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ABSTRACT
Background: Fabry patients usually suffer from pain and pain attacks. The 
pathophysiology of pain in Fabry disease is not fully understood, but small 
fibre damage has been proposed as a possible mechanism. 

Methods: To get a better understanding of the relation between small fibre 
neuropathy (SFN) and pain in Fabry disease, intraepidermal nerve fibre density 
(IENFD) was assessed in a large cohort of Fabry patients to determine the extent 
of structural damage of small fibres in Fabry disease. Subsequently, relations 
between structural abnormalities, functional impairment and pain severity 
were investigated. We also explored correlations between concentrations of 
deacylated Gb3 (globotriaosylsphingosine, lyso-Gb3) and IENFD, small fibre 
function and pain. 

Results: Forty-three patients (61% of the Dutch Fabry population) agreed to 
have a skin biopsy. We found a decreased IENFD in all male patients and in 
57% of the female patients. More severe loss of intraepidermal nerve fibres was 
associated with more severe small fibre function loss. No association between 
IENFD and pain was found. Lifetime exposure to lyso-Gb3 was associated with 
hypofunction of small nerve fibres in male hemizygotes.

Conclusions: Most Fabry patients have a decreased IENFD which is associated 
with small nerve fibre hypofunction, but a direct relationship with pain was 
not found. We propose that peripheral sensitisation and the disappearance 
of pain in a subset of patients both play a role in the complex relationship 
between pain and SFN. Furthermore, our results point to a role of lifetime 
exposure to lyso-Gb3 in the pathogenesis of SFN in male patients.
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INTRODUCTION
Fabry disease (OMIM 301500) is an X-linked lysosomal storage disease caused 
by deficient activity of α-galactosidase-A leading to lysosomal accumulation of 
globotriaosylceramide (Gb3). Affected individuals develop a multi-system disease 
that includes pain and pain attacks. The pathophysiology of pain in Fabry disease 
is not fully understood, although small fibre neuropathy (SFN) as a result of 
glycolipid accumulation in the dorsal root ganglia has been proposed as possible 
mechanism1.

In general, somatic small nerve fibres are divided into two groups: small 
myelinated Aδ-fibres carrying cold sensation, and small unmyelinated C-fibres 
carrying warm sensation. Both types of nerve fibres are involved in pain sensation. 
Damage to Aδ- and C-fibres often occurs as part of a mixed polyneuropathy, but 
sometimes small-calibre nerve fibres are preferentially or solely affected, leading 
to a so-called pure or isolated SFN. The neuropathy found in Fabry disease is best 
characterised as isolated SFN2.

To diagnose SFN and to get insight in the severity of small fibre damage, two 
methods are used: quantitative sensory testing (QST) and skin biopsies. 

QST such as temperature perception and pain thresholds is an established, 
non-invasive, technique to assess small nerve fibre function3. Skin biopsies are 
used as a method to quantitate Aδ- and C-fibres in the epidermis4, and have a 
greater diagnostic efficiency than QST (88 vs 47%)3.

Recently, increased concentrations of deacylated Gb3 (globotriaosylsphingosine, 
lyso-Gb3), were found in plasma of Fabry patients5. A relation was found between 
lyso-Gb3 concentrations and brain white matter lesions6. Therefore, lyso-Gb3 
could be involved in the pathophysiology of SFN as well. Toxicity of this type of 
compounds towards neuronal cells is further supported by the recent finding of 
involvement of two atypical deoxy-sphingoid bases in the pathophysiology of 
hereditary sensory neuropathy type 1 (HSN 1)7. Clinical features of HSN1 closely 
resemble the SFN found in Fabry patients. 

To get a better understanding of the relation between SFN and pain in Fabry 
disease, skin biopsies were performed in a large cohort of Fabry patients. Nerve 
fibre function (as assessed by a QST protocol) and the presence and severity of 
pain, assessed as part of a previous study8, were studied in relation to structural 
impairment of small nerve fibres. Furthermore, we investigated whether lyso-Gb3 
concentrations correlated with structural and functional impairment of small nerve 
fibres and with the various measures of pain. 

METHODS
The Academic Medical Centre (AMC) is the single referral centre for the treatment 
of Fabry patients in the Netherlands. All male and female Fabry patients aged 
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12 years and older who visit the outpatient pediatric or adult clinic for inherited 
metabolic diseases at the AMC were invited to participate. In all patients a 
diagnosis of Fabry disease was confirmed by enzymatic assay or DNA mutation. 
Patients with ‘classical’ as well as ‘atypical’ Fabry disease were included. Classical 
Fabry disease is defined as a mutation in the α-galactosidase-A gene combined 
with the presence of typical Fabry manifestations, such as acroparesthesias, 
angiokeratoma and hypo- or anhydrosis in at least one family member. Patients 
carrying the R112H and P60L mutation do not meet these criteria and thus were 
considered atypical.

The Mainz Severity Score Index (MSSI), renal function and residual enzyme 
activity were used as disease severity measures. The MSSI was calculated as 
described in the original article9. In patients who are on enzyme replacement 
therapy (ERT), renal function was determined by the measured glomerular filtration 
rate (mGFR). In the other patients glomerular filtration rate was estimated (eGFR) 
by using the abbreviated MDRD equation (MDRD = Modification of Diet in Renal 
Disease Study)10. Residual enzymatic activity of α-galactosidase A was measured 
in leucocytes5.

Skin biopsies were taken 10 centimetres above the lateral malleolus of the right 
leg with a 3 millimetre circular punch and processed and counted as described 
previously11. In short, after the biopsy was performed, the specimen was fixed in 
cold fixative and subsequently kept in a cryoprotective solution for three nights. 
The biopsy specimens were cut with a freezing microtome in 50-μm sections and 
were then stained with a polyclonal panaxonal marker, PGP 9.5. Three sections 
from each biopsy were examined using bright-field immunohistochemistry. 
Intraepidermal nerve fibres (IENFs) were counted under the light microscope 
at high magnification (40x). Only single IENFs crossing the dermal-epidermal 
junction were counted. The length of the section was measured with computerised 
software and the intrapidermal nerve fibre density (IENFD) was calculated. 

The intraepidermal nerve fibre counts were performed by the investigator 
at the Amsterdam site (MBi). Interobserver variability was assessed by blinded 
comparison of IENFD scores between 2 observers (MBi and MBa). The Maastricht 
site has established age- and gender-matched reference values from 188 healthy 
subjects11, using the same methodology. Patient’s data from the current study 
were compared with these control data. Skin biopsy specimens from 43 healthy 
volunteers collected at the Amsterdam site were compared to the reference 
values from the Maastricht site. Nerve fibre densities of the volunteers from the 
Amsterdam site were within the 95% confidence intervals of the reference values 
from the Maastricht site and vice versa, indicating that skin biopsy specimens 
were assessed similarly at both sites and allowing the use of shared normative 
values. The density of intraepidermal nerve fibres was considered abnormal if the 
IENFD was below the 5th percentile of the age- and gender-matched reference 
values.
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As part of a previous study8, all patients underwent a QST protocol that 
included the cold detection threshold (CDT), warm detection threshold (WDT), 
cold pain threshold (CPT), heat pain threshold (HPT) and thermal sensory limen 
(TSL)12. The tests were done at the hand and foot. In the same study, pain intensity 
was assessed on an 11-point visual analogue scale (VAS), anchored no pain (0) and 
worst possible pain (10). Patients were asked successively to score their current 
pain, their most severe pain in the last 4 weeks and their mean pain in the last 4 
weeks13.

Lyso-Gb3 in plasma was measured before enzyme replacement therapy (ERT) 
was started as described previously5. In short, lyso-Gb3 is extracted from 100 
uL plasma with 900 uL chloroform / methanol 1/2 (v/v) followed by a phase 
separation with 1.2 mL methanol / water 1/1 (v/v). The upper phase was removed 
and the chloroform lower phase was extracted once more with 1.2 mL methanol/ 
water 1/1 (v/v). The combined upper phases were dried, taken up in 1 mL water 
and the water phase was extracted twice with 1 mL of water saturated n-butanol. 
Lyso-Gb3 was recovered from the butanol phase. The butanol phase was dried 
and dissolved in methanol. Lyso-Gb3 was derivatised with O-phtaldialdehyde 
and subsequently separated by HPLC. In unaffected people, lyso-Gb3 levels are 
below the detection level of 3 nM. To explore the relation between lyso-Gb3 and 
SFN, lyso-Gb3 concentration was related to IENFD, QST results and pain severity. 
Furthermore, the relation between maximum lifetime exposure to lyso-Gb3 (lyso-
Gb3 level * age) and IENFD, QST results and pain severity was investigated. Since 
age by itself is related to the severity of SFN8, we investigated whether lifetime 
lyso-Gb3 exposure was of additional value compared with age alone. Patients 
with atypical Fabry disease were excluded from these analyses as atypical patients 
are biochemically different from patients with classical disease, in that they do not 
have elevated lyso-Gb3 levels.

Protocol approval and patient consent
The study was approved by the local Ethics Committee and all patients (and 
parents if applicable) provided written informed consent.

Statistical analysis
All results are expressed by mean and standard deviation or median and range 
where appropriate. Differences between variables are calculated using the 
unpaired t-test or Mann Whitney test. Simple regression is used to describe 
relations between variables. Variables with a P-value of <0.05 are entered in a 
multiple regression model. Diagnostic tests are used to check for violations of the 
assumptions inherent in regression models. Significance is defined at a P-value 
of <0.05. 
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RESULTS

Patient characteristics
Forty-three patients (61% of the Dutch Fabry population) agreed to have a skin 
biopsy. Of them, 35 had classical and 8 had atypical Fabry disease. One 49-year old 
male patient with classical Fabry disease and advanced renal insufficiency (mGFR 
of 12 ml/min, MSSI sum score of 34, aGalA activity 6.40 mmol/l/hr, lyso-Gb3 level 
of 289 nM) was removed from all analyses as this patient had a history of multiple 
bilateral thalamic infarctions. It was therefore uncertain to what extent abnormal 
temperature perception was attributable to SFN or to intracerebral pathology in 
this patient. 

Table 1 shows the patient characteristics. The data on renal function shown in 
Table 1 are composed of mGFR data (mean ± SD) in 30 out of 42 patients (males: 

Table 1 Patient characteristics, pain severity and temperature thresholds

All patients
n = 42

Male patients 
n = 14

Female patients 
n = 28 P-value

Age, years median (range) 47 (12-73) 47 (21-66) 47.5 (12-73) 0.823

Enzyme replacement therapy, n (%) 26 (62) 12 (86) 14 (50)

MSSI sum score mean (SD) 17 (11) 22 (12) 15 (10) 0.045

mGFR or eGFR, ml/min mean (SD) 95 (34) 90 (43) 97 (29) 0.534

VAS current pain median (range) 1.5 (0-6) 0.5 (0-7) 0.989

VAS most severe pain median (range) 4 (0-8) 2 (0-9) 0.802

VAS mean pain median (range) 1.5 (0-6) 2 (0-9) 0.947

CDT hand mean (Z-score, SD)
CDT foot

-2.45 (1.57)
-2.95 (1.43)

-0.68 (1.18)
-1.53 (1.16)

0.000
0.001

WDT hand mean (Z-score, SD)
WDT foot

-2.01 (1.65)
-1.33 (1.12)

-0.59 (0.76)
-0.30 (1.50)

0.007
0.029

TSL hand mean (Z-score, SD)
TSL foot

-2.00 (1.27)
-2.29 (1.30)

-0.76 (0.74)
-1.17 (0.97)

0.004
0.003

HPT hand mean (Z-score, SD)
HPT foot

-1.25 (0.86)
-1.19 (0.84)

0.05 (1.27)
0.15 (1.65)

0.000
0.001

CPT hand mean (Z-score, SD) 
CPT foot

-0.31 (1.00)
-0.92 (0.38)

0.07 (1.14)
-0.13 (1.12)

0.296
0.002

n = 37 n = 13 n = 24

Enzyme activity in leucocytes, mmol/l/hr 
median (range)

13 (0-59) 1.1 (0-2.5) 19 (4.1-59) 0.000

SD=standard deviation, MSSI=Mainz Severity Score Index, mGFR=measured Glomerular Filtration 
Rate, eGFR=estimated Glomerular Filtration Rate, VAS=visual analogue scale, CDT=cold detection 
threshold, WDT=warm detection threshold, TSL=thermal sensory limen, HPT=heat pain threshold, 
CPT=cold pain threshold. A Z-score of > 1.96 is considered to be abnormal. 
The patient who was removed from the analyses had the following results: VAS current pain: 0, 
VAS most severe pain: 4, VAS mean pain: 1, CDT hand -5.01, CDT foot -3.23, WDT hand -2.28, 
WDT foot -2.20, TSL hand -3.58, TSL foot -2.46, HPT hand 1.07, HPT foot -1.57, CPT hand -0.05, 
CPT foot -1.02. His intraepidermal nerve fibre density was 6.8/mm.
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92 ± 46; females: 97 ± 34) and eGFR data (mean ± SD) in 12 patients (males: 81 
± 11; females: 98 ± 17).

Results of the QST protocol and pain severity measures were previously 
described in detail8. In summary, males showed an abnormal cold detection 
threshold (CDT) and thermal sensory limen (TSL) at the upper and lower limb. 
The QST results of female patients showed the same profile as that of male 
patients, however, Z-scores were within the normal range for all modalities. Older 
age and more severe disease were associated with more severe small nerve fibre 
hypofunction at the upper limbs in male patients and with the presence of small 
nerve fibre hypofunction at the lower limbs in female patients. Male patients had 
complete loss of nerve fibre function at the lower limbs. Regression analyses did 
not reveal a linear relationship between nerve fibre function and pain severity.

Intraepidermal nerve fibre density
Twenty-one of 43 skin biopsies were reassessed by a second investigator. The 
correlation coefficient for interobserver variability was 0.964 (P<0.001) indicating 
a very high level of reliability.

IENFD was reduced below the 5th percentile level in all male patients (n = 14) 
and in 16 female patients (57%). Eight males (57%) and one female (4%) had less 
than one epidermal nerve fibre per millimetre. Male Fabry patients had a median 
IENFD of 0.5/mm (range 0.0-3.6) which was lower (P<0.001) than the density found 
in females (3.9/mm (range 0.5-12.3)). IENFD did not differ between treated and 
untreated patients.

Simple regression analyses revealed associations between IENFD, age, 
the MSSI sum score and renal function in male patients (see Table 2). Multiple 
regression analysis showed that none of these variables independently predicted 
IENFD.

Relation between IENFD and nerve fibre function
Simple regression analyses in male patients revealed associations between IENFD 
and the cold detection threshold (see Fig. 1), warm detection threshold and 
thermal sensory limen at the upper limb (see Table 3a): with increasing loss of 
epidermal nerve fibres, more severe loss of function of small nerve fibres was 
found. In females, IENFD was associated with the warm detection threshold and 
thermal sensory limen at the lower limb. The association between IENFD and the 
heat pain threshold at the lower limb almost reached significance (see Table 3b).

In male patients, age, MSSI sum score and renal function were related to IENFD. 
Controlling for these variables revealed that IENFD independently predicted the 
warm detection threshold (B = 0.93 (95% CI: 0.13;1.73), P = 0.027) and thermal 
sensory limen (B = 0.67 (95% CI: 0.05;1.29), P = 0.037) at the upper limb.
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Table 2 Relation between age, disease severity and IENFD, males and females

IENFD simple regression, males IENFD simple regression, females

B (95% CI) β P-value B (95% CI) β P-value

Age -0.06 (-0.11;-0.01) -0.57 0.033 -0.06 (-0.13;0.01) -0.33 0.087

MSSI -0.06 (-0.12;-0.01) -0.58 0.030 -0.09 (-0.21;0.03) -0.29 0.129

mGFR or eGFR 0.02 (0.00;0.03) 0.55 0.043 0.01 (-0.03;0.05) 0.07 0.712

Enzyme activity 0.15 (-0.78;1.09) 0.11 0.723 -0.01 (-0.10;0.09) -0.04 0.855

B=regression coefficient, β=standardized regression coefficient, MSSI=Mainz Severity Score Index, 
mGFR=measured Glomerular Filtration Rate, eGFR=estimated Glomerular Filtration Rate

 

 

 

 

Figure 1 Relation between IENFD and the cold detection threshold at the upper limb, male patients (n 

= 15) 

 
O=male Fabry patients included in analyses 
∆=male Fabry patient excluded from analyses 

 

Figure 1 Relation between IENFD and the cold detection threshold at the upper limb, male 
patients (n = 15)

Relation between IENFD and pain severity
Simple regression analyses in male and female patients did not reveal any association 
between IENFD and pain scores. Moreover, IENFD did not differ between patients 
with and without pain. Three of the 9 patients with an IENFD of less than 1/mm 
scored zero points on the VAS for mean pain in the last 4 weeks.

O=male Fabry patients included in analyses
D=male Fabry patient excluded from analyses
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Relation between lyso-Gb3 and SFN
In total, 10 males and 24 females with classical Fabry disease were studied. They 
had median lyso-Gb3 levels of respectively 254 nM (range 51-320) and 17 nM 
(range 7-69) (Normal: below 3 nM). No associations were found between lyso-Gb3 
levels and IENFD, QST results and pain severity, except for an association between 
lyso-Gb3 level and the warm detection threshold at the upper limb in females (B = 
-0.02 (95% CI: -0.04;0.00), P = 0.046). 

In male patients, simple regression did not reveal associations between lifetime 
exposure to lyso-Gb3, IENFD and pain severity, but strong correlations were found 
with the cold detection threshold (P = 0.007) and thermal sensory limen (P = 
0.012) at the upper limb, and the cold detection threshold at the lower limb (P = 
0.019). In females, no relation between life time exposure to lyso-Gb3 and IENFD, 
QST results and pain severity was found. To differentiate between the contribution 
of lyso-Gb3 to age in male patients, the relationship with age was analyzed 
separately: simple regression analyses revealed that age accounted for 33% of 
the variation in cold detection threshold at the upper limb, whereas maximum 
lifetime exposure to lyso-Gb3 accounted for 62%. Similarly, this value increased 
from 21% to 57% of the variation in thermal sensory limen, and from 10% to 52% 
of the variation in cold detection threshold at the lower limb.

DISCUSSION
Intraepidermal nerve fibre density was assessed in a large cohort of male and 
female Fabry patients and we found a decreased IENFD in all male patients and 
in 57% of female patients. More severe loss of intraepidermal nerve fibres was 
associated with more severe nerve fibre function loss. No associations between 
IENFD, disease severity and pain measures were found. Lifetime exposure to lyso-
Gb3 predicted hypofunction of small nerve fibres in males with classical Fabry 
disease. 

Nerve fibre densities as found in the present study are comparable to those 
found in previous studies14-17. Also, the absence of a correlation between IENFD, 
disease severity and pain intensity is in accordance with previous findings14, 17, 
while low IENFD was associated with high pain symptom sub-scores in one study16. 
In contrast to earlier studies16, 17, the present study revealed a clear association 
between IENF densities and thermal thresholds. The absence of a correlation 
in these other reports may be due to the relatively small numbers of patients 
included. We showed that more severe loss of intraepidermal nerve fibres was 
associated with the presence of small nerve fibre hypofunction at the lower limbs 
in female patients. Males exhibited a more pronounced reduction of IENFD 
and complete nerve fibre function loss at the lower limbs. A further decrease of 
intraepidermal nerve fibres was associated with more severe loss of nerve fibre 
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function at the upper limbs. These observations point to a length-dependent 
neuropathy in Fabry disease.

We did not find a linear relationship between nerve fibre density and pain 
intensity. The nearly significant association between IENFD and heat pain 
thresholds in females points to the presence of peripheral sensitisation18: patients 
with a slightly decreased IENFD had positive heat pain threshold Z-scores 
indicating hypersensitivity, and patients with a lower IENFD had negative Z-scores. 
Besides, we found that one-third of Fabry patients with an IENFD of less than 1/
mm reported no pain on the VAS for mean pain in the last 4 weeks. These two 
observations explain why we did not establish a direct relationship between SFN 
and pain: advancing damage to the nerve fibres initially aggravates pain, which 
then disappears following vanishing of intraepidermal nerve fibres.

The pathogenesis of SFN in Fabry disease is largely unknown, but the results 
of this study point to a role of lifetime exposure to lyso-Gb3 in male Fabry 
patients. Maximum life time exposure to plasma lyso-Gb3 was estimated as 
concentration of plasma lyso-Gb3 * age. It has been observed that plasma lyso-
Gb3 is high immediately after birth in hemizygous male Fabry mice and stays 
constant during their life5. Unfortunately, comparable data are lacking for male 
Fabry patients, but it has been noted that plasma lyso-Gb3 is already high in 
young Fabry males, and even in examined cord blood of a Fabry male5. The 
situation in Fabry heterozygotes is fundamentally different. In Fabry females very 
low plasma lyso-Gb3 levels are encountered that slowly increase with age5. In 
other words, the calculated life time exposure to plasma lyso-Gb3 in this study is 
likely a vast overestimation in females. Of note, in our present study males but not 

Table 3a Relation between IENFD and QST results at the upper limb, males

CDT WDT TSL HPT CPT

B  
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P-value B 
(95% CI)

β P- value

IENFD 0.85
(0.32;1.38)

0.71 0.005 0.94
(0.42;1.46)

0.75 0.002 0.71
(0.31;1.12)

0.74 0.003 0.29
(-0.09;0.66)

0.44 0.120 -0.11
(-0.58;0.36)

-0.15 0.617

Table 3b Relation between IENFD and QST results at the lower limb, females

CDT WDT TSL HPT CPT

B  
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value

IENFD 0.02
(-0.14;0.17)

0.04 0.850 0.22
(0.04;0.40)

0.44 0.021 0.14
(0.03;0.26)

0.45 0.018 0.21
(0.00;0.41)

0.37 0.052 0.10
(-0.05;0.24)

0.26 0.188

B=regression coefficient, β=standardized regression coefficient, CDT=cold detection threshold, 
WDT=warm detection threshold, TSL=thermal sensory limen, HPT=heat pain threshold, 
CPT=cold pain threshold
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females showed correlations between lifetime exposure to lyso-Gb3 and nerve 
fibre function loss. How the association between lyso-Gb3 exposure and nerve 
fibre function in Fabry hemizygotes should be interpreted remains speculative. 
Lyso-Gb3 has shown to be capable of promoting proliferation of smooth muscle 
cells in vitro, suggesting a role in the pathogenesis of vascular pathology in Fabry 
disease5. Possibly, vascular pathology at the level of the vasa nervorum plays a 
role in the development of SFN. It cannot be excluded that lyso-Gb3 itself exerts 
a direct pathological effect on the nervous system. This would be in line with 
the previously observed association between lyso-Gb3 and brain white matter 
lesions6. Interestingly, very recently HSN1 has been shown to be caused by plasma 
accumulation of two sphingoid bases, 1-deoxy-sphinganine and 1-deoxymethyl-
sphinganine, that highly resemble lyso-Gb37. The neuropathy in HSN1 and Fabry 
disease show clear similarities, supporting the assumption of neurotoxicity of 
lyso-Gb319.

Although both ERT treated and untreated patients were included, it is unlikely 
that treatment has altered the results, as IENFD and thermal thresholds have not 
been shown to improve upon ERT in an earlier study15. Also, the inclusion of classical 
as well as atypical patients in the study of IENFD and thermal thresholds may have 
influenced our findings. Although lyso-Gb3 clearly differs between these patients, 
analyses of nerve fibre structure and its relation with function and pain were quite 
comparable between atypical and classically affected Fabry patients. Indeed, the 
atypical family in this study started with neuronopathic symptoms, which may or 
may not be related to Fabry disease. Exclusion of these atypical variants revealed 
similar results. Another criticism could be the removal of one patient from the 
analyses due to intracerebral pathology making it impossible to attribute sensory 
abnormalities to SFN only; future studies on nerve fibre function in Fabry patients 
should consider a history of thalamic infarctions as an exclusion criterion.

Table 3a Relation between IENFD and QST results at the upper limb, males

CDT WDT TSL HPT CPT

B  
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P-value B 
(95% CI)

β P- value

IENFD 0.85
(0.32;1.38)

0.71 0.005 0.94
(0.42;1.46)

0.75 0.002 0.71
(0.31;1.12)

0.74 0.003 0.29
(-0.09;0.66)

0.44 0.120 -0.11
(-0.58;0.36)

-0.15 0.617

Table 3b Relation between IENFD and QST results at the lower limb, females

CDT WDT TSL HPT CPT

B  
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value B 
(95% CI)

β P- value

IENFD 0.02
(-0.14;0.17)

0.04 0.850 0.22
(0.04;0.40)

0.44 0.021 0.14
(0.03;0.26)

0.45 0.018 0.21
(0.00;0.41)

0.37 0.052 0.10
(-0.05;0.24)

0.26 0.188

B=regression coefficient, β=standardized regression coefficient, CDT=cold detection threshold, 
WDT=warm detection threshold, TSL=thermal sensory limen, HPT=heat pain threshold, 
CPT=cold pain threshold



7

128

Altogether, small fibre structure is highly associated with small fibre function 
but the relation with pain is non-linear. Our findings suggest a complex relationship 
between SFN and pain with peripheral sensitisation and disappearance of pain in 
a subset of patients as hallmarks.
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