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Abstract

Background and aims: Hypermobile Ehlers-Danlos Syndrome (hEDS) frequently presents with
chronic pain and autonomic symptoms, often accompanied by suspected Small Fiber Neuropathy
(SFN) and overlapping fibromyalgia. The contribution of SFN to pain characteristics and autonomic
dysfunction in hEDS remains unclear. This study aimed to evaluate the prevalence of SFN in hEDS
patients with chronic pain and autonomic symptoms, determine the frequency of fibromyalgia and
compare pain and autonomic symptoms between patients with secondary hEDS-associated
fibromyalgia and those with primary fibromyalgia.

Methods: We enrolled 23 hEDS patients (21 females) with painful symptoms. Data from 41
patients with primary fibromyalgia were retrieved from a previous study using the same
methodology. Pain and autonomic symptoms were assessed using the Neuropathic Pain Symptom
Inventory (NPSI) and the COMPosite Autonomic Symptom Score-31 (COMPASS-31)
questionnaire, respectively. Diagnostic assessments included Nerve Conduction Studies (NCS),
pain somatotopic maps and Quantitative Sensory Testing (QST). Intraepidermal nerve fiber density
(IENFD) was measured by using a skin biopsy, while Dinamic Sweat Test (DST) was employed to
measure sudomotor function.

Results: Among the hEDS patients, 22 (96%) experienced widespread pain. SFN was diagnosed in
7 (30%) patients, who showed reduced IENFD in both distal and proximal sites in a non-length-
dependent pattern, along with impaired cold detection thresholds. No significant differences in
NPSI or COMPASS-31 scores were observed between patients with and without SFN. Twenty out
of 23 (87%) hEDS patients met the criteria for fibromyalgia. Patients with secondary hEDS-
associated fibromyalgia reported lower pain and autonomic symptom scores compared to those with
primary fibromyalgia

Discussion: SFN is moderately prevalent among hEDS patients with painful symptoms, suggesting
it may represent a specific neuropathic component of hEDS. Most hEDS patients with pain fulfill

diagnostic criteria for fibromyalgia. Secondary hEDS-related fibromyalgia presents with less severe
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neuropathic pain and autonomic symptoms than primary fibromyalgia, indicating they might
represent distinct entities. Comprehensive, multidisciplinary approaches are warranted to improve

diagnosis and management of pain and autonomic symptoms in hEDS patients.
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1. Introduction

1.1 Small fiber neuropathy

1.1.1 Small fiber neuropathy: Epidemiological and clinical features

Small fiber neuropathy (SFN) refers to a selective or predominant dysfunction of peripheral thinly
myelinated Ad fibers and unmyelinated C fibers [1]. Clinically, neuropathic pain typically
dominates the symptom profile, often accompanied by varying degrees of thermal and nociceptive
sensory loss, as well as dysautonomia [1]. SFN has become a well-established differential diagnosis
for painful peripheral nervous system disorders [2].

Epidemiological data on SFN are limited, with the primary source being a study conducted in the
Netherlands, which reported an incidence of 12 cases per 100,000 per year and a prevalence of 53
cases per 100,000 [3]. The adoption of standardized diagnostic criteria is essential for the
classification of SFN and for generating reliable epidemiological data. For instance, fibromyalgia,
which affects up to 5% of the European population [4], has been shown in a recent systematic
review and meta-analysis to be complicated by SFN in approximately 49% of cases [5].

Patients with SFN present with various clinical patterns: length-dependent polyneuropathy, which
initially affects the feet and later progresses proximally; non-length-dependent neuropathy, which
involves all limbs from the onset; and asymmetric mono- or multiplex neuropathy, which affects
one or more sensory peripheral nerves (Figure 1) [6-9].

Regardless of the pattern, SFN clinical manifestations include both "negative" and "positive"
symptoms and signs related to the degeneration of Ad and C fibers, resulting from impaired
conduction and sensitization due to neural damage. Patients with length-dependent SFN commonly
report spontaneous pain with burning, electric-like sensations, or pins and needles, beginning in the
lower extremities and gradually spreading to proximal areas. Eventually, the upper limbs are
involved in a similar distal-to-proximal progression. This pattern is most frequently observed in
patients with metabolic causes, such as diabetes or impaired glucose tolerance, or after exposure to

neurotoxins [7]. Diabetic SFN is typically characterized by "positive" sensory symptoms, such as
5



tingling and pricking, alongside "negative" symptoms, including numbness or decreased sensation
in the extremities. These symptoms follow a "stocking-glove" distribution, with clinical
examinations often revealing reduced pinprick and thermal sensations. In some cases, there are
positive signs like allodynia and hyperalgesia, indicating different forms of evoked pain [10].
Non-length-dependent SFN presents with a more proximal, diffuse, or patchy distribution, affecting
various parts of the body, including the face, mouth, scalp, trunk, and upper limbs, either before or
simultaneously with lower limb involvement. This pattern is typically associated with immune-
mediated conditions, such as Sjogren’s syndrome, and paraneoplastic disorders [11—12]. Mono- or
multiplex neuropathy presentations can include conditions like burning mouth syndrome [13],
notalgia paresthetica, meralgia paresthetica, vulvodynia [14—16], and Wartenberg’s neuropathy
[17]. SFN patients may also experience symptoms such as restless leg syndrome, sensitivity to bed
sheets, shoes, and clothing, leading to dysesthesia or allodynia. Certain symptoms are specific to
forms of SFN. For instance, patients with oxaliplatin-induced neuropathy often experience
worsening symptoms when exposed to cold [18], whereas patients with erythromelalgia have
symptoms aggravated by heat and relieved by cooling [19].

Autonomic nervous system involvement adds further complexity and heterogeneity to the clinical
presentation of SFN. This is due to dysfunction of unmyelinated C fibers and thinly myelinated Ad
fibers that innervate sweat glands (sudomotor fibers), dermal vessels (vasomotor fibers), hair
follicles (pilomotor fibers), and other structures. Symptoms may include pupillary dysfunction
(tonic pupil) and exocrine gland dysfunction, such as in the case of sicca syndrome, which affects
the lachrymal and salivary glands. Cardiovascular, urinary, and gastrointestinal systems may also be
involved, manifesting as orthostatic hypotension or intolerance, persistent orthostatic tachycardia
[20], reduced heart rate variability, palpitations, premature atrial or ventricular contractions, sinus

bradycardia (rarely), chronic constipation, diarrhea, or bladder dysfunction [21,22].
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Figure 1. From Terkelsen et al, Lancet Neurol. 2017

1.1.2 Small fiber neuropathy: diagnostic criteria

In the past decade, two different sets of diagnostic criteria for SFN have been proposed. The first,
known as the Besta criteria, was published in 2008 [23]. These criteria require abnormal findings in
at least two of the following three assessments: 1) clinical signs of SFN, such as reduced pinprick
and thermal sensation, allodynia, or hyperalgesia; 2) abnormal thermal thresholds assessed at the
foot using quantitative sensory testing (QST); 3) reduced intraepidermal nerve fiber density
(IENFD) at the distal leg. Importantly, the Besta criteria exclude patients with large sensory fiber
impairment, identified by reduced vibratory sensation, diminished deep tendon reflexes, or
electrophysiological evidence of sensory nerve involvement. This exclusion confines the diagnosis
to cases of pure SFN, excluding those with mixed small and large fiber neuropathy.

The second set of criteria, the NEURODIAB criteria, was introduced in 2010 as part of an update to
the guidelines for diagnosing diabetic neuropathy by the Diabetic Neuropathy Study Group of the
European Association for the Study of Diabetes [24]. These criteria base the diagnosis on the
presence of SFN symptoms and signs, normal sural nerve conduction studies (NCS), and

confirmatory tests, including skin biopsy or QST. The NEURODIAB criteria use a three-step



grading system—possible, probable, and definite SFN—based on the abnormalities detected in
these assessments (Table 1). Clinical signs are required for a probable or definite diagnosis, though
the specific characteristics of these signs were not clearly defined. A recent review of SFN
diagnostic criteria [25] compared the diagnostic power of these two sets of criteria and found a
strong agreement between them. This reappraisal study, conducted on a large cohort of patients,
examined the contributions of clinical (symptoms and signs), psychophysical (QST), and structural
(IENFD) components. It confirmed that skin biopsy has significantly higher diagnostic accuracy
compared to QST, with a sensitivity of 94.3% and a specificity of 91.9%. Moreover, the presence of
at least two clinical signs increased the reliability of the SFN diagnosis. The combination of clinical
signs with abnormal QST and/or IENFD findings provided greater diagnostic accuracy than the
combination of QST and IENFD abnormalities in the absence of clinical signs. Notably, patients
presenting with symptoms but without clinical signs often showed complete recovery after an
average follow-up of 18 months and did not exhibit abnormal skin biopsy or QST results.
Therefore, while symptoms may be suggestive of SFN, they should not be considered solely reliable

for diagnosis and must be evaluated in the appropriate clinical context [26].

SFN CRITERIA 2008 [22]

Presence of at least two of the following: Absence of the following:

Clinical signs of small fiber neuropathy, including | Reduced vibratory sensation
pinprick and thermal sensory loss or reduction
and/or the presence of positive signs (allodynia and
hyperalgesia) Altered sensory nerve conduction
Abnormal thermal threshold (CDT and/or WDT)
assessed at the foot by QST

Reduced IENFD at the distal leg

NEURODIAB CRITERIA [23]

Possible: length-dependent symptoms and/or clinical signs of small-fiber damage

Loss of deep tendon reflexes

Probable: length-dependent symptoms, clinical signs of small-fiber damage, and normal sural NCS

Definite: length-dependent symptoms, clinical signs of small-fiber damage, normal sural NCS, and
reduced IENFD at the ankle and/or abnormal QST thermal thresholds at the foot

Table 1 Diagnostic criteria of small fiber neuropathy



1.2 Methods for assessing small fiber integrity and function
1.2.1 Skin biopsy

IENFD quantification through skin biopsy current represents the gold standard procedure to assess
small thermo-nociceptive nerve fibers. The procedure is widely used in clinical and research
settings as a reliable tool to assess axonal small fiber loss in polyneuropathies [27]. It is a safe,
mini-invasive technique, based on the sampling through a 3 mm punch of a skin sample from the
distal calf and the proximal thigh, under local anaesthesia. Skin samples can be analysed through
indirect immunofluorescence or bright field immunohistochemistry (Figure 2) with the use of
antibodies for the protein gene product 9.5 (PGP9.5). PGP9.5 is a pan-axonal marker widely
expressed in the peripheral nervous system, marking all the nerve fibers which can be encountered
in the dermis and epidermis. Intraepidermal nerve fibers, i.e., fibers crossing the basal membrane of
the skin to enter the epidermis, representing small nociceptive fibers (20-30% of A-delta and 70-
80% of C fibers), are counted within 3 skin sections and a medium IENFD value is calculated.
Obtained values are compared to a wide internationally recognized dataset of normative data [28].
The autonomic innervation of dermal cutaneous annexes, consisting of C autonomic fibers, can also
be evaluated at skin biopsy. Many studies have quantified the innervation of piloerector muscles
through PGP9.5 or more specific markers for autonomic fibers, like VIP, TH, or dopamine-beta-
hydroxylase [29-31], whereas multiple efforts have been spent to set a quantitative procedure for
sweat gland innervation assessment [32, 33]. However, expert consensus agrees that procedures for
autonomic innervation quantification need further standardisation before being routinely utilised in

clinical practice [34].



Figure 2. From right to left, punch biopsy procedure and exemplificative images from skin sections
processed with indirect immunofluorescence and bright field immunohistochemistry from our
Laboratory are represented.

1.2.2 Quantitative Sensory Testing

Quantitative Sensory Testing is a psychometric test assessing the perception thresholds of all the
sensory modalities related to both large myelinated and small nerve fibers, through a series of
thermal and mechanical stimuli delivered at controlled intensity [35, 36] (Figure 3). The detection

of cold detection threshold (CDT) and warm detection threshold (WDT) by QST is considered a

reliable test to assess thinly- myelinated A 0 -fibres and non-myelinated C-fibres damage, and thus

it is currently the most commonly used and reliable tool, besides skin biopsy, in the diagnostic work
up of small fibre neuropathy [35].

However, by evaluating all the sensory modalities, QST can also be used in research settings to
describe single patients’ sensory profiles, i.e. clusters of negative or positive signs, respectively
reflecting loss or gain of function [37]. A standardised protocol has been set up by the German
Research Network on Neuropathic Pain (DFNS) [38, 39] and has been used to stratify patients into
sensory profiles which are believed to reflect distinct mechanisms for neuropathic pain
pathogenesis, as further explicated in the dedicated section.

Briefly, the following parameters are tested during the QST procedure:

- CDT, cold detection threshold: A ¢ -mediated thermal detection threshold for cold perception.

- WDT, warm detection threshold: C-mediated warmth perception.

- PHS, paradoxical heat sensations: innocuous cold stimulus perceived as a hot or burning
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painful sensation during the procedure of alternating warm and cold stimuli
- TSL, thermal sensory limen: the ability to discriminate temperature shifts from warm and cold
stimuli.

- CPT, cold pain threshold: A 6 and C-mediated thermal pain thresholds for cold stimuli.
- HPT, heat pain threshold: C-mediated thermal pain thresholds for hot stimuli.

- MDT, A 8 -mediated mechanical detection thresholds for touch.

- VDT, A (3 -mediated vibration detection thresholds.

- MPT, A 0 -mediated mechanical pain threshold for pinprick.

- PPT, A § -mediated mechanical pain threshold for blunt pressure.

- Gain-of-function phenomena to test mechanical hyperalgesia: mechanical pain sensitization

(MPS), a stimulus-response-function for pinprick sensitivity; dynamic mechanical allodynia

(DMA); wind-up ratio (WUR), pain summation to repetitive pinprick stimuli.

SOMATIC SMALL FIBRE RELATED TESTING: QUANTITATIVE SENSORY TESTING (QST)

Type of stimulus DFNS-protocol* Testing device Axon type
Thermal

Cold Ad
Warmth e 111 c

Cold pain m Ad, C
Heatpain  HPT sy = A3, C
Mechanical

Static punctuate (blunt) MDT Ap
Vibration VDT AR
Cutaneous punctuate (sharp)  MPT, MPS Ad, C
Blunt pressure PPT Ad, C
Dynamic mechanical DMA Ap, A3, C
Wind-up WUR Ab, C

*COT: cold detection threshold, CPT: cold pain threshold, DA dynamic mechanical allodynia, HPT: heat pain threshold, MDT. mechanical detection threshold, MPS
mechanical pain sensitivity, MPT. mechanical pain threshold, PPT: pressure pain threshold, SD: standard deviation, TSL: thermal sensory limen, Y¥DT. vibration detection
threshold, WOT. warm detection threshold, WUR: wind-up ratio

Figure 3. Main QST parameters detected through the DFNS protocol, and the corresponding subsets
of fibers examined.
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1.2.3 Dynamic Sweat Test

Autonomic changes can be an early manifestation of SFN and several diagnostic techniques have
been introduced to investigate sudomotor, vasomotor and cardiovascular functions [40].

Several techniques have been standardized to quantify sweating and the innervation of sweat
glands. They allow the identification of postganglionic lesions, providing quantitative measures of
disease progression and recovery [41]. Among these, the dynamic sweat test (DST), based on the
iontophoretic stimulation with acetylcholine or pilocarpine, is one of the most promising techniques
to obtain high-definition records of sweating. DST combines the evaluation of static and dynamic
characteristics of sudomotor activity in a single test by taking advantage of high-definition digital
image acquisition techniques and computer-assisted image analysis. This new method measures the
density and distribution of activated sweat glands and the mean sweating rate per gland and per skin
area. Ten minutes after the administration of 1% pilocarpine by iontophoresis and after the
preparation of the skin with iodine alcohol, the sudomotor response is assessed by measuring over
time the imprint of sweat drops through a transparent tape treated with starch powder. The density
per 1 cm? of activated sweat glands, the sweat produced per minute per 1 cm?, and the average
sweat volume produced by each sweat gland are recorded. (Figure 4)

Functional studies of the secretion of single sweat glands using DST combined with morphologic
quantification of the innervation of the identical glands helped demonstrate that distal sudomotor
impairment in diabetes is related to sweat gland denervation [40]. DST is a novel method that
allows a reliable and detailed evaluation of sweating and can provide the means to detect subtle

functional changes that occur in the early stages of dysautonomia.
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Figure 4. Analysis of sweating Dynamic sweat test patterns at the distal leg in a healthy subject (A)
and a patient with small fiber neuropathy (B). In A, the normal pattern of sweat imprint. In B a marked
reduction of active sweat gland density and anhidrotic areas patients with idiopathic small fiber
neuropathy.

1.3 Fibromyalgia and association with Small Fiber Pathology

Fibromyalgia Syndrome (FMS) is a chronic condition characterized by widespread pain, fatigue,
sleep disturbances, and cognitive dysfunction, with increasing prevalence and a significant impact
on the quality of life of affected individuals. Despite ongoing research, the pathogenesis of FMS
remains elusive, with an increasing body of knowledge suggesting a possible involvement of
peripheral nervous system, based on the detection of isolated small fiber pathology in a consistent
proportion of patients with FMS.

Diagnosing FMS is challenging due to symptom overlap with various other painful conditions.

In fact, within the spectrum of FMS, a distinction is made between primary and secondary FMS.
Primary FMS occurs in the absence of any underlying condition that could explain the symptoms,
whereas secondary FMS is associated with another clinically important and dominant medical
disorder. The concept of secondary fibromyalgia has gathered increasing interest over the last years,
driven by the recognition that many common rheumatic disorders, such as rheumatoid arthritis and

systemic lupus erythematosus (SLE), often coexist with FMS.

13



In patients with conditions such as EDS, secondary fibromyalgia could be particularly relevant. The
persistent pain and physical stress from complications related to the disease in EDS may create a
fertile ground for the development of fibromyalgia symptoms. These patients often experience
widespread pain, tenderness, fatigue, and cognitive dysfunction, closely mirroring the symptom
profile of primary fibromyalgia.

In this context, the pain and fatigue characteristic of fibromyalgia are believed to be influenced by
the pathophysiological changes driven by the underlying condition.

Understanding the differences between primary and secondary fibromyalgia is crucial for tailoring
more effective management strategies. However, whether these forms are equivalent or represent
distinct entities with different pathophysiological mechanisms remains unclear, as detailed

comparative studies are lacking.

1.4 Ehlers-Danlos Syndrome and Pain in Ehlers-Danlos Disease

The EDS comprise a genetically heterogeneous group of heritable conditions that share several
clinical features, such as soft and hyperextensible skin, abnormal wound healing, easy bruising and
joint hypermobility. Additional clinical features that differ among EDS subtypes include fragility of
soft tissues, vessels and hollow organs, and involvement of the musculoskeletal system, all of which
can result in chronic and severe disability and/or early mortality and may affect the quality of life
(QOL) of patients [42]. The most recent classification, the revised EDS classification in 2017,
identified 13 distinct clinical EDS types that are caused by alterations in 19 genes [43]. Of note,
research published after the 2017 classification has described another genetically distinct EDS type,
provisionally classified as classical like EDS type 2, bringing the total number of EDS associated
genes to 20 [44]. Most EDS types that have a known genetic cause result from pathogenetic variants
in genes encoding fibrillar collagen types I, III and V, modifying or processing enzymes for these
collagens, or enzymes that have key roles in the biosynthesis of the glycosaminoglycan chains of

proteoglycans. These molecules contribute to the physical properties of the extracellular matrix in
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essentially all tissues and organs. Despite the advances in gene identification, some patients have
clinical features that are compatible with EDS but do not fit within a currently defined type and
have no pathogenetic variants in the known EDS causative genes, which indicates that the genetic
heterogeneity of EDS has not been completely resolved. Hypermobile EDS (hEDS) is the most
frequent type of EDS; it affects over 80% of EDS patients and is now well characterized [45];
unlike the other subtypes, its diagnosis remains only clinical because genetic etiology has not been
found yet. The first episode of pain in hEDS is most often consecutive to a sprain or dislocation.
Then joint events multiply during adolescence and chronic pain becomes one of the predominant
symptoms, often described as diffuse [46], leading to disabilities and reduced activity.

Pain in the EDS manifests in various forms including generalized body pain, soft-tissue pain, joint
pain, neuropathic pain, headaches, GI pain, TMJ pain, dysmenorrhea, vulvodynia, and dyspareunia.
Although patients with hEDS suffer from pain, its underlying mechanisms are still unresolved and
remain complex [47]. Pain is the symptom by which patients most often enter the disease, its
characteristics are now better described, nociceptive, neuropathic, or more frequently mixed, diffuse
hyperalgesia is not rare. However, previous studies have focused only on specific aspects of pain,

and a comprehensive evaluation of neuropathic pain is lacking in literature [48].
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2. Specific aims of the study

I) The primary objective of this study is to determine the frequency of SFN in patients with hEDS, as
assessed by widely recognized small fiber testing, and to assess the relation between SFN and
neuropathic pain and autonomic dysfunction.

Patients diagnosed with hEDS frequently report pain characterized by qualities indicative of
neuropathic pain, in conjunction with a diverse array of autonomic symptoms. Neuropathic pain can
manifest through various sensations such as burning, tingling, or shooting pain. In the context of
EDS, these pain characteristics may be exacerbated by the underlying connective tissue
abnormalities that impact both peripheral nerves and the autonomic nervous system. Despite the
prevalent occurrence of these symptoms resembling SFN among EDS patients, the relationship
between EDS and SFN remains a subject of considerable discussion and investigation. It’s already
well known that the SFN, which primarily affects the small unmyelinated and thinly myelinated
nerve fibers, is often associated with autonomic dysfunction, temperature sensation abnormalities,
and neuropathic pain, and in some cases, these symptoms appear to resemble the characteristics of
the pain syndrome exhibited by patients with EDS. Specifically, in this study we aimed to assess
whether the main small fiber related variables, like thermal thresholds, IENFD and sudomotor
variables evaluated by using QST, skin biopsy and DST reveal significant associations with
reported neuropathic pain levels and autonomic dysfunction, as assessed by Neuropathic Pain
Symptoms Inventory Questionnaire (NPSI) and COMPosite Autonomic Symptom Score-31
(COMPASS-31) scores, respectively. By elucidating these relationships, we hope to enhance our
understanding of the pathophysiological mechanisms underlying pain and autonomic symptoms in
EDS.

IT) The secondary objective of this study is to investigate the presence of FMS in patients with
painful hEDS, and to determine its association with small fiber neuropathy.

Many patients with EDS complain widespread pain and a variety of symptoms that align with the

clinical presentation of fibromyalgia. FMS is a multifaceted condition characterized by chronic
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widespread pain, which is often accompanied by fatigue, sleep disturbances, and cognitive
impairments. Patients with FMS frequently exhibit heightened sensitivity to sensory stimuli,
including pain, pressure, and temperature changes, a phenomenon known as allodynia, as well as
hyperalgesia, where even mildly painful stimuli are perceived as significantly more painful. In
addition to physical symptoms, individuals with fibromyalgia often experience psychological
comorbidities, such as anxiety and depression, which can further exacerbate their overall pain
experience and impact their quality of life. The clinical overlap between EDS and FMS raises
critical questions regarding the underlying mechanisms contributing to pain in these patients.

By elucidating the relationship between EDS, FMS, and small fiber damage, we hope to provide
valuable insights into the pathophysiology of pain in EDS patients. Understanding this relationship
may ultimately contribute to more effective management strategies tailored to address the unique
challenges faced by individuals suffering from both conditions. Furthermore, our findings may
enhance the broader understanding of how fibromyalgia can develop in the context of connective
tissue disorders.

1) The third objective of this study is to assess whether patients diagnosed with both EDS and
secondary hEDS-related fibromyalgia exhibit different clinical characteristics, as assessed by
neuropathic pain and autonomic symptoms scores, or altered small fiber related variables, when
compared to patients with primary FMS.

Secondary fibromyalgia, when linked to a connective tissue disorder like EDS, might involve
different underlying mechanisms, including for the structural and functional abnormalities in small
nerve fibers, which play a key role in pain sensation and autonomic regulation. Therefore, this study
seeks to determine whether such damage is more pronounced or exhibits unique features in
secondary fibromyalgia associated with EDS compared to primary fibromyalgia.

By identifying any significant differences in small fiber damage between primary and secondary
fibromyalgia, this research could shed light on distinct pathogenic pathways, suggesting that

fibromyalgia may not be a singular entity but rather a syndrome with varying mechanisms
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depending on its context. Such findings would provide a deeper understanding of how connective

tissue disorders like EDS influence the development of fibromyalgia.

18



3.Methods

3.1 Study Design and Patient Cohort

Between October 2022 and March 2024, we screened consecutive patients with hEDS, diagnosed
according to “The 2017 international classification of Ehlers-Danlos syndromes”. The screening
procedures took place at the Peripheral Neuropathy and Neuropathic Pain Unit within the
Department of Human Neuroscience at Sapienza University of Rome and consisted of a clinical
interview focused on the presence of pain. Patients were asked to report the presence of pain
symptoms, their onset, the pain distribution, characteristics and intensity on a 0-10 points Numeral
Rating Scale (NRS). These enrolled patients with hEDS and painful symptoms underwent a
comprehensive assessment, including clinical, neurophysiological, skin biopsy evaluations and
autonomic assessment through the Dynamic Sweat Test. We excluded from the study individuals
below 18 years of age, those with cognitive disturbances, and those with major psychiatric
disorders, which were assessed through clinical history and examination. In addition, we rule out
individuals with polyneuropathy from other specific etiologies. This assessment included conditions
such as diabetes, B12 deficiency, kidney failure, other autoimmune diseases, and a history of
alcohol abuse. SFN was diagnosed according to Besta criteria [1]. These criteria necessitate the
presence of at least two abnormal findings out of three commonly used to assess small fiber
damage: (i) at least two clinical signs of small fiber impairment (e.g., pinprick and thermal sensory
loss, allodynia, hyperalgesia), (i1) abnormal warm and/or cold detection thresholds at the foot as
assessed with Quantitative Sensory Testing (QST), and (iii) reduced intraepidermal nerve fiber
density at the distal leg as assessed by skin biopsy.

We diagnosed a mixed fiber neuropathy, characterized by impairment in both large and small fibers,
when patients displayed Nerve Conduction Studies abnormalities indicating involvement of large-
myelinated fibers and met the Besta criteria for small fiber damage [49]. Neuropathic pain diagnosis
was based on the widely agreed grading system [50]. The diagnosis of fibromyalgia was made

according to ACR 2016 criteria [51].
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Each patient underwent a comprehensive clinical and diagnostic test investigation, which included
clinical examination, questionnaires on small fiber-related symptoms and fibromyalgia symptoms,
NCS, QST and skin biopsy at both distal and proximal sites. Data collection was performed using
standardized protocols by designated staff members, each blinded to the results of the others.

To assess differences in clinical and diagnostic tests variables between patients with hEDS
associated fibromyalgia syndrome and patients with primary fibromyalgia, we also retrospectively
analyzed clinical and diagnostic data from 41 patients with primary FMS. These patients were
recruited during a cross-sectional study conducted at the Peripheral Neuropathy and Neuropathic
Pain Unit of the Department of Human Neuroscience at Sapienza University of Rome. The study
included patients diagnosed with fibromyalgia based on the ACR 2016 criteria and aimed at
assessing small fiber damage in FMS [52]. Patients in this study underwent a comprehensive
clinical evaluation, including detailed clinical history collection, neurological examination,
questionnaires on fibromyalgia and small fiber related symptoms, like neuropathic pain and
autonomic disturbances. All patients also underwent a thorough small fiber related diagnostic test
assessment with QST and skin biopsy at both distal and proximal sites, with intraepidermal and
autonomic nerve fibers quantification. NCS were also performed to evaluate large-myelinated fibers
involvement. We diagnosed SFN according to the widely agreed Besta criteria [1].

3.2 Clinical examination

We collected an extensive clinical history, encompassing details on demographic data, disease
duration, disease-related manifestations, comorbidities and both prior and ongoing disease-
modifying. A careful neurological examination was conducted, with particular attention to the
assessment of sensory signs, utilizing bedside tools, in accordance with recommended practices
[53]. We assessed patients for both negative symptoms and signs (e.g., tactile, vibration, pinprick,
and thermal hypoesthesia) and positive symptoms and signs (such as spontaneous pain, allodynia,

and pinprick hyperalgesia). During the clinical examination, patients were asked to mark the areas
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of pain distribution on a somatic map [54]. This graphical representation of pain allowed us to
differentiate between patients with distally distributed pain and those with widespread pain.
Neuropathic pain diagnosis was based on the widely recognized grading system [50]. According to
this widely agreed reference standard, neuropathic pain diagnosis is graded as “possible” in
presence of a history of relevant neurological lesion or disease and if pain has an anatomically
plausible distribution, “probable” if pain is associated to sensory signs in the same territory,
“definite” if a diagnostic test confirms the neurological lesion explaining the pain.

Patients were administered the NPSI to dissect and quantify the different neuropathic pain qualities
[55] and completed the COMPASS-31 to assess autonomic symptoms [56] . To assess the presence
of concomitant fibromyalgia syndrome according to the ACR 2016 criteria and determine the
severity of its symptoms, we administered the Widespread Pain Index (WPI), and Severity Score
(SS) [57]. The NPSI score served as the clinical outcome measure for neuropathic pain symptoms,
while the COMPASS-31 score was used as the outcome measure for autonomic symptoms.

3.3 Nerve Conduction Study

Patients underwent a comprehensive Nerve Conduction Study, as previously described [58]. Our
recording methods adhered to the recommendations of the International Federation of Clinical
Neurophysiology [59]. Data were compared with age-adjusted normative ranges.

The amplitude of the sural nerve sensory action potential (sural SNAP) was used as the primary
outcome measure to define the presence of large-myelinated fiber involvement.

Quantitative Sensory Testing

Quantitative Sensory Testing was performed on all patients by trained examiners, following the
standardized protocol of the German Research Network on Neuropathic Pain [60]. We evaluated the
dorsum of the right foot as the 'test site,' as this area is commonly the most painful in patients with
neuropathies. Z-scores were calculated for each Quantitative Sensory Testing variable using log-

transformed raw patient values and a widely accepted dataset of normative values [60,61], with
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negative z-scores indicating a loss of perception and positive z-scores indicating a gain of
perception. Abnormal values were defined as those exceeding +1.96 standard deviations (SDs).
For assessing small thermo-nociceptive fibers, cold and warm detection thresholds were measured
as major outcome parameters.

3.4 Intraepidermal nerve fiber investigation

Patients underwent skin biopsies at two sites: the distal leg, 10 cm above the lateral malleolus, and
the proximal thigh, 20 cm below the antero-superior iliac spine. These biopsies were performed
using a 3-mm disposable circular punch after local lidocaine anesthesia under sterile conditions,
without the need for sutures [62]. Following fixation for 24 hours at 4°C in Zamboni's fixative, the
samples were sectioned at 23°C with a cryostat (MEV, SLEE medical).

Intraepidermal nerve fiber density was assessed on 50-micron thick sections using indirect
immunofluorescence, employing the pan-neuronal marker PGP9.5, as previously described [58].
Intraepidermal nerve fiber density was calculated by two blinded operators (EG and LT) according
to the guidelines of the European Federation of Neurological Societies and Peripheral Nerve
Society [62]. Normative values from a widely recognized dataset were employed [63]. The
leg/thigh ratio of intraepidermal nerve fiber density was calculated using a reference value of 0.48
to discern whether axonal loss followed a distal gradient (values <0.48 consistent with distal
axonopathy, and values >0.48 consistent with non-length-dependent peripheral nerve damage, i.e.,
ganglionopathy) [64]. Intraepidermal nerve fiber density served as the primary morphometric
outcome variable for the assessment of small somatic thermo-nociceptive nerve fibers.

3.5 Autonomic nerve fiber investigation

Autonomic innervation was evaluated on 50-micron thick skin sections through indirect
immunofluorescence, utilizing the pan-neuronal marker PGP9.5. Piloerector muscle nerve fiber
density was assessed for each patient across all the piloerector muscles available in the sections, as
previously described [58], and expressed as the number of fibers per millimeter. Sweat gland nerve

fiber density was analyzed in a semi-quantitative fashion for each patient based on all available
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sweat glands in the sections, as previously described [58,65,66]. Each patient received a score from
0 to 4, representing the average of densities from the three most innervated glands in their samples,
with 0 indicating the absence of identifiable nerve fibers, and 4 representing normal nerve fiber
density. To ensure measurement consistency, two separate operators (EG and PF) performed the
same quantification on patients. Piloerector muscle and sweat gland nerve fiber density values were
compared to a dataset of normative values from 25 age- and sex-matched healthy subjects from our
laboratory, serving as a control group.

Piloerector muscle and sweat gland nerve fiber density were considered as morphometric outcome
measures for the assessment of autonomic small nerve fibers.

3.6 Sudomotor function investigation

Sudomotor function was investigated through the evaluation of density and distribution patterns of
activated sweat glands at a definite time. Impaired sweating is common as progressive denervation
leads to a decreased sudomotor response, and eventually anhidrosis. The Dynamic sweat test is a
quantitative method to assess this function consisting of stimulating by iontophoresis (5 min at 2
mA) of 1% pilocarpine on the distal leg. Ten minutes after discontinuation of iontophoresis, the
stimulated area was painted with a 2% solution of iodine in ethyl alcohol, dried, and immediately
covered with a thin layer of powdered cornstarch adhered to waterproof transparent tape. The
volume of fluid represented by dots of different diameter wetting the cornstarch powder, whose
color changes from white to black in a pattern of sharp black dots, was measured. All tests were
recorded for 3 minutes, the frame acquired at time 0 (T0), at the moment that the tape first touched
the tested skin, and the frame acquired at the time of confluence of the first drops (TC) were used to
calculate the time between T0O and TC(t TC TO0). Using the same frames, we measured the sum of
the areas of the droplet imprints produced at TO (aT0) and at TC (aTC) to calculate the area
increment (al) between TO and TC (al aTC aTO0), and we counted the number of activated sweat
glands at TC (nTC). Using the formula to commute the area of the imprint to the sweat volume, we

then calculated the sweat volume produced between TO and TC (vI vTC vT0), sweat production (vI)
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per cm2, sweat gland density (nTC) per cm2, and mean sweat production per gland (vI/nTC). These
parameters were considered as main DST outcome measures. All measurements of digital images
were performed using the free image analysis software Scionlmage (version 4.0.2, Scion Corp.,
Frederick, MD). Data are reported as mean = SD. [40].

3.7 Statistical Analysis

A preliminary univariate analysis was conducted to describe the key demographic, clinical, and
diagnostic test variables in patients with hEDS. Continuous variables were presented as means +
SD, and categorical variables were expressed as percentage frequencies (Tables 2—6). Since the
normal distribution was rejected for all continuous variables, as confirmed by the Agostino-Pearson
omnibus normality test, non-parametric tests were used. Differences in the primary continuous
outcome variables (clinical and diagnostic test variables) between hEDS patients with and without
SFN were evaluated using the Mann-Whitney U test. Categorical variables were compared between
groups using Fisher’s exact test. Within the patients’ group, the Spearman test was used to assess
the bivariate relationships between the principal non-Gaussian small fiber related diagnostic test
outcome variables and the NPSI and COMPASS-31 score.

Differences in the primary continuous outcome clinical and diagnostic test variables between
patients with primary and hEDS secondary fibromyalgia were also evaluated. P-values < 0.05 were
considered statistically significant. No adjustment for multiple comparisons was adopted since all
comparisons were pre-planned and our goal was to test each variable independently. GraphPad 10.0

(La Jolla, CA, USA) was used for graphical data visualization.
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4. Results

4.1 Neuropathic pain, autonomic symptoms and small fiber neuropathy findings

Thirty-five patients with hEDS were consecutively screened for painful symptoms. 8 patients were
ruled out because they did not exhibit painful symptoms, whereas 4 patients declined to participate
to the study. We therefore enrolled 23 patients with hEDS with painful symptoms, which could
manifest as either selectively distal or widespread in distribution (21 females, 2 males, age 19-74
years). Patients’ demographic and clinical features are reported in Table 2. The main diagnostic test
outcome measures, including NCS, QST, skin biopsy parameters, and DST variables, are shown in
Table 3. Patients’ painful and autonomic symptoms, as assessed by NPSI and COMPASS-31, are
outlined in Table 4. Fourteen out of the 23 enrolled hEDS experiencing painful symptoms had
widespread pain with additional distal involvement (61%), 8 complained of widespread pain
without distal involvement (35%), only 1 patient (4%) had exclusively distal pain. Overall, 22 out
of 23 patients (96%) had widespread pain. As shown in Table 4, all the 23 patients (100%) reported
neuropathic pain symptoms at the NPSI, with an average score of 28.3 (SD 16.5). The most
frequently reported type of pain was paroxysmal pain (n=18, 78%), followed by tingling (n=17,
74%) and pins and needles, paresthesia, stabbing pain, and dynamic mechanical allodynia (n=13,
57%). According to the grading system for neuropathic pain diagnosis, 7 patients (30%) finally
received a diagnosis of definite neuropathic pain due to the presence of diagnostic tests
abnormalities. Of these patients, 6 (26%) had SFN and 1 (4%) mixed fiber neuropathy. All the 23
patients (100%) complained about all the autonomic symptoms assessed by COMPASS-31.
Medium COMPASS-31 sub scores are shown in Table 4. Indeed, 7 patients (30%) had peripheral
neuropathy; among these, 6 received a diagnosis of SFN. Of these patients, only 1 had both pain
hypoesthesia, reduced distal IENFD, and QST thermal thresholds abnormalities; 4 had combined
skin biopsy and QST abnormalities; 1 had QST abnormalities and pain hypoesthesia. 1 patient
showed NCS abnormalities, irregularly distributed distal IENFD, and pain hypoesthesia, indicative

of a mixed fiber neuropathy involving both large and small nerve fibers.
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Notably, none of the patients had isolated Nerve Conduction Study abnormalities without
concurrent signs of small fiber involvement, suggesting the absence of pure large fiber neuropathy
cases. Out of 5 patients with SFN showing distal skin biopsy abnormalities, 4 (80%) showed a
leg/thigh ratio >0.48, compatible with a non-length-dependent ganglionopathy-like fibers reduction
pattern at skin biopsy (Figure 2). Furthermore, the patient with mixed fiber neuropathy showed the
same non-length-dependent pattern. Patients with SFN showed lower distal and proximal IENFD
and lower CDT respect to those without SFN. No differences were found in painful and autonomic
clinical symptoms, as assessed by NPSI and COMPASS-31, or in demographic variables, between
patients with and without SFN (Table 2 and 4). We did not highlight any significant correlation
between the main small fiber related outcome variables (CDT, WDT, distal and proximal IENFD,

PMNEFD, SGNFD, DST outcome measures) and the NPSI and COMPASS-31 scores.

4.2 Fibromyalgia syndrome related findings in hEDS and comparison with primary
fibromyalgia patients
Of the 23 hEDS patients with painful symptoms, 20 (87%) fulfilled ACR 2016 criteria for
fibromyalgia syndrome. Among these 20 patients with fibromyalgia, 13 (65%) had no neuropathy, 6
(30%) were diagnosed with SFN, and 1 (5%) had mixed neuropathy. Thus, all patients with SFN
also had fibromyalgia syndrome. Three fibromyalgia patients without neuropathy had signs of small
fibers pathology at skin biopsy (1 had reduced distal IENFD, 1 irregularly distributed distal and 1
irregularly distributed proximal IENFD).
We assessed differences in the primary continuous outcome clinical and diagnostic test variables
between patients with secondary hEDS-associated fibromyalgia and primary fibromyalgia. Table 5
gives a synopsis of the main epidemiological characteristics and diagnostic tests abnormalities of
patients with primary and hEDS secondary fibromyalgia. Table 6 outlines the main clinical and
questionnaires outcome measures on neuropathic pain and autonomic symptoms. As shown in

Table 4, patients with hEDS were significantly older than those with primary FMS (p=0.0011). We
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didn’t find any significant differences in the main diagnostic test variables between patients with
primary and secondary hEDS-associated fibromyalgia (distal and proximal IENFD, CDT, and
WDT). Patients with fibromyalgia showed lower distal and proximal PMNFD (p=0.0002 and
p=0.0002) and lower distal SGNFD (p=0.0014) respect to hEDS fibromyalgia patients. Patients
with hEDS secondary fibromyalgia more frequently fitted Besta criteria for SFN respect to patients
with primary fibromyalgia (p=0.0007). Patients with hEDS secondary fibromyalgia had lower NPSI
(p=0.0049) and lower COMPASS-31 score (p=0.0447). Differences between the sub-scores are

shown in Table 6. SS and WPI were not significantly different.

Demographic variables EDS patients SFN patients No SFN patients
(n=23) (n=06) (n=16)
Female, n (%) 21 (91.3 %) 5(83%) 15 (93%)
Age (vears, mean + SD) 404 + 17 51.5+21 36.2+14.5
Disease duration (years; 129+7.1 145+6.7 11.8+7.2
mean = SD)
Clinical manifestations
Tactile hypoesthesia, n (%) 8 (35%) 5(83.3) 2 (12.5%)
Hypopallesthesia, n (%) 4(17.4) 3 (50%) 1(6.25 %)
Reduced achilles Reflex, n 5(21.7) 2 (33.3%) 2 (12.5%)
(%0)
Pain Hypoesthesia, n (%) 5(21.7) 2(33.3) 2 (12.5%)
Pain Hyperalgesia, n (%) 2 (8.7) 1 (16.7%) 1(6.25 %)
Allodynia, n (%) 1 (4.3) 0 (0%) 1 (6.25 %)

Table 2. Demographic and clinical variables in patients with EDS with SFN and no SFN.
Continuous variables are expressed as mean and standard deviation (SD); categorical variables are
expressed as number of patients presenting the selected variable (n) and relative percentages (%).
Abbreviations: EDS: Ehlers Danlos Syndrome; SFN: small fibre neuropathy.
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Diagnostic test variables, EDS patients SFN patients No SFN P value
mean (SD) (n=23) (n=26) patients
(n=16)
Sural SAP (uV) 12.7+3.6 11.9+29 134+34 -
Distal IENFD, fibres/mm 15+ 6.4 99+4.6 17+6.2 0.0213
Proximal IENFD, fibres/mm 19.2+£5.9 13.3+£2.8 21+5.7 0.0012
Distal PMNFD, fibres/mm 286.5+441.2 | 744.7+893.9 | 139.6+52.37 -
Proximal PMNFD, fibres/mm 167.4 + 80.9 141.5+76.57 | 174.8 + 88.66 -
Distal SGNFD, score (0-4) 2.9+0.87 3+£0.7 29+0.9 -
Proximal SGNFD, score (0-4) 32+0.8 3.1+1.2 32+0.8 -
CDT (°C) 25+ 6.5 18.5+9.2 27.15+£3.1 0.0258
WDT (°C) 40.6 +4.2 43.1+4.3 399+4 -
Dynamic sweat test variables
SWEAT /Area selected/MIN 21.3+156.1 182.2 +114.7 352.4 + 529 -
Drops Count in 1cm2 97.3+50.6 106.8 £ 41 93.9+54.2 -
(activated gland density/cm?2)
SWEAT /Cm2/MIN (sweat 175.4 £ 133.1 164.1 £120.2 | 288.9 +£470.8 -
volume ul/cm2/min)

Table 3. Diagnostic test and variables in patients with EDS with SFN and no SFN.

Continuous variables are expressed as mean and standard deviation (SD). T-test or Mann Whitney
test were used to compare continuous variables, as appropriate depending on data normality
distribution, p values <0.05 are reported.

Abbreviations: EDS: Ehlers Danlos Syndrome; SFN: small fibre neuropathy,; Sural SAP: sural
sensory action potential; IENFD: intraepidermal nerve fibre density of PGPY.5 immunoreactive
fibres;, PMNFD: piloerector muscle nerve fibre density of PGP9.5 immunoreactive fibres; SGNFD:
sweat gland nerve fibre density of PGP9.5 immunoreactive fibres; CDT: cold detection threshold;
WDT: warm detection threshold
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EDS patients SFN patients | No SFN patients | P value
(n=23) (n=16) (n=16)
DN4 score (0-10), m (SD) 5.8£2.2 6+1.5 56+£2.5 -
NPSI score (0-100), m (SD) 29.5+15.7 26.5+17.5 30.7+ 16 -
SEN-SIQ (0-39), m (SD) 3.5+2.1 32+24 35+£25 -
WPI (0-19), m (SD) 92+4 73+1.9 99+43 -
SS (0-12), m (SD) 8+2 6.7+2.2 86+1.7 -
Fibromyalgia syndrome, n 20 (87%) 6 (100%) 14 (87%) -
(%)
Neuropathic pain n (%)
Tingling paraesthesia 17 (74%) 4 (66%) 12 (75%) -
Pins and needles 13 (56%) 3 (50%) 9 (56%) -
paraesthesia
Paroxysmal pain 18 (78%) 2 (33%) 15 (94%) 0.0093
Burning pain 10 (43%) 2 (33%) 8 (50%) -
Squeezing pain 9 (39%) 2 (33%) 7 (44%) -
Pressure pain 9 (39%) 1 (16%) 8 (50%) -
Stabbing pain 13 (56%) 2 (33%) 10 (62%) -
Dynamic mechanical 13 (56%) 4 (66%) 9 (56%) -
allodynia
COMPASS 31
Orthostatic Intolerance 6.8+2.9 6.7 + 3. 7+2.8 -
Vasomotor disfunction 362 35+14 3623 -
Secretomotor disfunction 7.1+£2 6.8+2 74+£2.1 -
Gastrointestinal disfunction 18 +£4.7 16.2+5.2 193+4 -
Genitourinary disfunction 52+2.5 53+23 51+2.6 -
Pupillomotor disfunction 9.6+5 92+54 9.6+5.2 -

Table 4. Pain related scores, neuropathic pain and autonomic symptoms in patients with EDS

with and without SFN

Continuous variables are expressed as mean (m) and standard deviation (SD); categorical variables
are expressed as number of patients presenting the selected variable (n) and relative percentages

(%). T-test or Mann Whitney test were used to compare continuous variables, as appropriate

depending on data normality distribution, and Fisher’s exact test to compare categorical variables

between patients with and without SFN. p values <0.05 are reported.

Abbreviations: EDS:Ehlers Danlos Syndrome; SFN: small fibre neuropathy, DN4: Douleur

Neuropatique en 4 questions; NPSI: Neuropathic Pain Symptoms Inventory score; SFN-SIQ: Small
Fibre Neuropathy Symptoms Inventory Questionnaire; WPI: Widespread Pain Index; SS: Symptom

Severity Scale.

29




Primary FMS

hEDS-Secondary

n=41 FMS P value
n=20
Age, years 50.1 (11.8) 32.38 (19.62) 0.0001
Sex, n female (%) 37 (90%) 19 (95%) -
Distal IENFD, fibers/mm 14.0 (5.8) 15.8 (6.4) -
Proximal IENFD, fibers/mm 17.2 (5.0) 20.1 (5.7) -
Distal PMNFD, fibers/mm 73.2(23.3) 350.4 (504.7) 0.0002
Proximal PMNFD, fibers/mm 80.3 (18.2) 169 (85.6) 0.0002
Distal SGNFD, score (0-4) 3.6 (0.6) 2.9(0.8) 0.0014
Proximal SGNFD, score (0-4) 3.6 (0.5) 3.1 (0.8) -
CDT, °C 254 (6.1) 25.3 (6.6) -
WDT, °C 39.6 (4.3) 40.3 (4.1) -
Small fiber pathology, n (%) 15 (37%) 3 (15%) -
Small fiber neuropathy, n (%) 0 (0%) 6 (30%) 0.0007
Mixed neuropathy, n (%) 0 (0%) 1 (5%) -

Table S. Demographic and diagnostic test variables in patients with primary and secondary
FMS

Continuous variables are expressed as mean and standard deviation (SD); categorical variables are
expressed as number of patients presenting the selected variable (n) and relative percentages (%). T-
test or Mann Whitney test were used to compare continuous variables, as appropriate depending on
data normality distribution, and Fisher’s exact test to compare categorical variables between
patients with primary and secondary FMS. p values <0.05 were considered significant.

Abbreviations: hEDS: hypermobile Ehlers Danlos Syndrome; IENFD: intraepidermal nerve fibre
density of PGPY9.5 immunoreactive fibres; PMNFD: piloerector muscle nerve fibre density of
PGP9.5 immunoreactive fibres;, SGNFD: sweat gland nerve fibre density of PGP9.5
immunoreactive fibres; CDT: cold detection threshold; WDT: warm detection threshold.
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Primary

FMS hEDS secondary FMS P value
n=A41 n=20
DN4 score (0-10), m (SD) 5.7(2.1) 5.9(1.9) -
NPSI score (0-100), m (SD) 47.6 (24.6) 29.5(14.1) 0.0049
COMPASS-31 (0-39), m (SD) 44.4 (15.9) 34.9 (15.6) 0.0447
WPI (0-19), m (SD) 11.9 (4.6) 9.5(4.1) -
SS (0-12), m (SD) 9.2(1.9) 8.4 (1.5) -
ymptoms at the NPSLn (vg) 41 (100%) 20 (100%)
Tingling paraesthesia 6.0 (3.1) 54(.1) -
Pins and needles paraesthesia 6.0 (3.2) 4.6 (6.4) 0.0313
Paroxysmal pain 4.8 (3.8) 5.94.7) -
Burning pain 5.1 (4.0) 3.7(5.5) -
Squeezing pain 5.4 (4.0) 3.7 (4.8) 0.05
Pressure pain 5.9@4.1) 344 0.0228
Stabbing pain 5.6 (4.3) 4.6 (3.9) -
Dynamic mechanical allodynia 3.5(4.0) 3.8(3.9) -
Pressure allodynia 3.3(4.0) 0.8 (1.8) 0.0213
Cold allodynia 2.7 (4.0) 1.8 (3.3) -
Patients with autonomic
symptoms at COMPASS-31, n 41 (100%) 20 (100%)
(“e)
Orthostatic Intolerance 25.6 (7.6) 6.5(3.1) <0.0001
Vasomotor disfunction 1.6 (1.8) 3.72.1) 0.0004
Secretomotor disfunction 6.0 (4.3) 7.1(1.2) -
Gastro-intestinal disfunction 7.7 (5.0) 18.6 (4.3) <0000.1
Genitourinary disfunction 1.5 (1.8) 5.2(2.3) <0.0001
Pupillomotor disfunction 2.0(1.4) 10.1 (5) <0.0001
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Table 6. Neuropathic pain and autonomic symptoms in patients with primary and secondary
FMS

Continuous variables are expressed as mean (m) and standard deviation (SD); categorical variables
are expressed as number of patients presenting the selected variable (n) and relative percentages
(%). T-test or Mann Whitney test were used to compare continuous variables, as appropriate
depending on data normality distribution, between patients with primary and secondary FMS. After
Bonferroni’s correction for multiple comparisons, p values < 0.0023 were considered statistically
significant and were highlighted in bold.

Abbreviations: DN4: Douleur Neuropatique en 4 questions, NPSI: Neuropathic Pain Symptoms
Inventory score; COMPASS-31: Composite Autonomic Score-31; WPI: Widespread Pain Index; SS:
Symptom Severity Scale.
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S. Discussion

In our cross-sectional study, we found that a significant proportion of patients with EDS and painful
disturbances, approximately 30% exhibit peripheral neuropathy. Among these patients, the majority
(86%) presented with SFN, selectively involving small nerve fibers, whereas only 1 (14%)
exhibited a Mixed Neuropathy, with signs of both large and small fiber damage. We did not find a
clear association between neuropathic pain and autonomic symptoms and SFN. Most EDS patients
suffered from widespread pain and fitted a diagnosis of fibromyalgia syndrome. Thus, there was a
considerable overlap between SFN and fibromyalgia in EDS patients. Fibromyalgia syndrome
manifested with milder neuropathic pain and autonomic symptoms in hEDS respect to primary

fibromyalgia patients, suggesting that primary and secondary fibromyalgia are distinct entities.

Small Fiber Neuropathy findings

SFN has been previously documented in EDS, with growing evidence suggesting a significant link
between SFN and EDS, particularly in hEDS. This association may contribute to the chronic pain
and sensory abnormalities commonly observed in EDS [67]. Some studies suggest that the pain
reported by EDS patients might have a microvascular origin or be attributable to the characteristic
collagen defect of the condition, which could directly or indirectly damage small peripheral nerve
fibers [68]. A reduction in IENFD has also been observed in EDS patients, supporting the SFN
hypothesis, along with abnormalities in autonomic testing [69].

Our cross-sectional study identified SFN in hEDS patients based on widely agreed diagnostic
criteria for SFN and found that SFN is moderately prevalent among those experiencing painful
symptoms. The diagnostic approach relied on a combination of clinical assessment, QST, and skin
biopsy findings, allowing for an accurate differentiation of SFN from broader small fiber pathology,
reducing the risk of misdiagnosis. In fact, most study patients also fitted a clinical diagnosis of

FMS. It is well-established that a considerable proportion of patients with FMS, often up to 50%,
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have isolated skin biopsy abnormalities commonly defined as “small fiber pathology”. These
abnormalities are of uncertain clinical significance and occur in absence of clear evidence of
functional small fiber impairment [54,58]. In our study, all the patients with SFN also had
fibromyalgia. Conversely, among the patients with fibromyalgia who did not fit a diagnosis of
neuropathy (SFN or mixed neuropathy), only 3 patients (15%) had signs of small fiber pathology.
Remarkably, in our study, hEDS patients with SFN exhibited a leg/thigh ratio of IENFD > 0.48,

showing a non-length dependent intraepidermal nerve fibers reduction pattern at skin biopsy.

Correlations between Small Fiber Neuropathy and clinical symptoms

In our cohort of hEDS patients, 14 had widespread pain with additional distal involvement (61%), 8
complained of widespread pain without distal involvement (35%), while only 1 patient (4%) had
exclusively distal pain. Overall, the vast majority of patients (96%) had widespread pain.
Widespread pain is traditionally considered a clinical hallmark of FMS and is not a common
presentation of SFN. However, in a clinical scenario, like hEDS, where small fiber damage seems
to be characterized by a non-length dependent distribution, widespread pain might be the expression
of non-length dependent SFN, besides fibromyalgia.

We observed that painful symptoms as assessed by the NPSI were unrelated to small fiber-related
variables, as evaluated by skin biopsy, QST, and DST. This finding is in line with previous studies
[52] and supports the view that neuropathic pain does not merely reflect axonal loss and that it may
be associated with functional and ultrastructural changes, which conventional small fiber testing
might not detect. We did not find significant differences in the main demographic and clinical
features between patients with and without SFN. It follows that the clinical impact of small fiber
damage on painful symptoms often complained by patients with hEDS remains uncertain, possibly

due to coexisting disease complications contributing to painful disturbances. Furthermore 87% of
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our patients fulfilled the ACR 2016 criteria for fibromyalgia, thus suggesting that the presence of
painful symptoms is frequently associated to fibromyalgia in hEDS patients.

All our patients complained about all the autonomic symptoms assessed by COMPASS-31. Indeed,
these symptoms are usually reported in patients with SFN, due to small autonomic fiber disfunction,
and their presence has also been reported in fibromyalgia, with unclear relationship with small fiber
pathology [52,58]. However, the COMPASS-31 score, the main outcome variable related to
autonomic symptoms, didn’t differ between patients with and without SFN, thus showing that also

the impact of SFN on autonomic symptoms remains elusive.

Primary Fibromyalgia and Fibromyalgia secondary to hEDS

In our cohort of hEDS patients, 20 patients (87%) met the 2016 ACR criteria for the diagnosis of
fibromyalgia. However, when comparing the clinical characteristics between these patients with
secondary hEDS associated fibromyalgia and patients with primary fibromyalgia, we found that
neuropathic pain and autonomic scores as assessed by NPSI and COMPASS-31 were lower in
patients with secondary fibromyalgia, despite the higher prevalence of SFN.

The concept of secondary fibromyalgia, i.e., FMS associated with another clinically important and
dominant medical disorder, has gathered relevant recognition over the last years. In patients with
hEDS secondary fibromyalgia could be particularly relevant, since the persistent pain and physical
stress from complications related to EDS may create a fertile ground for the development of
fibromyalgia symptoms.

Understanding the differences between primary and secondary FMS has become important for
tailoring more effective management strategies. However, whether these forms are equivalent or
represent distinct entities with different pathophysiological mechanisms remains unclear, as detailed
comparative studies are lacking. Studies in literature suggest that patients with primary

fibromyalgia syndrome experience higher levels of depression and anxiety respect to those with
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primary fibromyalgia, along with a greater decline in quality of life, possibly due to the chronic and
unpredictable nature of their symptoms. However, even if a long-standing debate is still ongoing on
the role of small nerve fibers involvement in fibromyalgia syndrome, no study has ever evaluated
whether primary and secondary fibromyalgia syndrome differ in terms of neuropathic pain,
autonomic symptoms, and small fiber related measures.

Our study firstly shows that even though SFN frequency is increased in patients with secondary
respect to those with primary fibromyalgia, neuropathic pain and autonomic symptoms are milder in
secondary hEDS associated fibromyalgia, thus suggesting that primary and secondary fibromyalgia
are distinct entities in which pain might be mediated by different mechanisms.

We recognize several limitations. Firstly, our small sample size may have limited the
generalizability of our results, highlighting the need for further studies to confirm these findings.
Additionally, our study did not include a systematic assessment of cognitive and psychiatric
symptoms, such as evaluations for depressive and anxiety symptoms, which are known to influence
pain perception in fibromyalgia. Indeed, pain encompasses both sensory and affective dimensions,
with a complex relationship between pain perception and mental health factors. However, despite
this limitation, the methodological consistency across diagnostic tests and criteria supports the
reliability of our findings. Future studies incorporating comprehensive cognitive and psychiatric
assessments are warranted to clarify the interplay between mental health, pain, and neuropathy in

this patient population.

6. Conclusions

In conclusion, this study reveals that a significant proportion of hEDS patients with pain also
exhibit SFN, potentially indicating a neuropathic component specific to hEDS. The role of SFN in
conditioning neuropathic pain and autonomic symptoms still remains elusive.

Notably, while most hEDS patients met criteria for fibromyalgia, those with hEDS-associated

secondary fibromyalgia displayed lower pain and autonomic symptom scores than primary
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fibromyalgia patients, despite a higher prevalence of SFN, pointing to unique pain profiles between
the two forms of fibromyalgia. The widespread presence of autonomic symptoms across all
patients, irrespective of SFN status, suggests a prevalent and multifactorial autonomic fiber
dysfunction in hEDS.

These findings underscore the importance of a comprehensive, multidisciplinary approach in
evaluating pain and neuropathic dysfunction in hEDS to better delineate underlying mechanisms

and enhance management strategies
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