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ABSTRACT

Purpose: To examine the psychometric properties of six outcome measures in people with Parkinson disease (PD).

Method: Twenty-four participants completed the following twice within 2 weeks: the timed up-and-go test (TUG), Northwestern University Disability Scale

(NUDS), Schwab & England ADL Scale (S&E), Activities-specific Balance Confidence (ABC) Scale, PD Questionnaire—Short Form (PDQ 8), and Stanford

Self-Efficacy for Managing Chronic Disease 6-Item Scale (SSE). Internal consistency, test–retest reliability (ICC[3,1]), and minimal detectable change

(MDC) scores were calculated. Convergent and discriminant validity of the ABC were examined.

Results: Cronbach’s alpha scores for the NUDS, ABC, PDQ-8, and SSE were 0.47, 0.92, 0.72, and 0.91 respectively. The intra-class correlation coefficient

(ICC[3,1]) for the TUG was 0.69 and could be improved by averaging two trials. ICCs for the NUDS, S&E, ABC, PDQ-8, and SSE were 0.56, 0.70, 0.79, 0.82,

and 0.72 respectively. The ABC correlated with the TUG (r ¼ �0.44, p ¼ 0.03) and with PDQ-8 (rs ¼ 0.51, p ¼ 0.01) and NUDS (rs ¼ 0.48, p ¼ 0.02)

walking items. The ABC was able to discriminate between stages 1 and 3 of disease progression but not between stages 1 and 2, which suggests that the

ABC can distinguish large differences in disease progression but cannot detect more subtle differences.

Conclusions: Homogeneity of the ABC, PDQ-8, and SSE is good to excellent. Test–retest reliability scores of all measures except the NUDS are moderate to

good. The ABC is a valid measure for use in PD. The MDC statistic may be useful for interpreting group score changes.
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RÉSUMÉ

Objectif : Analyser les propriétés psychométriques de six mesures de résultats chez des personnes atteintes de la maladie de Parkinson (MP).

Méthode : Vingt-quatre participants ont pris part aux tests suivants durant une période de deux semaines : test chronométré « timed up-and-go » (TUG),

échelle d’incapacité de l’Université Northwestern (NUDS), échelle de Schwab & England (S&E), échelle de confiance en position d’équilibre lors d’activités

précises (échelle ABC), questionnaire court sur la MP, formule abrégée (PDQ-8) et échelle d’auto-efficacité de Stanford en 6 points pour la gestion des

maladies chroniques (SSE). La cohérence interne, la fiabilité test-retest (CCI [3,1]) et les changements minimaux détectables ont été calculés. La validité

convergente et la validité discriminante de l’échelle ABC ont également été analysées.

Résultats : Les coefficients alpha de Cronbach pour la NUDS, l’ABC, la PDQ-8 et la SSE se sont chiffrés respectivement à 0,47, 0,92, 0,72 et 0,91. Le

coefficient de corrélation intraclasse (CCI [3,1]) pour le test TUG a été de 0,69 et pourrait être amélioré en faisant la moyenne de deux tests. Le CCI pour la

NUDS, la S&E, l’ABC, la PDQ-8 et la SSE se sont chiffrés respectivement à 0,56, 0,70, 0,79, 0,82 et 0,72. L’ABC a été corrélé avec le test TUG

(r ¼ �0,44, p ¼ 0,03) et avec les points concernant la marche dans la PDQ-8 (rs ¼ 0,51, p ¼ 0,01) et la NUDS (rs ¼ 0,48, p ¼ 0,02). L’ABC a été en

mesure de séparer les étapes 1 et 3 de la progression de la maladie, mais n’a pu le faire entre les étapes 1 et 2, ce qui porte à croire que l’ABC peut

différencier de plus grandes étapes dans la progression de la maladie, mais ne peut détecter les différences plus subtiles.

Conclusions : L’homogénéité de l’ABC, de la PDQ-8 et de la SSE varie de bonne à excellente. Les pointages au chapitre de la fiabilité test-retest de toutes

les mesures, sauf celles de la NUDS, varient de modérés à bons. L’ABC constitue une mesure valide pour une utilisation pour la maladie de Parkinson. La

statistique MDC peut être utile pour l’interprétation des changements dans les pointages du groupe.
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INTRODUCTION

Parkinson disease (PD) is a chronic neurodegenera-
tive disease associated with selective loss of the dopa-
minergic neurons in the pars compacta of the substantia
nigra.1 PD causes a variety of impairments that gradually
worsen with time, and as impairments worsen, activity
limitations, participation restrictions, and psychosocial
problems develop. In people with PD, physical function
and performance may fluctuate both during a given day
and between days, for a variety of reasons, the most
common being the influence of long-term pharmacolog-
ical therapy.2,3 Levodopa (l-DOPA) is currently the most
effective treatment for the cardinal symptoms of PD—
rigidity, bradykinesia (slowness of movement), and rest-
ing tremor4—but its long-term use is associated with the
development of motor complications.4 The effectiveness
of l-DOPA begins to wear off at the end of a dose, caus-
ing ‘‘wearing-off’’ or ‘‘end-of-dose’’ deterioration in motor
performance and worsening of symptoms. These ran-
dom unpredictable fluctuations in motor performance
(‘‘on-off’’ phenomenon) occur in about 50% of individ-
uals who are treated with l-DOPA for more than 2 years.
In addition, ‘‘peak-dose’’ dyskinesias, involuntary move-
ments that occur when l-DOPA is at its peak clinical
effect (about 30–60 minutes post-administration), are
common.5 Although motor fluctuations are the most
common reasons for physical performance fluctuations
in the later stages of PD, fluctuations in non-motor
symptoms are also very prevalent,6,7 including fatigue,8

mood disorders,7 slowness in thinking,8 lack of motiva-
tion,9 and daytime sleepiness.10 Fluctuations resulting
from these non-motor symptoms may be problematic
for individuals in the earlier stages of PD. For example,
Ewing Garber and Friedman found a moderate associa-
tion between fatigue and performance on the timed up-
and-go (TUG) test, with performance time increasing
with increasing levels of fatigue, in 40 people with PD in
Hoehn and Yahr Stages 0.5 to 3.0.10

The usefulness of clinical measures depends on their
reliability and validity. Reliability, the extent to which
a measurement is consistent and free from error, can
be conceptualized as reproducibility or dependability.
Although measurements are rarely perfectly infallible, a
reliable clinical measure is one that provides consistent
responses under given conditions.11 Reliability is a major
criterion to consider when choosing an outcome mea-
sure, because a measure’s validity is inherently linked to
its reliability.12 Use of reliable outcome measures pro-
vides assurance that any significant changes in measure-
ment score over time are due to real changes in ability
rather than to measurement errors resulting from rater,
instrument, or patient variability.11 Because it cannot
be assumed that an instrument is equally reliable for
different client groups, reliability must be demonstrated
within the population of interest. Common approaches

to reliability testing include test–retest reliability, inter-
and intrarater reliability, internal consistency, and
alternate-forms reliability.

Validity, on the other hand, is the extent to which an
instrument measures what it is intended to measure.11

Validity is concerned with the extent to which inferences
can be drawn from data and with how the results of a
test can be used.11 Like reliability, validity is not inherent
but must be evaluated in the context of a clinical mea-
sure’s intended use and within a specific population.11

Determining the validity of a clinical measure is never
a complete process, and numerous tests are typically
required to substantiate validity. Determining the face
validity, content validity, criterion-related validity, and
construct validity (convergent or divergent) of a measure
can provide evidence of its validity. Convergent validity
is a function of how well a measure relates to other tests
with the same constructs, whereas divergent validity
examines the extent to which a measure does not relate
to other tests with different constructs. The extent to
which a measure can classify individuals into distinct
groups can also be used as evidence of validity; this is
known as discriminant validity.13

Reliability data for some commonly used clinical
measures have previously been reported for people with
PD. For example, test–retest reliability of the TUG has
been examined over short intervals14–16 and was re-
ported as moderate to excellent, depending on whether
the individual was tested during the ‘‘on’’ phase or
during the ‘‘off’’ phase. Similarly, test–retest reliability
of the Berg Balance Scale (n ¼ 37; subjects in early,
middle, and later stages of PD)17 and the Physical Perfor-
mance Test (n ¼ 14; subjects in middle-stage PD)18 over
a period of 7 days has been reported to be good. Intra-
observer reliability of some self-report functional mea-
sures commonly used to evaluate individuals with PD,
such as the Schwab & England Activities of Daily Living
Scale (S&E) and the Northwestern University Disability
Scale (NUDS), has also been reported;19,20 however,
despite the frequent use of these measures in clinical
trials as determinants of treatment effectiveness, evalua-
tion of test–retest reliability is generally lacking. The
psychometric properties of other common clinical and
psychosocial function measures have not been widely
documented for the PD population. For example,
although the psychometric properties of the Activities-
specific Balance Confidence (ABC) Scale among healthy
older adults21–23 and individuals with other chronic con-
ditions24,25 have been reported, the validity of the scale
for those with PD has not been reported. The incidence
of falls in people with PD is as high as 68%,26 and an
association has been demonstrated between functional
mobility and balance confidence;27 furthermore, 42% of
PD fallers were reported to have a fear of future falls.28

Thus, determining the psychometric properties of the
ABC in the PD population is an important undertaking.
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The high variability of performance both within and
between persons with PD makes assessing physical and
psychosocial function a challenge. Because random fluc-
tuations attributable to factors such as fatigue and emo-
tional distress, as well as drug-induced performance
fluctuations in the later stages of the disease, are com-
mon in people with PD, reliable measures are especially
needed if physical and psychosocial function are to be
assessed adequately in both clinical and research settings.
To our knowledge, no other studies have published SEM
and MDC values for the S&E, PD Questionnaire—Short
Form (PDQ-8), or Stanford Self-Efficacy for Managing
Chronic Disease 6-Item Scale (SSE). In the present study,
we examined the internal consistency, test–retest relia-
bility, and absolute reliability of six commonly used
physical and psychosocial outcome measures in individ-
uals with early and middle-stage PD. In addition, we
evaluated the convergent and discriminant validity of
the ABC by examining (1) the degree to which the scale
correlated with TUG scores and with walking items
included in the PDQ-8 and NUDS; and (2) the extent
to which the ABC discriminated among Hoehn & Yahr
Classification of Disability29 stages.

METHODS

The study was approved by the Biomedical Research
Ethics Board of the University of Saskatchewan, and all
participants provided signed informed consent prior to
participation. All testing was completed in the physi-
cal therapy research laboratory at the University of
Saskatchewan.

Participants

Participants were recruited through advertisements
placed in local newspapers; flyers distributed to local
seniors’ centres, physicians’ offices, and hospitals; and
announcements on local television news programmes
and at Saskatoon PD support group meetings. Partici-
pants were included in the study if they had a clinical
diagnosis of PD; were in stages 1, 2, or 3 of the Hoehn &
Yahr Classification of Disability29; and were between 40
and 80 years of age. Exclusion criteria included a history
of significant cardio-pulmonary insufficiency/illness or
any other condition that severely limited physical activ-
ity and a history of neurological disorder other than PD.
Because participants would be completing several self-
report physical activity and psychosocial measures, we
also did not include people with a diagnosis of dementia
or significant cognitive impairments, or those with a
diagnosis of depression or other psychiatric disorder.
The Mini–Mental State Exam (MMSE)30 and the Beck
Depression Inventory—II (BDI-II)31 were used to screen
participants for these impairments. Individuals with
MMSE scores below 20 (reflecting moderate to severe

cognitive impairment) were excluded, as were individ-
uals with BDI scores above 20 (reflecting moderate to
severe depression).

Measures

The measures examined in this study included one
observed performance measure, the TUG, and five self-
report measures: the NUDS; the S&E; the ABC Scale; the
PDQ-8; and the SSE. Two of these are PD-specific mea-
sures, while the remainder are non-condition-specific
measures. All of the self-report measures are relatively
easy to administer, and each takes about 5 to 10 minutes
to complete.

The Timed Up-and-Go Test (TUG)

The TUG, a commonly used measure of mobility,
evaluates the time required to rise from a chair, walk
3 m at a comfortable pace, turn, return to the chair,
and sit down.32 Participants completed two TUG trials.
Using the method originally described by Podsiadlo and
Richardson, the first trial was considered the practice
trial, and only the second trial was recorded.32 Test–
retest reliability of the TUG in people with PD has been
examined using short intervals, that is, five trials with
a 2-minute rest between trials (r ¼ 0.80–0.98 at end of
dose; r ¼ 0.73–0.99 at peak dose);14 within the same day
(intra-class correlation coefficient (ICC[2,1]) ¼ 0.94);15

and over a 1-week period (ICC[3,2] ¼ 0.85).17

The Northwestern University Disability Scale (NUDS)

The NUDS is a five-item self-report measure of walk-
ing, dressing, eating, hygiene, and speech performance33

that is frequently used in PD clinical trials. Four sub-
scales are scored on an ordinal scale of 0 (unable, no
function) to 10 (normal); eating (including chewing/
swallowing ability, diet, etc.) and feeding (including
cutting food, use of cup, etc.) are each scored using a
scale from 0 (complete assistance) to 5 (normal), and
the two scores are combined into one sub-scale score
out of 10. Sub-scale scores are added to compute a total
NUDS score. Validity of the NUDS has been reported as
moderate to good.34 Interrater reliability of the NUDS
total score for resident neurologists inexperienced in the
use of the scale has been reported to be k ¼ 0.50, with
interrater reliability of individual items ranging from
0.22 (speech) to 0.65 (dressing).19 Others have reported
interrater reliability, as measured by kw , at 0.77.35 There
are no reports of the test–retest reliability or internal
consistency of the NUDS.

The Schwab & England Activities of Daily Living Scale (S&E)

The S&E is a single-item self-rated global measure of
overall level of functional independence.36 The individ-
ual is asked to rate his or her function using an 11-point
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scale (10% increments), from 100% (completely indepen-
dent; able to do all chores without slowness, difficulty, or
impairment; essentially normal; unaware of any diffi-
culty) to 0% (vegetative functions such as swallowing,
bladder and bowels are not functioning; bedridden).
The S&E, a component of the Unified Parkinson’s Rating
Scale (UPDRS), has become a standard PD assessment
tool and has been used in hundreds of studies.37 The
construct validity of the S&E has been reported to be
adequate,38 and interrater reliability among patient,
caregiver, and physician has been found to be moderate
(ICC ¼ 0.60).20

The Activities-specific Balance Confidence (ABC) Scale

The ABC Scale is a 16-item self-report questionnaire
that assesses balance confidence in performing various
tasks.21 The scale is based on Bandura’s concept of self-
efficacy, defined as a belief in oneself and in one’s per-
ceived ability to perform a specific task.39 Respondents
estimate on a scale of 0% (no confidence) to 100% (com-
plete confidence) how confident they are that they
can perform various activities, such as picking a slipper
up off the floor or walking on a slippery surface, without
losing their balance or becoming unsteady. The individ-
ual item scores are summed and divided by 16 to yield
an overall mean balance confidence score.21 The psycho-
metric properties of the ABC have been evaluated in frail
elders21–23 and in populations with specific medical
diagnoses, including people post-stroke24 and post-
amputation.25 Within the elderly population, internal
consistency has been reported to be high (a ¼ 0.96);21

2-week test–retest reliability has been reported to be
0.92,21,22 and discriminant22,23 validity have been re-
ported to be strong. Steffen and Seney reported the
1-week test–retest ICC of the ABC as 0.94, for a group of
36 individuals with PD in Hoehn & Yahr stages 1 to 4.17

The Parkinson’s Disease Questionnaire—Short Form (PDQ-8)

The PDQ-8, a PD-specific eight-item health-status
questionnaire, was developed from the PDQ-3940 to
decrease the burden for respondents.41 The eight items
ask whether the individual has experienced the following
in the past month because of having PD: embarrass-
ment; difficulty with physical complaints (painful muscle
cramps and pains); difficulty getting around in public
places, dressing, and communicating; and problems
with depression, close relationships, and concentration.
Each item is scored on an ordinal scale from 0 (never or
not at all) to 4 (always or cannot do at all). Scores are
summed, and the total score can range from 0 (normal)
to 32 (worst disability).

The PDQ-8 items have been validated,42 and psycho-
metric properties of the nested version43 and non-nested
versions44,45 of the PDQ-8 have been reported (in the
nested version, the PDQ-8 was not administered as a

separate instrument; rather, the PDQ-39 was adminis-
tered, after which the eight items of the PDQ-8 were
analyzed). Cronbach’s alpha scores for items in the
nested and non-nested versions ranged from 0.7543 to
0.8341 and from 0.8142 to 0.8445 respectively. The 2-
week test–retest reliability of nested PDQ-8 is good
(ICC ¼ 0.80);43 proxy reliability between patient and
caregiver has also been assessed (ICC ¼ 0.84).45

The Stanford Self-Efficacy for Managing Chronic Disease

6-Item Scale (SSE)

The SSE asks the respondent to rate his or her confi-
dence on an ordinal scale from 0 (not at all confident)
to 10 (totally confident) in managing different aspects
of the disease.46 The SSE includes four items related to
confidence in keeping fatigue, physical discomfort or
pain, emotional distress, and other symptoms or health
problems from interfering with activities the person
wants to do; one item relates to confidence in engaging
in tasks and activities to manage the health condition;
and one item relates to confidence in engaging in tasks,
other than taking medications, to decrease the effects of
the disease on the person’s daily life. Scores are summed
and divided by 6 for an overall self-efficacy score.
Internal consistency of the scale has been tested in 605
study participants with a variety of chronic diseases
(a ¼ 0.91).47

Procedures

Participants completed a self-report demographic and
health questionnaire prior to initial testing. Information
collected included age, education, medications, activity
level in and around the home and community, a brief
fall history, and use of health care services.

Participants then completed the following tests, in the
following standardized order, on two occasions (desig-
nated as Time 1 and Time 2): TUG, NUDS, S&E, ABC,
PDQ-8, and SSE. Participants were given brief rest
periods as needed throughout the testing period and
between the two TUG trials (practice trial and recorded
trial). Participants were evaluated twice, by the same
trained evaluator and at approximately the same time of
the day, to control for time effects. The mean number of
days between Time 1 and Time 2 was 12.9e 5.1 days.

Data Analysis

The Statistical Package for the Social Sciences, version
13.0 (SPSS Inc., Chicago, IL) was used for data analysis,
and an alpha level of p < 0.05 was considered significant.
Descriptive statistics were calculated. Cronbach’s alpha
was used to examine the internal consistency (i.e.,
homogeneity) of the multi-item measures (NUDS, ABC,
PDQ-8, and SSE). Test–retest reliability coefficients for
all six measures were determined using intra-class corre-
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lation Model 3 (ICC[3,1]).11 An ICC is the preferred esti-
mate of reliability because it reflects both correlation
and agreement;11 with Model 3, each participant is
assessed by the same raters, and the tested raters are
considered the only raters of interest.48 Test–retest
reliability is considered poor if coefficients are a0.50,
moderate if coefficients are between 0.50 and 0.75, and
good if values are > 0.75.11 While coefficients b0.70 are
considered satisfactory for group-level comparisons, for
individual comparisons and clinical decision making,
reliability coefficients b0.90 may be preferred to ensure
valid interpretation of findings.11 In other words, clini-
cians who wish to evaluate an individual patient before
and after treatment to determine whether a change
has occurred (i.e., whether the treatment was effective)
should consider using only outcome measures that have
reliability coefficients exceeding 0.90. However, using
measures with reliability coefficients b0.70 would suf-
fice if clinicians want to evaluate whether treatment was
effective, or whether observed change is true change as
opposed to chance fluctuations, in a group of patients.

Absolute reliability, the measure of how an individual
score varies on repeated measurement, was determined
for all outcome measures using the standard error
of measurement (SEM).12 Minimal detectable change
(MDC), the minimal amount of change that is not due
to variation in measurement,12 at a 95% confidence in-
terval (MDC95) was calculated for all outcome measures
using the SEM, by means of the following equation:

MDC95 ¼ SEM�(2� 1.9612

Convergent validity, the extent to which measures
relate to other tests of the same constructs,11 was ex-
amined by determining the correlations between the
ABC and the TUG and between the ABC and item 1 of
the PQD-8 (difficulty getting around in public places)
and the NUDS walking sub-scale scores, using Pearson
product–moment and Spearman rank-correlation coeffi-
cients. Discriminant validity of the ABC was assessed
by examining how scores at Time 1 discriminated the
participants among Hoehn & Yahr’s stages of disease
progression, using an ANOVA and Scheffé comparison,
the most rigorous post hoc comparison test.11

RESULTS

The 6 female and 18 male community-dwelling, am-
bulatory adults with PD who participated in the study
ranged in age from 50 to 80 years (mean ¼ 64.6e 8.0),
and a majority (70.8%) had some post-secondary educa-
tion. Thirteen participants (54.2%) were in Hoehn & Yahr
stage 1, 6 (25.0%) in stage 2, and 5 (20.8%) in stage 3 of
disease progression. Time since diagnosis ranged from
less than 1 year to 20 years (mean ¼ 4.5e 4.3). Mean
MMSE score was 27.4e 2.5. More than three-quarters of

the participants (78.3%) were taking a PD medication,
and 44.4% were taking two or more PD medications.
See Table 1 for demographic and health data of the
participants.

Descriptive statistics for all measures at Time 1 and
Time 2 and mean differences at Time 1 and 2 are shown
in Table 2. Cronbach’s alpha coefficients for the NUDS,
ABC, PDQ-8, and SSE were 0.47, 0.92, 0.72, and 0.91

Table 1 Participant Demographic and Health Information (n ¼ 24)

n (%) Mean (SD)
Range

Age (years) 64.9 (8.0)
40–80

Sex

Female 6 (25)

Male 18 (75)

Highest level of education completed

Some elementary 2 (8.3)

Some secondary 3 (12.5)

Completed secondary 2 (8.3)

Some college/university 4 (16.7)

Completed college/university 10 (41.7)

Graduate degree 3 (12.5)

Living arrangement

Lives with others 22 (91.7)

Lives alone 2 (8.3)

Employment status

Retired 18 (75)

Working part time 1 (4.2)

Working full time 5 (20.8)

Years since diagnosis 4.5 (4.3)
0–20

H & Y

Stage 1 13 (54.2)

Stage 2 6 (25.0)

Stage 3 5 (20.8)

MMSE score 27.4 (2.5)
26–30**

BDI score 9.0 (5.6)
0–19

PD medications*

L-dopa 5 (20.8)

Sinemet 3 (12.5)

Amantadine 12 (50)

Mirapex 7 (29.2)

Requip 3 (12.5)

Number of falls in past 2 weeks 0.25 (1.0)
0– 5

Number of near-falls in past 2 weeks 0.54 (2.0)
0–10

* Medication percentages do not total 100% because 44.4% of subjects taking two
or more PD medications.
** Scores reflect age- and education-adjusted MMSE scores.
H & Y ¼ Hoehn & Yahr stages of disease progression; MMSE ¼ Mini–Mental State
Exam scores; BDI ¼ Beck Depression Index; PD ¼ Parkinson disease
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respectively. For both the ABC and the SSE, the alpha
would not have changed substantially with the deletion
of any items; for the NUDS, Cronbach’s alpha would
increase to 0.57 if the speech item were deleted, and
Cronbach’s alpha for the PDQ-8 would increase to 0.78
if the item related to muscle cramps and pain were
deleted.

Test–retest reliability (ICC[3,1]) and absolute reliabil-
ity (SEM) findings for all outcome measures are sum-
marized in Table 3. The inter-item ICC for the NUDS
walking sub-scale was 0.55 (95% CI: 0.19–0.77), and ICCs
for the other sub-scales ranged from �0.03 (hygiene, 95%
CI: �0.42–0.37) to 0.79 (dressing, 95% CI: 0.19–0.77). The
inter-item ICC for item 1 of the PDQ-8 was 0.70 (95% CI:
0.42–0.86), and ICCs for the other PDQ-8 items ranged
from 0.51 (muscle cramps and pain, 95% CI: 0.15–0.76)
to 0.83 (unable to communicate, 95% CI: 0.65–0.92). For
the SSE, inter-item test–retest reliability ranged from
0.55 (do things other than take medications, 95% CI:

0.19–0.76) to 0.70 (keep fatigue from interfering, 95%
CI: 0.42–0.62).

Descriptive statistics for individual ABC items and
ICCs for the ABC are reported in Table 4. Only three
items had mean scores below 90% confidence: stand
on a chair and reach for something; step onto or off an
escalator while holding onto parcels such that you cannot
hold onto the railing; and walk outside on icy sidewalks.
Inter-item test–retest reliability for ABC items ranged
from 0.25 (95% CI: �0.16–0.59) for item 14 (step onto or
off an escalator while you are holding onto a railing) to
0.82 (95% CI: 0.62–0.92) for item 15 (step onto or off an
escalator while you are holding onto parcels).

ABC scores were significantly correlated with TUG
scores (r ¼ �0.44, p ¼ 0.03), the walking sub-scale of
the NUDS (rs ¼ 0.48, p ¼ 0.02), and item 1 (mobility) of
the PDQ-8 (rs ¼ 0.51, p ¼ 0.01). Overall mean (SD),
median, and range of ABC scores for each stage of
disease progression are shown in Table 5. For those in

Table 2 Descriptive Data for the Outcome Measures at Time 1 and Time 2 (n ¼ 24)

Measure Time 1
Mean (SD)
Median (Range)

Time 2
Mean (SD)
Median (Range)

Score Differences
Time 1–Time 2
Mean (SD)

Possible Range of
Scores for Measure

TUG 10.6s (3.7) 10.3s (2.5) 0.33 (2.48)
9.4s (6.5–20.3) 10.2s (6.8–17.9)

NUDS 46.9 (2.4) 46.3 (3.4) 0.63 (2.75) 0–50
47 (41–50) 47.5 (36–50)

S&E 90.4 (7.9) 89.2 (8.4) 1.25 (6.30) 0–100
90 (70–100) 90 (70–100)

ABC 91.0 (9.0) 90.3 (8.4) 0.70 (5.67) 0–100
91 (66.9–100) 90 (71.3–100)

PDQ-8 25.9 (4.2) 24.9 (5.0) 1.04 (2.77) 0–32
26 (16–32) 25.5 (14–32)

SSE 8.2 (1.5) 8.2 (1.6) 0.12 (1.14) 0–10
8.5 (4.5–10.0) 8.4 (4.3–10.0)

TUG ¼ Timed up-and-go test; NUDS ¼ Northwestern University Disability Scale; S&E ¼ Schwab & England Activities of Daily Living Scale; ABC ¼ Activities-specific Balance
Confidence Scale; PDQ-8 ¼ Parkinson’s Disease Questionnaire—Short Form; SSE ¼ Stanford Self-Efficacy for Managing Chronic Disease 6-Item Scale

Table 3 Test–Retest and Absolute Reliability of Outcome Measures

Measure ICC 95% CI SEM* SEM 95% CI** MDC95***

TUG (s) 0.69 0.41, 0.85 1.75 3.43 4.85

NUDS 0.56 0.21, 0.78 1.94 3.80 5.38

S&E 0.70 0.43, 0.86 4.45 8.72 12.33

ABC 0.79 0.57, 0.90 4.01 7.86 11.12

PDQ-8 0.82 0.63, 0.91 1.96 3.84 5.43

SSE 0.72 0.44, 0.87 0.81 1.59 2.25

* SEM ¼ SD of the difference scores divided by (2
** SEM 95% CI was calculated as follows: SEM� 1.96
*** MDC95 ¼ SEM�(2� 1.96
TUG ¼ Timed up-and-go test; NUDS ¼ Northwestern University Disability Scale; S&E ¼ Schwab & England Activities of Daily Living Scale; ABC ¼ Activities-specific Balance
Confidence Scale; PDQ-8 ¼ Parkinson’s Disease Questionnaire—Short Form; SSE ¼ Stanford Self-Efficacy for Managing Chronic Disease 6-Item Scale; ICC[3,1] ¼ intra-class
correlation coefficient; SEM ¼ standard error of measurement
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stage 1, mean ABC scores for individual items ranged
from 86.00e 18.05 (item 4) to 100e 0.0 (Item 10). Scores
for those in stage 2 ranged from 75.00e 17.61 (item
15) to 98.33e 4.08 (item 4). For individuals in stage
3, mean ABC scores for individual items ranged from
60.00e 21.60 (items 6 and 15) to 96.00e 5.50 (item 1).
The ANOVA result was significant (F ¼ 6.40, p ¼ 0.007);
the mean differences in ABC scores between disease
stages and corresponding p-values were as follows: stage
1 and stage 2 ¼ 3.97 (95% CI: �5.63–13.56, p ¼ 0.56);
stage 1 and stage 3 ¼ 13.90 (95% CI: 3.67–24.14,
p ¼ 0.007); stage 2 and stage 3 ¼ 9.94 (95% CI: �1.84–
21.71, p ¼ 0.109).

DISCUSSION

Estimates of consistency are generally considered
good, and a scale is considered adequate, when Cron-
bach’s alpha is > 0.70.49 Internal consistency of three of
the four multi-item self-report measures studied (ABC,
PDQ-8, and SSE) was good to excellent; the ABC Scale
and the SSE demonstrated the greatest homogeneity,

which suggests that each participant’s responses were
consistent across the items for these two measures. The
Cronbach’s alpha would have changed minimally with
the deletion of any item for the ABC and SSE, which
again indicates strong item consistency. Our internal-
consistency findings for the ABC and SSE are similar
to those reported in other diagnostic populations.21,47

Cronbach’s alpha for the PDQ-8 in our study is lower
than those previously reported for both nested43 and
non-nested42,45 versions of this measure; administering
the PDQ-8 nested within the original PDQ-39 may influ-
ence participants’ responses and, in turn, alter the
psychometric properties of the nested version relative
to the independently administered version of the mea-
sure.43 With respect to range, the item-total correlations
of the non-nested PDQ-8 items in our study were similar
to those reported in previous studies with larger sample
sizes;42 in our study, however, the item-total correla-
tions for several items were higher—for example, item 1
(mobility) and item 5 (communication).

Although the NUDS is often used in PD clinical trials,
reports on its psychometric properties are very limited.
Validation of this scale has been attempted by com-
paring the NUDS, originally developed as a measure of
disability, with impairment measures.34 Typically, scores
for each of the sub-scales are summed to provide one
overall NUDS score, although the scores do not repre-
sent continuous data. In our study, the NUDS had the
lowest Cronbach’s alpha value of all outcome measures
evaluated for internal consistency, a level well below
that considered adequate for a measure. This is not

Table 4 Descriptive Statistics and Test–Retest Reliability of Activities-specific Balance Confidence (ABC) Scale Items

ABC
Scale Item

‘‘How confident are you that you will not lose your balance or
become unsteady when you . . .’’

Mean
(SD)

Median
(Range)

ICC* 95% CI

1 . . . walk around the house? 97.9 (5.1) 100 (80–100) 0.44 0.05–0.71

2 . . . walk up or down stairs? 90.4 (12.3) 100 (60–100) 0.68 0.39–0.85

3 . . . bend over and pick up a slipper from the front of a closet floor? 90.8 (17.7) 100 (30–100) 0.65 0.34–0.83

4 . . . reach for a small can off a shelf at eye level? 98.3 (3.8) 100 (90–100) 0.31 �0.10–0.63

5 . . . stand on your tiptoes and reach for something above your head? 91.7 (10.1) 95 (70–100) 0.75 0.49–0.88

6 . . . stand on a chair and reach for something? 83.9 (19.0) 90 (30–100) 0.61 0.28–0.82

7 . . . sweep the floor? 97.4 (6.2) 100 (80–100) 0.53 0.17–0.77

8 . . . walk outside the house to a car parked in the driveway? 97.1 (5.5) 100 (80–100) 0.50 0.13–0.75

9 . . . get into or out of a car? 92.9 (9.1) 100 (70–100) 0.46 0.08–0.73

10 . . . walk across a parking lot to the mall? 96.7 (7.0) 100 (80–100) 0.57 0.23–0.79

11 . . . walk up or down a ramp? 95.0 (8.9) 100 (70–100) 0.67 0.37–0.84

12 . . . walk in a crowded mall where people rapidly walk past you? 91.3 (11.5) 100 (70–100) 0.56 0.21–0.78

13 . . . are bumped into by people as you walk through the mall? 90.4 (11.6) 95 (70–100) 0.60 0.27–0.81

14 . . . step onto or off an escalator while you are holding onto a railing? 90.8 (19.5) 100 (10–100) 0.25 �0.16–0.59

15 . . . step onto or off an escalator while holding onto parcels such that you
cannot hold onto the railing?

80.0 (22.2) 90 (20–100) 0.82 0.62–0.92

16 . . . walk outside on icy sidewalks? 82.5 (18.7) 90 (40–100) 0.53 0.16–0.76

* ICC[3,1]

Table 5 Activities-specific Balance Confidence (ABC) Scale Scores by Stage
of Disease

Hoehn & Yahr Stage ABC Mean (SD) ABC Median ABC Range

Stage 1 (n ¼ 13) 94.9 (5.8) 97.5 81.9–100

Stage 2 (n ¼ 6) 90.9 (7.7) 90.6 79.4–100

Stage 3 (n ¼ 5) 81.0 (10.6) 78.8 66.9–95.6
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surprising, as the NUDS consists of five items, each mea-
suring a different aspect of PD-related function—some
at the impairment level and others at the activity level.
In addition, one of the sub-scales consists of two sepa-
rate functions (eating and feeding), the scores of which
are added together. The speech item had a very low
item-total correlation mean and thus did not correlate
with the overall scale. Deletion of the speech item would
substantially increase the alpha value of the measure,
although not to the level considered adequate for a scale.

We chose a 2-week time frame to examine test–
retest reliability because we believed this would be long
enough to limit memory or learning effects but short
enough to avoid actual changes in ability and function
related to the disease, and thus in participants’ re-
sponses. In previous studies,14–16 test–retest reliability
of the TUG was examined within shorter time frames
than that used in this study. Although clinicians may
re-evaluate TUG within a treatment session or before
and after a treatment session, clinicians also re-evaluate
over longer time frames in order to assess retention
of changes in performance or treatment effectiveness.
As noted above, we had participants complete one
practice trial and recorded their time on a second trial,
the methodology originally described by Podsiadlo and
Richardson.32 Our ICC of 0.69 for the TUG is considered
moderate; however, we found that taking the average of
the two trials would increase the test–retest ICC to 0.76
(95% CI: 0.51–0.89). Similarly, Steffen and Seney found
reproducibility over a 1-week period of two averaged
trials of the TUG (after one practice trial) to be good
(ICC ¼ 0.85).17 These findings suggest that for people
with PD, at least two TUG trials should be averaged to
enhance reliability.

We found no reports in the literature of test–retest
reliability for the NUDS, S&E, or SSE. In our study, the
test–retest reliability ICC of the NUDS was low to
moderate, while the values obtained for the S&E, the
non-nested PDQ-8, and the SSE were moderate to good.
The ICC for the PDQ-8 in our study is comparable to
the 2-week test–retest reliability previously reported43

for the non-nested version of the PDQ-8.
The test–retest reliability of the ABC in our study was

good, but lower than has been reported in other studies
with other populations—older adults (2-week interval,
n ¼ 21, r ¼ 0.91);21 people at least 1 year post-stroke (4-
week interval, n ¼ 24, ICC ¼ 0.85);24 and people post-
amputation (4-week interval, n ¼ 50, ICC ¼ 0.91).25 In
addition, inter-item test–retest ICCs for individual ABC
items were much lower than values previously reported
for a stroke population.24 Given the nature of PD, it
would not be unusual to see more variability in scores
for individuals with PD than in groups of individuals
with more stable conditions.

Steffen and Seney reported 1-week test–retest ICC of
the ABC as 0.94;17 however, their participants were not
comparable to those in our study: average disease dura-

tion was more than three times as long (14e 6 years),
and distribution of disability was wider (three partici-
pants were in Hoehn & Yahr stage 1, seven in stage
2, nine in stage 3, and eight in stage 4).17 During the
administration of the ABC, we found that several partici-
pants needed to be redirected to the main question
posed by the ABC; that is, they had to be reminded to
distinguish between their level of balance confidence in
performing each task and their usual level of participa-
tion in each activity. This observation suggests that con-
sistent interpretation of this central concept is necessary
to ensure reliable responses over time, which may
require that the questionnaire be completed during an
in-person interview.

Although the test–retest ICC values we obtained for
the averaged TUG, ABC, S&E, PDQ-8, and SSE are con-
sidered moderate to good from a statistical perspective
and acceptable for group-level comparisons, they do not
meet the 0.90 level considered acceptable for individual
comparisons.11 An ICC is influenced by error as well
as by sources of variation attributable to respondents,
raters, and trials. We designed our study to limit varia-
tion due to trials (e.g., same time of day, same order
of tests), and the rater was the same for both trials. It is
unlikely that overall ability and function would change
significantly in 2 weeks; however, individuals’ percep-
tions or self-assessments of ability may have changed as
a result of sensitization to abilities produced by the first
day of testing. The very narrow range of measurement
scores among participants in our sample more than
likely influenced the results. Demonstrating reliability
requires a certain amount of variability among partici-
pants’ scores;11 in other words, homogeneity of scores
affects reliability.11

For every score derived from a measure, there is a
range of scores within which the actual score will lie.
Thus, in addition to measuring the reliability of a clinical
measure, assessing the consistency or stability of re-
peated responses (response stability) over time is impor-
tant.11 The standard error of measurement (SEM)—that
is, absolute reliability—is commonly used to express
response stability and is calculated from test–retest
reliability findings.12 The SEM, which is influenced by
error variation only, is expressed in the same units as
the original measurement.12 Using the SEM, we calcu-
lated the MDC95 for all outcome measures. Clinicians
can use the SEM to determine the range of scores that
can be expected on retesting and the MDC statistic for
a particular measure to interpret whether a change in
score can be considered true change resulting from an
intervention or whether it is attributable to measure-
ment error.11,12 Because the test–retest ICC values
obtained in our study for the averaged TUG, as well
as for the ABC, S&E, PDQ-8, and SSE, are considered
acceptable only for group-level comparisons, clinicians
should exercise caution when using our MDCs to deter-
mine change in a particular individual.
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Minimal detectable change values for the TUG and
ABC have been reported previously, but no previous
research has reported MDC values for the NUDS, S&E,
PDQ-8, or SSE. Steffen and Seney reported a MDC95 of
13 points for the ABC and 11 seconds for the TUG.17

The TUG value is much greater than our finding. Both
our study and the Steffen and Seney study17 included
participants in several Hoehn & Yahr stages; determining
the MDC statistic for outcome measures for each of
the stages may provide more clinically meaningful
information.

Like Hatch et al.,27 we found a negative correlation
between ABC scores and recorded TUG time, which sug-
gests that balance confidence and functional mobility
are inversely related; in our study, however, the relation-
ship (r ¼ �0.44, p ¼ 0.03) was not as strong as previously
reported.27 We also found that the ABC was correlated
with items within other measures that examine walking
ability (the walking sub-scale of the NUDS and item 1 of
the PDQ-8), providing evidence that balance confidence
and walking ability are related. Similar findings have
been reported in studies of older adults: older adults
with a fear of falling restricted their activity and reported
declines in mobility,50,51 and reduced physical function
has been found in older people with low fall-related
self-efficacy.52 Individuals with PD who have decreased
balance confidence may similarly restrict their activity
levels and experience declines in mobility.

ABC scores differed significantly between stage 1 and
stage 3 of disease progression, which indicates that the
ABC was able to discriminate between these two stages
but not between consecutive stages. The clinical hall-
mark of stage 3 is the onset of postural instability, as
measured by the pull test (item 30 of the UPDRS).53

Our findings suggest that the ABC can detect large differ-
ences in disease progression but does not detect more
subtle differences. The very small sample sizes for stage
2 and stage 3, and the lack of variability in scores both
overall and within each disease stage, may have influ-
enced our results and limited our ability to evaluate the
discriminative ability of the ABC: participants in stage 2
scored themselves below 80% confidence for only one
ABC item, and those in stage 3 scored themselves below
80% confidence for only four items.

The measures we chose to examine represent evalua-
tion across a variety of constructs, from quality of life
(PDQ-8) and self-efficacy (ABC, SSE) to activity (NUDS,
S&E) and impairments (ABC, TUG), all of which are
important when evaluating outcomes of wellness inter-
ventions for persons in the earlier stages of PD. For
example, self-efficacy, an individual’s perceived capabil-
ity within a specific domain of activities,39 is gaining in
importance as a concept to be considered and evaluated
when examining the effectiveness of wellness interven-
tions for chronic conditions, especially if interventions
include education or home-based programmes.54 The

concept of self-efficacy may provide useful insight into
the psychological or cognitive–motivational aspects of a
person’s functional and participation abilities. Perceived
ability is more predictive of behaviour than is actual
ability, and low self-efficacy can result in avoidance of
tasks.39

The distribution of participants among stages 1–3 of
disease progression, with the majority in stages 1 and
2 (and > 50% in stage 1), is consistent with the level
of disability that would be expected in community-
dwelling, ambulatory persons with PD. We examined
people in the early and middle stages of PD because
we anticipated that they would have relatively stable
symptoms and would be on relatively stable medication
protocols. We were also interested in using these out-
come measures in a study examining the effectiveness
of community-based group wellness programmes geared
toward those in the early and middle stages of PD.
Although we expected stability of symptoms, we did not
expect such a limited range of measurement scores, as
indicated by group mean scores in each of the disease
stages. For example, the mean score for each ABC item
for our sample ranged from 80% to 98%. These mean
scores are much higher, and the range is much more
limited, than those previously reported;55 a previous
study reported mean scores for individual ABC items
ranging from 43% to 81% in a sample of 58 individ-
uals with PD (mean age ¼ 66.2e 9 years; years since
diagnosis ¼ 6.5e 4.9; disease severity not reported).55

For all self-report measures except the PDQ-8, the
large majority of participants scored themselves toward
the higher end of the range, regardless of disease stage,
balance problems (as indicated by reported number of
falls and near falls in the past 2 weeks), and walking
speed (as indicated by the TUG). All measures except
the TUG were self-report. Self-report measures are very
important to consider, but they may not reflect actual
performance, which can be influenced by a range of
factors. It is possible that the participants did not want
to indicate their true level of function to the evaluator or
that they did not understand the intent of the questions
being asked or of the concepts being investigated (e.g.,
balance confidence; see discussion of ABC Scale above).
Leritz et al. found that although there were no differ-
ences between patient and caregiver ratings on the
motor and activities of daily living portions of the
UPDRS, patients significantly under-reported levels of
impaired function relative to their caregivers on the
Activities of Daily Living Scale and the S&E, regardless
of cognitive status (as measured by the MMSE) and
regardless of side of PD disease focus.56 Although the in-
dividuals in Leritz et al.’s study were at a more advanced
stage of disease progression (Hoehn & Yahr stage 3 and
above; mean years with PD ¼ 14.13e 7.84 for those
with left PD and 13.00e 3.88 for those with right PD)56

than those in our study, it is possible that individuals in
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our study may also have overestimated their perfor-
mance on some measures.

LIMITATIONS

This study had several limitations, some of which
are described above. The sample (n ¼ 24) was relatively
small, and the majority of these participants rated them-
selves toward the high end on all but one of the self-
report scales. These ceiling effects limited the range of
PD-related impairments, activity limitations, and par-
ticipation restrictions observed in the study, and the
lack of variability among participants’ scores may have
influenced the results. More than half the sample was in
stage 1 of the Hoehn & Yahr Classification of Disease
Progression, which further limited the range of PD-
related problems observed and reduced the generaliza-
bility of our results to persons who are farther along in
the disease process. In addition, five of the six measures
used in the study were self-report tools, all of which use
ordinal rating scales. The use of ordinal measures also
likely contributed to ceiling effects. If we had included
more performance measures with continuous scales,
such as the TUG, there might have been more variation
in scores among participants.

CONCLUSION

The high variability of performance both within and
among persons with PD makes assessing physical and
psychosocial function over time a challenge. Our results
suggest that the ABC, S&E, PDQ-8, and SSE measures
have moderate to excellent internal consistency and
can provide reliable test–retest values in community-
dwelling populations with PD. Results also suggest that
the ABC is a valid measure for use with PD populations
in the earlier stages of the disease. We do not recom-
mend that the NUDS be used for either individual
or group-level comparisons because of its poor homo-
geneity and low to moderate test–retest reliability.

The SEMs and MDCs for the measures examined in
this study may assist therapists in determining whether
change in a group of individuals with PD, such as those
participating in community wellness programmes, is
due to testing error or is the result of any interventions.
Additional studies with larger sample sizes that allow for
the calculation of values for each stage of PD disability
are needed.

KEY MESSAGES

What Is Already Known on This Topic

Intra-observer reliability of some self-report func-
tional measures commonly used to evaluate individuals
with PD has been reported, but test–retest reliability

evaluation of these measures is generally lacking. The
psychometric properties of common clinical and psycho-
social function measures (such as the ABC Scale) that
may be useful for documenting change in people with
PD have not been examined in this patient population.

What This Study Adds

The ABC, S&E, PDQ-8, and SSE are acceptable tests
and measures to use for group-level comparisons in
people with PD. The TUG is also acceptable for group-
level comparisons over time; however, when the TUG is
used to examine change in people with PD, at least two
trials should be averaged to decrease measurement
error. The lack of homogeneity and reliability of the
NUDS makes it unacceptable for use for both individual-
and group-level comparisons.
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