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Abstract

Background Parkinson’s disease (PD) is the second most prevalent neurodegenerative ailment affecting aged peo-
ple. Several motor and non-motor symptoms appearing with this disease are linked to reduction in dopamine levels.
Parkinson’s disease manifested by a wide range of symptoms, including gait instability, voice impairments, bradykin-
esia, hypomimia, tremors, and cognitive dysfunctions, where the concern is its steady global progression. Therefore,
by evaluating the stage-specific retention and transition thresholds, the suggested work attempts to detect the pro-
gression of PD. Similarly, the assessment of the annual rate of deterioration of symptoms aids in assessing the influ-
ence of medications on four stages and six prime symptoms.

Results During the 9-year period following clinical diagnosis, a symptomatic deterioration of 34.995% is observed
in untreated patients compared to treated patients. Furthermore, the experimental analysis illustrates that medicines
assist in regulating only bradykinesia, tremors, hypomimia, and speech impairment, which lasts for 4.8 years on aver-
age. A saturation period is also identified during the moderate phase, where the computed average depreciation

in the Unified Parkinson’s Disease Rating Scale (UPDRS) is the least. Similarly, from stages 1 to 4, medicines might
improve stage retention by 4.44, 3.5,2.72, and 1.6 years, respectively. It demonstrates that, despite transient advan-
tages and adverse effects, medications also have an optimistic impact on PD patients.

Conclusions Here, we show that medication can extend the lifespan of PD patients up to 12 years cumulatively.
Furthermore, the proposed work suggests that stagewise alternative remedies for improving quality of life, boosting
the benefits of medicines, and eliminating their side effects. These include counselling, diet changes, yoga asanas,
herbal medicines, bio-cleansing and other therapies. The current work does not consider the temporary transition
among stages; nonetheless, further investigation regarding PD could open avenues for more worthy treatments
with fewer side effects.

Keywords Parkinson’s disease, Unified Parkinson’s Disease Rating Scale, Substantia Nigra, Dopamine, Levodopa,
Hypomimia, Tremors, Bradykinesia, Voice impairment, Gait disorder

Background

Impaired lifestyle, environmental toxins, deficiency of
certain nutrients, abnormal secretion of hormones, and
genetic alterations are enough to produce any health dis-
order in humans. One such health hazard is Parkinson’s
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at rest. In general, Parkinsonian patients manifest two
kinds of symptoms, one is motor, and the other is non-
motor [1].

Tremors at rest, the rigidity of muscles, bradykin-
esia (slowness of movement), impaired posture, micro-
graphia (decreased size of handwriting), masked face
(hypomimia), and voice disorders such as dysphonia and
dysarthria are some of the several motor impairments
visible in this disease. Similarly, the non-motor symp-
toms include bradyphrenia (slowness in processing any
information), sleep disturbances, decreased mental capa-
bilities, depression, and others. Research revealed that
the progressive depletion of dopamine neurotransmit-
ters in the substantia nigra pars compacta region of basal
ganglia in the midbrain is accountable for motor abnor-
malities appearing during this disease [2].

However, apart from the loss of dopaminergic neu-
rons, cholinergic neurons in the basal forebrain, seroton-
ergic and noradrenergic neurons in the brain stem, and
preganglionic neurons in the intermediolateral columns
of the spine can also severely affect the cognitive and
autonomic systems of humans on getting depleted [3].
According to an estimation, the preliminary symptoms
of PD emerge when these neurotransmitters are approxi-
mately 50-90% damaged and neuronal plasticity of the
brain can no longer compensate for this loss of func-
tional neurons [4]. Other factors reported behind cellular
destruction in PD are related to the increased amount of
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nigral iron and reduced levels of glutathione (GSH) anti-
oxidant [5]. A research by Tanaka and colleagues sug-
gested that any hindrance in normal brain development
during the early years of life could produce neurodegen-
erative as well as neuropsychiatric disorders afterwards
[6]. Tanaka and colleagues further investigated the rela-
tionship between increased anti-inflammatory cytokines
and reduction in neuro-modulatory function owing to
kynurenine (KYN) neurotoxicity during PD [7]. This
causes persistent low-grade inflammation, which con-
tributes to motor impairment, autonomic dysfunction,
and psycho-behavioral problems. It further highlights
the presence of Lewy bodies in patients with PD (PwPD)
with cognitive disorders.

Some researches compared the characteristics of PwPD
at the Young (before the age of 49), Middle (between 50
and 69 years of age), and Late (70 years or above) onset of
the disease [8, 9]. They found that gait instability was fre-
quent in the late-onset group, while tremors were com-
mon in the young-onset group. However, no significant
difference was observed in gastrointestinal issues and
bradykinesia. Furthermore, they also revealed that levo-
dopa-related complications were mostly found in patients
with young onset of PD.

In a nutshell, PD progresses in five stages (as shown in
Fig. 1 with pathognomic indicators), which can be viewed
in three phases [10-12]. The early phase includes stages
1 and 2, the third stage is defined under the Moderate
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Fig. 1 Five significant stages of Parkinson’s disease progression
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phase and the Advance phase consists of stages 4 and 5.
In the Early phase, the appearance of symptoms is a very
gradual process with minimal functional impairment
[11]. Thus, this phase can be easily misinterpreted as
aging [13]. Then, the symptoms from the previous phase
become more severe and show varying rates of deterio-
ration for each patient. It is referred to as the Moderate
phase. During this phase, minor postural impairments
are visible and consequently, a patient finds it difficult
to make quick reflex adjustments necessary to prevent
falling. From the beginning of the Advance phase, the
patient becomes severely disabled and needs round-the-
clock assistance. Even in the final years, months, weeks,
or days, ‘dictates of the will’ are conveyed to muscles, but
their actions are perverted [14]. Although this neurode-
generative disorder is considered non-fatal, Pneumonia
and any injury due to falls can cause death [15, 16].

In recent years, several studies have been carried out
to determine the rate of progression of Parkinsonian
symptoms. One such effort utilized the metabolic pro-
file of human serum samples collected within 3 years
of the onset of PD symptoms. It revealed the elevated
presence of N8-acetyl spermidine known to regulate
apoptosis, which resulted in the uncontrolled death of
neurons in PD patients and accelerated deterioration of
associated symptoms [17]. Two other studies analyzed
the wide spectrum of initial motor and non-motor dys-
functions [18], and resting-state EEG [19] to prognosti-
cate PD into three clinical subtypes. These subtypes were
motor, malignant, and intermediate progression, where
the patients of the malignant group showed rapid dete-
rioration in cognitive abilities, sleep behavior, and auton-
omous system. Similarly, Vijiyakumari and colleagues
utilized imaging data and associated motor scores to
identify further three subtypes of PD [20]. Patients clas-
sified as subtype-1 had minor motor symptoms that
worsened over time, but no neuroanatomical issues were
noticed. PD patients with cortical atrophy and substan-
tially deteriorated motor symptoms were classified as
subtype-2. In contrast to the other two categories, no
additional deterioration of motor symptoms or corti-
cal difficulties was noticed in individuals with subtype-3.
However, axonal damage was found in diffusion tensor
imaging, as well as severely compromised motor signs of
the condition.

Mancy and colleagues attempted to identify patients
who exhibited expeditious degeneration of symptoms in
the first 2 years of the onset of PD [21]. For this, they ana-
lyzed early speech impairment, stiffed muscles, reflexes,
and smell-related issues as the preliminary indicators of
rapidly progressing PD. Then, to determine the deteriora-
tion rate factor over the first 2 years as well as the con-
dition of patients, they generated the quantile partitions
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based on the total Unified Parkinson’s Disease Rating
Scale (UPDRS) score of PWPD. In this, only a few cases
of rapidly worsening PD were recognized, which were
lying in the top 5% of each quantile. Similarly, Tsiouris
and colleagues estimated the rate of change of Parkinso-
nian symptoms by categorizing the entire course of Par-
kinson’s treatment into (i) detection phase, (ii) hospital
phase, and (iii) patient follow-up [22]. From the appear-
ance of preliminary symptoms to continuous and consist-
ent treatment, they applied the Hidden Markov model.
It analyzed the steady-state probability distribution and
assessed the rate of change in PD symptoms. In this way,
it helped in the investigation of the likelihood of PD
patients retaining the same stage for a longer duration.
Their steady-state probability computation even revealed
that the patients who can remain in the mild stage for a
prolonged duration were low in percentage. Thus, it not
only indicated the slow progression of the disease but the
steady deterioration of symptoms also.

With an experimental setup, Chen and Zhang identi-
fied that the Brain-Derived Neurotrophic Factor (BDNF),
which is known for contributing to the development of
dopaminergic neurons in Substantia Nigra, was lower in
PwPD compared to Healthy Subjects (HS) regardless of
depression [23]. They also suggested rigorous exercise
and consistent physical training to improve the levels of
this serum in the brain. Moreover, Cao and colleagues
utilized a tensor regression model to analyze the influ-
ence of depression in the brains of PD patients [24].
Aside from the basal ganglia, alterations in the left tem-
poral lobe, corpus callosum, cerebellum, right temporal
gyrus, fronto-occipital lobe, and thalamus were detected
in individuals with both PD and depression. Nyatega and
colleagues looked for abnormalities in the cerebrospinal
fluid, Substantia Grisea (or Gray Matter), and Substantia
Alba (or White Matter) caused due to PD [25]. From the
voxel-based morphometry of PwPD and HS, low volumes
of both White Matter and Gray Matter were noticed in
the right calcarine and left lingual gyrus of PD patients.
Contrariwise, a high volume of cerebrospinal fluid was
identified in the left caudate. Furthermore, the presence
of such abnormalities indicates problems, such as physi-
cal fragility as well as cognitive impairment. In addition,
for identifying stages of cognitive dysfunction during PD,
Brien and others utilized video-based eye tracking data of
saccade, pupil, and blink activities [26].

Although blood plasma study of PD patients shows a
low risk of cardiovascular issues, it also shows an increase
in a-synuclein buildup, which is related to neuroinflam-
mation and degeneration [27]. Hu and colleagues sought
to limit neuroinflammation with Nitric Oxide gas (NO)
and Upconversion Nanoparticle treatment, which further
reduce dopaminergic neuron loss and motor problems



Indu and Dimri Egypt J Neurol Psychiatry Neurosurg (2024) 60:71

[28]. A review study discussed the role of digital equip-
ment, Internet-enabled devices, and electronic health
records in the efficient management of PD [29]. Li and
others demonstrated Multidisciplinary Comprehensive
Care (MCC) methods for improving the quality of life
in PD [30]. MCC involves combined care provided by
the psychiatrist, neurologist, gastroenterologist, family,
technology, self-support, urologist, general practitioner,
pulmonologist, ophthalmologist, vascular medicine spe-
cialist, geriatrician, dentist and palliative care specialist.
In contrast to standard care routine, results exhibited
improved motor UPDRS and quality of life among PD
patients. While no change has been observed in caregiver
strain and medicinal dosage. Fujioka and colleagues con-
ducted a survey among PwPD and neurologists to deter-
mine the optimal treatment during the later stages of PD
[31]. Both participant groups turned down invasive treat-
ments such as Deep Brain Stimulation (DBS) and intes-
tinal gel infusion of levodopa—carbidopa and opted in
favor of ingestion.

In this series, Caulfield and colleagues investigated the
effect of Calcium channels in Substantia Nigra Pars Com-
pacta in delaying the progression of PD [32] Another
study suggested that PD patients with Rapid Eye Move-
ment Sleep Behavior Disorder (REM) had more severe
autonomic dysfunction than those who were not suffer-
ing from REM [33]. Moreover, such patients were also
identified with an increased risk of cognitive decline as
well as more deteriorated motor and non-motor func-
tions. However, till today, the formal clinical diagnosis of
PD is possible during the Moderate phase only. Never-
theless, to abate the progression of this neuronal disaster
the general course of treatment prescribed by neurolo-
gists involves the use of medicines, as mentioned in
Table 1 [29] 3441 .

As evident in Table 1, most of the other disorders
that arise in the later stages of Parkinson’s appear to be
the side effects of increasing doses of these medicines.
Besides the fact that current medical treatment can delay
the rate of progression of the disease, these medicines
also have harsh and long-term adverse effects on the
patients [38, 41]. Moreover, another worth mentioning
point is that no two PD patients have the same kind and
severity of symptoms. It means that both patients expe-
rience the appearance of different symptoms at different
times depending on the area of the most depleted neu-
rons. Therefore, the present work contributes to the field
of diagnosing and managing PD in the following ways:

Based on the UPDRS score of appeared symptoms in
Parkinsonian patients, the present approach calculated
numerical criteria for determining the stage-specific
transition and retention thresholds. Furthermore, it
evaluated the impact of medicines on the progression of
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PD both graphically and numerically. For this, the aver-
age rate of deterioration of symptoms in treated and
untreated patients using the cumulative UPDRS score of
different symptoms is calculated. A time delay pattern is
calculated that depicts the average maximum stage reten-
tion time of treated and untreated patients at each stage.
The study investigated the duration regulation provided
by medicines over the worsening of six prime and earlier
symptoms. A saturation period is also identified during
which a proper treatment can minimize PD progres-
sion to negligible. Finally, the present work suggests an
alternative line of remedies for Parkinson’s patients to
improve PD management.

The work continues with the Methods in Sect. 2, which
gives an insight into the proposed work along with the
data sets used. Results are included in Sect. 3, and alter-
native remedies are suggested and discussed in Sect. 4,
followed by Conclusion in Sect. 5.

Methods

The complex character exhibited by non-fatal and incur-
able PD differs from patient to patient [2, 10]. Stud-
ies regarding its stages [10, 42], progression [13, 17, 18,
20-22, 43, 44], and treatments [34-39, 45-51] alto-
gether indicate the timely identification and manage-
ment of such a disease must be of utmost concern. To
ensure that PD patients’ quality of life can never be com-
promised, and they may live a totally normal life free of
issues caused by the illness, except at the final stage. With
this in mind, we tried to estimate the stage transition
and retention thresholds, and the rate of deterioration of
symptoms in untreated patients. This helps in computing
the time that prescribed therapies and medications add in
the stages as improvements in the prevailing symptoms.
In addition, we suggest counselling, herbal medicines,
home remedies, bio-cleansing therapies, yoga asanas, and
physio-, psycho-, socio-, and speech therapies as alterna-
tive lines of medications to slow down the progression
of PD by increasing the stage retention time. In this way,
a better quality of life can be ensured for each patient at
any stage of PD excluding the last one (stage 5).

The Parkinson’s Progression Markers Initiative
(PPMI) has developed multiple data sets funded by the
Michael ] Fox Foundation for PD Research [52]. These
data sets comprise data obtained from various kinds
of tests, including UPDRS, neurological, motor, non-
motor, medical history, sleep behavior, digital sensors,
imaging, and others. To accomplish the proposed work,
UPDRS Part-I, II, and III, diagnostic features, deter-
mination of falls, Epworth sleepiness scale, REM Sleep
Disorder Questionnaire, diagnostic features, Physi-
cal Activity Scale for the Elderly (PASE), University of
Pennsylvania Smell ID test, Household activities and
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Use of Medicines are some of the data sets by PPMI,
which are selected to acquire the features required for
achieving the proposed objectives.

In general, UPDRS was developed in the 1980s as a gold
standard for monitoring the severity and progression
of PD [19]. It can be analyzed in six parts by means of
Intellectual Functions (Mood, Behavior, and Mentation),
Activities of Daily Living, Motor Examination, Complica-
tions of therapy, Hohen and Yahr Scale (HY), and Schwab
and England Activities of Daily Living (SE-ADL) [53].
In the proposed approach, out of six, only the first three
parts are analyzed. The scoring of UPDRS ranges from
0 to 4, which represents No, slight, mild, moderate, and
severe symptoms in their consecutive order. The olfac-
tory issues associated with PD can be detected effectu-
ally with the help of the Smell Identification Test [10, 54].
This test was introduced by the University of Pennsylva-
nia, also known as UPSIT. It comprises 40 items arranged
in the four booklets. In general, the UPSIT score for a
normal olfactory function is greater than 35. It means
that the more the number of smells identified correctly,
more is the UPSIT score. Thus, a UPSIT score of less than
18 clearly defines anosmia, and partial loss of sense of
smell (hyposmia) can be interpreted with a score ranging
between 18 and 34. Enacting dreams during sleep with
vocal sounds and physical actions is considered REM [33,
55, 56]. The actions performed by REM patients during
sleep include murmuring, laughing, crying, shouting,
kicking, punching, waving arms, or even falling from bed.
These symptoms can be numerically interpreted with 0
(NO SYMPTOM) and 1 (SYMPTOMS OBSERVED).

Similarly, a questionnaire for assessing the age-specific
physical ability and lifestyle behaviors in aged patients is
referred to as PASE [57]. It is based on the time devoted
to routine activities, such as walking, gardening, exer-
cise, and other household chores. The overall PASE score
ranges from 0 to 793, considering the intensity and fre-
quency of activity, such as light or heavy activity, amount
of work done in hours, and so forth. The higher scores
represent greater levels of physical activity. Epworth
sleepiness scale measures the rate of the tendency of the
patient to become sleepy in eight different situations elab-
orately mentioned in [56, 58]. The maximum score is 24.
Now, if the obtained score lies between 0 and 7, it means
that the patient does not suffer daytime sleepiness. A
score between 8-9 and 10-15 can be interpreted as aver-
age daytime sleepiness and situation-dependent excessive
sleepiness, respectively. While a score between 16 and 24
indicates that the patient is suffering from a sleep disor-
der. The data set named Diagnostic Features and Use of
Medicines includes all symptoms that appeared during
the various phases of PD and the medicines commonly
used for PD treatment.
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The stage-specific retention and transition thresh-
olds are evaluated for the first four stages of PD, since
after stage 5 no further stage transition is possible. The
symptoms selected for evaluating these thresholds can be
arranged in ascending order of stages as follows:

Symptoms for stage 1 include Featss; = {Depression,
Hallucinations, Anxiety, Fatigue, Occasional tremors,
Increased voice tone, Rigidity, Bradykinesia}. Symptoms
for stage 2 comprise Featssy = {Rapid speech, Micro-
graphia, Unilateral tremors, Decreased Facial expres-
sions, Bulbar dysfunction, Akinesia, hyperkinesia,
Postural hypotension, Oculomotor disturbances, Rapid
progression of the disease}. Symptoms for stage 3 include
Featss3 = {Sleep disturbances, pain and other sensations,
Urine and constipation problems, Lightheadedness,
freezing of gait, Postural and bilateral tremors, Difficulty
in maintaining hygiene, Mild problems in eating, walk-
ing, turning in bed, and getting out of bed or chair, Day-
time sleepiness, Hyposmia}. And, symptoms for stage 4
contain Featsgy = { Issues in finger and toe-tapping, Dif-
ficulty in making hand movements, Pronation and supi-
nation, Increased leg agility, Difficulty in arising from
chair or car, Global spontaneity of movement, Violent
and kinetic tremors, Motor ataxia, Tendency to fall, Dys-
tonia, Severe urinary and bowel dysfunction, Little or no
response to levodopa, Prominent and increased intensity
of freezing of gait in last year, Inability to perform routine
household activities, Epworth sleepiness score ranging
between 18 and 24 representing a severe condition, REM
Sleep disorder, Anosmia }

Now, depending on the presence and severity of the
symptom in the patient under consideration, each of the
aforesaid symptoms holds a UPDRS score of either 0, 1,
2, 3, or 4. Therefore, Eq. (1) can be used to obtain the
numeric values of these thresholds by aggregating these
UPDRS scores.

1
s; = - ZFeatssi, (1)

where i = 1to4 represents stages 1 to 4.

Feats,; includes the UPDRS score associated with each
above-mentioned symptom.

n stands for the number of patients in Featsy;.

s; stores the average total sum of the obtained scores,
which is the threshold point of that particular stage.

Now, if a patient attains a value above the threshold
point calculated for a particular stage, then it represents a
stage transition. Otherwise, it signifies stage retention. It
is worth mentioning that in each stage, each considered
symptom is given equal importance.

To assess the impact of medications on the progression
of PD, four sets of symptoms are used. These symptoms
are taken from the parameters included in UPDRS Part [,
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II, and III. Set I includes symptoms related to intellectual
impairment, thought disorder, depression, and anxiety.
Set 2 includes symptoms associated with sleep distur-
bances, daytime sleepiness, lightheadedness, fatigue,
constipation, and urinary problems. Similarly, Parkin-
son’s symptoms which are allied with activities of daily
living such as speech, dressing, hygiene, eating, walking,
and maintaining balance along with occasional unilateral
tremors, and mild micrographia are included within Set
3. Set 4 is inclusive of parameters akin to bradykinesia,
bilateral and violent tremors, severe speech impairment,
postural stability, leg agility, issues in the toe and finger
tapping, facial expression, gait, and other motor symp-
toms from UPDRS part III.

In general, patients under treatment can either be in
the later years of stage 2 or any of the stages from 3 to
5. On the other hand, the patients in the non-treatment-
taking group are in the initial stages of PD. Therefore,
the patients are firstly segregated into treatment and
non-treatment-taking groups by using the Use of Medi-
cines data set. Then, the numerical values for evaluating
the rate at which Parkinsonian symptoms deteriorate are
obtained from UPDRS Part I, II, and III and calculated as
per Eq. (2). This difference between the average UPDRS
score of patients under treatment and the same of not
taking any treatment yields an experimental estimation
of the average rate of deterioration of symptoms:

Rate of Deterioration = Z (UPDRS Score —
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experience the symptoms of the Advance phase. There-
fore, utilizing the available literature, and from the exper-
imental assessment of the UPDRS score, the present
work provides a graphical representation of the impact of
medicines on four subsets of symptoms, six preliminary
prime symptoms of PD, and a time scale representing the
progression time of each stage. These six prime symp-
toms are bradykinesia, gait disorder, masked face, trem-
ors, voice impairment, balance and walking difficulties.
Although PD is a multifactorial disease, its symptoms
differ from one patient to another. This variation can be
seen in terms of the appearance of symptoms, timing of
onset, duration of progression, and severity of symptoms.
Thus, it is important to monitor even slight impairments
in the normal functioning of the human system to under-
stand the role of time bounds in the appearance and
progression of PD. These impairments can be observed
in day-to-day activities, such as minor loss of sense of
smell, monotonous speech, trivial hoarseness in voice,
and increased slowness in daily routine chores. However,
some patients also experience cognitive troubles, such
as increased time of solving simple arithmetic calcula-
tions and recalling. Hence, early detection of PD and the
commencement of associated remedies are essential to
improve the stage-retention time and the quality of life.

2)
LI1,111),,0,— Y (UPDRS Score — 1,11, 11l),,,

where wot stands for the UPDRS score of untreated
patients.

wt stands for the UPDRS score of patients under
treatment.

Several studies remarked that the formal clinical diag-
nosis of PD after the age of 65 years cannot support a
patient to live a long and healthy life even after medica-
tion. However, if this diagnosis is made before 55 years
of age then the chances of longer survival increase [43].
Moreover, even the patient sometimes will never have to

Results

Using the UPDRS score of 500 patients collected during
2011-19 at intervals of 3 months from PPMI, the four
threshold points to predict stage retention or transition
are depicted in Fig. 2.

As evident only two movements are possible. A for-
ward movement with stage transition and a hold action
during stage retention. It signifies that with PD, it is not
possible to go back to the previous stage. These thresh-
olds are also expressed in Table 2, where S represents

47.672

Fig. 2 Parkinson’s disease stage transition or retention thresholds. Here, the blue circles represent each of the five stages of PD. The orange arrows
represent the transition from stage s; to s;; with numerical threshold probabilities and the green arrows depict stage retention
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Table 2 Computed stages and thresholds of PD

Stages Thresholds
S 6574

5 11.242

53 23.02

S, 47672

S: Stages, i: stage number represented with 1, 2, 3, and 4

stages, and the number followed by it denotes the stage
number.

Accordingly, the first threshold is S, at 6.574, the sec-
ond threshold is S, at 11.242, the third threshold is S,
at 23.02 and the fourth threshold is S, at 47.672. Conse-
quently, if the estimated threshold point for a sample sub-
ject is 24, it represents a transition from stage 3 to stage
4. It also signifies that the patient is in the earlier years
of stage 4. Similarly, if the estimated threshold point for
a sampled subject is 10.33, the subject will continue in
stage 2. Even this indicates that the patient is in the later
years of stage 2.

A comparison between the collective UPDRS scores
of 1000 PD patients, out of which 500 are taking medi-
cines and the rest are untreated helps in evaluating the
average rate of deterioration of Parkinsonian symptoms.
The experimental calculations according to Eq. (2) yield a
variation of 15.345% in the rate of deterioration of symp-
toms. The probable cause of such variation is the hetero-
geneous nature of this malady. Therefore, the overall rate
of deterioration of symptoms lies between UPDRS scores

Impact of Treatment on PD Symptoms

(a)
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= Without Medicines
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] ]
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of 32.31 and 37.68 annually considering the various com-
binations of patients within the sample size. It means that
symptoms of PD deteriorate 34.995% averagely faster in
untreated persons rather than in those who receive treat-
ments. The same comparison is graphically demonstrated
in Fig. 3a, b.

As evident from both illustrations, the cumulative
UPDRS score of treated Parkinson’s patients is less than
untreated patients. However, only a slight difference is
observed in the case of the Balance symptom, which rep-
resents postural instability.

Moreover, a saturation period can exist during the pro-
gression of PD. It is the time when the rate of change in
cumulative UPDRS score becomes steady in compari-
son with other stages. In terms of stages, the duration
between the initial years of the third stage and the final
years of the second stage is identified as the saturation
period. Table 3 tabulates the deterioration in the average
UPDRS scores during the initial 2—2.5 years of the three
phases of PD computed experimentally.

Table 3 Deterioration in UPDRS score during three phases of PD

Phases Duration of the Deterioration
observation in UPDRS
score
Early 2.5 years 0.174
Moderate 2.5 years 0.072
Advance 2 years 0.23
(b) Impact of Treatments on six Prime Symptoms
600
. With Medicines
m Without Medicines
® S00
3
o 400
(4
o
S 0
o
2
2 200
E
>
© 100
0

Gait
Tremor
Balance

Speech

e
4
@
S
-
b
)
L
[

Facial Expression

Six Prime Symptoms

Fig. 3 aImpact of treatments on overall UPDRS scores of Parkinsonian patients. b Impact of treatments on six-prime symptoms of Parkinson'’s
disease. The bar graph in (a) plots a comparison between the overall UPDRS score obtained from four sets of symptoms, and (b) depicts the impact

of medicines on six prime symptoms mentioned in Sect. 2



Indu and Dimri Egypt J Neurol Psychiatry Neurosurg (2024) 60:71

As assessed the deterioration rate of the UPDRS
score during the initial 2.5 years of moderate phase is
minimal, thus it can be considered a saturation period.
Any accurate course of treatment during this period
can reduce the progression of the disease to negligi-
ble. Another perceptible observation is the duration of
regulations provided by medicines during ON and OFF
times. However, some temporary improvements are
visible in the symptoms during ON times which sub-
side near OFF times. However, if the patients are exam-
ined within 1 to 2 h of medication, no improvement is

Facial Expression
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visible. If the time between medication and examina-
tion is increased, an impermanent improvement of
symptoms is seen. Such an improvement can be quan-
titively measured by assessing HY stages and UPDRS
scores of six prime symptoms.

As evident from Fig. 4, medicines successfully control
bradykinesia, masked face, and speech issues; however,
only minor improvements are visible in tremors, gait,
balance, and walking. Analyzing these charts exhibits a
6-7 year long regulation over the degression of five out of
six prime symptoms. It means that the effect of treatment

=&~ Without Medicines
-~ With Mediaines

Bradylunesia

Jn-11 Jn-12 Jn-13 Jn-14 Jn-15 Jan-16 Jn 17 Jn18 Jan19

Gont

064

062

060

0%8

0%
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0s2

Jn11 12 013 bnid Jan1S n16 Jn17 Jan18 Jan19

Balance and Wallung

0%

0%

045

040

035

030

Jan-11 n-12 Jn13 Jan14 n-15 Jn16 Jn-17 Jn-18 Jan-19

Time (in years)

Fig. 4 Deterioration of six prime symptoms with and without medicines. This figure portrays the positive impact of medicines on regulating

the deterioration of six prime Parkinsonian symptoms observed for 9 years, which is from January 2011 to January 2019, according to the data
set obtained from PPMI. The average UPDRS score is shown on the y-axis, and time (in years) is indicated on the x-axis. The green color represents
Parkinsonian patients under treatment and the red color shows untreated patients. Similarly, the deterioration of symptoms is illustrated

by the increase in the average UPDRS score
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on these prime symptoms only lasts for about an aver-
age of 4.8 years. After which, modifying or increasing the
dosage of medicines is needed. In summary, the regular
course of prescribed medicines will improve only the
movement-associated symptoms not the coordination of
muscles. However, a temporary backward transition from
stage i to i — 1 is visible during the ON times of medi-
cines. Since such a transition prevails for a shorter dura-
tion only, therefore we do not consider this transition in
our proposed work.

Experimentally, the minimum retention time of any
stage before the symptoms begin to further deteriorate for
both treated and untreated patients can be presumed as
2.5 years for stages 1, 2, and 3. This time is reduced by 6
months for patients in stage 4 depicting that a patient can
remain in stage 4 for 2 years only. In this way, the maximal
time for which an untreated PD patient can retain a stage
is 12 years for stage 1, 10 years for stage 2, 8 years for stage
3, and 5 years for stage 4. Thus, the overall progression of
PD for an untreated patient can be portrayed on a time
scale of 15 years, as shown in Fig. 5a also.

Experimental results revealed a delay pattern in the
progression of PD after medication. Although the slow
deterioration of symptoms is achieved from the benefits
of treatments, nevertheless the reduction in delay per-
centage is due to the gradually subsiding effect of those
treatments. This delay in Parkinson’s progression is
37.68%, 35.86%, 34.27%, and 32.31%, respectively, from
stages 1 to 4. Thus, for patients taking medicines, the
progression of PD can be further increased for 5 years
generating a time scale of 20 years. As shown in Fig. 5b,
this delay in the progression of PD can be stated in years
as 4.44 for stage 1, 3.5 for stage 2, 2.72 for stage 3, and
1.6 for stage 4. Therefore, the experimentally evaluated
maximum stage retention time of treated PD patients is
6 years 6 months for stage 1, 10 years 7 months for stage
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Table 4 Stage retention time for Parkinsonian patients with and
without treatment

Stages Stage retention time
(s

' For untreated Parkinson’s For treated

patients Parkinson’s
patients

S 12 years 16 years 4 months
S5 10 years 13 years 5 months
S 8 years 10 years 7 months
Sa 5 years 6 years 6 months

S: Stages, i: stage number (represented with 1, 2, 3, and 4)

2, 13 years 5 months for stage 3, and 16 years 4 months
for stage 4. Consequently, compared to untreated
patients, medicines can improve the overall life span of
PD patients by further 12 years. Table 4 summarizes the
stage retention time of both treated and untreated PD
patients.

In short, the stagewise thresholds are derived by empir-
ically examining the UPDRS scores from the PPMI data
[52], which are 6.574, 11.242, 23.02, and 47.672 for stages
1,2, 3, and 4, respectively. The yearly rate of worsening of
the average UPDRS score in untreated PwPD is 34.995%
engenders as a result of the heterogeneous nature of the
malady. In addition, during the early years of stage 3 and
later years of stage 2, the least progression in UPDRS
score is observed, which is 0.072 on average. This can be
referred to as saturation point in PD. Eventually, medica-
tions successfully reduced bradykinesia, masked face, and
speech difficulties. While only slight improvements in
tremors, gait, walking, and balance have been observed.
It illustrates the effect of treatments on these primary
symptoms lasting just 4.8 years at most. Following that, a
change in medication dose is required.

(a)s4 (2toSyears) ¢ (b) 4(2 t0 6.6 yi;rs) s,
s, _(25to8years) s, 5, (2.5to 10.7 years) > s
s, (2.5 to 10 years) s, s, (2.5 to 13.5 years) S S,
s, (2.5to 12 years) s, 5 - (2.5 to 16.4 years) 3 5
! S 10 15 1 5 10 15 20

Time Scale (in years)

Time Scale (in years)

Fig. 5 a Progression of Parkinson’s disease for untreated patients (represented by orange arrows). b Parkinson’s disease progression for patients

taking medicines (represented by green arrows)
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Discussion

With a thought to improve the quality of life of PD
patients, and ensure that prescribed drugs would pro-
vide the maximum benefit with no adverse effects. It
becomes essential to understand how disease progresses
and how long treatments may relieve symptoms so that
the affected person can live a normal life. The evaluation
of stage retention and transition threshold is carried out
for this aim. These thresholds not only aid in determining
the stage, but also whether a patient is in the early, mid-
dle, or later years of a certain stage.

Similarly, the estimated rate of deterioration indicates
that, in comparison with treated patients, untreated
patients experienced 34.995% of progressively dete-
riorated symptoms on average per year. It implies that
treated PwPD have a lower cumulative UPDRS score than
untreated ones, and medicines can help regulate specific
symptoms. This also highlights a saturation period, which
appears during the initial years of stage 3 and the later
years of stage 2, such that 0.072 is the smallest decline in
UPDRS score across the three phases. It implies that any
proper treatment administered during this time period
can minimize the progression to almost negligible.

Despite temporary benefits and side effects, medicines
leave a positive impact on PD symptoms. Bradykinesia,
tremors, masked face, speech problems, gait, balance,
and walking are among the six prime symptoms. With
the aid of treatments, patients with Bradykinesia, masked
face, and speech impairments experience more control
over these symptoms than the rest of the symptoms. The
effect of treatment on these prime symptoms lasts for at
most 4.8 years. Furthermore, the experimental research
demonstrated that with the help of medications, a PD
patient’s life may be extended for 12 more years, during
which a patient can live a nearly normal life, with the
exception of patients in advanced phase.

Taking into account computed stage retention time,
and to further improve the benefits of medicines, and
simultaneously eliminating their side-effects, we suggest
a series of therapeutics. These include counselling, diet
changes, yoga asanas, bio-cleansing therapies, and herbal
medicines as home remedies.

Alternative therapies

The current pharmacological treatment of Parkinso-
nian patients is done with large oral doses of dopamine
supplements and steroids [34, 37, 38, 45, 46]. It, unfor-
tunately, causes irreversible damage to the liver and kid-
ney. In addition, the net efficacy of dopamine agonist
treatments diminishes with time and these Parkinso-
nian symptoms return once the effect of the drug dosage
wears off. Although timely treatments for PD increase life
expectancy, nevertheless have a certain number of side
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effects too (mentioned in Table 1). Therefore, we sug-
gest the use of alternative therapies for an unobtrusive
appearance of PD symptoms. Besides this, these treat-
ments can even be taken with the prescribed medicines.

According to Madhav Nidan of Ayurveda, the human
body is made up of five elements. These are air, fire, water,
space, and earth. The combination of these elements gen-
erates three doshas named Vata, Pitta, and Kapha. PD,
also known as ‘Kampvata’ is caused due to the toxins
formed by highly unstable Vata dosha [59-61]. During
this, the air element in the human body gets accumu-
lated in the free spaces (Space element) and forms free
radicals. Hence, Ayurveda and Naturopathy focus on
balancing the Vata dosha by boosting the antioxidant lev-
els because they are renowned to stabilize free radicals.
In addition, they enhance immunity, increase the rate of
neurogenesis, protect neurons from further damage, and
help in maintaining autonomous control and coordina-
tion of human body functions.

The lifestyle management counseling suggested in the
proposed work includes diet plans, yoga asanas (exercises
with regulated breathing), panchakarma (bio-cleansing),
and drug therapies, for earlier and more effective man-
agement of PD [47, 59-63].

Preventive therapies help in maintaining good physical
and mental health by suggesting some diet and lifestyle
changes, exercises, and increased activities of the affected
part [29, 59, 62—-66]. It further intensifies brain communi-
cation and nerve functions.

The diet of a Parkinsonian patient should contain foods
rich in fiber, such as whole-grain cereals, brown rice, and
ketones. Coconut and red palm oil are good-source of
ketones. It must also include green leafy vegetables, flax
seeds, milk from the Bos Indicus cow breed, antioxidants,
garlic, and plenty of water. Withania somnifera (Ashwa-
gandha) renowned to treat general weakness should be
consumed with vitamins B6, C, and E. It helps to enhance
the normal functioning of human autonomous systems
and protects Parkinson’s patients from further neuronal
damage. During PD, it is insisted to avoid foods with high
sugar content, such as glucose, wine, and refined flour.
Moreover, it is also suggested to limit the intake of salt,
protein, and manganese, and refrain from carbonated
drinks, saturated foods, and fast foods.

Psychological support helps a patient to feel independ-
ent and reinforced with stabilized emotions [67-69].
Such kind of mental support helps in slowing down the
pace of neuronal degeneration.

Speech Therapy helps in treating dysphonia and dysar-
thria [70-72]. During this therapy, patients are trained
to regulate breathing and control the utterance of words
while talking.
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Physio-therapy with Occupational Exercise assists in
controlling agitation of the affected portion by keeping it
busy with hobbies and daily activities. The patients in the
third or later stages are advised to indulge in excessive
training of the affected part to improve posture instabil-
ity and coordination of muscles [8, 9, 44, 64, 73]. Simi-
larly, Stretching exercises and balance training eliminate
rigidity and tackle scelotybre festinatinans. It also helps
to correct altered balance and posture to reduce the risk
of frequent falls.

The best bio-cleansing therapy (or Panchakarma treat-
ment) is massage with medicated herbal oils, such as
sesame, Brahmi, coconut, and olive oils. It reduces stiff-
ness and pain. It is prescribed for either 7, 14, or 21 days
depending on the severity of symptoms [59, 60, 62].
Other therapies of Panchakarma include Shirodhara,
Nasya, Basti, and Njavarakhizi therapy. Shirodhara
relaxes the hypothalamus gland to induce sound sleep,
calm emotions, and control Parkinsonian tremors. Nasya
therapy stimulates the pineal gland and nourishes the
frontal lobe of the nervous system for optimal function of
motor nerves. Basti detoxifies the body and Njavarakhizi

Table 5 Ten beneficial yogic practices in PD
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nourishes, rebuilds, and regenerates the damaged muscu-
loskeletal tissue.

Yogic practices focuses on overcoming several Parkin-
sonian symptoms by relaxing the brain, training affected
organs, and rejuvenating body cells. It also helps in expel-
ling exaggerated Vata dosha through several posture
exercises (asanas) and regulated breathing training (pra-
nayama). Ten yoga asanas helpful in managing PD are
described in Table 5 [60-63].

Apart from various therapies, herbal medicines also
play a significant role in controlling various Parkinsonian
symptoms. These herbal medicines can be consumed
for short intervals of 15-21 days. It effectively promotes
neuroprotection, controls tremors, and slowly alleviates
other symptoms. Alternative treatments do not repair the
damage that has been done yet, although they can help
to delay further damage without side effects. In some
cases, trivial replenishment of damaged neurons is also
observed [45]. Thus, it helps the patient to remain in the
same stage of PD for a longer duration.

A comparison between traditionally prescribed treat-
ments and the proposed remedies is tabulated in Table 6
[29, 34-37, 45-47, 59-63, 73].

S.no. Yoga asanas Benefits in PD
1 Balasana (Child Pose) Calms the mind
Relieves fatigue
Relaxes the pain of morning akinesia
2 Shavasana (Corpse Pose) Calms the nervous system
Helps in releasing mental tension
Controls anxiety
Aids the digestive system
Promotes the regular functioning of the organs
3 Shalabhasana (Grasshopper Pose) Increases blood circulation and memory power
Improve the secretion of saliva and manage the problem of dry mouth
Reduces the stiffness of the muscles
4 Tadasana (Mountain Pose) Promotes good posture and sleep
Helps in developing a better balance
Strengthens the legs
5 Vrrikshasana (Tree Pose) Improves neuromuscular coordination and balance
Provides endurance to avoid falls
6 Padhasthasana (Hand Under Feet Pose) Improves metabolism
Helps in abdomen, bowel, nasal, and throat disorders
7 Veerbhadrasana-2 (Warrior-2 Pose) Stimulates abdominal organs, respiration, blood circulation
Improves stability and balance
Energizing limbs
8 Anulom-Vilom Pranayama Boosts appetite
Strengthens digestion and lungs
Helps in relieving mental and physical stress
9 Bhramri Pranayam (Humming Bee Breathing Exercise) Help to induce deep sleep by releasing cerebral and hypertension
10 Ujjayi Pranayama (Ocean Breathing Exercise) Relaxes mind

Reduces anxiety
Treats throat-related issues
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Table 6 Comparison between traditional and proposed alternative treatments

Stage Traditional medicines and therapies Suggested alternative treatments
1 Dopamine Agonist like Ropinirole Balanced and Nutritional Diet
Physiotherapy
Wheatgrass juice
Use of Pulses, Fish, Beans, Eggs, Sprouts
Practicing Yoga asanas
2 Lee Silverman Voice Treatment Dry ginger (Zingiber Officinale) with cow milk
Low Dosages of Sinemet (Co-careldopa) Garlic with Castor Ol
MAO-B inhibitors such as Selegilline or Rasagilline along with dopa- Concentrated juice of Indian Spikenard
mine agonists Speech Therapy
Occupational Therapy
Meditation
Acupressure therapy
3 Increased Dosage of Sinemet and Madopar (Co-Beneldopa) Use of Curcumin supplements, such as turmeric
Safinamide (MAO-B inhibitor) Use of Caffeine, vitamin C (Kiwi, Broccoli, Amla-Indian Gooseberry),
Catechol-O-methyltransferase and E (Sprouts, Coriander Seeds, Peanut, Almonds, Sunflower seeds)
Anticholinergics rich food sources
Anti-depressants Consume Brahmi
Clonazepam or modafinil for REM Flax Seeds and husk of flaxseed with lukewarm water
Amantadine to suppress side-effects of Sinemet Bio-cleansing therapies
4 Infusion of Co-careldopa in the blood Agnitundi Vati

The gel form of Levodopa, known as Duodopa is pumped continuously  Brihat Vat Chintamani Ras
into the gut through a tube inserted into the abdomen of the patient

Surgical treatments such as Deep Brain Stimulation

MAO-B Mono Amine Oxidase Type-B inhibitors, REM Rapid Eye Movement sleep behavior disorder

The present study also has some limitations. First, we
could not account for the transient backward transition
noticed during medication ON time. As a result, further
tests and investigations may be conducted to identify var-
ious methods of stabilizing such transient backward tran-
sitions. More work can be done to study the progression
of each associated symptom separately, such as smell dys-
function, hypomimia, and so forth. Thus, further analysis
of such kinds regarding this heterogeneous-natured dis-
ease can pave the way for more customized treatments
with minimal noxious effects.

Conclusion

The proposed approach concentrates on examining the
four-stage retention and transition thresholds of PD
patients evaluated using UPDRS scores of certain symp-
toms. Irrespective of gender and heterogeneity, these
threshold points signify the current stage as well as the
time spent in that stage. The experimentally calculated
average rate of deterioration of symptoms in untreated
PwPD is 34.995%, demonstrating the influence of medi-
cations in regulating symptoms and reducing their pro-
gression. A saturation period is discovered in which the
average annual decline of the UPDRS score is 0.072, and
with the right medication, its further progression can be
minimized to negligible. In addition, the usage of con-
ventionally prescribed medications such as levodopa,
MAO-B inhibitors, dopamine agonists, and anticholin-
ergic medications offers an average relief of 4.8 years in

five out of six prime PD symptoms. Such a time delay
pattern in the PD progression represents the enhanced
stage retention time. As a result, the overall life span of
such patients can be extended for 12 more years. Finally,
to improve the quality of life of PWPD and minimize the
adverse aftereffects of traditional PD treatments, early
stage counseling, diet changes, herbal home remedies,
yogic practices, bio-cleansing, and other different thera-
pies are suggested. Studies for understanding and stabi-
lizing the transient backward transition observed during
the ‘ON’ time of medication, and analyzing the progres-
sion of each symptom separately can be carried out in the
future to aid in identifying more customized treatments
with minimal noxious effects.
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