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Objectives: Autism, attention deficit hyperactivity disorder (ADHD), and tic disorder
(Tourette syndrome; TS) are neurodevelopmental conditions that frequently co-occur
and impact psychological, social, and emotional processes. Increased likelihood of
chronic physical symptoms, including fatigue and pain, are also recognized. The
expression of joint hypermobility, reflecting a constitutional variant in connective
tissue, predicts susceptibility to psychological symptoms alongside recognized physical
symptoms. Here, we tested for increased prevalence of joint hypermobility, autonomic
dysfunction, and musculoskeletal symptoms in 109 adults with neurodevelopmental
condition diagnoses.

Methods: Rates of generalized joint hypermobility (GJH, henceforth hypermobility)
in adults with a formal diagnosis of neurodevelopmental conditions (henceforth
neurodivergent group, n = 109) were compared to those in the general population in
UK. Levels of orthostatic intolerance and musculoskeletal symptoms were compared to
a separate comparison group (n = 57). Age specific cut-offs for GJH were possible to
determine in the neurodivergent and comparison group only.

Results: The neurodivergent group manifested elevated prevalence of hypermobility
(61%) compared to the general population rate of 20% and a comparison population
(17.5%). Using a more stringent age specific cut-off, in the neurodivergent group this
prevalence was 28.4%, more than double than the comparison group (12.5%). Odds
ratio for presence of hypermobility in neurodivergent group, compared to the general
population was 4.51 (95% Cl 2.17-9.37), with greater odds in females than males. Using
age specific cut-off, the odds ratio for GJH in neurodivergent group, compared to the
comparison group, was 2.84 (95% Cl 1.16-6.94). Neurodivergent participants reported
significantly more symptoms of orthostatic intolerance and musculoskeletal skeletal pain
than the comparison group. The number of hypermobile joints was found to mediate the
relationship between neurodivergence and symptoms of both dysautonomia and pain.
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bars show 95% ClI.

FIGURE 2 | (A) Percentage of individuals in each group and within each sex who had generalized joint hypermobility according to JHS criteria (Beighton score >4).
(B) Percentage of individuals in each group and within each sex who had generalized joint hypermobility according to 2017 hEDS criteria (age specific cut-off). Error

orthostatic intolerance symptoms score and musculoskeletal
symptoms score.

RESULTS

For full description of the groups see Tablel. In the
neurodivergent group 67 were assigned male at birth (62%) and
42 assigned female at birth (38%), and in the comparison group
26 assigned male at birth (46%) and 31 (54%) assigned female at
birth. This was a statistically significant difference (p = 0.051).
The mean age of the neurodivergent group was 34.9 years (SD =
11.3), and the mean age of the comparison group was 39.2 years
(SD = 14.95). There was no significant difference in ages between
the groups.

Neurodevelopmental and Mental Health

Diagnoses

Twenty-seven patients were diagnosed autistic (25% of patients).
Fifty-six of the patients were diagnosed with ADHD (51% of
patients), and 15 patients had a diagnosis of TS (14% of patients).
Two patients had co-occurring diagnoses of autism and ADHD
(2% of patients) and eight patients were diagnosed with ADHD
and TS (7% of patients). One patient had a diagnosis of autism,
ADHD and TS (<1% of patients).

Generalized Joint Hypermobility

Beighton score was significantly higher in the neurodivergent
group (M = 3.2, SD = 2.6) than in the comparison group
(M =1.42,8D = 2.3; U = 4,434, z = 4.62, p < 0.001; Table 1;
Figure 3).

Beighton Score >4 (JHS GJH)
Overall, 50% of neurodivergent individuals met criteria for GJH
compared to 17.5% in the comparison group (see Figure 1).

There were marked sex differences; the prevalence in the
neurodivergent females assigned at birth was 69% compared to
22.6% in the comparison group. See Figure 2 for a breakdown
per neurodivergent condition. The presence of GJH significantly
predicted membership of the neurodivergent group (OR 4.79,
95% CI 2.20-10.43, p < 0.001). This relationship remained after
adjusting for sex (OR 6.45, 95% CI 2.79-14.92, p < 0.001).

Generalized joint hypermobility was 4.51 (95% CI 2.17-9.37)
times higher if individuals were autistic, 4.34 (95% CI 2.67-7.03)
times higher if individuals had an ADHD diagnosis and 7.02
(95% CI 3.06-16.1) times higher if individuals had a diagnosis
of TS, compared to the general population sample.

Across all participants, there was a significant association
between sex and whether individuals had GJH: Females were
more likely to have GJH [X%I) = 5.64, p = 0.018]. There
was a significant interaction of group membership on this
relationship [F(y) = 6.23, p = 0.002]; i.e., the strength of the
relationship between sex and GJH was significantly greater in the
neurodivergent group.

Age Specific Beighton Cut-Off (HEDS GJH)
Overall, 28.4% of neurodivergent individuals met criteria for the
more stringent age specific GJH criterion compared to 12.3% in
the comparison group (see Figure 1). There were marked sex
differences; the prevalence in neurodivergent females assigned at
birth was 40.5% compared to 22.6% in the comparison group.
See Figure 2 for a breakdown per neurodivergent condition. The
presence of age specific GJH significantly predicted membership
of the neurodivergent group (OR 2.84, 95% CI 1.16-6.94, p =
0.022). This relationship remained after adjusting for sex (OR
3.68, 95% CI 1.44-9.36, p = 0.006).

Again, there was a significant association between sex and GJH
using the age specific cut-off [x?(;) = 6.39, p = 0.007). Again,
this relationship is significantly stronger in the neurodivergent
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FIGURE 3 | Difference in orthostatic intolerance symptom score (A); musculoskeletal symptom score (B) and Beighton score (C) between neurodivergent and
comparison group. Graphic is a data rain cloud illustrating raw data, median and interquartile range, and probability density for each variable in each group. Mean and

Neurodivergent Comp'arison

Red = Neurodivergent group

Blue = Comparison group

Coloured dots show raw individual data points
Violin plots show probability density of the data
Boxplots show minimum, first quartile, median,
third quartile, and maximum

Black dots show mean with +/- 1 SEM error bars

group, i.e., there is a formal interaction of group membership on
the relationship between GJH and sex [F(3) = 5.20, p = 0.006].

Orthostatic Intolerance
Mean orthostatic intolerance symptom score in neurodivergent
participants was significantly higher (M = 24.2, SD = 15.6)
compared to individuals in the comparison group (M = 5.1, SD
=4.3; U = 5,441, z = 8.76, p < 0.001; Figure 3).

We observed a positive correlation between orthostatic
intolerance symptom score and GJH (r; =0.39, p < 0.001). This
suggests that the higher the participants’ Beighton score is, the

greater their experience of symptoms of orthostatic intolerance
(Figure 4).

Musculoskeletal Pain
Mean musculoskeletal symptom score was significantly higher
in neurodivergent participants (M = 6.7 SD = 3.7) compared
to individuals in the comparison group (M = 3.58, SD = 2.93;
U =1811.5,z=4.95r=0.48, p < 0.001; Figure 3).

A positive correlation was observed between musculoskeletal
symptom score and Beighton score (number of hypermobile
joints as per Beighton score; r; = 0.28, p = 0.001). This suggests
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FIGURE 4 | Graph showing the relationship between orthostatic intolerance symptom score and Beighton score with line of best fit. Error bars show +1 standard
error of the mean.

that the greater the participants’ Beighton score, the higher their
musculoskeletal symptom score (Figure 5).

Mediation Analyses

There was a significant indirect effect of neurodivergence on
orthostatic intolerance symptoms through Beighton score (b
= 2.01, 95% CI 0.34-4.37), and a significant indirect effect
of neurodivergence on musculoskeletal symptoms through
Beighton score (b = 0.52, 95% CI 0.06-1.12; Figure 6), suggesting
that hypermobility is mediating the association (i.e., the direct
effect) between membership of the neurodivergent group on
greater physical symptoms.

DISCUSSION

This is the first study to investigate the prevalence of GJH,
orthostatic intolerance symptoms, and pain (in the form
of musculoskeletal symptoms) across neurodivergent adults
(including those diagnosed with TS) in contrast to a comparison
group, and also to present associated prevalence data on two

different definitions of GJH. All hypotheses were supported:
Neurodivergent individuals were significantly more likely
to have GJH, and to experience orthostatic intolerance and
musculoskeletal symptoms. Generalized joint hypermobility was
strikingly more common in neurodevelopmental females
and was associated both with symptoms of orthostatic
intolerance and pain. Moreover, the relationship between
neurodivergence and co-occuring physical symptoms was
mediated by hypermobility, providing a potential mechanistic
link between neurodivergence and physical symptoms. It may
be that constitutional variation in connective tissue is a unifying
feature in the predisposition to neurodivergence, pain, and
symptoms of dysautonomia.

Regardless of specific criterion used, prevalence of GJH
was more than double in neurodivergent groups, confirming
a hypothesized association that was suggested by earlier brain
imaging findings linking hypermobility to possible neural
correlates of neurodivergence (48). The over-representation of
hypermobility in autistic participants also extends a growing
literature from case studies, children, and cohort research (18, 20,
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FIGURE 5 | Graph showing the relationship between musculoskeletal symptom score and Beighton score with line of best fit. Error bars show +1 standard error of
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21). Fifty-one percent of individuals diagnosed with ADHD had
GJH (according to the older, broader cut-off), which falls between
the lower estimate in previous research with adults [32% of 54
patients (22)] and the higher estimate in research with children
[74% of 86 patients (23)] with ADHD. Interestingly, an animal
model provides cross-species evidence of the association between
hypermobility and core features of ADHD (49). However, the co-
occurrence of these conditions makes it difficult to tease them
apart, especially where the co-occurrence between autism and
ADHD is high (1). We also observed high rates of GJH in people
with TS and provide the first reported systematic estimate of
this association. Overall, our findings highlight the increased
prevalence of GJH in neurodivergence.

The significantly higher prevalence of orthostatic intolerance
symptoms experienced by neurodivergent individuals compared
to a comparison group provides direct evidence for this
suggestion within more anecdotal literature (34, 36). Moreover,
our larger study used quantitative data from patients a

neurodivergent group, extending an association shown between
orthostatic symptoms and ADHD questionnaire score in a
smaller sample of individuals who did not have a formal
diagnosis of this or another neurodevelopmental condition
(35). Our mediation analysis suggests that hypermobility is a
mediating factor in the relationship between neurodivergence
and such symptoms.

There may also be a neural contribution to the
higher prevalence of orthostatic intolerance symptoms in
neurodivergence. The insular cortex underpins interoception;
the process by which we perceive physiological information
concerning the current state of the body (50). As well as receiving
afferent information from bodily systems, interoceptive networks
contribute to efferent autonomic adaptations, in pursuit of
homeostasis (51). Altered insular function in neurodivergence
may foster noisier integration of interoceptive signals (52),
leading to larger orthostatic intolerance symptoms. Interestingly,
participants with hypermobility show insular hyperactivation to
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FIGURE 6 | Hypermobility as a mediator of predictor relationship between neurodivergent status and (A) orthostatic intolerance score; (B) musculoskeletal score. The
confidence interval for the indirect effect is a bootstrapped confidence interval based on 1,000 samples.

Symptoms Score

affective stimuli during fMRI (53), and structural and functional
alterations to insular cortex are also seen in neuroimaging studies
of neurodivergence [e.g., TS (54, 55)].

Previous work suggests that neurodivergent people might
experience more symptoms of pain compared to people without
a neurodevelopmental condition diagnosis [e.g., (42)]. Our
mediation analysis directly links hypermobility as a mediator
of a relationship between neurodivergence and pain. However,
one possible limitation of this study concerns the measurement
of pain. Using the AQQoL as a self-report measure for

musculoskeletal symptoms (therefore pain) may have under-
estimated participants’ experience of pain as it does not ask
questions about all areas of the body (such as the neck).
Alternatively, using a more widely validated measure of pain
could have been useful. For example, the Brief Pain Inventory-
Short Form (56), would allow more parts of the body to
be considered. However, even then, additional work would
be needed ensure reliable categorization of where participants
indicated the location of felt pain. Another option would be to
use the Pain Interference Index (57) to assess the subsequent
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impact of pain (irrespective of where it occurred in the body)
on functioning. This scale has been validated for use in adults
and could be beneficial to use in future research. There is
a shift toward considering the impact of pain on daily life,
rather than focusing on pain frequency, because of the possible
clinical implications.

A further limitation concerns the measurement of GJH
as participants were not assessed as to whether they met
diagnostic criteria for HSD or hEDS. There is considerable
debate about categorization and measurement of GJH (58).
Further work should focus on symptomatic hypermobility in
neurodivergence as it is likely that these individuals will need
more targeted interventions, as people with HSD/hEDS are
more likely to experience pain and other physical symptoms
which can negatively impact on quality of life. Furthermore,
we only assessed symptoms of orthostatic intolerance, rather
than assessing autonomic function directly, and future work
should incorporate autonomic function testing, as symptoms
of orthostatic intolerance may overlap with symptoms of
other processes.

This study provides compelling evidence for increased
prevalence of joint hypermobility—a constitutional variant
in systemic connective tissue—in neurodivergent individuals
and posits a mediating mechanism through which physical
symptoms are linked to neurodivergence, via such variation
in connective tissue. Autonomic cardiovascular dysregulation
(orthostatic intolerance) and musculoskeletal pain were also
expressed at higher rates across neurodivergent individuals and
showed a clear relationship to joint hypermobility. Differences
in connective tissue may be a mediating factor for both these
associations, causing pooling of blood in lax peripheral vessels
[as in some forms of PoTS (59)] and enhancing sensitivity to
tissue stretch and damage. Here, we highlight the relevance in
the context of a set of neurodevelopmental conditions where
differences in perceptual sensitivity, including abnormalities in
proprioception and interoception (27, 60), can contribute to
psychosocial difficulties associated with these conditions and also
to the (often under recognized) increased likelihood of chronic
physical symptoms that further decrease quality of life. Autism,
ADHD, and developmental tic disorder (TS) often share complex
symptoms, consistent with overlapping neurodevelopmental
etiopathology. Increasingly, services need to recognize such
complexity and move beyond “exclusive” diagnostic categories
and traditional boundaries between physical and mental health
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