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Abstract    Fabry disease, a rare genetic disorder affecting multiple organs, has understudied correlations among
enzyme activity,  genotype,  and clinical  manifestations  in  patients  of  different  sexes  with  classical  and late-onset
phenotypes.  In  this  study,  clinical  data, α-Gal  A  activity,  and GLA gene  test  results  of  311  patients,  who  were
categorized by classical and late-onset phenotypes, ≤5% and > 5% of the normal mean value of enzyme activity,
and truncated and nontruncated mutation groups, were collected. The common clinical manifestations of Fabry
disease included acroparesthesia, hypohidrosis/anhidrosis, neuropsychiatric system, and renal and cardiovascular
involvement.  Multiorgan  involvement  was  higher  in  males  and  classical  phenotype  patients.  In  both  sexes,
classical  patients  commonly  presented  with  acroparesthesia  and  multiorgan  involvement,  whereas  late-onset
patients showed renal,  neuropsychiatric,  and cardiovascular involvement.  Male and classical  patients had lower
enzyme activity than female and late-onset patients, respectively. Classical males with enzyme activity of ≤5% of
the normal mean level showed higher multiorgan involvement frequency than those with enzyme activity of > 5%,
whereas  no  significant  difference  was  observed  among  females.  Ninety-five  gene  mutation  sites  were  detected,
with significant phenotype heterogeneity in patients with the same mutation. No significant difference in enzyme
activity  or  clinical  manifestations  was  observed  between  truncated  and  nontruncated  mutations.  Overall,  male
patients with Fabry disease, regardless of classical or late-onset phenotype, have a higher frequency of multiple-
organ involvement and lower α-Gal A activity than female patients. α-Gal A activity was closely correlated with
clinical  symptoms  in  males  but  weakly  correlated  with  clinical  manifestations  in  females.  The  clinical
manifestations of patients with the same mutation are heterogeneous, and the correlation between gene mutation
and enzyme activity or clinical manifestation is weak.
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Introduction

Fabry  disease  is  a  rare  X-linked  hereditary  lysosomal
storage  disease  caused  by  mutations  in  the GLA gene
located at Xq22.1. These mutations result in a decrease or
complete  loss  of α-galactosidase  A  (α-Gal  A)  activity.
Subsequently,  the  enzyme  metabolism  substrate
globotriaosylceramide (Gb3) and its deacylated derivative
globotriaosylsphingosine  (Lyso-Gb3)  progressively

accumulate  in  the  lysosomes  of  multiple-organ  tissues,
causing  multi-organ  lesions  and  corresponding  clinical
manifestations [1–4].

Fabry  disease  is  divided  into  classical  and  late-onset
phenotypes.  Classical  patients  have markedly  reduced or
absent  enzyme  activity,  whereas  late-onset  patients  have
partially  decreased activity.  Classical  patients  often  have
multi-organ  involvement  compared  with  late-onset
patients  [5].  As  Fabry  disease  is  an  X-linked  hereditary
disorder,  males  have  an  early  onset  and  more  severe
clinical  manifestations  than females  [6–9].  Male  patients
often  develop  the  disease  during  childhood  or
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adolescence  and  exhibit  classical  manifestations
involving multiple systems [10]. By contrast, most female
patients  have  a  later  onset  with  limited  organ
involvement,  primarily  affecting  the  kidneys  and  heart.
Their  clinical  manifestations  are  relatively  subtle,  and
they are at risk of premature death caused by renal failure
and  cardiovascular  complications  [11].  Despite  relevant
reports  [5,8–10,12–14]  on  the  differences  in  clinical
manifestations  between  classical  and  late-onset  patients
or between sexes, those studies have focused on European
and  American  populations.  Large-scale  studies  on  Fabry
disease  among Chinese  patients  are  currently  lacking.  In
addition,  previous  studies  mostly  grouped  patients  based
on  sex  or  phenotype  without  comparing  the  clinical
manifestations  of  patients  of  different  sexes  within  the
classical  and  late-onset  Fabry  disease  groups.  In  this
study,  we analyzed organ involvement  in  a  large  sample
of  male  and  female  Chinese  patients  with  classical  and
late-onset  Fabry  disease  and  revealed  differences  in  the
clinical manifestations of patients with Fabry disease with
different sexes and phenotypes.

The α-Gal  A  activity  is  used  for  diagnosing  and
evaluating Fabry disease, with a threshold level of α-Gal
A  activity  below  30%–35% of  the  normal  mean  level
indicating  clinically  significant  disease  [6].  Clinically,
most males have a remarkable decrease or complete loss
of  enzyme  activity.  In  general,  classical  male  patients
have α-Gal  A  activity  as  low  as  1%–5% of  the  normal
mean  level,  with  a  higher  incidence  of  multiorgan
involvement compared with females [5,15–17]. However,
enzyme  activity  in  females  can  be  normal  or  partially
decreased,  leading  to  a  range  of  clinical  manifestations
from  asymptomatic  to  severe  classical  presentation.
Enzyme  activity-based  diagnosis  has  limitations  in
females  [18,19].  Previous  studies  focused  on  enzyme
activities  in  European  and  American  populations,  with
limited  large-scale  clinical  studies  on  the  correlation
between  enzyme  activities  and  clinical  manifestations  in
Chinese  patients  with  Fabry  disease.  Furthermore,
previous  studies  mainly  compared  enzyme  activities
between males and females or between classical and late-
onset  patients,  without  detailed  investigation  of  organ
involvement  in  patients  of  different  sexes  with  different
enzyme  activities.  The  correlation  between  enzyme
activities  and  clinical  manifestations  remains  unclear
[15,20].  In  this  study,  the  cutoff  for  enzyme  activity
between  classical  and  late-onset  Fabry  disease  was
defined  as  5% of  the  normal  mean  level  [5],  and  the
relationship among different sexes, enzyme activities, and
clinical  manifestations  of  classical  and  late-onset  Fabry
disease was explored using a large sample size, providing
insights  into  the  correlation  between  enzyme  activities
and organ involvement in patients with classical and late-
onset Fabry disease of different sexes.

The  mutation  of  the GLA gene  encoding α-Gal  A  is
considered as the gold standard for the diagnosis of Fabry
disease [21]. More than 1000 mutations in the GLA gene
have been identified to date, most of which are missense
or  nonsense  mutations  [22,23].  Different GLA mutations
may also be related to the degree of α-Gal A activity loss,
and  great  differences  in  clinical  manifestations  are
observed  [24].  Few  clinical  reports  have  been  found  on
the correlation between Fabry disease caused by different
mutation  types  (such  as  truncated  and  nontruncated
mutations) and enzyme activity or clinical manifestation,
and  no  relevant  study  on  the  relationship  between  gene
mutations  and  enzyme  activity  or  clinical  manifestation
has  been  conducted  in  patients  of  different  sexes  with
classical  and  late-onset  phenotype.  This  study  aimed  to
clarify the relationship among genotype, enzyme activity,
and  clinical  manifestation  by  analyzing  the  correlation
among  gene  mutations,  enzyme  activities,  and  clinical
manifestations  in  male  and female  Chinese  patients  with
classical and late-onset Fabry disease.

This study is the largest clinical study of Fabry disease
in  China.  Furthermore,  this  study  aimed  to  improve  our
understanding  of  Fabry  disease  by  exploring  the  clinical
manifestations  of  311  patients  of  different  sexes  with
classical  and  late-onset  phenotypes,  the  correlation
between  different  enzyme  activities  and  clinical
manifestations  of  170  patients,  the  correlation  between
gene  variants  and  enzyme  activities,  and  the  clinical
manifestations of 163 patients. 

Materials and methods
 

Study population

The  medical  records  of  311  patients  with  Fabry  disease
diagnosed  between  June  2012  and  May  2022  from
outpatients,  previously  hospitalized  patients  and  the
National  Rare  Diseases  Registry  System  of  China  were
collected.  To  enhance  the  completeness  and  accuracy  of
the  data,  a  questionnaire  survey  was  conducted  on
patients  in  April  2022,  and  statistical  analysis  was
conducted  on  the  basis  of  the  data  of  the  questionnaire
survey.  The  inclusion  criteria  for  these  patients  were
based  on  expert  consensus  recommendations  for  Fabry
disease  diagnosis  [25,26],  including  typical  clinical
symptoms, family history, laboratory examination results
(GLA gene  analysis  and α-Gal  A  activity),  and
pathological  changes  in  biopsy  samples.  This  clinical
study was reviewed and approved by the Medical  Ethics
Committee  of  the  Chinese  PLA  General  Hospital
(approval  number:  2012-001),  and  it  was  conducted  in
accordance  with  the  principles  of  the  Declaration  of
Helsinki.  All  participants  provided  a  written  informed
consent.  For  minors,  parents/legal  guardians  were
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informed,  and  their  parents/legal  guardians  signed  the
informed consent instead. 

Clinical data collection

Clinical  data  included  general  information  (sex,  age,
family  history,  etc.).  Clinical  symptoms  of  various
involved  systems  included  the  urinary  system,
cardiovascular system, neuropsychiatric system, digestive
system, eye system, ear system, and laboratory results. α-
Galactosidase  A  activity  was  detected  in  venous  blood
samples by using the dried blood spot or peripheral blood
fluorescent  substrate  methods,  and GLA gene  analysis
was performed by next-generation sequencing. 

Clinical grouping

Patients  with  Fabry  disease  were  divided  into  classical
and late-onset phenotypes in accordance with the criteria
of Fabry disease in the Journal of the American Society of
Nephrology [5]. For males, classical phenotype required a
GLA mutation, α-Gal  A  activity  of ≤5% of  the  mean
value of the normal reference range,  and the presence of
characteristic  manifestations  (neuropathic  pain,
angiokeratoma,  and  corneal  opacity).  Males  not  meeting
these  criteria  were  classified  as  late-onset.  Female
patients  were  considered  as  classical  if  they  had GLA
mutations  and  characteristic  manifestations,  whereas
those  without  manifestations  were  considered  as  late-
onset.

Patients were grouped by sex and classified as classical
or  late-onset  based  on GLA gene  mutation, α-Gal  A
activity (males), and organ involvement. Enzyme activity
levels  were  divided  into ≤5% and  >  5% of  the  normal
mean. Patients were also divided into truncated mutation
(including  nonsense,  frameshift  mutations,  and  fragment
deletions)  and  nontruncated  mutation  (missense
mutations) groups based on gene mutation results. 

Statistical analysis

Statistical analysis software SPSS 26.0 was used for data
analysis,  and  GraphPad  Prism  9.3.0  was  used  for
mapping.  Measurement  data  conforming  to  a  normal
distribution  were  expressed  as  the  mean  ±  standard
deviation,  and  an  independent  sample t-test  was  used  to
compare  the  differences  between  two  groups.
Measurement  data  that  did  not  conform  to  a  normal
distribution  were  expressed  as  the  median  (interquartile
range;  M (P25,  P75)).  Differences  were  compared  using
the  rank  sum  test  and  Kruskal‒Wallis  test  with  K
independent  samples.  Enumeration  data  were  expressed
as  percentages  (%),  and  differences  between  two  groups
were  compared  by  using  the χ2 test. P <  0.05  was
considered statistically significant. 

Results
 

Frequency of clinical manifestations between male
and female patients with Fabry disease

A total of 311 patients with Fabry disease were enrolled,
including 200 males (64.31%) and 111 females (35.69%).
Patients  were  also  divided  into  classical  (237  cases,
76.21%) and late-onset phenotypes (74 cases, 23.79%).

Statistical  analysis  of  clinical  manifestations  of  all
patients  (Table 1)  showed  that  with  regard  to  organ
system  involvement,  acroparesthesia  (66.56%)  was  the
most  common  manifestation,  followed  by  hypohidrosis/
anhidrosis  (62.70%),  neuropsychiatric  system  (58.20%),
renal  (57.88%),  and  cardiovascular  involvement
(54.66%).

Among  specific  symptoms,  acroparesthesia  was  the
most  common  (66.56%),  followed  by  hypohidrosis/
anhidrosis  (62.70%),  proteinuria  (51.13%),  and
angiokeratomas (45.98%).

The  comparison  of  clinical  manifestations  between
male  and  female  patients  showed  that  the  incidence  of
acroparesthesia; hypohidrosis/anhidrosis;  renal,  cardiova-
scular,  digestive,  and  respiratory  system  involvement;
angiokeratomas;  and  eye  and  ear  involvement  was
significantly  higher  in  male  patients  than  in  female
patients (P < 0.05). 

Frequency and comparison of clinical manifestations
of patients of different sexes with classical and
late-onset Fabry disease

As  shown  in Table 2,  in  male  and  female  classical
patients,  the  most  common  clinical  manifestation  was
acroparesthesia,  accompanied  with  multi-organ  involve-
ment,  such  as  hypohidrosis/anhidrosis,  angiokeratoma,
and  renal  involvement.  The  frequency  of  multi-organ
involvement  (such  as  acroparesthesia;  hypohidrosis/
anhidrosis;  angiokeratoma;  renal,  neuropsychiatric,  and
cardiovascular  system  involvement;  and  eye  and  ear
involvement)  was  significantly  higher  in  classical  male
patients than in classical female patients (P < 0.05).

Patients  with  late-onset  Fabry  disease  mainly  exhibit
renal,  cardiovascular,  and  neuropsychiatric  system
involvement. The frequency of renal involvement in male
patients  with  late-onset  Fabry  disease  was  significantly
higher  than  that  in  female  patients  with  late-onset  Fabry
disease (P < 0.05). Other organ involvement was slightly
more common in males with late-onset Fabry disease than
in females, but no significant difference was observed.

Furthermore,  classical  male  patients  have  a  higher
frequency  of  multiorgan  involvement  (such  as  acropare-
sthesia,  hypohidrosis/anhidrosis,  angiokeratoma,  and
neuropsychiatric and cardiovascular system involvement)
than  male  patients  with  late-onset  Fabry  disease.
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Table 1    Comparison of clinical manifestations between male and female patients with Fabry disease (n/N (%))
All patients (N = 311) Males (n = 200) Females (n = 111) P value

Acroparesthesia (limb pain) 207/311 (66.56) 159/200 (79.50) 48/111 (43.24) < 0.001

Anhidrosis or hypohidrosis 195/311 (62.70) 155/200 (77.50) 40/111 (36.04) < 0.001

Neuropsychiatric involvement 181/311 (58.20) 121/200 (60.50) 60/111 (54.05) 0.270

  Decreased attention 117/311 (37.62) 84/200 (42.00) 33/111 (29.73) 0.032

  Anxiety and depression 93/311 (29.90) 67/200 (33.50) 26/111 (23.42) 0.063

  Dizziness 97/311 (31.19) 63/200 (31.50) 34/111 (30.63) 0.874

  Headache 6/311 (1.93) 6/200 (3.00) 0/111 0.065

  Syncope 24/311 (7.12) 16/200 (8.00) 8/111 (7.21) 0.802

  Cerebral infarction 33/311 (10.61) 26/200 (13.00) 7/111 (6.31) 0.066

  Cerebral hemorrhage 14/311 (4.50) 9/200 (4.50) 5/111 (4.50) 0.999

Renal involvement 180/311 (57.88) 147/200 (73.50) 33/111 (29.73) < 0.001

  Proteinuria 159/311 (51.13) 130/200 (65.00) 29/111 (26.13) < 0.001

  Increased serum creatinine 92/311 (29.58) 85/200 (42.50) 7/111 (6.31) < 0.001

Cardiovascular involvement 170/311 (54.66) 127/200 (63.50) 43/111 (38.74) < 0.001

  Palpitation 80/311 (25.72) 56/200 (28.00) 24/111 (21.62) 0.218

  Chest tightness 26/311 (8.36) 20/200 (10.00) 6/111 (5.41) 0.161

  Chest pain 14/311 (4.50) 11/200 (5.50) 3/111 (2.70) 0.254

  Hypertension 52/311 (16.72) 43/200 (21.50) 9/111 (8.11) 0.002

  Left ventricular hypertrophy 94/311 (30.22) 77/200 (38.50) 17/111 (15.32) < 0.001

  Valve disease 43/311 (13.83) 32/200 (16.00) 11/111 (9.91) 0.136

  Abnormal electrocardiogram 64/311 (20.58) 40/200 (20.00) 24/111 (21.62) 0.735

Digestive system involvement 166/311 (53.38) 121/200 (60.50) 45/111 (40.54) 0.001

  Nausea and vomiting 68/311 (21.86) 50/200 (25.00) 18/111 (16.22) 0.073

  Stomachache 63/311 (20.26) 45/200 (22.50) 18/111 (16.22) 0.187

  Diarrhea 119/311 (38.26) 100/200 (50.00) 19/111 (17.12) < 0.001

  Constipation 38/311 (12.22) 21/200 (10.50) 17/111 (15.32) 0.241

Ear involvement 163/311 (52.41) 123/200 (61.50) 40/111 (36.04) < 0.001

  Tinnitus 124/311 (39.87) 97/200 (48.50) 27/111 (24.32) < 0.001

  Deafness 14/311 (4.50) 13/200 (6.50) 1/111 (0.90) 0.023

  Hearing loss 125/311 (40.19) 95/200 (47.50) 30/111 (27.03) < 0.001

Eye involvement 155/311 (49.84) 119/200 (59.50) 36/111 (32.43) < 0.001

  Vision loss 113/311 (36.33) 87/200 (43.50) 26/111 (23.42) < 0.001

  Corneal vortex opacity 71/311 (22.83) 57/200 (28.50) 14/111 (12.61) 0.001

  Retinal vascular tortuosity 39/311 (12.54) 31/200 (15.50) 8/111 (7.21) 0.034

  Conjunctival vascular tortuosity 27/311 (8.68) 21/200 (10.50) 6/111 (5.41) 0.126

  Posterior capsular opacification 26/311 (8.36) 18/200 (9.00) 8/111 (7.21) 0.584

Angiokeratomas 143/311 (45.98) 122/200 (61.00) 21/111 (18.92) < 0.001

Osteoporosis 46/311 (14.79) 33/200 (16.50) 13/111 (11.71) 0.254

Respiratory system involvement 45/311 (14.47) 36/200 (18.00) 9/111 (8.11) 0.018

  Dyspnea 17/311 (5.47) 13/200 (6.50) 4/111 (3.60) 0.282

  Chronic bronchitis 27/311 (8.68) 20/200 (10.00) 7/111 (6.31) 0.268

  COPD 9/311 (2.89) 9/200 (4.50) 0/111 0.023

  Bronchial asthma 3/311 (0.96) 3/200 (1.50) 0/111 0.195

Abbreviations: COPD, chronic obstructive pulmonary disease.
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Table 2    Frequency and comparison of clinical manifestations of patients of different sexes with classical and late-onset Fabry disease (n/N (%))
Classical phenotype (N = 237) Late-onset phenotype (N = 74)

All patients
Males
(n = 171)

Females
(n = 66) P value All patients

Males
(n = 28)

Females
(n = 46) P value

Acroparesthesia (limb pain) 207/237 (87.34) 159/171 (92.98) 48/66 (72.73) < 0.001 0/74a 0/28b 0/46c –

Anhidrosis or hypohidrosis 180/237 (75.95) 149/171 (87.13) 31/66 (46.97) < 0.001 15/74 (20.27)a 6/28 (21.43)b 9/46 (19.57)c 0.847

Neuropsychiatric involvement 155/237 (65.40) 112/171 (65.50) 43/66 (65.15) 0.960 26/74 (35.14)a 9/28 (32.14)b 17/46 (36.96)c 0.674

  Decreased attention 98/237 (41.35) 76/171 (44.44) 22/66 (33.33) 0.119 19/74 (25.68)a 8/28 (28.57) 11/46 (23.91) 0.656

  Anxiety and depression 86/237 (36.29) 65/171 (38.01) 21/66 (31.82) 0.374 7/74 (9.46)a 2/28 (7.14)b 5/46 (10.87)c 0.5951

  Dizziness 89/237 (37.55) 62/171 (36.26) 27/66 (40.91) 0.507 8/74 (10.81)a 1/28 (3.57)b 7/46 (15.22)c 0.118

  Headache 6/237 (2.53) 6/171 (3.51) 0/66 0.123 0/74 0/28 0/46 –

  Syncope 24/237 (10.13) 16/171 (9.36) 8/66 (12.12) 0.527 0/74a 0/28 0/46c –

  Cerebral infarction 33/237 (13.92) 26/171 (15.20) 7/66 (10.61) 0.359 0/74a 0/28b 0/46c –

  Cerebral hemorrhage 13/237 (5.49) 9/171 (5.26) 4/66 (6.06) 0.809 1/74 (1.35) 0/28 1/46 (2.17) 0.432

Renal involvement 149/237 (62.87) 128/171 (74.85) 21/66 (31.82) < 0.001 31/74 (41.89)a 19/28 (67.86) 12/46 (26.09) < 0.001

  Proteinuria 129/237 (54.43) 111/171 (64.91) 18/66 (27.27) < 0.001 30/74 (40.54)a 19/28 (67.86) 11/46 (23.91) < 0.001

  Increased serum creatinine 82/237 (34.60) 79/171 (46.20) 3/66 (4.55) < 0.001 10/74 (13.51)a 6/28 (21.43) 4/46 (8.70) 0.120

Cardiovascular involvement 145/237 (61.18) 116/171 (67.84) 29/66 (43.94) 0.001 25/74 (33.78)a 11/28 (39.29)b 14/46 (30.43) 0.435

  Palpitation 72/237 (30.38) 54/171 (31.58) 18/66 (27.27) 0.518 8/74 (10.81)a 2/28 (7.14)b 6/46 (13.04) 0.428

  Chest tightness 24/237 (10.13) 20/171 (11.70) 4/66 (6.06) 0.197 2/74 (2.70)a 0/28 2/46 (4.35) 0.263

  Chest pain 13/237 (5.49) 11/171 (6.43) 2/66 (3.03) 0.302 1/74 (1.35) 0/28 1/46 (2.17) 0.432

  Hypertension 47/237 (19.83) 40/171 (23.39) 7/66 (10.61) 0.027 5/74 (6.76)a 3/28 (10.71) 2/46 (4.35) 0.290

  Left ventricular hypertrophy 81/237 (34.18) 70/171 (40.94) 11/66 (16.67) < 0.001 13/74 (17.57)a 7/28 (25.00) 6/46 (13.04) 0.190

  Valve disease 38/237 (16.03) 29/171 (16.96) 9/66 (56.25) 0.532 5/74 (6.76)a 3/28 (10.71) 2/46 (4.35) 0.290

  Abnormal electrocardiogram 55/237 (23.21) 38/171 (22.22) 17/66 (25.76) 0.563 9/74 (12.16)a 2/28 (7.14) 7/46 (15.22) 0.303

Digestive system involvement 154/237 (64.98) 116/171 (67.84) 38/66 (57.58) 0.138 12/74 (16.22)a 5/28 (17.86)b 7/46 (15.22)c 0.765

  Nausea and vomiting 64/237 (27.00) 49/171 (28.65) 15/66 (22.73) 0.357 4/74 (5.41)a 1/28 (3.57)b 3/46 (6.52)c 0.586

  Stomachache 59/237 (24.89) 43/171 (25.15) 16/66 (24.24) 0.885 4/74 (5.41)a 2/28 (7.14)b 2/46 (4.35)c 0.606

  Diarrhea 113/237 (47.68) 96/171 (56.14) 17/66 (25.76) < 0.001 6/74 (8.11)a 4/28 (14.29)b 2/46 (4.35)c 0.129

  Constipation 35/237 (14.77) 19/171 (11.11) 16/66 (24.24) 0.011 3/74 (4.05)a 2/28 (7.14) 1/46 (2.17)c 0.293

Ear involvement 145/237 (61.18) 116/171 (67.84) 29/66 (43.94) 0.001 18/74 (24.32)a 7/28 (25.00)b 11/46 (23.91)c 0.916

  Tinnitus 115/237 (48.52) 93/171 (54.39) 22/66 (33.33) 0.004 9/74 (12.16)a 4/28 (14.29)b 5/46 (10.87)c 0.663

  Deafness 13/237 (5.49) 12/171 (7.02) 1/66 (1.52) 0.095 1/74 (1.35) 1/28 (3.57) 0/46 0.197

  Hearing loss 109/237 (45.99) 88/171 (51.46) 21/66 (31.82) 0.007 16/74 (21.62)a 7/28 (25.00)b 9/46 (19.57) 0.582

Eye involvement 144/237 (60.76) 116/171 (67.84) 28/66 (42.42) < 0.001 11/74 (14.86)a 3/28 (10.71)b 8/46 (17.39)c 0.434

  Vision loss 103/237 (43.46) 85/171 (49.71) 18/66 (27.27) 0.002 10/74 (13.51)a 2/28 (7.14)b 8/46 (17.39) 0.211

  Corneal vortex opacity 71/237 (29.96) 57/171 (33.33) 14/66 (21.21) 0.068 0/74a 0/28b 0/46c –

  Retinal vascular tortuosity 37/237 (15.61) 30/171 (17.54) 7/66 (10.61) 0.187 2/74 (2.70)a 1/28 (3.57) 1/46 (2.17) 0.719

  Conjunctival vascular tortuosity 26/237 (10.97) 21/171 (12.28) 5/66 (7.58) 0.299 1/74 (1.35)a 0/28b 1/46 (2.17) 0.432

  Posterior capsular opacification 26/237 (10.97) 18/171 (10.53) 8/66 (12.12) 0.725 0/74a 0/28 0/46c –

Angiokeratomas 143/237 (60.34) 122/171 (71.35) 21/66 (31.82) < 0.001 0/74a 0/28b 0/46c –

Osteoporosis 44/237 (18.57) 32/171 (18.71) 12/66 (18.18) 0.925 2/74 (2.70)a 1/28 (3.57)b 1/46 (2.17)c 0.719

Respiratory system involvement 43/237 (18.14) 35/171 (20.47) 8/66 (12.12) 0135 2/74 (2.70)a 1/28 (3.57)b 1/46 (2.17) 0.719

  Dyspnea 17/237 (7.17) 13/171 (7.60) 4/66 (6.06) 0.680 0/74a 0/28 0/46 –

  Chronic bronchitis 25/237 (10.55) 19/171 (11.11) 6/66 (9.09) 0.650 2/74 (2.70)a 1/28 (3.57) 1/46 (2.17) 0.719

  COPD 9/237 (3.80) 9/171 (5.26) 0/66 0.057 0/74 0/28 0/46 –
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Similarly,  classical  female  patients  have  a  higher  fre-
quency of multiple-organ involvement (such as acropare-
sthesia,  hypohidrosis/anhidrosis,  angiokeratoma,  and
neuropsychiatric  and digestive  system involvement)  than
female patients with late-onset Fabry disease (P < 0.05). 

Relationship between α-Gal A activity and clinical
manifestations of patients of different sexes with
classical and late-onset Fabry disease

Analysis  of α-Gal  A  activity  in  patients  with  Fabry
disease  revealed  that  the  average α-Gal  A  activity  was
0.30  (0.25,  1.38) μmol/L/h  (dry  blood  spot)  and  0.70
(0.35,  14.59)  nmol/g/min  (fluorescent  substrate  method).
Males  had  significantly  lower  enzyme  activity  than
females (0.29 (0.22, 0.35) vs. 3.57 (1.53, 5.15) μmol/L/h
(dry  blood  spot);  0.40  (0.20,  0.70)  vs.  25.35  (16.05,
35.78)  nmol/g/min  (fluorescent  substrate  method), P <
0.05),  and classical  patients  had lower  activity  than late-
onset  patients  (0.29  (0.20,  0.36)  vs.  2.90  (0.89,  4.66)
μmol/L/h  (dry  blood  spot);  0.52  (0.30,  11.54)  vs.  4.45
(0.85, 24.33) nmol/g/min (fluorescent substrate method)).

Patients  were  divided  into ≤5% and  >  5% of  the
normal  mean  value  of  enzyme  activity,  and  the  enzyme
activity  of  classical  male  patients  was ≤ 5% of  the
normal  mean value  (Table 3).  Among the  patients,  those
with  enzyme activity  of ≤5% of  the  normal  mean value
of enzyme activity had a significantly higher frequency of
acroparesthesia,  hypohidrosis/anhidrosis,  angiokeratoma,
renal  involvement  (proteinuria,  increased  serum
creatinine),  diarrhea,  eye  involvement  (vision  loss,
corneal  vortex  opacity),  and  ear  involvement  (tinnitus,
deafness,  and  hearing  loss)  than  those  with  >  5% of  the
normal mean value of enzyme activity (P < 0.05).

Among classical patients, those with enzyme activity of
≤5% of the normal mean value had a significantly higher
frequency  of  acroparesthesia,  hypohidrosis/anhidrosis,
angiokeratoma,  and  renal  involvement  (proteinuria,
increased  serum  creatinine)  than  those  with  enzyme
activity of > 5% (P < 0.05). Considering that the sample
size  of  patients  with  late-onset  Fabry  disease  was  small,
when  the  patients  were  dispersed  into  different  enzyme
activity  groups,  the  sample  size  in  each  group  was  even
smaller, and the results were not statistically significant.

In  male  patients,  the  incidence  of  acroparesthesia,
hypohidrosis/anhidrosis, angiokeratoma, eye involvement

(vision loss), and ear involvement (tinnitus, hearing loss)
in  patients  with  enzyme  activity  of ≤5% of  the  normal
mean value was significantly higher than that  in patients
with enzyme activity of > 5% (P < 0.05).

In  female  patients,  no  significant  difference  in  organ
involvement was observed between patients with enzyme
activity  of ≤5% of  the  normal  mean  and  those  with
enzyme  activity  of  >  5%,  and  the  correlation  between
enzyme activity and clinical manifestation was weak. 

GLA gene mutation detection in Fabry disease
patients

The GLA gene  mutation  results  of  163  patients  were
examined  in  this  study,  and  95  different  mutation  sites
were  detected.  Exon  5  had  the  highest  proportion  of
mutations  (30/163,  18.40%),  and  missense  mutations
(61.96%) were the most common mutation type, followed
by  nonsense  mutations  (16.56%),  frameshift  mutations
(13.50%), splicing mutations (4.91%), and large-fragment
deletions (3.07%; Fig. 1).

Moreover,  the  same  mutation,  c.334C>T,  p.R112C
(exon  2),  was  found  in  nine  patients  from  six  unrelated
families,  with  a  frequency  of  5.52% (9/163).  This

(Continued)

Classical phenotype (N = 237) Late-onset phenotype (N = 74)

All patients
Males
(n = 171)

Females
(n = 66) P value All patients

Males
(n = 28)

Females
(n = 46) P value

  Bronchial asthma 3/237 (1.27) 3/171 (1.75) 0/66 0.279 0/74 0/28 0/46 –

Note: COPD, chronic obstructive pulmonary disease; athe difference between patients with late-onset and patients with classical type was statistically significant
(P < 0.05); bthe difference between male patients with late-onset and male patients with classical type was statistically significant (P < 0.05); cthe difference
between female patients with late-onset and female patients with classical type was statistically significant (P < 0.05).

 

 
Fig. 1    Summary of GLA gene mutation types. Among the GLA gene
mutations,  missense  mutations  accounted  for  the  largest  proportion
(61.96%),  followed  by  nonsense  mutations  (16.56%),  frameshift
mutations  (13.50%),  splicing  mutations  (4.91%),  and  large-fragment
deletion (3.07%).
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Table 3    Comparison of clinical manifestations in patients with Fabry disease with different enzyme activities and sexes (n/N (%))
Enzyme activity ≤ 5% of normal mean Enzyme activity > 5% of normal mean

All patients
(N = 118)

Males
(n = 111)

Females
(n = 7) P value

All patients
(N = 52)

Males
(n = 14)

Females
(n = 38) P value

Acroparesthesia (limb pain) 105/118 (88.98) 101/111 (90.99) 4/7 (57.14) 0.006 26/52 (50.00)a 8/14 (57.14)b 18/38 (47.37) 0.532

Anhidrosis or hypohidrosis 95/118 (80.51) 91/111 (81.98) 4/7 (57.14) 0.108 18/52 (34.62)a 6/14 (42.86)b 12/38 (31.58) 0.448

Angiokeratomas 82/118 (69.49) 78/111 (70.27) 4/7 (57.14) 0.464 10/52 (19.23)a 3/14 (21.43)b 7/38 (18.42)c 0.807

Renal involvement 87/118 (73.73) 85/111 (76.58) 2/7 (28.57) 0.005 24/52 (46.15)a 9/14 (64.29) 15/38 (39.47) 0.111

  Proteinuria 78/118 (66.10) 76/111 (68.47) 2/7 (28.57) 0.031 20/52 (38.46)a 8/14 (57.14) 12/38 (31.58) 0.093

  Increased serum creatinine 54/118 (45.76) 53/111 (47.75) 1/7 (14.28) 0.085 9/52 (17.31) 4/14 (28.57) 5/38 (13.16) 0.193

Cardiovascular involvement 85/118 (72.03) 80/111 (72.07) 5/7 (71.43) 0.971 31/52 (59.62) 8/14 (57.14) 23/38 (60.53) 0.825

  Palpitation 45/118 (38.14) 41/111 (36.94) 4/7 (57.14) 0.286 15/52(28.85) 1/14 (7.14)b 14/38 (36.84) 0.036

  Chest tightness 18/118 (15.25) 17/111 (15.32) 1/7 (14.28) 0.941 4/52 (7.69) 0/14 4/38 (10.53) 0.206

  Chest pain 11/118 (9.32) 10/111 (9.01) 1/7 (14.28) 0.641 2/52 (3.85) 0/14 2/38 (5.26) 0.381

  Left ventricular hypertrophy 50/118 (42.37) 48/111 (43.24) 2/7 (28.57) 0.446 14/52 (26.92) 5/14 (35.71) 9/38 (23.68) 0.386

  Valve disease 25/118 (21.19) 23/111 (20.72) 2/7 (28.57) 0.662 10/52 (19.23) 3/14 (21.43) 7/38 (18.42) 0.807

  Abnormal electrocardiogram 31/118 (26.27) 29/111 (26.13) 3/7 (42.86) 0.334 14/52 (26.92) 2/14 (14.29) 12/38 (31.58) 0.212

Neuropsychiatric involvement 80/118 (67.80) 76/111 (68.46) 4/7 (57.14) 0.534 31/52 (59.62) 7/14 (50.00) 24/38 (63.16) 0.391

Decreased attention 53/118 (44.92) 50/111 (45.05) 3/7 (42.86) 0.910 18/52 (34.62) 4/14 (28.57) 14/38 (36.84) 0.578

  Anxiety and depression 47/118 (39.83) 44/111 (39.64) 3/7 (42.86) 0.866 13/52 (25.00) 3/14 (21.43) 10/38 (26.32) 0.718

  Dizziness 46/118 (38.98) 45/111 (40.54) 1/7 (14.28) 0.167 19/52 (36.54) 3/14 (21.43) 16/38 (42.11) 0.170

  Headache 4/118 (3.39) 4/111 (3.60) 0/7 0.609 0/52 0/14 0/38 –

  Cerebral infarction 17/118 (14.41) 17/111 (15.32) 0/7 0.263 6/52 (11.54) 2/14 (14.29) 4/38 (10.53) 0.707

  Cerebral hemorrhage 5/118 (4.24) 5/111 (4.50) 0/7 0.566 1/52 (1.92) 0/14 1/38 (2.63) 0.540

Digestive system involvement 79/118 (66.95) 75/111 (67.57) 4/7 (57.14) 0.570 28/52 (53.85) 7/14 (50.00) 21/38 (55.26) 0.736

  Nausea and vomiting 35/118 (29.66) 34/111 (30.63) 1/7 (14.28) 0.358 10/52 (19.23) 3/14 (21.43) 7/38 (18.42) 0.807

  Stomachache 31/118 (26.27) 29/111 (26.13) 2/7 (28.57) 0.887 10/52 (19.23) 2/14 (14.28) 8/38 (21.05) 0.583

  Diarrhea 67/118 (56.78) 65/111 (58.56) 2/7 (28.57) 0.120 18/52 (34.62)a 6/14 (42.86) 12/38 (31.58) 0.448

  Constipation 16/118 (13.56) 14/111 (12.61) 2/7 (28.57) 0.232 9/52 (17.31) 0/14 9/38(23.68) 0.045

Eye involvement 89/118 (75.42) 86/111 (77.48) 3/7 (42.86) 0.039 27/52 (51.92)a 6/14 (42.86)b 21/38 (55.26) 0.427

  Vision loss 66/118 (55.93) 63/111 (56.76) 3/7 (42.86) 0.472 17/52 (32.69)a 4/14 (28.57)b 13/38 (34.21) 0.701

  Corneal vortex opacity 44/118 (37.29) 44/111 (39.64) 0/7 0.035 11/52 (21.15)a 2/14 (14.29) 9/38(23.68) 0.462

  Retinal vascular tortuosity 24/118 (20.34) 23/111 (20.72) 1/7 (14.28) 0.682 7/52 (13.46) 1/14 (7.14) 6/38 (15.79) 0.418

  Conjunctival vascular tortuosity 19/118 (16.10) 19/111 (17.12) 0/7 0.232 5/52 (9.62) 0/14 5/38 (13.16) 0.153

  Posterior capsular opacification 15/118 (12.71) 15/111 (13.51) 0/7 0.298 7/52 (13.46) 1/14 (7.14) 6/38 (15.79) 0.418

Ear involvement 79/118 (66.95) 76/111 (68.47) 3/7 (42.86) 0.162 25/52 (48.08)a 5/14 (35.71)b 20/38 (52.63) 0.279

  Tinnitus 68/118 (57.63) 66/111 (59.46) 2/7 (28.57) 0.109 21/52 (40.38)a 4/14 (28.57)b 17/38 (44.74) 0.292

  Deafness 13/118 (11.02) 12/111 (10.08) 1/7 (14.28) 0.776 0/52a 0/14 0/38c –

  Hearing loss 55/118 (46.61) 53/111 (47.75) 2/7 (28.57) 0.324 16/52 (30.77) 2/14 (14.29)b 14/38 (36.84) 0.118

Respiratory system involvement 26/118 (22.03) 25/111 (22.52) 1/7 (14.28) 0.610 10/52 (19.23) 4/14 (28.57) 6/38 (15.79) 0.300

  Dyspnea 11/118 (9.32) 10/111 (9.01) 1/7 (14.28) 0.641 5/52 (9.62) 2/14 (14.29) 3/38 (7.89) 0.488

  Chronic bronchitis 16/118 (13.56) 16/111 (14.41) 0/7 0.280 6/52 (11.54) 1/14 (7.14) 5/38 (13.16) 0.547

  COPD 5/118 (4.24) 5/111 (4.50) 0/7 0.566 1/52 (1.92) 1/14 (7.14) 0/38 0.096

  Bronchial asthma 3/118 (2.54) 3/111 (2.70) 0/7 0.660 0/52 0/14 0/38 –

Osteoporosis 24/118 (20.34) 21/111 (18.92) 3/7 (42.86) 0.123 7/52 (13.46) 2/14 (14.29) 5/38 (13.16) 0.916

Note: COPD, chronic obstructive pulmonary disease; athe difference between patients with enzyme activity of > 5% of the normal mean and patients with enzyme
activity of ≤5% of the normal mean was statistically significant (P < 0.05); bthe difference between male patients with enzyme activity of > 5% of the normal mean
and male patients with enzyme activity of ≤5% of the normal mean was statistically significant (P < 0.05); cthe difference between female patients with enzyme
activity of > 5% of the normal mean and female patients with enzyme activity of ≤5% of the normal mean was statistically significant (P < 0.05).
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mutation was predicted to  be pathogenic  by PolyPhen-2,
Mutation  Taster,  PROVEAN,  and  SIFT  analysis.  The
clinical  manifestations  of  nine  patients  from six  families
were  analyzed  (Table 4).  A  significant  heterogeneity  in
the  clinical  manifestations  of  Fabry  disease  was  found
among  different  families  and  within  the  same  family.  In
Pedigree  1  and  Pedigree  3,  organ  involvement  in  males
was  more  evident  than  that  in  females.  In  Pedigree  2,
organ  involvement  in  older  patients  was  more  evident
than that in younger patients. 

Relationship between GLA gene mutation and enzyme
activities of patients of different sexes with classical
and late-onset Fabry disease

Based  on  the  type  of  gene  mutations,  patients  were

divided  into  the  truncated  mutation  (62  cases)  and
nontruncated mutation (101 cases) groups.

The  enzyme  activity  of  patients  in  the  truncated
mutation  group  was  slightly  lower  than  those  in  the
nontruncated  mutation  group  (0.31  (0.14,  0.37)  vs.  0.36
(0.24, 1.65) μmol/L/h (dried blood spot), 0.40 (0.20, 8.73)
vs.  0.90  (0.40,  21.03)  nmol/g/min  (fluorescent  substrate
method)),  but  the  difference  was  not  statistically
significant.

Further  analysis  showed  no  significant  difference  in
enzyme  activity  between  truncated  and  nontruncated
mutations in male and female patients  with classical  and
late-onset phenotypes (data not shown).

In addition,  the enzyme activity of missense mutations
was  slightly  higher  than  that  of  other  mutation  types
(nonsense,  frameshift,  splicing  mutation,  and  large-

 

Table 4    Summary of clinical manifestations of nine patients with Fabry disease from six families with the same mutation site
Case 1.1 Case 1.2 Case 2.1 Case 2.2 Case 3.1 Case 3.2 Case 4 Case 5 Case 6

Sex Male Female Male Male Female Male Male Male Male

Age (year) 37 10 16 21 52 25 39 14 52
Initial manifestations Acro High Lyso-Gb3

concentrations
Acro Acro Acro Acro Acro Acro Acro

Angiokeratomas + – – – – + + – +

Anhidrosis or hypohidrosis + – + + – + + + +

Proteinuria – – – + – + + – +

Increased serum creatinine – – – – – – + – +

Palpitation + – – – – – + – –

Chest tightness – – – – – – + – –

Chest pain – – – – – – + – –

Left ventricular hypertrophy + – – – – – + – +

Valve disease + – – – – – + – –

Abnormal electrocardiogram + – – – – – – – –

Nausea and vomiting + – – – – – + + –

Stomachache – – – + – – – + +

Diarrhea + – – + + + + – –

Constipation + – – – – – – – +

Vision loss + – + – – + – – –

Corneal vortex opacity + – – – – – – – –

Retinal vascular tortuosity – – – – – – + – +

Conjunctival vascular tortuosity – – – – – + + – –

Tinnitus – – – – + + + – –

Deafness – – – – – – + – –

Hearing loss – – + + – – + – –

Chronic bronchitis – – – – – – + – –

Osteoporosis – – – – – – + – –

Enzyme activity 0.26 µmol/L/h 3.45 µmol/L/h 0 1.38 µmol/L/h 22.6 nmol/g/min 0 0 0 NA

Note: Acro, acroparesthesia (limb pain); NA, not available. “+” indicates the presence of the corresponding clinical symptom. “–” indicates the absence of the
corresponding clinical symptom. Normal range of enzyme activity detection methods: dried blood spot, 2.4–17.65 µmol/L/h; fluorescent substrate method,
24.5–63.6 nmol/g/min.
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fragment deletion), but the difference was not statistically
significant. 

Relationship between GLA gene mutations and
clinical manifestations of patients of different sexes
with classical and late-onset Fabry disease

The  relationship  between  gene  mutations  and  clinical
manifestations  of  Fabry  disease  was  analyzed  (Table 5).
The  results  indicated  that  among  the  patients,  the
frequency  of  eye  involvement  (posterior  capsular
opacification) and ear involvement (tinnitus, hearing loss)
in patients with truncated mutations was higher than that
in  patients  with  nontruncated  mutations  (P <  0.05).
Patients  with  truncated  mutation  patients  also  showed
slightly higher rates of other organ involvement, although
the  difference  was  not  statistically  significant.  Male
patients  with  truncated  mutations  also  had  a  higher
frequency  of  eye  involvement  (vision  loss,  posterior
capsular  opacification)  and  ear  involvement  (tinnitus,
hearing loss) than those with nontruncated mutations (P <
0.05).  By  contrast,  no  significant  difference  in  the
frequency  of  organ  involvement  was  found  between
female  patients  with  truncated  mutation  and  female
patients with nontruncated mutation.

In  patients  with  truncated  mutations,  the  frequency  of
multiorgan  involvement  (such  as  acroparesthesia,
hypohidrosis/anhidrosis,  angiokeratoma,  renal
involvement  (proteinuria,  increased  serum  creatinine),
diarrhea,  eye  involvement  (decreased  vision),  and  ear
involvement  (tinnitus,  hearing  loss))  was  significantly
higher in male patients than in female patients. In patients
with nontruncated mutations, the frequency of multiorgan
involvement  (such  as  acroparesthesia,  hypohidrosis/
anhidrosis,  angiokeratoma,  renal  involvement
(proteinuria, increased serum creatinine), and diarrhea) in
male  patients  was  significantly  different  from  that  in
female patients (P < 0.05).

In  this  study,  the  relationship  between  gene  mutations
and  clinical  manifestations  in  classical  and  late-onset
patients  was  further  analyzed  (Table  S1).  The  results
indicated  no  significant  difference  in  the  frequency  of
organ  involvement  between  classical  patients  with
truncated  mutations  and  those  with  nontruncated
mutations,  regardless  of  sex.  However,  in  patients  with
truncated  and  nontruncated  mutations,  the  frequency  of
multiple-organ  involvement  in  male  patients  was
significantly  higher  than  that  in  female  patients  (P <
0.05). 

Discussion

This study is the largest clinical study of Fabry disease in
China,  and  it  has  several  noteworthy  findings.  First,  the
incidence  of  multi-organ  involvement  was  significantly

higher in male patients with a classical phenotype than in
female  patients  with  a  late-onset  phenotype.  In  both
sexes,  classical  patients  commonly  presented  with
acroparesthesia  and  multiorgan  involvement,  whereas
late-onset  patients  showed  renal,  neuropsychiatric,  and
cardiovascular  system  involvement.  Second,  male
patients  had  lower  enzyme  activity  than  female  patients,
and classical patients had lower enzyme activity than late-
onset  patients. α-Gal  A  activity  was  closely  correlated
with  clinical  symptoms  in  males  but  weakly  correlated
with  clinical  manifestation  in  females.  Third,  missense
mutation  was  the  most  common  mutation  in  Fabry
disease.  The  clinical  manifestations  of  patients  with  the
same  mutation  were  heterogeneous,  and  the  correlation
between  gene  mutation  and  enzyme  activity  or  clinical
manifestation  is  weak.  Previous  studies  focused  on
European  and  American  populations,  and  most  of  them
were grouped by sex or phenotype. Only few reports have
been  found  on  the  correlation  among  sex,  enzyme
activity,  gene  mutation,  and the  clinical  manifestation  of
classical  and  late-onset  phenotypes.  The  correlation
among  enzyme  activity,  gene  mutation,  and  clinical
manifestations  remains  unclear  [27].  Thus,  this  study
aimed  to  explore  the  clinical  manifestations,  enzyme
activity,  and  gene  mutations  of  Chinese  patients  of
different  sexes  with  classical  and  late-onset  Fabry
disease,  which  will  provide  a  comprehensive
understanding of the disease.

This  study  showed  that  the  common  systemic  invol-
vement  of  patients  with  Fabry  disease  mainly  included
acroparesthesia,  hypohidrosis/anhidrosis,  neuropsychia-
tric,  renal,  and  cardiovascular  involvement.  Among  the
specific  clinical  symptoms,  limb  pain  was  the  most
common  symptom  (66.56%),  followed  by  hypohidrosis/
anhidrosis  (62.70%),  proteinuria  (51.13%),  and
angiokeratomas  (45.98%).  Based  on  the  statistical
analysis  of  the  related  symptoms of 1765 patients  in  the
International  Fabry  Registry  system  [14],  the  incidences
of  limb  pain  and  angiokeratomas  were  54.1% and  45%,
respectively; these findings are consistent with the results
of  this  study.  However,  the  incidence  of  proteinuria  was
only  17%,  which  was  significantly  lower  than  the  value
reported  in  this  study.  Most  of  the  patients  in  this  study
were  adults  over  20  years  of  age  who  visited  the
nephrology  department,  whereas  more  than  40% of  the
patients  in  the  International  Fabry  Registry  were
adolescents  under  20  years  of  age.  In  addition,  relevant
studies  have  reported  that  ocular  lesions  are  a  common
symptom  of  Fabry  disease.  Previous  studies  in  Europe
and  the  United  States  showed  that  a  considerable
proportion of patients with Fabry disease were diagnosed
through  ophthalmic  examination,  and  almost  all  males
and 70%–90% of  females had ocular  lesions of  different
degrees [28]. However, this study and a previous clinical
study  in  Japan  [29]  showed  that  the  incidence  of  ocular
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Table 5    Relationship between GLA gene mutations and clinical manifestations of patients of different sexes with Fabry disease (n/N (%))
Truncated mutation group Nontruncated mutation group

All patients
(N = 62)

Males
(n = 42)

Females
(n = 20) P value

All patients
(N = 101)

Males
(n = 73)

Females
(n = 28) P value

Acroparesthesia (limb pain) 51/62 (82.26) 39/42 (92.86) 12/20 (60.00) 0.002 70/101 (69.31) 58/73 (79.45) 12/28 (42.86) < 0.001

Anhidrosis or hypohidrosis 43/62 (69.35) 36/42 (85.71) 7/20 (35.00) < 0.001 65/101 (66.33) 54/73 (73.97) 11/28 (39.29) 0.001

Angiokeratomas 33/62 (53.23) 29/42 (69.05) 4/20 (20.00) < 0.001 43/101 (42.57) 38/73 (52.05) 5/28 (17.86) 0.002

Renal involvement 43/62 (69.35) 34/42 (80.95) 9/20 (45.00) 0.004 63/101 (62.38) 56/73 (76.71) 7/28 (25.00) < 0.001

  Proteinuria 37/62 (59.68) 29/42 (69.05) 8/20 (40.00) 0.029 57/101 (56.44) 51/73 (69.86) 6/28 (21.43) < 0.001

  Increased serum creatinine 26/62 (41.94) 22/42 (52.38) 4/20 (20.00) 0.016 32/101 (31.68) 31/73 (42.47) 1/28 (3.57) < 0.001

Cardiovascular involvement 44/62 (70.97) 31/42 (73.81) 13/20 (65.00) 0.475 70/101 (69.30) 53/73 (72.60) 17/28 (60.71) 0.246

  Palpitation 25/62 (40.32) 17/42 (40.48) 8/20 (40.00) 0.971 33/101 (32.67) 24/73 (32.88) 9/28 (32.14) 0.944

  Chest tightness 9/62 (14.52) 7/42 (16.67) 2/20 (10.00) 0.486 10/101 (9.90) 6/73 (8.22) 4/28 (14.29) 0.361

  Chest pain 4/62 (6.45) 3/42 (7.14) 1/20 (5.00) 0.748 6/101 (5.94) 4/73 (5.48) 2/28 (7.14) 0.752

  Hypertension 14/62 (22.58) 11/42 (26.19) 3/20 (15.00) 0.325 25/101 (24.75) 21/73 (28.77) 4/28 (14.29) 0.131

  Left ventricular hypertrophy 25/62 (40.32) 19/42 (45.24) 6/20 (30.00) 0.253 38/101 (37.62) 31/73 (42.47) 7/28 (25.00) 0.105

  Valve disease 14/62 (22.58) 11/42 (26.19) 3/20 (15.00) 0.325 21/101 (20.79) 15/73 (20.55) 6/28 (21.43) 0.922

  Abnormal electrocardiogram 18/62 (29.03) 11/42 (26.19) 7/20 (35.00) 0.475 25/101 (24.75) 16/73 (21.92) 9/28 (32.14) 0.286

Neuropsychiatric involvement 41/62 (66.13) 30/42 (71.43) 11/20 (55.00) 0.297 66/101 (65.35) 50/73 (68.49) 16/28 (57.14) 0.283

  Decreased attention 23/62 (37.10) 18/42 (42.86) 5/20 (25.00) 0.174 45/101 (44.55) 35/73 (47.95) 10/28 (35.71) 0.268

  Anxiety and depression 24/62 (38.71) 17/42 (40.48) 7/20 (35.00) 0.679 36/101 (35.64) 31/73 (42.47) 5/28 (17.86) 0.021

  Dizziness 25/62 (40.32) 17/42 (40.48) 8/20 (40.00) 0.971 37/101 (36.64) 29/73 (39.73) 8/28 (28.57) 0.298

  Headache 2/62 (3.23) 2/42 (4.76) 0/20 0.321 0/101 0/73 0/28 –

  Cerebral infarction 11/62 (17.74) 8/42 (19.05) 3/20 (15.00) 0.697 11/101 (10.89) 10/73 (13.70) 1/28 (3.57) 0.144

  Cerebral hemorrhage 3/62 (4.84) 2/42 (4.76) 1/20 (5.00) 0.967 4/101 (3.96) 4/73 (5.48) 0/28 0.206

Digestive system involvement 43/62 (69.35) 31/42 (73.81) 12/20 (60.00) 0.270 60/101 (59.41) 46/73 (63.01) 14/28 (50.00) 0.233

  Nausea and vomiting 20/62 (32.26) 15/42 (35.71) 5/20 (25.00) 0.399 22/101 (21.78) 19/73 (26.03) 3/28 (10.71) 0.095

  Stomachache 19/62 (30.65) 14/42 (33.33) 5/20 (25.00) 0.506 27/101 (26.73) 22/73 (30.14) 5/28 (17.86) 0.212

  Diarrhea 30/62 (48.39) 24/42 (57.14) 6/20 (30.00) 0.046 46/101 (45.54) 40/73 (54.79) 6/28 (21.43) 0.003

  Constipation 13/62 (20.97) 8/42 (19.05) 5/20 (25.00) 0.590 14/101 (13.86) 7/73 (9.60) 7/28 (25.00) 0.045

Eye involvement 46/62 (74.19) 35/42 (83.33) 11/20 (55.00) 0.017 64/101 (63.36) 49/73 (67.12) 15/28 (53.57) 0.206

  Vision loss 36/62 (58.06) 28/42 (66.67) 8/20 (40.00) 0.047 43/101 (42.57) 33/73 (45.21)b 10/28 (35.71) 0.388

  Corneal vortex opacity 23/62 (37.10) 18/42 (42.86) 5/20 (25.00) 0.174 28/101 (27.72) 22/73 (30.14) 6/28 (21.43) 0.381

  Retinal vascular tortuosity 15/62 (24.19) 12/42 (28.57) 3/20 (15.00) 0.243 16/101 (15.84) 12/73 (16.44) 4/28 (14.29) 0.791

  Conjunctival vascular tortuosity 12/62 (19.35) 9/42 (21.43) 3/20 (15.00) 0.549 11/101 (10.89) 8/73 (10.96) 3/28 (10.71) 0.972

  Posterior capsular opacification 14/62 (22.58) 10/42 (23.81) 4/20 (20.00) 0.737 9/101 (8.91)a 6/73 (8.22)b 3/28 (10.71) 0.694

Ear involvement 42/62 (67.74) 34/42 (80.95) 8/20 (40.00) 0.001 52/101 (51.49)a 37/73 (50.68)b 15/28 (53.57) 0.795

  Tinnitus 36/62 (58.06) 28/42 (66.67) 8/20 (40.00) 0.047 40/101 (39.60)a 28/73 (38.36)b 12/28 (42.86) 0.679

  Deafness 4/62 (6.45) 4/42 (9.52) 0/20 0.154 7/101 (6.93) 7/73 (9.59) 0/28 0.089

  Hearing loss 34/62 (54.84) 27/42 (64.29) 7/20 (35.00) 0.030 37/101 (36.63)a 28/73 (38.36)b 9/28 (32.14) 0.562

Respiratory system involvement 13/62 (20.97) 10/42 (23.81) 3/20 (15.00) 0.426 18/101 (17.82) 14/73 (19.17) 4/28 (14.29) 0.565

  Dyspnea 7/62 (11.29) 6/42 (14.29) 1/20 (5.00) 0.280 5/101 (4.95) 3/73 (4.11) 2/28 (7.14) 0.529

  Chronic bronchitis 7/62 (11.29) 4/42 (9.52) 3/20 (15.00) 0.524 11/101 (10.89) 9/73 (12.33) 3/28 (10.71) 0.822

  COPD 2/62 (3.23) 2/42 (4.76) 0/20 0.321 4/101 (3.96) 4/73 (5.48) 0/28 0.206

Osteoporosis 13/62 (20.97) 10/42 (23.81) 3/20 (15.00) 0.426 20/101 (19.80) 13/73 (17.81) 7/28 (25.00) 0.417

Note: COPD, chronic obstructive pulmonary disease; athe difference between patients with nontruncated mutations and patients with truncated mutations was
statistically significant (P < 0.05); bthe difference between male patients with nontruncated mutations and male patients with truncated mutations was statistically
significant (P < 0.05).
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lesions  in  patients  with  Fabry  disease  was  low.  To
determine whether this result is related to Asian ethnicity,
genetic  factors,  or  different  cognition  and  emphasis  on
disease,  conducting  further  research  is  necessary.  In
Chinese  mainland,  ophthalmic  examinations  of  patients
with  Fabry  disease  are  primarily  conducted  in  larger
centers,  and  the  absence  of  ophthalmology  in  some
multidisciplinary  teams  can  lead  to  misdiagnosis.
Therefore,  enhancing  the  understanding  and  recognition
of Fabry disease in various clinical departments is crucial.

Clinically,  Fabry  disease  can  be  divided  into  classical
and late-onset types [5]. In classical type, enzyme activity
is absent or significantly decreased and more common in
men,  and  it  involves  multiple  organs.  In  late-onset  type,
enzyme activity is partially decreased or normal and more
common in women. It also occurs in adulthood and often
shows  single-organ  involvement.  In  this  study,  most
classical  patients  were  males  (72.15%),  whereas  most
late-onset patients were females (62.16%).  Regardless of
sex,  classical  patients  commonly  manifested  acropare-
sthesia  with  multiple-organ  involvement,  whereas  late-
onset patients mainly showed renal, neuropsychiatric, and
cardiovascular  involvement.  Classical  patients  had  lower
enzyme  activity  and  a  higher  frequency  of  multi-organ
involvement compared with late-onset patients, which are
consistent with the known characteristics of Fabry disease
[30].  Clinical  analysis  revealed  more  severe  organ
involvement and lower α-Gal A activity in males than in
females  [7].  Although  Fabry  disease  primarily  affects
males  because  of  its  X-linked  inheritance,  female
heterozygotes  can  also  exhibit  varying  levels  of  enzyme
activity  and  a  range  of  clinical  manifestations,  from
asymptomatic  carriers  to  severe  symptoms  similar  to
males,  even  among  female  heterozygotes  with  the  same
GLA gene  mutation  site.  Current  research  indicates  that
the heterogeneity in the clinical manifestation of females
may  be  largely  attributed  to  skewed  X  chromosome
inactivation.  In  a  female  heterozygote,  only  one  X
chromosome  is  actively  expressed  in  each  somatic  cell
(the  other  X  chromosome  is  condensed  into  chromatin,
forming a Barr  body,  leading to gene function inhibition
and impaired expression). If the active X chromosome in
most  somatic  cells  carries  a  mutated GLA gene,  then the
clinical  presentation  is  more  severe.  Conversely,  if  the
active  X  chromosome  in  most  somatic  cells  carries  a
normal GLA gene, then the clinical presentation is milder.
Therefore,  clinical  manifestations  vary  among  female
patients  [18,31–36].  Apart  from  its  association  with
skewed X chromosome inactivation, the heterogeneity in
the  clinical  manifestation  of  females  may  also  be
influenced  by  factors  such  as  environmental  influences,
blood  type,  epigenetics,  and  alterations  of  the  molecular
process.  No  direct  correlation  is  found  between  enzyme
activity levels and clinical manifestations in most women,
and  symptoms  often  appear  later  in  life  and  progress

slowly.  Furthermore,  age  is  closely  related  to  organ
involvement in patients with Fabry disease. Our research
group  has  previously  explored  the  initial  manifestations
and  renal  involvement  of  Chinese  patients  of  different
sexes and ages with classical and late-onset Fabry disease
[37].  The  research  indicates  that  in  male  and  female
classical  patients,  the  initial  manifestations  of  the
preschool  and  juvenile  groups  were  mainly  acropares-
thesia,  and  the  frequency  of  renal  and  cardiovascular
involvement  in  the  young  group  was  higher  than  that  in
the  preschool  and  juvenile  groups,  with  cardiovascular
involvement being more common in middle-aged/elderly
patients.  No  evident  renal  involvement  was  observed  in
the  preschool  group,  and  renal  involvement  was  most
common  in  the  young,  middle-aged,  and  elderly  groups.
Proteinuria  can appear  in classical  male patients  as  early
as  approximately  20  years,  and  renal  insufficiency  can
occur  at  approximately 25 years.  With age,  over  50% of
patients  can  experience  varying  degrees  of  proteinuria
and  renal  insufficiency  around  the  ages  of  25  and  40
years, respectively.

α-Gal A is a homodimeric glycoprotein encoded by the
GLA gene [38,39]. The threshold level of α-Gal A activity
for  clinically  significant  Fabry  disease  is  below
30%–35% of the normal mean value [6,40]. Patients with
classical  Fabry  disease  typically  have α-Gal  A  activity
below  1%–5% of  the  normal  mean  value,  whereas
patients  with  late-onset  Fabry  disease  have α-Gal  A
activity  above  3% but  mostly  below  30% of  the  normal
mean value [16,41,42].  In this  study,  group analysis  was
performed in patients  with enzyme activity of  below 5%
of  the  mean  value  of  normal  enzyme  activity.  Classical
male patients with enzyme activity of ≤5% had a higher
frequency  of  acroparesthesia  and  multi-organ
involvement than those with enzyme activity of > 5%. A
relationship is  found between enzyme activity and organ
involvement  frequency,  and  male  patients  with  lower
enzyme  activity  may  have  more  severe  organ
involvement  [15].  In  females, α-Gal  A  activity  can  be
within  normal  limits,  slightly  decreased,  or  completely
lost because of skewed X chromosome inactivation. Less
than  50% of  females  in  this  study  had  enzyme  activity
below the lower limit of the normal value. No significant
difference  in  organ  involvement  was  found  between
females  with  enzyme  activity  of ≤5% and  those  with
enzyme activity of > 5%. The use of α-Gal A activity as a
diagnostic  marker  for  Fabry  disease  in  women  has  been
controversial.  The  Fabry  Outcome  Survey  showed  that
nearly  half  of  females  with  clinical  symptoms  of  Fabry
disease  had α-Gal  A  activity  within  the  normal  range
[43].  In  addition,  in  female  heterozygous  patients,  a  low
level  of  residual α-Gal  activity  is  associated  with  more
severe  gene  variants,  indicating  its  role  as  a  surrogate
marker  for  higher  disease  severity  and  poorer  outcomes
[18,44]. However, further evaluation with a larger female
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cohort is necessary to determine the reliability of residual
α-Gal A activity in predicting clinical severity.

Fabry disease is primarily due to mutations in the GLA
gene, and the detection of GLA gene mutations is the gold
standard for diagnosis [45]. Most mutations are unique to
each family or individual [46,47], and no obvious hotspot
mutations  have  been  identified.  However,  some  studies
have  reported  the  same  mutations  in  unrelated  families,
particularly  mutations  in  CpG  dinucleotides  (CpG
mutation hotspots) [48]. In this study, the highest number
of  gene  mutation  sites  (18.40%)  was  found  in  exon  5
among  163  patients,  and  nine  patients  from  six  families
were  found  to  have  the  same  missense  mutation
(c.334C>T),  with  a  mutation  frequency  of  5.52%.  This
mutation  was  identified  as  a  pathogenic  mutation  by
online  software  pathogenicity  prediction  analysis.
Previous  studies  have  reported  that  the  most  common
mutation in patients with Fabry disease in Europe and the
United States  was  p.A143T,  which is  usually  considered
as a benign polymorphism and is detected in 64% of male
newborns  with  Fabry  disease  [49].  Moreover,  a  hotspot
mutation  (IVS4+919G>A)  associated  with  cardiac
variants was reported in Taiwan, China, and the detection
rate  was  as  high  as  83.3% in  male  neonates  with  Fabry
disease  [50,51].  However,  no  reports  on  hotspot
mutations  of  Fabry  disease  have  been  found  in  Chinese
mainland.  Few  studies  have  reported  on  a  c.334C>T
mutation,  and  whether  it  is  a  hotspot  mutation  of  Fabry
disease in Chinese mainland needs further study.

Few  studies  have  been  conducted  on  the  correlation
between  the  genotypes  and  enzyme  activity  or  clinical
manifestations  in  Fabry  disease,  but  such  a  correlation
remains  unclear  [47].  Based  on  previous  reports,  even
patients  with  the  same  gene  mutation  within  the  same
family have different  clinical  manifestations [52].  In this
study, clinical manifestations of patients belonging to six
families  with  the  same  mutation  (c.334C>T)  were
analyzed. The results indicated that patients with the same
mutation  had  lower α-Gal  A  activity  compared  with  the
normal  range,  but  a  significant  variability  was  found  in
the  affected  organs.  The  heterogeneity  in  clinical
manifestations  among  patients  is  influenced  by  factors
such  as  gene  mutations,  enzyme  activities,  sex,  age,
clinical  phenotype,  blood  type,  skewed  X  chromosome
inactivation  (female  heterozygotes),  and  environment.  In
this  study,  patients  were  divided  into  the  truncated  and
nontruncated  mutation  groups.  The  results  revealed  no
significant  differences  in  enzyme  activity  and  clinical
manifestations  between  these  groups  in  both  sexes  or
between  classical  and  late-onset  patients.  These  findings
indicate  a  relatively  weak  relationship  among  gene
mutations in Fabry disease,  enzyme activity,  and clinical
manifestations. Therefore, further research is necessary to
determine  the  precise  intrinsic  relationship  among
genotype, enzyme activity, and clinical manifestations.

This  study  has  certain  limitations.  First,  most  of  the
patients  with  Fabry  disease,  who  were  included  in  this
study,  were  of  classical  type  with  more  prominent
subjective symptoms as the main clinical  manifestations.
Late-onset patients and those with abnormalities detected
through specialized examinations such as ophthalmologic
and  otologic  evaluations  were  relatively  fewer.  By
contrast,  research  reports  from  Europe  and  the  United
States  indicate  a  higher  prevalence  of  late-onset  patients
[7].  Therefore,  considerable  attention  should  be  paid  to
the  screening  and  diagnosis  of  late-onset  patients  in  the
Chinese  population  to  reduce  missed  diagnosis.
Furthermore,  among the  311 patients  with  Fabry  disease
in  this  study,  only  67  had  complete  enzyme  metabolism
substrate  concentrations  of  Gb3/Lyso-Gb3  (53  classical
patients  and  14  late-onset  patients).  Given  the  small
sample  size,  this  study  did  not  delve  further  into  the
correlation  among  enzyme  metabolism  substrate
concentrations  and  genotypes,  enzyme  activity,  and
clinical  manifestations  of  patients  with  Fabry  disease.  In
addition,  clinical  prognostic  data  of  patients  with  Fabry
disease  were  lacking  in  this  study,  highlighting  the
necessity  for  long-term  clinical  follow-up  to
comprehensively  understand  the  progression  of  the
disease,  as  well  as  the  relationship  among  enzyme
activity, gene mutations, and prognosis. 

Conclusions

In  this  study,  the  correlation  among  Fabry  disease  gene
mutations,  enzyme  activity,  and  clinical  manifestations
was  systematically  elucidated,  contributing  to  an
enhanced  understanding  of  Fabry  disease.  The  research
findings  indicate  that  male  patients  with  Fabry  disease,
whether classic or late-onset,  have a higher frequency of
multi-organ  involvement  compared  with  female  patients,
with  lower α-Gal  A  activity  and  a  close  relationship
between  enzyme  activity  and  clinical  manifestations.  By
contrast,  the  correlation  between  enzyme  activity  and
clinical  manifestations  is  weaker  in  female  patients.
Furthermore,  patients  with  the  same GLA gene  mutation
site  exhibit  heterogeneity  in  clinical  manifestations,  with
a  weaker  correlation  among  gene  mutations,  enzyme
activity, and clinical manifestations. 
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