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Abstract: Prodromal Parkinson's Disease (PD) represents a critical phase preceding the clinical
onset of the disease, characterized by subtle and often non-motor symptoms that precede the clas-
sic motor manifestations. Understanding this prodromal phase is essential for early diagnosis, in-
tervention, and potentially altering the disease course. This narrative review aims to elucidate the
current knowledge on the prodromal phase of PD, highlighting known biomarkers, genetic pre-
dispositions, and environmental factors that contribute to early detection. Furthermore, it examines
the limitations and gaps in our understanding, including the variability in prodromal symptoms,
challenges in identifying definitive biomarkers, and the need for longitudinal studies. By synthe-
sizing the existing literature, this review provides a comprehensive overview of what we know
about prodromal PD and underscores the areas that require further research to enhance early
diagnostic accuracy and develop preventative strategies.
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1. Introduction

Parkinson's disease is a complex progressive neurodegenerative pathology which
encompasses a range of clinical, genetic and epidemiological symptoms [1-3]. Its etiology
is associated with the deposition of alpha-synuclein in cells, generating oxidative stress,
mitochondrial, lysosomal and endosomal malfunction, and these alterations are present
both in individuals with positive genetics for the disease, as well as sporadic cases of
Parkinson's disease [4]. As the second most common neurodegenerative disease, associ-
ated with a significant increase in its prevalence over the last 3 decades [5], the main
mechanism of PD is the death of dopaminergic neurons contained in the substantia nigra
[6-7], leading to the classic and motor signs of the disease, such as bradykinesia, resting
tremor, rigidity and postural instability [3, 4, 8, 9].

Synucleinopathies, such as PD and Lewy Body Dementia, have a slow and pro-
gressive scope of subclinical prodromal changes as characteristics that precede the clini-
cal phase of these pathologies, such as REM sleep disturbance, olfactory loss, depression,
associated or not with anxiety, autonomic dysfunction and even imaging tests that show
hyperechogenicity of the substantia nigra [4, 10, 11]. With this, we realize that certain
prodromal markers can be used to screen individuals who have a tendency to develop
Parkinson's Disease, and some lines of studies indicate that the pre-pathological phase
precedes PD by around 10-20 years, and therefore, when we identify characteristic signs
that have an association with a greater probability of developing the disease itself. This
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latent phase of neurodegeneration would be of great value in developing neuroprotective
therapies that modify the natural history of PD [10, 12-14].

As previously mentioned, PD can be preceded by the appearance of prodromal
symptoms before presenting itself as Parkinsonism. However, recent studies indicate that
there are subtypes within PD and even its prodrome, which differ in the time of pro-
gression of the disease, pathological mechanisms and even its clinic [2, 15]. Factors in-
cluding beta-amyloid protein and tau, age, environmental factors such as physical exer-
cise and the presence of other pathologies, can divide the PD prodrome into distinct
ramifications. An example of this is REM sleep disturbance, which possibly indicates a
progression of the pathology with the alpha-synuclein body-first subtype, in which al-
pha-synuclein originates in the enteric nervous system, while people with mutations in
the LKKR2 gene have a predisposition to the brain-first subtype [2, 16]. Studies also in-
dicate that mutations in the GBA genes are closely linked to the body-first profile of PD
[2, 16-18].

PD is gradually evolving from a purely clinical diagnosis to a diagnosis supported
by early identified biomarkers, possibly in which a diagnosis can be reached in the early
stages, focusing on the subtypes with different prognoses, leading to individualized
treatment of patients [19, 20]. If we manage to diagnose Parkinson's Disease in its earliest
stages, the progression of the pathology and its symptoms could be delayed through
appropriate and targeted neuroprotective measures initiated at the most effective stages
for treatment [21, 22].

This study aims to highlight some of the new points in relation to Parkinson's Dis-
ease prodromes, both pathophysiological and genetic, because by being able to highlight
individuals with red flags for the development of PD, we can initiate prevention and
even treatment protocols. With this, we would be able to significantly improve the qual-
ity of life of patients, as well as possibly modify the natural history of the disease, in-
creasing people's life expectancy. In addition, with new biomarkers for early diagnosis,
individualized therapies focused on each patient's specific subtype could be carried out,
with a view to improving treatment prospects and outcomes.

2. Method

We searched Medline and PubMed from March 2024 to September 2024 for relevant
articles using the keywords “Parkinson’s Disease,” or “prodromal Parkinson’s Disease,”
or “pathophysiology Parkinson’s Disease” or “Parkinson’s Disease treatment,” or “Pro-
dromal symptoms of Parkinson’s Disease.” The initial search produced 68 hits and, after
selection based on the abstracts, a total of — articles on etiology, diagnosis, pathophysi-
ology or treatment were chosen and reviewed, after excluding articles that followed the
first set of criteria - exclusion of articles not included in the 2018-2024 search period, as
well as articles that were not originally in English. Additional references were obtained
from these articles and from the authors of this review.

3. Results

3.1 Preclinical nigrostriatal dysfunction in Parkinson's disease

PD results from the destruction of dopaminergic neurons in the substantia nigra and
a decrease in dopamine in this pathway [2, 4, 23]. Oxidative stress, as well as the deposi-
tion of elements such as alpha-synuclein, are known to alter the brain neurophysiology of
this pathway, and genetic and environmental factors, as well as aging itself, are consid-
ered predisposing factors for this pathology [2, 4, 7, 23]. Oxidative stress is a key factor in
understanding the destruction of the substantia nigra, with the production of reactive
oxygen species eventually overcoming the action of antioxidant enzymes, which leads to
their accumulation [23]. Mitochondria are the cell organelles that accumulate the most
damage and suffer the most due to reactive oxygen species (ROS). As well as being the
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main organelle that regulates the life and death of a cell, there may be an association
between alterations in mitochondria and PD [23].

Dopamine transporters (DAT) and the vesicular monoamine transporter (VMAT)
represent the major defenses against reactive oxygen species (ROS), by inserting dopa-
mine into vesicles that are resistant to these elements [24]. However, it is known that with
natural aging, the expression of DAT suffers a drop in its levels, generating an increase in
the degradation of dopamine by ROS, but it has no interaction with VMAT, which ends
up suffering due to its interaction with alpha-synuclein in the presynaptic terminal [23].

Lysosomal dysfunctions have also been associated with the development of PD [25].
The lysosomal enzyme glucocerebrosidase-hydroxylase (GCase) has pathogenic muta-
tions that can lead to the development of PD, which is encoded by the GBA gene [26]. In
this line of reasoning, they pointed out that Ambroxol could be a potential dis-
ease-modifying therapy, since it increases the enzymatic function of GCase, and there are
already clinical studies in this direction [25].

It is worth mentioning the distinction between Gut-first type and Brain-first type, or
PNS-type (peripheral nervous system) and CNS-type (central nervous system) respec-
tively. There are two hypotheses for differentiating the origin of alpha-synuclein accu-
mulation, which can start in the enteric system and progress retrogradely to the central
nervous system, or take the opposite route, from the CNS to the periphery of the body
[27]. PNS-type has a higher chance of REM sleep disorders and a lower mutation rate,
while CNS-type has a lower incidence of REM sleep disorders and a higher mutation rate
[27].

Currently, one of the greatest interests is in the non-invasive early identification of
alpha-synuclein, since this deposition precedes parkinsonism by years and for the as-
sessment of disease progression [25]. PET and SPECT have been used in studies to assess
the progression of PD [28]. However, the development of methods that specifically target
alpha-synuclein for early non-invasive diagnosis is still far from advanced [25].

3.2 Pre-motor symptoms in Parkinson's disease

Pre-motor symptoms in PD can precede the onset of motor disease by around 3
decades. These include gastrointestinal, cardiovascular, genitourinary, thermoregulatory
and REM sleep disorders. It can be said that PD patients end up with autonomic altera-
tions divided into at least some of those mentioned above [10, 11, 29]. In a survey of 400
individuals with PD, the authors found a 77.7% prevalence of premotor symptoms and
showed that the presence of non-motor symptoms produces a 71.2% prediction success
for discriminating between individuals with PD and healthy controls. A very character-
istic but not universal symptom is hyposmia, affecting 70-80% of patients [30]. It is a
symptom more closely related to the PNS-first type (peripheral nervous system), since in
the prodromal phase it is more common to appear in these individuals, while the
CNS-first type (central nervous system) is more common to appear later, with the natural
evolution of the disease [27].

Gastrointestinal dysfunctions range from changes at the beginning of the gas-
tro-digestive tract, such as sialorrhea and dysphagia, to changes during bowel move-
ments, which are present in up to 88.9% of patients before the onset of Parkinson's motor
symptoms [29, 31]. Studies indicate that the presence of sialorrhea disorder may be pre-
sent in 32% to 74% of PD prodromes [32], associated or not with dysphagia, which is
commonly progressive with the progression of the disease, affecting 11-81% according to
a systematic review [33].

Constipation is certainly a gastrointestinal symptom commonly associated with PD
and its prodromal phase, so much so that it was included as a criterion in the MDS-PD to
assess the premotor phase of Parkinson's Disease. Around 70% of individuals with the
disease suffer from this symptom [10, 29, 32]. Orthostatic hypotension is also another
symptom associated both with the prodromal phase and with motor parkinsonism that
has already set in, so much so that it is part of the MDS-PD criteria and is the first cardi-
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ovascular symptom of PD, affecting up to 40% of individuals [29]. It is worth noting that
OH ultimately reduces quality of life and negatively influences the progression of PD,
and people with OH should perhaps be closely monitored for possible progression, as
some studies have shown [10, 29].

Dysfunctions in the urinary system, mainly nocturia and urinary incontinence, are
present in 27-85% of PD patients and in their prodrome, classified primarily as irritative
symptoms [34]. Sexual dysfunctions occur in approximately 50% of early PD symptoms
[32], but male patients present symptoms such as erectile dysfunction, hypersexuality
and even ejaculatory jet dysfunctions, while women primarily present with decreased
vaginal lubrication and incontinence during sex [29].

REM sleep disturbance is a strong predictor of PD and Lewy Body Dementia, and
studies show that it can precede Parkinsonism by up to 10 years [35]. It is present in
25-58% of patients with PD and up to 90% of patients with Lewy Body Dementia, and
cohort studies indicate that up to 80% of individuals with REM sleep disorders may de-
velop alpha synucleinopathies in the future, associated with neurodegeneration [36].
Hyperhidrosis is also associated with alpha-synucleinopathies, which are related to in-
creased dyskinesia and REM sleep disorders, more present in the subtype with greater
dysautonomic presentations [37]. Patients who have it also suffer more from anxiety and
CNS depression [37].

3.3 Biomarkers for Parkinson's disease

Parkinson's disease begins at the molecular level and is known to result from the
destruction of neurons in the substantia nigra and also from the accumulation of al-
pha-synuclein in the CNS [10, 11, 38, 39]. Other proteins such as beta-amyloid and
phosphorylated Tau, mutations in genes such as LRRK2 and GBA, end up differentiating
into distinct subtypes of PD presentations, as well as the presentation of its symptoms,
and its prodromal period [10, 38, 39]. More than 100 genes or genetic locus have been
linked to PD. Approximately 5-10% of PD is caused by monogenes, with the rest proba-
bly caused by environmental factors and combinations of genetic susceptible factors [40].

Mutations associated with the autosomal recessive form of PD, such as PINK-1,
PRKN, PARK-2, GBA and DJ-1 are the result of a loss of mitochondrial oxidative action
resulting in the non-production of their final proteins [41, 42], indicating a strong associ-
ation with mitochondrial malfunction of neurons in the absence of these [23]. Autosomal
dominant PD mutations, such as LRRK2 and SNCA, have a greater relationship with a
toxic action of resulting abnormal proteins, which end up disrupting the normal mito-
chondrial phosphorylation pathway, causing alpha-synuclein accumulation [23].

Studies indicate that GBA mutations are related to REM sleep disturbance in pro-
dromal PD, including that these end up having a shorter prodromal period, but with a
faster progression to established PD. The GBA also ends up being closer to the prima-
ry-body subtype of Parkinson's disease [10, 43]. Altered GBA function ultimately allows
for an increase in the concentration and deposition of alpha-synuclein in cells [10, 43].

LRRK? mutations end up with a greater increase in cardinal symptoms, such as gait
and dyskinesia, but have a better evolution of dementia and non-motor symptoms, such
as REM sleep disorder or autonomic dysfunctions and hyposmia [10, 44]. LRRK2 muta-
tions are more closely associated with the development of “brain-first subtype”, with
lysosomal dysfunction occurring and leading to the accumulation of alpha-synuclein [10,
44].

Mutations associated with PRKN are associated with the early development of PD,
reaching 27.6% linkage to autosomal recessive forms in young patients, particularly in
European populations [40]. In addition, one study showed that the earlier PD develops,
the higher the prevalence of mutations linked to this gene, with up to 42.2% in patients
under 20 years old, 29% from 21 to 30 years old, 13% from 31 to 40 years old and only
4.4% from 41 to 60 years old [40, 45].
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SNCA is a gene associated with autosomal dominant PD and can be caused by dif-
ferent types of mutations, such as duplication, triplication and loss of part of it [40]. This
mutation presents a range of prodromal symptoms of PD, such as orthostatic hypoten-
sion, REM sleep disorders and even psychiatric manifestations, showing a good response
to treatment with Levodopa at first [46]. This mutation ends up altering the cellular me-
tabolism of dopaminergic neurons, generating mitochondrial alterations and energy
deficits, as well as alterations in lipid metabolism [47].

3.4 Treatment in the prodromal phase of Parkinson's disease

The basis for the treatment of PD has already been well established with the use of
drugs that increase the concentration of dopamine in the synaptic cleft for years [48, 49].
Medications that either increase the lifespan of dopamine or increase its secretion by the
presynaptic neuron, are mainly based on the daily oral use of Carbodopa/Levodopa, as-
sociated with behavioral therapies and integrative medicine for a better final result in the
treatment of symptoms [50-52].

It can be said that current treatment involves a broad front for the treatment of a
multifactorial disease with a wide range of symptoms, focusing mainly on slowing down,
or reducing, the progression of PD [53]. According to Church et al. [53], treatment is
based on 5 approaches involving behavioral rehabilitation, pharmacological therapy,
cardiometabolic restoration, maintenance and Deep Brain Stimulation (DBS). It is worth
mentioning that these do not necessarily have to be used concomitantly, but they may or
may not complement each other in the treatment of PD [53]. Dopamine agonists such as
Apomorphine are drugs used in the early treatment of PD and can even be used as
monotherapy in PD and parkinsonism [54]. Their association with Levodopa/Carbodopa
leads to an increase in the concentration and duration of the medications, and they are
widely used [48]. However, side effects such as compulsion and impulsive disorders can
occur [53].

MAO-B inhibitors such as Selegine and Safinamide, as well as COMT inhibitors, are
medications used in combination with Levodopa/Carbodopa, as these ultimately de-
crease the degradation of dopamine in the synaptic cleft, prolonging the effect of dopa-
minergics [48, 53]. Amantadine is also a medication that has shown a beneficial effect in
patients with motor dyskinesia and parkinsonism [55]. The practice of physical exercise
has been widely studied to protect against the progression of PD [56-58], and some show
that exercise reduces pro-inflammatory markers and helps preserve dopaminergic neu-
rons [59]. In addition, moderate - intense aerobic exercise ends up promoting an-
ti-oxidation and anti-inflammation in patients' bodies [53].

Another drug currently being studied is Vitamin D3, as some studies have indicated
that a lack of this implies a greater progression of PD and greater motor symptoms [60],
and that individuals with a higher level of vitamin D3 had better neurological perfor-
mance [61]. Supplementation with vitamin Bl and magnesium L-threonate in some
studies has indicated better performance and functioning of neural cells [53].

Another alternative for the treatment of PD is DBS (deep brain stimulation), which
directs treatment directly to the globus pallidus, thalamus and subthalamic nucleus [62].
It is a surgical treatment aimed at patients who are refractory to the use of medication or
patients who suffer from the disorders and side effects of antiparkinsonian medication
[62]. It is worth mentioning that DBS is considered a reversible procedure, since there is
no damage to brain tissue, and as the disease progresses, stimulation can be adjusted [62,
[62, 63].

4. Conclusion

The prodromal phase of Parkinson's Disease (PD) presents a critical window for
early interventions that may delay or even prevent the onset of characteristic motor
symptoms. While knowledge of this phase has significantly advanced, substantial gaps
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remain. The identification of reliable biomarkers and the understanding of underlying
mechanisms are essential challenges. Longitudinal studies and multidisciplinary ap-
proaches are crucial to enhance diagnostic accuracy and develop effective preventive
strategies. This article highlights the need for greater investment in research to fill these
gaps, aiming to transform the clinical management of PD and improve the quality of life
for affected individuals. Anticipating and intervening in the prodromal phase has the
potential to revolutionize PD treatment, making early detection and prevention an
achievable reality.
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