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Abstract

Fabry disease (FD) is a treatable X linked lysosomal storage disorder with a wide

phenotypic spectrum. There is a scarcity of published data on the burden of FD in

India. This study evaluates the clinical and molecular spectrum of Indian patients

with FD. In this multicentric study involving 10 tertiary referral centers in India,

we analyzed the clinical course and genotype of 54 patients from 37 families. Fam-

ily screening identified 19 new patients (35%) from 12 index cases. Then, 33 GLA

gene variants were identified in 49/54 (90.7%) which included 11 novel and
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Communicating Editor: Robert J
Desnick 22 known pathogenic variants. Of the 54 patients in our cohort, 40 patients had

“classical” and 10 patients had a “nonclassical” presentation. The symptoms and

signs included kidney dysfunction in 38/54 (70.3%), neuropathic pain in 34/54

(62.9%), left ventricular hypertrophy in 22/49 (44.8%) and stroke in 5/54 (9.2%).

Female heterozygotes were 10/54 (18.5%) of whom 2 were index cases. There was

a significant delay in reaching the diagnosis of 11.7 years. Enzyme replacement

therapy was initiated in 28/54 (51.8%) patients with significant improvement of

neuropathic pain and gastrointestinal symptoms. This study highlights the clinical

presentation and mutational spectrum of FD in India and suggests that family

screening and screening of high-risk groups (hypertrophic cardiomyopathy,

idiopathic chronic renal failure and cryptogenic stroke) could be the most cost-

effective strategies for early identification of FD.
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stroke

1 | INTRODUCTION

Fabry disease (FD, OMIM 301500) is an X linked lyso-
somal storage disorder caused by a mutation in GLA
gene. Deficient or absent activity of enzyme
α-galactosidase A (α-gal A) results in progressive accu-
mulation of globotriaosylceramide (GL-3, Gb3) and its
deacylated form globotriaosylsphingosine (Lyso Gb3)
within lysosomes of various cells leading to multi-
organ involvement. GLA has seven exons and is
located at Xq22. Nearly 700 GLA variants have been
reported.1

The estimated prevalence of FD is 1/40 000 to 1/117 000
live births.2 It has a wide spectrum of clinical phenotypes
ranging from the “classic” severe phenotype in males to
totally asymptomatic females, with a group of patients in
between with predominant cardiac or renal involvement
presenting as “late onset” variants. Plasma Lyso-Gb3 is a
useful biomarker that differentiates classical from non-
classical FD in males. In patients with the classical onset
phenotype, symptoms can manifest by 3 to 10 years in boys
and around 13 years in girls.2 The spectrum of severity in
heterozygous females ranges from asymptomatic to the clas-
sic severe phenotype probably due to skewed X-
chromosome inactivation.2,3 Whereas demonstration of
α-gal A deficiency is a definitive method of diagnosis in
affected males, it fails to identify up to 60% of affected
females and therefore molecular studies of the GLA gene is
the preferred diagnostic method in females.4 Dried blood
spots are useful for enzymatic assay owing to the stability of
enzymes for 6 months, but it is advisable to measure
enzyme activity in leucocytes.2

Early diagnosis of FD is challenging. The average
delay in diagnosis of FD is around 15 years.2 The life
expectancy of untreated males and females is reduced by
20 years and 10 years respectively owing to progressive
renal, cerebrovascular and cardiovascular complications.2

2 | MATERIALS AND METHODS

2.1 | Inclusion and exclusion criteria

Data were obtained from patients with FD from 10 major
centers in India who presented between January 2007
and September 2019. Patients with a definitive diagnosis
of FD (symptomatic or asymptomatic) confirmed by defi-
cient levels of α-gal activity and /or an identifiable patho-
genic mutation in the GLA gene (hemizygous or
heterozygous), were included in the study.

α-gal A enzyme activity was performed on leucocytes
or dried blood spots. Mutation analysis of GLA gene was
performed using genomic DNA extracted from whole
blood samples in accredited laboratories.

Synposis
Enzyme analysis for Fabry disease should be an
integral part of the protocol for evaluation of
patients with idiopathic chronic renal failure,
hypertrophic cardiomyopathy and cryptogenic
stroke.
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TABLE 1 Demographic and clinical parameters of 54 Fabry patients

Total number of patients n (54)

Sex

Male 44

Female 10

Consanguinity 4 families

Number of patients on ERT 28

Agalsidase beta 21

Agalsidase alfa 7

Average age of starting ERT (n-28) (mean, range in years) 18.63 ± 15.73 y (range 0-58 y)

Age at first symptom

5-10 y 9

10-20 y 21

20-30 y 7

30-40 y 3

40-50y 3

51-60 y 1

Age not available 3

Asymptomatic 7

Age at diagnosis

<10 y 1

10-20 y 16

20-30 y 11

30-40 y 11

40-50 y 8

50-60 y 7

Symptom at presentation

Renal failure 19

Angiokeratoma 3

Neuropathic pain 12

Stroke 5

Hypertrophic cardiomyopathy 4

Mutation analysis 49/54 (90.7%)

Average delay in diagnosis (from age of first symptom to age of diagnosis) (mean in y) 11.7 y

Duration of follow-up

<1 y 14

1-5 y 21

5-10 y 9

10 y or >10 4

Lost for follow-up 3

Expired 3

Neuropathic pain

Yes 34/54 (62.9%)

No 17

NA 3

Average age of onset (n-29) (mean, range in years, median) 13.67 ± 10.17 y (range 5-32 y;

median 9 y)

Number of patients using pain medications (carbamazepine (n = 6), gabapentin (n = 4), paracetamol (n = 3), NSAID

(n = 1), liofen (n = 1) and pregabalin (n = 1))

16/32 (50%)
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TABLE 1 (Continued)

Angiokeratoma

Yes 27/52 (51.9%)

No 25

NA 2

Average age of angiokeratoma (n-20),(mean, range in years, median) 16.67 ± 7.17 y (range 6-25 y;
median 17 y)

Hypohydrosis

Yes 21/50 (42%)

No 29

NA 4

Interference with activity 15/19

Number of patients with hypohidrosis on ERT 15

Improvement with ERT (n-15) 10/15

Cornea verticillata

Yes 27/39 (69.2%)

No 12

NA 15

Kidney dysfunction

Yes 38/54 (70.3%)

No 16

Average age of onset (n-37), (mean in years, range, median) 23.67 ± 7.649 y (range 17-40 y;
median 20 y)

CGA staging (eGFR calculated with MDRD)

G1 20

G2 15

G3a 2

G3b 2

G4 3

G5 8

NA 4

Gross proteinuria 18/54 (33%)

Renal biopsy 18

Dialysis 5

Renal transplantation 4

Microalbuminuria (30-300 mg/day) 20/54 (37%)

ACE inhibitors 16/37

Average age of dialysis 31.4 y

Cardiac symptoms

Echocardiogram done 49/54 (90.7%)

Normal 26/49 (53%)

Left ventricular hypertrophy 22/49 (44.8%)

Average age of onset (n-16) 36.4 y

Arrhythmia 4/54 (7.4%)

Complete heart block 3/54 (5.5%)

Pacemaker implantation 3/54

Atrial fibrillation 1/54

Echo not done 5

Hypertension 13

(Continues)
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The variants identified were interpreted for pathogenic
potential based on ACMG criteria and were characterized
using protein modeling studies (details in Supplementary
material).

3 | RESULTS

Table 1 provides details of the 54 patients (44 males,
10 females) from 37 families with proven FD. Figure 1A,
B details the symptoms and signs at presentation. Lyso
Gb3 estimation was available in 12/54 patients and the
mean value was 27.57 ng/mL (normal <1.8). Of the 54
patients in our cohort, only 10 patients had features

consistent with the “nonclassic” phenotype. The mean age
at onset of first symptom was 14 ± 7.6 years (median
17 years; range 5-26 years) and the mean age at diagnosis
was 23 ± 8.4 years (median 24 years; range 14-40 years).
From the initial presentation to the confirmation of diag-
nosis, there was a significant delay of 11.7 years. Renal
impairment was the predominant manifestation in 38/54
(70.3%). The commonest symptom of FD in this cohort
was neuropathic pain in 34/54 (62.9%).

Of the 49/54 patients who had ECG and echocardio-
gram data, 44.8% of patients (22/49) had evidence of left
ventricular hypertrophy (LVH) (Supplementary
Figure S1D) and 26/49 (53%) had normal echocardio-
gram. The mean left ventricular ejection fraction (LVEF)

TABLE 1 (Continued)

Stroke 5

Recurrent stroke 4/5

Stroke as presenting symptom 5

Ischemic 3

NA 2

Abdominal symptoms 23/54

Pain 4

Diarrhea/urgency 10

Constipation 5

Nausea 2

Vomiting 2

Patients on ERT with abdominal symptoms 11

Improvement after ERT 6/11 (54.5%)

Weight gain with ERT 11/28

Hearing loss

Yes 13

No 25

NA 16

Females with Fabry

Total (n) 10

Symptomatic 2/10

End stage renal failure 1

Stroke 1

Asymptomatic 8/10

Cornea verticillata 8/10 (not tested-1)

Microalbuminuria 4/10

Echo

Normal 8/10

LVH 2/10

Neuropathic pain 5/10

Hypohydrosis None

Expired 4/54 (three males, one female)

Abbreviations: LVH, Left ventricular hypertrophy; MDRD, Modification of Diet in Renal Disease Study; NSAID, nonsteroidal anti-
inflammatory drug.
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was 59.4 ± 6.5% (36%-70%). Three patients aged
35, 49 and 53 years were implanted with a dual chamber
pacemaker for complete heart block. Another patient
aged 41 years had atrial fibrillation and mild left ventric-
ular outflow tract obstruction with normal LVEF.

Only 5/54 (9.2%) presented with stroke. Of these, four
had an ischemic stroke. Angiokeratomas were present at the
time of diagnosis in 27/52 (51.9%) (Supplementary
Figure S1A) and hypohidrosis for 21/50 (42%). Slit lamp
examination revealed cornea verticillata in 27/39 (69.2%)
(Supplementary Figure S1B). The most common gastroin-
testinal symptom, postprandial diarrhea and urgency were
present in10/23 (43.4%) patients. Ten patients (10/54;
18.5%) were female heterozygotes, of whom two were
symptomatic. One female had biopsy and mutation-proven
FD (c.155G > A; p.C52Y), with end stage renal failure.
The second symptomatic female was a 32-year-old woman
with recurrent strokes and is currently receiving enzyme
replacement therapy (ERT). X inactivation studies using
HUMARA assay revealed skewed X inactivation. Her
asymptomatic mother showed no skewing of the same X
chromosome (Supplementary Figure S2). Nineteen
patients (35%) were identified by family screening from
twelve index cases. Then, 9/19 were symptomatic and ERT
was initiated in 3 patients and the remaining received
symptomatic treatment.

In addition, 33 GLA variants were identified in
49 patients, distributed across the 7 exons of GLA (18 mis-
sense variants, 5 nonsense variants and 10 frame shift
mutations (8 deletions and 2 duplications). Supplemen-
tary Figure S1E illustrates the distribution of all the
known and novel variants of the GLA gene. All
33 mutations were verified in The Human Gene Muta-
tion Database (HGMD); of which 11 were novel muta-
tions. For all the known and novel missense mutations,

further analysis was done to estimate the effect of the
mutations (supplementary material).

Since 2007, ERT was initiated in 28/54 (51.8%)
patients. Four patients (4/54; 7.4%) on ERT have died.
Three patients died from progressive renal failure (two
males aged 31 and 44 years and a 25-year-old female).
The third patient was a male who presented with recur-
rent stroke at 46 years of age.

4 | DISCUSSION

We have presented data from 54 patients with confirmed
FD, which is the largest cohort in India that we are aware
of. We identified 33 GLA gene mutations in 49 patients
with FD. In addition to 22 known mutations, we identi-
fied 6 novel missense mutations, 1 novel frameshift
mutation, 3 novel deletions and 1 novel duplication in
the GLA gene. Mutations were distributed in all the seven
exons of the GLA gene but with no clear mutation hot-
spots. Most of the patients/families showed private muta-
tions and we did not detect any recurrent mutations in
GLA gene in Indian patients. We found 18 missense,
5 nonsense and 10 frameshift variants in our cohort. The
mean age of onset of symptoms for the patients with mis-
sense mutations was 28.45 years whereas for the non-
sense mutation group it was 12.5 years, and for
frameshift variants, the age of onset was 11.2 years, dem-
onstrating that loss of function variants (nonsense and
frameshift) had earlier age of onset. Furthermore, all
patients with loss of function variants (15 variants)
showed <5% or undetectable levels of α-gal A activity
and presented as classic phenotype whereas only 10 out
of 18 missense variants showed the nonclassic phenotype
(Table 2). Thus, we could establish genotype-phenotype

FIGURE 1 A, Symptoms at presentation in our cohort. B, Clinical signs in our cohort
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correlation with respect to variant effects and severity of
phenotype and this information could be helpful in
genetic counseling for families with FD. In our cohort,
the type of mutation alone was insufficient to stratify
classical vs nonclassical variants, as there was significant
variations observed in patients with the same mutation
and between patients within the same family, probably
due to disease modifiers or skewed X inactivation.

However, we also performed a detailed genotype-
phenotype correlation with the criteria used for classify-
ing classical vs nonclassical phenotype in males and
females.5 In our cohort of 54 patients, 40 patients had
classical and 10 had nonclassical mode of presentation.
Mutation results were unavailable for 5/54 but one
among them was classified as classical as three of his sib-
lings and a nephew had classical FD with proven muta-
tion. There were four consanguineous families in our
cohort. Only three families have undergone mutation
analysis and one family was lost for follow-up. They had
the following mutations (GLA:c.409G > T;p.Val137Phe,
GLA:c.494A > G:p.Asp165Gly, GLA:c. 1235_1236 del: p.
Thr412serfs).

There was a significant diagnostic delay (11.7 years),
and this is similar to previous published studies with
diagnostic delays of up to 15 years.2 The reasons for del-
ayed diagnosis include, significant heterogeneity in clini-
cal presentations; poor genotype-phenotype correlations;
late-onset presentations (cardiac and renal variants); vari-
able presentations within extended family members
(stroke, renal failure, cardiomyopathy); high prevalence
of variants of unknown significance and polymor-
phisms.6-8 A three-generation pedigree analysis is impor-
tant to identify at-risk relatives. Cascade screening
provides an opportunity to identify pre-symptomatic rela-
tives. Counseling sessions should address psychosocial
issues such as anxiety, guilt, grief, hopelessness and
impact on self-esteem.9

Renal impairment was found in 70.3% (38/54) of our
FD patients. Gross proteinuria was evident in 18/54
(33%) whereas microalbuminuria was present in 37% in
our cohort reiterating the need for close monitoring for
evolution of renal impairment. The prevalence of FD was
0.87% among patients with chronic kidney disease (CKD)
on dialysis.10 The prevalence of FD among those with
CKD not on dialysis was only 0.2%.6 Renal impairment
begins with microalbuminuria by the second or third
decade of life in the classic phenotype. The patients
should be regularly monitored with urine albumin/creati-
nine ratio and with eGFR. ACE inhibitors and angioten-
sin receptor blockers reduce proteinuria in patients with
microscopic albuminuria. ERT is beneficial in the early
stages of renal dysfunction. Transplanted kidneys remain
free of Gb3 accumulation.T
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Neuropathic pain was the second commonest presen-
tation. One should consider FD in patients presenting
with neuropathic pain precipitated by fever, exercise,
stress, changes in temperature and fatigue. In 10% to
20%, the pain stops with advancing age.11 Two of our
patients, aged 12 and 15 years were suspected to have a
functional disorder. A small fiber neuropathy could be
confirmed on nerve conduction studies. Carbamazepine,
gabapentin, phenytoin and pregabalin could be beneficial
for neuropathic pain management. Nonsteroidal anti-
inflammatories should be avoided due to the risk of renal
toxicity.

Cardiac involvement in FD is detected in more than
60% of affected males and heterozygote females. It
includes myocarditis, hypertrophic cardiomyopathy
(HCM), myocardial fibrosis, arrhythmias and cardiac fail-
ure.12 The prevalence of FD in patients with HCM is esti-
mated to be 0.94% and 0.90% of male and female cardiac
patients screened.13Concentric LVH, which is typically
nonobstructive, is seen in 50% of males and one-third of
females.13 LVH in females is delayed by around 10 years
than males but scarring has been observed even in the
nonhypertrophied stages.14 Arrhythmias are reported in
27% to 42% males and 27% of females with FD, and may
cause sudden cardiac deaths. Atrioventricular blocks may
benefit from cardiac pacing or implantation of defibrilla-
tors. Out of the 49 patients who had echocardiogram
data, 44.8% of patients (22/49) in our cohort had evidence
of LVH on the echocardiogram. Only five patients (5/49)
were found to have left ventricular systolic dysfunction
(10.2%). One patient (1/49; 2.04%) was documented to
have left ventricular outflow tract obstruction. Four
(4/54; 7.4%) patients had arrhythmia and three of them
were implanted with dual chamber pacemaker for com-
plete heart block and one patient had atrial fibrillation.
Cardiac magnetic resonance imaging accurately quan-
tifies left ventricular mass. Late gadolinium enhancement
in the basal posterolateral segments is classically
observed in FD patients with myocardial fibrosis.14 Car-
diac MRI is not routinely performed in India for Fabry
patients but 3/54 patients underwent cardiac MRI in our
cohort and late gadolinium enhancement was observed
in all three of them. ERT is recommended when there is
increased left ventricular wall thickening >12 mm.15

ERT facilitates reduction in LVH in areas without myo-
cardial fibrosis.

Cerebrovascular involvement in FD includes head-
ache, vertigo, transient ischemic attack (TIA) and ische-
mic stroke. FD patients have 5.5- to 12.2-fold increased
risk of stroke compared to the general population.4 A
large analysis of 63 GLA screening studies showed preva-
lence of FD among 0.13% and 0.14% of male and female
stroke patients screened.13 In our cohort, 5/54 (9.6%) had

history of stroke. Hyperintensity of the pulvinar
suggesting calcification (pulvinar sign) is specific for FD
(Supplementary Figure S1C). Dolichoectasia of the ver-
tebrobasilar circulation should prompt the clinicians to
screen for underlying FD.2 Patients with stroke or TIA
should be started on a combination of enteric-coated
aspirin, clopidogrel and statins.16

Angiokeratomas cluster in the bathing trunk region
and around the umbilicus. They are seen in around 40%
of male patients with classic disease by the age of 14 to
16 years.17 Angiokeratoma has been reported as early as
4 years of age.18 “Late onset” variants usually lack
angiokeratoma, hypohidrosis and acroparesthesia, which
lead to further delay in diagnosis.19 Abdominal pain is
mainly precipitated postprandially and can manifest as
early as 1 year of age.18 Hypohidrosis significantly inter-
feres with the quality of life due to reduced exercise toler-
ance. Female patients with FD have hyperhidrosis.18

Angiokeratoma, gastrointestinal symptoms, hypohidrosis
are often early clinical manifestations in the classic phe-
notype. In our cohort, these findings did not lead to an
early diagnosis of FD, emphasizing the importance of dis-
ease awareness initiatives in India. Depression is an
important underrecognized problem in FD. Adolescent
patients usually have chronic fatigue. Para-pelvic kidney
cysts are seen in around 50% of patients and this clue
helps in the early recognition of FD.2

The common misdiagnoses in male and female
patients with FD include systemic lupus erythematosus,
growing pains (frequent misdiagnosis in children),
peripheral neuropathy, chronic fatigue syndrome and
hypochondriasis.20 Coeliac disease and multiple sclerosis
are also often cited as differential diagnoses in females.2

Then, 60% to 70% of female heterozygotes have some
disease manifestation and around 10% have severe mani-
festations.20,21 It is important to monitor females with FD
during their lifetime. In our cohort, 50% of the female
heterozygotes had disease manifestations. The number of
affected females with FD for every proband was approxi-
mately twice the number of affected males.20

In our cohort of 54 patients with FD, only 10 patients
had features consistent with “nonclassic” phenotype. The
low prevalence of nonclassic variants in our cohort is
probably due to the lack of high risk screening protocols
for identifying Fabry patients in India. This study high-
lights the importance of enzyme analysis and slit lamp
examination for cornea verticillata as cost-effective tools
for early detection of FD among patients with idiopathic
CKD, HCM and cryptogenic stroke.

Family screening is the most efficient way to identify
asymptomatic relatives.21 On an average five family
members are diagnosed for every proband with FD.20 A
6 year study from Spain identified 77 new patients among
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which 51 (51/77; 66.2%) were identified through family
screening.1 In our cohort only 19/54 (20.3%) of patients
were identified following family screening.

The hurdles to successful screening in India could
include (a) the fear of being diagnosed with a chronic dis-
ease; (b) social taboos in India related to chronic diseases;
(c) the cost of disease modifying treatments such as ERT;
and (d) the lack of access to ERT, with Government
funded ERT currently available only in Karnataka, which
is one of 28 Indian States.

Only 17% of individuals identified by screening have
classical FD phenotype.22 The majority have a late onset
presentation due to a variant of unknown significance
(VUS) in GLA. Lyso Gb3 values of >1.3 nmol/L confirms
the diagnosis of FD in individuals with a VUS in GLA
with nonclassical phenotype.22 Newborn screening (pro-
gram is useful to pick up FD.23 Prenatal diagnosis is pos-
sible, but the family should be counseled regarding the
intrafamilial variability and late onset variants.

Commercially two ERTs are available in India;
agalsidase alfa (Replagal, Takeda) (0.2 mg/kg biweekly)
and agalsidase beta (Fabrazyme, Genzyme) (1 mg/kg
biweekly).24 ERT was initiated for 28/54 (51.8%) in our
cohort through charitable programs. The average age of
initiation of ERT was 27.3 years. The proposed guidelines
for initiation of ERT is soon after the confirmation of the
diagnosis for males >16 years, by 8 to 10 years for boys
with classic FD, and at the time of progression to organ
involvement in females at any age.14,17 Migalastat, a
pharmacological chaperone, is approved in a few coun-
tries as an oral monotherapy and is an alternative to ERT
in FD patients with specific amenable mutations25 but is
not approved in India.

The limitation of this study included restrospective
data collection and lack of standardized documentation
of improvements in clinical parameters after ERT initia-
tion. This Indian Fabry cohort provided us with an
unique opportunity to understand the disease burden, its
varied clinical presentation and significant delay in diag-
nosis. We identified several novel pathogenic mutations
in our cohort. Our study has highlighted the importance
of FD being included in the panel of investigations for
idiopathic CKD, HCM and cryptogenic stroke. This offers
disease-modifying treatment opportunities for the pro-
band and facilitates early detection of asymptomatic FD
patients through family screening.
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SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

Appendix S1. Supporting Information.

Supplementary Figure S1(a) Clustering of
angiokeratomas over the abdomen (b) slit lamp evalua-
tion showing cornea verticillata (c) hyperintensity due to
calcification of the pulvinar region in T2W image; thala-
mus (thin arrow) and globus pallidus and putamen (thick
arrow) (d) Apical four chamber view demonstrating con-
centric hypertrophy of the left and right ventricle and
interventricular septum (thick arrow), lateral wall of left
ventricle (LV) (thin arrow) (e) Mutations hotspots are
highlighted and depicted in the GLA gene using various
colour codes. Novel mutation (missense mutations, dele-
tions and duplications) distributed in exonic and intronic
regions are highlighted in orange colour, known variants
are depicted in separate colours.

Supplementary Figure S2 HUMARA assay for X inacti-
vation study shows random X inactivation in mother as
evidenced by decrease in peak size of 283 bp PCR product
after HpaII digestion. However in patient there is dispro-
portionate reduction of peak size for 283 bp product sug-
gestive of skewed X inactivation.

Supplementary Figure S3 Chain A of protein 1R46,
showing two domains of the protein, Melibiase_2 (Blue)
and Melibiase_2_C (Magenta), 16 missense mutations
shown in the domain regions of the protein, Novel muta-
tions are colour coded with yellow and known ones are
in orange.

Supplementary Figure S4: Novel missense mutations
c.283 T > C:p.W95R,c.409G > T:p.V137F, c.627G > T:p.
W209C, c.657C > G p.I219M and c.797A > G:p.D266G
are shown in protein structure in the figure using In sil-
ico studies showing changes in inter molecular interac-
tions and bonding using various colour codes.

Supplementary Table S1 Represents the population
database reports and prediction scores for the known
deletion, duplication and frameshift mutations identified
in patients in GLA gene

Supplementary Table S2 Mutation effect on the protein
stability is predicted using protein pdb 1R46 protein
structure

Supplementary Table S3 Protein 1R46 Pfam domain
details
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