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Progression in Parkinson’s Disease:
Variation in Motor and Non-motor
Symptoms Severity and Predictors of
Decline in Cognition, Motor Function,
Disability, and Health-Related Quality of Life
as Assessed by Two Different Methods
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ABSTRACT: Background: Parkinson’s disease (PD) is multi-symptom disease with variable progression.
Objectives: We performed a longitudinal study to address the evolution of motor symptoms (MS) and non-motor
symptoms (NMS), predictors of motor-, cognitive-, disability-, and health-related quality of life (HRQL) status and
the relative usefullness of a battery of separate NMS scales (BSS) versus the Non-Motor Symptom

Scale (NMSS).

Methods: Seventy-two patients were assessed at baseline and 4 years later with the NMSS and BSS. We
assessed the following outcomes: cognition (Montreal Cognitive Assessment scale [MoCA]), disability (Unified
Parkinson’s Disease Rating Scale Part Il [UPDRS lI], Schwab and England [S&E]), motor dysfunction (Unified
Parkinson’s Disease Rating Scale Part Ill [UPDRS Ill], Hoehn and Yahr [HY]), and HRQL (EuroQol [EQ] EQ-vertical
visual analogue scale [VAS] and EQ-Index). Statistical analysis included a comparison between scales scores at
both time points and multivariate regression analysis to calculate the impact of each baseline symptom in
outcomes. NMSS and BSS were introduced in separate models.

Results: NMSS Domain 4: perception/hallucinations, Parkinson’s Psychosis Questionnaire, Apathy Scale, NMSS
Domain 7: urinary, S&E, UPDRS II, HY, and MoCA scores worsened significantly. Dementia increased to a 4-year
prevalence of 39.8%. In the multivariate model using BSS, cognitive state variation was significantly predicted
by baseline HY, EQ-Index, and S&E. Using the NMSS, MoCA change was significantly associated with NMSS
Domain 4: perceptions/hallucination score, cognitive status with UPDRS Il score, HRQL with NMSS Domain 4:
perception/hallucinations score, and S&E.

Conclusion: Our study suggests that NMS progress heterogeneously, BSS approach being more sensitive to
change than NMSS. The multivariate analysis has shown that S&E and NMSS Domain 4: perception/
hallucinations scores are the stronger predictors of HRQL and cognitive dysfunction variation, favoring NMSS
over the BSS approach.
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SYMPTOMS PROGRESSION IN PARKINSON’S DISEASE

Parkinson’s disease (PD) patients present with both motor symp-
toms (MS)" and non-motor symptoms (NMS).2 NMS are signifi-
cantly correlated with health-related quality of life (HRQL) and
disability, more so than MS.>* The need for a better characteri-
zation of NMS has led to validation in PD of several separate
scales, and to the development of specific instruments, like the
Non-Motor Symptom Scale (NMSS),> which aggregates several
dimensions in one articulate system. PD being a progressive dis-
order, with varying outcomes, there is a need for longitudinal
studies targeting both MS and NMS. Some studies®'* have pro-
spectively evaluated NMS in PD cohorts, with discrepant results,
which might be explained by the use of different sets of scales
for quantifying predictor variables.

In the present study, we have followed a cohort of non-
selected PD patients for a period of 4 years, with a variety of
scales that are redundant for the various MS and NMS symp-
toms. In particular, we have used both the items of the NMSS
and a battery of separate scales for each relevant NMS in
PD. This has enabled us to evaluate several of the MS and NMS,
as well as HRQL, motor dysfunction, and disability outcomes
simultaneously with 2 different scales.

Our objectives were to (1) assess the progression of MS and
NMS in a cohort of PD patients; (2) assess the predictors of cog-
nitive, motor, disability, and HRQL deterioration; and (3) assess
the predictive value of 2 different methods of assessing NMS
(using NMSS versus a battery of separate scales).

Methods
Subjects

At baseline, we assessed all consecutive PD patients attending a
movement disorders outpatient clinic in a tertiary referral center
covering part of the metropolitan area of Lisbon, Portugal, dur-
ing the period between March 2014 and March 2015. The
United Kingdom (UK) Brain Bank diagnostic criteria were used
for PD diagnosis. Patients were excluded if they presented with
significant comorbidities that could interfere with assessment or
represented an extra load of incapacity not related to PD, and/or
signs and symptoms suggesting other causes for parkinsonism
(multiple system atrophy, vascular parkinsonism, progressive
supranuclear palsy, and iatrogenic parkinsonism). Inclusion and

. L. . 3
exclusion criteria were detailed elsewhere.

Assessment

The following demographic- and disease-related data were col-
lected: age at study inclusion, age of disease onset, duration of
disease (period, in years, between the first motor symptom expe-
rienced by the patient and the date of assessment), education
(years of schooling), dopaminergic medication (expressed in
levodopa equivalent daily doses [DED]).

Patients underwent structured assessment designed to cover all
major aspects of MS and NMS, as well as disability and HRQL.
Motor function was evaluated with the Unified Parkinson’s
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Disease Rating Scale Part III (UPDRS III) and the Hoehn and
Yahr scale (HY). Non-motor function was assessed with the
Parkinson’s Psychosis Questionnaire (PPQ), Scales for Outcomes
in Parkinson’s Disease-Sleep (SCOPA-Sleep) (night-time and
daytime sleep), rapid eye movement (REM) Sleep Behavior Dis-
order Screening Questionnaire (RBDSQ), Hospital Anxiety and
Depression Scale, and the Apathy Scale. We used age- and -
education-related cut-offs for cognitive dysfunction, as provided
by the Montreal Cognitive Assessment scale (MoCA) Portuguese
validation study. The Pill Questionnaire was used to determine
the impact of cognitive dysfunction on daily living activities.
Patients with cognitive dysfunction and impact in daily living
activities were classified has having dementia (PDD). Mild cogni-
tive impairment was classified as cognitive dysfunction without
impact in daily living activities (PD-MCI). Patients without
cognitive dysfunction were considered as cognitively normal
(PD-CN). Patients were also assessed with the NMSS, a scale
designed for PD that allows to evaluate the following
dimensions: Domain 1: cardiovascular symptoms; Domain 2:
sleep/fatigue; Domain 3: mood/cognition; Domain 4: percep-
tion/hallucinations; Domain 5: attention/memory; Domain 6:
gastrointestinal  symptoms; Domain 7: urinary symptoms;
Domain 8: sexual function symptoms; and Domain 9: miscella-
nea. Domains 2, 3, 4, and 5 partially overlap with those assessed
by the other scales, which permits to evaluate some of the symp-
toms by 2 different instruments allowing a distinction between
the effect of measurement and the symptom itself. HRQL was
measured with the EuroQol (EQ), which yields 2 values: EQ-
vertical visual analogue scale (VAS) and EQ-Index. Disability
was assessed with UPDRS 1II and the Schwab and England
Scale (S&E).

The same protocol was applied at baseline and to all patients
available for assessment at follow-up, at the completion of a
4-year period.

Data Analysis

Comparisons between patients included and not included at
follow-up were performed with 2-sided independent samples,
student t or Mann Whitney tests, depending on variable distribu-
tion. Proportions in cognitive status at baseline and follow-up
were compared with the McNemar test. Prevalence of dementia
at 4 years was calculated as the sum of the number of cases with
dementia at baseline and all new cases divided by the mean pop-
ulation during the middle of the observation period; 95% confi-
dence intervals (95% CI) were calculated.

To evaluate the progression of symptoms and variation in dis-
ability and HRQL, baseline and follow-up data were compared
with paired sample ¢ tests (for continuous variables) or the
McNemar test (dichotomous variable). The magnitude of
changes was calculated with relative changes ([mean test at
follow-up — mean test at baseline]/mean test at follow-up) and
effect size ([mean test at baseline — mean test at follow-up]/SD
test at baseline). To test the effect of disease duration in symptom
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TABLE 1 Change in non-motor symptoms in PD

Baseline Follow-up
Mean Mean
(standard deviation) (standard deviation) P Relative change (%) Effect size

MoCA 20.33 (5.57) 17.89 (6.26) 0.0001**** —14.0 0.40
RBDSQ 6.79 (3.32) 5.96 (3.77) 0.056 —0.14 0.25
HADS-anxiety 7.99 (4.38) 7.99 (4.12) 0.826 0 0
HADS-depression 8.03 (4.61) 9.06 (4.62) 0.230 0.12 —0.22
SCOPA-sleep daytime 3.90 (3.29) 4.08 (3.66) 0.648 0.04 —0.05
SCOPA-sleep night-time 4.23 (3.92) 4.49 (4.29) 0.531 0.06 0.07
PPQ 2.61 (2.93) 5.37 (6.77) 0.001*** 0.51 —0.94
Apathy 12.13 (8.29) 16.25 (10.13) 0.004** 0.25 —0.50
NMSS affection/ 15.83 (17.40) 20.44 (22.10) 0.125 0.23 —0.26

cognition
NMSS perception/ 1.07 (2.49) 2.90 (5.16) 0.003** 0.63 —0.73

hallucinations
NMSS sleep/fatigue 10.63 (8.72) 9.24 (7.98) 0.135 —0.15 0.16
NMSS cardiovascular 1.87 (3.12) 2.22 (3.82) 0.521 0.16 —0.11
NMSS attention/ 7.52 (7.74) 9.49 (10.74) 0.167 0.21 —0.25

memory
NMSS gastrointestinal 4.72 (6.15) 6.33 (8.51) 0.095 0.25 —0.26
NMSS urinary 7.33 (8.97) 11.00 (11.25) 0.013* 0.34 —0.41
NMSS sexual function 3.93 (6.57) 4.97 (6.91) 0.275 0.21 —0.16
NMSS miscellanea 7.23 (8.53) 9.94 (11.10) 0.055 0.26 —0.32

Abbreviations: MoCA, Montreal Cognitive Assessment scale; RBDSQ, REM Sleep Behavioral Disorder Symptom Questionnaire; HADS, Hospital Anxiety and Depres-
sion Scale, SCOPA, Scale for Outcomes in Parkinson’s Disease; PPQ, Parkinson’s Psychosis Questionnaire; NMSS, Non-Motor Symptom Scale. ***p<0.001;

*xp<0.01:%p<0.05

progression, patients were divided in 3 groups according to dis-
ease duration at baseline (1-5, 6-10, and above 10 years dura-
tion) and compared using repeated measures ANOVA. For
evaluating the variables that best predicted changes in cognition,
motor function, HRQL, and disability, linear regression models
(univariate followed by multivariate) were used. The outcome
variable with the greater variation was chosen over the variable
with the smaller variation whenever there were more than
2 scales for the same dimension, motor function (HY and
UPRDS III), HRQL (EQ-Index and EQ-VAS), and disability
(UPDRS 1II and S&E). The dependent variables were, therefore,
the absolute change (score at follow-up — score at baseline) in
MoCA, HY, EQ-Index, and S&E, respectively (these variables
were tested separately). Predictors in the univariate model were
demographic, disease-related variables, DED, UPDRS III, and
the NMS variables. To avoid collinearity and to account for pos-
sible bias created by the use of different scales for the same symp-
tom, 2 multivariate models were used with 2 sets of predictor
variables, 1 including NMSS dimensions and the other using the
battery of separate non-motor symptom scales. Demographic,
disease-related data, DED, and UPDRS III were used in both
models. Predictor variables were included in the multivariate model

if the univariate association showed a p value below 0.20. Backward
selection method was used, removing variables individually up to
0.10 significance level. A similar model, but using logistic regression,
was used to evaluate predictors for cognitive status change (exclud-
ing those patients that were demented at baseline). In this case, the
outcome variable was change in cognitive status, considered as a
dichotomous variable: worsening (changes from PD-CN to PD-
MCI or PDD, change from PD-MCI to PDD) versus maintenance
or improvement (PD-MCI to PD-MCI or PD-CN, PD-CN to
PD-CN). Significance was held at p < 0.05.

Ethics

All patients signed informed consent forms, and the investigation

protocol was approved by Hospital Egas Moniz ethics committee.

Results

Of the initial 134 patients, 72 (54%) were reassessed at follow-
up. Sixty-two patients were lost for follow-up, 37 refused being
reassessed, were unavailable, or could not be found, 22 died
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FIG. 1. Variation in non-motor symptoms according to NMSS and a battery of separate scales. NMSS, Non-motor symptoms scale; MoCA,
Montreal cognitive assessment scale; SCOPA, scale for outcomes in Parkinson’s disease; SCOPA daytime, daytime sleepiness; SCOPA
night-time, night-time sleep complaints; RBD, REM sleep behavior disorder; RSBDSQ, REM Sleep Behavior Disorder Screening
Questionnaire; HADS, Hospital Anxiety and Depression Scale; AS, Apathy Scale; PPQ, Parkinson’s Psychosis Questionnaire. For
comparison, scale scores were normalized ([value-minimum]/[maximum-minimum]), varying from O to 1. Values in graphic represent

means. *****p<0.0001; ***p<0.005

TABLE 2 Change in outcome variables

Baseline

Follow-up

Mean (standard deviation) Mean (standard deviation)

or frequency (%) or frequency (%) pP Relative change (%) Effect size
Schwab and England 71.27 (15.96) 79.86 (22.68) 0.001** 10.77 —0.38
UPDRSII 11.84 (9.47) 14.19 (8.97) 0.031* 15.77 —0.25
EQ-Index 0.550 (0.28) 0.61 (0.23) 0.066 10.28 —0.28
EQ-VAS 63.67 (19.85) 58.94 (25.59) 0.178 8.03 0.23
UPDRS III 25.93 (15.98) 27.41 (14.80) 0.485 5.40 0.09
Hoehn and Yahr 2.25 (0.79) 3.33 (3.83) 0.021* 32.43 —0.28

PD-NC/PD-MCI/ PDD 49 (66.7)/17(23.6)/6 (8.7) 32 (44.0)/21 (29.2)/19 (27.5) 0.001%*

UPDRS, Unified Parkinson’s Disease Rating Scale; EQ, EuroQol; MoCA, Montreal Cognitive Assessment Scale; PD-NC, Parkinson’s patients with normal cognition;
PD-MCI: Parkinson’s patients with mild cognitive impairment; PDD, Parkinson’s disease patients with dementia.

during follow-up period, and 3 patients were considered to have
a different diagnosis. Patients not included at follow-up differed
significantly at baseline from included patients regarding age, age
of onset, UPDRS II, NMSS Domain 4: perception/hallucina-
tions, RBDSQ scores (higher in the excluded patients), MoCA,
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and S&E (lower). Patients that refused being reassessed were sig-
nificantly older and had lower MoCA scores than the patients
who accepted (Table S1).

Demographic and disease-related data at baseline of the
patients assessed at both time points were the following:
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Transition in cognitive status

' PD-NC
Baseline n= 49 (66. 7%)
Follow-up PD-NC
n= 32 (44%)
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Q

PDD

PDD
n=19 (27.5%)

FIG. 2. Transition in cognitive status. Digits represent number (percentage) of patients in each cognitive state at baseline and follow-up
(boxes) or number of patients transiting between states (arrows). PD-CN, Parkinson’s disease, cognitively normal; PD-MCI, Parkinson’s

disease mild cognitive impairment; PDD, Parkinson’s disease dementia.

34 (46.6%) females, mean age 70.22 years (SD 9.09, limits
42-88), mean age of onset 63.63 (10.22, 38-86), disease duration
7.08 years (5.36, 1-25), mean DED 536.26 (394.62, 0-1600.00).

Table 1 compares baseline and follow-up data of NMS. There
was significant worsening regarding MoCA (medium effect size),
PPQ (large effect size), apathy (medium eftect size), NMSS
Domain 4: perceptions/hallucinations (large effect size) and
NMSS Domain 7: urinary (medium effect size) scores. In
Figure 1, we depict the relative changes in NMS separately for
NMSS and the battery of non-motor scales.

Number of patients in each disease duration group were:
0-5 years = 59, 6-10 = 48, and >10 = 24. Disease duration
group was significantly related with symptom progression regard-
ing RSBDSQ score (F = 5.735, p= 0.005) and UPDRS II
(F = 3.560, p = 0.034) (more significant progression in longer
duration groups).

Table 2 shows changes in outcome variables. There was a significant
decrease both in S&E and UPDRS 1I, but the difference was more
expressive regarding S&E. Effect size was higher for EQ-Index than
for EQ-VAS but differences did not reach significance in neither scale.
HY increased significantly (small effect size) but UPDRS III variation
was not significant. MoCA decreased significantly, as alluded above.
There was a significant increase in PDD, with a concomitant decrease
in PD-CI cases. Of the 134 assessed at baseline, 22 (15.4%) patients
presented with dementia. At follow-up, 19 of 72 patients that were
reassessed (27.5%) had criteria for dementia, yielding a 4-year preva-
lence of 39.8% (95% CI = 35.4-44.2). Figure 2 depicts the transition
in cognitive status. A total of 40.8% percent of the PD-CN patients
evolved either to PD-MCI (22.4%) or directly into PDD (18.4%). A
total of 58.8% of the PD-MCI patients maintained their cognitive sta-
tus, 23.5% evolved to PDD, and 17.6% improved to PD-CN. All the
PDD patients at baseline maintained their status at follow-up.

Table 3 shows the association between predictors and outcome
variables in the univariate model. Variables associated with outcome

at p < 0.02 level were included in the multivariate models.

Table 4 presents the multivariate model using the battery of
separate non-motor scales as predictors. Cognitive state variation
was significantly predicted by HY stage. HRQL was significantly
predicted by S&E. There were no significant associations
(p<0.02) between the battery of non-motor scale predictors and
MoCA, disability, and motor function variation in univariate
analysis, so no variables was carried to multivariate analysis
regarding these ouctomes.

In the multivariate model using the NMSS (Table 5), MoCA
change was significantly associated with baseline NMSS Domain
4: perceptions/hallucination score. Cognitive status was predicted
by UPDRS III score (mood/cognition, attention/memory, and
NMSS Domain 9: miscellanea were kept in the model at trend
values). HRQL change was significantly associated with NMSS
Domain 4 perception/hallucinations score and very significantly
associated with S&E (there as an association with NMSS Domain
3: mood/cognition at trend value). None of the models showed

significant predictors of motor function and disability change.

Discussion

Progression in NMS

We found a heterogeneous progression of NMS. Psychosis, apa-
thy, NMSS Domain 7: urinary symptoms, and cognitive dys-
function, as assessed by MoCA, increased significantly. This
differed from other studies using the NMSS.*”'* Using other
scales, some authors’ found worsening in cognition, depression,
autonomic symptoms, and impulsive—compulsive symptoms, and
others® showed stability in cognitive scores, worsening in auto-
nomic function, sleepiness, and RBD symptoms, but improve-
ment in global NMS burden and depression (all studies
performed in de novo cohorts). In cohorts not selected for disease
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TABLE 3 Continued

Motor function

Disability HRQL

Cognitive state

MoCA

parameter estimate

Parameter estimate Parameter estimate Parameter estimate

Parameter estimate

(95% CI)

(95% CI) P (95% CI) P (95% CI)

r

(95% CI)

0.964

0.012 (0.002 to 0.023) 0.024 0.003 (—0.155 to 0.148)

0.552

0.633 1.011 (0.892 to 1.146) 0.863 —0.235 (—1.017 to 0.548)

— 048 (—0.247 to 0.151)

NMSS gastrointestinal

0.097 0.960 (0.896 to 1.029) 0.249  —0.189 (—0.732 t0 0.354)  0.490 —0.0003 (—0.008 to 0.007) 0.935 0.092 (—=0.195 to 0.011)  0.079

—.111 (—=0.242 to 0.021)

NMSS urinary

0.306 0.995 (0.909 to 1.088) 0911 —0.270 (—1.044 to 0.504) 0.488 —0.007 (—0.018 to 0.003) 0.181 0.139 (—0.286 to 0.007)  0.062

—.098 (—0.288 to 0.092)

NMSS sexual function

0.934 (0.869 to 1.004) 0.065 —20.285 (45.378 to 4.809) 0.111 0.113 (—0.244 to 0.470) 0.531  —1.389 (—0.080 to 0.144) 0.576

0.079

—5.516 (—11.681 to 0.649)

NMSS — miscellanea

DED, dopa equivalent doses; UPDRS, Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment Scale; EQ, EuroQol; RSBDQ, REM Sleep Behavior Disorder Questionnaire; HADS, Hospital Anxiety and

Depression Scale; SCOPA, Scale for Outcomes in Parkinson’s Disease; SCOPA Daytime, Daytime Sleepiness; SCOPA Night-time, Night-time sleep complaints; PPQ, Parkinson’s Psychosis Questionnaire; NMSS, Non-motor symp-

toms scale.

stage'® sleep, gastrointestinal, attention/memory, hyperhidrosis,
and seborrhea domains prevalence increased whereas psychiatric,
cardiovascular, and respiratory ones decreased. These discrepan-
cies could be ascribed to differences in assessment scales in some
cases and in disease duration in others. Our sample was not lim-
ited to de novo patients. Longer disease duration patients are
expected to have more severe symptoms, meaning that ceiling
effects could have blunt the variation of symptoms in our study,
particularly regarding the dimensions that had high scores at
baseline (e.g., affect and sleep).” Some NMS symptoms, like
depression, anxiety, RBD, and night-time sleep, respond better
to medication (which could explain its stability in ours and
inclusively its improvement in some of the previous studies®?)
than apathy and cognitive dysfunction, whereas psychosis can
be worsened by dopamine dose increase. Apathy occurs con-
comitantly with cognitive dysfunction and depression, from
which is frequently hard to differentiate.'® Previous work in
PD was able to distinguish between the presence of apathy
and reactive psychological conditions related to the
incapacity,'® suggesting that this syndrome could be caused by
neurodegenerative changes intrinsic to PD, possibly related to
ongoing disturbance of dopaminergic and serotoninergic
fronto-striatal pathways.'” That this symptom has worsened
significantly in our cohort, and more so than mood symptoms,
hints at neurodegenerative cause for apathy.

It should be noted that, regardless of their differences, all stud-
ies have revealed a heterogeneous progression of NMS, with dif-
fering domains varying at different paces, which probably reflects
the multitude of systems being affected in different ways at each
neuropathological stage.

Relative Use of the 2 Different
Methods of NMS Assessment

Psychosis increased significantly in both scales, with large effect
sizes. Cognitive function, however, evolved differently
depending on the assessment method: cognitive complaints, as
assessed by NMSS Domain 5: attention/memory, did not
increase significantly, whereas objective measurement with
MoCA showed significant worsening. Although it is a
physician-completed questionnaire, the NMSS depends on
the subjective judgment of the patient regarding his cognitive
state, whereas MoCA score is given by the objective results of
several separate tasks. The discrepancy between MoCA and
NMSS Domain 5: attention/cognition scores could, therefore,
be considered in accordance with segregation between subjec-
tive cognitive complaints and objective findings in PD, as
suggested by our baseline study.>'® Our findings, therefore,
suggest that MoCA could be more sensitive to change than
NMSS regarding cognitive worsening. Items regarding apathy
are not separately evaluated in NMSS, being included in the
affect/cognition item, which in our study did not change sig-
nificantly. Some authors have found apathy to be distinct from
depression in PD patients,'® which might explain the differ-
ence between apathy progression according to the Apathy
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TABLE 4 Predictors of cognitive, disability, HRQL and motor change in multivariate analysis (model using battery of separate non-

motor symptom scales)

Cognitive state HRQL
Parameter Parameter
MoCA estimate (95% CI) P Disability estimate (95% CI) P Motor function
Age - - - -
Age of onset = = = =
Gender = = = =
Hoehn and Yahr stage 0.302 (0.104 to 0.876) 0.028 NS NS
UPDRS III total NS NS NS NS
MoCA = = NS NS
RBDSQ = = = =
HADS - anxiety = = = =
HADS - depression = = NS NS
SCOPA-sleep daytime = = = =
SCOPA-sleep night-time = = NS NS
PPQ 0.800 (0.626 to 1.022) 0.074 NS NS
Apathy = = NS NS
EQ-index — —
EQ-VAS NS NS —0.003 (—0.006 to 0.0004) 0.071
UPDRS II NS NS NS NS
Schwab and England NS NS —0.008 (—0.013 to —0.003) 0.001

UPDRS: Unified Parkinson’s Disease Rating Scale MoCA, Montreal Cognitive Assessment scale; RBDSQ, REM Sleep Behavioral Disorder Symptom Questionnaire;
HADS, Hospital Anxiety and Depression Scale, SCOPA, Scale for Outcomes in Parkinson’s Disease; PPQ, Parkinson’s Psychosis Questionnaire; EQ, EuroQol.

Scale and that assessed with the NMSS. Using a separate scale
for this symptom might be useful for longitudinal assessment
of apathy in PD patients.

These findings point to the general conclusion that longitudi-
nal assessment results vary depending on the scales that are used.
Globally, the battery of separate scales was more sensitive to
change than the NMSS.

Variation in Outcome Measures

Cognition, motor function, and disability worsened significantly,
whereas HRQL did not. The magnitude of changes in each out-
come was scale dependent. HY increased significantly, but not
UPDRS III, which might be related to HY relying strongly on
axial symptoms, which are less responsive to dopaminergic treat-
ment than appendicular signs. Regarding disability, the S&E scale
than UPDRS
II. UPDRS II has been criticized for including several items that

showed to be more sensitive to change
assess impairments, but not functional status.'” Other studies have
also found HRQL not to worsen at follow-up”'’ or even to
improve.’> HRQL depends on various factors, some of them
responsive to medication, which could account for the heteroge-

neity in the results of this outcome variable.
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As expected, there was a significant number of patients whose
cognitive status worsened. The prevalence of dementia was
lower than in other 4-year longitudinal studies performed in
populations not selected for disease stage,”” which could be
ascribed to differences in population at baseline (Aarsland patients
were younger and had less disease duration) or in the method
used for defining cognitive status. In our study, several PD-CN
progressed directly to PPD, without intermediate MCI status,
differently to what has been reported in newly diagnosed
patients.”’ Dementia appears to be a definite state, because no
PDD patients improved at follow-up, as also described in

Aarsland et al.*°

PD-MCI patients, however, were less prone to
change, and some improved to PD-CN. This has been described
previously”' and could be ascribed to several factors: treatment of
comorbidities that affect cognition, redraw of prejudicial drugs,

and beneficial effect of dopaminergic treatment.

Predictors of Motor, Cognitive,
Disability, and HRQL Outcomes

MoCA change was significantly predicted by NMSS Domain 4:
perception/hallucinations, which is in line with several studies

revealing psychosis to be a strong predictor of cognitive change
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in PD*** probably linked to concomitant dysfunction of
parieto-occipital and hippocampal structures that control cogni-
tion and visual perception.”> Worsening of cognitive status,
however, was not predicted by hallucinations but by baseline
motor dysfunction. The methodologic difference between the
2 cognitive assessment approaches used in our study lies on
the use of the Pill Questionnaire to determine the transition to
PDD status (because the transition between PD-CI and PD-
MCI is determined solely by MoCA score increase). Although
that scale was proposed for determining incapacity precisely for
its theoretical advantage over scales that more overtly rely on
motor function,?* its positive predictive value has been chal-
lenged in subsequent work.”> Moreover, our results are in accor-
dance with studies that have shown that motor dysfunction,
particularly axial symptoms, is a risk factor for demen-
tia. 112191326 Reduction in HRQL was strongly determined by
baseline disability status as measured by S&E, but also by psycho-

2

sis scores. Previous studies®?’ also found S&E to be very signifi-
cantly related to HRQL change, but not psychosis. Again, a
longer duration of symptoms in our cohort could explain the dif-
ference, because psychosis, a symptom that usually appears later,
could be more discriminant as the disease progresses. None of
the models could significantly predict motor dysfunction or dis-
ability progression. This could eventually be explained by partial
compensation of motor and disability progression by increased
dopaminergic doses.

The Predictive Value of NMSS
and the Separate Battery of NMS
Scales

Our study suggests that NMSS is more useful as a predictor than
the battery of separate scales, because none of the scales in the latter
was significantly associated with any of the outcomes in multivariate
analysis. Conversely, NMSS Domain 4: perception/hallucinations
proved useful both for predicting cognitive change and loss of
HRQL. This is in contrast with PPQ, which did not show signifi-
cant predictive value. PPQ could be less specific than NMSS,
because it includes not only hallucinations and delusions items but
also questions related to sleep disturbance and orientation. Discrep-
ancies in findings obtained with the NMSS and the battery of sepa-
rate scales are not surprising, because NMSS aims at being
comprehensive regarding the entire spectra of NMS in PD, whereas
separate scales aim at more in-depth assessing of each function. As
discussed recently,®® the correlation between NMSS items and
other scales, although acceptable, is not strong in every case and
could be influenced by the composite nature of some of the items.

Limitations and Strong Points

Our study suffered a relatively high attrition rate caused by death
and refusal to be reassessed, which diminishes the representative-
ness of our final sample. Patients that refused to be reassessed
were older and had higher levels of cognitive dysfunction than
those that accepted, suggesting that these variables could

894 MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 885-895. doi: 10.1002/mdc3.13262

influence the attrition rates in this type of studies. Cognitive dys-
function could affect patient reasoning, contribute to a dimin-
ished willingness in study participation, or make dislocation to
the study site more difficult. Although MoCA suitability for
assessing cognition in PD has been shown,?” we did not perform
in-depth neuropsychological examination, which must be taken in
account when analyzing cognitive status data. Finally, our sample
could be criticized for being heterogeneous, because it was not
restricted to early stage or de novo patients. We should note, how-
ever, that disease duration at baseline did not influence the progres-
sion in most scores, when comparing groups with different disease
durations at study inclusion. (RBD score was an exception, which
could be related with a higher prevalence of this disorder in long
duration disease, as reported previously).® Our results also suggest
that disability progression, as assessed with the UPDRS 1I, is also
influenced by disease duration. Our study has the advantages of pre-
senting a longitudinal analysis of a wide set of features in PD, and
providing a detailed analysis of NMS, using more than 1 scale for
the same symptoms and outcomes, which permits to compare the
performance of different assessment methods in the same cohort.
Our study has the advantage of evaluating several outcomes simulta-
neously, including HRQL, which has seldom been evaluated in a
longitudinal manner.

Conclusions

Our study suggests that the progression of NMS in PD patients is
heterogeneous. Worsening is more significant regarding psycho-
sis, apathy, and objective cognitive dysfunction. In this regard,
scales that isolate these symptoms specifically, instead of aggregat-
ing them in the same score, could be more useful. Different out-
comes varied differently and conclusions about the progression of
the same outcome could depend on the scale used. Finally, the
multivariate analysis has shown that S&E and NMSS Domain 4:
perception/hallucinations scores are the stronger predictors of
HRQL and cognitive dysfunction variation.
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