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Abstract: Non-motor symptoms (NMS) in Parkinson’s disease mood/cognition, perceptual problems, attention/memory, gas-
(PD) are common, significantly reduce quality of life and at trointestinal, urinary, sexual function, and miscellany. The met-
present there is no validated clinical tool to assess the progress ric attributes of this instrument were analyzed. Data from 242
or potential response to treatment of NMS. A new 30-item scale patients mean age 67.2 * 11 years, duration of disease 6.4 *
for the assessment of NMS in PD (NMSS) was developed. 6 years, and 57.3% male across all stages of PD were collected
NMSS contains nine dimensions: cardiovascular, sleep/fatigue, from the centers in Europe, USA, and Japan. The mean NMSS

score was 56.5 = 40.7, (range: 0-243) and only one declared
no NMS. The scale provided 99.2% complete data for the
analysis with the total score being free of floor and ceiling
effect. Satisfactory scaling assumptions (multitrait scaling suc-
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mains except cardiovascular (ICC = 0.45). In terms of validity,
the scale showed modest association with indicators of motor
symptom severity and disease progression but a high correla-
tion with other measures of NMS (NMSQuest) and health-
related quality of life measure (PDQ-8) (both, rS = 0.70). In
conclusion, NMSS can be used to assess the frequency and

severity of NMS in PD patients across all stages in conjunction
with the recently validated non-motor questionnaire. © 2007
Movement Disorder Society

Key words: PD; non-motor; UPDRS; questionnaire; quality
of life.

The cardinal clinical features of Parkinson’s disease
(PD) include asymmetric onset of bradykinesia, rigidity,
and resting tremor. These are the consequences of the
loss of dopaminergic neurons in the substantia nigra
pars compacta. However, it is known that other neuro-
transmitter systems degenerate in PD with loss in the
locus coeruleus, substantia innominata, dorsal motor nu-
cleus, and other areas. Braak et al. introduced the concept
of a six-stage pathological process, beginning at “induc-
tion sites” with the degeneration of the olfactory bulb,
and the anterior olfactory nucleus at stage 1 while during
stage 2 the pathological process progresses to lower
brainstem involving the brainstem nuclei, which are
thought to be key areas mediating non-motor symptoms
(NMS) such as olfaction, sleep homeostasis, depression,
and and central autonomic control. Studies have demon-
strated that several symptoms such as olfactory loss,
rapid eye movement sleep disorder, depression, and con-
stipation may precede the motor features of PD.!? Pro-
gression is associated with the development of more
severe NMS that affects cognition, genitourinary, and
gastrointestinal systems, sleep, and a variety of features
that come to dominate PD symptomatology and signifi-
cantly impair the quality of life.>? Although some NMS
such as constipation, sleep disorders, and depression are
treatable, others maybe unresponsive to or even exacer-
bated by dopaminergic medications suggesting that their
critical pathopyhsiological substrate to be outside the
nigrostriatal system. In the Sydney long-term follow-up
study of PD, 52 of the original cohort of 149 were still
alive at 15 years and 40% were in institutional care and
suffering from a high proportion of NMS.? Studies have
also documented the adverse effect of NMS such as
depression on quality of life, institutionalization rates,
and health economics in PD.>24¢ However, although
common, the NMS of PD are often not well recognized
in clinical practice.”-8 NMS are not identified by neurol-
ogists in over 50% of consultations and sleep distur-
bance, in particular, remain unrecognized in over 40% of
PD patients.?

Several instruments are available for the quantification
of motor features (e.g., Unified Parkinson’s Disease Rat-
ing Scale, UPDRS) and health-related quality of life
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[e.g., Parkinson’s Disease Questionnaires (PDQ) 8 and
39], but no scale has yet been developed or validated
specifically for the assessment of the full range of NMS
observed in PD.

We have recently developed and validated a self-
reported questionnaire for PD patients for NMS
(NMSQuest).'* NMSQuest comprises 30 common symp-
toms scored “yes” or “no,” and is designed to provide a
rapid screen for problematic NMS as an aid to clinical
management. It is not a rating scale, nor is it intended to
evaluate the effect of treatment. To provide a method to
quantify NMS, we have developed a scale covering the
range of NMS each scored by the physician for symptom
severity and frequency. We have now completed the first
validation study of the NMSS in an international cohort
of PD patients with a range of disease severity. The
results confirm that the new scale provides a valid and
reliable assessment of NMS in PD.

METHODS

Design

This was an international, cross-sectional, open, mul-
ticenter, one point-in-time evaluation with retest study.

Patients

Consecutive PD patients, of all age groups and disease
severity, satisfying the UK PD Brain Bank criteria for the
diagnosis of idiopathic PD were included.!! Patients with
a diagnosis of parkinsonism because of alternative
causes were excluded. Patients were recruited from
movement disorder and care of the elderly clinics to
include Hoehn and Yahr (HY) stages 1-5, and included
a proportion of untreated cases. Only patients able to
provide informed consent were selected for the study and
demented patients were excluded. In practice, this meant
that the clinician would exlcude patients with significant
cognitive impairment that affected either (1) their ability
to provide informed consent and/or (2) their ability to
provide reliable self-report.

Several centers, who participated in the NMSQuest
study, were included across Europe, USA, and Japan
because we wanted to test the usefulness of the NMSS in
different clinical settings and clinical population.
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Ethical Approval

Central ethical approval for the full study was initially
obtained via the research ethics committee at University
Hospital Lewisham, and subsequently all centers ob-
tained site-specific ethical approval.

Procedure

Scales were translated for non-English speaking pa-
tients. The scales were used by neurologists/care of the
elderly specialists all of whom were involved in the
validation process and development of NMSQuest and
NMS scale. Translation of the scale was therefore
deemed possible in a clinic setting by these investigators
similar to the protocol followed in the NMSQuest study.
The scales and questionnaires used in the study were
applied following a standardized protocol, always in the
same order and there was no reported patient fatigue
while completing the scales.

Assessments

The researcher then completed the following battery
of standard assessment measures: a standard demogra-
phy form, Hoehn and Yahr Scale (HY),!> UPDRS (parts
3 and 4),'3 and various other measures validated for use
in PD. These included the Cumulative Illness Rating
Scale-Geriatrics (CIRS-G) to measure physical comor-
bidity,'4-1¢ the frontal assessment battery (FAB) to mea-
sure cognitive function,!” and the NMSS scale. In addi-
tion, the patient (assisted by the research nurse, if
necessary) completed the following self-assessments:
PDQ-8 (a specific instrument for the assessment of
health-related quality of life in PD),'® a fatigue visual
analogue scale (VAS-F, 0 (the worst imaginable fatigue
state) to 100 (no fatigue at all),'®-2° Hospital Anxiety and
Depression Scale HADS, a self-administered instrument
developed for the detection of mood disorders in non-
psychiatric outpatients attending hospital consulting
rooms?'22), and the NMSQuest.!? The total time required
for a single assessment was ~65 min per patient. Details
of clinimteric validation of these measures in PD are
described elsewhere.!415.17-24

The NMSS

Originally 50 questions were devised after detailed
literature review, expert experience (multidisciplinary
members of the PDNMG, UK PD nurse specialist asso-
ciation), patient-response survey?? (hospital based and
the Parkinson’s disease society of UK), and evaluation of
pilot and extended NMSQuest study data, the latter in-
volving 525 patients from an international setting.!0-24
Broadly, the NMSS reflected the questions flagged in the
NMSQuest, and the scale was aimed to be a practical and

quantitative measure that encompasses the NMS experi-
enced by patients with PD. The 50 items were reduced to
the final 30-item measure by the steering group after
analyzing data from the pilot and the extended
NMSQuest study®?* and item reduction based on factor
analysis. Items were then grouped to nine relevant do-
mains: cardiovascular (2 items); sleep/fatigue (4 items);
mood/cognition (6 items); perceptual problems/halluci-
nations (3 items); attention/memory (3 items); gastroin-
testinal tract (3 items); urinary (3 items); sexual function
(2 items); and miscellaneous (4 items) (annex 1).

The NMSS is rated by the health professionals and
obtained through interview. Score for each item is based
on a multiple of severity (from 0 to 3) and frequency
scores (from 1 to 4) (Fig. 1). The scale can therefore
capture symptoms that are severe but relatively infre-
quent (e.g., hallucinations) and those that may be less
severe but persistent (e.g., constipation, fatigue, or low
mood). This method increases the weight of symptoms
simultaneously that are persistent and severe.

Data Analysis

At the conclusion of the study, coded data were trans-
ferred to the Neuroepidemiology Unit at Carlos III Insti-
tute of Health, Madrid (Spain) for clinimetric analysis.

Data did not fit normal distribution; therefore, non-
parametric statistics were conveniently applied. The fol-
lowing attributes were tested:

1. Data quality (missing data, full computable scale
scores). A 5% value for missing or noncomputable
data was acceptable as the limit.?>

2. The floor and ceiling effect, and skewness. Upper
acceptable value for floor and ceiling effect was
15%?¢ and the limits for skewness were —1 and +1.%7

3. Scaling assumptions were explored by item-conver-
gent/item-discriminant validity (multitrait analysis)
and item-total correlation (corrected for overlap).
Multitrait analysis was performed. We calculated cor-
relation coefficients between a specific item and the
sum of the items in the same domain. If this value was
more than the correlation coefficient with the score of
any other domain plus 2 X standard error of the
correlation coefficient, then the results were consid-
ered as a success result, while a value higher than
correlation coefficient with the score of any other
domain but less than twice the standard errors was
considered as a “probable success.” This was based
on the observations of Smith et al.?> For the item-total
correlation, Spearman rank correlation coefficient (rg)
values higher than 0.30 were deemed acceptable.?8-2°

4. Reliability was tested for both internal consistency

Movement Disorders, Vol. 22, No. 13, 2007
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Non-Motor Symptom assessment scale for Parkinson’s Disease

Patient 1T Na: Initials:

Symptons assessed over the last month. Esch symptom scored with respect te:

Age:

Seventy: 0 = None, 1 ~ Mild: symptoms present but couses little disiress or disturbonce o petient; 2 ~ Moderte: some distress

or disturbance to patient; 3 = Severe: major source of distress or diswrbance 1o pationt

Frequency: 1 = Rarely (<1/wk); 2 = Often {1/wk); 3 = Frequent {several times per week), 4 = Very Frequent (daily or all the time)

Domains will be weighed differentially. Yes! No pnswers are not included in final frequency x sevenity caloulation.

(Brncketed text in questions within the scale is meluded as an explanstory aid).

Domain 1: Cardiovascular including falls

1. Does the patient experience hight-headedness, dizziness, weakness on standing from sitting
or lving position?

2. Does the patient fall because of fainting or blacking out?

SCORE:

Damain 2 Sleep/Tatigue

3. Does the patient doze off or fall asleep unintentionally during daytime activities?

{For example, during conversation, duning mealtimes, or while walching television or reding).

4. Docs fatigue (tiredness) or lack of encrgy (not slowncss) limit the patient’s daytime activities?
5. Does the patient have difficulties falling or staving asleep?

6. Does the patient experience an urge o move the legs or restlessness m legs that improves with
movemen! when he/she is sitting or lving down inactive?

SCORE:

Damain 31 Mood /Cognition

7. Has the patient lost inferest in his‘her surroundings?

B. Has the patient lost interest in doing things or lack maotivation 1o start new activities?
9. Docs the paticnt feel nervous, worried or frightened for no apparent reason?

10. Does the patient seem sad or depressed or has he/she reported such feclings?

11, Does the patient have flat moods without the normal “highs" and * lows™?

12, Does the patient have difficulty in experiencing pleasure from their uspal
getivities or report thal they lack pleasure?

SCORE:
Domain 4: Perceptual problems/hallucinations

13, Does the patient indicate that he/she sees things that are not there?
14, Does the patient have belicfs that you know are not true? {For example,
shout bemng harmed, being robbed or being unfaithful}

15, Does the patient experience double vision?
(2 scparate real objects and not blumed vision)

SCORE:

Severity Frequency Frequemey

00
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FIG. 1. The Non-Motor Symptoms Scale for Parkinson’s disease.

and stability of the measure. Internal consistency was
analyzed by Cronbach’s a-coefficient and item homo-
geneity. Criterion value for a was =0.703° and >0.30
for item homogeneity.3! An exploratory factor analy-
sis by principal component factor method was carried

Movement Disorders, Vol. 22, No. 13, 2007

out with orthogonal and oblique rotations. Test—retest
reliability (individual, model 2, intraclass correlation
coefficient, ICC) was assessed in a subset of patients
(n = 30) who repeated the NMSS 2 weeks later. ICC
values higher than 0.70 are considered acceptable.?®
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Damain 5: Artention/ Memory

16, Does the patient have problems sustaining concentration during activities?
{For example, reading or having a conversation)

17, Does the patient forget things that he/she has been told & short time ago or
events that happened in the last few days?

18, Does the patient forget to do things?

(For example, ke tablets or mm off domestic appliances?)

SCORE:

Domauin 6: Gastrointestinal tract

1%, Does the patient dnbble saliva during the day?
20, Does the patient having difficulry swallowing?

21. Does the patient suffer from constipation?
(Bowel action less than three times weekly)

SCORE:

Domain 7; Urinary

22, Does the patient have difficulty holding urine? (Urgency)

23, Does the patient have to void within 2 hours of last voiding? (Frequency)
24, Does the patient have to get up regularly at night to pass urine? (Nocturia)
SCORE:

Domain 8: Sexual function

25, Does the patient have sliered interest in sex?
[Very much increased or decreased, please underline)
26, Does the patient have problems having sex?
SCORE:

Domzin 9 Miscellancous

27. Does the patient suffer from pain not explained by other known conditions?
(Ts it related to intake of drugs and is il relieved by antiparkinson drugsT)

28, Docs the patient report a change in ability to tasie or smell?

29, Does the patieni report a recent change in weight (oot related o dieting)?
30, Does the patient expericnee excessive swealing? (not related to hot weather)

SCORE:

LQLaL scoR:

Developed by the Infermational Parkinson's Discase Non= Motor Group,

FIGURE 1. (Continued)
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5. Construct validity. The convergent validity (correla-
tion with other measures, which assess the same or
similar constructs) and the discriminative validity
(ability of the scale to differentiate known-groups)
were the construct validity components tested in this

study. It was hypothesized a priori that NMS have a
progressive evolutionary course with a moderate as-
sociation with duration of disease, HY, and UPDRS-
Parts 3 and 4 (rg = 0.30-0.59). Only some compo-
nents of the NMSS are aimed at the evaluation of

Movement Disorders, Vol. 22, No. 13, 2007
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TABLE 1. Score distribution of the applied measures and
non-motor symptoms scale

Measures Mean SD Min Max
UPDRS- section 3 17.43 8.16 2 47
UPDRS- section 4 3.37 3.31 0 16
CIRS-G index 1.85 0.60 1 4
FAB-total 15.00 2.71 3 18
PDQ-8 29.82 18.81 0 93.7
Fatigue-VAS 63.00 21.26 0 100
HADS-anxiety 8.70 5.00 0 21
HADS-depression 8.12 4.80 0 21
NMS questionnaire 10.47 5.01 0 27
NMS scale
Cardiovascular 2.04 3.60 0 21
Sleep/fatigue 12.60 10.35 0 48
Mood/cognition 9.94 13.13 0 72
Perceptual problems 1.71 4.03 0 36
Attention/memory 6.50 8.19 0 36
Gastrointestinal 5.44 5.85 0 26
Urinary 7.66 7.96 0 36
Sexual function 3.67 6.02 0 24
Miscellaneous 6.66 7.44 0 36
Total NMSS 56.46 40.66 0 243

SD, Standard deviation; Min., Minimum; Max, Maximum; UPDRS,
Unified Parkinson’s Disease Rating Scale; VAS, Visual analogue scale;
CIRS-G, Cumulative Illness Rating Scale-Geriatrics; HADS, Hospital
Anxiety and Depression Scale; FAB, Frontal assessment battery;
PDQ-8, Parkinson’s Disease Questionnaire- 8 items; NMS, Non-Motor
Symptoms; NMSS, Non-Motor Symptoms Scale.

fatigue, mood state, and attention/memory; therefore,
the overall correlation with the applied measures for
these constructs, we felt, are likely to be weak (rg <
0.30). Finally, it was expected a high correlation of
the NMSS score with the number of positive
NMSQuest responses and PDQ-8 score (rg = 0.60)
while the association of the NMS with age, age at
diagnosis, and comorbidity could be weak to moder-
ate (rg = 0.40).1032 High correlations (coefficients
0.40 or higher) were expected between the corre-
sponding domains of the NMSS (score) and
NMSQuest (number of positive responses).>®
The discriminative validity was explored by the
comparison of the NMSS scores broken down by
severity level based on HY staging (mild = stages
1-2.5; moderate = stage 3; severe = stages 4 and 5
(Kruskal-Wallis test).
6. Precision of the scale domains (ability of the instru-
ment to detect small differences) was determined by
means of the standard error of measurement (SEM).30

RESULTS

The total number of patients recruited were 242 across
centers in the UK, Italy, Germany, USA, and Japan. Five
cases were excluded because of missing data on the
NMSS.

Movement Disorders, Vol. 22, No. 13, 2007

The age ranged between 35 and 88 years (67.2 = 11.1
years) while the duration of PD ranged from “just diag-
nosed,” 0 to 45 years (6.4 *= 6.lyears). Fifty-seven
percentage of patients were males, and most were clus-
tered around HY stages 2-3 (stage 2 = 19%; 2.5 = 17%;
3 = 32.5%) although patients in stage 1 (9.3%) and stage
5 (2.1%) were also included. Twenty-four patients had
untreated PD at the time of assessment (age, 63.4 = 13
years; duration of PD, 3.0 £ 4.5 years). The descriptive
statistics of the applied measures are shown in Table 1.

The mean NMSS score was 56.5 * 40.7 (median: 46;
interquartile rank: 25-81.5) with a range from O to 243
of a possible maximum of 360. Maximum score (stan-
dardized to percentage on the maximum possible score)
was recorded for six domains: sleep (3 patients); mood
(2); perceptual disorders (1); attention/memory (4); uri-
nary (4); and sexual function (5). Only one patient de-
clared no NMS while another one scored a maximum of
243,

The overall floor and ceiling effect of the total NMSS
score were 0.42% under the upper standard limit of 15%.
Skewness was 1.17 (exceeding the limit +1 by a bor-
derline 0.17 factor only). Both the exception of sleep
significant proportions (17-66%) reported no problems
in the other domains.

The multitrait scaling reached a success, and probable
success rate was higher than 95% for all domains (Table
2), except the miscellaneous domain (47% success rate),
which contained wide ranging, unrelated questions from
diplopia to weight change. Twenty three of the 26 items
(88.5%) contained in eight domains (not including mis-
cellaneous) of the NMSS gained item-total correlation
coefficients higher than the criterion 0.30 (Table 3). The
dimension Gastrointestinal showed the weakest scaling
assumptions by both methods.

Four domains (mood/cognition, attention/memory,
urinary, and sexual function) showed Cronbach’s a-co-
efficient higher than the criterion 0.70 (0.71, urinary, to

TABLE 2. Multitrait scaling results

Succes

Number of Probable rate

Domain correlations® Success success Failure (%)
Cardiovascular 16 16 0 0 100
Sleep/fatigue 32 22 9 1 97
Mood 48 48 0 0 100
Perceptual problems 24 23 1 0 100
Attention/memory 24 24 0 0 100
Gastrointestinal 24 8 15 1 96
Urinary 24 23 1 0 100
Sexual Function 16 16 0 0 100
Miscellany 32 4 11 17 47

*Discounting item-own domain correlations.
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TABLE 3. Item-total correlation and test—retest
of the Non-Motor Symptoms Scale

Item-total Test-retest
Non-Motor Symptoms Scale correlation® (ICC)
Cardiovascular 0.45
Light-headedness 0.46 0.53
Fainting 0.49
Sleep/fatigue 0.92
Daytime sleep 0.32 0.85
Fatigue 0.47 0.95
Difficulty falling asleep 0.36 0.87
Restless legs 0.47 0.74
Mood/cognition 0.96
Lost interest in surroundings 0.65 1.00
Lack motivation 0.68 0.50
Feel nervous 0.61 0.88
Seem sad 0.62 0.90
Flat mood 0.62 0.62
Difficulty experiencing pleasure 0.65 0.82
Perceptual problems 0.83
Hallucinations 0.37 0.77
Delusions 0.44 0.86
Double vision 0.42 0.31
Attention/memory 0.94
Concentration 0.54 0.94
Forget things or events 0.73 0.93
Forget to do things 0.66 0.87
Gastrointestinal 0.84
Saliva 0.23 0.96
Swallowing 0.24 0.60
Constipation 0.21 0.99
Urinary 0.83
Urgency 0.51 0.68
Frequency 0.58 0.64
Nocturia 0.51 0.94
Sexual dysfunction 0.94
Interest in sex 0.65 0.78
Problems having sex 1.00
Miscellaneous 0.65
Pains 0.17 0.63
Taste or smell 0.30 0.95
Weight change 0.10 0.78
Excessive sweating 0.15 0.83

*In domains with two items, interitem correlation.
ICC, Intraclass correlation coefficient.

0.85, mood). Two other, sleep and perceptual problems
reached values around 0.60 and the rest were under the
limit. Mean Cronbach’s a was 0.61. Item homogeneity
analysis showed that all domains exceeded the accepted
standard 0.30 (I; = 0.35-0.57), except sleep/fatigue (I
= 0.29), gastrointestinal (I; = 0.18), and miscellany (I
= 0.11).

Factor analysis identified nine factors that explained
63% of the variance and corresponded approximately to
the a priori defined domains. Factor 1 was composed of
six items included in mood/cognition domain; factor 2,
of three items of perceptual problems dimension; factor
3, of three urinary domain items; and factor 4, of two
items of cardiovascular. Factor 5 included three items

(restless legs, difficulty falling asleep, and fatigue) of the
four-item domain sleep/fatigue. Factor 6 was formed by
the sexual function items plus weight change (miscella-
neous). Factor 7 included constipation and excessive
sweating. Swallowing was the only item loading on
factor 8. Items comprising factor 9 were coincident with
the items of attention/memory.

Twenty-three of the 30 NMSS items (76.7%) showed
ICC higher than the standard 0.70 (Table 3). All dimen-
sions gained ICC values higher than 0.80, except cardio-
vascular (ICC = 0.45).

NMSS score was not significantly associated with age
and only a weak association was found with age at
diagnosis (rg = —0.16, P < 0.05) and duration of disease
(rg = 0.23, P < 0.001). Correlation of the NMSS score
with measures related to PD (HY, UPDRS-Parts 3 and 4)
resulted low to moderate (rg = 0.33—-0.49, P < 0.0001).
As a whole, they were also low with VAS of fatigue,
comorbidity index, HADS, and FAB (ry = 0.23-0.31;
P < 0.001-P < 0.0001) and high with NMS Quest and
PDQ-8 (both, rg = 0.70, P < 0.0001) (Table 4).

The correlation of NMSS domains with independent
measures of related constructs resulted as follows: sleep/
fatigue with UPDRS-Part 4, rg = 0.51; sleep/fatigue with
fatigue VAS, rg = —0.26; mood/cognition with HADS-
anxiety and depression, rq = 0.31 and 0.35, respectively;
mood/cognition with FAB, rg = —0.28; and attention/
memory with FAB, rg = —0.24.

As foreseen, convergent validity between correspond-
ing domains contained in the NMSS and NMSQuest
reached values of 0.44 (NMSS-mood/cognition with

TABLE 4. Convergent validity of the Non-Motor
Symptoms Scale

Variable Spearman r*

Hoehn and Yahr staging 0.33
UPDRS- section 3 0.35
UPDRS- section 4 0.49

UPDRS4-dysk & flct. 0.43

UPDRS4-other compl. 0.45
Fatigue-VAS —0.30
CIRS-G index 0.27
HADS-anx 0.23%
HADS-dep 0.28
FAB-total 0.31
NMSQ-total 0.70
PDQ-8 0.70

*All, P < 0.0001, except *P < 0.001.

UPDRS, Unified Parkinson’s Disease Rating Scale; Dysk & Flct,
Dyskinesias and fluctuations; Other compl, Other complications; VAS,
Visual analog scale; CIRS-G, Cumulative Illness Rating Scale-Geriat-
rics; HADS, Hospital Anxiety and Depression Scale; FAB, Frontal
assessment battery; NMSQ, Non-Motor Symptoms Questionnaire;
PDQ-8, Parkinson’s Disease Questionnaire- 8 items.

Movement Disorders, Vol. 22, No. 13, 2007
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TABLE 5. Precision (sensitivity) of the Non-Motor
Symptoms Scale

Domain SEM SD/2
Cardiovascular 2.71 1.80
Sleep/fatigue 2.93 5.17
Mood/cognition 2.62 6.56
Perceptual problems 1.66 2.01
Attention/memory 2.01 4.10
Gastrointestinal 2.34 2.92
Urinary 3.28 3.98
Sexual function 1.47 3.01
Miscellany 2.90 3.72
Non-Motor Symptoms Scale 7.04 20.33

SEM, Standard error of the measure; SD/2. Half a standard devia-
tion.

NMSQuest-depression/anxiety) to 0.74 (both, NMSS
and NMS Quest, and sexual dysfunction).

NMSS scores, stratified for severity levels of disease,
resulted 46.1 = 34.5 for mild disease; 61.0 = 37.5 for
moderate, and 87.5 = 53.0 for severe disease patients
(Kruskal-Wallis test, P << 0.0001).

SEM for NMSS domains ranged from 1.47 (sexual
dysfunction) to 3.28 (urinary). For the total NMSS, SEM
was 7.04 (Table 5).

NMSS scores were not significantly different by gen-
der or ethnic group. Akinetic subtype of PD had higher
NMS scores (Kruskal-Wallis test, P = 0.05).

DISCUSSION

We describe the development and evaluation of a new
scale (Fig. 1) for the comprehensive assessment of NMS
in PD patients. The scale is relatively easy to administer,
requiring the investigator to administer a total of 30
questions to the patient to be scored for both severity and
frequency. The NMSS alone takes ~10—15 min to ad-
minister. Data from nine domains provide information on
NMS ranging from gastrointestinal, sexual, and sleep
dysfunction to cognitive problems. In spite of the com-
plexity of construct, the scale appears robust, reproduc-
ible, and has acceptable clinimetrics. There is a signifi-
cant relationship between NMSS score and severity of
disease based on HY, NMSQuest, and health-related
quality of life assessments.

This is the first study providing information on the
metric attributes of the NMSS with data captured on a
PD population from countries in three continents. As
usual in clinical samples, intermediate stages of disease
were overrepresented, but patients in all stages of disease
were included. Furthermore, we did not use cut-off
scores on cognitive tests to define dementia. A patient
may therefore have cognitive impairment and still be
included and indeed data from FAB and corresponding
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domains of NMSQuest and NMSS suggest this. How-
ever, this highlights that we have included a “real life”
patient population as indeed, we would expect a signif-
icant proportion to show cognitive impairment. The re-
sults should therefore be generalizable to the broad range
of patients except those with the most severe cognitive
impairment.

Quality of data was very satisfactory, with over 99%
of cases fully computable. Score distribution covered the
complete range of scoring for six domains and for the
total NMSS the difference between mean and median
was low (4.3% of the maximum observed score). There
were no floor or ceiling effects for the NMSS total score
and the skewness was only slightly higher than the
standard limit. NMSS is a complex scale assessing quite
different and often unlinked symptoms not necessarily
related to each other constructs. Therefore, we expect
that a proportion of patients will experience symptoms in
one or more domains, but rarely in all the included
domains. This explains why the less prevalent symptoms
produce the highest floor effects for their domains. How-
ever, the key aim of the scale is to explore the wide range
of NMS that may occur in a patient with PD and provide
a holistic assessment. The diversity of symptoms ex-
plored and their relative prevalence (only one patient had
no NMS) makes it possible to obtain a unified score free
of floor effect.

Scaling assumptions, that test whether the scale items
are correctly grouped and if their scores can be directly
summed to produce a total score, were satisfactory (suc-
cess rate, 96—100%), except for the miscellany domain
(47%) (Table 2). This latter result was expected since the
individual components of this domain (pains, taste/smell,
weight change, and sweating) are, in principle, unrelated
to each other. However, we feel these items need to be
included as the NMSQuest and other studies have indi-
cated the importance of these symptoms to the pa-
tients.'0-3132 In the NMSQuest study, diplopia and
weight change was cited as important by 21.9 and 22%
of an unselected cohort of PD patients across all stages.!©

As a whole, internal consistency was acceptable for a
scale of this type, with multiple domains and a short
number of items per domain (mean N = 3). The most
widely used coefficient, Cronbach’s «, reflects intercor-
relations between items but it is also dependent on the
number of items and even on the type of assessed con-
struct.?8:29:33 To ensure that the NMSS structure was
robust, factor analysis was performed and it supported,
globally, the current structure of the NMSS, although the
items of gastrointestinal domain loosely loaded on sev-
eral factors. Gastrointestinal dimension showed weak-
ness in consistency, reaching values under the threshold
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value also for the item-total correlation. However, the
domain is maintained because it contains relevant symp-
toms in the digestive area: saliva dribbling, dysphagia,
and constipation, cited in the NMSQuest study by pa-
tients to be important and relevant.!° In addition to the
statistical analysis, other criteria (for instance, expert
criterion or relevance for the target population) are also
regarded as a guide to the construction of a health mea-
sure. Thus, the importance of symptoms to patients in
real life has been taken into account independent of the
statistical results.3+3> Nonetheless, we envisage that sim-
ilar to many other scales, future revisions of the measure
may improve the design of the NMSS components.

A test-retest assessment suggested that the NMSS
reliability was satisfactory except for cardiovascular
items and domain, where a single patient response rang-
ing from O (Ist assessment) to 12 (2nd assessment)
induced a dramatic fall of the ICC. The cause of this
large change in a single question remains unclear and as
the number of patients participating in the test-retest
evaluation was relatively small ((n = 30), we cannot
draw any conclusions on this finding.3>

We hypothesized that the NMSS will show a high
association with the number of positive responses both
on the NMSQuest and with the PDQ-8 (Table 4). A
similar structure in contents explains the high corre-
lation between NMSS and NMSQuest. PDQ-8 is a
validated measure of health-related quality of life in
PD and it is recognized that some NMS such as mood
disorders, sleep disturbances, pain, and fatigue are
determinants or strongly associated with health-related
quality of life of patients with PD.>=#.7:8.36-38 Qur re-
sults therefore, support these observations highlight-
ing the importance of NMS for self-reported health
status as measured by PDQ-8 in PD.

The correlation with duration of disease was low, as
also reported in the NMSQuest study.!? It may be antic-
ipated that the diversity of domains included in the
NMSS will preclude an homogeneous linear progression
over time. As in the NMSQuest, NMSS score correlated
moderately with HY stages, as well as motor examina-
tion and motor complications (Table 4),'9 Total NMSS
score increased at each level of disease severity based on
HY stages similar again to the NMSQuest study.!'¢
Therefore, we conclude that progression in motor im-
pairment and disability is accompanied by increasing
burden of NMS as reflected by the NMSQuest and
NMSS studies.

SEM provides an indicator of scale precision.30-3?
Both 1 SEM and '% standard deviation of data can be
regarded as the “minimal important difference” represen-
tative of a real change.**#! We have thus cited both

values for the NMSS domains and total to gain some
information on potential responsiveness of the scale (Ta-
ble 5). In the domains where the reliability index (ICC)
was high, the SEM was lower than half a standard
deviation and vice versa.

There are several potential limitations of this study.
These are discussed as follows:

1. First, the lack of NMSS testing with other measures to
cover all dimensions represented in the NMSS (for
instance, with scales for measurement of sleep, sexual
function, and gastrointestinal disorders) could be con-
sidered a weakness. Methodologically, this would be
difficult to perform in one study because of likely
patient fatigue trying to complete a large number of
scales within a limited time frame in clinic. In this
explorative study, therefore, we have concentrated on
a few specific well-established scales such as the
UPDRS and some others, which would be practicable
to use without causing undue strain on the patient and
excessive respondent and administrative burden.

2. Another potential criticism of this study was the lack
of normal controls to determine the difference be-
tween this population and PD patients. However, we
felt that the ability of the NMSS to discriminate PD
from non-PD or controls is not crucial during the
testing of NMSS at a pilot stage. This scale is not
intended to be a diagnostic scale but is an evaluation
scale. Therefore, we are not attempting to distinguish
the symptoms from normal subjects but intending to
measure the NMS, which have been indicated by
patients completing the NMSQuest as important to
them. As an example, in the NMSQuest study, pain
was not significantly different between PD and con-
trols but it will still be important to be able to measure
pain in PD, an important NMS.” We envisage a
smaller second-stage study during which health con-
trols could be included to characterize what is “patho-
logical” and what is a function of the normal ageing
process.

3. Finally, the small size of the sample for test-retest
could also be considered a limitation.

The issue of the setting where NMSS can be used
merits discussion. It has become clear that a comprehen-
sive assessment of PD is an unmet need, much of it
related to lack of assessment of NMS along with the
motor state in a single practical scale, which provides a
reasonable overview of the burden of NMS in PD. We
feel that the benefits of a specific scale for NMS would
include the ability to identify accurately NMS in patients,
follow their evolution during disease progression and
possibly, determine their response to treatment. The
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strong correlation of NMSS with advancing disease
stages of PD supports the above proposal. It can be
argued that following identification of NMS using
NMSQuest, in depth specific validated scales such as
depression or sleep scales can be applied instead of
NMSS. However, such a process is likely to be very time
consuming and impractical in the clinic. The NMSQuest
study identified an average of 10 NMS per patient across
all disease stages and as such several disease specific
scales may thus need to be applied if these symptoms are
to be explored in detail. This can be avoided by the use
of NMSS, which captures a range of relevant NMS
within one scale.

Evidence-based treatment of NMS in PD is urgently
needed, but in part its development will depend not just
on the identification of NMS but also on the quantifica-
tion of the effects of treatment on patients’ baseline
disability. This requires the use of validated assessment.
Existing PD-specific rating scales largely concentrate on
motor symptoms and a revised movement disorders so-
ciety sponsored version of the UPDRS (MDS-UPDRS)
will include some screening questions on NMS.4243 In-
dividual aspects of non-motor disability in PD are also an
integral part of Scales for Outcomes in Parkinson’s dis-
ease (SCOPA) project.*+4¢ The NMSS, however, en-
ables a comprehensive assessment of the range of NMS
that occur in PD, both for the identification of problems
and measurement of intervention outcome. No such in-
strument exists to date and the NMSS provides the first
step for the health care professional with an objective
and reliable tool to grade and rate NMS. Although future
studies on the NMSS may lead to revisions to improve its
metric properties, until then the NMSS may be consid-
ered a comprehensive, useful measure for evaluation of
NMS in PD patients.
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