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Microvascular abnormalities in
skin capillaries of individuals with
amyotrophic lateral sclerosis
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This is the first study aimed to detect morphological abnormalities in vivo in the skin capillaries of
amyotrophic lateral sclerosis patients (ALS). Videocapillaroscopy assessed subungueal capillaries in 28
ALS patients (cases) and 35 controls (p =0.42). The mean age was 61.46 and 61.23 years, respectively
(p>0.99). No statistically significant differences were observed between the groups regarding
dominant hand, arterial hypertension, dyslipidemia, diabetes mellitus, active smoker, and former
smoker variables. 78.57% of cases had spinal onset and 21.43% bulbar. The median disease duration
(time between the onset of symptoms and the date of videocapillarscopy) was 29.71 months. Dilated
capillaries were detected in 17.8% of cases and 11.43% of controls (p =0.49). The median of capillary
diameter in cases was 10.15 pm and 8.72 pm in controls (p =0.011). 35.71% of cases and 2.86% of
controls had severe capillary tortuosities (p < 0.001). Ramified capillaries were observed in 46.43% of
cases and 11.43% of controls (p < 0.002). Micro-hemorrhages were only observed in 10.71% of cases.
No significant correlations were observed between disease duration and dilated capillaries, tortuosity,
ramified capillaries, and micro-hemorrhages. The present in vivo study shows abnormalities in the skin
capillaries of ALS patients that do not depend on disease duration.
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Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that affects upper and lower motor neurons,
producing focal onset motor deficits. The course of the disease is rapidly progressive, leading to death, usually
due to respiratory failure, in 3-5 years from the onset of symptoms'. A common pathological alteration is the
mis-localization and abnormal formation of phosphorylated transactive response DNA binding protein of
43 kDa (TDP-43) deposits in neurons, threads, and oligodendrocytes>>.

About 5-16% of patients have a family history of ALS, and they are classified as familial ALS (fALS), while
the remaining patients are categorized as sporadic ALS (sALS)*.

In addition to motor neurons, blood vessels are also compromised in sALS and transgenic animal models
bearing SOD1 mutations, which cause a small percentage of fALS. The blood vessel abnormalities in the
nervous system involve thigh junctions, cell interactions, matrix metalloproteinases, transport systems, free
radicals, and cytokines®. About 54% of pericytes, as revealed with platelet-derived growth factor receptor-f
immunohistochemistry, are lost in the spinal cord in ALS®. In addition, immunoreactivity to vascular endothelial
growth factor receptors VEGFR-1 and, to a lesser extent, VEGFR-2, is increased in blood vessels of ALS spinal
cords’. Moreover, deposits of abnormal TDP-43 occur in blood vessels of the spinal cord and frontal cortex area
8 in SALS®. Electron microscopic examination of the spinal cord in SOD1 transgenic mice discloses disorganized
mitochondrial cristae and degenerating mitochondria in endothelial cells and neuropil, swollen astrocyte foot
processes, swollen and degenerating capillary endothelial cells and astrocytes, and extensive extracellular
edema’. The blood vessel anomalies in SOD1 transgenic mice appear before motor neuron degeneration and
inflammatory responses, indicating that vascular changes contribute to disease initiation in murine models™.
Increased perivascular hemoglobin, hemosiderin deposits, plasma-derived immunoglobulin G, thrombin,
fibrin, and blood vessel leakage are found in the spinal cord in ALS!. These data point to cumulative factors
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contributing to the blood-brain barrier (BBB) and blood-spinal cord barrier (BSCB) dysfunction in ALS'>13.
Increased QALD in the CSF is a marker of poor prognosis in a subset of sALS patients'*.

Other studies have also shown altered blood vessels in ALS patients, including duplicated basement
membranes, deposition of abnormal proteins, decreased collagen IV, fragmented collagen fibers, increased
laminin 1V, increased expression of VEGF, and altered pericytes!>~1°.

In vivo capillary imaging of spinal blood flow shows a progressive decrease in capillary diameter, capillary
density, and red blood cell speed in the anterior gray matter from the pre-symptomatic stage of ALS model mice;
moreover, local spinal glucose utilization is transiently increased at pre-symptomatic stages, only to decrease
progressively at advanced stages of the disease in transgenic mice?.

Optical coherence tomography (OCT) has recently identified retinal abnormalities with increased thickening
of the outer wall of the retinal vessels compared to controls??2. Another study carried out on a tissue-engineered
skin model derived from skin biopsies from patients with ALS demonstrated, among other alterations, the
presence of TDP-43 positive cytoplasmic aggregates with indirect immunofluorescence on a standard microscope
as well as with a confocal microscope?. These data suggest that vasculopathy in ALS is a systemic disorder not
limited to the spinal cord and frontotemporal cortex.

The capillaroscopy is a non-invasive technique that visualizes the capillaries of the nail bed using a light
source and an optical magnifying system. In recent years, the method has been carried out using new equipment
called videocapillaroscopy with an optical probe that allows output to a computer and offers the possibility of
saving the information digitally?*. Various patterns of capillaroscopy indicative of different diseases have been
established through the classification of Maricq et al.?>, modified by Cutolo et al.?®.

This methodology could provide valuable insights into the vascular characteristics of ALS-affected capillaries,
offering a more accurate and real-time understanding of capillary modifications in ALS patients. It also holds
significant value as it allows the observation of capillary dynamics without the potential modifications introduced
during biopsy procedures or in the processing of skin biopsy samples.

Although numerous studies have explored vascular changes in the skin of ALS patients, it is noteworthy that
the skin capillaries of ALS patients have never been evaluated in vivo. For this reason, our primary objective
was to detect morphological abnormalities in vivo in the skin capillaries of ALS patients using this non-invasive
technique, videocapillaroscopy.

Results

Twenty-eight ALS patients, 64.29% males and 35.71% females, and 35 healthy controls, 54.29% males and
45.71% females, were enrolled in the study. No statistically significant differences were observed between the
groups (p=0.42). The mean age of ALS patients was 61.46 (9.85) years, and for controls, it was 61.23 years
(10.45). No statistically significant differences were observed between the groups (p>0.99). All controls and
92.8% of ALS patients were right-handed, while 7.14% were left-handed, showing no statistically significant
differences between the groups (p=0.19).

Regarding the comorbidities, 35.71% of ALS patients and 37.14% of healthy controls had arterial hypertension
and dyslipidemia, with no statistically significant differences between the groups (p=0.91). The prevalence of
diabetes mellitus was 3.57% among ALS patients and 11.43% among healthy controls; no statistically significant
differences were observed between the groups (p=0.37). Additionally, 3.57% of ALS patients and 20.00% of
healthy controls were active smokers, and 46.43% of ALS patients and 34.29% of healthy controls were former
smokers. No statistically significant differences were observed between the groups (p=0.066 and p=0.33,
respectively).

Regarding the distribution of the ALS phenotype, 78.57% of patients exhibited a spinal onset, while 21.43%
had a bulbar onset. Furthermore, 14.29% of ALS patients carried a C9orf72 hexanucleotide expansion. The
median disease duration was 29.71 months [19.34, 48.38], and the ALS Functional Rate Scale (ALSFRS) slope
median was 0.41 [0.26, 0.78] (Table 1).

Representative images of normal capillaries in healthy controls and altered capillaries in ALS patients are
shown in Fig. 1.

Concerning capillary morphology, 17.86% of ALS patients and 11.43% of controls had dilated capillaries
(p=0.49). The median capillary diameter in ALS patients was 10.15 um [8.5, 12.06], significantly larger than the
8.72 um [8.00, 10.00] observed in healthy controls (p=0.011) (Fig. 2).

In addition, 46.43% of ALS patients and 51.43% of healthy controls exhibited mild capillary tortuosities;
17.86% of ALS patients and 28.57% of healthy controls had moderate capillary tortuosities, while 35.71% of ALS
patients and 2.86% of healthy controls presented severe capillary tortuosities. These differences were statistically
significant (p <0.001). Ramified capillaries were observed in 46.43% of ALS patients and 11.43% of healthy
controls, with statistically significant differences (p <0.002). The sub-papillary venous plexus was visible in
all subjects, and no avascular zones or thrombosis were identified in any participant. Additionally, there were
no significant differences in capillary density between ALS patients and controls (p=0.76). Notably, micro-
hemorrhages were observed in 10.71% of ALS patients and none of the healthy controls (Table 2; Fig. 3).

Finally, we analyzed potential correlations between disease duration and capillaroscopic abnormalities,
including dilated capillaries, tortuosity, ramified capillaries, and micro-hemorrhages. As indicated in Material
and Methods, disease duration is here considered the time between the beginning of symptoms and the time of
videocapillaroscopy No significant differences were observed (Table 3 and Fig. 4).

Discussion
This study in vivo of patients with ALS utilizing video-capillaroscopy has produced compelling findings that
shed new light on the nature of the disease. While capillaroscopy has been widely employed in diagnosing and
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Control,n=35 | ALS, n=28 P-value
Age, mean (SD) 61.23 (10.45) 61.46 (9.85) >0.99!
Gender, n (%) 0.42%
Male 19 (54.29%) 18 (64.29%)
Female 16 (45.71%) 10 (35.71%)
Dominant hand, n (%) 0.19%
Right 35 (100.00%) 26 (92.86%)
Left 0 (0.00%) 2 (7.14%)
Arterial hypertension, n (%) 0.912
No 22 (62.86%) 18 (64.29%)
Yes 13 (37.14%) 10 (35.71%)
Dyslipidemia, n (%) 0.912
No 22 (62.86%) 18 (64.29%)
Yes 13 (37.14%) 10 (35.71%)
Diabetes mellitus, n (%) 0.373
No 31 (88.57%) 27 (96.43%)
Yes 4 (11.43%) 1(3.57%)
Active smoker, n (%) 0.06°
No 28 (80.00%) 27 (96.43%)
Yes 7 (20.00%) 1(3.57%)
Former smoker, n (%) 0.332
No 23 (65.71%) 15 (53.57%)
Yes 12 (34.29%) 13 (46.43%)
Phenotype, n (%)
Bulbar 6(21.43%)
Spinal 22 (78.57%)
C90rf72, n (%)
Normal 24 (85.71%)
Expanded 4 (14.29%)
Disease duration (months) Median [Q1, Q3] 29.71 [19.34,48.38]
ALSFRS slope Median [Q1, Q3] 0.41 [0.26, 0.78]

Table 1. Demographics of the groups. 'Wilcoxon rank sum test. 2Pearson’s chi-squared test. >Fisher’s exact test.

monitoring various rheumatological disorders such as systemic lupus erythematosus?’, scleroderma?®, Raynaud’s
phenomenon?*?8, and dermatomyositis?’, its application in ALS has been unexplored until now. It is recognized
that various rheumatological diseases may show specific capillaroscopic patterns®>2°. However, it is relevant to
note that the current study findings do not align with any known patterns established for these diseases.

This study observed significant differences between ALS patients and the healthy control group. These
differences encompassed moderate and severe tortuosity of capillaries, more ramified capillaries characterized
by an increased number of branches, larger capillary diameter, and the presence of micro-hemorrhages. In
contrast, no differences were detected in dilated capillary, capillary density, or avascular areas.

Our cohort has no statistically significant differences regarding age, gender, or cardiovascular comorbidities.

The study’s results have significant implications for two reasons. Firstly, they support that vascular alterations
in ALS are not confined to the central nervous system. Rather, vascular pathology also affects skin capillaries,
possibly through a different pathway than systemic sclerosis. These observations expand our understanding
of ALS as a complex condition with effects extending beyond neuronal degeneration. Secondly, the specific
findings identified in the study are of immense importance. Micro-hemorrhages indicate capillary damage,
while the observation of increased ramified capillaries suggests increased angiogenesis?**.

These observations align with microscopical studies in skin blood vessels showing duplicated basement
membranes, deposition of abnormal proteins, decreased collagen IV, fragmented collagen fibers, increased
laminin IV, increased expression of VEGE, and altered pericytes'>~'°.

The vascular etiology of ALS is not a novel concept. Previous research on SOD1 mutant mice demonstrated
disruption of the blood-spinal cord barrier, resulting in micro-hemorrhages, reduced microcirculation, and
hypoperfusion even before motor neuron degeneration and inflammatory responses occurred. These findings
suggest that vascular changes contribute to disease initiation, at least in murine models'°.

Moreover, other studies have shown significant increases in vascular endothelial growth factor (VEGF)
levels in ALS patients’ cerebrospinal fluid (CSF) and serum. Elevated VEGF levels have been positively
correlated with disease duration and inversely correlated with disease progression rate®!. Importantly, increased
immunoreactivity to VEGF receptors VEGFR-1 and, to a lesser extent, VEGFR-2 occurs in blood vessels of the

ALS spinal cord’. VEGF promotes angiogenesis and is an essential neurotrophic factor for motor neurons*.
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Fig. 1. Capillaroscopic findings in healthy controls and ALS patients. (A) and (B): Characteristics of normal
capillaroscopy of the nail bed without micro-hemorrhages, ramified capillaries, dilated capillaries, or
tortuosities. We can identify a thin arterial afferent branch and a thicker venous efferent branch with a fork or
U-shaped morphology without tortuosities. (C): Tortuosities with a dilated capillary. This image corresponds
to a 47-year-old man with severe involvement of both upper and lower motor neurons, and rapid progression.
(D): Micro-hemorrhages. This image corresponds to the same patients as image (C). (E): Tortuosity. This image
corresponds to 70-year-old women with a spinal phenotype and slow progression. (F): ‘Ball of wool’ capillary
resulting from severe damage of capillary structure; This image corresponds to 73-year-old women with spinal
ALS with predominant involvement of upper motor neurons. (G) and (H): Ramified capillaries from a patient
bearing an expansion of C9orf72.
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Fig. 2. Box-plot of capillary diameter values. ALS patients tend to have significantly larger capillary diameters
than controls, p value=0.011, Wilcoxon test.

Capillary density, Median [Q1, Q3] | 7.00 [7.00,8.00] | 7.00 [6.75,8.00] | 0.76"

Capillary diameter, Median [Q1, Q3] | 8.72 [8.00, 10.00] | 10.15 [8.50,12.06] | 0.011!

Dilated capillary, n (%) 4 (11.43%) 5(17.8%) 0.49° 1.68 [0.40, 7.48]
Avascular zones, n 0 (0.00%) 0 (0.00%) >0.99°

Tortuosity, n (%) <0.001% | 1.89 [0.66, 5.54]
Without 6(17.14%) 0 (0.00%)

Mild 18 (51.43%) 13 (46.43%)

Moderate 10 (28.57%) 5(17.86%)

Severe 1(2.86%) 10 (35.71%)

Ramified capillaries, n (%) 4(11.43%) 13 (46.43%) 0.002° | 6.72[2.00,27.19]
Micro-hemorrhages, n (%) 0 (0.00%) 3(10.71%)

Thrombosis, n 0 (0.00%) 0 (0.00%) >0.99?

Sub-papillary venous plexus, n (%) 34 (97.14%) 27 (96.43%) >0.992

Table 2. Capillaroscopy results in ALS patients and controls. Fisher exact test to calculate p-value; univariant
logistic models to calculate odds ratio (OR). CI confidence interval. 'Wilcoxon test. *Fisher exact test;
univariant logistic models to calculate odds ratio (OR).

We hypothesized that VEGF upregulation may indicate an activation of compensatory responses in ALS?!
to preserve and prolong motor neuron survival through neurotrophic mechanisms and to increase vascularity
through angiogenic processes. The angiogenic activity may increase vascularization, leading to alterations in
patient skin, including those observed with capillaroscopy in our study.

These distinct alterations were not linked to disease duration, thus suggesting that capillary alterations may
be present individually at any time of the disease progression.

Whether these changes appear at early stages of the disease in a subpopulation of ALS cases cannot be
excluded with the present data.
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Fig. 3. Stacked bar plots of capillaroscopic parameters. (A). Dilated capillary: ALS patients tend to have larger
capillary diameters compared to controls. (B). Tortuosity: the majority of ALS patients have moderate or severe
capillary tortuosity, whereas mild or no tortuosity occurs in controls. (C). Ramified capillary: ALS patients
have more branches compared to controls. D: Micro-hemorrhages occur in a subgroup of ALS patients.

Disease duration (months), Median (IQR) | 29 (15-58) 31 (26-34) >0.99!
Tortuosity Mild, n =12 | Moderate, n =5 | Severe, n=9 | p-value
Disease duration (months), Median (IQR) | 29 (17-45) 34 (27-48) 27 (10-61) | 0.68>
Ramified capillaries No,n=14 | Yes,n=12 p-value
Disease duration (months), Median (IQR) | 33 (15-47) 27 (24-61) 0.92!
Micro-hemorrhages No,n=23 |Yes,n=3 p-value
Disease duration (months), Median (IQR) | 27 (19-55) 24 (26-34) >0.99!

Table 3. Correlations between disease duration and dilated capillary, tortuosity, ramified capillaries, and
micro-hemorrhages. ! Wilcoxon test; 2 Kruskal-Wallis test.

In conclusion, we found several abnormalities in the skin capillaries of ALS patients associated with
angiogenic phenomena. Importantly, these alterations are not associated with the duration of the disease.
Further studies involving larger patient cohorts are needed to evaluate whether these abnormalities could have
prognostic implications for individuals with ALS.

Materials and methods

Ethics statement

The study was conducted by the Declaration of Helsinki and approved by the Ethics Committee of Bellvitge
University Hospital (protocol code: PR396/20, date of approval: 03/12/2020). The protocol was updated and
reapproved by the same Ethics Committee on 08/02/2024. The protocol includes the informed consent of the
patients.

Inclusion of patients
ALS patients were examined at the motor neuron diseases multidisciplinary unit of the Bellvitge University
Hospital. All patients met the El Escorial criteria for a definite and probable category®***. Patients with
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Fig. 4. Distribution of values of capillaroscopic parameters according to the disease duration (months).

other motor neuron diseases were excluded. All patients underwent a routine first visit in outpatient clinics,
including a neurological examination, cranial and cervical magnetic resonance imaging (MRI), and subsequent
electroneurography, electromyography, blood analysis, lumbar puncture, and transcranial magnetic stimulation
in some cases. ALS patients were evaluated clinically according to the primary signs at onset (spinal, bulbar,
and respiratory). Spinal-onset ALS was considered when the weakness started in the lower or upper limbs, and
the clinical examination showed atrophy, weakness, fasciculations, and hyperreflexia. In bulbar-onset ALS, the
disease begins with dysarthria, dysphagia, and, sometimes, tongue fasciculations; disease progression affects
limbs and is accompanied by hyperreflexia. Respiratory-onset ALS is characterized by orthopnea or dyspnea,
sometimes accompanied by mild spinal or bulbar signs. All the diagnoses were confirmed by electromyography
and the monitoring of their evolution. The variables of age, gender, arterial hypertension, hyperlipidemia,
diabetes mellitus, active smoking status, and former smoking status were collected for all the patients.

Inclusion of healthy controls
The healthy control group was recruited from employees at Bellvitge University Hospital.

Control participants were carefully selected to ensure the absence of neurological diseases and were verified
to be free from systemic conditions known to influence capillaroscopy evaluations. The variables of age, gender,
arterial hypertension, hyperlipidemia, diabetes mellitus, active smoking status, and former smoking status were
collected for all healthy controls.

Exclusion criteria

Individuals with rheumatic diseases, Raynaud’s phenomenon, and digital ulcers were systematically excluded
from the study. Furthermore, we excluded two ALS patients and one healthy control due to suboptimal
visualization techniques. The resulting conclusive dataset comprised 28 ALS cases and 35 healthy controls, as
detailed in Table 1.

Videocapillaroscopy evaluation

We employed videocapillaroscopy equipment to conduct our assessments, examining both hands in all
participants. A drop of immersion oil was applied to the nail bed. The captured images were systematically
saved on a computer for subsequent analysis. The evaluation encompassed various parameters, including
capillary density, avascular zones, capillary diameter, morphology (tortuosity and ramified capillaries), micro-
hemorrhages, thrombosis, and visibility of the venous plexus.
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Videocapillaroscopy analysis

A neurologist initially reviewed the images, followed by assessments by two rheumatologists. This sequential
and collaborative approach ensured a thorough and diverse evaluation of the recorded data, enhancing the
robustness and reliability of our findings.

Definition of capillaroscopic parameters

- Morphology of the capillaries: The typical capillary comprises a thin arterial afferent branch and a thicker
venous efferent branch arranged in a fork or U-shape. Capillary thickening, capillary tortuosity, and ramified
capillaries were also assessed?*2>,

- Capillary tortuosity classification: We defined four categories using a qualitative classification: without tor-
tuosities, when the capillaries have a hairpin shape; mild tortuosities, when the limbs bend but do not cross;
moderate tortuosities, when the limbs cross once or twice; and severe tortuosities, when the capillaries have a
significant distortion and twisting leading to a disrupted capillary pattern”.

- Capillary diameter: Capillary diameter was determined by measuring three capillaries on the fourth finger of
the non-dominant hand; subsequently, the mean was calculated.

- Ramified capillaries are characterized by branching, bushy, or coiled capillaries, often originating from a sin-
gle normal-sized capillary’. Our study classified it as ramified if we observed more than two ramified capil-
laries in more than two fingers.

- Dilated capillaries are defined as those with a caliber ranging from > 20 pm to < 50 pm, considered non-spe-
cific dimension abnormalities®.

- Sub-papillary venous plexus: located in the papillary portion of the dermis and assessed depending on its ease
of visualization; grade 0: no visualization; grade 4: optimal visualization. The assessment of this parameter is
subjective and relies on the examiner’s experience.

- Subungueal micro-hemorrhages: Grade 1: fewer than two bleeds per finger; Grade 2: more than two punc-
tate micro-hemorrhages per finger; Grade 3: extensive and confluent hemorrhagic areas. Micro-hemorrhages
must appear in more than two fingers in each hand. All other micro-hemorrhages are categorized as likely
traumatic and excluded.

- Capillary density: In adults and under normal conditions, capillaries are usually >7/mm2. The classification
of avascular zones ranges from 0 to 3. Grade 0 means no avascular zones; grade 1 means one or two avascular
zones; grade 2 means more than two avascular zones; and grade 3 means confluent avascular areas?-26%,

Clinical variables
We calculated the diagnostic delay as the diagnosis date minus the start age, the start age as the start date minus
the date of birth, and disease duration as the videocapillaroscopy evaluation date minus the start date.

The ALSFRS-r Slope was calculated on the date of the videocapillaroscopy evaluation using the following
formula:

ALSFRS-r Slope = (ALSFRS-r before disease onset—ALSFRS-r at the time of videocapillaroscopy evaluation)
/ disease duration (in months).

Genetic analysis
DNA extraction was performed in the Maxwell® 16 automatic DNA extraction system from leukocytes present
in peripheral blood, obtained with EDTA-K3 tubes, and kept at (2-8) °C for a maximum of one week until the
DNA was obtained.

A fragment analysis by capillary electrophoresis was made after PCR amplification of the polymorphic
GGGGCC region in the c9orf72 gene, using primers (1 uM) 5-FAM- CAAGGAGGGAAACAACCGCAGC
C-3” and 5- GCAGGCACCGCAACCGCAG-3; and HotStart G2 GoTaq polymerase (Promega), with betaine
1 M and DMSO 5%; the PCR program consisted of 40 cycles of 97°C-30 s, 68°C-30 s, 72°C-60 s, with a final
extension at 72 © for 5 min.

Besides, a confirmatory RP-PCR amplification was performed using primers 5-FAM-CGGGCGCAGGCAC
CGCAACC-3’ (1,6 uM), 5-TACGCATCCCAGTTTGAGACG-3’ (1,6 uM) and 5-TACGCATCCCAGTTTGA
GACGGGGGCCGGGGCCGGGGCCGGGG-3’ (0,8uM), and HotStart G2 GoTaq polymerase (Promega), with
DMSO 5%, deaza-GTP (0,04 mM) and 1 X SuperFi GC Enhancer (ThermoFisher); the PCR consisted of an 8
cycle-touchdown program (with 2 °C decrement per cycle, from 70 °C to 56 °C) followed by 40 cycles of 95°C-
30s, 56°C-30 s, 72°C-3 min, with a final extension at 72 © for 5 min.

GGGGCC hexanucleotide repeat length of > 30 was used as the standard threshold to distinguish between

neutral and pathogenic expansions®.

Statistical analysis

The number of cases and percentages are presented as categorical variables; continuous variables are shown as
mean and standard deviation (SD) or median with the first and last quantile [Q1, Q3], depending on whether
the data distribution was normal.

The Wilcoxon rank sum test was used for continuous variables to compare the demographic and clinical
profiles of the recruited sample groups. Pearson’s chi-squared test or Fisher’s exact test for categorical variables.
Box plots and stacked-bar plots were also used.

The association of disease duration (months since diagnosis) with capillaroscopy parameters was assessed
in ALS patients. Scatter plots and Spearman correlation tests were performed for numerical non-normal
capillaroscopy parameters; box plots and Wilcoxon tests were used for the categorical parameters.

All analyses were done with the statistical package R version 4.2.2 for Windows.
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Accepting an alpha risk of 0.05 in a two-tailed test with 35 subjects in the control group and 28 subjects in

the ALS group, the statistical power to detect a statistically significant difference was 89% for ramified capillaries
(from 0.1143 in the control group to 0.4643 in the ALS group) and 93% for severe tortuosity (from 0.0286 to
0.3571).

Data availability

Data supporting the findings of this study are available from the corresponding author upon request.
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