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Abstract

Background: Fabry disease (FD) is caused by pathogenic variants in the GLA gene. A143T and R118C variants are considered
not disease causing. Patient-reported outcomes provide information concerning the effects of their disease but should be carefully
analyzed in rare diseases.

Objectives: To evaluate pain, depression, sleep disturbances, disability and quality of life in A143T or R118C Brazilian subjects
and compare to data published for classic FD patients.

Methods: Nineteen subjects — 8:11 male:female — were evaluated and answered the questionnaires: Brief Pain Inventory (BPI),
Hamilton Depression Rating Scale, Pittsburgh Sleep Quality Index, Health Assessment Questionnaire Disability Index (HAQ-DI),
Short-Form Health Survey 36 (SF-36). Lyso-Gb3 and residual enzyme activity were obtained.

Results: Alpha-galactosidase A activity was low in males. Lyso-Gb3 levels were normal in all subjects. Comparing A143T/R118C
subjects and FD patients, BPI severity, BPI interference, HAQ-DI values were not different (p>0.05) whereas raw scores for
physical functioning (p=0.01) and general health perception (p<0.01) favored A143T/R118C. Depression and sleep disturbances
were similar between groups.

Conclusions: A143T/R188C subjects had normal lyso-Gb3 levels. Depression, sleep disturbances and disability were frequent
and under-recognized. However, findings depicted in this study are nonspecific and should not be considered as ground for
diagnosing Fabry disease.
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Background

Fabry disease (FD) is caused by pathogenic variants on the
GLA gene located on the X chromosome which affect alpha-
galactosidase A function.[1,2] FD is a multisystemic disease
that may present with variable signs and symptoms that may
ultimately culminate in heart and kidney compromise, stroke,
chronic pain, and impaired quality of life.[3-5] The symptoms are
progressively debilitating, reduce the ability of patients to attend
work or school and severely affect quality of life.[1,3] Of note,
phenotypic variability is noticeable in patients sharing the same
pathogenic variant, even within members of the same family.[6]

Screening for FD in the neonatal period or in the setting
of chronic kidney disease, cardiomyopathy or cerebrovascular
events of unknown etiology may disclose patients harboring GLA
gene variants that are not necessarily related to the underlying
problem and be a motivation for misdiagnosis.[7-9]

Criteria to determine pathogenicity of a variant include a)
identification of reduced alpha-galactosidase A enzymatic function

(being FD X-linked, it is most appropriately assessed on male
probands); b) presence of typical signs and symptoms associated
with the disease (in this case cornea verticillata is usually a more
sensitive finding); and ¢) demonstration of substrate accumulation
on a target organ (most frequently from kidney biopsies and,
sometimes, myocardium biopsies).[10] Depending on disease
presentation, such information may not always be available, or
obtained, and surrogate biomarkers may be required to support
diagnosis.[11] Clinical and instrumental evaluation of patients is
important for a more accurate diagnostic assessment.[12]Lyso-
Gb3 (globotriaosylsphingosine) has been considered a useful
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biomarker for most patients since its levels correlate with the
severity and progression of the disease in classic patients and
may be modified by enzyme replacement therapy.[13]

Some GLA gene variants have little or no interference with
enzyme activity, and therefore, absent, or mild FD attributes.
Some variants may have minimal enzyme activity, but not
enough to manifest evident disease. Under these situations,
variants can be considered benign and not disease-causing
while others, when precise information of pathogenicity or
proven accumulation of sphingolipids in the altered tissue are
not accessible, can be considered as genetic variants of unknown
significance (GVUS).[10,14]

R118C is a common benign variant that previously was
thought to be disease-causing, but studies have demonstrated
that it is not related with substrate accumulation.[8,14] It is
frequent among population with Spanish and Portuguese
ancestry.[14,15] A143T is also most often regarded as not disease
causing in most cases but some reports describe possible
pathogenic link with cerebrovascular involvement.[16] The
presence of the 5" untranslated region (UTR) of exon 1 10C>T
polymorphism may impact phenotype expression.[17] Judicious
evaluation of residual enzyme activity in males, and lyso-Gb3
accumulation in both genders, may aid in the interpretation
of pathogenicity.[13]

Patient-reported outcomes (PROs) have been assessed in
FD and aspects such as depression and poor sleep quality are
under-recognized and under-treated, aggravating the impact
of the disease.[18-20] Importantly, it is not always possible to
determine direct causality between substrate accumulation,
inflammatory response, and symptom presentation in the
event of psychological disorders in the setting of FD.[21] Several
different factors may play a role in the development or worsening
of these manifestations such as chronic pain, disability, exercise
intolerance but also genetic predisposition, environmental
issues, drug use and/or abuse, inadequate nutrition to name
a few.[7,18,19,22-26] Prudent evaluation of the patients by a
multidisciplinary team and phenotype-genotype correlation are
important to avoid establishing a diagnosis in a patient with a
benign variant who will likely not benefit from expensive FD
targeted treatments.[26-28]

Of note, PROs have not been consistently evaluated in subjects
with A143T and R118C GLA gene variants.

Objectives

To evaluate pain, depression, sleep disturbances, disability, and
disease impact on quality of life in a small cohort of Brazilian
subjects with A143T and R118C GLA gene variants and to
compare to previously published results from classic FD patients
from the same region (State of Sdo Paulo, Brazil).

Methods

This is a sub-analysis from the protocol “Assessment of
Parameters of Bone Metabolism in patients with Fabry Disease”
that was undertaken at the Rheumatology Division, Faculdade
de Medicina, Universidade de Sdo Paulo, Sdo Paulo, Brazil.
This work was approved by Faculdade de Medicina da
Universidade de Sao Paulo Ethics Review Board under number
1.464.841 on March 24", 2016. All subjects read and signed
informed consent. The procedures were followed in accordance
with the ethical standards of the responsible committee on
human experimentation and with the Helsinki Declaration of
1975, as revised in 1983.

Nineteen subjects with GLA gene variants A143T and R118C-8
male and 11 female — were referred for research purposes.
The index cases from the different families were identified
after screening protocols of patients in hemodialysis. They
were interviewed by the same researcher (NSRN) and had
clinical, laboratory and imaging data reviewed followed by
the application of the questionnaires: Brief Pain Inventory
(BPI) [29,30], Hamilton Depression Rating Scale (HAM-D)
[31,32], Pittsburgh Sleep Quality Index (PSQI) [33,34], Health
Assessment Questionnaire Disability Index (HAQ-DI) [35,36],
Short-Form Health Survey 36 (SF-36).[37,38] All questionnaires
were adapted and validated to Brazilian Portuguese. Details about
each questionnaire are provided as Supplementary material.

The burden of the presenting disease, although not considered
tobe FD by the researcher, was assessed by the Mainz Symptom
Severity Index (MSSI) [39] in the interest of comparison. MSSI
categorizes FD patients in accordance with severity: low,
moderate, or severe. Scores were established after interview with
patients and chart review. Current and previous information on
alpha-galactosidase A and lyso-Gb3 levels were available from
the same laboratory (Centogene, Germany) and were collected
to assess residual enzymatic activity in males and substrate
accumulation in both genders.

Thirty-six genotype confirmed classic FD patients - 15
males and 21 females (variants: C142R, A156D, L180F, R227X,
W262X, G271A, P293S, Y264SX) were assessed and used as
comparators. The questionnaire-based results from the classic
ED patients have already been published.[40]

Statistical analysis

Results are presented as mean and standard deviation for
continuous variables and percentages for categorical variables.
Correlation between continuous variables was measured by
Pearson’s correlation coefficient. We considered significant a
p-value <0.05.
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Results

There were 4 subjects with variant A143T (1:3 male:female) and
15 subjects with variant R118C (7:8 male:female). The mean
overall age (years) was 40.7+15.1. Subjects with GLA gene variants
A143T and R118C were stratified according to MSSI status as
severe, moderate, or mild. MSSI scores disclosed 2 subjects
that could be considered as having “moderate” disease and 17
subjects considered to have “mild” disease (Table 1). Interestingly,
the two patients with “moderate” disease were being treated
with enzyme replacement therapy (ERT) during the period
of assessment at the discretion of their attending physicians.
Alpha-galactosidase A residual enzyme activity level was low
in all males and not done in females (Table 1). Lyso-Gb3 levels
were in the normal range in all subjects (Table 1). Previously
available lyso-Gb3 results for the two patients on ERT, preceding
treatment initiation, were: Patient #1 1.8 ng/ml and Patient #2
0.9 ng/ml and 1.4 ng/ml at different occasions. All results were
in the normal range (reference range <1.8 ng/ml) and thus,
excluding a possible confounding effect of ERT on the results.
Noteworthy, the 2 patients on ERT had no histopathological
proof of disease on affected targets.

Pain

In A143T/R118C subjects, mean+SD BPI severity result was
4.50+4.06 for moderate and 3.05+3.35 for mildly affected subjects.
Mean+SD BPI interference result was 5.86+4.42 for moderate
and 2.20+3.18 for mild subjects. BPI severity and interference
values correlated with MSSI scores (severity: r=0.40; p=0.001 /
interference: r=0.57; p<0.001). Overall values of BPI severity and
interference were not different from A143T/R118C subjects when
compared to classic FD patients (3.21+£2.97 vs. 2.23+2.18, p=0.17
for severity and 2.59+2.98 vs. 2.10£2.64, p=0.54 for interference).

Over-the-counter pain medication was used by 12 subjects
(63.2%). There was no report of opioid use. Only one subject
(5.3%) was treated with carbamazepine with migraine being
the indication (female, R118C).

Depression

Depression was referred by 7 A143T/R118C subjects (36.8%).
Application of HAM-D indicated depression in 9 of them (47.4%).
Six subjects were classified as having mild symptoms; 1 subject
was as considered as having moderate depression and 2 subjects
as having severe depression. Of those, 8 subjects were not on any
antidepressant therapy and information about prescription of
a female subject previously diagnosed with depression was not
available. HAM-D results had a positive correlation with MSSI

values (r=0.63, p=0.30), with BPI severity (r=0.58; p<0.001) and
BPI interference (r=0.58; p<0.001).

Prevalence of depression in A143T/R118C as indicated by
HAM-D was not statistically different from classic FD patients
(47.4% vs. 56.8% p=0.51).

Sleep Disturbances

Insomnia and/or unrefreshing sleep were reported by 9 A143T/
R118C subjects (47.3%). PSQI showed sleep disturbances in
10 subjects (52.6%). PSQI values correlated with MSSI values
(r=0.52; p=0.22), with HAM-D results (r=0.54; p=0.08) and
BPI interference values (r=0.30; p<0.001). No correlation was
found between PSQI values and BPI severity values. There were
no reports of use of hypnotics or sleep inductors, Information
about prescription of a female subject previously diagnosed
with depression was not available.

Prevalence of sleep disturbances in A143T/R118C as indicated
by PSQI was not statistically different from classic FD patients
(52.6% vs. 59.5% p=0.63).

Disability

In A143T/R118C subjects, mean HAQ-DI was 0.458 for moderate
and 0.127 for mild severity subjects. None of the subjects scored
above 1. HAQ-DI values correlated with MSSI scores (r=0.56;
p<0.001), with HAM-D values (r=0.57; p<0.001), with PSQI
values (r=0.40; p<0.001), with BPI severity (r=0.68; p<0.001)
and BPI interference values (r=0.64; p=0.001).

Overall values of HAQ-DI were not different from A143T/
R118C subjects when compared to classic FD patients (0.162+0.209
vs. 0.255+0.313, p=0.26).

Quality of Life

In A143T/R118C subjects, SF-36 scores (lower the score, greater
the disability) in physical functioning (r=-0.75, p<0.001) and
physical role functioning (r=-0,43, p<0.0001) correlated with
HAQ-DI scores; bodily pain scores correlated with both BPI
Severity (r=-0.81; p<0.001) and Interference (r=-0.65; p<0.001)
scores; mental health component (r=-0.71;p<0.001) correlated
with HAM-D score; and general health perceptions (r=-0.71;
p<0.001) correlated with MSSI score.

SE-36 analysis showed significant differences in raw scores
between A143T/R118C subjects and classic FD patients from
the same region, only in physical functioning (73.68+20.19 vs.
56.08+24.75, p=0.01) and general health perceptions (70.68+17.06
vs. 48.89+21.03, p=0.0003) as shown in Table 2.



J. inborn errors metab. screen.

Table 1. R118C and A143T subjects” demographic and laboratory information.

Alpha-Galactosidase A Lyso-Gb3
Patient # Variant Gender Age reference range reference range MssI
215.3 pmol/l/h <1.8 ng/ml

1* A143T F 61 na 1.1 20
2% R118C M 60 7.6 0.8 23
3 A143T F 41 na 11 17
4 A143T F 25 na 11 13
5 R118C F 18 na 0.9 14
6 R118C F 35 na 1.0 6
7 R188C F 35 na 0.9 3
8 R188C F 39 na 0.9 7
9 R188C F 9 na 1.1 4
10 R188C F 57 na 1.0 6
11 R188C F 30 na 0.8 5
12 R188C F 35 na 0.8 0
13 A143T M 38 4.7 16 5
14 R118C M 49 38 1.1 8
15 R188C M 66 7.7 11 1
16 R188C M 51 10.6 1.0 4
17 R188C M 29 8.3 13 7
18 R188C M 36 74 1.1 4
19 R188C M 59 7.1 1.1 7

*Currently on enzyme replacement therapy; MSSI: Mainz Symptom Severity Index; Lyso-Gb3: lyso-globotriaosylsphingosine; na: not available.

Table 2. Comparison of SF-36 results between classic FD patients and A143T and R118C subjects from the same region (State of Sdo Paulo,

Brazil).
A143T/R118C subjects FD patients*
SF-36 Concepts (N=19) (N=37) p-value
Mean £ SD Mean £ SD

Vitality 55.79+22.02 54.05+20.53 0.78
Physical functioning 73.68+20.19 56.08+24.75 0.01
Bodily pain 64.32+26.28 62.30+£23.47 0.78
General health perceptions 70.68%17.06 48.89+21.03 0.0003
Physical role functioning 71.05+33.70 51.35+39.40 0.07
Emotional role functioning 61.40+44.93 53.15+42.06 0.51
Social role functioning 78.95+20.30 71.28+25.48 0.27
Mental health 67.79+20.00 66.59+22.48 0.85

SD. Standard deviation. * Rosa Neto et al. 2019

Discussion

The diagnosis of Fabry disease requires thorough evaluation
of signs and symptoms present in a patient but also detailed
family history. [2, 12] Information should be combined with
laboratory, imaging, and pathology reports, whenever possible,
and assessed by an experienced multidisciplinary team to avoid
misinterpretation of results.

Health-related quality of life is considerably reduced in
patients with FD secondary to somatic and psychological
impairment, and formal psychiatric and neuro-psychological
evaluation should be included in the patient’s evaluation. [4,40-43]

This is in consonance with a recently published paper by
Loeb et al. [44] where the authors investigated the frequency of
cognitive impairment in FD patients. They found one-third of
Danish FD patients to have cognitive impairment in different
domains, regardless of disease severity or presence of depression.
Interestingly, they noted that subjective (patient complaints) and
objective (test performances) evaluations were unable to identify
the same proportion of affected patients thus emphasizing the
need for detailed neuro-psychological testing.

The use of structured instruments during assessment of patients
enhances recognition of signs and symptoms and, consequently,
health care, quality of life and tailoring of therapies. [40]
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The findings of this study reinforce the benign nature of
A143T and R118C variants in this small cohort in which female
subjects had normal lyso-Gb3 levels and male subjects had
low residual alpha-galactosidase levels but lyso-Gb3 within
the reference range and no unequivocal evidence FD-related
manifestations or documentation of target-tissue deposits
consistent with Fabry disease.

It is understandable that some of those patients may be
diagnosed with Fabry disease because of unexplained signs and
symptoms, laboratory official reports classifying these variants
as pathogenic, and the availability of published papers in the
medical literature where A143T or R118C subjects are considered
affected, especially in cases with elevation of Lyso-Gb3.[45-49]

Our results show that if you use the MSSI to evaluate severity
in those subjects without establishing a definite diagnosis,
scores may disclose “moderate” disease in some of the patients.
Practitioners should be careful not to over-emphasize these
findings without definitive evidence of substrate accumulation,
either directly by tissue analysis or indirectly by biomarker
analysis. This is particularly important in Brazil where it is
presumed that R118C could be a frequent finding because of
our history of Portuguese colonization.[14,15]

Our results also underline a need of better assessment of
depression, quality of sleep, quality of life, functionality, and
pain in patients in general, regardless of what underlying disease
they may have. This is consistent with studies in heart failure
and chronic kidney disease in general.[50-51]

The presence of pain as assessed by BPI in this cohort of A143T/
R118C subjects was prevalent, alongside elevated use of over-the-
counter analgesics and the lack of prescription of pain modulators.
Pain scores correlated with depression, sleep disturbances and
quality of life scores and could be routinely measured in order
to reduce its impact on other aspects of the disease.

Depression was also under-recognized and under-treated in
this cohort and sleep disturbances and disability were prevalent. Of
note, the prevalence of depression, sleep disturbances and disability
in A143T/R118C subjects was not different from classic FD patients.
This should be regarded as a possible confounding factor when
trying to establish diagnosis and determine pathogenicity of a
specific variant. Our results show less severe scores for physical
functioning and general health perceptions in A143T/R118C
subjects in this cohort than FD patients. A previous report on
HRQOL assessment in FD patients treated with agalsidase beta
from the Fabry Registry also presented baseline scores for different
SF-36 domains. Mean scores for physical functioning were 67.5
and 59, and for general health perceptions, 43.6 and 43.9, for men
and women, respectively. Although not directly comparable, those
numbers reinforce the notion of veritable FD patients being more
severely affected in those domains.[52]

There are limitations to this work. Our report included
only a small number of A143T/R118C subjects and there was
no control group with subjects without the presence of such
variants. Moreover, the fact that A143T/R118C subjects were
identified after a screening process in a hemodialysis center

configures a selection bias. Nonetheless, a broad examination
was undertaken to ensure comprehensiveness of the data at
the moment of assessment, but it was not possible, nor the aim
of this study, to determine the etiology of signs and symptoms
present in those subjects.

Conclusions

Subjects with A143T and R188C GLA gene variants in this
cohort had normal levels of lyso-Gb3 and no evidence of Fabry
disease. Depression, sleep disturbances and disability were
under-recognized in subjects with A143T and R118C GLA gene
variants in this cohort, but their prevalence was not different
from what is seen in classic FD patients. General health status
was poorer for FD patients than A143T/R118C subjects.

These results reinforce the need to fully assess those patients
and to pursue what might be causing or interfering with these
findings. Whether such manifestations are related to comorbid
pathology is yet to be determined. Prescription of enzyme
replacement therapy should be reexamined in the setting of
lack of definitive evidence of pathogenicity.

Future studies in this topic should include larger samples
and control groups, preferably from the same background, to
better understand the prevalence and the significance of A143T
and R118C GLA gene variants in the population.
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