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Introduction

Fabry disease (FD) is an X-chromosome-linked lysosomal storage disease characterized by deficient
or even absent activity of enzymealpha-galactosidaseAoriginatedbymutations in thegalactosidase alpha
gene (GLA) leading to cellular globotriaosylceramide deposits (Gb3) [1]. FD is classified as a rare disease
(affects fewer than 1 in 2000 people in Europe [2]) and often leads to progressive organ failure and prema-
ture death [1]. This disease affects several parts of the body, including progressive brain white matter
lesions (WMLs) due toGB3 endothelial vasculopathy [1].Whitematter is the brain region responsible for
the transmission of nerve signals between different regions of the brain.WMLs have been associatedwith
stroke, cognitive decline, and dementia [3, 4], which have a prominent impact on global public health [5].
Growingevidence suggests a relationshipbetween thepresenceofWMLsand lifestyle-related risk factors
including obesity [6] as well as other modifiable risk factors such as depression, anxiety, diabetes, and
hypertension [7, 8]. It is of great public interest to increase the knowledge of risk factors associated with
WMLs in order to promote health prevention activities. However, the risk factors associated withWMLs
in FD patients are unclear, and the etiology of vasculopathymay be confounded by other cerebrovascular
risk factors. In this study,we aimed to evaluate the association of potential risk factors, including age, sex,
obesity, diabetes, hypertension, depression, and anxiety,with the presence ofWMLs inFDpatients.

Methods

We retrospectively enrolled 94 Fabry (GLA gene mutation c.337T>C (p.F113L)) disease patients
(40.4%male) aged18-89years from theReferenceCenter onLysosomalStorageDisorders,Hospital Sen-
horadaOliveira,Guimarães.Except for age, all variables included in this studyaredichotomousvariables,
indicating the sex or the presence of a clinical condition (1=presence and 0= absence).

First, univariate analysis, including theStudent’s t-test andFisher exact test,was conducted to evaluate
the association between the presence ofWMLs and each single potential risk factor. Cohen's d value for
continuousvariables andPhi coefficient for categorical variableswerecalculated toevaluate theeffect size
[9]. Significant variables inunivariate analysiswere then tested inunivariate andmultivariate (adjusted for
age) logistic regression analysis. Point-biserial correlation coefficients were used to measure the associ-
ation between age and the other variables. All statistical analyses were performed using IBM SPSS
Statistics 26 software and the significance levelwas set as 0.05.Due to the lownumber of younger patients
withWMLs, all the analysiswas also performed for a subgroup of patients aged 40 years and older.

Results

Patients withWMLswere significantly older than the group of patients withoutWMLs (Table 1). The
presenceofWMLswas significantly associatedwith anxiety andhypertension inboth samples (Table1). It
is noticeable that in FD patients older than 17 years old, age presents significant positive correlations with
WMLs, hypertension, depression, anxiety, and diabetes. In FD patients older than 39 years old, the coeffi-
cient values were lower, but significant correlations were also observed between age and WMLs, and
between age and hypertension (Table 2).
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Fromtheunivariate logistic regression, anxiety, andhypertensionpresent a significant associationwith
the presence ofWMLs in FD patients older than 17 years old. However, when adjusted by age no variable
presents a significant associationwith the presence ofWMLs (Table 3). In FD patients older than 39 years
old, the anxiety variable, even after being adjusted to age, remains significant (Table 3).

Discussion

As shown in previous studies [10], increased age was significantly associated with the presence of
WMLs. However, althoughage is the strongest known risk factor for theonset ofWMLs, it is not an inevit-
able consequence of aging. The results here reported support the importance of assessing the anxiety
symptoms in FD and its potential correlation withWMLs. Of note, although anxiety and depression can
occur together [11], in concord with previously observed [12] no significant association was found
between depression andWMLs. Further studies in larger cohorts of patients are warranted to untangle if
anxiety is a risk factor or a consequence ofWMLs.

Ethics committee and informed consent:
This current research has been submitted to the local ethics committee and all patients gave their informed consent.

Table 2 - Point-biserial correlation coefficients ( ) between age and others risk factors

Variables
Age

FD patients over 17 years old (n=94) FD patients over 39 years old (n=68)
p p

WMLs 0.496 <0.001 0.419 <0.001
Depression 0.207 0.045 0.124 0.315
Anxiety 0.216 0.036 0.102 0.408

Hypertension 0.580 <0.001 0.526 <0.001
Diabetes 0.226 0.029 0.101 0.414
Obesity 0.121 0.244 0.004 0.976

WMLs = white matter lesions

Table 1 - Univariate analysis of risk factors of WMLs

Variables
FD patients over 17 years old (n=94) FD patients over 39 years old (n=68)

With WMLs
(n=50)

Without WMLs
(n=44) p* Effect

size+
With WMLs

(n=44)
Without WMLs

(n=24) p* Effect
size+

Age 56.7±14.9 40.2±14.1 <0.001 1.133 60.5±11.1 50.8±8.4 <0.001 0.953
Male 19 (38.0) 19 (43.2) 0.676 -0.053 18 (40.9) 10 (41.7) 1.000 -0.07

Depression 16 (32.0) 7 (15.9) 0.093 0.187 15 (34.1) 4 (16.7) 0.163 0.186
Anxiety 20 (40.0) 8 (18.2) 0.025 0.238 19 (43.2) 4 (16.7) 0.034 0.268

Hypertension 24 (48.0) 7 (15.9) 0.001 0.341 24 (54.5) 6 (25.0) 0.023 0.284
Diabetes 7 (14.0) 3 (6.8) 0.327 0.116 7 (15.9) 3 (12.5) 1.000 0.046
Obesity 7 (14.0) 3 (6.8) 0.327 0.116 7 (15.9) 2 (8.3) 0.476 0.107

*Significance on Student t-test for age variable and Fisher exact test for the remaining variables. Values denote mean ± standard
deviation or number (percentage). WMLs = white matter lesions. + Cohen's d value for age and Phi coefficient for the remaining
variables [9].

Table 3 - Logistic regression models to predict the presence of WMLs in FD patients

Variables Univariate Logistic Regression Multivariate Logistic Regression –
Adjusted to age

Odds Ratio 95% CI p Odds Ratio 95 % CI p

FD patients over 17 years old (n=94)

Anxiety 3.000 1.157-7.776 0.024 2.315 0.808-6.637 0.118
Age - - - 1.077 1.039-1.115 <0.001
Hypertension 4.879 1.831-13.000 0.002 1.487 0.451-4.901 0.514
Age - - - 1.071 1.030-1.114 0.001

FD patients over 39 years old (n=68)

Anxiety 3.800 1.113-12.976 0.033 4.475 1.143-17.514 0.031
Age - - - 1.117 1.043-1.195 0.002
Hypertension 3.600 1.201-10.794 0.022 1.459 0.397-5.367 0.570
Age - - - 1.097 1.023-1.176 0.010
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