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Abstract: The clinical evaluation of patients with neurosensory injury is based on quantitative
sensory testing. Such tests require the patient’s cooperation, which may sometimes hinder a correct
diagnosis. Objective findings, e.g., with biomarkers, would therefore be valuable. We evaluated serum
biomarkers of vascular and neural injury in 92 patients with vibration injuries and in 64 referents.
Thrombomodulin (TM), a biomarker for endothelial damage, was elevated in HAVS patients with
Raynaud’s phenomenon (RP) compared to those without, as it also was in comparison to the referents.
In the patients without RP, those with increased cold sensitivity showed somewhat higher—but not
significantly different—values of TM (p = 0.4) than those without increased cold sensitivity, indicating
an endothelial dysfunction or injury.

Keywords: hand-arm vibration syndrome; hand arm vibration injury; Raynaud’s phenomenon; cold
sensitivity; biomarkers; thrombomodulin; glial fibrillary acidic protein; endothelial dysfunction

1. Introduction

The pathophysiology of hand-arm vibration syndrome (HAVS) is not fully clear. In
most cases neurosensory symptoms proceed vascular ones [1]. Data suggest there is an
individual susceptibility to HAVS, possibly due to contributions from coexisting medical
conditions, for e.g., diabetes neuropathy [2]. Different pathophysiological mechanisms such
as localized structural injuries affecting peripheral nerves and blood vessels and systemic
inflammatory processes may exist [3—7]. Elevated plasma levels of thrombomodulin (TM), a
marker for endothelial damage, are higher in vibration-exposed than in non-exposed work-
ers [8,9]. Glial fibrillary acidic protein (GFAP), a proposed marker for axonal damage [10],
has been detected in the nerve biopsies of type 2 diabetes subjects and controls [11], and
elevated serum levels of GFAP correlate to decreased nerve action potentials [12]. In addi-
tion to symptoms of numbness, having tingling or not, having an impaired perception of
touch, vibration, and temperature, and being diagnosed with Raynaud’s phenomenon (RP),
the patients often describe increased cold sensitivity [13]—a phenomenon that can mecha-
nistically be induced by a vascular or neural pathway following vibration exposure [14].
Individuals with nerve injury may recover from increased cold sensitivity, whereas patients
with HAVS may not [15].

Biomarkers for neural and vascular injuries may shed light on mechanisms as well as
be used as a complemental objective method for diagnosis, since clinical assessment of the

Proceedings 2023, 86, 27. https:/ /doi.org/10.3390/ proceedings2023086027

https:/ /www.mdpi.com/journal /proceedings


https://doi.org/10.3390/proceedings2023086027
https://doi.org/10.3390/proceedings2023086027
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0003-2789-6321
https://orcid.org/0000-0003-1334-3099
https://orcid.org/0000-0002-4539-8337
https://doi.org/10.3390/proceedings2023086027
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com/article/10.3390/proceedings2023086027?type=check_update&version=2

Proceedings 2023, 86, 27

2 of 5

neurosensory component of HAVS mostly relies on quantitative sensory tests requiring
cooperation of the evaluated patients.

Our aims were to investigate serum levels of biomarkers for vascular (TM) and for
nerve (GFAP) injury in patients with neurosensory HAVS, with or without RP, compared
to referents, as well as to study the association of increased cold sensitivity with the levels
of TM and GFAP in HAVS patients without RP.

2. Materials and Methods
2.1. Study Group
Ninety-two patients diagnosed with neurosensory manifestations of HAVS and/or RP

were recruited from our department of occupational and environmental medicine, together
with 64 referents, who were without a vibration injury.

2.2. Questionnaires

Data on descriptive characteristics and symptoms were collected via a questionnaire
(Table 1). Also, questions about job tasks and vibration exposure was assessed, not pre-
sented here.

Table 1. Descriptive characteristics of 92 patients with hand-arm vibration syndrome and 64 referents.

Patients with Raynaud’s Patients without Raynaud’s Referents
Phenomenon (n = 45) Phenomenon (n = 47) (n=64)
Age [years; median (range)] 45 (24-64) 45 (21-64) 43 (26-62)
Females [1 (%)] 1(2) 5(11) 9 (14)
Ongoing nicotine use [1 (%)] 23 (51) 17 (36) 25 (40)
Previous frost bites in hands [1 (%)] 6(15)2 4(9)b 3(5)¢
Raynaud’s phenomenon [1 (%)] 45 (100) 0 (0) 6 (10)
Cold sensitivity [1 (%)] 44 (98) 36 (77) 10 (16)
Impaired perception of touch [1 (%)] 29 (64) 16 (34) 10 (16)

2 missing data from 4 patients; ® missing data from 3 patients;  missing data from 4 referents.

2.3. Perception of Touch

Perception of touch was tested with a Semmes Weinstein Monofilament. If participants
were unable to detect stimulation with a filament, No. 3.61, corresponding to 0.4 g of force,
the perception of touch was considered impaired.

2.4. Biomarkers

Blood samples were collected in the morning. Serum was removed and stored at
—80 °C until analysis. TM and GFAP were measured by using commercially available
ELISA assays (TM by ELISA kit from BioVendor (Brno, Czech Republic); GFAP from
Proteintech, (Manchester, UK)) according to instructions provided by the manufacturers.
Samples were diluted in a ratio of 1:2 in sample diluent, and after sample preparation the
optical density was recorded in a microplate reader at a wavelength of 450 nm. Duplicate
readings were made. The detection limits (LOD) were 0.625 ng/mL for TM and 31 ng/mL
for GFAP.

2.5. Statistics

The Kruskal-Wallis test was used to compare median values between the group of
patients with and without RP and referents. Mann—-Whitney U tests were used for post
hoc analyses, and between the subgroups of patients with and without increased cold
sensitivity. p-values below 0.05 were considered statistically significant. The results have
not been adjusted for confounding effects.
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3. Results
3.1. Biomarkers in Patients with and without RP and Referents

The Kruskal-Wallis test showed a statistically significant difference in TM levels
between groups. Post hoc analyses showed a significant increase in the serum levels of
TM in patients with RP compared to patients without RP, as well in patients with RP
compared to the referents (Table 2). TM levels were highest in patients with RP and lowest
in the referents.

Table 2. Biomarkers in patients with and without Raynaud’s phenomenon and referents.

Patients with Raynaud’s Patients without Raynaud’s Referents
Phenomenon (n = 45) Phenomenon (n = 47) (n=64) p-Value
Median (Range) Median (Range) Median (Range)
S-TM (ng/mL) 6.1 (2.7-30) &P 5.2 (2.3-39) 2 4.3 (<LOD—40) P 0.003
S-GFAP (pg/mL) LOD ¢ (LOD-3070) LOD (LOD-2528) LOD (LOD-3376) 0.28

ap=0.02; p <0.001, ° LOD = below lowest detection level. p-values from Kruskal-Wallis test. Post hoc analyses
with Mann-Whitney U test.

3.2. Biomarkers in Patients without RP and with and without Increased Cold Sensitivity

Patients without RP, but reporting increased cold sensitivity, showed a somewhat
higher but not significant increase in the serum levels of TM (median 5.2; range 2.3-39)
compared to patients not reporting this symptom (4.6; 2.8-11); p = 0.4, Figure 1. For GFAP,
there were no significant differences between any of the groups.
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Figure 1. S-thrombomodulin in relation to increased cold sensitivity among HAVS patients without
Raynaud’s phenomenon. p = 0.4 (Mann—-Whitney U test). Far outliers marked with a star and outliers
marked with a circle.

4. Discussion

Patients with HAVS neurosensory injury and with RP had higher levels of TM than
vibration-injured patients without RP. Patients with HAVS neurosensory injury and with
RP also had higher levels of TM than the referents. There was no statistically significant
difference between HAVS patients without RP and the referents. Increased levels of
TM have been shown in previous studies on vibration-injured patients [8,9]. In one of
the studies, however, there was no significant difference between patients with RP and
those without RP [9]. This is in contrast to our findings that rather indicate that the RP
symptoms is required to detect a significant change in the biomarker TM in HAVS patients.
Patients with HAVS neurosensory injury without RP, reporting increased cold sensitivity,
revealed higher levels of TM (although not significant) compared to those not reporting
this symptom. Since TM is an endothelial marker, this may indicate that increased cold
sensitivity originates from an endothelial dysfunction or injury which possibly could
progress to RP.
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The levels of GFAP did not differ significantly between the groups in this study,
possibly because the neuropathy of the patients did not originate from any nerve injury
involving GFAP or possibly because the samples were collected at a time point not reflecting
the event for which the GFAP was released into the serum.
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