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Serum neurofilament light chain is not a useful biomarker of 
central nervous system involvement in women with Fabry disease
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Neurofilament Light Chain (NfL) serum concentration is a new noninvasive marker of 
neurodegenerative disorders. Fabry disease (FD) leads to accumulation of glycosphingolipids in tissues 
leading to progressive damage of critical body systems and organs, including peripheral and central 
nervous system. There are no established serum markers of neurodegeneration in FD. Our cross-
sectional single-center study was designed to prove the concept that serum NfL levels could reflect 
the severity of cognitive impairment and indirectly, the level of central nervous system involvement 
in women at earlier stages of FD. Twelve women with a diagnosis of FD confirmed by genetic tests 
and 12 matched healthy subjects were included. Serum concentrations of NfL were measured in 
all subjects together with neuropsychological tests that included Mini Mental State Examination 
(MMSE) and Montreal Cognitive Assessment Scale (MoCA). Quality of life was assessed with the 
Short Form Survey (SF-36). FD patients and healthy subjects did not differ with respect to serum NfL 
concentration, results of neuropsychological tests and quality of life. There was a significant positive 
correlation between NfL and globotriaosylosphingosine (lyso-Gb3) concentration in women with FD 
(R = 0,69, p = 0.01). There was also a correlation between NfL concentration and MoCA score but not 
MMSE score. Receiver operating characteristic (ROC) analysis showed that the best predictor for Mild 
Cognitive Impairment in both groups was eGFR. Serum NfL concentration does not appear to predict 
the degree of nervous system involvement in women with FD.

1. Introduction

Fabry disease (FD), is an ultra-rare lysosomal storage 
disease inherited as an X-linked disorder. FD is caused 
by a deficiency of the lysosomal enzyme alpha-
galactosidase A (α-Gal A; E.C. 3.2.1.22). GLA gene, 
located on X chromosome at Xq22, encodes a 429 
amino acid precursor that is processed to a 398 amino 
acid glycoprotein functioning as a homodimer. The 
mutation of GLA leads to a deficiency or absence of the 
enzyme α-galactosidase A (α-Gal A), which catalyzes the 
hydrolysis of globotriaosylceramide.
 Alpha-Gal A deficiency leads to progressive 
accumulation of glycolipids, and globotriaosylosphingosine 
(lyso-Gb3) in different cells of the body, leading to 
damage and dysfunction of affected organs. The most 
affected cells and tissues in FD include glomerular 
podocytes, cardiomyocytes, endothelial cells, vascular 
muscles and peripheral and central nerves. It all leads 
to dysfunction and failure of vital organs including 
the heart, kidneys and nervous system. The severity 
of the disease depends on the gender, age and the type 

of mutation. Males with classic phenotype have the 
highest risk of complications and early symptoms, 
while younger women mostly become affected by FD 
later in life (1).
 Neurofilaments are the main component of the 
neuronal cytoskeleton. Light (NfL), intermediate (NfM) 
and heavy (NfH) chains have been distinguished on the 
basis of their molecular mass. The serum concentration 
of NfL and their importance as a marker of central 
nervous system diseases have been demonstrated in 
several recent studies (2,3). Neuronal damage and 
physiological changes of the central nervous system 
(CNS) cause release of neurofilaments. This translates 
into elevated levels of NfL in the cerebrospinal fluid 
and ultimately in the blood, where its concentration 
reflects the rate at which NfL is released from the 
neurons (3). Several studies have shown a strong 
positive correlation between NfL in the blood and in 
the cerebrospinal fluid (4). Serum NfL concentration 
positively correlated with severity of various diseases 
of the central nervous system including multiple 
sclerosis, amyotrophic lateral sclerosis, frontotemporal 
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dementia, Alzheimer's disease, traumatic brain injuries 
and degeneration of the nervous system associated with 
HIV infection (2).
 The main physiologic factor influencing the NfL 
concentration is the age of the patients. With aging 
NfL concentration in healthy subjects increased by 
2.2% annually. After the age of 60, a further significant 
increase in NfL concentration is observed (5). These 
changes could be attributed both to aging itself and 
aggregation of comorbidities. It has been well proven 
that patients with FD are characterized with much faster 
brain aging compared to the healthy population (6). 
Patients with FD are at increased risk of developing 
cognitive dysfunction and most of them also have 
symptoms of depression (7). Patients diagnosed with 
severe depression have more cognitive impairment 
compared to the general population (8). It also was 
shown that in major depressive disorder higher levels 
of NfL were observed (9). However, it has not been 
confirmed in FD that the cognitive impairment is due to 
depressive symptoms but its risk factors include male 
gender, patients with classic disease phenotype, lower 
intelligence quotient (IQ) and a history of stroke (10,11).
 Many clinical tests have been developed to assess 
cognitive functions, each of which assesses specific 
domains of cognitive functioning, but in a different 
aspect. Screening tests play a key role in allowing each 
clinician to perform an initial assessment of cognitive 
impairment. The best validated tests used for screening 

for cognitive impairment include the Mini Mental State 
Examination (MMSE) and the Montreal Cognitive 
Assessment Scale (MoCA) (12,13). MMSE and MoCA 
were used and well-validated in recent studies assessing 
cognitive impairment in patients with FD (11,14).
 The aim of the study was to assess whether the 
serum concentration of NfL could be a marker of the 
early central nervous system involvement and cognitive 
impairment in women with FD.

2. Materials and Methods

The study was approved by the Local Ethics Committee 
and was conducted in accordance with the Declaration 
of Helsinki. All patients gave informed written consent 
to participate in the study.
 Twenty-four subjects were enrolled, including 12 
women with confirmed FD and 12 matched healthy 
controls. The study was conducted between March 
and October 2020. The characteristics of the study 
population is provided in Table 1. Diagnosis of FD was 
based on the blood concentration of α-Gal A, lyso-Gb3 
and on genetic tests. The tests were performed using 
the Dry Blood Spot method (DBS). Individual results 
are presented in Table 2. Only one woman from the 
study group has been qualified for enzyme replacement 
therapy.
 The patients with FD included in our study came 
from three different families. The degree of kindship and 
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Table 1. Clinical characteristics of the study population

No.

    1
    2
    3
    4
    5
    6
    7
    8
    9
    10
    11
    12

    1
    2
    3
    4
    5
    6
    7
    8
    9
    10
    11
    12

Age

42
21
64
42
45
71
51
22
42
47
20
40

42
68
36
30
37
53
48
54
41
76
73
54

eGFR: estimated Glomerular Filtration Rate; MMSE: Mini Mental State Examination; MoCA: Montreal Cognitive Assessment Scale; SF-36:The 
Short Form 36 Health Survey.

Education

12
12
8

17
17
12
17
12
17
17
12
17

17
12
13
20
20
17
17
12
12
12
12
12

eGFR

   88.8
 129.5
   45.8
   91.6
 113.1
   32.4
   63.5
 127.9
 111.5
   94.7
 133.7
 110.7

 116.2
   95.3
 116.3
 108.7
 109.7
   94.4
 129.7
   68.7

42
   34.4

46
   68.7

Diabetes

No
No
Yes
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
Yes
No
Yes
No
Yes

Stroke

No
No
Yes
No
No
Yes
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No

MMSE 

28
26
24
30
30
30
25
30
28
28
30
30

30
25
26
30
30
30
30
26
29
24
29
26

SF-36

62
28
87
62
23
74
19
28
27
35
15
39

18
63
52
26
23
22
44
67
74
84
100
67

MoCA 

28
29
24
29
29
24
25
29
27
25
30
28

30
23
26
30
30
26
30
24
28
19
24
24

Fabry disease group

Control group
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assessed with a Neurofilament Light Polypeptide (NEFL) 
ELISA Kit (antibodies-online GmbH, Aachen, Germany). 
Other parameters were measured using routine automated 
laboratory methods in a local laboratory.
 The mean value and standard deviation were 
calculated for each normally distributed variable. For 
non-normally distributed variables median value with 
the interquartile range (IQR) was calculated. Analysis 
of the normality of the distribution was performed with 
the Shapiro-Wilk test, and on the basis of its results, the 
parametric t-test or the non-parametric Mann-Whitney 
U test was used. Receiver operating characteristic 
(ROC) curves were drawn to assess the value of serum 
concentration of NfL, eGFR, lyso-Gb3 and α-Gal A 
indicating presence of mild cognitive impairment in 
the MoCA test. Statistica 13.1 software was used to 
perform the statistical analysis.

3. Results and Discussion

Serum NfL concentration did not significantly differ 
between groups (0,053 ± 0,1 vs. 0,048 ± 0,09 ng/
mL; p = 0.9). Women with FD also had similar blood 
hemoglobin, serum phosphate and PTH. Serum calcium 
concentration was higher in the FD group than in 
healthy women (2.38 ± 0.08 vs. 2.28 ± 0.11 mmoL/
L, respectively; p = 0.03). MMSE, MoCA and SF-36 
scores were also similar in each group.
 In women with FD there was a significant positive 
correlation between age and serum PTH concentration 
(R = 0.62, p = 0.03). The same correlation was not seen 
in the control group.
 In the FD group there was also a significant positive 
correlation between NfL and lyso-Gb3 concentration (R 
= 0.69, p = 0.01).
 In the control group a significant negative correlation 
was found between serum NfL and hemoglobin (R = 
-0.8, p = 0.001) MoCA score (R = -0.6, p = 0.04), and 
a positive correlation between NfL and serum PTH 

family trees of the patients are presented in Figure 1.
 The control group consisted of 12 healthy women, 
matched to women with FD for age, education level 
and kidney function. The exclusion criteria were the 
diagnosis of any disease of the central nervous system 
other than associated with FD, a disability that would 
hinder any of the study procedures such as hearing or 
vision loss, chronic kidney disease with eGFR < 30 mL/
min, dementia, acute functional psychiatric disorder and 
uncontrolled hypertension (systolic BP > 130 mmHg or 
diastolic BP > 80 mmHg).
 Every  pa t ien t  comple ted  a  qual i ty-of - l i fe 
questionnaire The Short Form 36 Health Survey (SF-36) 
and two screening tests assessing cognitive function, 
MoCA and MMSE.
 The MoCA and MMSE are commonly used as the 
screening neuropsychological scales. In MMSE, the 
most commonly used cutoff point for the diagnosis of 
dementia is a score of 24 points or less. The maximum 
score for the MoCA test is 30 points; a result of 26 or 
more points is defined as normal. A score from 19 to 25 
is considered as mild cognitive impairment (MCI) (13).
 During the same visit blood was collected in a 
fasting state after an overnight rest from all participants 
to determine serum concentration of NfL, creatinine, 
urea, calcium, phosphate, parathyroid hormone (PTH) 
and blood hemoglobin. The concentration of NfL was 

Table 2. Type of genetic variant, globotriaosylosphingosine 
and α-galactosidase A concentration in blood in women 
with Fabry disease

Patients 
No

1
2
3
4
5
6

7

8

9

10

11

12

Lyso-Gb3 
[ng/mL]

   4.6
   4.4
   6.8

8
 10.2
 22.7

 12.8

   4.6

   5.2

11

   7.1

 23.9

Mutation

c.680G>A(p.Arg227Gln)
c.680G>A(p.Arg227Gln)
c.439g>A (p.Gly147Arg)
c.439g>A (p.Gly147Arg)
c.439g>A (p.Gly147Arg)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)
c.138C>G (p.His46Gln)
c.153G>T (p.Met51Ile)
c.167G>T (p.Cys56Phe)

Lyso-Gb3: globotriaosylosphingosine; α-Gal A - α-galactosidase A.

α-Gal A 
[μmol/L/h]

4.7
1.4
1.7
1.9
3.3
0.4

1.2

3

1.6

2.4

1.8

0.6

Figure 1. Family trees of three families with Fabry disease 
included in our study.
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concentration (R = 0.8, p = 0.0009). These correlations 
were not present in women with FD.
 In the control group there was a strong negative 
correlation between age and MoCA score (R = -0.83, 
p = 0.0009) and a positive correlation between age and 
SF-36 score (R = 0.6, p = 0.04). In the FD group only a 
significant correlation between age and MoCA score was 
observed (R = -0.85, p = 0.0004).
 ROC analysis showed that the best predictor for MCI 
in both groups was eGFR. Area under the curve (AUC) 
for women with FD was 0.938 (95% CI: 0.792 - 1.083) 
and in the control group 0.857 (95% CI: 0.628 - 1.086). 
Detailed information on ROC analysis results is provided 
in Figure 2.
 Our cross-sectional single-center study was designed 
to prove the concept that serum NfL levels could reflect 
the severity of cognitive impairment and indirectly, the 
level of CNS involvement in women at earlier stages 
of FD without previous clinical symptoms of nervous 
system involvement. The hypothesis behind the study 
was that damage to the neurons in FD patients will result 
in an increase in concentration of NfL in cerebrospinal 
fluid and its penetration into the peripheral circulation, 
which can be assessed by measuring their serum levels. 
Loeffler T, et al. in a mouse model showed that NfL 
concentration can be a valuable biomarker not only in 
typical neurodegenerative diseases but also in other 
diseases that have an additional neuronal component, 
like lysosomal storage diseases, e.g., Gaucher disease 
(15). Erante D, et al. confirmed that NfL is a good 
biomarker of neurodegeneration in Niemann-Pick 
disease (16). Ru Y, et al. described NfL as a biomarker of 
neurodegeneration in neuronal ceroid lipofuscinosis type 

2 (CLN2 disease), another lysosomal storage disease. 
These authors showed in a canine model a significant 
correlation between serum NfL concentration and disease 
progression. Differently, in the human part of their study 
they were unable to show correlations between NfL 
concentration and CLN2 severity or age of the patients. 
However they showed, that NfL concentration decreased 
by 50% after enzyme replacement therapy was initiated 
(17).
 The above cited studies assessed the utility of NfL 
as a biomarker for the nervous system involvement in 
some lysosomal storage diseases. To our knowledge, 
there have been no similar studies in patients with FD. 
In FD women usually have a milder disease course 
than men, which is due to a random inactivation of the 
X chromosome. However, severe involvement of such 
target organs as the heart or kidneys is quite common 
(18). Despite residual enzyme activity, women with FD 
develop characteristic symptoms with age, including 
central nervous system symptoms. However, the clinical 
manifestation is more varied and the symptoms appear 
about 10 years later compared to men. The median 
interval between the onset of early FD symptoms and 
correct diagnosis is even more delayed in women, with 
a delay of 19 years on average (19). The identification 
of the marker of early nervous system involvement in 
women with FD could be particularly clinically relevant 
since women with this disease develop symptoms much 
later than men but the nervous system is most frequently 
involved. The symptoms of FD significantly interfere 
with patients daily functioning, which contributes to a 
significantly reduced lifespan. Studies show that the life 
expectancy of men with Fabry disease is 15 to even 20 

Figure 2. Predictors of mild cognitive impairment and receiver operating characteristic curves.
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years shorter, and that of women is 6 to 10 years shorter 
compared to the average life expectancy in the population 
(20). In our study, we were not able to confirm that NfL 
concentration is a clinically useful biomarker for an 
assessment of the degree of nervous system involvement 
in women with FD. It may be due to the young age of the 
patients included in the study and the fact that most of 
them had no or moderate typical symptoms of the disease 
from other organs than the nervous system. In most of 
our study subjects genetic tests were performed due to 
diagnosis of FD in their relatives.
 The α-Gal activities and the lyso-Gb3 concentration 
are the serum markers commonly used in the diagnosis 
and monitoring of FD. Measurement of α-Gal activity 
in plasma or leukocytes, which is the reference method 
for laboratory confirmation of the diagnosis in men, is 
often inconclusive in female patients whose enzymatic 
activity can range from low to normal values. In our 
study 25% of women with FD had normal α-Gal activity 
and the lyso-Gb3 concentration was above normal in all 
cases. The basis underlying variability of the phenotype 
in women is still poorly understood, but the role of X 
chromosome inactivation appears to be most important 
(21). In FD, lyso-Gb3 levels are always elevated in men, 
but only between 40 and 60% in women. Lyso-Gb3 
levels in women increase with age and are within the 
normal range in childhood. However, when symptomatic 
FD is suspected in adult women, both measurement 
of α-Gal A and plasma lyso-Gb3 activity improves the 
diagnostic value (18).
 In our study the concentration of lyso-Gb3 did 
not correlate with the results of the tests validated for 
diagnosis of cognitive dysfunction and with the results 
of the SF-36. Despite no difference in NfL concentration 
between study and control group, a positive significant 
correlation between the concentration of lyso-Gb3 and 
NfL in the populations of women with FD was seen. An 
accumulation of lyso-Gb3 deposits as a result of α-Gal A 
deficiency causes damage to nerve cells with subsequent 
pro-inflammatory activity (22,23). It is possible that due 
to early diagnosis of the disease and lack of previous 
neurologic symptoms in our study group, the risk of 
neurodegeneration was low and thus no difference in 
serum NfL concentration between the two groups was 
observed.
 Studies conducted so far have shown that patients 
with FD have significant cognitive deficits (24). Most 
of the studies attributed the changes of cognitive 
functioning in the course of FD to the accumulation of 
glycosphingolipids in the cerebral circulation (25). In 
our study, however, no relationship was found between 
lyso-Gb3 concentration and cognitive impairment. Many 
psychological tests have been developed for screening for 
cognitive impairment in clinical practice. They differ in 
their sensitivity and specificity. The most commonly used 
screening test in the diagnosis of cognitive impairment 
is MMSE. Körver S, et al. showed that MMSE did not 

allow screening for MCI in patients with FD and it may 
lose its predictive value when the cognitive impairment 
is milder, less prevalent and occurs predominantly in 
the executive domain, as appears to be the case in FD 
(14). Our results are consistent with the finding that 
MMSE cannot accurately distinguish patients with subtle 
cognitive impairment from patients without clinically 
detectable cognitive impairment. Therefore MoCA 
should be preferred to MMSE in populations at risk for 
MCI or with early-stage dementia. In a study conducted 
by Körver S, et al. MoCA questionnaire classified 21% 
of patients with FD as having MCI, compared with 11% 
in the reference group (14). These data are consistent 
with our results. In our study more patients were 
identified as having MCI with the MoCA test compared 
to MMSE.
 In our study, the mean score in MMSE and MoCA 
test was similar in FD women and control subjects. Löhle 
M, et al. also did not find any significant difference 
in the tests accessing cognitive functions between the 
patients with FD and healthy subjects. Their study group 
was larger, included both women and men in different 
stages of FD and with both classic and late type (11). 
In contrast our study included only women without any 
signs of central nervous system involvement.
 Our study results indicate that neither depression nor 
disease severity, time since FD symptoms, and enzyme 
activity predicted a cognitive dysfunction. The analysis 
found no association between cognitive impairment and 
test scores.
 Kidney disease is one of the major complications of 
FD and is associated with a continuous accumulation 
of glycosphingolipids throughout the nephron. This 
leads to progressive loss of GFR and eventually to 
renal failure. The kidney and brain share similar 
hemodynamic abilities, such as vasoregulation of the 
microcirculation. Studies have shown that lower eGFR 
was associated with increasing severity of chronic white 
matter hyperintensities (CWMH), and patients with more 
stable eGFR had fewer strokes than those with rapidly 
progressive kidney disease (26). Our study also suggests 
the importance of eGFR levels as a predictor of MCI 
in this patient group. Therefore, further research into 
the relationship between eGFR levels and MCI in FD 
patients is warranted (9).
 In our study, we did not show an association between 
elevated serum calcium levels in women with FD and 
serum PTH. In one previous study the authors tried to 
elucidate the pathomechanism of calcium-phosphate 
disturbances in patients with FD using a mouse model 
GlatmTg (CAG-A4GALT). The study results showed a 
relationship between hypercalcemia and hypercalciuria 
and secondary hyperthyroidism (27). This may suggest 
that patients with FD are at increased risk of accelerated 
bone resorption and osteomalacia (28).
 Our study has limitations, because we have 
assessed the concentration of NfL only in the peripheral 
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circulation. However, previous studies showed that the 
concentration of NfL in the blood strongly correlates 
with its concentration in the cerebrospinal fluid (29,30). 
Another limitation is a small study group, which is a 
result of the ultra-low incidence of the disease in the 
population and of the selection of only the female 
patients without any previous signs of central nervous 
system involvement typical for FD.

4. Conclusions 

The results of our study did not confirm the relation 
between the degree of nervous system involvement 
in women with FD and serum NfL levels. Therefore 
serum NfL cannot be considered as a useful marker of 
cognitive impairment in this disease. Our study also 
showed that MoCA is the preferred test to detect mild 
cognitive impairment in FD.
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