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ABSTRACT 

Background: Fabry disease is an inherited, multisys-
temic and progressive lysosomal storage disorder. 
The first symptoms of Fabry neuropathy reflect pro-
gressive loss of function of both peripheral somatic 
and autonomic nerve cells. We aimed to evaluate 
autonomic nervous system (ANS) activity in a cohort 
of patients with Fabry disease. Methods: ANS activity 
was evaluated by determining heart rate variability, 
spontaneous baroreflex sensitivity and ambulatory 
blood pressure in 9 patients with Fabry disease. Pos-
sible correlations between ANS activity and clinical 
phenotype were investigated. Results: Indices of 
global activity were frequently high, while ANS bal-
ance was disturbed only in a few patients. Sympa-
thetic nervous system parameters were within normal 
ranges, but indices of parasympathetic parameters 
were highly variable. Baroreflex sensitivity was sig-
nificantly correlated with glomerular filtration rate. 
Conclusion: Distribution of ASN activity indices is 
wide in patients with Fabry disease. Autonomic im-
balance has been associated with non-Fabry chronic 
kidney disease and cardiovascular risk. In Fabry dis-
ease, monitoring of ANS activity may contribute to 
comprehensive disease staging, and may be of value 
in identifying patients at high risk of developing renal 
and cardiac events.  
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1. INTRODUCTION 

Fabry disease is an X chromosome-linked disorder of 
lipid metabolism caused by mutations in the gene en-
coding the enzyme α-galactosidase A (α-Gal A) [1]. As a 
result of deficient or absent α-Gal A activity, glycosphin- 

golipids, in particular globotriaosylceramide (Gb3), pro- 
gressively accumulate within the lysosomes of a large 
variety of cell types. Affected cells include vascular en- 
dothelial cells, neural cells, renal cells and cardiomyo-
cytes. A cascade of overlapping pathologic events leads 
to multisystemic disease manifestations with small fiber 
neuropathy-related symptoms (described later), angi- 
okeratomata and eye abnormalities (e.g. cornea verticil-
lata) often presenting in childhood [1]. Renal histological 
changes, including podocyte injury, and/or (micro) al-
buminuria may develop at young age [2-4]. Proteinuria is 
often first detected in the 2nd to 3rd decade of life and is 
strongly associated with decline in glomerular filtration 
rate (GFR) [5,6]. Left ventricular hypertrophy (LVH) is 
also a prominent feature in adults, particularly in males 
[7], and its extent correlates with the renal complications 
[7,8]. Other life-threatening complications include ar- 
rhythmias and early stroke [1,9]. Although disease pres-
entation in heterozygous females is often more attenu- 
ated, a major proportion of affected women will develop 
significant morbidity [10]. If Fabry disease is suspected, 
the diagnosis can be confirmed by performing a blood- 
based α-Gal A assay (males) and/or Fabry mutation 
analysis (females) [1].  

In Fabry disease, lipid storage in neural cells particu-
larly affects small, unmyelinated nerve fibers and first 
symptoms reflect progressive loss of function in both 
peripheral somatic and autonomic nerve cells [11,12]. 
Fabry neuropathy clinically manifests as constant burn-
ing/tingling sensations in hands and feet, and acute, epi-
sodic pain triggered by illness, exercise, fever, stress or 
weather changes. Dysfunction of the autonomic nervous 
system (ANS; peripheral and central) accounts for im-
paired sweating, pupillary constriction and saliva and 
tear formation, gastrointestinal dysmotility, sensory 
losses, and diminished cutaneous flare with scratch. 
Baroreflex-mediated vasoconstriction can be deficient 
due to sympathetic vasomotor nerve fiber dysfunction 
[13]. Reduced heart rate acceleration upon exertion has  
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been observed in young male patients and may result 
from cardiovagal dysfunction with parasympathetic 
and/or sympathetic nerve involvement [7,14]. In cases 
with advanced disease, it can lead to hypotension upon 
orthostatic challenge [13].  

Available enzyme replacement therapies (ERTs; agal-
sidase alfa and agalsidase beta) can reduce or clear Gb3 
deposits, reduce pain, stabilize kidney function and re-
duce left ventricular hypertrophy [15,16]. However, it 
has become clear that therapeutic outcomes are largely 
dependant on the disease severity at baseline highlighting 
the importance of comprehensive disease staging prior to 
start of ERT [17,18]. Symptoms resulting from ANS 
dysfunction substantially contribute to the burden of 
Fabry disease and assessing ANS activity can be an in-
teresting complementary tool to quantify and monitor 
disease severity. We have evaluated ANS activity and 
possible correlations with clinical data in 9 patients with 
Fabry disease. 

2. MATERIAL AND METHODS 

2.1. Patients 

Nine of the 11 patients with a confirmed diagnosis of 
Fabry disease followed at our nephrology department 
were included in the study. All patients gave informed 
consent prior to participation. Two patients declined to 
enter the study because of personal reasons. The study 
population included 5 males and 4 females with an aver-
age age (±SD) of 50.5 ± 12.2 years (range 24 - 64 years). 
Measurement of α-Gal A enzyme activity and Fabry mu-
tation analysis (Biochemistry Laboratory, Hospices 
Civils de Lyon, France) had been performed in all pa-
tients following clinical suspicion of Fabry disease, or as 
part of screening of the family of a confirmed patient. 
Renal function was assessed by measurement of 24-hour 
proteinuria and inulin clearance. All 6 patients with pro-
teinuria had undergone renal biopsy to document struc-
tural changes (Laboratoire d’Explorations Fonctionnelles 
Rénales, University Hospital Saint Etienne, France) and 
to enable informed treatment decisions. Cardiac evalua-
tion included 12-lead electrocardiography and transtho-
racic echocardiography. Eight out of 9 patients received 
ERT with agalsidase beta and 6 received renoprotective 
treatment with an angiotensin-converting enzyme in-
hibitor (ACEI). ANS tests were done after start of ERT 
and ACEI.  

2.2. Autonomic Nervous System (ANS) Activity  
Measurements  

ANS activity measurements included assessment of heart 
rate variability (HRV), spontaneous baroreflex sensitivity 
(BRS), and ambulatory blood pressure monitoring 

(AMBP).  
HRV was measured using 24-hour Holter monitoring 

(Vista, Duosft, Novacor, Rueil-Malmaison, France). 
Each RR interval was manually validated before analysis. 
Then, HRV indices were calculated for the 24-hour pe-
riod and, additionally, for the day and night periods. 
Over these last periods, the mean RR, time domain, and 
frequency indices were calculated using Fourier and 
Wavelet transform of HRV. All indices were calculated 
using published standards [19,20] widely recognized as 
indices providing a good estimation of ANS activity. 
Some variables issued from the time domain analysis are 
mainly under the control of parasympathetic activity 
(PNN50, RMSSD) or sympathetic activity (SDNN, 
SDANN) [21]. The indices corresponding to the very 
low frequency of the spectrum (VLF) relate to parasym-
pathetic activity, low frequency indices (LF) relate to 
both sympathetic and parasympathetic activities. High 
frequency (HF) represents the vagal activity, and the 
LF/HF ratio estimates ANS balance [22,23]. The very 
low frequency index (VLFI) is a marker of sleep frag-
mentation, and is mostly associated to sleep apnea. Using 
the frequency analysis, the total power of the spectrum 
(Ptot) is an estimation of the global activity of the ANS. 

Spontaneous cardiac BRS was calculated using the 
sequences method [24] and the cross-spectral analysis 
method [21]. A 15-minute simultaneous recording of the 
electrocardiogram, blood pressure and ventilation was 
performed at rest in the supine position. Finger arterial 
blood pressure was measured using a noninvasive con-
tinuous blood pressure monitor (Finapress 2300, Oh-
meda). The plethysmographic cuff was placed around the 
middle phalanx of the finger and the cuff pressure was 
modulated to maintain transmural pressure at zero. Then, 
RR intervals were calculated and each RR interval was 
paired with the corresponding systolic pressure wave. To 
determine spontaneous cardiac BRS, the linear regres-
sion slope was calculated for each sequence of at least 
three or more successive heart beats in which there were 
concordant increases or decreases in systolic blood pres-
sure and RR interval. Cardiac BRS (expressed in milli-
seconds per millimeter of mercury) was calculated as the 
mean of the slopes of all sequences. The cross-spectral 
analysis method was used on the same recordings. BRS 
was calculated as the ratio between the transfer function 
moduli of arterial blood pressure and HRV, for the fre-
quencies between 0.04 and 0.15 Hz (aLF) and between 
0.15 and 0.40 Hz (aHF). The value was considered to be 
validated when the coherence between arterial blood 
pressure and HRV was greater than 0.5. 

Ambulatory systolic arterial blood pressure (SBP), 
diastolic arterial blood pressure (DBP), and mean arterial 
blood pressure (MBP) were assessed using a 24-hour 
ambulatory Holter recorder based on the auscultatory 
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method (Diasys Integra, Novacor, Rueil-Malmaison, 
France). 

2.3. Statistics 

The data were analyzed using the SPSS software.  

3. RESULTS 

Demographic data and clinical characteristics at time of 
ANS activity evaluation are presented in Table 1. Pe-
ripheral pain and hypohidrosis were reported by all pa-
tients. Six patients in the age range of 43 to 64 years all 
had CKD, cardiac hypertrophy, and one had severe 
neurovascular disease. Of the other patients, one young 
adult male who had no residual enzyme activity had been 
identified through family screening (patient 1) and had 
yet no signs of organ complications. In contrast, a 62- 
year-old female patient (patient 9) had 50% residual en-
zyme activity despite a large GLA gene deletion. She had 
been diagnosed at 30 years old and had progressed to 
end-stage renal disease (ESRD) necessitating kidney 
transplantation at age 41. Her respiratory insufficiency 
was believed to be due to Fabry disease. A third patient 
(patient 4, 51-year-old female, 30% residual activity) 
only had a cardiac conduction abnormality and was not 
commenced on ERT.  

Table 2 presents the autonomic nervous system activity 
indices. Sympathetic activity was conserved, as indicated 
by normal SDNN (mean 136.2 ± 46.3 ms) and SDANN 
(mean 91.0 ± 48.3 ms) values. Although the mean LF/HF 
ratio (2.96 ± 2.29) was found within the expected range, 
the results from 3 patients were suggestive of ANS dis-
balance. The parasympathetic activity, however, varied  

widely with pNN50 ranging from 1.8% to 46.8%, HF 
from 36 to 4009 msec2/Hz, and BRS from 0.69 to 19.78 
ms/mmHg. The LF/HF ratio spanned from 0.91 to 7.66. 
The VLFI index was frequently elevated, up to 6.90, and 
the value was above the threshold of 4.2 in 3 patients. 

A single patient (patient 9) had a very low Ptot, as as-
sessed by temporal analysis, and low sympathetic and 
parasympathetic indices (Fourier transform) with a LF/ 
HF ratio reaching 1.92 and a severely depressed BRS 
slope value. This particular patient had progressed to 
ESRD. The youngest patient had no signs of organ fail-
ure and exhibited the highest Ptot and BRS. 

Blood pressure values were relatively low in all pa-
tients necessitating careful titration of ACEI therapy (6 
patients) to avoid hypotensive side effects. Mean systolic 
blood pressure was 103 ± 10 mmHg and mean diastolic 
blood pressure 66 ± 5 mmHg.  

In this small population, a significant positive correla-
tion was found between glomerular filtration rate (GFR) 
and BRS (p < 0.05; r = 0.75, Figure 1), while there were 
no correlations with other ANS variables. Gender, age, 
proteinuria, left ventricular mass and arterial blood pres-
sure all did not significantly correlate with ANS indices. 
However, there was a tendency for the severity of pro-
teinuria to correlate with left ventricular mass (r = 0.66; p 
= 0.051).  

4. DISCUSSION 

We describe the results of quantitative measurements of 
ANS in 9 patients with Fabry disease. ANS indices (HRV, 
spontaneous BRS, and ambulatory blood pressure), ana-
lyzed using established methods [19-21,24], varied con-
siderably between the individuals. The indices of global 

 
Table 1. Demographics and clinical characteristics of 9 patients with Fabry disease. 

Patient Sex Age 
α-galactosidase 

A activity 
GLA  

mutation 
Proteinuria 

g/24H 
GFR  

ml/mn/1.73m2
Conduction 

disorder 
Left ventricular 

mass g/m2 
Various 

Enzyme  
replacement 

therapy 

1 M 25 0% N224D 0 122 N 68  Y 

2 F 64 29% N224D 0.45 71 Y 147  Y 

3 M 49 0% R227X 0.48 80 Y 100  Y 

4 F 51 30% R227X 0 100 Y 90  N 

5 M 51 0% c89delG 0.70 65 Y 150  Y 

6 F 63 4% R227X 1.50 85 Y 288 stroke Y 

7 M 43 0% c89delG 2.30 100 Y 279  Y 

8 M 47 0% L300P 0.30 109 N 300  Y 

9 F 62 50% 
Large  

deletion 
0 29 N 92 

respiratory  
insufficiency 

Y 

GFR is glomerular filtration rate, Y is yes, N is no. 
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Table 2. Autonomic nervous system activity indices in 9 patients with Fabry disease. 

Indices Units normal values 1 3 3 4 5 6 7 8 9 m ± SD 

Heart rate  
variability HRV 

            

Temporal analysis  
(nocturnal) 

            

SDNN msec 50 - 150 201.9 179.4 134.4 80.2 104.8 100.8 127.8 199.9 97.4 136.2 ± 4.3

pNN50 % >11% 46.8 24.3 28.5 11.9 6.9 48.3 9.5 4.3 1.8 20.2 ± 17.7

SDANN msec 50 - 150 148 126 45 54 60 48 72 178 88 91.0 ± 48.3

Fourier transform             

Ptot msec²/Hz 3500 - 4500 9770 7216 6578 2324 4060 5535 4695 1555 590 4702 ± 2938

HF msec²/Hz 50 - 100 1201 4009 773 190 102 1468 179 157 36 901 ± 1277

LF msec²/Hz 200 - 360 1446 844 1985 630 707 1195 869 264 62 889 ± 589

LF/HF  <3 1.35 0.28 3.05 3.64 7.66 0.91 5.08 2.79 1.92 2.96 ± 2.29

sleep apnea             

VLFI % <4.2 2.21 0.15 1.81 2.84 6.84 0.22 6.9 3.45 4.99 3.26 ± 2.53

Baroreflex BRS             

nocturnal slope ms/mmHg >10 19.78 13.59 12.99 16.30 6.57 18.59 11.99 9.26 0.69 12.79 ± 6.57

24 H blood pressure  
AMBP 

            

cardiac frequency /mn  68 60 59 60 66 67 64 86 83 70.1 ± 9.8

SBP mmHg  111 98 96 97 107 100 103 126 92 103.3 ± 10.2

DBP mmHg  67 65 59 66 65 72 62 74 65 66.1 ± 4.5

MBP mmHg  75 73 71 76 78 81 75 91 74 77.1 ± 5.9

High values are in italics, low values are in bold. 

 

 

Figure 1. Correlation between baroreflex and glomerular filtra-
tion rate (p < 0.05; r = 0.75). 

activity (Ptot, and in particular LF) were frequently high, 
while ANS balance was disturbed only in a few patients 
as indicated by an abnormal LF/HF ratio. Although sym- 
pathetic nervous system parameters (SDNN, SDANN) 
were within normal ranges, indices of parasympathetic 
parameters (i.e. pNN50, HF, BRS) were highly variable 
in our cohort.  

Hilz et al. have previously reported that baroreflex- 
mediated vasoconstriction can be deficient in patients 
with Fabry disease due to sympathetic vasomotor nerve 
fiber dysfunction [13]. In our study, BRS values were 
found to be strongly correlated with GFR. Neither sex 
nor age was associated with parasympathetic activity and 
there was no association with cardiac hypertrophy or 
rhythm abnormalities. Deficient BRS in relation with 
decline in GFR has been previously described in patients 
with chronic renal failure, regardless of the underlying 
renal disorder [25]. Sympathetic nervous system activa-
tion of the sympathetic nervous system has been reported 
to be an important feature contributing to renal injury 
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[26-29], in part through its concomitant adverse effects 
on hypertension [30]. Six of our patients had CKD and 
had undergone kidney biopsy showing typical Gb3 depo-
sition in the mesangial cells, endothelial cells and in po-
docytes. Yet, sympathetic nervous system indices were 
normal in all patients and blood pressures were low. Of 
note, systemic blood pressure has been found above the 
target level of 130/80 mmHg in substantial proportions 
of patients with Fabry disease [17].  

HRV indices varied considerably in our patients. De-
creased HRV has been reported in young patients with 
Fabry disease and is believed to reflect a reduction in 
parasympathetic stimulation of the heart [7]. Longitudi-
nal studies in the general population have documented 
the predictive value of low HRV for an adverse cardiac 
prognosis [31,32]. In particular, reduced ANS activity 
evaluated through HRV indices were independently as-
sociated with an increased risk of myocardial infarction, 
congestive heart failure, death from cardiovascular dis-
ease, and total mortality [31-33].  

Little is known about the mechanisms underlying dis-
turbances of ANS activity in Fabry disease, but multiple 
factors are believed to contribute to ischemic neural 
damage, including narrowing of neural small blood ves-
sels due to vascular endothelial Gb3 storage, loss of 
smooth muscle resiliency, and thrombotic complications 
[34]. A recent questionnaire study used the Autonomic 
Symptom Profile to prospectively evaluate ANS activity 
in 48 Fabry patients [35]. The investigators disputed the 
role of neuropathy in Fabry-related autonomic dysfunc-
tion based on their findings which included a low preva-
lence of orthostatic intolerance and normal cardiovascu-
lar autonomic function. Therefore, they dispute the role 
of neuropathy in Fabry-related autonomic dysfunction, 
and suggest a key role of organ failure was suggested to 
play a key role in development of signs of autonomic 
dysfunction. Of note, a patient questionnaire is a disput-
able method of quantifying ANS activity.  

Currently, there is no undisputable biomarker for dis-
ease burden of phenotypic diversity in Fabry disease [9]. 
Urinary Gb3 has been reported to correlate with clinical 
presentation but is a rather demanding test to perform 
[36]. Scoring systems, including an age-adjusted scoring 
system, have been developed to assess the overall sever-
ity of Fabry disease and progression over time [37-39], 
but they are not useful for evaluating ANS activity. Al-
though the sample size of our study does not allow 
drawing firm conclusions, assessing ANS activity may 
contribute to comprehensive staging of Fabry disease. If 
our results are confirmed by larger studies, it may assist 
in identifying patients at high risk of developing renal 
and cardiac events, and can be useful tool in non-inva- 
sive monitoring of patients on and off treatment. 
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