsk Regions [30].

Eligible patients were boys and girls 2–18 years of age who
presented to a paediatric specialty clinic with a history of
chronic (≥ 6 months) recurrent unilateral or bilateral pain,
burning, or acroparesthesia in the hands or feet and were con-
sidered by the screening physician to be suitable for laboratory
testing based on the presence or medical history of additional
Fabry disease indicators. These indicators were categorised
into three groups and blood sampling was indicated for pa-
tients with a single group 1 or group 2 criterion or two group 3
criteria (Table 1). A positive family history was defined as
either a family history of Fabry disease or a first-degree

relative with a history of renal failure, stroke, or enlarged heart
of unknown aetiology.

The study endpoint was the presence or absence of Fabry
disease, which was defined as abnormal alpha-galactosidase
A activity in males or an alpha-galactosidase gene (GLA) mu-
tation in females.

Laboratory testing

Blood samples were drawn to analyse alpha-galactosidase A
activity and GLA mutations. Alpha-galactosidase A activity
was measured in dried blood spots using ultra-performance
liquid chromatography–tandem mass spectrometry. Reference
values for alpha-galactosidase in our laboratory were deter-
mined experimentally and validated according to established
protocols.

Statistical analysis

Descriptive statistics were calculated to evaluate the overall
prevalent patient population. A two-tailed Student’s t test was
used to compare males with females and to compare children
(< 14 years of age) with adolescents (≥ 14 years of age).

The prevalence of Fabry disease was estimated by calcu-
lating the FD-R coefficient:

FD−R ¼ FD½ �
.

D½ �

where [FD] is the number of patients with diagnosed Fabry
disease and [D] is the number of patients who met the inclu-
sion criteria and were selected for analysis of alpha-
galactosidase A activity and/or GLA mutations.

Furthermore, the efficacy of the screening method pro-
posed for detecting patients with Fabry disease was estimated
by calculating the Ef coefficient:

Ef ¼ FD½ �
.

C½ �

where [FD] is the number of patients with diagnosed Fabry
disease and [C] is the number of patients 2–18 years of age
who reported to a specialty clinic with pain as the chief com-
plaint and with chronic (≥ 6 months) unilateral or bilateral
pain, burning, or acroparesthesia of unknown cause in the
hands or feet.

Results

Patients and demographic characteristics

A total of 214 patients (110 males and 104 females) fulfilled
the inclusion criteria and were selected for screening. Of these,
84.1% had bilateral limb pain recorded at some point and
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31.8% had unilateral limb pain recorded at some point. No
statistically significant differences were observed in age or
ethnicity between males and females (Table 2).

Signs and symptoms of Fabry disease

The prevalence in females and males of chronic recurrent unilat-
eral and bilateral limb pain/acroparesthesia is shown in Table 2;
prevalence by location is shown in Fig. 1. Recurrent unilateral
limb pain/acroparesthesiawas reported less frequently in children
(38.0%) than in adolescents (61.1%; p = 0.014; Fig. 2).

The mean (standard deviation [SD]) intensity of limb pain
on a 10-point scale was 5.1 (1.7) in the overall population.
Mean [SD] intensity of limb pain was significantly higher in
females (5.3 [1.7]) than inmales (5.0 [1.6]; p = 0.024) and was
significantly higher in adolescents (5.5 [1.4]) than in children
(5.0 [1.7]; p = 0.041).

As a whole, general gastrointestinal disorders or recurrent
abdominal pain were observed in 75.0% of girls and 66.4% of
boys (p = 0.17; Table 2). Recurrent abdominal pain of un-
known origin was seen in approximately 48% of the patients
overall (Table 2), and the prevalence was not significantly
different between females and males (p = 0.40). The

Table 1 Fabry disease indicators for laboratory testing

One criterion from group 1 or 2: Or two criteria from:

Group 1 Group 2 Group 3

• Positive family history of
Fabry disease

• Skin angiokeratomas • Heat/cold intolerance: positive answer to BDoes
cold and/or hot weather cause an increase in limb
pain or a decrease in the ability to engage in
outdoor activities?^

• First-degree relative with history
of renal failure, stroke or enlarged
heart of unknown aetiology

• Gastrointestinal symptoms:
○ Recurrent abdominal pain: unexplained
abdominal pain of ≥ 6-month duration
with an average monthly occurrence
of ≥ 3 episodes; or

○ Increased stool frequency: bowel
movement ≥ 3 times a day (weekly
average); or

○ Liquid stool: liquid or watery
stool ≥ 2 times a day (weekly average); or

○ Constipation: < 3 bowel movements per
week

• Exercise intolerance: positive answer to BIs
your child limited in the amount of physical
activity he/she can do compared to other
children?^

• Decreased sweating: negative answer to one
of the following
○ BWhen it is hot outside, does your child

sweat while doing activities?^ or
○ BIf your child does sweat, do you think

he/she is sweating enough?^

Table 2 Demographic and
clinical characteristics Characteristic Female

n = 104

Male

n = 110

Overall

N = 214

Age, median (range) years 10.4 (2.1–17.9) 10.6 (2.2–17.9) 10.6 (2.1–17.9)

Age group < 14 years, n (%) 79 (47.6) 87 (52.4) 166 (100)

Age group ≥ 14 years, n (%) 19 (39.6) 29 (60.4) 48 (100)

Caucasian, n (%) 102 (98.1) 106 (96.4) 208 (97.2)

Recurrent unilateral limb pain/acroparesthesia, n (%)a 38 (46.3)

n = 82

30 (40.0)

n = 75

68 (43.3)

n = 157

Recurrent bilateral limb pain/acroparesthesia, n (%)a 88 (85.4)

n = 103

92 (86.0)

n = 107

180 (85.7)

n = 210

General gastrointestinal disorders or recurrent
abdominal pain, n (%)

78 (75.0) 73 (66.4) 151 (70.6)

Recurrent abdominal pain of unknown origin, n (%) 48 (46.2) 55 (50.0) 103 (48.1)

Angiokeratomas, n (%) 11 (10.6) 10 (9.1) 21 (9.8)

Heat and/or cold intolerance, n (%) 40 (38.5) 57 (51.8) 97 (45.3)

Exercise intolerance, n (%) 72 (69.2) 73 (66.4) 145 (67.8)

Anhydrosis or hypohydrosis 29 (27.9) 40 (36.4) 69 (32.2)

a Percentages based on number of patients with available data
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prevalence of various signs and symptoms commonly associ-
ated with Fabry disease is shown in Table 2.

Family history

Overall, 61 (28.5%) patients had a positive family history
possibly associated with Fabry disease. None of the patients
had an immediate relative with a diagnosis of Fabry disease.
There were six (2.8%) patients (three females, three males)
who had relatives with current renal failure, and one (0.5%)
patient had a relative who died from renal failure. A total of 45
(21.0%) patients (27 females, 18 males) had relatives with
premature cardiovascular disease (< 50 years of age), and 22
(10.3%) had a relative who died from cardiovascular disease
younger than 50 years of age.

Laboratory testing

Alpha-galactosidase A activity (Table 3) was within the nor-
mal range in all 109 of the male patients tested. A mutation of
GLA (C937G > T) was detected in only one of the 104 female
patients tested. This patient had bilateral daily pain in her feet
for > 10 years, exercise intolerance, heat/cold intolerance, and
anhydrosis. Her alpha-galactosidase A activity was consid-
ered to be within the normal range (the specific value was
not available).

Integral study results

The coefficient FD-R, to characterise the prevalence of Fabry
disease, was calculated as 1/261 ≈ 0.0038. This is equivalent
to 38 patients with Fabry disease per 10,000 patients in the
enriched population of paediatric patients with chronic limb
pain.

The coefficient Ef, to characterise the efficacy of the
screening method used for the detection of patients with
Fabry disease, was calculated as 1/1736 ≈ 0.00058. This is
equivalent to 58 patients with Fabry disease per 100,000 pa-
tients with chronic pain, burning, or acroparesthesia of unknown
aetiology in the hands or feet.
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Fig. 1 Recurrent limb pain/acroparesthesia by location. a Unilateral.
b Bilateral
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Fig. 2 Recurrent unilateral and bilateral limb pain/acroparesthesia by
age group

Table 3 Blood testing
for alpha-galactosidase A
activity in males

Alpha-galactosidase A,
μmol/L/h

n = 109

Minimum 2.38

Maximum 25.08

Median 4.62

Mean 5.93

Standard deviation 3.80
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Discussion

We did not find definitive evidence of Fabry disease in this
enriched population of Russian children with a history of
chronic recurrent unilateral or bilateral limb pain or
acroparesthesia. Gastrointestinal disorders, angiokeratomas,
heat and/or cold intolerance, and anhydrosis or hypohydrosis,
all commonly reported features of classic Fabry disease, oc-
curred at frequencies varying from 9.8 to 75% overall. This
may indicate that such features are not specific to Fabry dis-
ease when aligned with chronic recurrent limb pain or
acroparesthesia. Gastrointestinal disorders, in particular, are
non-specific symptoms that are particularly prevalent in the
general paediatric population. This is reflected in our study,
with gastrointestinal symptoms reported in ~ 70% of children.

The non-pathogenicGLAmutation C937G > Twas detect-
ed in only one symptomatic girl with normal alpha-
galactosidase A act ivi ty. This is class i f ied as a
Bpseudodeficiency^ mutation and has been described in indi-
viduals with normal or somewhat decreased alpha-
galactosidase A activity without other evidence of Fabry dis-
ease [7, 8]. Diagnosis of Fabry disease is especially difficult in
females, as enzyme levels alone are generally not sufficient
and genetic analysis is normally required [10, 35].

Screening studies for Fabry disease have previously been
reported in other subpopulations. For example, in a study of
patients with small-fibre neuropathy, 5/24 (20.8%) were found
to have GLA mutations [34]. In patients with left ventricular
hypertrophy, the prevalence of Fabry disease has been various-
ly reported between 0.5 and 11.8% [1, 6, 15]. In young adult
patients with stroke, Fabry disease prevalence has been report-
ed to be between 0.3 and 2.8% overall [9, 29, 36], and to be
4.2% in men and 2.1% in women [15]. Atypical variants of
Fabry disease associated with renal involvement may be diag-
nosed, and functional variants of GLA may be present in pa-
tients with end-stage renal disease [5, 13, 14, 21]. Furthermore,
the prevalence of Fabry disease among dialysis patients has
been variously reported as 0.33 to 3.2% in men, 0.10% in
women [15, 18], and 0.02 to 0.32% overall [21, 22, 31].

The incidence of Fabry disease in the general population
has been estimated as about 1 in 40,000 males [4]. Studies
from different countries report varying frequencies of Fabry
disease. Based on data from the Netherlands during the period
1970 to 1996 (covering birth years 1926 to 1986), the preva-
lence was estimated to be 0.42 per 100,000 (or ~ 1 per
238,100) male births [25]. Fabry disease prevalence was esti-
mated to be ~ 1 per 117,000 births during the period 1980
through 1996 [20] in Australia and to be 0.12 per 100,000
(or ~ 1 per 833,000) live births in northern Portugal [24]. In
a UK study, the prevalence among male individuals was esti-
mated to be ~ 1 in 366,000 [16].

Screening of 37,104 consecutive newborn males in Italy
found that ~ 1 in 3100 males had Fabry disease based on

abnormally low alpha-galactosidase A activity levels and the
presence of alpha-galactosidase A mutations [33]. The same
study estimated the prevalence of classic Fabry disease as
~ 1 in 37,000 newborn males in Italy [33]. In Taiwan, enzyme-
based screening of 171,977 infants at 3 days of age indicated
an overall frequency of ~ 1 in 1250 males and ~ 1 in 40,840
females [11], and classic Fabry disease was estimated to occur
in about 1 in 22,570 newborn males [11]. In other studies, the
screening of 21,170 newborn infants in Japan showed a prev-
alence of 1 in 7057 [12]; laboratory screening of ~ 54,800
newborn males in the US state of WA revealed a prevalence
of ~ 1 in 7800 [32]; and screening of 34,736 consecutive
newborn infants in Austria found mutations characteristic of
Fabry disease in 1 per 3859 births [19].

The prevalence of non-classic or later-onset Fabry disease
has also been investigated. For example, the prevalence of
carriers was estimated to be ~ 1 in 339,000 females in the
UK [17]. In a screening study of newborn males in Italy,
~ 1 in 3100 to 4600 was identified with a later-onset pheno-
type, giving a ratio of approximately 7:1 of patients with a
later-onset:classic phenotype [33]. In Taiwan, the estimated
frequency of the later-onset phenotype was ~ 1 in 1390 new-
born males; for the IVS4 mutation it was ~ 1 in 1460 newborn
males on the basis of enzyme-based screening [11].
Subsequent DNA-based screening in 20,063 newborn males
and females found the prevalence of the IVS4 mutation to be
~ 1 in 875 males and ~ 1 in 399 females [3].

This is the first analysis of Fabry disease prevalence in an
enriched population of paediatric patients with chronic limb
pain. Patient numbers were relatively low, although this is to
be expected in rare disease studies. Fabry disease was not
diagnosed in this population of Russian children with a history
of chronic limb pain. The presence of acroparesthesia or
chronic limb pain does not appear to be highly predictive of
a diagnosis of Fabry disease in Russian children and adoles-
cents, even after applying a Fabry disease-specific enrichment
protocol, raising the question of the specificity of these indi-
cators and suggesting that key early signs and symptoms of
Fabry disease are not specific to the disease. Future studies,
including the detection of polymorphisms and pathogenic var-
iants inGLA, will permit analysis of genotype-phenotype cor-
relations and should allow us to apply a personalised approach
to the management of these patients in the future; these may
also allow the identification of other biomarkers and the cre-
ation of a diagnostic algorithm based on amathematical model
of various indicators suggesting a differential diagnosis of
Fabry disease.
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