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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is a childhood-onset neurodevelopmental disorder

characterized by symptoms of inattention, hyperactivity-impulsivity, or both, which negatively

affect the quality of life for children and adults worldwide. ADHD is known to cause significant
psychosocial distress, including academic failure, divorce, unemployment, and incarceration, and
increases the risk of developing psychiatric disorders such as depression, anxiety, and substance

abuse.

While its cognitive and psychological impacts are yet well-documented, the implications of ADHD

for physical health have only recently begun to receive increasing attention. Some of'the known
non-psychiatric health challenges associated with ADHD include obesity, autonomic dysregulation,
musculoskeletal symptoms and joint hypermobility.

This paper investigates recently discovered links between ADHD and symptoms ofjoint

hypermobility, and focuses on the prevalence of generalized joint hypermobility, as well as ADHD

comorbidity in connective tissue-related conditions, such as Ehlers-Danlos syndrome and
hypermobility spectrum disorder.

Aim

This study aims to:

1. Provide a comprehensive review of recently published literature explaining attention-deficit/

hyperactivity disorder (ADHD) co-occurrence with joint hypermobility-related conditions.

2. Contribute to a better understanding of the complex nature ofjoint hypermobility and the
hEDS-ADHD association.

3. Explore the biological and psychosocial mechanisms underlying these associations and their

clinical implications.

Keywords: “ADHD” , “attention defficit hyperactivity disorder”, “joint hypermobility”,

“hypermobile Ehlers-Danlos syndrome”

List of abbreviations

ADHD - attention-deficit/hyperactivity disorder
ASD - autism spectrum disorder

EDS - Ehlers-Danlos syndrome

hEDS - hypermobile Ehlers-Danlos syndrome
HSD - hypermobile spectrum disorder



JH -joint hypermobility
GJH - generalized joint hypermobility

CNS - central nervous system

ANS - autonomic nervous system

POTS - postural orthostatic tachycardia syndrome

NEP - neuroconnective endophenotype

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by
abnormal problems with attention maintenance (inattentive presentation), hyperactivity-impulsivity
(hyperactive presentation), emotional dysregulation, and executive function deficits[1, 2], causing

significant disturbances in psychological, social and emotional health of the individual. It is

commonly diagnosed with prevalence of 5-9.8% in the pediatric population, and 2,5%-4.4% in
adults [2,3].

Several studies point out that ADHD diagnosis frequently appears to co-occur with other

psychological disorders, predominantly autistic spectrum disorder (ASD),found in 38.5-40.2% of
ADHD patients [4, 5], followed by anxiety disorders, personality and affective disorders[4, 6].

Despite the growing understanding of the psychiatric difficulties related to neurodiversity, the

physical health outcomes of ADHD have just currently gained more attention.

This systematic review is aimed to further explore the trend, connecting the hypermobility-related

disorders and ADHD/ASD, and to collect the existing evidence on associations between joint

hypermobility, dysautonomia, and neurodiversity in hEDS individuals.

Methods

A comprehensive literature search using the PubMed and Google Scholar databases has been
performed. This paper presents a systematic review of peer-reviewed articles from 2015 to 2024,
focusing on the connection between ADHD and joint hypermobility. Keywords included "ADHD",

“generalized joint hypermobility", “Ehlers-Danlos syndrome"," and “hypermobile Ehlers-Danlos

Syndrome.” Study selection was based on their relevance to diagnostic implications, and their

contribution to better understanding of ADHD and hEDS etiology.

Study selection focused on case studies and systematic reviews published since 2015, consisting of

reliable data on the correlation between hEDS/HSD and ADHD/ASD. Particular emphasis was



placed on studies exploring shared biological mechanisms, developmental trajectories, and clinical

implications.

Results
The latest debate on the joint hypermobility-related disorders and the Ehlers-Danlos syndrome,

focused on their heterogeneity, provided significant insights into the definitions and understanding
of GJH, HSD, and hEDS.

Since the introduction ofthe 2017 EDS criteria[ 7], the genetic basis and shared comorbidities of the
13 recognized EDS subtypes have been comprehensively characterized (Malfait et al., 2017).

However, hypermobile EDS (hEDS) remains the only subtype for which a defined genetic basis has
yet to be identified, highlighting a significant gap in current understanding.[7]

An increased prevalence of systemic comorbidities in hEDS and HSD have been highlighted, as the

psychological conditions, including neurodevelopmental disorders, have been well-documented

among individuals with hEDS/HSD.[8, 9, 10, 11]

1. GENERALIZED JOINT HYPERMOBILITY: DEFINITIONS AND DIAGNOSTIC CRITERIA

Joint hypermobility (JH) defines a state ofjoint laxity, and an extended range of motion of a joint or

group ofjoints, along their physiological axes. [12, 13]

Generalized joint hypermobility (GJH) describes a presentation of JH in multiple joints and is found
in 2-57% of the general population.[12, 13, 14] Prevalence differences could be explained by age,
gender, ethnicity, and activity of the population.[13] GJH can be asymptomatic or symptomatic, the

latter being found in 10% of GJH individuals, and accompanied by musculoskeletal issues, pain, or

dysautonomia. [13, 15]. Symptomatic GJH has been identified as major criteria for diagnosis of

either hypermobile type of Ehlers-Danlos Syndrome (hEDS), or Hypermobility Spectrum Disorders
(HSD) [7, 12, 13, 14].

This review defines GJH using the Beighton Score (BS) cutoffof4 and above [7, 12], and considers
age-specific thresholds established in the 2017 hEDS diagnostic criteria[7]. Beighton score was

considered positive with >5 points in adults up to the age of 50, and >4 points in those over the age

of 50.

2. NEURODEVELOPMENTAL ASSOCIATIONS OF GJH
As summarized in Table 1, several studies have demonstrated a significant association between
ADHD and GJH. Although earlier hints of the connection between joint hypermobility spectrum
and neurodevelopmental disorders existed, it is the last 15 years that this relationship has been
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documented more thorougly. One early research (Dogan et al. 2011) reported generalized
hypermobility in 32% of 54 patients with ADHD, compared to 14% of control[16], while another
(Shiari et al. 2013) reported the prevalence of GJH to be 74% in 86 children with ADHD, compared
to 13% of controls[17]. The connection between GJH and ADHD was further substantiated by

Glans et al. (2021), which found significantly increased prevalence of GJH in the ADHD group (OR

of'4.7). Moreover, when symptomatic GJH was considered, the correlation became even stronger

(OR of 6.9) [18].

In a matched nationwide population-based cohort study (Cederlof et al., 2016) the connection was
further solidified, demonstrating a significant increase in ADHD prevalence among individuals with

hEDS or GJH, comparing to their non-EDS siblings. [19]

Additionally, the age-related variation of ADHD prevalence in hEDS children has been discovered
(Kindgren et al. 2021), where comorbities increased from 16% in younger children, with additional

7% under evaluation, to 46% in adolescents of 17-18 years. [20]

These findings solidify a need for further research focusing on potential diagnostic implications, as
they seem to confirm that patients presenting with neurodevelopmental disorders like ADHD should

be considered for connective tissue disorders evaluation, particularly ifthey exhibit unexplained

somatic symptoms. [8, 11,21, 22, 23]

Table 1. Summary of studies investigating the ADHD-GJH association

Reference Cohort Description ADHD Prevalence GJH Prevalence Odds Ratio (OR)
1 0/ 1 o
Dogan et al. 54 ADHD patients, 22 N/A 32% in ADHD, 14% N/A
(2011) controls controls
. . . 0/ 1 o
Shiari et al. 86 ADHD children, 13 N/A 74% in ADHD, 13% N/A
(2013) controls controls
Cederlofetal.  EDS cohort vs general o) 1.
(2016) oo N/A N/A 6.02 (95% CI: 3.96-9.15)
Glans et al. 431 ADHD adults, 417 4.7 (GJH),
(2021) controls N/A N/A 6.9 (symptomatic GJH)
1 1 1 0, 0,
Kindgren et al. Children with HSD/ 16% ADHD, 7% under N/A N/A

(2021) hEDS evaluation

Table 1. provides an overview of studies exploring the prevalence ofjoint hypermobility (JH) and generalized joint
hypermobility (GJH) in individuals with attention-deficit/hyperactivity disorder (ADHD). It includes cohort

descriptions, ADHD prevalence rates, GJH prevalence rates, and reported odds ratios (ORs) where applicable.



Discussion

This systematic review highlights a compelling link between generalized joint hypermobility (GJH),
hypermobile Ehlers-Danlos syndrome (hEDS), and attention-deficit/hyperactivity disorder
(ADHD). The emerging concept of a neuroconnective endophenotype suggests a shared biological

and clinical foundation underlying these conditions, which warrants further investigation. [21, 24,
25]

1. MECHANISMS OF INTERACTION AND OVERLAP
The proposed mechanisms linking hEDS and ADHD encompass structural, functional, and systemic

factors. Table 2 outlines the suggested underlying mechanisms of the ADHD and hypermobility-

related disorders connection, highlighting shared pathways.

Impaired collagen synthesis is likely a cornerstone mechanism linking hEDS to ADHD. [22, 23, 26,
27, 28, 29] Collagen is a primary structural component of connective tissues throughout the body,
also presenting in the central nervous system (CNS). These abnormalities may disrupt the integrity

of the brain, such as the corpus callosum, crucial for communication between the hemispheres.

These structural changes can lead to compromised neural connectivity and white matter integrity,
which are essential for attentional control and cognitive processing. [25, 28, 29, 30] The resultant

deficits in executive functioning and motor coordination are reminiscent of ADHD symptoms,

including inattention, impulsivity, and motor restlessness [22, 29, 30].

Table 2. Potential Mechanisms underlying the connection between GJH/hEDS and ADHD

Suggested mechanism Description Key References

A concept of a unifying phenotype of connective tissue and

neurodevelopmental disorders characterized by joint hypermobility, 21,23, 24
autonomic dysfunction, and neurodevelopmental symptoms

Neuroconnective
Endophenotype

Connective tissue abnormalities may affect brain structures, including

Central I\Ilrt;rvao(l;[s System white matter, impacting neurodevelopment and executive functions 21, 2227’ %239’ 2,

P associated with ADHD. ’

) Autonomic dysfunction (e.g., POTS) seen in hREDS/HSD may amplify 10.23. 5. 26
Autonomic NerV(_)us ADHD-like symptoms, predominantly inattention, hyperactivity and P A
System Dysregulation anxiety. 31, 33

Pain and Sensory Chronic pain and sensory hypersensitivity in hREDS/HSD may alter 20.21.22. 31
Dysregulation attention regulation, contributing to ADHD-like features T
. . Potential overlap in dopaminergic dysfunction between ADHD and hEDS,
Dopaminergic Pathways 7,22,26, 27, 30

affecting motor control, attention, and impulsivity.



Sleep issues (common in hEDS/HSD) are associated with cognitive

Fati d sl .
atgue and Seep difficulties and ADHD-like traits. Sleep disturbances are known to be 2,8,23

Dysregulation more prevalent in ADHD individuals.
Stress and Anxiety Increased prevalence of anxiety disorders in hEDS may exacerbate 23,27, 28, 29,
Amplification ADHD symptoms via heightened stress responses. 30

Table 2. summarizes the clinical manifestations, potential underlying mechanisms, and shared symptomatology
observed in hypermobile Ehlers-Danlos syndrome (hEDS), hypermobility spectrum disorders (HSD), attention-
deficit/hyperactivity disorder (ADHD), and autism spectrum disorder (ASD). The overlap highlights the interplay of
connective tissue anomalies, autonomic dysfunction, pain sensitivity, fatigue, psychological comorbidity, and motor
challenges.

Collagen abnormalities lead to proprioceptive feedback alteration, which is observed in hEDS
individuals. [31] Disrupted proprioception affects sensory processing pathways, which are essential

for integrating internal bodily signals and maintaining a stable sense of self. [18, 23, 28, 32] This

can manifest as motor dyscoordination and body awareness impairment, core features of ADHD. [1,

8,9, 11] Thus, proprioceptive dysregulation in hEDS contributes to the sensory sensitivity and

motor dysfunction observed in ADHD, further linking these conditions. [27, 28, 31, 32]

Dysregulation of the Autonomic Nervous System (ANS) with conditions such as Postural
Orthostatic Tachycardia Syndrome (POTS), characterized by excessive heart rate increases upon
standing, is observed in approximately 40-50% of individuals with hEDS and may be prevalent
among ADHD patients experiencing autonomic instability. [10, 25, 26, 33] These autonomic
dysfunctions could amplify ADHD symptoms, including inattention, hyperactivity, and anxiety [ 10,

22, 23, 25, 28, 30]. ANS instability may exacerbate stress responses, cognitive fog, and fatigue,
suggesting a bidirectional influence between autonomic and neurodevelopmental challenges.[25,

27, 28, 30].

Heightened pain sensitivity and sensory hypersensitivity, common in hEDS [32], may impair

cognitive processes, emotional regulation, and increase distractibility. [25, 27, 30] Chronic pain not

only affects the sensory processing but also impacts executive functioning and mood regulation,
which are pivotal in ADHD [22, 25, 27, 32, 34, 35]. This interplay suggests that chronic pain and
sensory dysregulation may act as mediators linking hEDS and ADHD, with hEDS potentially
serving as a contributory factor to the severity and management of ADHD symptoms. [22, 23, 24,
27,32, 34].

These shared pathophysiological features of impaired collagen synthesis, dysregulated

proprioception, and chronic pain, appear to affect both physical and cognitive functions, and may

underlie the co-occurrence of motor coordination challenges and attentional deficits in individuals



with hEDS and ADHD [1, 6, 22, 26, 27]. Notably, autonomic dysfunction, such as POTS,
exacerbates symptoms like fatigue, brain fog, and inattention, which overlap with ADHD
presentations [10, 25, 26, 33, 34]. Other interesting factors considered to participare in hEDS-

ADHD association, are immune and endocrine dysregulation [36]. Hormonal sensitivity during

puberty, menstruation, and postpartum periods has been identified a as potential factor exacerbating
hEDS symptoms, potentially increasing the primary challenges faced by neurodiverse individuals

and causing disturbances in neurodevelopment [36].

The role of dopaminergic dysfunction further elucidates the overlap between these conditions, as
they are crucial for motor control, attention, and impulsivity, and disruptions within these pathways

are commonly implicated in ADHD. [7, 29] Similarly, dopaminergic imbalances in hREDS may

underpin motor deficits, cognitive challenges, and emotional dysregulation, contributing to both
conditions' symptomatology [27, 30]. Disruptions in dopaminergic signaling could explain the
shared neurobiological pathways linking hEDS and ADHD, including difficulties with executive
functioning, impulsivity, and attention [10, 23, 24, 25, 28, 29, 30].

The concept of a neuroconnective endophenotype (NEP), introduced by Bulbena et al. (2023),
provides a unifying framework for understanding these connections. NEP characterizes the co-
occurrence of joint hypermobility, autonomic dysfunction, and neurodevelopmental atypisms such
as ADHD [21, 24]. This model posits a linkage between systemic physiological traits and cognitive
and behavioral manifestations, providing a better understanding of the shared genetic and biological

pathways influencing both connective tissue integrity and neural development. The integration of

systemic physiological factors with neural developmental processes presents a more holistic view of

the pathophysiology underlying these conditions. [21, 24]

2. CLINICAL IMPLICATIONS

Investigating the research field, shared symptomatology comes into the picture. Most prevalent
systemic complaints common between hEDS and ADHD include chronic pain and fatigue,
orthostatic intolerance and autonomic dysregulation, while psychiatric complaints are
predominantly sleep disturbances, anxiety, and emotional dysregulation. [29, 32, 37, 38, 39]

Clinical presentation in affected individuals, and possible mechanisms leading to the development



ofreported symptoms and similar features are presented in Table 3.

Table 3. Distinct Mechanisms of Shared Clinical Manifestations and Symptomatology in hEDS/
HSD and ADHD/ASD

Clinical
manifestation

Connective tissue
anomalies

Autonomic nervous
system dysfunction

Pain sensitivity

Fatigue

Psychological
comorbidity

Motor challenges

Possible underlying sequence

hEDS/HSD

Impaired collagen
synthesis; altered
proprioception; joint
instability [22, 25]

Dysautonomia (e.g., POTS,
orthostatic intolerance);
impaired vascular responses
[37, 38]

Chronic pain, hyperalgesia
[15, 32]

Common result of
autonomic dysfunction and
pain [32]

Anxiety, depression; impact
of chronic symptoms on
mental health [8]

Motor delays, impaired
sensory processing,
proprioceptive difficulties
[32]

ADHD/ASD

Potential impact of atypical
neurodevelopment; motor
and sensory challenges [29]

Cognitive impairments
(brain fog, inattention);
mood dysregulation [9, 27,
34]

Pain-related behavioral
challenges; sensitivity to
discomfort [34, 38]

Caused by executive

dysfunction, attentional
difficulties and burnout [38]

Increased prevalence of
mood disorders, anxiety,
and depression [2, 6]

Co-occurring motor and

sensory processing
difficulties [29]

Shared Symptomatology

Chronic pain, clumsiness,
motor coordination
difficulties, proprioceptive
impairments

Fatigue, dizziness,
inattention, exacerbated by
shared autonomic instability

Amplified pain response may
impact mood, behavior, and
functional capacity

Worsened by overlapping
conditions, affecting both
physical endurance and
cognitive focus

Psychosocial — impact,
additional everyday-life
alterations

Overlapping characteristics
of physical, cognitive, and
behavioral disturbances

Table 3. highlights the clinical manifestations shared between hypermobile Ehlers-Danlos syndrome (hEDS)/
hypermobility spectrum disorders (HSD) and neurodevelopmental disorders such as ADHD and ASD. It outlines the
possible underlying sequences contributing to these manifestations in each condition and identifies overlapping
symptomatology, emphasizing areas of potential mechanistic convergence or divergence. References are cited
according to their order in the text and appear in the reference list.

Table 3. provides a detailed comparison of clinical manifestations, underlying mechanisms, and

shared symptomatology between hEDS/HSD and ADHD/ASD. It identifies six key areas of

overlap: connective tissue anomalies, autonomic nervous system dysfunction, pain sensitivity,

fatigue, psychological comorbidity, and motor challenges. Connective tissue anomalies in hREDS/

HSD, such as impaired collagen synthesis and altered proprioception, are linked to

neurodevelopmental impacts and motor and sensory challenges seen in ADHD/ASD, manifesting as

chronic pain and motor coordination difficulties [33, 34, 40] Dysautonomia and impaired vascular

responses in hEDS/HSD, corresponds with cognitive impairments, brain fog, and mood
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dysregulation manifesting in ADHD/ASD, collectively exacerbating symptoms like fatigue and
inattention. [9, 10, 33, 34]

Pain sensitivity, a hallmark of chronic hyperalgesia in hEDS/HSD, overlaps with pain-related
behavioral challenges in neurodevelopmental disorders, amplifying pain responses and impacting

mood, behavior, and functional capacity. [27, 34, 35] Fatigue, a frequent symptom driven by

autonomic dysfunction and chronic pain in hEDS/HSD, is similarly observed in ADHD/ASD where
it is linked to executive dysfunction and attentional deficits [35, 41]; however, it remains unclear
whether these symptoms share the same underlying mechanisms or arise independently [38].

Psychological comorbidities, such as anxiety and depression, are prevalent in both conditions, with

chronic symptoms contributing to psychosocial impacts and everyday-life disruptions. [38, 39, 40]

Lastly, motor delays and proprioceptive difficulties seen in hEDS/HSD co-occur with motor and
sensory processing challenges in ADHD/ASD, leading to overlapping physical, cognitive, and
behavioral disturbances. [28, 41]

While these shared symptoms suggest potential pathophysiological connections, it is not yet fully
understood whether they stem from common mechanisms or represent distinct processes
contributing to similar outcomes. [38] This comparison underscores the systemic and
neurodevelopmental interplay between these conditions, emphasizing the need for interdisciplinary
evaluation and further research to clarify the underlying mechanisms. Early identification of co-
occurring ADHD and GJH/hEDS/HDS symptoms can facilitate timely, interdisciplinary
management strategies that improve patient outcomes. [22, 27] Clinicians are encouraged to screen
ADHD patients for joint hypermobility and assess for autonomic dysfunction when unexplained
somatic symptoms, such as fatigue, dizziness, or chronic pain, are present. [21, 23] A
comprehensive evaluation and understanding of the shared symptomatology between ADHD and

hEDS, including chronic pain, fatigue, anxiety, and sleep disturbances, can inform the development

of'tailored interventions. [23, 27]

3. LIMITATIONS AND FUTURE DIRECTIONS

While progress has been made in identifying associations, causative factors remain speculative.
Many studies are constrained by small sample sizes and heterogeneous methodologies, limiting the
generalizability of findings. Future research should focus on longitudinal studies to elucidate the
causal relationships between ADHD and GJH/hEDS over time. [11, 18, 27] Larger cohort studies

are essential to enhance the generalizability of findings and to explore the shared biological

pathways. Investigating the role of collagen synthesis, ANS regulation, and dopaminergic signaling

11



could reveal novel therapeutic targets. Additionally, studies examining the impact of hormonal

fluctuations during puberty, menstruation, and the postpartum period on ADHD and hEDS

symptoms may provide valuable insights into the underlying mechanisms [11, 21, 42]

By advancing our understanding of the neuroconnective phenotype, healthcare providers can bridge
the divide between psychiatric and physical medicine, offering holistic care to unique population of

ADHD and hEDS individuals.

Conclusions
This review underscores a significant association between ADHD and hypermobility-related

disorders, particularly hEDS and symptomatic GJH, emphasizing the intertwined nature of physical

and neurodevelopmental health. Recognizing these associations could enhance diagnostics and

foster integrative treatment strategies. [21, 39] Alongside biological mechanisms underpinning this

connection, the effectiveness of the interventions addressing both physical and neurocognitive

symptoms, should be prioritized in future studies. Enhanced understanding of this neuroconnective

phenotype may contribute to bridging the gaps between psychiatry and physical medicine,

providing comprehensive care for affected individuals in the future. [20, 21, 22]

Author's contribution

KACPERCZYK Julia, dr n. med. CZYZ Wojciech, WOJCIKIEWICZ Michalina,

ARCZEWSKI Filip, DZIEDZIC Karol, KULBACKA Julia, WOJSZCZYK Maciej, ZYS Damian,
PASEK Piotr, RYNIECKA Julia

Conceptualization, Kacperczyk Julia, Czyz Wojciech;
Methodology, Arczewski Filip;

Software, Dziedzic Karol;

check, Wojcikiewicz Michalina;

formal analysis, Ryniecka Julia;

investigation, Wojszczyk Maciej;

resources, Kulbacka Julia;

data curation, Pasek Piotr;

writing - rough preparation, Kacperczyk Julia;
writing - review and editing, Dziedzic Karol;
visualization, Zys Damian;

supervision, Czyz Wojciech;

12



project administration, Wojcikiewicz Michalina;

All authors have read and agreed with the published version of the manuscript.

Funding Statement

The autors declare no funding in relation to this study.

Institutional Review Board Statement

Non applicable

Data Availability Statement
In this section, please provide details regarding where data supporting reported results can be found,
including links to publicly archived datasets analyzed or generated during the study. Please refer to

suggested Data Availability Statements in section “Research Data Policies”. You might choose to

exclude this statement if the study did not report any data.

Conflict of Interest Statement

The autors declare no conflicts of interest in relation to this study.

Declaration ofthe use of generative Al and Al-assisted technologies in the writing process
In preparing this work, the authors used OpenAl (ChatGPT) for the purpose of grammar and

spelling check. After using this tool/service, the authors have reviewed and edited the content as

needed and accept full responsibility for the substantive content of the publication.

Disclosure*

References

References

3. Faraone SV, Asherson P, Banaschewski T, et al. Attention-deficit/hyperactivity disorder. *Nat
Rev Dis Primers*. 2015;1(1):15020. doi:[10.1038/nrdp.2015.20](https://doi.org/10.1038/

nrdp.2015.20)

4. Faraone SV, Banaschewski T, Coghill D, et al. The World Federation of ADHD International
Consensus Statement: 208 Evidence-based conclusions about the disorder. Neuroscience &

Biobehavioral Reviews. 2021;128:789-818. doi:10.1016/j.neubiorev.2021.01.022

13


https://doi.org/10.1038/

10.

I1.

12.

13.

14.

Salari, N., Ghasemi, H., Abdoli, N. et al. The global prevalence of ADHD in children and

adolescents: a systematic review and meta-analysis. Ital J Pediatr 49, 48 (2023). https://doi.org/
10.1186/513052-023-01456-1

Rong Y, Yang CJ, Jin Y, Wang Y. Prevalence of attention-deficit/hyperactivity disorder in
individuals with autism spectrum disorder: A meta-analysis. Research in Autism Spectrum

Disorders. 2021;83:101759. doi:10.1016/j.rasd.2021.101759

Hours C, Recasens C, Baleyte JM. ASD and ADHD Comorbidity: What Are We Talking About?
Frontiers in Psychiatry. 2022;13. doi:10.3389/fpsyt.2022.837424

Instanes JT, Klungseyr K, HalmeyA, Fasmer OB, Haavik J. Adult ADHD and comorbid
somatic disease: a systematic literature review. Journal of Attention Disorders. 2018
Feb;22(3):203-28.

doi: 10.1177/1087054716669589

Malfait F, Francomano C, Byers P. The 2017 international classification of the Ehlers-Danlos
syndromes. Am JMed Genet C Semin Med Genet. (2017) 175:8-26. doi: 10.1002/ajmg.c.31552

Ishiguro H, Yagasaki H, Horiuchi Y. Ehlers-Danlos Syndrome in the Field of Psychiatry: A
Review. Front Psychiatry. 2022;12. doi:10.3389/fpsyt.2021.803898

Bulbena A, Baeza-Velasco C, Bulbena-Cabré A, Pailhez G, Critchley H, Chopra P, Mallorqui-
Bagué N, Frank C, Porges S. Psychiatric and psychological aspects in the Ehlers—Danlos

syndromes. InAmerican Journal of Medical Genetics Part C: Seminars in Medical Genetics
2017 Mar (Vol. 175, No. 1, pp. 237-245).

KucharikAH, Chang C. The Relationship Between Hypermobile Ehlers-Danlos Syndrome
(hEDS), Postural Orthostatic Tachycardia Syndrome (POTS), and Mast Cell Activation

Syndrome (MCAS). *Clinic Rev Allerg Immunol*. 2020;58(3):273-297. doi:[10.1007/
$12016-019-08755-8](https://doi.org/10.1007/s12016-019-08755-8)

Glans MR, Thelin N, Humble MB, Elwin M and Bejerot S (2022) The Relationship Between
Generalised Joint Hypermobility and Autism Spectrum Disorder in Adults: A Large, Cross-
Sectional, Case Control Comparison. Front. Psychiatry 12:803334. doi: 10.3389/

fpsyt.2021.803334

Juul-Kristensen B, Schmedling K, Rombaut L, Lund H, Engelbert RHH. Measurement

properties of clinical assessment methods for classifying generalized joint hypermobility—A

14


https://doi.org/10.1007/s12016-019-08755-8

15.

16.

17.

18.

19.

20.

21.

22.

23.

systematic review. *American J of Med Genetics Pt C*. 2017;175(1):116-147. doi:[10.1002/
ajmg.c.31540](https://doi.org/10.1002/ajmg.c.31540)
Castori M, Tinkle B, Levy H, Grahame R, Malfait F, Hakim A, et al. framework for the

classification ofjoint hypermobility and related conditions. Am J Med Genet Part C Semin Med
Genet. (2017) 175:148-57. doi: 10.1002/ajmg.c.31539

Tinkle BT. Symptomatic joint hypermobility. Best Practice & Research Clinical Rheumatology.
2020 Jun 1;34(3):101508.

Blajwajs L, Williams J, Timmons W, Sproule J. Hypermobility prevalence, measurements, and

outcomes in childhood, adolescence, and emerging adulthood: a systematic review. Rheumatol

Int. 2023;43(8):1423-1444. doi:10.1007/s00296-023-05338-x

Dogan SK, Taner Y, Evcik D. Benign joint hypermobility syndrome in patients with attention
deficit/hyperactivity disorders.

ShiariR, Saeidifard F, Zahed G. Evaluation ofthe prevalence ofjoint laxity in children with
attention deficit/hyperactivity disorder. Ann Paediatr Rheumatol. 2013;7:8.

Glans M, Bejerot S, Humble MB. Generalized joint hypermobility and neurodevelopmental
traits in adults with ADHD. Front Psychiatry. 2021;12:620449. doi:10.3389/fpsyt.2021.620449

Cederl6fM, Larsson H, Lichtenstein P, Almqvist C, Serlachius E, Ludvigsson JF. Nationwide
population-based cohort study of psychiatric disorders in individuals with Ehlers—Danlos

syndrome or hypermobility syndrome and their siblings. BMC Psychiatry. 2016;16(1):207.
doi:10.1186/s12888-016-0922-6

Kindgren E, Quifiones Perez A, Knez R. Prevalence of ADHD and autism spectrum disorder in

children with hypermobility spectrum disorders or hypermobile Ehlers-Danlos syndrome: A
retrospective study. Neuropsychiatr Dis Treat. 2021;17:1131-1140. doi:10.2147/NDT.S300630
Bulbena-Vilarrasa A, Martinez-Garcia M, Pintor Pérez L, Camara M, Arbelo-Cabrera N,
Bulbena-Cabré A, et al. The Neuroconnective Endophenotype, A New Approach Toward Typing

Functional Neurological Disorder: A Case-Control Study. The Journal of Neuropsychiatry and

Clinical Neurosciences

[Internet]. https://psychiatryonline.org/doi/full/10.1176/appi.neuropsych.20240016. American
Psychiatric Publishing; 2024 Oct 10 [cited 2024 Dec 15];0(0). Available from: 10.1176/

appi.neuropsych.20240016

15


https://doi.org/10.1002/ajmg.c.31540
https://psychiatryonline.org/doi/full/10.1176/appi.neuropsych.20240016

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Csecs JLL, Iodice V, Rae CL, et al. Joint Hypermobility Links Neurodivergence to
Dysautonomia and Pain. Front Psychiatry. 2022;12:786916. doi:10.3389/fpsyt.2021.786916

Bulbena A, Pailhez G, Bulbena-Cabré A, Mallorqui-Bagué N, Baeza-Velasco C. Joint

hypermobility, anxiety and psychosomatics: two and a half decades of progress toward a new
phenotype. Adv Psychosom Med. 2015;34:143-157. doi:10.1159/000369113

Bulbena A, Rosado S, Cabaleiro M, Martinez M, Baeza-Velasco C, Martin L-M, Batlle S and

Bulbena-Cabré A (2023) Validation of the neuroconnective endophenotype questionnaire

(NEQ): a new clinical tool for medicine and psychiatry resulting from the contribution of
Ehlers—Danlos syndrome. Front. Med. 10:1338616. doi: 10.3389/fmed.2023.1338616

Baeza-Velasco, C., Sinibaldi, L. & Castori, M. Attention-deficit/hyperactivity disorder, joint

hypermobility-related disorders and pain: expanding body-mind connections to the
developmental age. ADHD Atten Def HypDisord 10, 163—175 (2018).
Hakim AJ, Tinkle BT, Francomano CA. Ehlers-Danlos syndromes, hypermobility spectrum

disorders, and associated co-morbidities: reports from EDSECHO. Am JMed Genet C Semin
Med Genet. (2021) 187:413-5. doi: 10.1002/ajmg.c.31954

Csecs JLL, Dowell NG, Savage GK, et al. Variant connective tissue (joint hypermobility) and

dysautonomia are associated with multimorbidity at the intersection between physical and
psychological health. Am JMed Genet C Semin Med Genet. 2021;187(4):500-509. doi:10.1002/
ajmg.c.31957

Baeza-Velasco, C., Bourdon, C., Polanco-Carrasco, R. ef al. Cognitive impairment in women

with joint hypermobility syndrome/Ehlers-Danlos syndrome hypermobility type. Rheumatol
Int 37,937-939 (2017). https://doi.org/10.1007/s00296-017-3659-8

Baeza-Velasco C, Pailhez G, Bulbena A, BaghdadliA. Joint hypermobility and the heritable
disorders of connective tissue: clinical and empirical evidence of links with psychiatry. Gen

Hosp Psychiatry. 2015;37(1):24-30. doi:10.1016/j.genhosppsych.2014.10.002

Baeza-Velasco C, Cohen D, Hamonet C, Vlamynck E, Diaz L, Cravero C, Cappe E and

Guinchat V (2018) Autism, Joint Hypermobility-Related Disorders and Pain. Front. Psychiatry
9:656. doi: 10.3389/fpsyt.2018.00656

Clayton HA, Jones SAH, Henriques DYP. Proprioceptive precision is impaired in Ehlers—
Danlos syndrome. SpringerPlus. 2015;4(1):323. doi:10.1186/s40064-015-1089-1

16



34.

35.

36.

37.

38.

39.

40.

41.

42.

Tinkle B, Castori M, Berglund B, et al. Hypermobile Ehlers-Danlos syndrome (a.k.a. Ehlers-
Danlos syndrome Type III and Ehlers-Danlos syndrome hypermobility type): Clinical

description and natural history. Am JMed Genet C Semin Med Genet. 2017;175(1):48-69.
doi:10.1002/ajmg.c.31538

Wu W, Ho V. An overview of Ehlers Danlos syndrome and the link between postural orthostatic

tachycardia syndrome and gastrointestinal symptoms with a focus on gastroparesis. Front
Neurol. 2024;15:1379646. Published 2024 Aug 29. doi:10.3389/fneur.2024.1379646

Brown PCM, Feldstein Ewing SW, Wilson AC. ADHD (Attention-Deficit Hyperactivity
Disorder) Symptoms Are Associated With Chronic Pain Interference: Results From a
Prospective Cohort Study. Child Care Health Dev. 2025;51(1):¢70016. doi:10.1111/cch.70016

Berggren SS, Bergman S, Almquist-Tangen G, Dahlgren J, Roswall J, Malmborg JS. Frequent
Pain is Common Among 10-11-Year-Old Children with Symptoms of Attention Deficit

Hyperactivity Disorder. J Pain Res. 2024;17:3867-3879. Published 2024 Nov 19. doi:10.2147/
JPR.S472414

Hugon-Rodin J, Lebégue G, Becourt S, Hamonet C, GompelA. Gynecologic symptoms and the
influence on reproductive life in 386 women with hypermobility type ehlers-danlos syndrome: a

cohort study. Orphanet JRare Dis. 2016;11(1):124. Published 2016 Sep 13. doi:10.1186/

s13023-016-0511-2

Francomano CA, Maitland A, Krakow D, Maier CL. Editorial: Research advances in

understanding the etiology, epidemiology, pathophysiology, clinical features, and management

of'the Ehlers Danlos syndrome disorders. Front Med. 2024;11:1364308. doi:10.3389/

fmed.2024.1364308

Geiss L, Stemmler M, Beck B, Hillemacher T, Widder M, Hosl KM. Dysregulation of the

autonomic nervous system in adult attention deficit hyperactivity disorder. A systematic review.
Cognitive Neuropsychiatry. 2023;28(4):285-306. doi:10.1080/13546805.2023.2255336

Darakjian AA, Bhutani M, Fairweather D, et al. Similarities and differences in self-reported
symptoms and comorbidities between hypermobile Ehlers-Danlos syndrome and hypermobility

spectrum disorders. RheumatolAdvPract. 2024;8(4):rkae134. Published 2024 Nov 4.

doi:10.1093/rap/rkac134

Ribeiro JAS, Gomes G, Aldred A, Desu6 IC, Giacomini LA. Chronic Pain and Joint

Hypermobility: A Brief Diagnostic Review for Clinicians and the Potential Application of

17



43.

44,

Infrared Thermographyin Screening Hypermobile Inflamed Joints. Yale JBiol Med.
2024;97(2):225-238. Published 2024 Jun 28. doi:10.59249/WGRS1619

Chuchin JD, Ornstein TJ. Fear avoidance, fear of falling, and pain disability in hypermobile
Ehlers-Danlos syndrome and hypermobility spectrum disorders. Disabil Rehabil.

2024;46(18):4234-4245. doi:10.1080/09638288.2023.2268520

Javadi Parvaneh V, Modaress S, Zahed G, Rahmani K, Shiari R. Prevalence of generalized joint
hypermobility in children with anxiety disorders. BMC MusculoskeletDisord. 2020;21(1):337.
Published 2020 Jun 2. doi:10.1186/s12891-020-03377-0

18



