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ARTICLE INFO ABSTRACT

Keywords: Background: Individuals with Parkinson’s disease (PD) are at increased risk for falls, which lead to substantial
Balance morbidity and mortality. Understanding the motor and non-motor impairments associated with falls in PD is
Freezing of gait critical to informing prevention strategies. In addition to motor symptoms, individuals with PD exhibit non-
FOG motor deficits, including impaired set shifting, an aspect of executive function related to cognitive flexibility that
Executive function . . . :

- can be measured quickly with the Trailmaking Test.
Frontostriatal

Research question: To determine whether impaired set shifting is associated with fall history in people with and
without PD.

Methods: We examined associations between set shifting, PD status, and fall history (=1 falls in the previous 6
months) in data from PD patients (n = 65) with and without freezing of gait (FOG) and community-dwelling
neurologically-normal older adults (NON-PD) (n = 73) who had participated in our rehabilitation studies.
Results: Impaired set shifting was associated with previous falls after controlling for age, sex, overall cognitive
function, PD status, FOG, and PD disease duration (OR = 1.29 [1.03-1.60]; P = 0.02). Consistent with litera-
ture, PD and FOG were also independently associated with increased fall prevalence (PD OR = 4.15 [95% CI
1.65-10.44], P < 0.01; FOG OR = 3.63 [1.22-10.80], P = 0.02). Although the strongest associations between
set shifting and falling were observed among PD without FOG (OR = 2.11) compared to HOA (OR = 1.14) and
PD with FOG (OR = 1.46), no statistically-significant differences were observed across groups. SIGNIFICANCE.
Impaired set shifting is associated with previous falls in older adults with and without PD. Set shifting may be
useful to include in fall risk assessments, particularly when global cognitive measures are within reference limits.

1. Introduction

Falls are a leading cause of accidental death [1], and fall risk is
increased by about six times in individuals with Parkinson’s disease
(PD) [2]. In addition to their direct physical sequelae, falls are asso-
ciated with reduced confidence [3], activity level [4], and quality of life
[5], and therefore may indicate the beginning of serious decline in
many individuals with and without PD. Despite the significant mor-
bidity and mortality resulting from falls — and the availability of suc-
cessful fall risk reduction programs [6-8] — identifying candidates for
intervention remains difficult, due to the multifactorial causes of falls
[91.

Understanding motor and non-motor impairments associated with
falls in people with and without PD is therefore critical to informing
prevention strategies. In addition to many of the generic or

conventional fall risk factors identified in the aging population, such as
advanced age and female sex [9], prospective studies have identified
multiple disease-specific risk factors for falls among individuals with PD
- including the presence of freezing of gait (FOG), an episodic symptom
in which patients feel as though their feet are glued to the floor [10].
Freezing episodes can directly cause falls; however, the presence of FOG
is also associated with poorer static and dynamic balance at times other
than during paroxysmal freezing episodes [11], suggesting that patho-
logical changes leading to FOG may impair balance and cause falls at
times other than during episodes. However, a comprehensive under-
standing of the pathologic precursors to falls remains lacking [12]. One
of the strongest risk factors for falling among those with [13] and
without PD [14] remains the presence of previous falls, which is of
limited clinical utility for directing patients to interventions.

Many studies have demonstrated associations between impaired
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executive function and falls in PD and in neurotypical aging, which
suggests that measures of subdomains of executive function could be
useful in assessments of fall risk. For example, prospective studies have
demonstrated elevated fall risk associated with impaired executive
function assessed with the multiple-item initiation/perseveration sub-
scale of the Mattis Dementia rating scale in PD [15] or assessed with a
computerized testing battery in neurotypical individuals [16]. Multiple
definitions of and assessment modalities for the construct of executive
function have been proposed. However, one subdomain — set shifting —
is central to many schemas and can be estimated quickly as the dif-
ference between parts B and A of the Trailmaking Test, which can be
performed with pencil and paper [17,18] (see Section 2.2). Set shifting
(also referred to as “attention switching,” “task switching,” or “set
switching”) is a component of executive function related to cognitive
flexibility. Miyake and colleagues [19] define it as “shifting back and
forth between multiple tasks, operations, or mental sets.”

Impaired set shifting, in particular, may be relevant to falls, al-
though potential causal pathways between set shifting and falling re-
main unknown. Among neurotypical older adults, impairments in set
shifting, but not in other components of executive function (i.e., in-
hibition or memory updating), are associated with increased gait
variability during dual task conditions [20], which is an important
marker of fall risk [21]. Among PD patients, in addition to falls being
extremely commonplace, set shifting impairments are common during
cognitive and motor tasks. For example, PD patients exhibit impaired
ability to shift between sequential voluntary movements [22], to alter
balance responses to match task requirements [23] and to (among those
with FOG) shift step direction during cued stepping [24]. The extent to
which dysfunctional basal ganglia or other disease processes in PD
cause impairments in cognitive and/or motor set shifting is an area of
substantial debate [24,25]. However, it is reasonable that the inability
to shift between ongoing motor programs could contribute to falls.

To the authors’ knowledge, no studies have attempted to relate
impairments in the set shifting component of executive function to
falling in individuals with or without PD. Here, we used baseline data of
138 adults with and without PD who had volunteered for exercise-
based rehabilitation to test the hypotheses that: 1) impaired set shifting
is associated with previous falls, and 2) this association is modified by
the presence of PD or PD and FOG.

2. Materials and methods
2.1. Participants

We assessed associations between impaired set shifting and previous
falls using baseline measures of community-dwelling individuals with
and without PD from balance and mobility rehabilitative interventions
conducted by our group in 2011-2013 and 2014-2015.

Participants provided written informed consent according to pro-
tocols approved by the Institutional Review Boards of Emory University
and the Georgia Institute of Technology. Participants met the following
inclusion criteria: no diagnosed neurological conditions other than PD,
ability to walk =3 m with or without assistance. Participants with PD
met the following additional inclusion criterion: diagnosis of idiopathic
“definite PD” [26]. Participants were excluded based on significant
musculoskeletal impairment as determined by the investigators.

Details of the rehabilitative intervention and outcomes have been
published previously [27-29]. Briefly, participants were interviewed
for health history and previous falls and assessed with a battery of
behavioral and cognitive outcome measures prior to allocation to in-
tervention arms with Adapted Tango rehabilitative dance classes or to
control arms comprised of either standard care or health education
classes.

Beginning with n = 153 data records initially available, records
were excluded due to: presence of neurological conditions other than
PD discovered after data collection (n = 2), Montreal Cognitive
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Assessment (MoCA, [30]) scores (< 18) indicating dementia (n = 11),
suspected invalid estimates of set shifting due to abnormally long times
for Part A of the Trailmaking test (> 200s; n = 2), and confirmed in-
valid estimates of set shifting due to significant tremor artifacts in paper
records of the Trailmaking test (n = 1). After applying exclusions, data
from n = 138 individuals were available for analysis.

2.2. Study variables

The primary outcome was faller status. Participants were classified
as “fallers” if they reported =1 falls in the last six months at study
entry. Falls were defined as “an event which results in a person coming
to rest unintentionally on the ground or other lower level” [31].
Longitudinal falls data could not be used in this case because most
participants were enrolled in fall risk-modifying interventions.

The primary exposure, Set Shifting Score, was measured as the
difference between Parts A and B of the Trailmaking Test. This timed
test is administered on paper and requires the participant to quickly
connect sequentially numbered dots (part A), or dots alternating be-
tween sequential numbers and letters (part B), including time required
to correct any errors. Numerical scores for each part were truncated to
300 s and the difference between parts B and A was used as an estimate
of set shifting impairment [17,18]. A larger difference indicates greater
impairment in set shifting.

The secondary exposure, PD Status, was treated as a dichotomous
variable (NON-PD vs. PD, with NON-PD as the reference group) in
univariate tests of central tendency, and as a trichotomous variable
(NON-PD, PD-FOG, PD + FOG, with NON-PD as the reference group) in
multivariate analyses. Participants with PD were -classified as
PD + FOG if they scored >1 on item 3 of the Freezing of Gait
Questionnaire (FOGQ) [32], indicating freezing more than once per
week [27], and were classified as PD-FOG otherwise. Participants
(n = 5) for which this FOGQ item was unavailable were classified as
PD + FOG if they scored > 1 on item 14 of the Unified Parkinson’s
Disease Rating Scale (UPDRS) Part II [33], indicating ‘occasional’
freezing [34].

Global cognitive function was assessed with the MoCA, which has
been indicated as a preferred assessment tool among PD due to its in-
clusion of aspects of overall executive function [30]. PD disease severity
was assessed with the UPDRS-III [33] by a Movement Disorders Society-
trained examiner or by trained research assistants. Additional study
variables considered to be relevant for evaluating associations with
falling included the demographic and clinical variables moderately or
significantly associated with elevated fall risk in PD, including age,
female sex, and self-reported PD duration in years [13]. Additional
motor domain variables included Berg Balance Scale (BBS) [9,35] and
self-selected gait speed [13,36]. MoCA score was dichotomized about
27, with scores =26 indicating mild cognitive impairment (mocates-
t.org). BBS score was dichotomized about 45, indicating functional
mobility without the use of a cane [35], and gait speed was dichot-
omized about 0.7 m/s, a previously-reported cutoff for slow gait [36].

2.3. Statistical approach

Descriptive statistics were calculated for study variables overall and
stratified on PD status. Differences across groups were assessed with
univariate tests (independent sample t-tests, Wilcoxon rank sum, chi-
square).

Multivariate logistic regression models were used to estimate asso-
ciations between Set Shifting Score, PD Status, and the primary out-
come Faller Status. Associations were expressed as prevalence odds
ratios (OR) = 95% confidence intervals (CI). Set Shifting Score was
expressed with respect to the minimum value observed in the sample
and scaled to units of 30 s, approximately one quartile. Odds ratios were
calculated in unadjusted models and in models adjusted for sex, age (in
5 year units), MoCA score, and PD duration (in 5 year units).
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To test whether Set Shifting Score was associated with previous
falls, we fit the following multivariate model:

g (2055225 )= 6+ s
+ Bpp—rog'PD — FOG
+ Bop rog-PD + FOG
+ B,-Age
+ f3,-Sex
+ 5MoCA

+ B,-PD duration [6))

where the variable SS indicates Set Shifting Score, the indicator vari-
able PD-FOG is 1 for individuals in the PD-FOG group and O otherwise,
and the indicator variable PD + FOG is 1 for individuals in the
PD + FOG group and 0 otherwise. To test whether impaired Set Shifting
was associated with previous falls, the following null hypothesis was
evaluated with a Wald test:

H()]Z ﬁSS =0

To test whether the association between Set Shifting and previous
falls was modified by the presence of PD or PD and FOG, the parameters
of a second adjusted multivariate model allowing interaction between
Set Shifting Score and PD Status were also estimated:

p(Faller = 1) _ X
log (m)— By + Bss'SS

+ Bop_pog’PD — FOG

+ Bopirog PD + FOG

+ B,-Age

+ f3,-Sex

+ BMoCA

+ f,-PD duration

+ Bss.pp-rog"SS-PD — FOG

+ ﬁss.PD+FOG'SS'PD + FOG 2

A likelihood ratio test was then employed comparing the full model
(Eq. (2)) against the reduced model (Eq. (1)) to evaluate the following
null hypothesis:

Hoz © Bss.pp—roc = Bss.pp+rog = 0

Additional analyses were performed as follows. To minimize the
potential for misclassification bias associated with retrospective self-
report of previous falls, results of the adjusted model (Eq. (1)) were
compared after imposing a more stringent criterion for faller status. In
this analysis, participants were classified as “fallers” if they reported
=2 falls in the previous 6 months. Sensitivity of the adjusted model
(Eq. (1)) to the inclusion of motor domain covariates BBS and gait speed
was also assessed. Finally, to facilitate comparisons with prior studies,
additional multivariate logistic regression models were also calculated
to estimate prevalence odds ratios for PD vs. NON-PD and for
PD + FOG vs. PD-FOG with Set Shifting Score omitted. Due to the ex-
ploratory nature of the study no a priori power analyses were per-
formed. All reported P-values correspond to 2-tailed tests considered
statistically-significant at P < 0.05. Analyses were performed using
SAS University Edition 9.2.

3. Results
3.1. Demographics

Demographic and clinical characteristics of the study population
stratified on the presence of PD and/or FOG are presented in Tables 1
and 2. Overall prevalence of previous falls was 51/138 = 40%. Parti-
cipants with PD exhibited significantly increased fall prevalence (34/
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65 = 52% vs. 17/73 = 23%, P < 0.01) despite being younger, higher
functioning cognitively, and less likely to be female than the NON-PD
group, all of which are known fall risk factors [9]. Among the PD group,
individuals with and without FOG were relatively well-matched on
demographic variables, cognitive function, and disease duration
(Table 2); FOG was associated with more severe UPDRS-III score,
poorer BBS score, more impaired Set Shifting, and increased prevalence
of previous falls (18/26 = 69% vs. 16/39 = 40%).

3.2. Set shifting and falls

Model (Eq. (1)) demonstrated a significant association between
impaired Set Shifting and previous falls (OR: 1.29, 95% CI: 1.03-1.60;
P < 0.02) after adjusting for age, sex, PD duration, and MoCA score.
PD Status was also significantly associated with previous falls
(PD + FOG OR: 4.69, 95% CIL: 1.30-16.98; P < 0.02); however, con-
trasts between the PD + FOG and PD-FOG groups (OR: 1.64) were not
statistically significant. Comparable associations between Set Shifting
and previous falls were observed in a model that was unadjusted for
age, sex, PD duration, and MoCA score (OR: 1.19, 95% CI: 0.99-1.44);
however, associations were statistically significant only in the adjusted
model (Table 3).

Likelihood ratio tests comparing Model (Eq. (2)), which allowed
interaction between Set Shifting Score and PD Status, to Model (Eq. (1))
demonstrated that the association between Set Shifting and previous
falls did not vary in a statistically significant fashion across the NON-
PD, PD-FOG, and PD + FOG groups. Results were comparable with (P-
interaction = 0.21) or without (P-interaction = 0.34) adjustments for
age, sex, PD duration, and MoCA score. Although not statistically sig-
nificant, qualitatively stronger associations between Set Shifting and
previous falls were observed among the PD-FOG group (adjusted
OR = 2.11, 95% CI: 0.94-4.70) compared to either among the NON-PD
group (OR = 1.14, 95% CI: 0.86-1.50) or among the PD + FOG group
(OR = 1.46, 95% CI: 0.96-2.23) (Table 4).

3.3. Other analyses

Associations between Set Shifting and previous falls were essentially
unchanged when a more stringent definition of faller status was im-
posed (Table S1; OR: 1.28 vs. 1.29 in adjusted Model 1). Unlike the
main model, contrasts between PD + FOG and PD-FOG were statisti-
cally significant (OR: 4.28, CI: 1.14-16.16, P < 0.03) under a more
stringent definition of faller status. Including motor domain covariates
BBS and gait speed in the model affected identified odds ratios by
~10%, reducing odds ratios for Set Shifting (OR: 1.21, vs. 1.29) and
PD-FOG (2.66 vs. 2.87) and increasing odds ratios for PD + FOG (5.06
vs. 4.69) (Table S2). In multivariate models controlling for age, sex, and
MoCA score, but without Set Shifting, odds ratio contrasting PD to
NON-PD was 4.15 (CI: 1.65-10.44) and the odds ratio contrasting
PD + FOG to PD-FOG was 3.63 (CI: 1.22-10.80).

4. Discussion

To the authors’ knowledge, this is the first study to examine asso-
ciations between impairments in the set shifting domain of cognitive
function and previous falls in individuals with or without PD.
Consistent with our hypothesis, we found that impaired set shifting was
associated with previous falls in this cross-sectional study of 138 non-
demented individuals after controlling for the large effects of PD and
FOG, overall cognitive status, and other demographic and clinical
variables. Because set shifting can be assessed quickly with the pencil-
and-paper Trailmaking Test, it may be an important domain to consider
for inclusion in fall risk assessment, particularly when measurements of
global cognition fall within reference ranges.

We identified very strong associations between PD, FOG, and pre-
vious falls, corroborating the results of prospective studies in the
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Table 1
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Demographic and clinical features of the study population, assembled from baseline measurements of rehabilitative interventions conducted in 2011-2013 and 2014-2015, overall and

stratified on PD Status.

Characteristic All Participants NON-PD PD
N 138 73 65
Age, y (mean = SD)** 75 = 12 81 + 11 68 = 10
Sex**
Female (N, %) 80 (58) 52 (71) 28 (44)
Male (N, %) 58 (42) 21 (29) 37 (56)
Education, y (mean * SD)* 16 + 2 15 + 3° 16 + 28
Falling**
0 falls (N, %) 87 (63) 56 (77) 31 (48)
1 fall (N, %) 22 (16) 12 (16) 10 (15)
>1 fall (N, %) 51 (37) 17 (23) 34 (52)
>2 falls (N, %) 29 (21) 5(7) 24 (37)
Cognitive domain
MoCA (/30; mean * SD)** 245 * 3.0 233 + 2.8 25.8 + 2.7
Set shifting
Trailmaking A (s; median *+ IQR)** 39.9 + 23.1% 447 + 255° 36.0 = 15.3
Trailmaking B (s; median + IQR)** 107.0 = 92.2% 98.1 * 35.0° 77.0 = 71.0
Trailmaking B-A (s; median + IQR)* 64.9 + 81.6% 76.6 + 70.4° 39.7 + 66.9
Motor domain
Berg Balance Scale (/54; mean *+ SD)** 49.4 + 7.4° 47.6 + 8.7¢ 51.4 + 4.8°
Gait speed, m/s (mean * SD) 0.98 + 0.24f 0.95 = 0.24 1.02 + 0.23%
Clinical characteristics
PD duration, y (mean + SD) 7.3 + 5.6°
UPDRS-III (/108; mean + SD) 32.0 = 10.6
Freezing of Gait
Freezer (N, %) 26 (40)
Nonfreezer (N, %) 39 (60)
Hoehn & Yahr stage
3 (N, %) 20 (14
2.5 (N, %) 12 (9)
2 (N, %) 26 (19)
1.5 (N, %) 6 (4)
1 (N, %) 1(2)

Abbreviations: PD, Parkinson’s disease; MoCA, Montreal Cognitive Assessment. *P < 0.05, **P < 0.01, derived from tests of central tendency or homogeneity comparing PD and

NON-PD groups. °N = 137. °N = 72. °N = 135. N = 71. °N = 64. N = 134. N = 63.

literature. In general agreement with other work [2,13], in models
adjusted for age, sex, and overall cognitive function, odds of previous
falls were elevated > 4 times among those with PD compared to those
without, and > 3 times among PD patients with FOG compared to those
without. Recent prospective studies have identified generally compar-
able odds ratios (PD OR: 6.08, CI: 2.45-15.05 [2]; PD + FOG OR: 4.11,
CL: 2.20-7.66 [13]). Although the odds ratios identified here were
biased downward somewhat compared to values from the literature,
results were essentially unchanged under a more stringent definition of
“faller,” suggesting that this bias was not due to the use of self-reported
fall history. We speculate that these biases may result from elevated fall
prevalence among the NON-PD group, some of whom might have en-
rolled in the rehabilitative program due to concerns about previous
falls.

The association between set shifting score and previous falls ob-
served here supports the hypothesis that impairments in specific sub-
domains of executive function — rather than overall cognitive function
— may be associated with falls in individuals with and without PD. It is
possible that this relationship may be observed because set shifting
impairments may make motor tasks more challenging. Other measures
of executive function have been associated with increased fall risk in
non-demented people with [15,37] and without [16] PD. Causal links
between impaired set shifting and falling are unclear, but at least
among PD patients, impaired set shifting during motor domain tasks
such as reactive balance [23] and step initiation [24] may provide a
possible causal pathway between impaired set shifting and falling.

Inconsistent with our hypothesis, we did not find statistically-sig-
nificant evidence that associations between set shifting and falls were
modified by the presence of PD or FOG, which casts doubt on the
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hypothesis that PD-specific [24] or FOG-specific [17] impairments in
set shifting, at least, are associated with falls. Overall, the strongest
associations between Set Shifting and previous falls were observed in
PD-FOG (OR 2.11). This suggests that people with PD but without FOG
could benefit from interventions aimed at improving cognitive function
and mitigating fall risk [8]. Candidate interventions could include
cognitive training, which is beneficial for many aspects of cognition in
PD - particularly memory, although efficacy on executive function
appears limited in PD [38,39], or pharmacological agents such as
acetylcholinesterase inhibitors, which may potentially reduce falls in
PD, either via modifying gait variability or by improving attention or
executive function [21,40,41]. There is also accumulating evidence that
exercise rehabilitation is beneficial for cognition in PD [42]. Im-
portantly, we could not reject the null hypothesis that associations
between set shifting and falling were constant across study groups,
leaving unresolved the question of who would best benefit from inter-
vention. This important question could be addressed in a larger, pro-
spective study.

Due to the retrospective nature of the study we were unable to
consider relationships between specific cognitive subdomains of ex-
ecutive function other than set shifting (e.g., inhibitory control, mon-
itoring and updating of working memory, etc.) and falls. Although we
controlled for overall cognitive ability with MoCA score, we were un-
able to examine other cognitive predictors. To at least partially address
the possibility that these results are not specific to Set Shifting per se,
but that similar results would be observed with other measures related
to executive function, we performed univariate t-tests post-hoc to
compare outcomes derived from the Trailmaking Test (Part A score,
Part B score, and Parts B-A) between fallers and non-fallers.
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Table 2

Demographic and clinical features of PD patients in the study population, assembled from
baseline measurements of rehabilitative interventions conducted in 2011-2013 and
2014-2015, stratified on the presence of freezing of gait (FOG).

Characteristic PD-FOG PD + FOG
N 39 26

Age, y (mean + SD) 69 + 8 67 + 12
Sex

Female (N, %) 18 (46) 10 (38)

Male (N, %) 21 (54) 16 (62)
Education, y (mean = SD) 16 + 2¢ 16 + 2°
Falling*

0 falls (N, %) 23 (60) 8 (31)

1 fall (N, %) 8 (20) 2(8)

>1 fall (N, %) 16 (40) 18 (69)

=2 falls (N, %) 8 (20) 16 (61)
Cognitive domain

MoCA (/30; mean *= SD) 26.1 + 2.7 25.4 + 2.6

Set shifting

Trailmaking A (s; median + IQR)* 29.8 = 11.0 41.1 = 16.3%

Trailmaking B (s; median + IQR)* 65.5 = 54.7 113.1 + 88.6*

Trailmaking B-A (s; median + IQR)* 34.3 + 44.2 69.8 = 71.6%
Motor domain

Berg Balance Scale (/54; mean *= SD)* 529 = 3.3 49.2 + 6.0

Gait speed, m/s (mean *+ SD) 1.06 = 0.21 0.95 + 0.26"
Clinical characteristics

PD duration, y (mean + SD) 6.4 + 5.8 8.5 + 5.1*

UPDRS-III (/108; mean + SD)* 294 = 7.8 35.9 = 13.0

Freezing of Gait

Freezer (N, %) 0 (0) 26 (100)

Nonfreezer (N, %) 39 (100) 0 (0)

Hoehn & Yahr stage

3 (N, %) 9 (23) 11 (42)

2.5 (N, %) 6 (15) 6 (23)

2 (N, %) 17 (43) 9 (35)

1.5 (N, %) 6 (15) 0 (0)

1 (N, %) 1® 0 (0
Abbreviations: PD, Parkinson’s disease; MoCA, Montreal Cognitive Assessment.

*P < 0.05, derived from tests of central tendency or homogeneity comparing PD + FOG
and PD-FOG groups. °N = 25. °N = 24 , °N = 38.

Table 3
Associations between Set Shifting Score, PD Status, and =1 falls in the previous 6 months
in the study sample (Model 1).

Unadjusted Adjusted”

OR 95% CI P OR 95% CI P
Set Shifting Score 1.19 0.99,1.44 0.07 1.29 1.03,1.60  0.02
PD-FOG vs. NON-PD 290 1.18,7.14 0.02 2.87 092,890 0.07
PD + FOG vs. NON-PD 7.50 2.68,21.00 <0.01 4.69 1.30,16.98 0.02
PD + FOG vs. PD-FOG  2.59 0.88, 7.62 <0.01 1.64 0.46,584 045
No. Obs 136 135
No. Events 50 49
-2Ln(L) 159.348 137.897

Abbreviations: PD, Parkinson’s disease; FOG, freezing of gait; OR, odds ratio; CI, con-
fidence interval.
2 Adjusted for age, sex, PD duration, MoCA.

We found that only Trailmaking B-A and Trailmaking B dis-
criminated fallers from non-fallers among PD patients; scores were in-
creased in fallers compared to non-fallers by 81% (P = 0.02) and 36%
(P = 0.01) for B-A and Part B, respectively. In contrast, among the Non-
PD sample, stronger associations with previous falls were observed for
Part A, a measure of visuomotor speed (31%, P = 0.10), than for Parts B
or B-A (15%, P = 0.23, and 11%, P = 0.54, respectively). These addi-
tional results provide some evidence that associations between Set
Shifting and falling in the main analyses of this work are indeed specific
to Set Shifting per se, rather than executive function in general. Future
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Table 4
Associations between Set Shifting Score and =1 falls in the previous 6 months, and be-
tween PD Status and =1 falls in the previous 6 months, in the study sample (Model 2).

Unadjusted Adjusted®
OR 95% CI P OR 95% CI P
Set Shifting Score (among 1.09 0.83,1.42 0.62 1.14 0.86,1.50 0.37
NON-PD)
Set Shifting Score (among  1.60 0.95, 2.69 0.07 211 0.94, 4.70 0.07
PD-FOG)
Set Shifting Score (among 1.14 0.78, 1.67 0.50 1.46 0.96, 2.23 0.08
PD + FOG)
PD-FOG vs. NON-PD" 1.46 038,561 058 1.08 0.22,534 0.93
PD + FOG vs. NON-PD"” 6.30 1.33,29.88 0.02 220 0.35,13.84 0.40
PD + FOG vs. PD-FOG® 4.32 091, 20.48 0.06 2.05 0.34,12.32 0.43
No. Obs 136 135
No. Events 50 49
—2Ln(L) 159.348 137.897
P-interaction® 0.34 0.21

Abbreviations: PD, Parkinson’s disease; FOG, freezing of gait; OR, odds ratio; CI, con-
fidence interval.

2 Adjusted for age, sex, PD duration, MoCA.

b 0dds ratio estimated among Set Shifting Score = 0.

¢ P value versus model without interaction (Table 3), Likelihood Ratio Test. Note that
this model (Model 2) allows for interaction between Set Shifting Score and PD Status.

prospective studies should investigate relationships between other
cognitive domains (i.e. inhibitory control, visuospatial control, etc.)
and falls to comprehensively test whether this relationship is specific to
Set Shifting.

Although we identified associations between impaired set shifting
and falling — the strongest of which were observed in individuals with
PD but without FOG — potential causal pathways between impaired set
shifting and falls remain speculative. One hypothesis that is consistent
with these results is that among non-freezers, impaired set shifting was
associated with (or potentially caused) transient motor blocks that were
not recognized as fully-developed freezing episodes, but that never-
theless were pronounced enough to cause falls. This is in accord with
the “cognitive” model of FOG, which states that deterioration of re-
sponse conflict processes can induce motor blocks [24,43]. Although
total FOG-Q scores were unavailable for these analyses, it is likely that
many of the individuals with impaired set shifting who were classified
as non-freezers for the purposes of this study likely had non-zero FOG-Q
scores, because set shifting is significantly associated with total FOG-Q
score in PD patients with some self-reported freezing [44]. Among
freezers and neurotypical individuals, it could be expected that set
shifting impairments would be less strongly associated with fall history
due to the competing risk factor of FOG and protective factors asso-
ciated with healthy aging, respectively.

This study has some additional limitations of note. First, although
we attempted to minimize misclassification error associated with self-
report of FOG status by using a robust classification for FOG, this
process was likely imperfect and may have reduced power to dis-
criminate between groups. Second, although motor domain variables
such as BBS and gait speed have been demonstrated to predict incident
falls in prospective studies [13,36], we were unable to control for these
variables in the main models of this cross-sectional study because of the
potential that impaired performance on these measures could be the
result of, rather than cause of, previous falls [45]. Although we found
that the results were not strongly affected by these variables in sensi-
tivity analyses, this remains a limitation that should be addressed in
prospective studies. Finally, it is notable that although identified asso-
ciations between set shifting and falls were statistically significant
(OR = 1.3); they were substantially smaller in magnitude than asso-
ciations between PD and falls (OR = 4.6). Although relationships be-
tween set shifting and falls were in the same qualitative direction across
all models tested, the limited size of this association meant that



J.L. McKay et al.

identified odds ratios varied between statistically-significant (P = 0.02)
and only marginally significant (P = 0.07-0.12) depending on which
covariates were included. This difference in magnitudes may explain
the fact that the NON-PD group included fewer fallers despite more
impaired set shifting compared to the PD group.

5. Conclusion

In summary, impaired set shifting was associated with previous falls
in non-demented individuals with and without PD. Set shifting may
therefore be useful to include in fall risk assessments in older adults
with and without PD, particularly when global cognitive measures are
within reference limits.

Funding sources

This work was supported by the National Institutes of Health (NIH)
UL1 TR000454, KL2 TR000455, TL1 TR000456, R21 HD075612, K25
HD086276 and the Department of Veterans Affairs R&D Service
NO0870W, the Dan and Merrie Boone Foundation, and the Emory Center
for Injury Control. The study sponsors had no role in study design; in
the collection, analysis and interpretation of data; in the writing of the
report; or in the decision to submit the article for publication.

Conflicts of interest
None.
Author contributions

Research project: Conception, JLM, LHT, MEH; Organization, JLM,
KCL, LHT, MEH; Execution, JLM, KCL, LHT, MEH. Statistical Analysis:
Design and Execution: JLM; Review and Critique: LHT, MEH.
Manuscript Preparation: Writing of the first draft: JLM; Review and
Critique, KCL, LHT, MEH.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.gaitpost.2018.02.027.

References

[1] S. Deandrea, E. Lucenteforte, F. Bravi, R. Foschi, C. La Vecchia, E. Negri, Risk
factors for falls in community-dwelling older people: a systematic review and meta-
analysis, Epidemiology 21 (5) (2010) 658-668.

B.R. Bloem, Y.A.M. Grimbergen, M. Cramer, M. Willemsen, A.H. Zwinderman,
Prospective assessment of falls in Parkinson's disease, J. Neurol. 248 (11) (2001)
950-958.

M.K. Mak, M.Y. Pang, Fear of falling is independently associated with recurrent falls
in patients with Parkinson's disease: a 1-year prospective study, J. Neurol. 256 (10)
(2009) 1689-1695.

M.H. Nilsson, A.M. Drake, P. Hagell, Assessment of fall-related self-efficacy and
activity avoidance in people with Parkinson's disease, BMC Geriatr. 10 (2010) 78.
S. Rahman, H.J. Griffin, N.P. Quinn, M. Jahanshahi, Quality of life in Parkinson's
disease: the relative importance of the symptoms, Mov. Disord. 23 (10) (2008)
1428-1434.

D. Sparrow, T.R. DeAngelis, K. Hendron, C.A. Thomas, M. Saint-Hilaire, T. Ellis,
Highly challenging balance program reduces fall rate in Parkinson disease, J.
Neurol. Phys. Ther. 40 (1) (2016) 24-30.

F. Li, P. Harmer, K. Fitzgerald, E. Eckstrom, R. Stock, J. Galver, et al., Tai chi and
postural stability in patients with Parkinson's disease, N. Engl. J. Med. 366 (6)
(2012) 511-519.

M.E. Morris, H.B. Menz, J.L. McGinley, J.J. Watts, F.E. Huxham, A.T. Murphy, et al.,
A randomized controlled trial to reduce falls in people with Parkinson's disease,
Neurorehabil. Neural. Repair 29 (8) (2015) 777-785.

M.A. van der Marck, M.P. Klok, M.S. Okun, N. Giladi, M. Munneke, B.R. Bloem,
et al., Consensus-based clinical practice recommendations for the examination and
management of falls in patients with Parkinson's disease, Parkinsonism Relat. D 20
(4) (2014) 360-369.

A.H. Snijders, K. Takakusaki, B. Debu, A.M. Lozano, V. Krishna, A. Fasano, et al.,
Physiology of freezing of gait, Ann. Neurol. 80 (5) (2016) 644-659.

[2]

[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Gait & Posture 62 (2018) 220-226

R.P. Duncan, A.L. Leddy, J.T. Cavanaugh, L.E. Dibble, T.D. Ellis, M.P. Ford, et al.,
Balance differences in people with Parkinson disease with and without freezing of
gait, Gait Posture 42 (3) (2015) 306-309.

S.W. Muir, K. Gopaul, M.M. Montero Odasso, The role of cognitive impairment in
fall risk among older adults: a systematic review and meta-analysis, Age Ageing 41
(3) (2012) 299-308.

S.S. Paul, C.G. Canning, C. Sherrington, S.R. Lord, J.C. Close, V.S. Fung, Three
simple clinical tests to accurately predict falls in people with Parkinson's disease,
Mov. Disord. 28 (5) (2013) 655-662.

M.E. Tinetti, M. Speechley, S.F. Ginter, Risk factors for falls among elderly persons
living in the community, N. Engl. J. Med. 319 (26) (1988) 1701-1707.

M.K. Mak, A. Wong, M.Y. Pang, Impaired executive function can predict recurrent
falls in Parkinson's disease, Arch. Phys. Med. Rehabil. 95 (12) (2014) 2390-2395.
A. Mirelman, T. Herman, M. Brozgol, M. Dorfman, E. Sprecher, A. Schweiger, et al.,
Executive function and falls in older adults: new findings from a five-year pro-
spective study link fall risk to cognition, PLoS One 7 (6) (2012) e40297.

R.G. Cohen, K.A. Klein, M. Nomura, M. Fleming, M. Mancini, N. Giladi, et al.,
Inhibition, executive function, and freezing of gait, J. Parkinson Dis. 4 (1) (2014)
111-122.

S.A. Factor, M.K. Scullin, A.B. Sollinger, J.O. Land, C. Wood-Siverio, L. Zanders,
et al., Freezing of gait subtypes have different cognitive correlates in Parkinson's
disease, Parkinsonism Relat D. 20 (12) (2014) 1359-1364.

A. Miyake, N.P. Friedman, M.J. Emerson, A.H. Witzki, A. Howerter, T.D. Wager,
The unity and diversity of executive functions and their contributions to complex
Frontal Lobe tasks: a latent variable analysis, Cogn. Psychol. 41 (1) (2000) 49-100.
M.B. van Iersel, R.P. Kessels, B.R. Bloem, A.L. Verbeek, M.G. Olde Rikkert,
Executive functions are associated with gait and balance in community-living el-
derly people, J. Gerontol. A Biol. Sci. Med. Sci. 63 (12) (2008) 1344-1349.

E.J. Henderson, S.R. Lord, M.A. Brodie, D.M. Gaunt, A.D. Lawrence, J.C.T. Close,
et al., Rivastigmine for gait stability in patients with Parkinson's disease (ReSPonD):
a randomised, double-blind, placebo-controlled, phase 2 trial, Lancet Neurol. 15 (3)
(2016) 249-258.

R. Benecke, J.C. Rothwell, J.P. Dick, B.L. Day, C.D. Marsden, Disturbance of se-
quential movements in patients with Parkinson's disease, Brain 110 (Pt. 2) (1987)
361-379.

D. Dimitrova, F.B. Horak, J.G. Nutt, Postural muscle responses to multidirectional
translations in patients with Parkinson's disease, J. Neurophysiol. 91 (1) (2004)
489-501.

K. Smulders, R.A. Esselink, B.R. Bloem, R. Cools, Freezing of gait in Parkinson's
disease is related to impaired motor switching during stepping, Mov. Disord. 30 (8)
(2015) 1090-1097.

R.K.Y. Chong, F.B. Horak, M.H. Woollacott, Parkinson's disease impairs the ability
to change set quickly, J. Neurol. Sci. 175 (1) (2000) 57-70.

B.A. Racette, M. Rundle, A. Parsian, J.S. Perlmutter, Evaluation of a screening
questionnaire for genetic studies of Parkinson's disease, Am. J. Med. Genet. 88 (5)
(1999) 539-543.

K.E. McKee, M.E. Hackney, The effects of adapted tango on spatial cognition and
disease severity in Parkinson's disease, J. Motor Behav. 45 (6) (2013) 519-529.
M.E. Hackney, C. Byers, G. Butler, M. Sweeney, L. Rossbach, A. Bozzorg, Adapted
tango improves mobility, motor-cognitive function, and gait but not cognition in
older adults in independent living, J. Am. Geriatr. Soc. 63 (10) (2015) 2105-2113.
J.L. McKay, L.H. Ting, M.E. Hackney, Balance, Body Motion, and Muscle Activity
after High-volume Short-term Dance-based Rehabilitation in Persons with
Parkinson Disease: A Pilot Study, J. Neurol. Phys. Ther. 40 (4) (2016) 257-268.
S. Hoops, S. Nazem, A.D. Siderowf, J.E. Duda, S.X. Xie, M.B. Stern, et al., Validity of
the MoCA and MMSE in the detection of MCI and dementia in Parkinson disease,
Neurology 73 (21) (2009) 1738-1745.

A. Ashburn, E. Stack, R.M. Pickering, C.D. Ward, Predicting fallers in a community-
based sample of people with Parkinson's disease, Gerontology 47 (5) (2001)
277-281.

N. Giladi, H. Shabtai, E.S. Simon, S. Biran, J. Tal, A.D. Korczyn, Construction of
freezing of gait questionnaire for patients with Parkinsonism, Parkinsonism Relat D
6 (3) (2000) 165-170.

S. Fahn, R.L. Elton, The unified Parkinson’s disease rating scale, in: S. Fahn,

C.D. Marsden, D.B. Calne, M. Goldstein (Eds.), Recent Developments in Parkinson's
Disease, Macmillan Healthcare Information, 2. Florham Park, NJ, 1987, pp.
153-163.

S. Perez-Lloret, L. Negre-Pages, P. Damier, A. Delval, P. Derkinderen, A. Destee,
et al., Prevalence, determinants, and effect on quality of life of freezing of gait in
Parkinson disease, JAMA Neurol. 71 (7) (2014) 884-890.

K.O. Berg, B.E. Maki, J.I. Williams, P.J. Holliday, S.L. Wood-Dauphinee, Clinical
and laboratory measures of postural balance in an elderly population, Arch. Phys.
Med. Rehabil. 73 (11) (1992) 1073-1080.

J. Verghese, R. Holtzer, R.B. Lipton, C. Wang, Quantitative gait markers and in-
cident fall risk in older adults, J. Gerontol. A Biol. Sci. Med. Sci. 64 (8) (2009)
896-901.

M.D. Latt, S.R. Lord, J.G. Morris, V.S. Fung, Clinical and physiological assessments
for elucidating falls risk in Parkinson's disease, Mov. Disord. 24 (9) (2009)
1280-1289.

S.L. Naismith, L. Mowszowski, K. Diamond, S.J. Lewis, Improving memory in
Parkinson's disease: a healthy brain ageing cognitive training program, Mov.
Disord. 28 (8) (2013) 1097-1103.

J. Pena, N. Ibarretxe-Bilbao, I. Garcia-Gorostiaga, M.A. Gomez-Beldarrain, M. Diez-
Cirarda, N. Ojeda, Improving functional disability and cognition in Parkinson dis-
ease: randomized controlled trial, Neurology 83 (23) (2014) 2167-2174.

K.A. Chung, B.M. Lobb, J.G. Nutt, F.B. Horak, Effects of a central cholinesterase


https://doi.org/10.1016/j.gaitpost.2018.02.027
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0005
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0005
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0005
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0010
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0010
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0010
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0015
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0015
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0015
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0020
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0020
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0025
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0025
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0025
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0030
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0030
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0030
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0035
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0035
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0035
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0040
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0040
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0040
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0045
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0045
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0045
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0045
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0050
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0050
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0055
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0055
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0055
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0060
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0060
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0060
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0065
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0065
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0065
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0070
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0070
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0075
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0075
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0080
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0080
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0080
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0085
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0085
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0085
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0095
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0095
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0095
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0100
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0100
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0100
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0105
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0105
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0105
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0105
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0110
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0110
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0110
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0115
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0115
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0115
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0120
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0120
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0120
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0125
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0125
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0130
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0130
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0130
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0135
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0135
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0140
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0140
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0140
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0145
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0145
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0145
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0150
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0150
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0150
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0155
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0155
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0155
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0160
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0160
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0160
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0165
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0165
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0165
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0165
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0170
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0170
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0170
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0175
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0175
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0175
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0180
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0180
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0180
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0185
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0185
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0185
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0190
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0190
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0190
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0195
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0195
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0195
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0200

J.L. McKay et al.

[41]

[42]

inhibitor on reducing falls in Parkinson disease, Neurology 75 (14) (2010)
1263-1269.

O. Segev-Jacubovski, T. Herman, G. Yogev-Seligmann, A. Mirelman, N. Giladi,
J.M. Hausdorff, The interplay between gait, falls and cognition: can cognitive
therapy reduce fall risk? Expert. Rev. Neurother. 11 (7) (2011) 1057-1075.

F.J. David, J.A. Robichaud, S.E. Leurgans, C. Poon, W.M. Kohrt, J.G. Goldman,

et al., Exercise improves cognition in Parkinson's disease: the PRET-PD randomized,
clinical trial, Mov. Disord. 30 (12) (2015) 1657-1663.

226

Gait & Posture 62 (2018) 220-226

[43] J. Vandenbossche, N. Deroost, E. Soetens, D. Coomans, J. Spildooren, S. Vercruysse,
et al., Freezing of gait in Parkinson's disease: disturbances in automaticity and
control, Front. Hum. Neurosci. 6 (2012) 356.

[44] S.L. Naismith, J.M. Shine, S.J. Lewis, The specific contributions of set-shifting to
freezing of gait in Parkinson's disease, Mov. Disord. 25 (8) (2010) 1000-1004.

[45] B. Salzman, Gait and balance disorders in older adults, Am. Fam. Physician 82 (1)
(2010) 61-68.


http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0200
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0200
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0205
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0205
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0205
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0210
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0210
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0210
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0215
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0215
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0215
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0220
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0220
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0225
http://refhub.elsevier.com/S0966-6362(18)30109-7/sbref0225

	Impaired set shifting is associated with previous falls in individuals with and without Parkinson’s disease
	Introduction
	Materials and methods
	Participants
	Study variables
	Statistical approach

	Results
	Demographics
	Set shifting and falls
	Other analyses

	Discussion
	Conclusion
	Funding sources
	Conflicts of interest
	Author contributions
	Supplementary data
	References




