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ABSTRACT: Background: In patients with Parkinson’s
disease (PD), sleep, mood, cognitive, autonomic, and
other non-motor symptoms may fluctuate in a manner
similar to motor symptoms.
Objectives: To validate a final version of a patient-rated
questionnaire that captures the presence and severity of
non-motor fluctuations in levodopa-treated PD patients
(NoMoFA).
Methods: We recruited PD subjects from five movement
disorders centers across the US and Canada. We
assessed the internal consistency, floor and ceiling
effects, test–retest reliability, and concurrent validity of
NoMoFA. Classical test theory and item response theory
methods informed item reduction and Delphi process
yielded a final questionnaire.
Results: Two hundred subjects and their care-partners
participated in the study (age: 66.4 � 9.6 years; disease
duration: 9 � 5.5 years; median Hoehn and Yahr [H&Y]
OFF: 3 [range 1−5]; mean Unified Parkinson’s Disease
Rating Scale (UPDRS) III ON score: 27.4 � 14.9).

Acceptability of the scale was adequate. There were floor
effects in 8/28 items. Cronbach’s alpha was 0.894. While
eight items had “item-to-total” correlations below the
cutoff of 0.4, removing these items did not improve
Cronbach’s alpha. Test–retest reliability was acceptable
(intraclass correlation coefficient [ICC] 0.73; 95% confi-
dence interval, 0.64−0.80). Concurrent validity was ade-
quate with all Spearman’s rho values comparing
NoMoFA score to other measures of parkinsonian sever-
ity showing significance and in the expected direction. A
final Delphi panel eliminated one item to avoid
redundancy.
Conclusions: The final 27-item self-administered
NoMoFA is a valid and reliable questionnaire, capturing
both static and fluctuating non-motor symptoms in PD.
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Non-motor fluctuations (NMF) are the dynamic sub-
set of non-motor symptoms (NMS). NMF have increas-
ingly been recognized as important and disabling
symptoms of Parkinson’s disease (PD).1,2 NMS may
fluctuate in parallel with motor symptoms and in rela-
tionship to plasma dopamine concentration, although
the exact mechanism of NMF remains speculative.3,4 It
is important to differentiate static from fluctuating
NMS as they may have different pathophysiology and
response to treatment.
Recent recognition of the impact of NMS on quality

of life has driven efforts to create valid, reliable ques-
tionnaires to capture and quantify NMS.5-7 Some of
these questionnaires have included items probing
selected non-motor OFF symptoms but none capture or
quantify the entire spectrum of NMF in both the ON-
and the OFF-medication conditions. We sought to cre-
ate and validate a patient-rated questionnaire with the
goal of reliably capturing and quantifying NMF to meet
clinical and research needs.

Methods
Initial Scale Development

An initial version of the Non-Motor Fluctuation
Assessment (NoMoFA) questionnaire8 was created fol-
lowing the US Food and Drug Administration (FDA)
guidance for development of patient-reported outcome
(PRO) instruments.9 We used qualitative research meth-
odology of patient-based nominal group technique and
focus groups with framework analyses10 to identify
NMS susceptible to fluctuations impacting the patient’s
function. A Delphi panel11 composed of members from
the Quality Standards Subcommittee on Non-Motor
Symptoms in PD of the American Academy of Neurol-
ogy12 reviewed all available information (nominal
group, focus group, literature review, and professional
experience) to develop an initial list of 28 items for the
scale. The scoring of this initial scale identified a given
NMS and asked if it was related to when levodopa was
working (ON) or not (OFF), and rating the severity of
the symptom (mild, moderate, severe) if ON or OFF.

Initial Examination of Clinimetric Properties
The clinimetric properties of this first version of

NoMoFA were initially examined in a sample of
129 patients with PD, recruited from three specialized
clinics, who completed the questionnaire on their own
or with the assistance of a care-partner if needed. The
study cohort’s mean age was 65.2 � 10.1 years, had a
disease duration of 6.3 � 4.2 years, were 58% men,
and took 812.2 � 418.9 mg levodopa-equivalent daily
dose (LEDD).13

Basic clinimetric properties of this scale were exam-
ined including internal consistency (Cronbach’s

alpha)14 and item-to-total correlation. The thresholds
for acceptable alpha was ≥0.8015 and for acceptable
item-to-total correlation ≥0.40.16 Multiple deficiencies
in clinimetrics were noted, with ON items particularly
poor for Cronbach’s alpha (0.733) and low item-to-
total correlations (<0.40).
It was determined that the item scaling and the scor-

ing scheme for the scale were contributing to these poor
clinimetric properties. The Delphi panel then modified
the item scaling and the scoring scheme to first ask sub-
jects if the behavior was present, then rated the severity
of the behavior if present, and then indicated if the
behavior was worse when ON, when OFF, or if there
was no difference between ON and OFF. This modifi-
cation was piloted in a sample of 60 patients with the
corresponding analysis demonstrating improved
Cronbach’s alpha and item-to-total correlations.
The scale was then subjected to cognitive inter-

viewing utilizing six new patient/care-partner dyads.
During the cognitive interviews, participants were
asked to review the questionnaire for item relevance,
ease of understanding, and whether response choices
were both exhaustive and mutually exclusive. Using the
results of the cognitive interview, a penultimate ques-
tionnaire was finalized in preparation for further
validation.
This penultimate NoMoFA was composed of

28 items: loss of train of thought, distraction, disorien-
tation, difficulty planning, confusion, word-finding dif-
ficulty, excessive worry, fear, restlessness, hopelessness,
loneliness/isolation, hallucinations, poor decision mak-
ing, impulsivity, compulsiveness, poor short-term mem-
ory, difficulty handling stressful situations, apathy, low
energy/fatigue, excessive daytime sleepiness, pain,
altered sensations (numbness, tingling), shortness of
breath, changes in vision, excess sweating, palpitations,
urinary symptoms, and constipation.

Sample Size
Based on a sample size of 5 to 10 subjects for each

scale item17 it was determined that a sample size of
between 140 and 280 was necessary for examining the
28 items of the NoMoFA. Feasibility permitted target
recruitment of 200, well above the suggested minimum
subject-to-item ratio of 5.

Patients
English-speaking patients, with a diagnosis of idio-

pathic PD as per Movement Disorder Society (MDS)
clinical diagnostic criteria,18 and an available care-part-
ner, were invited to participate from five Movement
Disorders Centers across the US and Canada between
September 2018 and September 2019. We sought
patients with mild, moderate, and advanced symptoms
to include the entire spectrum of PD severity.
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Exclusion criteria included atypical parkinsonism and
lack of English language fluency of either the patient or
care-partner. While we did not impose a cognitive cut-
off so as to not systematically exclude a significant por-
tion of the population affected by NMF, we obtained
cognitive scores using the Montreal Cognitive Assess-
ment (MoCA)19 battery for reference. If a subject had
cognitive impairment but a care-partner was able to
assist in responding to the questionnaire, the combined
response from the subject and care-partner dyad was
included. If disagreement arose in those questionnaires
with joint subject and care-partner responding, the sub-
ject’s answer was prioritized.

Study Procedures
The study was approved by the institutional review

boards of each participating center and all participants
provided signed informed consent. The consent process
included obtaining consent from the caregiver and
assent from the patient if they were deemed unable to
provide consent due to cognitive impairment. Consecu-
tive idiopathic PD patients presenting to each of the
participating sites for their regular clinic appointments
were screened for use of levodopa and fluctuating PD
symptoms (both motor and non-motor) and invited to
participate.
Subjects were recruited across the spectrum of disease

severity (mild, Hoehn and Yahr [H&Y] stages 1−2;
moderate, H&Y stage 3; severe, H&Y stages 4−5).
Periodic review of enrolled study subjects facilitated the
prioritization of underrepresented severity categories.
Identified subjects were scheduled to return in their

best “ON” state to optimally respond to questions
(�1 hour after taking a dose of levodopa). Following
provision of informed consent, the study team adminis-
tered/collected the following data: the Movement Disor-
der Society-sponsored Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS part III)20 and the H&Y
staging,21 baseline demographic information (age at
diagnosis, gender), ON and OFF Schwab and England
(S&E) activities of daily living scale, disease duration,
medication dosage quantified as LEDD,13 and the
MoCA19 battery. The treating movement disorders
physician was queried as to their impression regarding
the presence and severity of the subject’s motor fluctua-
tions (MF) and NMF (mild, moderate, severe).
The package of questionnaires included the NoMoFA

questionnaire, MDS-UPDRS Part Ia Ib, II, and IV,
Scales for Outcomes in Parkinson’s Disease-Autonomic
Dysfunction (SCOPA-AUT),22 Parkinson’s Disease
Questionnaire-8 (PDQ-8),23 and Wearing-Off
Questionnaire-9 (WOQ-9).24 Questionnaires were
packaged in random order that varied across adminis-
trations to nullify any potential order-effect. A sub-
group of subjects were asked to complete the NoMoFA

questionnaire a second time 1 week following the base-
line visit and were provided with a self-addressed enve-
lope to send it back to the investigators. On this second
NoMoFA questionnaire, the subjects were asked to rate
if they had experienced any change in their PD symp-
toms (motor and non-motor) and/or in their PD medi-
cations since the initial assessment 1 week earlier to
ensure stability of symptoms and medications using the
Clinical Global Impression Scale.25

Scoring of NoMoFA
Endorsement of any item as present required scoring

its severity as mild, moderate, or severe (range 1−3).
The total NoMoFA score was calculated as the sum of
the severity scores for all items endorsed (total possible
score: 28 items × 3 = 84). If the endorsed NMS item
was worse in the ON or OFF state, that severity score
was recorded in the “NMF ON” or “NMF OFF” col-
umn, respectively. If the endorsed NMS item did not
fluctuate, it was recorded in the “NMS no difference
column”. The total NMF subscore ON was the sum of
all the “NMF ON” scores; the total NMF subscore
OFF the sum of all the “NMF OFF” scores. The “total
NMF subscore” was the sum of “NMF ON” and
“NMF OFF” subscores. The total (static) NMS score
was the sum of all “NMS no difference” scores. The
total NoMoFA score was calculated using the following
formula: Total NoMoFA = Total NMF (ON + OFF)
+ Total (static) NMS.

Statistical Analysis
Subject demographics and disease-related characteris-

tics were examined using parametric and non-
parametric analyses, as appropriate. Testing of
clinimetric properties was conducted using both classi-
cal test theory (CTT)26 and item response theory
(IRT).27 CTT analyses examined data quality for miss-
ing values and potential floor and ceiling effects defined
as skewness outside of the range −2.00 to +2.00,28

internal consistency as determined by Cronbach’s
alpha,14 with a minimum required alpha of 0.85,15

item-to-total correlation ≥0.40 as minimal acceptable
correlation,16 and construct validity using exploratory
factor analyses to determine the number and types of
constructs with a minimum loading of 0.4029 used as a
criterion for factor relevance. Item redundancy was
assessed by item loading on multiple factors. Dual load-
ing criteria was set at 0.40. IRT analyses using maxi-
mum likelihood parameter estimation30 examined item
discrimination (criterion of ≥1.00)31 and item thresh-
old.32 Test–retest reliability was assessed in a sample of
160 patients tested over 1 week (�2.3 days) using
intraclass correlation coefficients (ICC), with a criterion
of ≥0.70 to indicate adequate stability.28 Concurrent
validity was assessed using Spearman’s rank-order
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correlation coefficient (rho) for assessing the relation-
ship between the NoMoFA and MDS-UPDRS I, II, III,
IV, WOQ-9, PDQ, MF score (as rated by physician),
NMF score (also as rated by physician), SCOPA-AUT,
S&E ON and OFF, and H&Y ON and OFF. We chose
Spearman’s rank-order correlation coefficient due to
the underlying ordinal nature of the data. Frequency of
endorsed NMS and NMF was calculated as the per-
centage of total cases.
All statistical analyses were conducted using Mplus

8.2 (www.statmodel.com), R “mrit” package for the
IRT analyses, and the remainder of the analyses were
conducted in SPSS Version 24 (IBM).

Results
Subjects

The packet of questionnaires was completed by
145 subjects without assistance, 35 subjects with the
assistance of their care-partner, and two care-partners
without assistance from the subject. Data on who was
the respondent were missing from 18 questionnaires.
On average it took �10−20 minutes to complete the
NoMoFA questionnaire. Study subject baseline infor-
mation is included in Table 1.
The proportion of static and NMS and NMF are

included in Table 2.

Examination of Clinimetric Properties
Data quality and acceptability characteristics indi-

cated that the scale was well tolerated, with eight sub-
jects missing one item and five subjects missing two
items when answering the questionnaire. Eight items
demonstrated potential floor effect as evidenced by
skewness values >2.00. Examination of internal consis-
tency indicated an acceptable level of reliability
(Cronbach’s alpha = 0.89) and 20 items had adequate
item-to-total correlations (r ≥ 0.40) (Table 3). Eight
items fell below this cutoff, including Disorientation,
Pain, Altered Sensations, Shortness of Breath, Changes
in Vision, Excess Sweating, Urinary Symptoms, and
Constipation. Removing these items did not increase
the overall Cronbach’s alpha.
Construct validity resulted in parsimonious two-

factor solution, with adequate sampling and sphericity
(KMO adequacy = 0.856, Bartlett’s test = χ2 = 1809.62,
P < 0.0005), accounting for approximately 37% of the
variance. There were no items with dual loadings ≥0.40
and two items that that did not load on either factor
(Altered Sensations and Excess Sweating).
IRT discrimination and threshold values demon-

strated adequate discrimination by most items. Five
items fell below the criterion of ≤1.00 (Disorientation,
Hallucinations, Pain, Altered Sensations, and Shortness

of Breath), although none of these fell below a discrimi-
nation value of 0.50.
Test–retest reliability for the total NoMoFA score

was adequate (ICC = 0.73 [95% CI 0.64-0.79]). Tem-
poral stability for the individual items as assessed using
a weighted Kappa coefficient with linear weighting
demonstrated stability with values >0.3 for all measures
except three (Fear/Feeling Scared, K = 0.294; Impulsive-
ness, K = 0.297; Apathy/Loss of Interest, K = 0.298).
Concurrent validity. Spearman’s rho correlation coef-

ficient compared the NoMoFA score to other measures
of parkinsonian severity (Table 4). Correlation values
were all in expected direction (negative for S&E, posi-
tive for all others) with higher correlation with other
NMS surveys and measures of quality of life.

Final Questionnaire Designation
Following data analysis, investigators reconvened the

Delphi panel to review results and discuss possible item
reduction. Further analysis of four items that performed
suboptimally demonstrated that the Spearman’s corre-
lation between the “Disorientation” and “Confusion”
items was 0.294 and the correlation between “Poor
Decision Making” and “Impulsiveness” was 0.481. The
relatively low correlation between “Disorientation” and
“Confusion” was hypothesized to be due to the low fre-
quency of endorsement of “Disorientation” as an item.
The panel decided that “Disorientation” would be
removed from the final questionnaire as the item related
to “Confusion” sufficiently overlapped and would cap-
ture this construct. The Panel also decided to retain
both “Poor Decision Making” and “Impulsiveness” in

TABLE 1. Baseline study subject characteristics

Subjects (N) 200
Age (mean [y], SD) 66.4 � 9.6
Gender 54% men, 46% women
Disease duration (mean [y], SD) 9 � 5.5
LEDD (mean, SD) 1102.18 � 650.16 mg
MoCA score (mean, SD) 25 � 4
H&Y ON Mild (H&Y 0−2) 58.3%

Moderate (H&Y 2.5, 3) 30.1%
Severe (H&Y 4, 5) 11.6%

H&Y OFF Mild 43.4%
Moderate 35.7%
Severe 21%

S&E ON (median, range) 90%, 20−100
S&E OFF (median, range) 80% 10−100
MDS-UPDRS 1 (mean, SD) 14.62 � 7.18
MDS-UPDRS 2 (mean, SD) 14.93 � 8.20
MDS-UPDRS 3 (ON) (mean, SD) 27.39 � 14.85
MDS-UPDRS 4 (mean, SD) 7.2 � 3.45
NoMoFA total (mean, SD) 19.57 � 11.97

Abbreviations: SD, standard deviation; LEDD, levodopa equivalent daily
dose; MoCA, Montreal Cognitive Assessment battery; H&Y, Hoehn and Yahr;
S&E, Schwab and England activities of daily living scale; MDS-UPDRS,
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale.
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the final questionnaire despite clinimetric testing incon-
sistencies, as these were clinically important and distinct
constructs. The panel agreed that all other items were
clinically relevant and that while some may have shown
floor effects, this could have been due to the fact that
the sample was not completely represented by those of
greater disease severity.
The final validated NoMoFA questionnaire is pro-

vided in Appendix S1. The final scoring table is pro-
vided in Appendix S2. Based on removal of one item
from NoMoFA there were a total of 27 items in the
final questionnaire with a total maximum possible score
for the NoMoFA of 81 (27 × 3).

Discussion

The NoMoFA, developed as a patient-derived and
self-administered questionnaire using qualitative
research methods that impart substantial face and con-
struct validity, was found to be valid and reliable in
capturing both static and fluctuating non-motor symp-
toms in PD. In creating the NoMOFA questionnaire
there was deliberate intention to integrate patient input
in the development of the scale from its inception, to
include only items relevant to patients’ own functional
abilities and not easily rated by outside observers. The

self-rated framework was aimed at reducing the burden
of administration as well providing a questionnaire that
could be accessed remotely in an era where both clinical
care and research are increasingly shifting to remote
applications with the assistance of technology.
An additional priority when conceptualizing the

NoMoFA was to be able to identify the proportion of
NMS that fluctuate (“true” NMF) as well as the propor-
tion of those that do not (“static” NMS). By providing
a comprehensive survey of an individual’s complete
experience with NMS both static and in the ON and
OFF states, NoMoFA has relevant application for mea-
suring the effect of therapeutic interventions designed
to reduce both NMS and NMF.
Other NMS instruments have been developed that

include a subset of NMFs as part of the overall score.
The recently validated Movement Disorder Society
Non-Motor Rating Scale (MDS-NMS)33 is a 52-item
rater-administered survey of NMS with an eight-item
NMF subscale. The items are not differentiated into
their ON versus OFF presence, reflecting only the time
spent in the OFF state. Item selection for the MDS-
NMS was based on the non-motor symptoms scale
(NMSS),34 expert opinion, literature review, and
included patient input through cognitive pretesting and
administration of the preliminary version of the MDS-
NMS. The NMSS34 developed in 2007 and

TABLE 2. Frequency of non-motor symptoms (NMS) with proportion of static and fluctuating NMS (NMF)

NMS Frequency of NMS (%) Static NMS (%) Fluctuating NMS (NMF) (%)

Low energy/fatigue 86.4 50.5 49.5
Word finding difficulty 76.0 64.8 35.2
Loss of train of thought 73.0 62.5 37.5
Pain 69.7 64.3 35.7
Restlessness 66.0 61.5 38.5
Poor short-term memory 65.5 84.9 15.1
Urinary symptoms 62.8 84.8 15.2
Distraction (difficulty completing task) 60.5 71.0 29.0
Excessive daytime sleepiness 59.6 65.3 34.7
Constipation 54.0 87.4 12.6
Difficulty handling stressful situations 51.8 77.0 23.0
Altered sensations 47.7 77.4 22.6
Changes in vision 46.7 85.5 14.5
Difficulty planning an activity 44.5 73.5 26.5
Excessive worry 41.5 82.9 17.1
Shortness of breath 38.5 87.0 13.0
Loneliness/isolation 34.5 86.4 13.6
Sadness/helplessness 31.2 84.9 15.1
Apathy/loss of interest 30.2 86.8 13.2
Excess sweating 29.0 88.0 12.0
Poor decision making 24.1 92.5 7.5
Palpitations 22.5 90.0 10.0
Impulsiveness 22.1 92.0 8.0
Hallucinations 21.0 88.0 12.0
Fear/feeling scared 19.5 88.5 11.5
Confusion 19.0 87.5 12.5
Compulsions/uncontrollable urges 18.5 94.5 5.5
Disorientation 17.5 88.5 11.5
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subsequently modified by Storch and colleagues35 indi-
rectly captures NMF. The NMF score is derived as the
difference between NMSS scores in the ON versus the
OFF state. While this instrument likely identifies NMF,
the need to apply the 30-item clinician-administered
scale in both the ON state and the OFF state is labor-
intensive and may not lend itself readily to research and
clinical practice. The self-administered Wearing-Off
Questionnaire (WOQ)24 has gone through several itera-
tions initially starting as 33 items, then reduced to
19 items, and finally a nine-item questionnaire (WOQ-9),

which was found to be as valid and reliable as the longer
versions. The WOQ-9 combines five motor and four
non-motor items limited to items in the OFF state and
was developed based on expert opinion with no patient
input.
Two commonly used scales that include ratings of

NMS do not include NMF. The validated non-motor
experiences of daily living subscale of the Unified
Parkinson Disease Rating Scale (MDS-UPDRS Ia and
Ib)20 includes items on cognitive, mood and behavioral
symptoms, autonomic symptoms, sleep dysfunction,

TABLE 3. Clinimetric properties of Non-Motor Fluctuation Assessment (NoMoFA) items

Item Missing Skewness
80th
%tile

Corrected item-
total correlation

Cronbach’s
alpha if item

deleted
Factor 1
loading

Factor 2
loading

Item response
theory (IRT)

discrimination

Test–retest
weighted
kappa

Loss of train of
thought

0 0.266 2 0.418 0.893 0.685 1.094 0.488

Distraction
(difficulty
completing task)

0 0.651 2 0.539 0.891 0.639 1.063 0.446

Difficulty planning
an activity

0 1.054 2 0.510 0.892 0.422 1.443 0.393

Disorientation 1 2.649 1 0.362 0.895 0.433 0.720 0.370
Confusion 0 2.399 1 0.495 0.892 0.387 1.508 0.415
Word finding
difficulty

0 0.200 2 0.520 0.892 0.655 1.049 0.464

Excessive worry 0 0.927 2 0.670 0.888 0.637 2.314 0.559
Fear (feeling
scared)

0 2.236 1 0.527 0.892 0.590 2.216 0.294

Restlessness 0 0.468 2 0.574 0.890 0.517 1.401 0.461
Sadness/
hopelessness

1 1.474 2 0.574 0.890 0.732 2.738 0.395

Loneliness/
isolation

0 1.459 1 0.586 0.890 0.691 2.592 0.439

Hallucinations 0 2.269 1 0.431 0.893 0.497 0.755 0.673
Poor decision
making

1 2.274 1 0.504 0.892 0.430 2.234 0.440

Impulsiveness 1 2.268 1 0.411 0.894 0.375 1.342 0.297
Compulsions/
uncontrollable
urges

0 2.427 1 0.434 0.893 0.398 1.325 0.455

Poor short-term
memory

0 0.345 2 0.496 0.892 0.644 1.072 0.532

Difficulty handling
stressful
situations

2 0.670 2 0.633 0.889 0.543 1.567 0.454

Apathy/loss of
interest

2 1.605 2 0.535 0.891 0.582 1.915 0.298

Low energy/fatigue 1 −0.128 3 0.513 0.891 0.468 1.499 0.413
Excessive daytime
sleepiness

2 0.549 2 0.453 0.893 0.362 1.112 0.480

Pain 2 0.212 3 0.334 0.896 0.362 0.528 0.431
Altered sensations 1 0.811 2 0.286 0.896 0.648 0.370
Shortness of
breath

0 1.319 2 0.383 0.894 0.440 0.924 0.621

Changes in vision 1 0.710 2 0.364 0.895 0.314 1.917 0.524
Excess sweating 0 1.757 1 0.303 0.896 1.260 0.546
Palpitations 0 2.304 1 0.411 0.894 0.485 1.493 0.401
Urinary symptoms 1 0.331 2 0.356 0.895 0.315 1.447 0.545
Constipation 2 0.538 2 0.327 0.896 0.310 2.012 0.576
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and sensory symptoms, but it does not address fluctua-
tions in these symptoms. The Scales for Outcomes in
Parkinson Disease-Autonomic Dysfunction (SCOPA-
AUT)22 is a reliable and valid measure of autonomic
NMS in PD, but it too does not address fluctuations in
symptoms.
We intended to recruit a representative sample to maxi-

mize generalizability of the application of NoMoFA in
diverse patient populations. We elected not to exclude
those with moderate or severe cognitive impairment from
the sample (MoCA score was not exclusionary), despite
the concern that reduced cognition would jeopardize the
quality of the data by not providing reliable responses.
We intentionally included these subjects in recognition
that those with more advanced illness were also more
likely to experience greater fluctuations in their symp-
toms.36 We accommodated this limitation by including
patient/care-partner dyads where the care-partner was
able to reliably report the symptoms as a surrogate if the
patient was struggling to answer independently. We did
not examine differences in clinimetric properties between
scales completed by patients alone versus scales completed
by patients and their care-partner due to the limited sam-
ple size of the latter group and the potential for truncated
variance. This examination would be interesting to con-
duct in a planned analysis in future studies.
Our examination of the clinimetric properties of the

NoMoFA demonstrated adequate results. Most items
met our criteria for acceptance. Those few that did not
were either removed from the scale or were determined
by the Delphi panel to be of sufficient clinical impor-
tance to be included even with suboptimal clinimetric
properties. This is an important consideration in devel-
oping clinical rating scales; the inclusion of items

should not be driven solely by consideration of the sta-
tistics.37 In addition, all items demonstrated adequate
test–retest stability, an important marker of reliability.
This is significant in that reliability is the rate-limiting
factor in a scale’s validity.38

In assessing concurrent validity, we sought to
include as many questionnaires as possible to reflect
the wide spectrum of non-motor symptoms while
balancing this with the concern for respondent
fatigue. As such, we limited the number of question-
naires at the expense of potentially excluding relevant
additional questionnaires addressing constructs such
as pain or fatigue. Nonetheless, the direction of all
correlations with respect to the questionnaires we
included was appropriate, with strongest correlations
between MDS-UPDRS I (non-motor symptoms),
PDQ-8, MDS-UPDRS II, NMF-severity (physician-
rated), as well as negative correlations with the ON
and OFF S&E, as predicted. The correlation between
the NoMoFA and the PDQ-8 suggests that greater
NMF burden correlates with worse quality of life.
The concurrent validity results suggest that the
NoMoFA correlates to the largest extent with other
questionnaires capturing NMS more than with those
measuring motor symptoms, and with those question-
naires that capture fluctuating symptoms more than
static symptoms. Interestingly, while MF-severity
(physician-rated), WOQ-9, and UPDRS IV were posi-
tively correlated with NMF, the strength of correla-
tion was less robust, further suggesting that MF and
NMF may not be of equal magnitude and may have a
different impact in an individual, with some studies
suggesting NMF drives a greater reduction in quality
of life than MF.1

The NoMoFA uniquely captured static and fluctuating
symptoms within individuals. Interestingly, fatigue was
endorsed as both the most frequent overall NMS in a vast
majority of subjects, and the NMS that most frequently
fluctuates among all subjects. Likewise, word-finding diffi-
culty, loss of train of thought, excessive daytime sleepi-
ness, pain, and restlessness frequently fluctuated. This has
direct treatment implications for people with PD, as these
NMS are often managed as non-dopamine-sensitive
symptoms, with significant treatment failures and negative
impact on quality of life. The recognition within an indi-
vidual patient of which symptom is static and which fluc-
tuates would allow a more precise and likely effective
approach to symptom management. Indeed, cognitive
symptoms like word-finding difficulties and loss of train
of thought frequently herald a diagnosis of dementia with
limited treatment options; recognition that these symp-
toms could be improved with modification of dopamine-
mediated strategies has significant implications on func-
tion and independence.
Our study has several limitations. Interim review of

enrollment approximately halfway into the study

TABLE 4. Concurrent validity: correlations with other
instruments

Correlation
coefficient rho

MDS-UPDRS part 1 non-motor experiences of
daily living

0.753

PDQ-8 0.686
MDS-UPDRS part 2 motor experiences of daily
living

0.568

NMF severity (physician rating) 0.458
S&E OFF −0.442
MF severity (physician rating) 0.399
H&Y OFF 0.376
MDS-UPDRS part 4 complications of therapy 0.359
S&E ON −0.326
H&Y ON 0.302
WOQ-9 0.295
MDS-UPDRS part 3 motor examination 0.277

Abbreviations: MDS-UPDRS, Movement Disorder Society-Unified
Parkinson’s Disease Rating Scale; PDQ-8, Parkinson’s Disease Question-
naire; NMF, non-motor fluctuation; S&E, Schwab and England; MF, motor
fluctuation; H&Y, Hoehn and Yahr; WOQ-9, Wearing-Off Questionnaire-9.
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revealed that a disproportionate number of subjects
were either mild or moderate in disease severity. As
such, efforts increased to preferentially enroll subjects
classified as severe, however, despite this, only 21% of
the subjects enrolled were ultimately classified as severe.
Our challenge with recruiting advanced patients was
similar to other studies, notably the recent MDS-NMS
validation study33 that also had a predominant mild–
moderate cohort. This is not surprising given the
increased challenge of more severely affected people
with PD to attend outpatient subspecialty clinics.
Patients in later stage of illness may be placed in long-
term care given their high care-needs39 and therefore
excluded from the pool of willing and capable partici-
pants involved in research.

Conclusions

The NoMoFA is the first valid and reliable compre-
hensive patient-derived and patient-administered ques-
tionnaire that captures and quantifies NMF. It has been
created through a methodologically rigorous process
with focus group and cognitive interviewing input, Del-
phi panel deliberations, and two large-scale validations,
to produce a final survey of static and fluctuating NMS.
Integration of NoMoFA into clinical practice and
research protocols will be expected to facilitate efficient
and effective customization of treatment strategies and
augment the value of future research endeavors particu-
larly for therapies that may improve NMS/NMF.
Future work will include determination of the minimal
clinically important difference in NoMoFA scores and
its sensitivity to change (responsivity) with interven-
tions. This will inform our understanding of the natural
history of NMF, its relationship to other symptoms,
and its impact on quality of life.
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