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A B S T R A C T   

Functional neurological disorder (FND) is a common neurologic disorder associated with many comorbid 
symptoms including fatigue, pain, headache, and orthostasis. These concurrent symptoms lead patients to 
accumulate multiple diagnoses comorbid with FND, including fibromyalgia, chronic fatigue syndrome, postural 
orthostatic tachycardia syndrome, persistent post-concussive symptoms, and chronic pain. The role of physical 
activity and exercise has not been evaluated in FND populations, though has been studied in certain comorbid 
conditions. In this traditional narrative literature review, we highlight some existing literature on physical ac
tivity in FND, then look to comorbid disorders to highlight the therapeutic potential of physical activity. We then 
consider abnormalities in the autonomic nervous system (ANS) as a potential pathophysiological explanation for 
symptoms in FND and comorbid disorders and postulate how physical activity and exercise may provide benefit 
via autonomic regulation.   

Functional neurological disorder (FND) is a common, often chronic 
neurologic disorder associated with significant distress and disability 
[1]. The clinical presentation spans a variety of neurologic symptoms, 
including seizures, weakness and movement difficulties, sensory dis
turbances, dizziness, and cognitive concerns. With an estimated preva
lence of 50 per 100,000, FND is one of the most common diagnoses seen 
in neurology [2,3]. FND subtypes tend to co-occur, with many patients 
with functional seizures also exhibiting motor FND [4]. Common FND- 
related symptoms include fatigue, pain, headache, and orthostasis 
[5,6]. These concurrent symptoms lead patients to accumulate multiple 
comorbid disorders, including fibromyalgia, chronic fatigue syndrome, 
and postural orthostatic tachycardia syndrome. 

Despite the prevalence, treatment of FND remains an under- 
researched area. The most highly studied treatments for FND are psy
chological and physical therapies, but given that a substantial portion of 
patients are treatment-refractory or cannot access recommended re
sources, other treatment modalities should naturally be explored. The 

role of physical activity, exercise, and sports has not been studied in FND 
populations, although therapeutic use of physical activity has been 
studied in other neurological disorders and comorbid disorders. There is 
significant overlap in the symptoms described in FND and comorbid 
disorders, suggesting potential shared underlying mechanisms; for 
example, patients with functional seizures report fatigue similar to those 
with chronic fatigue syndrome, and both patients with FND and fibro
myalgia often report pain as a debilitating symptom [5,7]. In this re
view, we highlight existing literature on physical activity in FND, then 
look at comorbid disorders, including fibromyalgia, chronic fatigue 
syndrome, postural orthostatic tachycardia syndrome, persistent post- 
concussive symptoms, and chronic pain to explore the therapeutic po
tential of physical activity [5]. We then consider abnormalities in the 
autonomic nervous system (ANS) as a potential pathophysiological 
mechanism for symptoms in FND and comorbid disorders and postulate 
how physical activity and exercise may provide benefit via autonomic 
regulation. 
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Methods 

This is a traditional narrative literature review. PubMed was used to 
find articles from 2017 to 2023 on functional disorders/FND, fibromy
algia, chronic fatigue syndrome, postural orthostatic tachycardia syn
drome, physical activity, exercise, and sports. Keyword terms for FND 
included, “conversion disorder,” “functional neurologic*,” ”medically 
unexplained illness, “medically unexplained symptoms.” This yielded 
1,459 articles; 63 relevant articles were included in the review. Articles 
were excluded if deviating from primary topic of interest. Mention of 
ANS and related measurements were searched for in this subset of 
conditions; initial search yielded 59 results, and 41 relevant articles 
were used for this review. Exact search is listed below. Articles were 
collected, reviewed, and summarized by primary author (KAB). 

PubMed Search Terms:  

• ((conversion disorder OR “functional neurologic*” OR “medically 
unexplained illness” OR medically unexplained symptoms OR fi
bromyalgia OR POTS[tiab] OR “chronic fatigue”[tiab] OR chronic 
fatigue syndrome OR Postural Orthostatic Tachycardia Syndrome)) 
AND ((“physical activity” OR exercise OR sport*[tiab] OR walking 
OR running OR dancing[tiab] OR exercise therapy)) AND 
(2017:2023[pdat])  

• (“Autonomic Nervous System”[Mesh] AND (“Actigraphy”[Mesh] OR 
“Electroencephalography”[Mesh] OR “Surveys and Ques
tionnaires”[Mesh] OR electrodermal OR Compass-31)) AND (((con
version disorder OR “functional neurologic*” OR “medically 
unexplained illness” OR medically unexplained symptoms OR fi
bromyalgia OR POTS[tiab] OR “chronic fatigue”[tiab] OR chronic 
fatigue syndrome OR Postural Orthostatic Tachycardia Syndrome)) 

Physical activity in FND and comorbid disorders 

Defining physical activity, exercise, and sports 

Physical activity is defined as any bodily movement that requires 
energy expenditure, which is in contrast to sedentary activity. Exercise is 
planned, structured, and repetitive physical activity for the purpose of 
attaining physical fitness [8]. Sports are a subset of exercise that can be 
undertaken individually or as part of a team, and involve many neuro
psychological stimuli, such as executive functioning, reaction times, 
decision making, and social interaction [9]. Physical therapy (physio
therapy, or PT) is a form of rehabilitative physical activity prescribed by 
health care providers with the goal of improving physical and 

psychological wellbeing. 

Physical activity and brain health in neurologic conditions 

Physical activity has been shown to promote brain health. Exercise 
promotes neuroplasticity and long-term potentiation, which is needed 
for memory formation [10]. In both human and animal models, physical 
activity improves cognition and prevents neurodegeneration [11]. Meta- 
analyses of longitudinal observational studies show aerobic and other 
forms of exercise to be associated with reduced risk of dementia, and 
may even have an effect in preventing dementia in adults with normal 
cognition and mild cognitive impairment [12]. To date, physical activity 
is the only disease-modifying intervention for idiopathic Parkinson’s 
disease, with evidence for improving both motor and executive function 
[13,14]. Exercise has been shown to alleviate depressive symptoms, 
likely by promoting neurotrophic factors [15]. Benefits of physical ac
tivity in epilepsy have recently been studied at length, and include 
improved quality of life metrics and even decreased seizure frequency in 
some studies [16]. With this context in mind, one can imagine that there 
may be similar benefit in FND, thus prompting this deeper look at 
published literature on physical activity and exercise in comorbid con
ditions (Table 1). 

Physical activity in FND 

Most literature on FND and physical activity looks to PT as treatment 
for FND. PT has been utilized to successfully treat motor FND. In a 2013 
systematic review of available literature, more that 50 % of patients 
improved with PT [17,18]. One small study evaluated the effectiveness 
of a 12-week progressive walking exercise intervention among in
dividuals with motor FND, reporting benefits in functional symptoms, 
depression and anxiety scores, as well as VO2 max [19]. 

As per the 2015 physiotherapy consensus recommendations, motor 
FND is conceptualized as an “involuntary but learnt habitual movement 
pattern driven by abnormal self-directed attention” [20]. As such, PT for 
FND focuses on moving attention away from the functional deficit and 
toward activation of complex, often automatic movements. In a study of 
children with FND, dance and exercise were used to promote distraction, 
thus empowering patients to use alternative motor programs, resulting 
in FND symptom resolution for 85–95 % of the patients [21]. Another 
case report cited improvement in functional gait disorder in a woman 
who used a form of neurologic music therapy during her physical 
therapy sessions, which may have served to break the pattern of self- 
directed attention [22]. 

Table 1 
FND Comorbid disorders, known activity patterns in these disorders, and evidence of therapeutic use of physical activity and exercise. GET: Graded Exercise Therapy; 
CBT: Cognitive Behavioral Therapy.  

FND Comorbid 
Disorder 

Activity Patterns Evidence for therapeutic use of Physical activity and Exercise References 

Fibromyalgia Less physical activity 
compared to controls 

Aerobic Exercise (sustained increased heart rate, ex: treadmill, walking, Zumba, water 
aerobics): decreased pain, reduced symptom severity, decreased pain catastrophizing 

[31,32,33,37,40,41,44,46,48] 

Lack of regular exercise Strength/Resistance training (contracting muscles against resistance, ex: weight lifting, 
body weight): decreased pain perception, improved quality of life 

Kinesiophobia Combined Programs (aerobic + stretching + resistance training): reduced pain intensity, 
improved quality of life, physical functioning, and psychological functioning, 
decreased depression, improved cognition 

Chronic fatigue 
syndrome 

40 % reduction in activity 
compared to controls 

GET + CBT: reduced fatigue and improved physical function at 1 year [52,53] 
Pacing: use remains controversial 

Persistent post- 
concussion symptoms 

Decreased activity compared 
to MSK injury controls 

Aerobic Exercise: improved severity and number of symptoms, decreased 
kinesiophobia, decreased anxiety, decreased fatigue, improved quality of life 

[66,67,69] 

Postural orthostatic 
tachycardia syndrome 

Inability to tolerate >30 min 
of exercise 

Aerobic Exercise: resolution of diagnosis, improved overall well-being and quality of 
life 

[70,71] 

Kinesiophobia and postural 
intolerance 

Horizontal exercises (ex: rowing, swimming, recumbent bike): improved tolerance of 
exercise regimens 

Chronic Pain Decreased activity Aerobic Exercise (treadmill, walking, dance): improved functional status, well-being, 
pain acceptance 

[75,76,77] 

Attention-shifting exercises (exercising unaffected muscles): decreased pain  
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Physical rehabilitation has also been used in conjunction with psy
chotherapy to examine relationships between physical symptoms and 
thoughts. In their review on models of care for FND, Saxena and col
leagues proposed that patients with functional seizures in particular may 
benefit from physiotherapy after engagement with psychotherapy, using 
it as a means to become more aware of warning signs for events [17,23]. 
In a study of multidisciplinary rehabilitation for acute FND (including 
physical therapy and other rehabilitation therapies), comorbid depres
sion, anxiety, and post-traumatic stress disorder did not interfere with 
improved self-care and mobility outcomes [24]. Of note, in a small 
randomized control trial (RCT) of cognitive behavioral therapy (CBT) 
versus CBT with adjunctive PT for motor FND, there was no added 
clinical benefit of PT; the sample heavily included patients with func
tional tremor, thus perhaps not representing the breadth of FND phe
notypes [25]. Chronicity of disease matters, with worse outcomes 
associated with longer duration of FND [26]. 

Physical activity in fibromyalgia 

Fibromyalgia (FBM) is a disorder of widespread pain, and much like 
FND, it often involves concurrent physical and psychological features 
[27]. In an outpatient cohort of patients with widespread pain and/or 
FBM, 53 % had comorbid FND [28]. 

FBM is one of the main FND-comorbid disorders in which physical 
activity and exercise has been rigorously and extensively studied. 
Despite this, patients with FBM report significantly less recreational, 
transportation-related, and total physical activity compared to healthy 
controls [29,30]. As a needs-assessment, Sieczkowska and colleagues 
looked at exercise practices of patients with FBM, and found that most 
patients did not exercise regularly, with 65.7 % of 304 patients stating 
they did not exercise at all; notably, patients who did exercise reported 
overall superior quality of life [27]. Many patients with FBM do not 
believe that physical activity will improve their symptoms, thus hin
dering widespread recommendation [30,31]. In fact, 38 % of patients 
with FBM report kinesiophobia, or an enhanced fear of movement 
[30–32]. Exercise should therefore be used thoughtfully to be thera
peutic for patients with FBM. 

Many meta-analyses have determined the benefit of exercise, with 
aerobic exercise being the most robustly studied. Sosa-Reina and col
leagues in a 2017 systematic review found strong evidence that aerobic 
exercise decreases the pain and severity of FBM symptoms, while other 
types of combined exercise including aerobic, stretching exercises and 
muscle strengthening were most effective in reducing comorbid 
depression [32,33]. Both supervised aerobic and resistance-training 
programs reduced pain intensity and improved quality of life, physical 
functioning, and psychological functioning in a study of women with 
FBM [30,31]. Albuquerque and colleagues proposed in their meta- 
analysis that aerobic training and combined modality exercise pro
grams lasting 13–24 weeks with activity sessions between 30–60 mi
nutes showed the best outcomes for FBM impact and pain [33,34]. 

Pain is a tremendous barrier to participation in physical activity. 
Patients with FBM also often have amplification of their perceived 
exertion [30]. This is in part due to pain catastrophizing, the phenomena 
in which fear and rumination about pain results in amplification of 
perceived pain. Pain catastrophizing is inversely related to muscular 
endurance, portending physical limitations as a result of psychological 
perceptions [35]. Masquelier and colleagues proposed that the intensity 
of aerobic exercise should be between 40-80 % of the maximum heart 
rate or at a perceived exertion level of 9–15 (maximum 20) on the Borg 
scale in order to avoid pain catastrophizing [31]; starting with low in
tensity physical activity reduces pain catastrophizing [35–37]. In a 
study of women with FBM and high levels of pain, those who walked 
despite pain reported less impact of FBM symptoms, anxiety, depression, 
and cognitive issues. Regular walking behavior was associated with less 
pain catastrophizing, suggesting that optimizing engagement with ex
ercise may improve symptoms even when patients themselves perceive 

harm from engagement [37]. This balanced approach requires patients 
to have trust in their provider and for providers to honor individual 
patient differences. Non-responders to physical activity and exercise 
often have higher levels of depression, thus poorly-controlled psychi
atric co-morbidities may need to be addressed in tandem with physical 
activity interventions [38]. 

Given the significant symptom burden, pain catastrophizing, and 
kinesiophobia of patients with FBM, physical activity should be indi
vidualized to promote adherence. As such, a variety of intensities and 
types of activity has been evaluated, nearly all of which have yielded 
positive results [33,38–40]. Andrade and colleagues skillfully investi
gated this notion of physical activity agency by allowing patients to 
choose their preferred exercise regimen among the options of walking, 
resistance training, or stretching. All groups had significant improve
ment in quality of life, reduction in depression, and improved cognitive 
outcomes [41]. Both highly regulated aerobic exercise, such as Norouzi 
and colleague’s treadmill walking for 12 consecutive weeks with stan
dardized time and maximum heart rate targets, and less regulated tri- 
weekly Zumba classes were effective at reducing depressive symp
toms, allowing for diversity in exercise regimen with retained benefit; of 
note, there was no clinically meaningful improvement in motor func
tioning in either group (as measured via a timed walking test) [42]. 
Strength training programs have shown FBM symptom reduction as 
stand-alone treatment or in combination with aerobic exercise in many 
studies. Most importantly, strength training was shown to have a high 
mean compliance rate of 84 % [31]; though the literature may show that 
certain regimens of aerobic exercise or multimodal therapies provide the 
most overall symptom reduction, the program in which a patient feels 
they will adhere will ultimately be the best choice. Similarly, meditative 
movement therapy such as yoga and tai-chi have shown the most benefit 
for pain reduction and thus may be good options for patients who 
struggle with adherence to higher levels of physical exertion [31,43]. 
Aquatic based activities have recently been systematically evaluated and 
likely also have similar benefit to more highly studied aerobic activity 
for FBM [40,44,45]. Even short duration regimens have been found to be 
effective, validating that any amount of participation in physical activity 
may be helpful for patients with FBM [39,44]. 

Attentional diversion through exercise, much like in FND, has been 
proposed to be driving some of the efficacy of physical activity for FBM; 
by focusing on what is working, there is less perceived pain and better 
functionality. Strength training decreases pain perception and improves 
quality of life in multiple review studies [31,33,46–48]. In a crossover 
study of low- versus high-level resistance training, women with FBM 
preferred heavy load resistance for symptom reduction; despite the 
objective increase in difficulty, there was reduction of symptoms when 
there was a more substantial stimulus to divert attention [49]. 

The recent controversies in chronic fatigue syndrome literature 
(discussed below) warrants investigation into any potential harm of 
physical activity and exercise in FBM. The most reported exercise- 
related adverse event is muscle pain, which as discussed is likely 
amplified given the prevalence of pain catastrophizing. The incidence of 
exercise-related adverse events is low, with no serious adverse events 
reported in clinical studies [31]. This indicates that the benefits of ex
ercise in treating symptoms of FBM far outweigh any potential harm. 

All in all, multiple types of physical activity have demonstrated 
significant improvement for FBM symptoms. Patients do best when 
prescribed a regimen directly by their doctor, and these regimens should 
thoughtfully recognize the patient’s physical activity preferences and 
predominant symptoms in order to maximize benefit and adherence 
[50]. 

Physical activity in chronic fatigue syndrome 

Chronic fatigue syndrome (CFS), also known as myalgic encephalo
myelitis (ME), is an incompletely understood illness manifested by post- 
exertional fatigue, cognitive issues, sleep disturbances, and/or chronic 
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pain. According to the Centers for Disease Control (CDC), CFS affects up 
to 2.5 million Americans [51]. Patients with CFS exhibit a 40 % 
reduction in activity as measured on natural history actigraphy [52]. 
Specialty clinics for CFS have reported that 84 % of patients over time 
develop at least one comorbid functional or psychiatric condition 
[17,51,52]. 

The best available research on treatment for CFS comes from the 
2011 Pacing, graded Activity, and Cognitive behavioral therapy (PACE) 
trial, a RCT that showed that individualized graded exercise therapy 
(GET) in conjunction with CBT was most effective at reducing fatigue 
and improving physical function after one year [53]. GET uses principals 
of starting with low-intensity activity and gradually increasing based on 
patient tolerance, as was shown to be effective in FBM. Since the 2011 
trial, many other studies have shown that graded exercise therapy im
proves quality of life, ability to work, physical functioning, anxiety, and 
depression [54,55]. Synthesis of the Physiotherapy Evidence Database 
(PEDro) showed that there is moderate evidence that exercise can 
improve fatigue, sleep, physical functioning, and overall health in pa
tients with CFS who are well enough to attend an outpatient clinic, 
irrespective of type of exercise [51,55]. 

Importantly, the PACE trial showed that GET was more effective than 
adaptive pacing therapy (APT, or pacing). Pacing is promoted as an 
energy conservation strategy of restricting exposures to post-exertional 
malaise-inducing stimuli and reducing daily activities [51,53]. In 
2021, the United Kingdom’s National Institute for Health and Care 
Excellence (NICE) published new CFS treatment guidelines, which fa
vors pacing over GET and CBT. FND and CFS experts have published 
their serious concerns with the new NICE guidelines, arguing that pacing 
may actually be harmful to CFS care [56,57]. All in all, though it remains 
controversial in light of the new guidelines, the most effective and 
studied treatment for CFS appears to be GET and CBT, and their success 
in CFS should prompt application in patients with FND. 

Physical activity in persistent post-concussive symptoms 

Traumatic brain injury (TBI) is an umbrella term that includes all 
injury to the brain via an external force. About 85 % of TBIs are diag
nosed as mild (mTBI), with concussion being the mildest and most 
prevalent form. In adults, symptoms following a concussion are ex
pected to resolve within 10–14 days after the injury. Up to 15 % of in
dividuals continue to have symptoms, and if ongoing for at least one 
month after injury, symptoms are referred to as persistent post- 
concussion symptoms (PPCS, previously known as post-concussive 
syndrome) [58–60]. Studies have shown that mild head injuries are 
the precipitating factor for the onset of approximately 16–84 % of 
functional seizures [61]. Functional stuttering and dizziness have also 
been reported after concussion, as have presentations of functional 
weakness, tremor, gait disorders, oculomotor, and vision disorders 
[62,61]. As such, some PPCS may be a subtype of FND, especially when 
acquired outside of sport settings [63,64]. 

PPCS is specifically defined as three or more symptoms of headache, 
dizziness, fatigue, irritability, difficulty with concentration and mental 
tasks, memory impairment, sleep disturbances, heightened emotional 
responses, and poor stress tolerance that interfere with daily life [65]. 
Exercise is thought to improve post-concussive symptoms through 
improved cerebral blood flow and enhanced neuroplasticity contrib
uting to restoration of integrity of brain networks, as shown in func
tional magnetic resonance imaging (fMRI) studies of patients with PPCS 
who exercised daily on a treadmill compared to non-exercising PPCS 
controls [66]. However, patients with PPCS tend to be less active [67]. 
As such, many small trials have focused on exercise in this activity- 
deficient group. An 8-week remotely delivered (via Fitbit actigraphy) 
progressive walking intervention improved severity of post-concussive 
symptoms, kinesiophobia, anxiety, fatigue, and quality of life [68]. Pa
tients with PPCS who engaged in aerobic activity were more likely to 
have fewer post-concussive symptoms compared to stretching alone in 

two RCTs, though there are too few studies to conclude that aerobic 
exercise is the only activity that should be encouraged in recovery 
[66,69]. Much like other FND comorbid conditions, physical activity 
prescriptions should focus on efficacy and optimization of participation. 

Physical activity in postural orthostatic tachycardia syndrome 

Postural orthostatic tachycardia syndrome (POTS) is a disorder of 
orthostatic intolerance without hypotension, which is often premorbid 
to the diagnosis of FND [5]. In POTS, exercise intolerance directly cor
relates with reduced functionality, with 61 % of patients reporting the 
inability to tolerate more than thirty minutes of exercise [70]. Physical 
reconditioning with exercise training is an important component of 
treatment. Like other conditions discussed, patients may report kinesi
ophobia due to worry of exacerbating symptoms, thus physical activity 
should be individually graded and patient-focused. Many protocols use 
horizontal exercise (rowing, swimming, recumbent bike, etc.) on initi
ation, allowing patients to exercise while avoiding the upright posture 
that elicits POTS symptoms until patients can gradually tolerate other 
means of aerobics [71]. Exercise training has been shown to improve 
overall well-being and quality of life for patients with POTS, so much so 
that in an aggregate of multiple studies of a 3-month aerobic exercise 
program, 53–71 % of participants no longer met physiologic criteria for 
POTS [71]. 

Physical activity in chronic pain 

Chronic pain is a very common symptom in people with FND, and 
can impede recovery [72]. A recent systematic review and meta-analysis 
found that 55 % of patients with FND reported pain [73]. In one 
outpatient pain management cohort of patients with primary chronic 
pain, 88 % had comorbid FND [28]. The presence of chronic pain has 
been incorporated into a validated tool to differentiate between func
tional seizures and epilepsy [74]. 

In chronic low-back pain, different types of exercise, including aer
obic exercise, walking, tai chi, and Pilates, improve functional status 
when compared to no exercise [75,76]. Much like in FND, therapeutic 
exercise for chronic pain emphasizes attentional shifts to modify rather 
than eliminate pain. Exercising a non-painful part of the body can have 
analgesic effects on the painful part, highlighting the importance of 
engaging in activity even if there are initial physical limitations. Chronic 
neck pain was reduced equally by direct neck motor control exercises 
and non-neck-specific muscle strengthening, possibly suggesting that 
attentional shifts can improve perceived symptoms, though improve
ment may also be related to the benefit of global reconditioning [77]. In 
a study of dance for chronic pain, many participants noted no decreased 
pain but rather improved acceptance of pain and improved mental and 
emotional well-being [78]. Similarly, studies using PT protocols for FND 
have not shown reduction in comorbid chronic pain, but did show im
provements in social and physical function [79,80]. 

FND and comorbid conditions and the autonomic nervous system 

Physical activity and the ANS 

The autonomic nervous systemic (ANS) is the branch of the nervous 
system that controls a variety of involuntary physiologic processes. 
During moderate-to high-intensity aerobic exercise, the sympathetic 
branch of the ANS raises heart rate, skin temperature, and sweat 
secretion [81]. After consistent exercise, there are positive adaptations 
of ANS activity, such as declines in diastolic blood pressure and heart 
rate, consistent with parasympathetic modulation [82]. Vasodilation 
occurs in the extremities during exercise; in physical inactivity, decon
ditioning favors sympathetic vasoconstriction, causing pain [81]. 
Through its sympathetic and parasympathetic branches, the ANS can 
control and modulate the activity of each organ individually. During 
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exhaustive exercise, individual organ control is replaced by a more 
generalized stimulation or inhibition of organ activity, but after meta
bolic regeneration from acute exercise, the individual control is rees
tablished. Intact functioning of central ANS control is associated with 
antagonistic behavior of sympathetic and parasympathetic activity. In 
conditions impairing the integrity of the central autonomic network, 
there is breakdown of expected antagonism between sympathetic and 
parasympathetic branches, which can lead to aberrant double stimula
tion or inhibition of the two ANS branches [83]. 

Certain parameters induced by exercise correlate with different parts 
of the ANS (Table 2). Isolated sympathetic functioning at the skin can be 
measured via electrodermal activity (EDA); increased conductance 
suggests increased sweat, and as such increased sympathetic activity 
[84]. Isolated parasympathetic functioning at the sinus node can be 
measured via proxies for heart rate variability (HRV). HRV is based on 
the principle that heart rate changes from beat to beat [85]. Variability 
can be measured via time domain (time period between heartbeats) or 
frequency domain (frequency of changes in heart rate). Increased root 
mean square of successive R-R interval differences (rMSSD, time 
domain) and high frequency oscillations (HF, frequency domain) reflect 
greater parasympathetic influence [84]. It is noteworthy that studies of 
HRV in ANS literature at large is of questionable quality due to lack of 
rigorous standardized measurements [86]. VO2 max or VO2 peak reflect 
the maximum amount of oxygen that an individual can use during ex
ercise, signifying endurance capacity [87]. The Composite Autonomic 
Symptom Score-31 (COMPASS-31) is a validated clinical questionnaire 
organized into six domains to assess subjective function of the ANS 
(orthostatic intolerance, vasomotor, secretomotor, pupillomotor, 
gastrointestinal transit, and bladder control) [88]. 

It is important to recognize that measures of the ANS are organ- 
specific; for example, elevated EDA suggests increased sympathetic ac
tivity at the skin, and it is impossible to make body-level, and thus 
disease-level, conclusions about ANS functioning without comprehen
sive measurements. Additionally, the ANS does not necessarily function 
in a linear manner, nor are measurements universally consistent even 
among healthy controls, thus isolated measurement of autonomic pa
rameters must be interpreted with caution [16,89]. 

Autonomic nervous system in FND 

There is evidence to suggest that the ANS may be dysregulated in 
FND. Across several studies, patients with functional seizures have sig
nificant elevation of baseline heart rate and reduced measures of heart 
rate variability (rMSSD and HF), suggesting some basal level of adren
ergic stimulation and decreased parasympathetic regulation, respec
tively, though this is not consistent across all studies, and may be most 
pronounced in pediatric populations [90–92]. Compared to healthy 
controls, patients with FND report heightened functional symptoms 
after viewing negative images, and demonstrate physiologic activation 

of the ANS through increased heart rate and skin conductance [93]. 
However, similarly valent images did not cause increased pupillary 
dilation (another marker of sympathetic functioning) in a study of motor 
FND, thus there is likely unexplored nuance to the degree of autonomic 
activation and organ-level differences in functioning [94]. As such, 
conclusions cannot yet be made regarding true differences in autonomic 
functioning in FND [95]. 

Multiple studies have looked specifically at measures of the ANS to 
better differentiate between functional and epileptic seizures. Compared 
to patients with epileptic convulsions, patients with functional seizures 
have unpredictable changes in EDA, whereas ictally, those with epileptic 
etiology had a strong adrenergic surge as measured by EDA and ictal 
tachycardia [96]. Of note, there is a high rate of ictal tachycardia in 
patients with functional seizures, thus tachycardia should be used with 
caution as a differentiating factor [92]. Patients with functional seizures 
have significant pre-ictal increase in heart rate followed by post-ictal 
decrease in heart rate compared to focal impaired awareness seizures 
[92]. This may suggest central ANS and/or hypothalamic-pituitary- 
adrenal (HPA) axis hyperactivity prior to a functional seizure at the 
level of the sinus node. 

The fMRI literature highlights overlapping activation in FND within 
areas known to be involved in autonomic regulation. The amygdala is 
involved in emotional salience, and projects to the hypothalamus and 
brainstem to trigger autonomic responses to stimuli [97]. In patients 
with motor FND, there is amygdala hypersensitization, demonstrating 
unchecked autonomic overactivation [98]. fMRI in FND has also shown 
increased coupling between the insula and anterior cingulate cortex. The 
anterior cingulate functions to integrate autonomic responses from the 
insula and amygdala, and thus aberrant overconnectivity may result in 
cardiac autonomic dysregulation in patients with FND [97]. 

Autonomic nervous system in FBM 

There is abundant literature on autonomic functioning in FBM, with 
publications dating back to the 1970s. Autonomic symptom burden via 
COMPASS-31 strongly correlates with severity metrics in FBM, sug
gesting that subjective reports of autonomic symptoms relate to symp
tom burden [99–102]. COMPASS-31 scores in FBM are not only higher 
compared to healthy controls, but also in comparison to rheumatoid 
arthritis, highlighting that dysautonomia may distinguish FBM from 
other conditions [100]. 

Patients with FBM have an overrepresentation of adrenergic activity 
based on self-report and organ-specific summation. In a study of twenty- 
five patients with FBM, direct recording of the post-ganglionic muscle 
sympathetic neural activity (MSNA) from the peroneal nerve showed 
higher sympathetic drive at the muscle compared to controls, and 
correlated with perceived pain [103]. Patients appear to have decreased 
resting and nighttime markers of HRV (correlating with decreased 
parasympathetic regulation at the sinus node), as well as decreased skin 
conductance with stressors (correlating with decreased sympathetic 
activity at the skin), demonstrating atypical double inhibition of ANS 
branches [104–106]. When presented with objectively safe stimuli, pa
tients with FBM plus temporomandibular joint (TMJ) disorders have 
greater reduction in parasympathetic markers (as measured by 
decreased respiratory sinus arrythmia) when compared to TMJ alone, 
resulting in disproportionate sympathetic activity and possibly demon
strating an aberrant readiness to perceive danger in safe environments 
[107]. Diminished autonomic regulation in FBM may reduce the ability 
to cope with environmental demands, thus propagating increases in 
stress and pain levels. 

Most studies of cardiopulmonary fitness in FBM show significantly 
lower peak oxygen uptake (VO2 peak) during treadmill aerobic exercise 
compared with controls, which may lead to exercise intolerance [108]. 
Sympathetic skin responses, which are mediated by postganglionic, 
unmyelinated sympathetic fibers, are decreased in patients with FBM; 
the clinical significance of this is not clear, but may further suggest 

Table 2 
Validated measurements of Autonomic Nervous System (ANS) functioning.  

Measurement ANS Function Reflected by Measurement 

Skin temperature Sympathetic activity at the skin, also modulated 
by thermoregulatory system 

Electrodermal activity (EDA) Sympathetic activity at the skin (sweat) 
Heart rate variability (HRV) Parasympathetic activity at the sinus node, 

measured via time or frequency domain: 
Root mean square of successive R-R interval 
differences (rMSSD): time period between 
heartbeats 
High frequency oscillations (HF): frequency of 
changes in heart rate 

VO2 max or VO2 peak Maximum amount of oxygen that an individual 
can use during exercise, endurance capacity 

Composite Autonomic Symptom 
Score-31 (COMPASS-31) 

Validated clinical questionnaire of subjective 
function of the ANS  
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underlying dysautonomia [106]. 
Because FBM has been extensively studied, there is literature on the 

therapeutic potential of physical activity in FBM that uses improvement 
in autonomic functioning as an outcome measure. A systematic review 
of different exercise modalities shows that moderate-to-high intensity 
aerobic exercise increases markers of HRV and VO2 max, thus promoting 
regulation of the ANS [109,110]. There have not yet been studies of 
improved autonomic functioning in strength training regimens, and 
there are inconsistent results in resistance training regimens [109,111]. 
The deconditioning model of pain in FBM (either as a precipitating or 
perpetuating factor) suggests that decreased activity leads to high 
sympathetic tone in the limbs, resulting in pain. Exercise causes vaso
dilation, which improves pain; this is also the mechanism by which 
amitriptyline acts on α1-adrenoceptors, providing validation for its use 
to reduce FBM-related pain [99]. 

Autonomic nervous system in CFS 

The ANS is likely implicated in CFS. fMRI studies frequently show 
differences in CFS patients in the cingulate region, which is integral to 
autonomic regulation and emotional processing [112]. Patients with 
CFS have been evaluated via COMPASS-31, in which 50 % of patients 
report significant signs of autonomic dysfunction [113]. 

When undergoing physical activity and exercise, patients with CFS 
show differences in autonomic functioning. After three months of daily 
walking, as tracked by an actigraphy wearable technology, those who 
reported non-improvement had significantly reduced rMSSD, a HRV 
marker indicating decreased parasympathetic activity at the sinus node 
[113]. Patients with CFS exhibit significant exercise intolerance as part 
of their disease. Joseph and colleagues used invasive cardiopulmonary 
exercise testing (iCPET) to show that CFS patients have low VO2peak, 
suggesting impaired systemic oxygen extraction, and that a significant 
portion (31 %) of patients with CFS have small fiber autonomic neu
ropathy. The authors propose that the lack of sympathetic tone from the 
microvasculature may cause decreased oxygen arrival in the periphery 
[87]. This, in conjunction with deconditioning-induced vasoconstric
tion, may contribute to exertional fatigue and exercise intolerance. Pa
tients with post-acute sequelae of SARS-CoV-2 have similarly low VO2 

peak, suggesting that “long COVID” also has significant autonomic 
disruption as part of its pathophysiology [114]. 

Autonomic nervous system in POTS 

POTS, of all the disorders related to FND, is likely the most directly 
interrelated to dysautonomia. Patients with POTS demonstrate an 
exaggerated submaximal exercise heart rate, meaning there is dispro
portionate tachycardia related to the metabolic equivalent of task (MET) 
[115]. Fifty percent of individuals with POTS experience a partial 
sympathetic denervation of blood vessels in the lower extremities, 
resulting in reduced vasoconstriction during upright posture, worsening 
postural orthostasis [65]. A study by Rea and colleagues showed equally 
elevated COMPASS-31 scores in POTS as in patients with autonomic 
failure (parkinsonism, diabetes neuropathy, and non-diabetic auto
nomic neuropathy), further highlighting the underlying dysautonomia 
[116]. 

Autonomic nervous system in PPCS 

Acutely after mTBI, there is evidence of dysautonomia [61,65]. It has 
not been studied whether individuals who develop PPCS have higher 
levels of early autonomic dysregulation, but certainly there is evidence 
of dysautonomia in both acute mTBI and PPCS. Patients with persistent 
post-traumatic headache have higher COMPASS-31 scores in compari
son to migraine patients and healthy controls [117]. Development of 
POTS after concussion delays recovery, suggesting broader dysautono
mia [65]. 

Autonomic nervous system in psychiatric symptoms and disorders 

Psychiatric symptoms and disorders are often co-occurrent with FND 
and considered risk factors [118]. Psychiatric disorders have charac
teristic autonomic patterns. Hypervigilance of post-traumatic stress 
disorder (PTSD) correlates with increased EDA, decreased markers of 
HRV, and increased pupillary dilation, suggesting sympathetic pre
dominance [92,119]. Anhedonia accompanying depression correlates 
with decreased markers of HRV (via rMSSD), and EDA, suggesting 
widespread autonomic hypoactivation [92,96,120]. Heightened arousal 
of anxiety correlates with higher resting EDA and lower markers of HRV 
(measured via frequency of changes in RR intervals on telemetry), 
suggesting dysregulated sympathetic activity [121]. COMPASS-31 is 
elevated in all these conditions [122]. These disorder-specific ANS 
conclusions are likely oversimplifications, and there is significant vari
ability in studies and between individuals. It is unlikely that there is a 
consistent, linear pattern of autonomic function (or dysfunction) in any 
disorder, but rather a pattern of disturbed equilibrium of the sympa
thetic and parasympathetic systems. Psychiatric symptoms are highly 
comorbid with functional disorders and may help explain some of the 
variability in results when testing for dysautonomia. It is important that 
when attempting to use exercise therapeutically in FND and other 
functional disorders, we account for differences in baseline comorbid
ities and how they may relate to autonomic and performance outcomes. 

Conclusion 

Physical activity and exercise appear to be largely beneficial for 
treatment and symptom reduction in FND and comorbid disorders. As 
discussed, physical activity and exercise are important for brain health 
in many conditions, and thus are likely beneficial in FND. Intentional 
physical activity and exercise may activate alternative motor pathways 
and increase sense of agency, therefore improving FND symptoms. 
Given that inactivity, exercise intolerance, fatigue, and pain are com
mon in FND and other comorbid disorders, physical activity pre
scriptions should be tailored to optimize individual participation and 
symptom relief. Questions regarding optimal type of physical activity, 
natural history of physical activity in FND, and possible interactions of 
prior exposure to exercise on the development of FND remain unan
swered, which makes this an untapped area for patient-centered 
research on treatment development. In addition, the effects of sports 
are almost completely unstudied, and may have distinct effects 
compared to other physical activity literature given its added layer of 
neuropsychological and social components. 

There is evidence corroborating modulation of autonomic func
tioning through physical activity and exercise. As such, there is hope for 
the therapeutic use of physical activity and exercise to improve out
comes in patients with FND and comorbid disorders, possibly by coun
teracting dysautonomia. While the causal relationship between 
autonomic dysfunction and functional disorders remains unclear, tar
geting the ANS therapeutically is justified given that the ANS likely plays 
a role in precipitating and/or perpetuating functional symptoms [95]. 
Given evidence presented about the changes in the ANS in FND and 
comorbid disorders with physical activity and exercise, one could 
postulate that physical activity may lead to FND symptom reduction 
(Figure 1). Future studies must be rigorous and intentional in what 
measures of the ANS are used; multi-organ system physiologic and self- 
reported validated metrics must be used, such as combining EDA, met
rics of HRV, body temperature, COMPASS-31, and central measure
ments in order to avoid making premature disease-specific conclusions 
about overall ANS functioning. 

This is a traditional narrative literature review, thus the level of bias 
and rigor of each study included has not been systematically assessed. 
Other limitations include performance bias; patients in intervention 
groups may be more likely to improve simply because they underwent 
an intervention. This may be why most evaluated studies favored the 
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intervention group. Relatedly, there is likely publication bias, or a ten
dency to publish significant results. Given the expansive variety of 
physical activity interventions that improved mood and quality of life in 
FND-comorbid disorders, it is possible that behavioral activation, or 
engagement in enjoyable activities leading to psychological betterment, 
is the cause of post-intervention improvement possibly in addition to the 
physiological benefit of physical activity itself [123]. Confirmation and 
selection bias may also play a role, given the authors’ general belief that 
physical activity is beneficial in these disorders and that the ANS is a 
logical branch of the nervous system to mediate pathology and response 
to physical activity interventions. As mentioned above, ANS measure
ments remain poorly standardized across studies, and measurements are 
not universally consistent even among healthy controls, thus isolated 
measurement of autonomic parameters must be interpreted with 
caution. 

Though there is still much to be learned regarding the role of the ANS 
in FND, there is reason to believe that physical activity and exercise, 
likely though regulation of the ANS, may be beneficial in treatment. As 
such, this serves as a call to action for rigorous study. 
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[30] Akdoğan MR, DoĞAnci EB, Tüzün Z, Arslan S, Melikoğlu MA. Does fibromyalgia 
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in women with fibromyalgia after performing physical activity: the role of pain 
catastrophizing and disease impact. Clin Rheumatol 2023;42(1):225–32. 

[37] Catala P, Lopez-Roig S, Ecija C, Suso-Ribera C, Peñacoba PC. Why do some people 
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delivered progressive walking intervention for adults with persistent symptoms of 
a mild traumatic brain injury: feasibility and exploration of its impact. Frontiers 
in rehabilitation sciences. 2022;3:898804. 

[69] Kurowski BG, Hugentobler J, Quatman-Yates C, Taylor J, Gubanich PJ, Altaye M, 
et al. Aerobic exercise for adolescents with prolonged symptoms after mild 
traumatic brain injury: an exploratory randomized clinical trial. J Head Trauma 
Rehabil 2017;32(2):79. 

[70] Vas A, Rich E, Wang W, Patterson M, Parsons T. Daily functionality in adults with 
POTS: predictive factors. Occup Ther Health Care 2022;36(3):237–52. 

[71] Fu Q, Levine BD. Exercise and non-pharmacological treatment of POTS. Auton 
Neurosci 2018;215:20–7. 

[72] Stone J, Hoeritzauer I, Gelauff J, Lehn A, Gardiner P, van Gils A, et al. Functional 
Disorders in Neurology. Neurol Clin 2016;34(3):667–81. 

[73] Steinruecke M, Mason I, Keen M, McWhirter L, Carson AJ, Stone J, et al. Pain and 
functional neurological disorder: a systematic review and meta-analysis. J Neurol 
Neurosurg Psychiatry 2024. 

[74] Kerr WT, Janio EA, Braesch CT, Le JM, Hori JM, Patel AB, et al. Identifying 
psychogenic seizures through comorbidities and medication history. Epilepsia 
2017;58(11):1852–60. 

[75] Chou R, Deyo R, Friedly J, Skelly A, Hashimoto R, Weimer M, et al. 
Nonpharmacologic therapies for low back pain: a systematic review for an 
American College of Physicians clinical practice guideline. Ann Intern Med 2017; 
166(7):493–505. 

[76] Borisovskaya A, Chmelik E, Karnik A. Exercise and chronic pain. physical exercise 
for human. Health 2020:233–53. 

[77] Ferro Moura Franco K, Lenoir D, dos Santos Franco YR, Jandre Reis FJ, Nunes 
Cabral CM, Meeus M. Prescription of exercises for the treatment of chronic pain 
along the continuum of nociplastic pain: A systematic review with meta-analysis. 
Eur J Pain 2021;25(1):51–70. 

[78] Hickman B, Pourkazemi F, Pebdani RN, Hiller CE, Fong YA. Dance for chronic 
pain conditions: A Systematic Review. Pain Med 2022;23(12):2022–41. 

[79] Nielsen G, Buszewicz M, Stevenson F, Hunter R, Holt K, Dudziec M, et al. 
Randomised feasibility study of physiotherapy for patients with functional motor 
symptoms. J Neurol Neurosurg Psychiatry 2017;88(6):484–90. 

[80] Reuber M, Burness C, Howlett S, Brazier J, Grünewald R. Tailored psychotherapy 
for patients with functional neurological symptoms: a pilot study. J Psychosom 
Res 2007;63(6):625–32. 

[81] Vieluf S, Hasija T, Jakobsmeyer R, Schreier PJ, Reinsberger C. Exercise-induced 
changes of multimodal interactions within the autonomic nervous network. Front 
Physiol 2019;10:240. 

[82] Gupt AM, Kumar M, Sharma RK, Misra R, Gupt A. Effect of moderate aerobic 
exercise training on autonomic functions and its correlation with the antioxidant 
status. Indian J Physiol Pharmacol 2015;59(2):162–9. 

[83] Tulppo MP, Kiviniemi AM, Hautala AJ, Kallio M, Seppänen T, Tiinanen S, et al. 
Sympatho-vagal interaction in the recovery phase of exercise. Clin Physiol Funct 
Imaging 2011;31(4):272–81. 

[84] Sarkis RA, Thome-Souza S, Poh M-Z, Llewellyn N, Klehm J, Madsen JR, et al. 
Autonomic changes following generalized tonic clonic seizures: an analysis of 
adult and pediatric patients with epilepsy. Epilepsy Res 2015;115:113–8. 

[85] Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and norms. 
Front Public Health 2017;258. 

[86] Tak LM, Riese H, de Bock GH, Manoharan A, Kok IC, Rosmalen JGM. As good as it 
gets? A meta-analysis and systematic review of methodological quality of heart 

rate variability studies in functional somatic disorders. Biol Psychol 2009;82(2): 
101–10. 

[87] Joseph P, Arevalo C, Oliveira RKF, Faria-Urbina M, Felsenstein D, Oaklander AL, 
et al. Insights from invasive cardiopulmonary exercise testing of patients with 
myalgic encephalomyelitis/chronic fatigue syndrome. Chest 2021;160(2): 
642–51. 

[88] Compass. 31: A refined and abbreviated composite autonomic symptom score. 
Mayo Clin Proc 2012;87(12). 

[89] Lerma C, Martinez-Martinez LA, Ruiz N, Vargas A, Infante O, Martinez-Lavin M. 
Fibromyalgia beyond reductionism. Heart rhythm fractal analysis to assess 
autonomic nervous system resilience. Scand J Rheumatol 2016;45(2):151–7. 

[90] Radmanesh M, Jalili M, Kozlowska K. Activation of functional brain networks in 
children with psychogenic non-epileptic seizures. Front Hum Neurosci 2020;14: 
339. 
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[110] Sañudo Corrales FdB, Carrasco Páez L, Hoyo Lora Md, Figueroa A, Saxton JM. 
Vagal modulation and symptomatology following a 6-month aerobic exercise 
programme for women with Fibromyalgia. Clin Exp Rheumatol, 1-5. 2015. 

[111] Kingsley JD, McMillan V, Figueroa A. The effects of 12 weeks of resistance 
exercise training on disease severity and autonomic modulation at rest and after 
acute leg resistance exercise in women with fibromyalgia. Arch Phys Med Rehabil 
2010;91(10):1551–7. 

[112] Murga Gandasegui I, Aranburu Laka L, Gargiulo P-Á, Gómez-Esteban J-C, 
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