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The New Freezing of Gait Questionnaire:
Unsuitable as an Outcome in Clinical Trials?
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ABSTRACT: Background: Freezing of gait (FOG) is a common gait deficit in Parkinson’s disease. The New
Freezing of Gait Questionnaire (NFOG-Q) is a widely used and valid tool to quantify freezing of gait severity.
However, its test-retest reliability and minimal detectable change remain unknown.

Objective: To determine the test-retest reliability and responsiveness of the NFOG-Q.

Methods: Two groups of freezers, involved in 2 previous rehabilitation trials, completed the NFOG-Q at 2 time points
(T1 and T2), separated by a 6-week control period without active intervention. Sample 1 (N = 57) was measured in ON
and sample 2 (N = 14) in OFF. We calculated various reliability statistics for the NFOG-Q scores between T1 and T2 as
well as correlation coefficients with clinical descriptors to explain the variability between time points.

Results: In sample 1the NFOG-Q showed modest reliability (intraclass correlation coefficient = 0.68 [0.52-0.80])
without differences between T1 and T2. However, a minimal detectable change of 9.95 (7.90-12.27) points
emerged for the total score (range 28 points, relative minimal detectable change of 35.5%). Sample 2 showed
largely similar results. We found no associations between cognitive-related or disease severity-related
outcomes and variability in NFOG-Q scores.

Conclusions: We conclude that the NFOG-Q is insufficiently reliable or responsive to detect small effect sizes, as
changes need to go beyond 35% to surpass measurement error. Therefore, we warrant caution in using the
NFOG-Q as a primary outcome in clinical trials. These results emphasize the need for robust and objective
freezing of gait outcome measures.

Freezing of gait (FOG) is a prominent and debilitating symptom assessment is necessary to document FOG severity and its

of Parkinson’s disease (PD). It affects up to 80% of PD patients progression.

during the course of the disease.' > FOG is defined as the inabil-
ity to progress forward stepping despite the intention to walk
and reach a destination.* Furthermore, FOG is one of the most
frequent causes of falls in PD, thus contributing to high fall rates
ranging from 35% up to 90%.">° FOG seriously impedes daily
life functioning and overall quality of life.”® So far, the treatment
of FOG, including pharmacological, surgical, and rehabilitation
interventions, is only partially effective.*” Therefore, new and
more personalized rehabilitation approaches are now being

developed. To evaluate their effectiveness, valid and reliable

A recent review of Mancini and colleagues'® highlighted that
FOG assessment is hampered by several factors in clinical and labora-
tory settings. First, the episodic and unpredictable nature of FOG
increases the likelihood of missing the event during formal or
“online” performance tests of gait. Second, various “testing effects”
may be at play that enhance or reduce the occurrence of FOG, such
as consciously attending to walking, stepping in broad and well-lit
corridors, and experiencing medication effects and stress.*'™"" To
overcome these issues, Giladi and colleagues'" developed the original

Freezing of Gait Questionnaire (FOG-Q), which was later revised
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by Nieuwboer and colleagues'? into the New FOG-Q (NFOG-Q).
Specifically, the NFOG-Q comes with an accompanying video
showing the different types of FOG episodes, making it casier to
explain FOG to patients and improving its recognition.'?

The NFOG-Q is in essence a valid, self-reported questionnaire
assessing the clinical aspects of freezing (frequency and duration)
and its impact on quality of life when looking back during a
period of 1 month.'>"*® The total score ranges between 0 and
28 points and requires a rating of FOG occurrence in both on or
off medication states. The questionnaire is brief and easy to admin-
ister without any additional equipment. The NFOG-Q has
showed a high reliability of scores between people with PD and
their caregivers (intraclass correlation coefficient [ICC] = 0.78;
95% confidence interval [95% CIJ, 0.65-0.87) and also high inter-
nal consistency (Cronbach’s o = 0.84).'*'7 Both the original
FOG-Q and the NFOG-Q have been used frequently as assess-
ment tools in clinical trials'® ' and were endorsed by the “MDS
Task Force on posture, gait and balance instruments” as “rec-
ommended” and “suggested,” respectively.'”

To interpret effect sizes in clinical studies, the reliability, and even
more so the responsiveness of a primary outcome, indicate whether
the effects surpass the measurement error. The most important mea-
sure of responsiveness is the minimal detectable change (MDC),
expressing the smallest change that cannot be attributed to chance or
Surprisingly (and despite the NFOG-Q’s
widespread use), its test-retest reliability and MDC have never been

22
measurement error.

determined.'”**?* Therefore, the aim of this study was to investigate
these metrics for the NFOG-Q, covering a typical time period
needed for studying the effects of rehabilitation, that is, 6 weeks. For
this analysis, we based ourselves on the existing data of 2 recent stud-

ies that used the NFOG-Q as a secondary outcome. >

Methods
Participants

We analyzed the datasets of 2 recent studies in which participants
completed the NFOG-Q at 2 time points (T'1 and T2), separated
by an interval of 6 weeks without active treatment.

Study 1 included 117 participants with PD, with or without
FOG, recruited in 2 centers. They participated in the Duality ran-

. . 2
domized controlled mal,“5’27

comparing 2 6-week training pro-
grams including cognitive and gait training, either combined or
trained separately, aiming at improving dual-task gait velocity
(clinicaltrials.gov; NTC01375413). After randomization, all of the
participants underwent 2 baseline assessments with an interval of
6 weeks, serving as a control period before training started. The
57 patients who had FOG at T1, based on item 1 of the NFOG-Q
score 2 1, were included in the current analysis. The participants
were tested in the on state of medication, although the rating of
FOG severity as part of the NFOG-Q contains both the on and off
states. The inclusion criteria of study 1 were the following: diagnosis
of PD according to the UK Brain Bank criteria,”® Hoehn and Yahr
stages 2 to 3 during the on phase of PD medication,” able to walk
10 minutes continuously, the presence of dual-task interference,”
Mini Mental State Examination >24/30, stable medication during
the past 3 months, no hearing or visual problems interfering with
testing or training, and either no deep brain stimulator or stable
deep brain stimulator settings during the past year. The participants
were excluded if they presented severe balance deficits or
medical conditions other than PD affecting gait. This study received
ethical approval from the Ethical Committee UZ-KU Leuven
(B322201213165) and Central Committee on Research Involving
Human Subjects Region Arnhem-Nijmegen (NL39530.091.12).
Data from dataset 2 served as a verification cohort. This
dataset contained 46 individuals who participated in 2 mirroring
studies with a cross-over design, investigating the effect of a
novel exercise intervention (Cognitive Challenging Agility Boot
Camp®®) on balance in PD patients with and without FOG.
Both studies have been registered (NCT02231073 and
NCT02236286), and the protocol, which was similar in both
studies, has been published.®® The participants were randomly
assigned to either an exercise-first or an education-first interven-
tion. For the purpose of this study, we excluded people who
started with the exercise as the cross-over design did not include
a washout period between the 2 interventions. A total of
14 freezers from the education-first group, as determined by an
item 1 NFOG-Q score 2 1 at T1, were included. They received
a chronic disease education program for 6 weeks, which did not

TABLE 1 Descriptors at first baseline assessment (T1) in both cohorts

Variable Dataset 1, N = 57 on Dataset 2, N = 14 off P Value
Age, yrs 65.96 +9.29 70.29 +£9.95 0.129
Gender, M/F? 43/14 11/3 0.806
Disease duration, yrs® 12.00 (9.00) 7.67 (6.52) 0.381
>1 falls 6 months prior to study, yes/no® 35/22 9/5 0.842
MoCA, 0-30° 26.00 (4.00) 23.00 (15) 0.039
FAB, 0-18° 16.00 (3.00) 13.00° 0.510
MDS-UPDRS 3, 0-132 36.46 +12.03 52.86 + 14.97 0.001

2Analyzed with chi-squared test.
PAnalyzed with Mann-Whitney U test.
°Only available for 2 participants; no range could be calculated.

Descriptors displayed as means 4 standard deviations in cases of parametric statistics or median (interquartile range) in cases of nonpara-

metric statistics.

M, male; F, female; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; MDS-UPDRS 3, Movement Disorders Society Uni-

fied Parkinson’s Disease Rating Scale, motor part 3.
Bold and italics indicate statistically significant P-values.
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TABLE 2 Mean scores and reliability outcomes

Dataset T1, Mean (SD) T2, Mean (SD) P Value

ICC (95% CI) SEM (95% ClI) MDC %MDC

Total (0-28)

Dataset 1, N = 57 12.96 (5.53) 12.00 (7.10) 0.16
Dataset 2, N=14 14.14 (4.44) 14.86 (4.79) 0.53
Part 2 (0-19) FOG severity

Dataset 1, N=57 9.72 (4.25) 9.02 (5.31) 0.21
Dataset 2, N =14 11.14 (3.30) 11.36 (3.23) 0.81
Part 3 (0-9) FOG impact on daily life

Dataset 1, N = 57 3.25 (2.17) 2.98 (2.30) 0.33
Dataset 2, N=14 3.00 (1.41) 3.50 (1.91) 0.21

0.68 (0.52-0.80)
0.60 (0.12-0.85)

3.59 (2.85-4.43)  9.95  35.5
2.88 (1.76-4.26)  7.99  28.5

0.62 (0.43-0.76)
0.50 (—0.02 t0 0.81)

3.60(2.88-4.40) 9.98  52.5
2.91 (1.81-4.16) 8.09  42.6

0.58 (0.38-0.73)
.65 (0.21-0.87)

1.47 (1.18-1.79) 4.07 45.2
1.02 (0.61-1.54) 2.83 31.4

T1, first assessment; T2, second assessment; SD, standard deviation; ICC, intraclass correlation coefficient; 95% Cl, 95% confidence interval;
SEM, standard error of the mean; MDC, minimal detectable change; %MDC, relative minimal detectable change; FOG, freezing of gait.

TABLE 3 Outcomes of the Mann-Whitney U test between stable and unstable freezers to nonfreezer in dataset 1

Variable Stable Freezers, Median (IQR) Unstable Freezers, Median (IQR) P Value
MDS-UPDRS 3, 0-132 35.50 (26.75-47.25) 34.00 (32.00-34.00) 0.896
NFOG-Q total score T1, 0-28 14.00 (10.00-18.00) 5.00 (3.00-9.00) <0.001
NFOG-Q part 2 score T1, 0-19 11.00 (7.75-14.00) 4.00 (2.00-7.00) <0.001
NFOG-Q part 3 score T1, 0-9 3.00 (2.00-5.00) 1.00 (0.00-2.00) 0.018
SCOPA-cog, 0-43 26.00 (23.00-30.25) 22.00 (15.00-29.00) 0.207
PDQ-39 cognitive subscore, 0-100 37.50 (21.88-43.75) 31.25 (12.50-56.25) 0.942
FAB, 0-18 16.00 (14.00-17.00) 17.00 (10.00-18.00) 0.625
MoCA, 0-30 26.00 (24.00-28.00) 25.00 (23.00-27.00) 0.543

IQR, interquartile range reported as median (quartile 1 - quartile 3); MDS-UPDRS 3, Movement Disorders Society Unified Parkinson’s Disease
Rating Scale, motor part 3; NFOG-Q, New Freezing of Gait Questionnaire; SCOPA-cog, Scales for Outcomes in Parkinson’s Disease-Cognition;
PDQ-39, Parkinson’s Disease Questionnaire-39; FAB, Frontal Assessment Battery; MoCA, Montreal Cognitive Assessment.

address FOG. The participants were tested in the off state of
medication (at least 12 hours withdrawal of dopaminergic medi-
cation), but as stated previously referred to both states when
actually rating FOG. Inclusion criteria for study 2 were the fol-
lowing: diagnosis of PD according to the UK Brain Bank
criteria, aged between 50 to 90, stable dopaminergic medication
for at least a month, and able to stand or walk for 2 minutes
without an assistive device. Participants were excluded if they
had comorbidities that contraindicates exercise participation; sig-
nificant musculoskeletal, peripheral, or central nervous system
disorders or had deep brain stimulation surgery; excessive use of
alcohol or recreational drugs; and contraindications to magnetic
resonance imaging scans. This study was approved by the joint
Oregon Health & Science University and Veterans Affairs Port-
land Health Care System institutional review board ethics com-
mittees (4131 and 8979). Patients for both included studies
provided written informed consent prior to study participation.

Outcomes

The measures included in this analysis were the following:
(1) the NFOG-Q total and subscores part 2 (FOG severity) and
part 3 (FOG impact), (2) the Movement Disorders Society—
Unified Parkinson’s Disease Rating Scale part 3, and (3) the
levodopa equivalent daily dose.>" Furthermore, we selected the
following common cognitive outcomes: (1) the Scales for Out-
comes in Parkinson’s Disease—Cognition,** (2) Montreal Cogni-
tive Assessment,” (3) Frontal Assessment Battery,” and (4) the

. . . . - 35
Parkinson’s Disease Questionnaire—39 cognitive subscore.

Statistics

Shapiro-Wilk tests showed that the total and subscores of the
NFOG-Q were not normally distributed in the 2 cohorts.
Therefore, nonparametric Wilcoxon signed-rank tests were per-
formed to investigate the possible systematic differences in
NFOG-Q scores between T1 and T2. However, because the
reliability tests were based on parametric assumptions, we also
performed paired t tests to verify if the findings were similar.
Because the findings of both parametric and nonparametric tests
showed similar results, we opted to only report the parametric
test outcomes. The reliability of NFOG-Q scores was calculated
using ICC 2-way, mixed-effects model with absolute agreement
for single measures. MDC was calculated using the following

formula: MDC = SEM X 1.96 X /2, whereby SEM = SDygp1ed X

VI-ICC . Relative MDC (%MDC) was calculated using the
formula %MDC = m X100 . Test-retest reliability and
the MDC of the NFOG-Q were determined in datasets 1 and
2 separately, as there were clinical differences between the
2 groups. Bland and Altman plots were used to visualize test-
retest disagreement in relation to freezing severity. In study
1, the NFOG-Q was not always administered by the same testers
at T1 and T2. Therefore, we also tested whether this had an
impact on T1 to T2 differences by comparing groups with and
without variable testers with an independent ¢ test. There was no
significant effect of tester status (P =0.52). Study 2 always had
the same testers at T1 and T2.

We also performed a correlation analysis to explore whether

the T1 to T2 differences were explained by clinical variables.
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FIG. 1. Bland-Altman plots of the total NFOG-Q score of dataset 1 (A) and dataset 2 (B). LOA, 95% limits of agreement; Mean, mean T1-T2
NFOG-Q difference; NFOG-Q, New Freezing of Gait Questionnaire; T1, first assessment; T2, second assessment.

Depending on the data distribution, Spearman or Pearson corre-
lations were employed between T1 and T2 differences, and a
number of cognitive and disease-related outcome measures were
measured at T1 (i.e., NFOG-Q total score at T1, Movement
Disorders Society—Unified Parkinson’s Disease Rating Scale part
3, Scales for Outcomes in Parkinson’s Disease—Cognition, Mon-
treal Cognitive Assessment, Frontal Assessment Battery, and
levodopa equivalent daily dose).

As an exploratory analysis, a Mann-Whitney U test was per-
formed in dataset 1 for participants who indicated to be freezers
at T1 and nonfreezers at T2 (unstable freezers) versus those who
indicated to be freezers at both T1 and T2 (stable freezers). We
also analyzed whether it was possible to improve the reliability of
the NFOG-Q by including subgroups only. All statistical analyses
were performed in SPSS (IBM SPSS Statistics 25, Chicago, IL).
P values <0.05 were considered statistically significant.

Results

Demographic data showed that both datasets were comparable in
age, disease duration, fall history, and gender distribution
(Table 1). However, the participants in dataset 2 scored signifi-
cantly lower on the Montreal Cognitive Assessment and higher
on Movement Disorders Society—Unified Parkinson’s Disease
Rating Scale part 3. In dataset 1, 6 participants changed their
levodopa equivalent dose during the 6-week period (dose
increase in 5 participants). After changing the medication dose of
the 6 participants, 2 of them reported no FOG experience in the
past 4-week period at T2. In dataset 2, none of the participants
changed their levodopa intake.

Table 2 shows the test-retest reliability outcomes and MDC of
both datasets. The ICC of the NFOG-Q total score was 0.68 and
0.60 for datasets 1 and 2, respectively, which corresponds with
moderate reliability. Consequently, the MDC and relative MDC
were 9.95 points (35.5% of the total score of 28) and 7.99 points
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(28.5%) for datasets 1 and 2. With respect to FOG severity
(NFOG-Q part 2), the MDCs of both datasets were 9.98 points in
dataset 1 and 7.86 points in dataset 2 of the total score of 19. How-
ever, the relative MDC was much higher in study 1, being around
50%. As for the impact of FOG on daily life (NFOG-Q part 3),
the MDCs and the relative MDCs (>30%) from both datasets were
again high, and MDC was larger in dataset 1 than in dataset 2.

Interestingly, in dataset 1 there were 7 participants who indi-
cated to have experienced FOG at T1 in the past month, but did
not report this any longer to be the case at T2 (unstable freezers).
Comparing them with those who did not change their freezer
status (stable freezers) revealed that they had a significantly lower
total NFOG-Q scores as well as FOG severity and FOG impact
subscores at T1. Yet, as shown in Table 3, they did not differ on
other disease determinants. Of these 7 unstable freezers,
2 increased their medication between T1 and T2. When exclud-
ing these 7 participants from the reliability analysis, the ICCs and
MDCs showed similar or even worse results.

To explore which patients were more likely to have large T1
to T2 differences, we visually analyzed the difference scores and
plotted them within the limits of agreements and across the mean
NFOG-Q scores using the Bland and Altman methodology
(Fig. 1). When looking at these plots, it appears that the T1 to
T2 differences were larger in participants with low to moderate
freezing severity (scores from 1 to 17), whereas severe freezers
had more stable outcomes (scores >18).

To explore whether the reliability of the NFOG-Q would
improve by only including the more severely affected partici-
pants, new reliability analyses were performed. We included only
participants with scores 218 points. However, the MDCs only
started to decrease substantially after including scores of 20 and
above. Only 6 participants in the 2 datasets had such high scores.
As an extra sensitivity analysis, we tested whether excluding the
participants in dataset 1 who changed their medication dosage
between T1 and T2 would improve the reliability of the
NFOG-Q. This did not have a substantial effect (MDC 9.29
instead of the original 9.95).
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Finally, correlation analyses revealed no associations between
any of the cognitive or disease-related descriptors and the T1 to
T2 NFOG-Q differences in dataset 1 (5 — 0.227 to 0.120). Sim-
ilar results were apparent in dataset 2 (s — 0.461 to 0.433), all

nonsignificant.

Discussion

Our findings showed that the test-retest stability of the NFOG-
Q, when freezers were retested after a 6-week interval, was
modest but showed no significant time differences. Accordingly,
with a modest reliability, the responsiveness of the scale was
poor, as expressed by very high MDC values in relation to the
total scoring range of 0 to 28. These results suggest that the
NFOG-Q may not be a sufficiently reliable or responsive out-
come to detect small effect sizes. Furthermore, 7 of the 57 partici-
pants of study 1 were unsure or reported a change of their
freezer status based on item 1 of the NFOG-Q, as they changed
from being freezers to nonfreezers during the 6-week period.
The moderate reliability found between T1 and T2 may be
explained by the fact that the NFOG-Q is a self-rated questionnaire,
asking about the global occurrence of freezing in the past month
irrespective of medication status. At T1, the patients may not have
been completely aware of their freezing severity, frequency, or
impact on daily life because of recall bias. In the period between T1
and T2, the patients may have become more alert to their freezing
behavior, and therefore T2 scores altered. The fact that NFOG-Q
scores did not differ significantly between time points as such and that
no systematic decrease or increase of scores was found across the
cohorts suggests that becoming more aware of freezing behavior
could go in both directions, that is, more or less positive assessments
of FOG. Several studies reported recall bias as a limitation in the pre-
vious freezing of gait questionnaire (FOG-Q) or other clinical

36-38
scales.

As a result, one study even used the second assessment of
the FOG-Q instead of the first to compensate for this issue.” To
help the accuracy of retrospective assessment of FOG, the NFOG-Q
is accompanied by exemplary videos of FOG to serve as a reference
before it is completed. However, our results imply that this method
may be insufficient to overcome recall bias. Interestingly, patients
with more severe FOG (dataset 2, rated in off) rated the severity and
impact of FOG with more stability than those with moderate FOG
(dataset 1 rated in on). Overall, our findings illustrate the patients’ dif-
ficulties with evaluating FOG based on self-perception.

The MDCs of both datasets were high when considering the
maximal score (28 points) and subscores (FOG severity 19 points,
FOG impact on daily life 9 points). The subscore regarding
FOG severity showed an MDC of 9.98, which corresponds with
52.5% of the scoring range of this part of the scale. The sensitiv-
ity of the NFOG-Q, therefore, appears to be too low to detect
small but potential clinically important changes in FOG. This is
evident from previously reported improvements on the NFOG-
Q," 94! \which fall below the MDCs as derived from the cur-
rent study. Hence, the present results are useful to aid in the
accurate interpretation of effects sizes. Of note, the minimal

clinically importance difference of the NFOG-Q has not been
determined yet,'” and therefore it is unknown what patients
themselves regard as a meaningful clinical change of their freez-
ing. Given these results, we do not recommend to use the
NFOG-Q as an outcome measure for FOG in future interven-
tion studies.

Previously, the NFOG-Q showed good reliability when com-
paring the ratings of PD patients and their caregivers.'* This sug-
gests that the NFOG-Q remains a useful screening tool to
identify freezers and rate FOG severity. We did find 7 misclassifi-
cations (unstable freezers). In 2 of these cases, this may be
ascribed to receiving a higher dose of levodopa. However, medi-
cation was generally kept constant during the 6-week study
periods. Moreover, excluding these cases did not yield better
results. Classification is based on item 1 of the NFOG-Q: “Did
you experience freezing episodes over the past month? «2!#2442
Interestingly, the analysis showed that significantly lower
NFOG-Q scores were apparent in the unstable freezers. This
implies that mild freezers are less aware of their freezing status
and may therefore have greater difficulty with acknowledging
that they experience FOG. Two studies used the more stringent
criterion of the NFOG-Q >3 to define a participant as a

434 The results of one of these studies showed that none

freezer.
of the participants with a NFOG-Q score < 3 experienced freez-
ing during their FOG-provoking protocol in the off medication
state.*> The NFOG-Q was not always administered by the same
testers on both occasions, but protocols in both studies were rig-
orously standardized between testers and across centers in both
studies. We also statistically checked whether the same tester
scores and varying tester scorers showed more variability, but this
was not the case. As the NFOG-Q is a self-reported question-
naire and not a performance test, we think it is unlikely that tes-
ter effects can explain these misclassifications.

The present findings underscore the urgency to find an objec-
tive way of measuring FOG. Shine and colleagues™ compared
the NFOG-Q outcomes with actual freezing episodes elicited
during a FOG-provoking protocol in the laboratory. Two inde-
pendent clinicians rated the duration and frequency of the epi-
sodes captured on video. The NFOG-Q scores did not correlate
with either the duration (r = 0.35, P = 0.095) or frequency
(r=10.30, P = 0.15) of the video-rated procedure. Several studies
suggested that video annotations of FOG-provoking tasks could
be used as the gold standard for rating freezing severity.*> ™’
However, this method is very labor intensive as it should ideally
be done by at least 2 independent raters in a standardized manner
to allow for comparison between studies.*®*’ Automated video
algorithms may enable faster and standardized FOG video anno-
tations.*® However, the testing effect elicited by standardized
assessments in a laboratory or a home setting may preclude many
FOG episodes from occurring, even when off medication.*’
Therefore, in the future, the field needs to move toward unob-
trusive home-based assessment of FOG using digitized mobility
outcomes, as was recently suggested by Mancini and col-
leagues.'” Combining video annotations with wearable sensor-
based data collected during standardized tests will permit the

necessary validation of FOG algorithms for domestic use,
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allowing data collection spanning for much longer time periods
(days or potentially even weeks)."” Whether objectively and
remotely measured FOG detection during spontaneous daily
mobility is suitable as a primary outcome for clinical trials (with
good test-retest and MDC values) remains to be determined.

Several limitations of this study have to be considered when
interpreting our findings. First, we conducted a retrospective
analysis of 2 existing datasets collected during the on (study 1)
and off phases (study 2). The testing in the off phase may explain
why participants in study 2 had more severe FOG. However,
the results were very similar across both studies, presumably
because both cohorts were required to rate their FOG in both
the on and off conditions, as is stipulated in the scoring instruc-
tions of the NFOG-Q. The participants of study 2 did not
receive an active intervention between T1 and T2 but were
exposed to a chronic disease education program led by a thera-
pist. As such, the participants may have become more aware of
their disease and thus of their freezing behavior, although FOG
was not explicitly addressed in the education program. Because
of the clinical differences between both cohorts, we did not pool
the data, which affected the statistical power of the present study.
Nevertheless, the fact that we reproduced our study 1 findings
with those of study 2 strengthens our conclusions.

In conclusion, based on the modest test-retest reliability and
high MDC values, we argue against using the NFOG-Q as pri-
mary outcome for intervention studies where small effects sizes
are expected. Furthermore, our findings provide a basis for accu-
rate interpretation of effects sizes, namely, that a change in
NFOG-Q scores should surpass 35% of the total scoring range to
be beyond measurement error. The NFOG-Q remains a useful
screening tool for FOG because overall no significant differences
between both consecutive test moments were found and it is an
easy and quick way to differentiate between freezers and non-
freezers. Still, assessors need to be aware of the patients’ difficul-
ties with self-perceived ratings of FOG, especially when FOG is
still mild. Developing reliable measures for FOG is not trivial as
clinical trials are dependent on accurate measures. Hence, we
recommend robust testing of the psychometric properties of both
automated FOG video annotations and wearable sensor tech-
niques based on large datasets.
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