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ABSTRACT: Background: The Movement Disorder
Society—sponsored Nonmotor Rating Scale is an update
of the existing Parkinson’s disease Nonmotor Symptoms
Scale modified to address some limitations in Nonmotor
Symptoms Scale scoring, structure, and symptom
coverage.

Methods: PD patients were recruited from movement
disorder centers in an international, multicenter study.
The Movement Disorder Society Nonmotor Rating Scale,
consisting of 13 domains plus a subscale for nonmotor
fluctuations, was rater administered, along with the Non-
motor Symptoms Scale and other clinical assessments.
Standard reliability and validity testing were conducted.
Results: Four hundred and two PD patients were rec-
ruited (mean age + standard deviation, 67.42 4+ 9.96
years; mean age at PD onset + standard deviation,
59.27 + 10.67 years; median Hoehn and Yahr stage
2 (interquartile range 2-3). Data quality was satisfactory
for all Movement Disorder Society Nonmotor Rating Scale
domains except sexual (6.7% missing data). There were
no floor or ceiling effects for the Movement Disorder Soci-
ety Nonmotor Rating Scale and nonmotor fluctuations
total score; domains had no ceiling effects, but some floor
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effects (13.5%-83.5%). The Movement Disorder Society
Nonmotor Rating Scale and nonmotor fluctuations total
score internal consistency were acceptable (average
Cronbach’s alpha, 0.66 and 0.84, respectively); interrater
reliability was excellent (intraclass correlation coefficient,
>0.95); for test-retest reliability, the intraclass correlation
coefficient was 0.84 for the Movement Disorder Society
Nonmotor Rating Scale and 0.70 for Movement Disorder
Society nonmotor fluctuations total score, and precision
was excellent for the Movement Disorder Society Non-
motor Rating Scale (standard error of measurement,
25.30) and fair for nonmotor fluctuations (standard error of
measurement, 7.06). Correlations between Movement Dis-
order Society Nonmotor Rating Scale score and the
corresponding Nonmotor Symptoms Scale and Move-
ment Disorder Society UPDRS scores were high. There
were no significant sex or age effects. The Movement Dis-
order Society Nonmotor Rating Scale score increased
with increasing PD duration, disease severity, and PD
medication dose (all P < 0.001).

Conclusions: The Movement Disorder Society Nonmotor
Rating Scale is a valid measure for measuring the burden
of a wide range of Nonmotor Rating Scale scores,
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including nonmotor fluctuations, in PD patients. © 2019
International Parkinson and Movement Disorder Society
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Nonmotor symptoms (NMSs) collectively have
emerged as key features of Parkinson’s disease (PD),
evident from the prodromal period to the palliative
stage.! Measurement of individual NMSs in PD and
their overall burden has been made possible by the
development and validation of instruments such as the
Nonmotor Symptoms Scale (NMSS).”> Assessment of
NMSs in PD are now key to value-based health care
and recommended by patient-led organizations and the
International Parkinson and Movement Disorder Soci-
ety (IPMDS).?> The availability of the NMSS has also
allowed NMSs to be assessed in many clinical trials.*'?
The impact of NMS burden on quality of life across all
stages of PD is now well established, and the NMSS
has been used in PD subtyping studies.'>'*

The NMSS was developed approximately 15 years
ago. Since then some deficiencies in NMSS scoring and
structure have been noted (eg, grouping of items such
as depression, anxiety, and apathy in the same domain,
as well as sleep disorders and fatigue), there was recog-
nition of limited coverage of crucial cognitive deficits,
and there was lack of assessment of more recently
described NMSs (eg, nonmotor fluctuations [NMFs]
and impulse control disorders).

The issues listed above led to the development and
validation of a new, updated rater-administered scale,
the IPMDS Nonmotor Rating Scale (MDS-NMS), based
on the NMSS and supported by the IPMDS. Data on
acceptability and reliability of the preliminary version
of the MDS-NMS in a study population of neurologists,
PD patients and healthy controls as part of a cognitive
pretesting study have been reported.!® Here we report
the clinimetric properties of the MDS-NMS from a for-
mal validation study.

Methods
Study Design and Patients

This was an international multicenter cross-sectional
study. English-speaking patients with a diagnosis of PD
based on MDS criteria'® were included. Exclusion
criteria were parkinsonism because of other neurode-
generative diseases or secondary causes, moderate or
greater cognitive impairment, defined as Montreal Cog-
nitive Assessment (MoCA)'” score < 21,'® and active
medical or psychiatric disorders or treatment that pre-
cluded accurate assessments. Patients were recruited
from 6 movement disorders units in England (n = 3)
and the United States (n = 1) from October 2016 to

September 2018. Patients provided their own answers
to questions, and no informed others were involved in
the validation.

Sample Size

A sample size of 400 allowed for factor analysis and
provided a sufficient number of cases for other aspects
of instrument validation.'®!

Assessments

In addition to collecting sociodemographic data, the
following rating scales were administered:

1. MDS-NMS (see Appendix): After the pilot study,’
the final version of the MDS-NMS has 52 items, grouped
according to clinical content into 13 domains: (1) depres-
sion (5 items), (2) anxiety (4 items), (3) apathy (3 items),
(4) psychosis (4 items), (5) impulse control and related
disorders (4 items), (5) cognition (6 items), (7) orthostatic
hypotension (2 items), (8) urinary (3 items), (9) sexual
(2 items), (10) gastrointestinal (4 items), (11) sSleep and
wakefulness (6 items), (12) pain (4 items), and (13) other
(5 items; unintentional weight loss, decreased smell,
physical fatigue, mental fatigue, and excessive sweating).
Items are scored for frequency (from 0 [never]| to
4 [majority of time]) and severity (from 0 [not present] to
4 [severe]), which are multiplied to generate the item
total score. Scores for each domain and the total rating
scale (maximum, 832 points) are calculated by summing
the corresponding items.

The NMF subscale has 8 items: depression, anxiety,
thinking or cognitive abilities, bladder symptoms, rest-
lessness, pain, fatigue, and excessive sweating. Each
item is scored for typical degree of change from “on”
to “off” periods, from 0 (no change) to 4 (large). The
sum of degree of change for the 8 items is multiplied by
the amount of #ime spent in the “off” state with NMSs,
which ranges from 1 (rarely) to 4 (majority of time).**
Maximum possible score is 128.

2. NMSS: Composed of 30 items, grouped into
9 domains (cardiovascular, sleep/fatigue, mood/apathy,
perceptual problems/hallucinations, attention/memory,
gastrointestinal tract, urinary, sexual function, and mis-
cellaneous). Item scores for severity (from 0 to 3) are
multiplied by scores for frequency (from 1 to 4),
reaching a maximum item score of 12 (range, 0-12).
Total score for domains and the full scale are obtained
by sum of the corresponding items (0-360 points for
total score).?
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3. MoCA: For global cognition.”

4. MDS-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS): The MDS-UPDRS includes 4 parts:
part I, Nonmotor Experiences of Daily Living (nM-
EDL); part II, motor experiences of daily living (M-
EDL); part IIl, motor examination (ME); and part IV,
motor complications (MCompl). In addition, it contains
the Hoehn and Yahr scale (HY), a tool for grading
severity of PD.**

5. Clinical Impression of Severity Index for PD (CISI-
PD): A rater-based global severity assessment specific
for PD, with 4 items (motor signs, disability, cognition,
and complications), each rated from 0 (normal) to
6 (very severe/severely disabled).®

6. Patient Global Impression of Severity (PGIS): A self-
assessed severity rating scored from 0 (no symptoms) to
S (very severe).2%27

7. Information on current PD treatment was
obtained. Levodopa-equivalent daily dose (LEDD) was
calculated.”®

Procedures

The study was approved by the institutional review
boards of the participant centers, and the study con-
ducted according to Good Clinical Practice.”® Patients
meeting inclusion criteria signed informed consent before
study participation. Assessments were performed during
the “on” state when possible. All patients completed the
MDS-NMS at baseline, a subset of 123 patients com-
pleted retest evaluation within 7-14 days of baseline, and
a subset of 164 patients underwent interrater evaluation.
Patient assessments between US and UK clinics were
harmonized.

Data Analysis

Data were stored and analyzed centrally at the
National Center of Epidemiology (Madrid, Spain).
Descriptive statistics were used to describe sample char-
acteristics and assessment scores. The primary variables
in the study had nonnormal distribution (Shapiro-
Francia test, all <0.001). After checking for missing
data (acceptable, <5%),>° the following clinimetric
properties were assessed:

1. Acceptability: Floor and ceiling effect (satisfactory
threshold, <15%)>'; skewness (criterion values, from —1
to +1)*%; and range of observed versus theoretical values.

2. Internal consistency: For each domain: (1) interitem
correlation (standard values, 0.20-0.75)*% (2) item
homogeneity coefficient (standard, 0.15 for broad
domains)**; (3) corrected item-total correlation (standard,
>0.20)%; and (4) Cronbach’s alpha (standard, >0.70).3°

3. Reproducibility:  Test-retest (baseline and
7-14 days later) and interrater (2 raters) reliability were
analyzed with percentage of agreement and weighted
kappa (kappa,,) with quadratic weights for items and

r MDS-NONMOTOR SCALE

INITIAL VALIDATION

intraclass correlation coefficient (ICC, 1-, and 2-way,
random effect) for domains and total scores. Kappa
values > 0.60 (substantial agreement)®* and ICC
> 0.70%° were deemed satisfactory.

4. Precision: Estimated by standard error of measure-
ment (SEM) based on agreement in test-retest, according

to the formula SEM=5SDpoeq*\/(1-7xx), where
SDpooled = \/ (SD7 +SD3) /2 and 7, are the ICC of the

TABLE 1. Descriptive statistics of the sample

n %

Sex

Men 250 62.2

Women 152 37.8
Civil status

Singled 52 12.94

Married 297 73.88

Widowed 29 7.21

Divorced 24 5.97
Activity:

Employee 9N 22.7

Retired/pensioner 295 73.6

Housewife 2 0.5

Other 13 3.2

Mean (SD) Range

Age 67.42 (9.96) 35-93
Age at onset 59.27 (10.67) 26-93
Disease duration 8.20 (5.93) 0-35

LEDD 735.29 (554.46) 0-3180
Education (years) 15.11 (3.80) 4-30
MoCA total score 26.74 (2.48) 21-30
NMSS

Domain 1. Cardiovascular 1.25 (2.33) 0-18
Domain 2. Sleep/fatigue 7.85 (8.36) 0-48
Domain 3. Mood/apathy 5.89 (9.39) 0-51
Domain 4. Perceptual 1.04 (2.75) 0-21
problems/hallucinations
Domain 5. Attention/memory 4.29 (5.87) 0-30
Domain 6. Gastrointestinal 3.78 (5.22) 0-30
Domain 7. Urinary 6.45 (7.86) 0-36
Domain 8. Sexual 3.30 (6.16) 0-24
Domain 9. Miscellaneous 7.39 (7.53) 0-36

Total score 41.39 (35.20) 0-197
MDS-UPDRS

Part | 10.58 (6.72) 0-35

Part Il 12.12 (8.16) 0-38

Part Il 29.45 (13.73) 3-76

Part IV 3.15(3.73) 0-19
Patient Global Impression of Severity

Normal 5 1.3

Minimal/mild 256 65.0

Moderate 112 28.4

Severe/very severe 21 53
CISI-PD 6.91 (3.64) 0-21

SD, standard deviation; LEDD, levodopa-equivalent daily doses; MoCA,
Montreal Cognitive Assessment; NMSS, Nonmotor Symptoms Scale;
MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease
Rating Scale; CISI-PD, Clinical Impression of Severity Index Parkinson’s
Disease.
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test-retest. SEM values lower than half SDq0eq Were
considered acceptable (ICC >0.75).

5. Hypotheses testing: For convergent validity, we
hypothesized that MDS-NMS domains would be highly
associated (Spearman rank correlation coefficient value,
rs > 0.50)*¢ with corresponding components of the MDS-
UPDRS part 1 and NMSS and moderate or weak correla-
tion (rs = 0.20-0.50) with other PD severity measures.
The known-groups validity of the MDS-NMS and NMF
was tested by determining the difference in total scores for
subgroups based on sex, age, HY, PGIS, PD duration,
and LEDD (the latter 2 groups stratified by tertiles).

Results

Cohort Characteristics

The sample included 402 PD patients, 234 (58.2%)
from England and 168 (41.8%) from the United States.
Of these 62.2% were men and had mean age + SD of
67.42 4+ 9.96 years and an average age at PD onset +
SD of §9.3 £ 10.7 years. Median HY stage was 2 (inter-
quartile range 2-3; range, 1-4). Sociodemographic and
clinical characteristics are detailed in Table 1.

Data Quality and Acceptability

Table 2 shows the data quality and acceptability statistics
of the total score and each domain; for the NMF subscale,
results are presented for both the total sample and the sub-
set of patients who reported NMF (n = 165). The

mean 4= SD MDS-NMS total score was 79.33 & 65.87),
observed range of 0-334. Fully computable data were
92.8% for the MDS-NMS total score and 99.8% to 100%
for all domains except sexual dysfunction, which had miss-
ing data for 6.7% of patients. There were missing data for
1.2% of patients with NMF on that subscale. The MDS-
NMS and the NMF total scores showed no significant floor
effects (0.3% and 3.7%, respectively) or ceiling effects. For
individual domains, there were no ceiling effects, but floor
effects ranged from a low of 13.5% (sleep and wakeful-
ness) to a high of 83.5% (impulse control and related disor-
ders). As a whole, there was a positive skewness that was
higher than the standard, mirroring the floor effect.

Reliability
Internal consistency

Internal consistency results are shown in Table 3. Some
items in 5 MDS-NMS domains and in the NMF subscale
had an interitem (within-domain) correlation less than the
0.20 standard value, but the item homogeneity coefficient
was more than the 0.15 threshold value for all domains
except impulse control and related disorders. Only 3 of
52 items showed a corrected item-total domain correlation
below the standard criterion. Average Cronbach’s alpha
was 0.66 for domains and 0.84 for the NMF subscale.

Test-retest reliability

Test-retest agreement was >95% for 39 of 52 items
on the MDS-NMS and for 5 of 8 items on the NMF

TABLE 2. Data quality and acceptability of the MDS-NMS domains and total score

Missing Mean Median SD Skewness Min Max Floor (%) Ceiling (%)
Total sample (n = 402)
A. Depression 1 5.76 1 10.60 3.00 0 72 43.6 0
B. Anxiety 0 5.95 2 8.45 2.28 0 54 32.8 0
C. Apathy 0 4.00 0 712 2.28 0 36 53.0 0
D. Psychosis 0 1.64 0 4.01 4.06 0 36 68.9 0
E. IC and related disorders 1 0.99 0 3.09 4.39 0 25 83.5 0
F. Cognition 0 9.57 5 11.92 1.83 0 66 19.9 0
G. Orthostatic hypotension 0 2.24 0 4.26 2.66 0 24 58.7 0
H. Urinary 0 7.50 4 9.23 1.80 0 48 25.9 0.8
. Sexual 27 4.48 0 8.01 2.01 0 32 60.0 2.9
J. Gastrointestinal 1 6.09 4 7.83 2.00 0 47 27.9 0
K. Sleep and wakefulness 1 11.08 8 11.34 1.78 0 76 13.5 0
L. Pain 0 8.05 5 9.44 1.75 0 53 241 0
M. Other 0 13.09 12 11.92 0.97 0 56 19.9 0
MDS-NMS total score 29 79.33 61 65.87 1.33 0 334 0.3 0
NMF Change 2 3.28 0 5.33 1.85 0 30 58.8 0
Time in “off” 1 0.86 0 1.08 1.01 0 4 53.6 2.2
NMF total score 2 6.87 0 13.17 2.73 0 88 59.3 0
Sample restricted to patients with fluctuations (n = 165)
NMF change 1 8.00 7 5.61 1.03 1 30 6.7 0.6
Time in “off” 1 1.92 2 0.83 0.73 1 4 329 55
NMF total score 2 16.87 12 16.06 1.71 1 88 37 0.0

SD, standard deviation; IC, impulse control; NMF, nonmotor fluctuations.
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TABLE 3. Reliability of the MDS-NMS domains

INITIAL

VALIDATION

Domain Interitem correlation Iltem homogeneity coefficient ltem-total correlation Cronbach’s alpha
A. Depression 0.40-0.67 0.51 0.63-0.72 0.86
B. Anxiety 0.22-0.58 0.38 0.43-0.68 0.73
C. Apathy 0.37-0.58 0.46 0.30-0.64 0.68
D. Psychosis 0.19-0.48 0.33 0.38-0.64 0.72
E. IC and related disorders 0.00-0.21 0.12 0.05-0.31 0.32
F. Cognition 0.25-0.50 0.40 0.47-0.61 0.81
G. Orthostatic hypotension 0.62 0.62 0.62° 0.76
H. Urinary 0.36-0.43 0.39 0.53-0.61 0.74
I. Sexual 0.57 0.57 0.57° 0.75
J. Gastrointestinal 0.06-0.27 0.16 0.21-0.36 0.45
K. Sleep and wakefulness 0.08-0.37 0.19 0.27-0.50 0.61
L. Pain 0.11-0.38 0.22 0.24-0.50 0.59
M. Other 0.01-0.53 0.19 0.12-0.47 0.50
Nonmotor Fluctuations Subscale®

NMF change 0.07-0.52 0.19 0.22-0.54 0.84

ICC, Intraclass correlation coefficient; IC, impulse control; NMF, nonmotor fluctuations.
2n patients with fluctuations (n = 165). b = These domains have only two items; therefore, values are like inter-item correlation.

subscale. Weighted kappa index ranged from 0.26 to
0.86 for MDS-NMS items and from 0.48 to 0.68 for
the NMF subscale items (Table 4). ICC was 0.84 for
MDS-NMS and 0.70 for the MDS-NMF subscale and
ranged from 0.50 to 0.85 for domains.

Interrater reliability

Interrater agreement was >99% for all but 1 item.
Weighted kappa index ranged from 0.89 to 1.00, and
ICC ranged from 0.97 to 1.00 (Table 4). Similar results
were obtained for the NMF subscale (agreement
> 99%; weighted kappa, 0.90-0.99; ICC, 1.00).

Precision

The SEM for the MDS-NMS total score was 25.30,
lower than the corresponding %2 SD6eq (31.63), demon-
strating good precision. However, the SEM for the NMS
subscale was 7.06, slightly higher than the corresponding
Y2 8D pooled (6.45); see Table 4. SEM values for individual
domains are also presented in Table 4.

Convergent Validity

MDS-NMS domains correlated 0.57-0.87 with the
corresponding NMSS domains (Table §). The correla-
tion between MDS-NMS total score and MDS-UPDRS

TABLE 4. Reproducibility parameters of the MDS-NMS

Test-retest (n = 123) Interrater (n = 164)
Precision

Domain Kappa,, ICC Kappa,, ICC SEM
A. Depression 0.45-0.74 0.73 0.91-1.0° 0.99 4.91
B. Anxiety 0.39-0.66 0.66 0.93-0.99 0.99 453
C. Apathy 0.48-0.53 0.62 0.89-1.0° 0.99 4.04
D. Psychosis 0.26-0.68 0.66 0.98-1.0° 0.99 2.35
E. IC and related disorders 0.36-0.94 0.50 0.94-1.0° 1.0 1.57
F. Cognition 0.58-0.74 0.74 0.94-0.98 0.99 5.80
G. Orthostatic hypotension 0.58-0.62 0.56 0.94-0.95 0.97 2.61
H. Urinary 0.68-0.78 0.78 0.96-0.99 0.99 4522
I. Sexual 0.59-0.71 0.70 0.96-1.0° 0.99 412
J. Gastrointestinal 0.59-0.79 0.77 0.98-0.99 0.99 3.372
K. Sleep and wakefulness 0.56-0.74 0.81 0.94-0.99 0.97 4,742
L. Pain 0.45-0.73 0.75 0.99 1.0 4.78%
M. Other 0.65-0.86 0.85 0.95-0.98 0.98 4.39%
MDS-NMS total score — 0.84 — 1.0 25.30?
NMF change 0.48-0.68 0.76 0.90-0.99 0.99 2.61
Time in off 0.70 — 0.97 —

NMF total score — 0.70 1.0 7.06

SEM, standard error of measurement.

3SEM < 14SDpooled:

PRounded figures when weighted kappa value was >0.999.
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TABLE 5. Convergent validity of the MDS-NMS

CHAUDHURI

MDS-NMS Spearman
MDS-UPDRS domains R
1.1 Cognitive F. Cognition 0.50
1.2 Hallucination/psychosis D. Psychosis 0.49
1.3 Depression A. Depression 0.67
1.4 Anxiety B. Anxiety 0.59
1.5 Apathy C. Apathy 0.49
1.6 Dopamine dysregulation E. IC and related 0.31
syndrome disorders
1.7 Sleep problems K. Sleep and 0.54
wakefulness
1.8 Daytime sleepiness K. Sleep and 0.38
wakefulness
1.9 Pain L. Pain 0.60
1.10 Urinary problems H. Urinary 0.68
1.11 Constipation J. Gastrointestinal 0.45
1.12 Lightheadedness G. Orthostatic 0.61
hypotension
1.13 Fatigue M. Other 0.48
2.2 Saliva and drooling J. Gastrointestinal 0.54
2.3 Swallowing J. Gastrointestinal 0.44
2.9 Turning in bed K. Sleep and 0.31
wakefulness
MDS-NMS Spearman
NMSS domains R
1. Cardiovascular G. Orthostatic 0.72
hypotension
2. Sleep/fatigue K. Sleep and 0.73
wakefulness
3. Mood/apathy A. Depression 0.73
3. Mood/apathy B. Anxiety 0.64
3. Mood/apathy C. Apathy 0.59
4. Halluc./perceptual D. Psychosis 0.57
5. Attention/memory F. Cognition 0.73
6. Gastrointestinal J. Gastrointestinal 0.81
7. Urinary H. Urinary 0.87
8. Sexual I. Sexual 0.87
9. Miscellaneous M. Other 0.39
9. Miscellaneous (Pain?) L. Pain 0.72

MDS-NMS, Movement Disorder Society-sponsored Nonmotor Symptoms
Rating Scale; MDS-UPDRS, Movement Disorder Society—sponsored Unified
Parkinson’s Disease Rating Scale; NMSS, Nonmotor Symptoms Rating Scale.
2Pain item from Miscellaneous domain.

Spearman rank correlation coefficients. All, P < 0.0001.

part I was 0.75 and with NMSS total score was 0.88.
Correlation coefficients of MDS-NMS domains with
the corresponding items of the MDS-UPDRS part I
ranged between 0.31 and 0.68. There was also high
correlation between NMF subscale and MDS-UPDRS
motor fluctuations scores (rg = 0.72).

Correlations with other variables in the study are dis-
played in Supplementary Table 18.

Known-Groups Validity

The MDS-NMS total and NMF subscale scores
showed no significant differences between subgroups
defined by sex or age. However, MDS-NMS score
increased significantly with increasing HY stage, PD

duration, LEDD, and PGIS (Kruskal-Wallis test,
P < 0.001 for all); see Supplementary Table 2S.

Discussion

The results presented here represent the primary
clinimetric validation of the English version of the
MDS-NMS from an international multicenter study.
The data indicate that the MDS-NMS has acceptable
clinimetric properties to capture in a single instrument
a broad range of NMSs that occur commonly in
PD. The overall MDS-NMS had no ceiling or floor
effects, acceptable internal consistency, and satisfactory
interrater and test-retest reliability. The good reliability
plus acceptable precision support its use as an outcome
measure in clinical trials.

Data quality was satisfactory for all items and
domains, except for the sexual domain, which had
6.7% missing data. This is not surprising, as some
patients may either have believed that items regarding
sexual performance did not apply to them because of a
lack of sexual activity (but there was no “not applica-
ble” response option), or they have been reluctant to
answer questions about intimate sexual behavior.

For the overall MDS-NMS and the NMF subscale,
there were no floor and ceiling effects, and there were
no ceiling effects for any domain. The lack of ceiling
effects suggests that even the highest severity of any
NMS in PD will be captured by this scale. However,
there were moderate to high floor effects for many
domains, indicating that some NMSs, although impor-
tant and requiring assessment, do not occur universally.
This may currently include impulse control disorders,
which perhaps are less common now given changes in
PD medication prescribing practices (ie, less dopamine
agonist prescribing). The floor effects observed also
help to explain the high skewness values observed in
domain scores and are similar to what was reported in
the original NMSS validation studies.>**’

Most domains (8 of 13) showed good internal consis-
tency. The lower internal consistency in 5 domains indi-
cates a weak relationship between items within those
domains. This was expected, but we had decided in
advance that it was important to group items into
domains based on clinical considerations. As an exam-
ple, the impulse control and related disorders domain
includes gambling, punding, and dopamine dys-
regulation syndrome, which are distinct disorders, but
also overlapping and best considered together. Simi-
larly, the gastrointestinal domain includes dribbling of
saliva and constipation, which are distinct and largely
unrelated disorders. Thus, we think the results reflect
the complexity of the underlying disease rather than a
deficiency of the scale and again are consistent with
findings reported previously for the NMSS.%**°
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For test-retest reliability, most of the MDS-NMS
domains and the NMF showed adequate test-retest
results. Five MDS-NMS domains (impulse control and
related disorders, orthostatic hypotension, anxiety, apa-
thy, and psychosis) reached ICC values under the stan-
dard 0.70, results that were slightly worse than
corresponding findings for the NMSS.”>*%% These sub-
optimal test-retest results for some domains may be
explained, at least in part, by the short-term changes in
NMSs, so test-retest variability may reflect real differ-
ences in the frequency or severity of some symptoms
(52 items assessed, or 22 more than the NMSS).

The interrater reliability analyses showed excellent
results, with all ICC values from 0.97 to 1. Interrater
agreement was >95% in 39 of 52 items for the MDS-
NMS, whereas for the NMF subscale, 5 of 8 items
reached >95% of agreement. These results are indica-
tive of excellent reproducibility of the MDS-NMS,
including the NMF subscale.

The overall MDS-NMS had adequate precision. This
parameter is dependent on reliability coefficient (ICC of
the test-retest) and was satisfactory for the components
with ICC > 0.735, thus reflecting the stability of the mea-
sure. The NMF subscale obtained a SEM value slightly
higher than the criterion.

In relation to convergent validity, the MDS-NMS
domains and total score correlated strongly with the
corresponding elements of the NMSS and MDS-UPDRS.
The NMF subscale showed a close association with the
MDS-UPDRS part IV, suggesting that it is a good com-
plement to the assessment of motor fluctuations in PD.

The MDS-NMS and NMF subscale showed no signif-
icant differences in the sample grouped by sex or age,
results similar to those for the NMSS.>*%° A significant
increase in MDS-NMS scores happened in parallel with
increasing LEDD, perceived disease severity, HY stage,
and PD duration, as occurred with the latter 2 with the
NMSS.>

Taking into account the data from the clinimetric
testing essential for the evaluation of the performance
of a modern scale, the MDS-NMS appears to be an
effective measure for addressing the severity and fre-
quency of a wide range of NMSs that occurs in
PD. The new scale is enriched with domains to evaluate
impulse control and related disorders, while adding
depth to domains assessing cognition and other neuro-
psychiatric aspects of PD, therapeutic challenges that
PD clinicians are confronted with commonly. The new
NMF subscale and its satisfactory performance allow
for evaluation of a distinct and important nonmotor
syndrome in PD and make the instrument potentially
valuable to test the efficacy of treatment for patients
with fluctuations, still a major unmet need.

Several limitations have to be recognized in the pre-
sent study. First, the sample included patients predomi-
nantly with mild to moderate disease severity and with

r MDS-NONMOTOR SCALE

INITIAL VALIDATION

at most mild cognitive deficits. Second, MDS-NMS con-
current validity with diagnostic criteria and other mea-
sures has not been tested yet. Third, sensitivity to
change, either with disease progression or because of
therapeutic intervention, has not been assessed. Future
studies will need to address these issues, as well as vali-
date a self-rated version of the instrument for use in
clinical care and some clinical research studies.

This new scale complements the MDS-UPDRS for
use in epidemiological and clinical trials, allowing users
and policy makers to obtain an in-depth assessment of
the effect of the disease and the impact of investiga-
tional agents. This is especially relevant as recent views
suggest that motor complications in PD may be less
prominent than in the past, whereas evidence for effec-
tive treatments of many NMSs in PD is still quite lim-
ited.>”>*® In addition, we hope that the MDS-NMS will
help policy makers decide on the impact of a drug on
value-based health care, as well as help in creating
national registries using postmarketing surveillance.
Finally, in academic centers, the MDS-NMS and NMF
subscale can help researchers to design clinical transla-
tional studies addressing NMSs in PD.

The need for and importance of a global measure of
NMS rating in PD is evident from the widespread use
of the NMSS over the past decade in clinical trials,
global clinical registries, and epidemiological cohort
studies in PD. Such needs are likely to grow, given that
our understanding of the impact of NMSs in PD, rang-
ing from prodromal to palliative phases, has increased
substantially over time, and treatment developers are
eager to explore global NMS burden as an end point in
clinical trials. The MDS-NMS is well poised, offering a
timely, up-to-date, and state-of-the-art option for the
assessment of these issues. ®
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Appendix

International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)

RATER-ADMINISTERED VERSION
Rate symptoms over past 4 weeks

Patient Name or Identifier:

VALIDATION

Date:
Respondent: O patient [ Informant/Caregiver [ Patient and Informant
Patient’s motor state: [ On O off
SCORING

Average Frequency / Duration: (percentages denote days per week or hours per waking day)

0:  Never

1:  Rarely (£10% of time)

2:  Sometimes (11-25% of time)

3:  Frequently (26-50% of time)

4:  Majority of time (251% of time)

Average Severity:

0 Not present (only if frequency = 0)

1 Minimal (no distress or disturbance to patient or caregiver)

2:  Mild (minor distress or disturbance to patient or caregiver)

& Moderate (considerable distress or disturbance to patient or caregiver)

4 Severe (major distress or disturbance to patient or caregiver)

Calculations:

Item Total = Frequency multiplied by severity
Subscale Total = Sum of all Item totals for that Subscale
MDS-NMS Total Score = Sum of totals for Subscales A-M

For each question use the following introduction:
“How often have you...” or “How often has the patient...”

If the answer to the question is “Never”, rate frequency/duration as “0”, rate severity also as “0” and move

on to the next question.

If the answer to the question is not “Never”, then ask:

“When you have had... / When the patient has had... [the symptom], how bad has it been on

average?”

When answering questions about an ‘increase’ or ‘decrease’/‘reduction’ in symptoms, use as your
comparison point your/the patient’s experiences on average as an adult prior to having Parkinson’s

disease.

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0
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International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)
RATER-ADMINISTERED VERSION
Rate symptoms over past 4 weeks

Frequency Severity Frequency
(0-4) (0-4) x severity
A. Depression:

1. Felt sad or depreSSed? .uumiimiiiiiiiiccriisinsnnrnreerre e e e e e s s s s s e e s ssssnnnneeesens

. Had difficulty experiencing pleasure?.......ccccourvvmrerinnsssnessninssseeesennns

. Felt hOPEIESS? wuviiiiieei et

. Had negative thoughts about yourself?.......cccceeeriiiiieennicsienennnns

a b ODN

. Felt that life is not worth living? ......eeeiiiciieeinsr s

Subscale A Total

. Anxiety:

B =Y | ALY 0 Y5 =

B Y| a1 Y7o 11 132U

. Had panic or anxiety attacks? ......ccccvirrinmeeinnnsierns e

AW N o m

. Been worried about being in public or in social situations?...............

Subscale B Total

. Apathy:

. Had a reduced motivation to start day-to-day activities? ........ccceueuee

C
1
2. Had a reduced interest in talking to people? ......cooviiiieiciiesiiimeeeeees
3

Subscale C Total

D. Psychosis:

1. Sensed things or people in margins of visual field?
(passage or presence PheNOMENA).....uuuirrrumererisssnresssssssnsresssssnesens

2. Visually misinterpreted an actual object? (illusions) ......ccccevirsiuneeenn

3. Seen, heard, felt, tasted or smelled things that other people did
not? (hallucinations) .......cucceevieinciiiniine e, ‘ ‘ ‘ ‘ ‘ ‘

4. Believed things to be true that others did not?
(e.g., delusions of persecution, jealousy or misidentification) ........... ‘ ‘ ‘

Subscale D Total

E. Impulse control and related disorders:

1. Had an increase in gambling, sexual, buying or eating behaviours? ‘ ‘ ‘ ‘ ‘ ‘

2. Had an increase in other behaviours (e.g., internet use, hobbies,
artistic activities, writing, hoarding)? .....ccccvrvverrinsiere e

3. Repeatedly handled objects without any purpose? (punding) ..........

4. Routinely taken more anti-parkinsonian medications than ‘ ‘ ‘
prescribed? (dopamine dysregulation syndrome)........ccoceeerrrssnneeenns

Subscale E Total

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0
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International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)

RATER-ADMINISTERED VERSION
Rate symptoms over past 4 weeks

Frequency Severity Frequency
(0-4) (0-4) x severity

F. Cognition:

1. Had difficulty remembering thingS? ......ccouereereriissimeeerssseee e

2. Had difficulty learning new thingS?......ccccemeeerrermermmreniessssssssssssssnnnees
3. Had difficulty keeping focus or paying attention? ........cccvvreeinriinnnns

4. Had difficulty finding words or expressing ideas?......ccccevrnrisnreesnnnnans

5. Had difficulty planning or carrying out complex tasks, not due to ‘ ‘ ’ ‘ ‘ ‘
motor problems? (executive abilities) ......uceeeeeerirrerieerrressrre s

6. Had difficulty judging the position of things? (visuospatial ‘ ‘ ‘
= 011 1= PR

Subscale F Total

G. Orthostatic hypotension:

1. Felt lightheaded or fainted when changing position?.........cccceeevuneees

2. Had dizziness or weakness on standing? .......ccoeeeernnnnisnesnnsnnnnn

Subscale G Total

H. Urinary:

1. Had an urgent need to empty bladder? (urinary urgency) .......cccueuues ‘ ‘ ’ ‘ ‘ ‘

2. Had to empty bladder more than every 2 hours?
(T =T VA (=T (U 1= o2 PR

3. Had to empty bladder more than twice overnight? (nocturia) ...........

Subscale H Total

l. Sexual:

1. Had decreased sexual drive or interest in SEX? ....uuuevvrrreererrereennnnnes ‘ ‘ ‘ ‘ ‘ ‘

2. Had difficulty with sexual arousal (e. g., erectile dysfunction or
vaginal dryness) or sexual performance not related to motor
problems (e. g., not related to Parkinson’s rigidity)? .......ccceeeeeesnnnees ‘ ’ ‘

Subscale | Total

. Gastrointestinal:

. Had any drooling of Saliva?......ccccccemmminnismeesnnsrr e

. Had difficulty SWallowWing? ......cceecceesrmmiissseeeeresssenr e sssssee s smeee e

. Had nausea or felt sick in the stomach?......cccoorirrrereeeniniciiinenneenns

A WON -~ G«

. Had constipation? (defined as <3 bowel movements/week).............

Subscale J Total

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0



International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)

RATER-ADMINISTERED VERSION
Rate symptoms over past 4 weeks

Frequency Severity Frequency
(0-4) (0-4) x severity
K. Sleep and wakefulness:

1. Had difficulty falling asleep or staying asleep? (insomnia).........ceee... ‘ ‘ ‘ ‘ ‘ ‘

2. Acted out dreams while asleep, such as shouting, flailing arms,
punching, or running movements? (REM sleep behaviour) .............. ‘ ‘ ’ ‘ ‘ ‘

3. Dozed off or fallen asleep unintentionally during waking hours?
(e.g., during conversation, at mealtimes, or while driving, watching ‘ ‘ | ‘ ‘ ‘
television; excessive daytime SIEepiNess) ....uuvervrrrrrinrreriisssssneeeennnns

4. Had an irresistible urge to move legs or arms when sitting or
lying down which improved with movement? (restlessness)............. ‘ ‘ ‘ ‘ ‘ ‘

5. Had any involuntary jerky movements in arms or legs during sleep ‘ ‘ ‘ ‘ ‘ ‘
or while resting? (periodic limb movements)........ccceeveeireereesceeeeeennees

6. Woken at night due to snoring, gasping or difficulty with
072 11 11 o ‘ ‘ ‘

Subscale K Total

L. Pain:

1. Had muscle, joint or back pain? .....ccccccriviemmeere e

2. Had a deep or dull aching pain within the body? .......ccoccvireeiiiiiinns

3. Had pain due to abnormal twisting movements of arms or legs
or body, often present in the early morning period? (dystonia) .........

4. Had other types of pain? (e.g., nocturnal pain, orofacial pain)..........

Subscale L Total

M. Other:

1. Had an unintentional weight loss?
(rate frequency as either not present (0) or present (4);
for severity rate 0 (only if frequency = 0), 1 (minimal), 2 (mild), ‘ ‘ ‘ ‘ ‘ ‘
3 (moderate), Or 4 (SEVEIE)) weceeeeeerrrrrrrrrrrrerrasassssnereessssssnneeesssssssnns

2. Had a decrease in sense of smell? (impaired olfaction)
(rate frequency as either not present (0) or present (4);
for severity rate O (only if frequency = 0), 1 (minimal), 2 (mild),
3 (moderate), Or 4 (SEVEIE)) wivvvueeerrrirssssnsrrssissssssssrsesssssssssesssssssnas

3. Felt excessively physically tired? (physical fatigue)......ccceerrirrrinennns

4. Felt excessively mentally tired? (mental fatigue) .....cccceeevvrecceeeennnn.

5. Had excessive sweating not related to temperature? ......cccceeeeecueens

Subscale M Total

MDS-NMS TOTAL SCORE

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0



International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)

RATER-ADMINISTERED VERSION
Rate symptoms over past 4 weeks

MDS-NMS Non-Motor Fluctuations (NMF) Subscale
Do you / Does the patient experience changes in non-motor symptoms (as listed below) in relation to the
timing of anti-parkinsonian medications (i.e., symptoms occurring or worsening during “Off” period)?

D Yes D No

If no, MDS-NMS NMF Total Score (below) =0

If yes, please complete the following section:

SCORING
Typical degree of change from “On” to “Off” period:
0:  No change
1:  Minimal
2:  Small
3:  Medium
4: Large
Subscore “Change” = Sum of all “Degree of change” items
MDS-NMS NMF Total Score = Subscore “Change” multiplied by Subscore “Time”
Degree of change
(0-4)
1. Depression (as listed in SUDSCAIE A)....uueeiiiiiiiiiiiereeir e
2. Anxiety (as listed in SUDSCAIE B) ...cccciueeirriimeeirriie s issr s s
3. Thinking or cognitive abilities (as listed in Subscale F).....ccccooiiiiimmeieiierre e
4. Bladder symptoms (as listed SUDSCale H)....ooccceimmreeriiiiicrerrre e
5. Restlessness (as listed in Subscale K, ifemM 4) ...
6. Pain (as listed in SUDSCAIE L) ..uiicciieeeeeeiiiicceeree s
7. Fatigue (as listed in Subscale M, items 3 and 4) ......covvciierirriner i
8. Excessive sweating (as listed in Subscale M, item 5).......ceirriiicciiimmmreernnsssserre e
Time spent in non-motor “Off” state: “Snl?li 'yohf:,!‘éhﬂznge,,
1:  Rarely (< 10% of waking day)
2 Sometimes (11-25% of waking day) MDS-NMS NMF
3. Frequently (26-50% of waking day) Subscore “Time™
4 Majority of time (= 51% of waking day)

MDS-NMS NMF Total Score
(Subscore “Change” x “Time”)

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0



Patient Name/ldentifier: Date:

MDS-NMS Score Sheet
RATER-ADMINISTERED VERSION
Item Total = Frequency multiplied by Severity

Subscale Total = Sum of all Item Totals for that Subscale
MDS-NMS Total Score = Sum of Totals for Subscales A-M

Respondent: [ Patient [ Informant/Caregiver [ Patient and Informant
Patient’s motor state: [] On L] off
A. Depression Frequency | Severity Total

1. Sad or depressed

2. Experiencing pleasure

3. Hopelessness

4. Negative thoughts

5. Life not worth living

Depression Subscale Total

B. Anxiety Frequency | Severity Total

1. Worried

2. Nervous

3. Panic or anxiety attacks

4. Social phobia

Anxiety Subscale Total

C. Apathy Frequency | Severity Total

1. Interest activities

2. Interest talking

3. Emotions

Apathy Subscale Total

D. Psychosis Frequency | Severity Total

1. Passage or presence phenomena

2. lllusions

3. Hallucinations

5. Delusions

Psychosis Subscale Total

E. Impulse control and related disorders | Frequency | Severity Total

1. Impulse control disorders

2. Other compulsive behaviors

3. Punding

4. Dopamine dysregulation syndrome

Impulse Control and Related Disorders Subscale Total

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0



Patient Name/ldentifier: Date:

. Cognition Frequency | Severity Total

. Remembering

. Learning new information

. Focus or attention

. Execute complex activities

. Judge position of things

F
1
2
3
4. Find words or express ideas
5
6
Cc

ognition Subscale Total

G. Orthostatic hypotension Frequency | Severity Total

1. Lightheaded or fainted

2. Dizziness or weakness

Orthostatic Hypotension Subscale Total

H. Urinary Frequency | Severity Total

1. Urinary urgency

2. Urinary frequency

3. Nocturia

Urinary Subscale Total

l. Sexual Frequency | Severity Total

1. Sex drive or interest

2. Sexual arousal or performance

Sexual Subscale Total

J. Gastrointestinal Frequency | Severity Total

1. Drooling

2. Swallowing

3. Nausea or sick in stomach

4. Constipation

Gastrointestinal Subscale Total

K. Sleep and wakefulness Frequency | Severity Total

1. Falling or staying asleep

2. Acting out dreams

3. Dozing off

4. Urge to move extremities

5. Involuntary movements

6. Snoring or difficulty breathing

Sleep And Wakefulness Subscale Total

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0



Patient Name/Identifier: Date:
L. Pain Frequency | Severity Total
1. Muscle, joint, back pain
2. Deep or dull pain
3. Abnormal twisting movements
4. Other pain
Pain Subscale Total
M. Other Frequency | Severity Total
1. Weight loss

2. Decreased smell

3. Physical fatigue

4. Mental fatigue

5. Excessive sweating

Other Subscale Total

MDS-NMS TOTAL SCORE

MDS-NMS Score Sheet — Non Motor Fluctuations
Subscore “Change” = Sum of all “degree of change” items
Subscore “Time” = Time spent in non-motor “Off” state
MDS-NMS NMF Total Score = Subscore “Change” multiplied by Subscore “Time”

NON-MOTOR FLUCTUATIONS
(optional)

Typical degree of
change from “On” to
“Off” period

1. Depression

. Anxiety

. Thinking or cognitive abilities

. Bladder symptoms

. Restlessness

. Pain

. Fatigue

0N |~ WIN

. Excessive sweating

Subscore “Change”

Subscore “Time”

MDS-NMS NON-MOTOR FLUCTUATIONS TOTAL SCORE

Copyright © 2019 International Parkinson and Movement Disorder Society. All rights reserved. | Version 1.0




International Parkinson and Movement Disorder Society —
Non-Motor Rating Scale (MDS-NMS)

Glossary of Terms

A. Depression: a mood disorder characterized by sustained change in emotions (sadness, decreased
interest or pleasure), cognition (negative thoughts about life or self, such as hopelessness,
helplessness, indecisiveness, or death or suicide ideation) or behavior (isolative, withdrawn, sleep
disturbances, appetite disturbances)

B. Anxiety: an affective disorder characterized by sustained excessive worrying which can be (1)
generalized and include symptoms such as restlessness, being easily fatigued, mind going blank or
trouble concentrating, irritability, and muscle tension; (2) specific anxiety or panic attacks; (3) fear of
being in public (agoraphobia); or (4) fear of being in social situations (social phobia)

Anxiety or panic attack: abrupt surge of intense fear or intense discomfort, can include shortness
of breath, heart beating fast, upset stomach, sweating, dizziness or faintness, sensation of chill or
heat, or sense something bad is going to happen or even a sense of dying

C. Apathy: a disorder characterized by decreased motor activity (less initiation of motor activity not due
to parkinsonism), emotional expression (less emotional engagement separate from decreased facial
expression due to parkinsonism) or speech (less likely to initiate or engage in conversation)

D. Psychosis: a disorder characterized by changes in perception (passage or presence phenomena,
illusions or hallucinations) or thought (delusions)

Passage phenomenon: visual sensation of something moving in periphery of visual field
Presence phenomenon: visual sensation of person being in periphery of visual field
lllusions: visual misinterpretation of an actual object
Hallucinations: a sensory (visual, auditory, taste, smell, or feeling) experience that is not real or
experienced by other people
Delusions: a belief that something is true for which there is no objective evidence and which
other persons do not hold true

E. Impulse control disorders: a failure to resist an impulse or drive that leads to repeated
engagement in activities that become harmful to self or others; compared with pre-PD behavior
Hoarding: the needless collection of objects and an inability to get rid of them
Punding: the needless or purposeless repetition of a simple motor activity
Dopamine dysregulation syndrome: taking an excess (beyond what is prescribed) of
Parkinson’s medications for their motor or psychological effects, often with significant mood
changes during “on” (irritability, hypomania) or “off” (dysphoria) states

F. Cognition: the activities of thinking, understanding, learning, and remembering
Attention: concentrating on one part of the environment while ignoring other things
Executive abilities: cognitive processes involved in maintaining multiple pieces of information in
the mind at the same time, reasoning, task flexibility, problem solving, and task planning and
execution
Visuospatial abilities: ability relating to visual perception of spatial relationships among objects
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. Orthostatic hypotension: a drop in blood pressure, severe enough to cause symptoms, when
changing from sitting to standing position or from lying to sitting position

. Urinary:
Nocturia: excessive urination at night, defined as more than 2 times overnight

Sexual:
Erectile dysfunction: inability of a man to maintain an erection sufficient for satisfying sexual
activity

Gastrointestinal: relating to the stomach and intestines
Saliva: watery liquid secreted into the mouth by glands, providing lubrication for chewing and
swallowing, and aiding digestion
Swallowing: difficulty swallowing including liquids & solids, as well as choking while swallowing
Nausea: a feeling of sickness with a tendency to vomit
Constipation: infrequent bowel movements (usually less than three bowel movements per week)
or difficult passage of stools

. Sleep and wakefulness:

Insomnia: difficultly falling asleep or staying asleep

Rapid eye movement (REM) sleep: a stage in the normal sleep cycle during which dreams occur
and the body undergoes marked changes including rapid eye movement, loss of reflexes, and
increased pulse rate and brain activity

Pain:
Dystonia: a state of abnormal muscle tone resulting in muscular spasm and abnormal posture
Nocturnal pain: pain overnight
Orofacial pain: pain which is felt in the mouth, jaws or face

. Other:

Olfaction: the action or capacity of smelling

Fatigue (physical): state of excessive physical weariness or exhaustion (after physical exertion),
different from sleepiness

Fatigue (mental): state of excessive mental weariness or exhaustion, different from sleepiness
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