
Fearon et al.   Yawning and Tremor 

1 
 

On the Emergence of Tremor in Prodromal Parkinson’s Disease 

 

 

 

Conor Fearon MB PhD MRCPI1 , Andrew J. Lees FRCP FRCP (Ed) FMedSci2, John J. 

McKinley MB MMedSc FRCP (UK)3, Allan McCarthy MB MRCPI4, Shane Smyth MB 

MRCPI1, Michael Farrell MB FRCPath FRCPI FRCPC5 & Timothy Lynch MB FRCPI FRCP1 

 

1 Centre for Brain Health, Dublin Neurological Institute at the Mater Misericordiae 

University Hospital, Dublin, Ireland 

2 Reta Lila Weston Institute of Neurological Studies University College London, London 

UK. 

3 Department of Neurology, Royal Victoria Hospital, Belfast, UK. 

4 Department of Neurology, Tallaght University Hospital, Dublin, Ireland 

5 Department of Neuropathology, Beaumont Hospital, Dublin, Ireland 

 

 

Corresponding authors:   

• Timothy Lynch, Centre for Brain Health, Dublin Neurological Institute at the 

Mater Misericordiae University Hospital, 57 Eccles Street, Dublin 7, 

tlynch@dni.ie  

 

Keywords: Parkinson's Disease, tremor, yawning, dopamine  

 

Word count: 3841 words 

Abstract: 252 words 

References: 79 

 

 

 



Fearon et al.   Yawning and Tremor 

2 
 

Abstract 

Clinical, neuropathological and neuroimaging research suggests that pathological 

changes in Parkinson’s disease (PD) start many years before the emergence of motor 

signs. Since disease-modifying treatments are likely to be most effective when 

initiated early in the disease process, there has been significant interest in 

characterizing prodromal PD. Some people with PD describe autonomic symptoms at 

the time of diagnosis suggesting that autonomic dysfunction is a common feature of 

prodromal PD. Furthermore, subtle motor signs may be present and emerge prior to 

the time of diagnosis. We present a series of patients who, in the prodromal phase of 

PD, experienced the emergence of tremor initially only while yawning or straining at 

stool and discuss how early involvement of autonomic brainstem nuclei could lead to 

these previously unreported phenomena. The hypothalamic paraventricular nucleus 

(PVN) plays a central role in autonomic control including bowel/bladder function, 

cardiovascular homeostasis and yawning and innervates multiple brainstem nuclei 

involved in autonomic functions (including brainstem reticular formation, locus 

ceruleus, dorsal raphe nucleus and motor nucleus of the vagus). The PVN is affected 

in PD and evidence from related phenomena suggest that the PVN could increase 

tremor either by increasing downstream cholinergic activity on brainstem nuclei such 

as the reticular formation or by stimulating the locus ceruleus to activate the 

cerebellothalamocortical network via the ventrolateral nucleus of the thalamus. 

Aberrant cholinergic/noradrenergic transmission between these brainstem nuclei 

early in PD could lead to tremor before the emergence of other parkinsonian signs, 

representing an early clinical clue to prodromal PD. 
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Introduction 

The diagnosis of Parkinson’s disease (PD) is centered on the identification of a 

predominantly motor phenotype. Converging evidence from clinical, 

neuropathological and neuroimaging research, however, suggests that pathological 

changes in people with Parkinson’s disease (PwP) start years before the emergence 

of core motor signs [1,2]. A recent hypothesis in PD is that alpha-synuclein may 

spread from the peripheral autonomic nervous system to lower brainstem nuclei and 

only thereafter to areas salient to movement [2–4]. In particular, a body-first subtype 

of PD has been recently described whereby multimodal imaging supports cardiac and 

colonic denervation which may occur in prodromal PD [5].  Hence, it is not surprising 

that PwP report autonomic symptoms at the time of diagnosis [6]. Since disease-

modifying treatments are likely to be most effective when initiated early in the 

disease process, there has been interest in identifying and characterising prodromal 

PD [7].  

 

REM-sleep behavior disorder (RBD), the prototypical prodromal syndrome in PD, has 

complex pathophysiology involving GABAergic, glutamatergic and cholinergic 

mechanisms centered on a number of critical brainstem nuclei [8]. Post-mortem, 

animal and imaging studies suggest that cholinergic degeneration of the 

mesopontine tegmentum plays a central role in RBD [9,10]. Other prodromal markers 

of PD are regulated by the autonomic nervous system and include constipation, 

orthostatic hypotension, urinary and erectile dysfunction [7]. In parallel, some 

cholinergic, serotoninergic and noradrenergic brainstem nuclei which regulate these 

autonomic functions are selectively vulnerable in PD [11]. These include the dorsal 

motor nucleus of the vagus, dorsal raphe nuclei, locus ceruleus and subceruleus and 

brainstem reticular formation.    

 

Subtle motor signs are present before a definitive diagnosis of idiopathic PD is made 

[12,13]. At diagnosis, rest tremor is the most common presenting symptom of 

PD.[14] Charcot and Gowers both described ephemeral tremors preceding the onset 

of parkinsonism but this phenomenon has not been well described in the modern 

era [15,16]. Tremor has been identified in two studies as a prodromal sign of PD (in 
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some cases up to 10 years prior to diagnosis) [12,17] but whether these represent 

the well-documented relationship between essential tremor and PD [18,19] or 

distinct prodromal parkinsonism is unclear. The pathogenesis of tremor is poorly 

understood and serotoninergic, dopaminergic, noradrenergic and cholinergic 

mechanisms may all contribute. Specific brainstem nuclei implicated in the 

generation of parkinsonian tremor include the locus ceruleus [20], ventral tegmental 

area [21], and dorsal raphe nuclei [22]. Stress and cognitive load can unmask tremor 

in PwP [23] and this may be mediated by the locus ceruleus via connections to the 

ventrolateral nucleus of the thalamus [20]. The ability of other activities to unmask 

parkinsonian tremor has not been well described to date. We present a series of 

patients who, in the prodromal phase of PD, experienced the emergence of tremor 

while yawning or straining at stool up to 20 years prior to their diagnosis. We present 

a hypothesis on how the early involvement of critical diencephalic and brainstem 

nuclei could lead to these previously unreported phenomena. 

 

Case Descriptions 

Case 1 

A sixty year-old farmer presented with a twenty year history of intermittent right 

hand tremor which occurred initially only when yawning. His tremor became more 

persistent ten years later and he was referred to a neurologist five years 

subsequently when a rest tremor was noted. He had noticed fatigue and constipation 

7-8 years prior to his diagnosis and had developed low mood and mild forgetfulness 

more recently. On examination, he had parkinsonian facies, rest tremor of his right 

hand which was re-emergent with sustained posture-holding, rigidity and 

bradykinesia which was greater on the right and a mildly stooped posture. He was 

initially prescribed levodopa/carbidopa to a dose of 300mg/day with no 

improvement in his tremor. He subsequently tried procyclidine at a dose of 5mg once 

daily initially. He did not tolerate this and is unsure if there was any tremor response. 

He switched back to levodopa/carbidopa and titrated to a dose of 600mg/day. There 

has been suboptimal improvement in his tremor but his overall course has been 

benign and he still remains independent and active 12 years after diagnosis. 
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Case 2  

A 75 year-old man, with a background of essential tremor since his thirties and lung 

transplant for idiopathic pulmonary fibrosis 3 years prior, was seen in follow-up in the 

movement disorder clinic complaining of worsening tremor over the previous year. 

Initially, this worsening was attributed to tacrolimus therapy. He was noted to have 

parkinsonian facies but no rigidity or bradykinesia. Whereas his longstanding tremor 

occurred exclusively with action, he reported that over the previous 3-4 years he 

experienced left hand tremor whenever he yawned. A DaTscan revealed moderate 

reduction in posterior striatal uptake more pronounced on the right. One year later 

he had slowed down and examination now revealed mild rigidity and bradykinesia, 

worse on the left, consistent with early idiopathic PD. He was commenced on 

levodopa/carbidopa 300mg/day which led to some tremor improvement. The patient 

died shortly after this but did not undergo autopsy. 

 

Case 3 

A 74 year-old right handed man presented with a three-year history of slowness of 

movement. His handwriting had become scrawling, his gait had become stooped and 

he had difficulty getting out of a car and turning in bed at night. More recently he 

had become anxious and forgetful. He had suffered from constipation for five years 

prior to the slowness of movement. Although he denied rest tremor, he reported 

that he developed tremor of his left leg whenever he strained at stool. His 

examination revealed hypomimia, bradyphrenia, asymmetric bradykinesia (more 

pronounced on the left hand side) but no obvious rest tremor. It was not possible to 

elicit a leg tremor in any position. He has been commenced on levodopa/carbidopa 

300mg/day and awaits follow up. 

 

Case 4 

A sixty two year-old woman presented with a six-month history of difficulty 

spreading butter all over the surface of her toast, a reduction in the size and legibility 

of her handwriting and a tremor of the right middle finger at rest. Examination 

revealed right sided bradykinesia and cogwheel rigidity at the right wrist. She held 

her elbow flexed when walking and it swung less than the other side. Once the 
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diagnosis of PD had been made she remembered that occasionally over the 

preceding ten years she had noticed that when she yawned her right hand had 

shaken for a few seconds but had not noticed this in the year prior to presentation. 

The patient subsequently died but did not undergo autopsy. 

 

Discussion 

We present a series of patients who, in the prodromal phase of PD, experienced the 

emergence of tremor initially only while yawning or straining at stool. Although at 

first glance, yawning and straining appear to have opposing physiological effects, the 

two processes are not entirely at odds with each other physiologically.  

Studies have indicated that yawning leads to an increase in heart rate, lung volume 

and skin conductance and reduced venous return which may be mediated by 

mechanical stimulation of the carotid body [24,25]. The Valsalva maneuvre engages 

both sympathetic and parasympathetic pathways during four separate phases of the 

response [26]. Hemodynamic responses to the Valsalva maneuvre are well defined 

and also include an increase in heart rate and reduced venous return (mirroring 

those which occur during yawning ). This same physiological responses can also be 

stimulated by carotid sinus massage. This suggests that similar central autonomic 

activation may occur during both yawning and Valsalva maneuver during straining at 

stool [25]. The baroreceptor reflex described above activates a distributed central 

autonomic network which includes the supraoptic and paraventricular nuclei, 

posterior hypothalamus, paraventricular and dorsomedial hypothalamic nuclei, 

preoptic-anterior hypothalamic region, the periaqueductal gray, the central nucleus 

of the amygdala, and the insular cortex [27]. Of these, the area which may be of most 

interest in PD is the paraventricular nucleus of the hypothalamus, as outlined below. 

 

Yawning and the Paraventricular Nucleus of the Hypothalamus 

In order to understand how yawning could activate tremor in a patient with 

prodromal PD, the physiology of yawning must be considered. Yawning is a common 

physiological phenomenon occurring up to 20-30 times per day in healthy humans 

[28]. However, the pathophysiology of yawning is poorly understood, as is its role in 

neurological disease. Several hypotheses have been proposed as to why we yawn. 
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These include regulation of arousal and sleep, thermoregulation, brain 

perfusion/oxygenation and a communicative/social tool [29].  

 

The precise underlying neuroanatomical structures which mediate yawning are also 

unknown. Anencephalic infants yawn suggesting that the structures which execute 

the motor action of yawning reside in the brainstem [30]. Other lesion studies have 

localized this to near the reticular activating system [31]. It is clear that a number of 

structures modulate the yawning mechanism in a top-down fashion, most notably, 

the hypothalamic paraventricular nucleus (PVN) [28]. The PVN is located in the 

ventral diencephalon (Figure 1) and is composed of magnocellular neurons, 

parvocellular neurons and long-projecting neurons. These long-projecting neurons 

include oxytocinergic cells which project to the hippocampus, spinal cord and 

brainstem, including multiple autonomic brainstem nuclei (e.g. nucleus of the 

solitary tract, reticular formation, locus ceruleus, dorsal raphe nuclei and motor 

nucleus of the vagus). The proposed roles of the PVN are therefore wide-ranging 

from cardiovascular, gastrointestinal and respiratory homeostasis, through feeding 

and metabolism, to penile erections and sexual behavior [32,33].  

 

Yawning in Parkinson’s Disease 

Yawning has been reported in parkinsonism as early as initial reports of encephalitis 

lethargica, both in acute and post-encephalitic stages [34]. However, its role in 

idiopathic PD is predominantly related to dopaminergic therapy. Goren & Friedman 

first reported yawning as an aura signaling the levodopa-induced “on” period in two 

PwP [35]. Transient yawning preceded the clinical transition from “off” to “on” by 

approximately 5 minutes in a reproducible fashion. The authors hypothesized that 

dopaminergic and cholinergic mechanisms may be at play [36,37]. This letter 

prompted responses from other groups stating that the majority of PwP who are 

administered subcutaneous apomorphine (a direct D1/D2 dopamine receptor 

agonist) experience transient yawning coincident with onset of the motor response 

[38,39] and in some patients, with transient penile erections [40]. Given that 

oxytocin release from the PVN mediates yawning and penile erections in rats 

following apomorphine administration, the PVN is assumed to play a similar role in 
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apomorphine-induced yawning in these PwP [33,41]. The number of oxytocinergic 

neurons in the PVN is reduced (by over 20%) in PwP [42]. The nuclear volume of the 

remaining neurons is increased suggesting a compensatory activation. This may 

result in altered sensitivity of these remaining neurons to dopaminergic stimulation. 

Initial studies examining ubiquitination suggested that Lewy bodies were not present 

in the PVN [42], however more recently alpha-synuclein immunohistochemistry has 

demonstrated that the PVN is directly involved, not only in confirmed PD cases but 

also in the incidental Lewy body disease group (Braak stage <=2) [43]. Importantly 

this suggests that Lewy body aggregation may occur in the PVN in the prodromal 

phase of PD.   

 

Apomorphine injected into the PVN can induce yawning at concentrations 5-40 times 

lower than that required to induce yawning at the level of the striatum implying that 

the PVN is the primary site of action for dopaminergic yawning [44]. Furthermore, 

lesioning of the PVN and administration of oxytocin antagonists suppresses 

apomorphine-induced yawning [41,45]. D2-like antagonists do not suppress oxytocin-

induced yawning, suggesting that the dopaminergic effect is upstream from oxytocin 

[46,47]. Yawning induced by D2-agonists is suppressed by D2-like antagonists as 

expected. However, D2-agonist-induced yawning is also inhibited by anticholinergics 

[35,48]. Cholinesterase inhibitors and muscarinic receptor agonists can also induce 

yawning which can be suppressed by anticholinergics but not dopamine receptor 

antagonists [36,48]. Thus, the dopaminergic effect on yawning is likely executed by 

downstream cholinergic transmission, probably via M1 muscarinic receptors. In 

summary, the primary yawning mechanism is likely via oxytocinergic long-projecting 

neurons in the paraventricular nucleus enhancing cholinergic transmission in the 

hippocampus and multiple brainstem sites including the reticular formation (Figure 

1). 

 

Defecation, Valsalva and Parkinson’s Disease: 

Our fourth patient experienced prodromal emergence of tremor while straining at 

stool. Bowel dysfunction is a common prodromal feature of PD. During defecation in 

PwP, paradoxical sphincter contraction occurs, leading to significantly higher anal 
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pressure than occurs in control subjects [49]. As a results, a greater rise in intra-

abdominal pressure is required for evacuation in PwP. Abdominal straining and 

hence, Valsalva can achieve this. The degree of paradoxical sphincter contraction on 

defecation is similar in early and late PD, indicating that this phenomenon is an early 

finding in PD and may even occur in the prodromal phase [50]. However, straining is 

impaired in PwP due to poorly coordinated glottal closure [51] and Valsalva 

maneuvers in PwP lead to a smaller increase in intraabdominal pressure compared 

with controls [52], suggesting a greater degree of straining is required for defecation 

in PwP. Furthermore, the vagal response to Valsalva maneuver is reduced in PwP, 

particularly in the setting of orthostatic hypotension (another prodromal PD 

syndrome) [53]. This implies abnormal and possibly aberrant vagal responses may 

occur during straining at stool and Valsalva maneuvers, even in the prodromal phase 

of PD.  

 

The PVN, which densely innervates the dorsal vagal nuclei, clearly plays a central role 

in yawning but it may also play a crucial role in vagal control of gut motility. 

Stimulation of the PVN modulates the activity of gut-sensitive neurons in the vagal 

complex and may also modulate vago-vagal reflexes [54]. Excessive PVN activity may 

therefore be required to compensate for the deficient downstream regulation of 

defecation. Furthermore, vagal afferents can stimulate PVN neurons in the setting of 

changes in volume load as occurs during a Valsalva maneuvre [55]. In this way, 

straining at stool in PD could lead to similar activation of the PVN-brainstem axis as 

we have hypothesized occurs during yawning above. However, we have yet to discuss 

how either process could lead to the emergence of tremor in these patients. 

 

Unmasking Paradoxical Movement and Tremor: 

The striking feature of our cases is that they developed yawning- or straining-

associated rest tremor years before a diagnosis of PD was made. The emergence of 

tremor while yawning or straining at stool in PwP has not been previously described. 

However, involuntary movement occurring synchronously with yawning has been 

previously described wherein patients with acute hemiplegia may experience reflex 

elevation of the paralyzed arm during yawning [56–59]. This phenomenon of 
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parakinesia brachialis oscitans has been reported in patients with vascular, 

demyelinating, infectious and degenerative lesions affecting the corticospinal tract, 

basal ganglia or brainstem and consists of reproducible involuntary elevation or 

abduction of the paretic limb coincident with jaw opening during yawning [59]. The 

paretic limb falls again when the yawn ends. The most common causes are lesions of 

the internal capsule and lentiform nucleus/caudate nucleus or pontomedullary 

lesions. The precise pathophysiology is unknown but it is hypothesized to occur as a 

reflex activity of brainstem structures when released from rostral inhibitory control, 

similar to the emergence of palatal tremor with uncontrolled activity of the olivary 

nucleus [59]. Walusinksi has presented a number of possible hypotheses for 

parakinesia brachialis oscitans [29,56,59,60]. Regulation of automatic respiratory 

activity such as diaphragmatic movement and stretching occurs via the coordinated 

activity of the pre-Botzinger complex in the ventral medulla and the adjacent lateral 

reticular nucleus (under modulatory control from the hypothalamus) [61,62]. The 

lateral reticular nucleus (LRN) plays a crucial role in integrating descending and 

ascending signals to regulate limb movements [63]. The fibers which project from the 

LRN to the deep cerebellar nuclei exert a direct excitatory effect on descending 

motor pathways via the reticulospinal and vestibulospinal tracts [63]. Even when 

corticospinal motor control is lost, the LRN continues to receive afferent stimulation 

from the ventral spinocerebellar tract. A strong afferent signal from contraction of 

respiratory muscles during yawning (or a strong Valsalva maneuver during straining 

at stool), could therefore lead to involuntary automatic limb movement through this 

spinoreticulocerebellar pathway [59]. 

 

Although parkinsonian tremor is a much more common phenomenon than 

parakinesia brachialis oscitans, its precise pathophysiology is equally poorly 

understood. Unlike rigidity and bradykinesia, parkinsonian tremor often takes longer 

to respond to dopaminergic therapy and some cases required higher doses [64]. 

Animal studies of selective dopaminergic basal ganglia lesions (e.g. MPTP) do not 

produce the characteristic parkinsonian tremor [65] and involvement of other 

brainstem areas such as the locus ceruleus or ventral tegmental area may be 

required to cause tremor [21]. Tremor severity is not related to nigral dopamine 
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deficiency making dopamine unlikely to be the sole neurotransmitter involved in 

tremor generation. Serotoninergic deficits in midbrain raphe nuclei have been 

demonstrated with positron emission tomography (PET) and these correlate with 

tremor scores [22]. Importantly, the raphe nuclei receives input from the PVN. 

However, the effect of anticholinergic agents on parkinsonian tremor cannot be 

ignored. Antimuscarinic agents were the first pharmacological treatment for PD and 

still widely used for management of tremor. Neostriatal M4 muscarinic receptors 

have been implicated in generation of this tremor in rat models and tropicamide 

(which has a modest effect on M4 receptors) suppresses the tremor [66,67]. Multiple 

brainstem areas can be involved in generation of parkinsonian and non-parkinsonian 

tremor (including dentate-rubro-olivary pathways [68,69], dorsal raphe nuclei [70], 

bulbar reticular formation [71], nucleus ambiguous [72], locus ceruleus and ventral 

tegmental area [21]). Many of these regions receive projections from the PVN (Figure 

1). In particular, the PVN projects to the reticular nuclei, raphe nuclei, ventral 

tegmental area, locus ceruleus and nucleus ambiguous [32].  

 

Ephemeral tremors prior to the emergence of PD have been described by both 

Charcot and Gowers, however these were predominantly in the setting of acute 

stressors (emotional shock, prolonged anxiety, trauma or cold weather) [15,16].   

Gowers noted that “the tremor subsides when the alarm is over” suggesting a brief 

physiological change may mediate these tremors. Trauma was noted to be the 

inciting cause in a number of cases, in particular trauma at the site in which tremor 

subsequently persisted. Although there may be a bias here (tremor in the 

traumatized limb being more notable than tremor elsewhere), it raises the possibility 

of sensory feedback modulating tremor thresholds. The spinoreticular pathway and 

brainstem reticular formation may play a role in parakinesia brachialis oscitans. 

However, this pathway is also involved in processing emotional response to pain [73]. 

Hence, the reticular formation may provide a common pathway to explain those 

tremors caused by emotional stress and those cause by physical trauma. Gowers also 

described the remarkable case of young lady, who when startled by water suddenly 

pouring onto her hand, developed tremor in that hand which subsequently spread, 

developing into typical PD. It is worth noting that in all of our cases, the tremor which 
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occurred during yawning or straining was on the side in which persistent tremor 

eventually emerged. This supports the idea that our patients were displaying true 

prodromal parkinsonian tremor rather than an unrelated phenomenon. 

 

Cognitive load is another common exacerbator of tremor. Dirkx and colleagues 

examined the effect of cognitive load on tremor in PwP using synchronous 

electromyography and functional MRI [20]. In a similar manner to what we observed, 

parkinsonian tremor can emerge or be amplified when patients experience a 

cognitive load such as being asked to carry out mental arithmetic under pressure in 

the consulting room. Dirkx and colleagues demonstrated that cognitive load 

correlated with tremor amplitude, pupillary diameter, heart rate and activity in the 

cognitive control network [20]. The authors hypothesized that cognitive load can 

increase tremor through a bottom-up noradrenergic ascending arousal system which 

activates the ventrolateral nucleus of the thalamus pars ventralis (VLpv) and hence 

the cerebellothalamocortical network driving tremor. Tremor-predominant PwP 

show less degeneration of the locus ceruleus than other PwP [74] and the locus 

ceruleus sends noradrenergic projections to the VLpv as well as other nodes of the 

cerebellothalamocortical network [75,76]. Dirkx and colleagues therefore concluded 

that the locus ceruleus mediates the increase in tremor amplitude, as well as the 

pupillary and heart rate changes. Since the PVN is a major sympathetic premotor 

nucleus of the pupillary reflex (via the intermediolateral column of spinal cord) [77] 

and modulates heart rate, it is possible that this nucleus may play a role in their 

findings. Given the dense connectivity between the PVN and the locus ceruleus, a 

similar activation of the cerebellothalamocortical network might enhance tremor 

during yawning or Valsalva while straining at stool in our patients.  

 

Hence, it is possible that aberrant brainstem transmission during yawning or Valsalva 

maneouvre could activate the cerebellothalamocortical network either via the lateral 

reticular nucleus (and the deep cerebellar nuclei) or via the locus ceruleus (and the 

VLpv). The brainstem reticular formation and locus ceruleus have previously been 

implicated in the pathophysiology of RBD, the only well characterized prodromal 

syndrome in PD.  
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Horsager et al. recently used the presence or absence of premotor RBD to 

dichotomize PD patients into “brain-first” and “body-first” subtypes [5]. Body-first 

patients demonstrate a wide range of abnormalities on functional imaging including 

cardiac denervation and cholinergic denervation of the colon. Given the widespread 

role of the PVN both in cardiovascular homeostasis as well as well as regulation of 

bowel function, it seems likely that the PVN may be involved in many of these “body-

first” patients. 

 

Our hypothesis is speculative and future work is required to clarify the involvement 

of the PVN in prodromal PD and its clinical correlates. Only a single study to date has 

examined alpha-synuclein immunohistochemistry in the PVN. It is clear that well-

designed neuropathological studies examining the frequency and extent of 

involvement of the PVN in clinically well-characterised patients with PD (such as 

body-first subtypes) as well as patients with idiopathic RBD are needed. As we are on 

the threshold of diagnostic tests for the synucleinopathies, in particular with respect 

to Real-Time Quaking-Induced Conversion (RT-QuIC) in tissues such as skin and CSF, it 

may be able to test this hypothesis in vivo in patients such as those presented herein 

[78,79]. With potential disease modifying treatments in evolution, this may also have 

important implications in helping to define prodromal PD patients who may benefit 

from early treatment with such agents. Although the exact mechanisms underlying 

the emergence of tremor in prodromal PD are undefined, it clearly represents an 

important finding as it may help identify PwP at an earlier stage of disease than is 

currently possible. Vigilance for this phenomenon, for example in newly diagnosed 

PwP or in patients with idiopathic RBD, may lead to greater appreciation of its 

prevalence and the breadth of its spectrum. 

 

Conclusions 

The identification of a new clinical syndrome in prodromal PD has important 

implications for targeting early therapeutic interventions. The emergence of tremor 

coincident with yawning and straining at stool up to 20 years before a diagnosis of PD 

in our patients represents an important therapeutic window. A greater 
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understanding of the pathophysiology of this phenomenon is required. The PVN 

likely plays a central role, either by increasing downstream cholinergic activity on 

critical brainstem nuclei such as the reticular formation, by stimulating the locus 

ceruleus to activate the cerebellothalamocortical network or by another autonomic 

mechanism. Aberrant cholinergic/noradrenergic transmission between these non-

dopaminergic brainstem nuclei early in PD could lead to tremor before the 

emergence of other (dopaminergic) parkinsonian signs, representing an early clinical 

clue to incipient PD. 
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Figure Legend: 

Figure 1. Cartoon showing afferent and efferent projections of the paraventricular 

nucleus (PVN) salient to yawning (red), tremor (blue) and parakinesia brachialis 

oscitans (green). DA: dopamine; LRN: Lateral reticular nucleus, OXT: oxytocin; VLpv: 

ventrolateral nucleus of the thalamus pars ventralis. 


