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ABSTRACT: Background: Early-onset Parkinson’s disease (EOPD) refers to patients with Parkinson’s disease (PD) whose age at disease onset
is less than 50 years. Literature on the non-motor symptoms (NMS) in these patients is very limited in the Indian context. We aimed to study
the NMS in patients with EOPD and its impact on the quality of life (QoL). Methods: We included 124 patients with EOPD with a mean age at
disease onset between 21 and 45 years and 60 healthy controls (HC). NMS were assessed using validated scales, and the QoL domains were
evaluated using the PD QoL-39 scale (PDQ-39). Results: The mean age at disease onset in EOPD patients was 37.33 + 6.36 years. Majority of
the patients were male (66.12%). The average disease duration was 6.62 * 5.3 years. EOPD patients exhibited a significantly higher number of
NMS per patient (7.97 £ 4.69) compared to HC (1.3 + 1.39; p < 0.001). The most common NMS reported were urinary dysfunction, body pain,
poor sleep quality, constipation, anxiety, depression, cognitive impairment, and REM sleep behavior disorder. The total NMS burden
correlated with the QoL measures. Distinctive patterns of QoL subdomain involvement were identified, with sleep/fatigue, mood/cognition,
and urinary dysfunction independently influencing QoL metrics. Conclusions: Our study provides valuable insights into the NMS profile and
its impact on QoL in patients with EOPD, addressing an important knowledge gap in the Indian context. By understanding the specific NMS
and their influence on QoL, healthcare professionals can develop targeted interventions to address these symptoms and improve the
overall QoL.

RESUME : Contexte : On entend par maladie de Parkinson précoce (MPP) une maladie dont les symptdmes apparaissent avant Idge de 50 ans.
La documentation sur les symptomes non moteurs (SNM) de ce type de maladie est maigre en Inde. Aussi I'étude visait-elle a examiner les
SNM chez les patients atteints de la MPP et leurs répercussions sur la qualité de vie (QV). Méthode : Ont participé a I'étude 124 patients
atteints de la MPP chez qui les premiers symptdmes sont apparus en moyenne entre 'dge de 21 ans et de 45 ans, ainsi que 60 témoins en bonne
santé (TBS). Les SNM ont été évalués a 'aide d’échelles validée, et les domaines de la QV, a 'aide de I'échelle d’évaluation de la qualité de vie a
39 questions, dans la maladie de Parkinson, la PDQ-39. Résultats: L’age moyen d’apparition de la MPP était de 37,33 + 6,36 ans, et la durée
moyenne de la maladie s’élevait a 6,62 * 5,3 ans. La majorité des personnes touchées était des hommes (66,12 %). Les sujets atteints de la MPP
présentaient un nombre significativement plus élevé de SNM par patient (7,97 + 4,69) que les TBS (1,3 + 1,39; p < 0,001). Les SNM déclarés le
plus souvent étaient des troubles urinaires, des douleurs corporelles, une mauvaise qualité de sommeil, la constipation, 'anxiété, la dépression,
des troubles cognitifs et des troubles de comportement du sommeil durant la phase de mouvements oculaires rapides. Une corrélation a été
établie entre le fardeau total des SNM et les mesures de la QV. Des types particuliers d’atteinte a la QV dans certains sous-domaines, soit le
sommeil et la fatigue, ’humeur et la cognition et les troubles urinaires, influant de maniére indépendante les mesures de la QV, se sont dégagés
del’étude. Conclusion : L’étude a permis de dresser un tableau valable des SNM et de leurs répercussions sur la QV chez les patients atteints de
la MPP, ce qui comble une lacune importante en matiére de connaissances en Inde. En ayant une meilleure compréhension de ces SNM
particuliers et de leur incidence sur la QV, les professionnels de la santé peuvent élaborer des interventions ciblées dans le but d’atténuer ces
symptomes et d’améliorer la QV en général.
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Introduction late-onset PD (LOPD), several features appear to cluster in earlier
onset presentations, conferring a phenotypic homogeneity to
early-onset cases.

EOPD patients may experience a poorer health related quality
of life (QoL) than older onset counterparts due to psychosocial
consequences and comorbid depression. A study comparing QoL

Early-onset Parkinson’s disease (EOPD) refers to patients with
Parkinson’s disease (PD) having age at onset (AAO) less than or
equal to 45 years but onset up to age of 50 years is included by some
authors.! EOPD comprises of about 3%-6% of all cases of PD.?
Although EOPD shares many common characteristics with
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in early onset and late onset PD found that EOPD has worse overall
QoL scores, independent of presence of depression.> Another study
from Iran corroborated this finding of significantly worse
depression and the “emotional” domain score of QoL in the
EOPD cohort.* EOPD patients with Parkin mutations have a worse
QoL than the non-genetic EOPD patients, with significant
contribution from non-motor symptoms (NMS) such as depres-
sion and excessive daytime sleepiness.” These findings indicate a
need to systematically study the NMS that adversely impacts the
QoL in patients with EOPD. Few studies from India that have
examined NMS and its relation to QoL reveals an almost 100%
prevalence of NMS, commonly fatigue, pain, anxiety, and urinary
symptoms.>” Initial studies on NMS in the Indian population did
not find any difference in NMS with respect to age or age at onset.
Another study found one or more NMS in all the patients and all
the individual NMS domains were affecting the QoL.® Yet another
study found that fatigue, lightheadedness and pain were the most
prevalent NMS, with the total NMS score being the most important
determinant of QoL.” However, the EOPD population was not
specifically examined in these studies. Hence, we aimed to assess
the NMS in patients with EOPD and compare with healthy
controls, using standardized scales, and to determine how this
influenced the quality-of-life metrics.

Methods

This cross-sectional observational study was conducted in the
department of Neurology at the National Institute of Mental
Health and Neuro Sciences (NIMHANS), Bengaluru, India which
is a tertiary care center in South India. The study was approved by
the Institute Ethics Committee (IEC NO.NIMH/DO/IEC (BS & NS
DIV) 2018-19). EOPD patients diagnosed using UKPDS Brain
bank criteria'® with age at onset (AAQ) less than or equal to
45 years were included. Although a cut-off of 50 years is now
recommended by the International MDS Task Force, previous
studies have variably used an upper limit of 40-50 years to define
EOPD.! Clinical characterization, motor and non-motor assess-
ments, and QoL assessment were performed using validated scales.
Furthermore, 60 healthy age and gender-matched controls were
also included.

Motor Assessments

Motor assessment was performed using the unified Parkinson’s
disease rating scale (UPDRS) part-III (overnight levodopa OFF and
supramaximal levodopa dose ON state) and Hoehn and Yahr staging.
We calculated the total levodopa equivalent daily dose (T-LEDD)
using the formula given by Tomlinson et al.'! Hence, the T-LEDD is
equal to (Levodopa X 1) + (Levodopa CR X 0.75) + (Pramipexole X
100) + (Ropinirole X 20) + (Amantadine X 1) + (Rasagiline x 100) +
(Selegiline X 10) + (Levodopa X 0.33 if entacapone is used irrespective
of dose) + (Levodopa X 0.5 if tolcapone is used irrespective of the
dose).!! None of the patients were on any newer medications such as
safinamide, opicapone, and istradefylline, the LEDD of which cannot
be calculated using the above formula.

The EOPD patients were categorized into three clinical
phenotypes as tremor dominant (PD-TD), postural instability,
and gait difficulty (PD-PIGD) and mixed type. This categorization
was based on the formula, which is a “ratio of mean tremor score
(sum of items 20 and 21 in UPDRS part III “OFF score” divided by 4)
to the mean bradykinesia/rigidity score (sum of items 22-27 and 31
in UPDRS part III “OFF score” divided by 15).” Patients with a ratio
more than 1.0 were classified into PD-TD, and ratio less than 0.8
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were classified into PD-PIGD wvariant. Patients with mixed

phenotype had ratio between 0.8 and 1.0.!?

NMS Assessments

The NMS scales that were used included Epworth Sleepiness scale
(ESS),!*!* Non motor symptom scale (NMSS),'> NMS-Quest,'®
Impulse control disorders questionnaire (QUIP scale),'” Hospital
anxiety and depression rating scales (HADS),'8 REM sleep behavioral
disorder screening questionnaire (RBDSQ),"® Pittsburgh sleep quality
index (PSQI),*® Montreal cognitive Assessment (MoCA),*' and the
Parkinson’s Disease Questionnaire —39 (PDQ 39).% All these scales
were applied to all the study participants. Permission to use MDS
owned scales was obtained for the purpose of the study.
The non-motor scales were applied as follows:

a. The PDQ-39 Summary Index (PDQSI) was used as the quality-
of-life metric, calculated by dividing the sum of subdomain
scores by eight.??

b. A score of above 10 on ESS was considered to be a significant
marker for excessive daytime sleepiness.'*

c. Scores of 6 or more on the 13 item RBDSQ were considered to
be significant and suggestive of the presence of RBD.'

d. Poor quality of sleep was defined as the global score of > 5 on
the six-domain self-rated PSQI?°

e. A cutoff of more than 10 was used for the diagnosis of clinically
definite anxiety or depression on the HADS. A score between 8
and 10 was used to define “borderline anxiety” and “borderline
depression.”®

f. A score of less than 26 was used to define cognitive impairment
on the MoCA.2!

g. QUIP, which is specifically devised for use in PD, was used to
assess impulse control disorders (ICDs) with very high
sensitivity.!”

h. NMS-Quest was used as the patient-rated questionnaire for the
assessment of nine non-motor domains with a maximum score
of 30.'6

i. NMSS for PD was used as the observer-rated scale to assess the
burden of NMS which was rated as follows - 0 (no burden),
1-20 (mild burden), 21-40 (moderate burden), 41-70 (severe
burden), > 70 (very severe burden).!®

Statistical Analysis

The data collected were tabulated in Microsoft Excel spreadsheets
and analyzed using SPSS version 16. Comparison was performed
between NMS in EOPD vs NMS in healthy controls. Correlation
was examined between different groups of NMS and QoL
measures. The mean and standard deviation were calculated for
continuous variables and expressed categorical variables as
frequencies and percentages. All the variables were tested for
normal distribution using the Shapiro-Wilks test. The Mann-
Whitney U test was employed for analysis of continuous
independent variables not following normal distribution, and
the independent t-test was employed for variables that following
normal distribution. For comparison between the groups, the
Kruskal-Wallis test was employed. The analysis of categorical
variables was done by Pearson Chi-Square test. The strength of the
association was tested between the two continuous variables with
Pearson’s Correlation Coefficient or Spearman rank correlation
depending upon the normality of the data. A p-value of < 0.05 was
considered as significant.
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Results
Demographics and Clinical Characteristics

A total of 124 patients and 60 controls were included in the study.
The mean age of the patients was 43.98 + 7.47 years, and the mean
AAO was 37.33+6.36 years. The mean age of controls was
43.25 +13.58. There was a male preponderance among the cases
(M:F = 82:42) and healthy controls (M:F = 36:24). Majority of the
patients had AAO between 40-45 years of age (45.96 %) and 30-39
years of age (45.96%). The mean duration of illness for EOPD
patients was 6.62 + 5.30 years. A positive family history was found
in 15 patients (12.09 %). The mean T-LEDD was 589.73 + 307.12
mg/day (range 60-1600 mg/day). Levodopa was prescribed for
82.25% patients. A dopaminergic agonist (DA) was prescribed in
66.12% patients, which comprised of Pramipexole (78.04%) and
Ropinirole (19.96%). A DA was started as the first drug in 66.12%
patients, whereas Levodopa was started as the first drug in 33.88%
patients. Peak dose dyskinesias were seen in 26.62% patients.

Motor Assessment

The UPDRS part IIT ‘OFF score was 35.33 + 13.30. whereas the
UPDRS part IIT ‘ON’ score was 14.27 + 9.06. The mean percentage
improvement in UPDRS part III score was 59.84 +17.55 %.
Majority of the patients (86.29%) had PD-TD, 5.64% had
PD- PIGD, and 8.06% had mixed motor phenotype.

Assessment of Non-Motor Symptoms

A high proportion of patients (61.29%) were found to have poor
sleep quality on the PSQI assessments. The total percentage of
EOPD patients having excessive day time sleepiness was 17.74%.
RBD was present in 20.26 % of the patients. On the PD-NMS
questionnaire, 31.4% (n = 39) patients reported one of the
symptoms pertaining to RBD. Evidence of depression on screening
with HADS was present in 36.8%, whereas anxiety was present in
44%. One or more impulse control disorder (ICD) was present in
16.12%, of which dopamine dysregulation syndrome (DDS) was
the most common (60%). Evidence of cognitive impairment was
found in 29.6% patients.

Gastrointestinal symptoms including dysphagia and/or con-
stipation were reported by 40.9% patients, while a large number of
patients reported urinary dysfunction (73.6%). About one-fourth
(25.6%) of EOPD patients reported sexual dysfunction. Other
significant NMS detected included body pain (68%), anosmia
(22.4%), involuntary weight gain/loss (14.67%), and excessive
sweating (13.63%). Results of non-motor assessments are
summarized in Table 1.

Subgroup analyses:

A. Age-group differences: Differences in NMS were examined
between patients with AAO between<40 years and those with
AAO 40 years or above. There was no significant difference
between the total NMSS burden (p = 0.12), Global PSQI scores
(p=0.07), ESS score (p=0.09), QUIP scores (p=0.29),
RBDSQ scores (p =0.12), HADS-depression score (p =0.91),
and HADS-anxiety score (p = 0.88). However, the mean PDQ-
39 Summary index score was significantly higher in patients
who had AAO 40 years or more compared to those with AAO
below 40 years (p = 0.02).

B. Comparison between early and late PD: Patients with a
duration of illness greater than five years (late PD) had a
significantly higher UPDRS part III “OFF” score (40.008 vs
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31.148, p = 0.0002). However, the LEDD values were compa-
rable between the two groups (p=0.81). No difference was
observed between the two groups in the ESS scores (p =0.76),
total NMS burden (p =0.76), MoCA score (p=0.10), PSQI
score (p=0.39), or QoL summary index scores (p=0.75).
However, the overall NMS burden correlated with longer
duration of illness (p = 0.04).

C. Effect of use of dopamine agonist (DA) on NMS: There was no
significant difference in EDS (p = 0.50), PSQI score (p =0.21),
QUIP score (p=0.33), HADS - depression score (p=0.73),
HADS-anxiety (p = 0.85), or total NMS burden (p = 0.90).

Comparison of NMS Between Cases and Healthy Controls

Other than excessive day time sleepiness, all other non-motor
scores were significantly worse in cases compared to healthy
controls, and the MOCA scores were significantly better in healthy
controls compared to cases (Table 2 and Figures 1 and 2).

Correlation Studies

A. Correlation between NMS and clinical characteristics: A
significant positive correlation was seen between the values of
ESS, PSQI (Global score), HADS (Anxiety), and QUIP score
with UPDRS (OFF) score and a significant negative correlation
between MoCA score and the UPDRS (OFF) score. NMSS
burden correlated with longer duration of illness. A significant
positive correlation was found between age at assessment and
poor sleep quality, RBDSQ scores, and total NMS burden,
whereas a negative correlation was found between MoCA
scores and age at assessment (Table 3).

B. Correlation of NMS with QoL of EOPD patients: QoL was
found to be dependent on multiple NMS. A positive correlation
was seen between the summary index scores and ESS score,
NMSS (total) score, QUIP score, and NMS Quest score
(Table 4). Correlation was examined between NMS subdo-
mains and QoL metrics. A significant positive correlation was
found between PDQSI and the domains of mood/cognition,
sleep/fatigue, urinary dysfunction, and “miscellaneous
domains” of weight change and excessive sweating (Table 4).

Quality of Life Subdomains

Eight QoL subdomains scores based on the PDQ-39 were calculated.
The subdomain scores were as follows: “ADL” = 38.99 + 22.64,
‘Mobility’= 43.34 + 23.17, “Emotional” = 41.16 + 23.77, “Stigma”=
41.11 +31.52, “Social support” = 8.63+17.00, “Cognition” =
21.21 £15.61, “Communication” = 22.85+ 18.49, and “Bodily
discomfort” = 19.03 + 15.92.

Discussion

This study assessed the spectrum of NMS in patients with EOPD
and their influence on the QoL measures using validated scales.
A number of salient demographic features of our cohort are
worth a mention. These include a significant male preponderance,
which may reflect gender inequalities in accessing medical care, in
addition to biological factors. Being a tertiary care center, patients
with relatively advanced stage of the illness were seen, as indicated
by the high mean duration of illness (6.62 + 5.30 years), T-LEDD
(555.60 £296.32 mg/day), and high UPDRS III scores
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NMS Scale/Domain

EOPD (Total) N = 124

EOPD (Sporadic) N = 109

EOPD (familial) N = 15

ESS:

Mean + SD Score 6.26 £4.58 6.27 £4.54 6.2 +4.80
Lower Normal 2 (50%) 53 (48.62%) 9 (60%)
Higher Normal 41 (33.06%) 40 (36.695) 1 (6.66%)
Mild EDS 10 (8.06%) 6 (5.50%) 4 (26.66%)
Moderate EDS 8 (6.45%) 7 (6.42%) 1 (6.66%)
Severe EDS 3 (4.83%) 3 (2.75%) 0
RBDSQ:

RBD-+ (RBDSQ>5)

26 (20.96%)

24 (22.01%)

2 (13.33%)

RBD- (RBDSQ<5)

98 (79.04%)

85 (79.99%)

13 (86.67%)

PSQI:

Poor Sleep Quality (PSQI>5)

76 (61.29%)

65 (59.63%)

11 (73.33%)

Good sleep quality (PSQI <5)

48 (38.70%)

44 (42.30%)

4 (26.66%)

MoCA:

Cognitive Impairment (MOCA < 26) 36 (29.03%) 30 (27.52%) 6 (40%)
No Cognitive Impairment (MOCA>26) 88 (70.97%) 79 (72.48%) 9 (60%)
HADS (Anxiety):

Mean £ SD Score 9.21+4.53 9.25+4.62 8.86 £3.75
None (0-7) 40 (32.25%) 35 (32.11%) 5 (33.33%)
Borderline (8-10) 31 (25%) 27 (24.77%) 4 (26.67%)
Definite (>10) 53 (42.74%) 47 (43.11%) 6 (40%)
HADS (Depression):

Mean + SD Score 9.18+4.54 8.85+4.42 8.86 £3.73
None (0-7) 3 (34.67%) 9 (35.77%) 4 (26.67%)
Borderline (8-10) 6 (29.03%) 2 (29.35%) 4 (26.67%)
Definite (>10) 5 (36.29%) 8 (34.86%) 7 (46.66%)
QUIP (Impulse Control disorders): 0 (16.13%) 8 (14.63%) 2 (13.33%)

Hypersexuality (20%)

Hypersexuality (27.7%)

Compulsive eating

Compulsive eating Compulsive (100%)
(40%) buying (11.11%) DDS (50%)
DDS (60%) Compulsive
Compulsive buying eating (33.33%)
(10%) Hobbyism (11.11) %
Hobbyism (10%) DDS (55.55%)
Non motor symptom burden:
None (0) 3 (2.41%) 3 (2.75%) 0
Mild (1-20) 33 (26.61%) 31 (28.44%) 2 (13.33%)
Moderate (21-40) 38 (30.64%) 35 (32.11%) 3 (20%)
Severe (41-70) 34 (27.41%) 0 (27.52%) 4 (26.66%)
Very Severe (>70) 16 (12.90%) 10 (9.17%) 6(40%)
NMSS PD: Mean + SD Score 38.93 £30.03 35.63 £27.00 63.5 +37.59
NMS-Quest
Mean * SD Score 7.97 +4.69 7.98 +4.81 6.26 +5.19
NMSS PD Domains
Cardiovascular 0.73+1.38 0.73 +1.40 0.80+1.27
(Continued)
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Table 1: (Continued)
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NMS Scale/Domain EOPD (Total) N = 124

EOPD (Sporadic) N = 109 EOPD (familial) N = 15

Sleep/fatigue 6.58 +5.21 6.35+5.12 8.20 +5.58
Mood/Cognition 13.90 +14.71 11.88+10.30 28.6 +27.80
Perceptual problems/hallucinations 0.71+£2.02 0.69£1.99 0.93+2.17
Attention 3.24+3.67 3.00 £3.45 4.93 £4.65
Gastrointestinal symptoms 2.13+3.21 2.01+2.98 2.93+4.47
Urinary dysfunction 5.55+6.10 5.29+5.90 7.40+7.15
Sexual dysfunction 1.40+3.17 1.32+321 2.85+1.40
Pain 2.58£2.20 2.49£2.12 2.59 £2.58
Anosmia 1.15+2.47 1.08+2.44 2.62+£1.15
Sweating 0.66 +1.99 0.57 £1.90 1.26+2.46
Weight change 0.56 +1.50 0.49+£1.32 1.0+2.39
QoL (PDQSI) 30.39+14.21 29.54+14.10 36.55+13.48

DDS = dopamine dysregulation syndrome; EOPD = early onset Parkinson’s disease; ESS = Epworth Sleepiness scale; HADS- hospital anxiety and depression scale; MoCA = Montreal cognitive
assessment; NMS = Quest-Non motor symptom questionnaire; NMS Scale for PD-Non-motor scale for PD, PDQSI = Parkinson Disease QoL Summary Index; PSQI = Pittsburgh sleep quality

index; RBDSQ = REM behavioral disorder screening questionnaire.

Table 2: Comparison of non-motor symptoms scores in EOPD and healthy controls

Scale (Mean + SD) EOPD cases N = 124

Controls N = 60 P value of test Statistic (T test)

Age 43.98 +7.47 43.25+13.58 0.70
Gender Distribution (M:F) 82:42 36:24 0.26
ESS 6.27 +4.56 5.28 £2.90 0.08
RBDSQ 3.17+£2.81 0.87+0.99 <0.001
PSQl 7.33+4.10 2.11+2.17 <0.001
HADS (Depression) 9.10+4.49 1.90 +2.06 <0.001
HADS (Anxiety) 9.19+4.54 3.90+3.14 <0.001
NMS-Quest 7.97+4.69 1.30+1.39 <0.001
QUIP 1.98 £5.37 0.05+0.22 <0.001

EOPD = early onset Parkinson’s disease; ESS = Epworth Sleepiness scale; HADS- hospital anxiety and depression scale; MoCA = Montreal cognitive assessment; NMS = Quest-Non motor
symptom questionnaire; NMS Scale for PD-Non-motor scale for PD, PDQSI = Parkinson Disease QoL Summary Index; PSQI = Pittsburgh sleep quality index; RBDSQ = REM behavioral disorder

screening questionnaire.

(35.33 £ 13.30). We also observed PD-TD as the major phenotype
in our cohort.

A positive family history in first-degree relatives was observed
in as many as 12.09% of our patients, consistent with previous
studies.*?* Detection of certain genetic mutations in EOPD can
have prognostic value and provides clue toward the expected non-
motor profile. Prominent NMS features including anxiety,
depression, and dementia are seen in PARK-DJ1(PARK?7), while
anxiety, ICD, and apathy are common in PARK-
PINK1(PARK®6).”> Parkin mutations (PARK2), which are the
most commonly implicated mutation in sporadic and familial
EOPD across the globe, are known to present with less frequent
cognitive impairment but may have ICDs more often.?> With
expanding knowledge of monogenic forms of PD, it is likely that
their NMS signatures will eventually be elucidated more
completely.

We applied a combination of multiple validated NMS scales
that enabled comprehensive assessment of individual NMS
domains. Our study showed that a high proportion of EOPD
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patients who had a poor sleep quality, with EDS in 17.74% and
RBD in 20.26% patients, comparable to previous studies that have
reported prevalence range of 15%-26%.%® Mood-related symptoms
(anxiety and depression) were also comparable to previously
reported estimates of 30%-48%.%” It is likely that sleep dysfunction,
anxiety, and depression in EOPD are interrelated and has a
multifactorial causation, with contribution from both biological
and psychosocial factors. Other studies support the observation of
higher incidence of anxiety in EOPD as compared to LOPD
patients.”® Anxiety may be a feature of “non-motor wearing off”
phenomenon that is experienced by some patients in later stages of
the disease, which is supported by our finding of a significant
correlation between UPDRS part III OFF scores and HADS
(anxiety) scores. There was a significant correlation between the
anxiety scores and the UPDRS part III OFF scores that suggest,
patients with more severe motor phenotype are more susceptible to
anxiety. In contrast to the large study from India, we did not find
any difference between the anxiety and depression scores and the
age at disease onset.” Our study showed a slightly higher prevalence
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Figure 2: Quality of life domains in EOPD and healthy controls.
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Table 3: Correlation between clinical characteristics and non-motor symptoms
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ESS RBDSQ PSQI (Global score) HADS (Depression) HADS (Anxiety) MoCA NMSS (Total score) QUIP  Summary Index
AAO 0.39 0.13 0.21 0.55 0.43 0.18 0.07 0.53 0.03
Age at Assessment 0.042 0.011 0.027 0.26 0.12 0.049 0.029 0.27 0.10
Gender 0.64 0.97 0.64 0.06 0.12 0.09 0.04 0.32 0.91
Duration of Illness 0.55 0.13 0.082 0.52 0.42 0.15 0.04 0.26 0.83
UPDRS part Ill (OFF) 0.006 0.06 0.08 0.08 0.05 0.007 0.12 0.004 0.19
UPDRS part Il (ON)  0.01 0.38 = 0.06 0.09 0.002 0.01 0.01 0.21
Side of Onset 0.44 0.84 0.57 0.12 0.13 0.41 0.65 0.96 0.39
T-LEDD 0.65 0.44 0.08 0.07 0.15 0.03 0.47 0.04 0.90
Motor Phenotype 0.88 0.59 0.97 0.83 0.16 0.09 0.47 0.78 0.83

AAO = age at onset; DDS = dopamine dysregulation syndrome; EOPD = early onset Parkinson’s disease; ESS = Epworth Sleepiness scale; HADS- Hospital anxiety and depression scale;
MoCA = Montreal cognitive assessment; NMS = Quest-Non motor symptom questionnaire; NMS Scale for PD-Non-motor scale for PD, PDQSI = Parkinson Disease QoL Summary Index;
PSQI = Pittsburgh sleep quality index; RBDSQ = REM behavioral disorder screening questionnaire.

Table 4: Correlation of QoL in EOPD with NMS

Correlation coefficient

Scale (Spearman’s rho) “p” value
ESS 0.25 0.005
RBDSQ 0.14 0.12
PSQI 0.05 0.55
HADS (Depression) 0.13 0.14
HADS (Anxiety) 0.10 0.26
PD — NMSQ Score 0.29 0.01
QuIP 0.22 0.01
MoCA —0.07 0.48
NMSS (Total score) 0.31 0.001
NMSS-Cardiovascular 0.09 0.32
NMSS-Sleep/Fatigue 0.27 0.004
NMSS-Mood/Cognition 0.40 0.005
NMSS-Perceptual problems/ 0.15 0.10
hallucinations

NMSS-Attention/Memory 0.15 0.11
NMSS-Gastrointestinal 0.10 0.28
dysfunction

NMSS-Urinary dysfunction 0.20 0.032
NMSS-Miscellaneous

Pain —0.02 0.79
Change in taste/smell 0.04 0.61
Excessive sweating 0.199 0.037
Weight change 0.276 0.004

DDS = dopamine dysregulation syndrome; EOPD = Early onset Parkinson’s disease;

ESS = Epworth Sleepiness scale; HADS- hospital anxiety and depression scale;

MoCA = Montreal cognitive assessment; NMS = Quest-Non motor symptom questionnaire;
NMS Scale for PD-Non-motor scale for PD, PDQSI = Parkinson Disease QoL Summary Index;
PSQI = Pittsburgh sleep quality index; RBDSQ = REM behavioral disorder screening
questionnaire.

of cognitive impairment of around 29%, compared to previous
estimates of 10%-20% in EOPD,?"* possibly reflecting a more
advanced stage of the disease. It is also likely that MoCA may have
overestimated the scores on cognitive impairment in the present
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study with English being the second language in many of our
patients.

The prevalence of ICD (16 %) was consistent with previous
studies which have reported a variable prevalence range of 3%-
40%.”! The ICD prevalence is known to be higher in EOPD
patients than late-onset PD patients.>? This may be related to the
use of higher use of DA in EOPD, as in our cohort, compared to
LOPD. However, the subgroup analysis failed to show correlation
between DA use and occurrence of ICDs. Our cohort also featured
several other features known to be associated with development of
ICD including male preponderance and higher T-LEDD.* The
most common ICD in our EOPD cohort was dopamine
dysregulation syndrome, which is consistent with previous
studies.*?

The incidence of gastrointestinal dysfunction, urinary dys-
function, anosmia, and autonomic dysfunction is similar to that of
other studies in EOPD.*** It is hypothesized that urinary
dysfunction may be a component of a distinct non-motor sub-
phenotype characterized by autonomic dysfunction, RBD, and
depression and may be a marker of a more severe PD phenotype.**
It is likely that genetic subtypes featuring these NMS such as GBA,
SNCA, and VPS-related EOPD may have been present in our
cohort, but lack of genetic data at present precludes further
correlation. The overall NMS burden was comparable to findings
from a previous EOPD study.*

EOPD patients had significantly higher NMS burden as
compared to age-matched healthy controls. This corroborates
with other studies that have demonstrated more frequent and
severe NMS in patients with PD compared to healthy aging
individuals.

Few studies have specifically looked at NMS and QoL
determinants in EOPD in the Indian context. The first main
publication on YOPD in India examined mainly motor features,
and some NMS such as cognitive impairment and autonomic
dysfunction.>> More recently, a number of studies have examined
NMS in PD in the last decade and have commonly reported pain,
fatigue, urinary symptoms, anxiety, and depression.>’ Depression
was found to be one of the main determinants of QoL in these
studies. However, these studies did not specifically examine the
EOPD cohort. The pattern of NMS seen in our EOPD cohort is
similar to these studies reported in literature previously. Compared
to another large multicenter observational study from India that
comprehensively described both motor and NMS in EOPD, we
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Mean age
at onset Duration of
for EOPD illness for
Author, country, Age cutoff and Mean + SD  Gender EOPD (years)
Year number of Subjects (years) (M:F) Mean + SD  Main NMS features in EOPD Strengths/Limitations of the study
Kim et al.*® 2020, LOPD (AAO > 70 46.6+5.3 44 :30 6.5+7.3 Higher depression and anxiety Longitudinal study with a large
Korea years, n = 63), scores, lower tremor scores and sample size. However, QoL
MOPD (50-69 years, SCOPA-AUT scores, and slower determinants were not specifically
n = 268), YOPD AAO progression of cognitive examined.
< 50 years, n = 74) impairment in EOPD
Lanfranco De LOPD (AAO > 70 459+35 15:7 - NMS more frequent in MOPD and Small sample size of EOPD group
Carolis et al.*° years, n = 37), LOPD than EOPD and retrospective nature of the
2023, Italy MOPD (50 to 69 study were major limitations
years, n = 72), YOPD
AAO < 50 years,
n=22)
Zhou MZ et al.# EOPD (<45 years, 40.1+33 5:8 9.3%5.1 HDRS and HARS score similar Comprehensive assessment of NMS
2013, China n = 13), MOPD between groups. Linear effect was performed. However, QoL
(45-64 years, between AAO and ESS scores determinants were not studied.
n = 103), OOPD (P=0.011). Autonomic symptoms,
(>65 years, n = 114) neuropsychiatric symptoms less
frequent in EOPD
Zhou Z et al.*? AAO < 50 years, 4412 +5.54 - - The most critical determinants of  Longitudinal study with a large
2022, China (n=1217) prognosis were motor and some sample cohort. Additionally,
NMSs, especially the UPDRS total  classification within EOPD was
score, motor complications, RBD, explored: mild motor and non-motor
and autonomic dysfunction. dysfunction /slow progression
(cluster 1), intermediate (cluster 1),
and severe motor and non-motor
dysfunction/malignant (cluster III).
Hu T et al.** 2018, EOPD: AAO <45 37.1+£7.2 58:48 2.1+16 Sleep/fatigue, attention/ memory,  NMS were studied in drug naive
China years, (n = 106), and miscellaneous are the most patients, thus minimizing potential
LOPD: > 45 years affected subdomains. NMS, confounding effect of medication
(n = 463) especially sleep/ fatigue, mood/ on NMS.
apathy, attention/ memory, and Gl
symptoms were determinants of
decreased QoL
Bovenzi R et al.#  AAO < 50 years, 43.93+547 107:86 5.0+5.07 Only a minor part of EOPD patients Longitudinal assessment was an
2023, Italy (n =193) (30%) had concurrent RBD and advantage. Several limitations,
constipation at onset. included retrospective design, data
Neuropsychiatric symptoms gaps in assessment of NMS, and
(depression, anxiety, apathy, and absence of a control group
psychosis) affected upto 50% of
patients. ICD were common
(37.5%)
Guo X et al.® AAO < 50 years, 41.8+6.1 - 5.0+4.4 More severe NMS in LOPD than Cross-sectional design, large
2013, China (n = 135) LOPD: EOPD. Positive correlation with sample size. Standardised scales
n =387 age, LEDD, and NMSS scores in used.
LOPD but not in EOPD.
Kukkle et al.” (JP, < 20 years, 38.7+8.1 455:213 8+6 Panic attacks and depression more Multicenter collaborative study,
2022, India n = 25), young- common in YOPD and sleep- systematic NMS scale application,
onset (YOPD, related issues more common in and data collection. QoL
20-40 years, n = EOPD subjects. determinants were not specifically
333), and early- examined.
onset (EOPD, 40-50
years, n = 310)
Tran TN et al.3® YOPD (AAO <40 35.46+3.96 47 : 42 6.68 +4.48 Fatigue was the most common QoL subdomains were examined
2021, Vietnam years, n = 89) NMS (75%). Sleep/fatigue and and non-motor predictors of QoL
mood/cognition domains predicted were determined. Cross-sectional
QoL. nature of the study is a limitation.
Current study Patients with 37.33+6.36 82:42 6.62+53 Most common NMS were urinary Comprehensive assessment of NMS

2023, India

AAO < 45 years

(n = 124), age and
gender matched
controls (n = 60)

dysfunction, body pain, poor sleep
quality, constipation, anxiety, and
depression.

using validated scales. Limitations
include cross-sectional assessment,
large gender ratio difference, and
lack of genetic testing data.

AAO = age at onset; EOPD = early onset Parkinson’s disease; HARS = Hamilton Anxiety rating scale; HDRS = Hamilton Depression Rating Scale; LOPD = late- onset Parkinson’s disease; NMS-
Quest-Non motor symptom questionnaire, MOPD = middle-onset Parkinson’s disease; SCOPA-AUT = Scales for Outcomes in Parkinson’s Disease-Autonomic questionnaire; QoL = quality of life;
YOPD =young onset Parkinson’s Disease.
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applied a wider range of scales to assess NMS and particularly
focused on assessment of QoL determinants and QoL subdomains,
which was not examined specifically in that study.” However, the
age cutoff in the present study (45 years) was different from this
other major work from India. In the international context, there
have been few longitudinal NMS studies, specifically focusing on
EOPD, that have shed light on NMS progression over time and in
different stages of the disease. Further details of comparison of
major NMS studies from India and internationally can be found in
Table 5.

Quality of Life

Previous studies have shown that NMS that can adversely affect
QoL include RBD, ICD, chronic pain, depression, constipation,
and upper gastrointestinal dysfunction.****” Our study confirmed
some findings from previous studies, as we demonstrated a
significant contribution of total NMS burden and presence of ICDs
to the QoL measures. In addition, EDS was identified to be another
significant determinant. A recent Vietnamese study examined the
association between NMS domains and QoL in EOPD and found
that the domains of sleep/fatigue and Mood/cognition were the
most likely to affect QoL metrics.*® Mood/cognition and sleep/
fatigue were the domains that showed the highest degree of
correlation with QoL, in concordance with the Vietnamese study.
While the Vietnamese study found that 7 out of 8 NMS
subdomains contributed to QoL, we found a significant role of
the following 4 NMS subdomains: sleep/fatigue, mood/cognition,
urinary dysfunction, and miscellaneous features. Our study is one
of the first Indian studies to report data on QoL subdomains. These
distinctive patterns of NMS subdomain involvement and their
impact on QoL provide novel insights and scientific basis for
designing interventions directed at improving the QoL of this
group of patients.

A comprehensive cross-sectional evaluation of NMS was done,
which was lacking in previous studies that studied only one or a few
of the NMS components. However, longitudinal characterization
and fluctuations of NMS were not studied and needs further
exploration in future studies. The scales employed were screening
tools and further confirmatory tests such as polysomnography for
RBD, autonomic function testing for suspected autonomic
dysfunction, and neuropsychological examination were not done.
Furthermore, there was huge gender ratio difference in our study
that might significantly alter the results. Genetic data of these
patients will be wuseful to perform genotype-phenotype
characterization.

Conclusions

This study done in a large cohort of EOPD patients showed a high
overall non-motor symptom burden. In addition to motor
disability, non-motor features of excessive day time sleepiness
and presence of impulse control disorders were found to
significantly influence the QoL of these patients. Within NMS
subdomains, sleep/fatigue, mood/cognition, and urinary dysfunc-
tion significantly contributed to health-related QoL. Therefore, a
comprehensive assessment of non-motor symptoms needs to be
incorporated in routine clinical assessment of this group of
patients.
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