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Abstract

Background: Freezing of gait (FOG) is a disabling clinical phenomenon in patients with Parkinson's disease (PD), which is
characterised by short episodes of inability to step and affect about 38.2 % of these patients. Abrupt FOG may disturb the balance and,
thus, it is considered as a common cause of falls in PD. This study was designed to evaluate the fall diagnostic accuracy of the Timed
Up and Go Test (TUG), a reliable and valid clinical test to assess mobility and risk of falls, in patients with PD who had FOG.

Methods: In this cross-sectional study, 80 subjects with a diagnosis of idiopathic PD who had FOG by mean + SD age of 63.63+9.76
years and mean + SD disease duration of 7.82+5.76 years were enrolled by simple non-probability sampling method. They were divided
into two faller and non-faller groups based on the history of fall during the past six months. Sensitivity, specificity, negative and positive
likelihood ratios, and receiver operator characteristic curve was calculated for TUG.

Results: The TUG score indicated significant differences between faller PD patients who had FOG and non-faller PD patients who
had FOG (p=0.003). The best cut-off point for discriminating faller and non-faller PD patients who had FOG was 11.85 seconds
(sensitivity= 68.97% and specificity= 86%).

Conclusion: TUG demonstrated moderate sensitivity and specificity to fall status in patients with PD who had FOG, suggesting its
use in conjunction with other tests for screening those who may need intervention for decreasing falls.
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Introduction

Parkinson's disease (PD) is a chronic progressive neuro-
degenerative disease characterized by a combination of mo-
tor and non—motor symptoms and signs [1]. Gait and bal-
ance impairments are disabling consequences of PD, with
different contributing factors including the freezing of gait
(FOG) [2]. This phenomenon is defined as a brief and un-
predictable episode of inability to do effective forward
stepping [3] with a prevalence rate of about 38.2% [4].
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FOG occurs usually during gait initiation, turning while do-
ing a simultaneous activity (i.e. dual-tasks), or crossing nar-
row spaces [5]. Sudden FOG may disturb the balance and,
thus, it is considered as a common cause of falls in PD [6].
Fall, especially frequent falls, is the main cause of disability
in PD [7], leading to decreased balance confidence, en-
hanced fear of future falls and finally restricted physical ac-
tivities, as well as reduced social participation and quality

1 What is “already known” in this topic:

Although the diagnostic accuracy of TUG, a reliable and valid
clinical test to assess mobility and risk of falls, has been
investigated in different populations (e.g. stroke survivors,
subjects with multiple sclerosis, etc.), its diagnostic accuracy
has not yet been investigated in patients with PD who had FOG.

— What this article adds:
The results of this study showed the moderate sensitivity and

specificity of TUG to fall status in these patients, suggesting its
use in conjunction with other tests for screening falls in patients
with PD who had FOG.
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of life in these patients [7]. Approximately 65% and 50%
of patients with PD experience at least one fall per year and
frequent falls, respectively [8]. The severity of the FOG and
the number of falls increases with increasing PD severity
[3,9].

It has been suggested that 30% to 40% of falls can be
prevented if subjects at risk for falls are identified and given
proper interventions [10]. Considering the high prevalence
rate of FOG and falls in patients with PD and close relation
between FOG and falls, identifying PD patients with FOG
(PD+FOG) who had at risk of falls is important in order to
refer them for receiving appropriate fall-related interven-
tions and preventing future falls and its above-mentioned
destructive consequences. In order to do this, clinical tests
that provide accurate screening are required. Although var-
ious balance tests are currently being used in clinical set-
tings, the Berg Balance Scale (BBS) is considered as a ref-
erence standard for balance evaluation. However, it has
been shown that BBS has a ceiling effect in patients with
PD and other populations [11-13]. Therefore, a patient may
obtain perfect score on the BBS while still has balance im-
pairments that should be addressed [14]. Timed Up and Go
test (TUG) is one of the most common measures used to
evaluate functional mobility and dynamic balance in pa-
tients with PD, which has been recently listed as “recom-
mended measure” for use in these patients by the Move-
ment Disorders Society (MDC)-commissioned task
force [15]. The British Society of Gerontology Guide-
lines/American Geriatrics Society also recommended the
TUG as a screening test for falls risk [16]. TUG needs both
static and dynamic balance and is highly correlated with
falls, gait speed, and functional mobility in older adults
[17]. Higher TUG score in patients with PD is associated
with reduced mobility and may more precisely predict falls
compared with the total score of the UPDRS [18]. Admin-
istration of TUG is easy and not time-consuming and high
validity and reliability have been reported for it in patients
with PD [19]. Therefore, the aim of this study was to inves-
tigate the diagnostic accuracy of TUG for fall risk in pa-
tients with PD who had FOG.

Methods

Participants

In this cross-sectional study, 80 patients with idiopathic
PD who had FOG were enrolled using the simple non-prob-
ability method from Movement Disorders Clinics of the
Iran University of Medical Sciences. The following inclu-
sion criteria were considered: 1. Diagnosis of idiopathic PD
by a neurologist, 2. Being in Hoehn & Yahr (H & Y) stage
of I-111 [20], 3. presence of FOG (i.e. score> 1 on the item
3 of FOG questionnaire) [21], 4. Acceptable level of cog-
nitive function (i.e. score> 24 on the Monteral Cognitive
Assessment (MoCA)) [22], 5. Ability to walk inde-
pendently for at least 10 meters, and 6. Not having other
neurologic disorders than PD (e.g. stroke), orthopedic dis-
orders or any other comorbidity likely to affect balance and
mobility. Before the enrolment of participants, approval for
the study protocol was given from the Ethics Committee of
Iran University of Medical Sciences
(IR.IUMS.REC1396.9511355009). All participants signed
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a written informed consent form before study commence-
ment.

Procedure

The following information was recorded during the indi-
vidual interview section of the examination: age, gender,
height, weight, duration of PD diagnosis, the severity of
motor impairments based on the motor subsection of Uni-
fied Parkinson's Disease Rating Scale (UPDRS-III), and
fall history. An accident that leads to unintentionally come
to rest on the ground or other low surfaces was considered
as a fall in the present study [23]. Participants were classi-
fied as fallers if their self-reported falls were > 2 during the
previous 6 months [14].

Following the individual interview, participants were as-
sessed by the TUG, in which the time taken to rise from a
chair, walk forward for three meters, turn around, walk
back, and sit down on the chair is recorded by a stopwatch.
During the test, participants were allowed to use assistive
devices, which they would normally use [24]. The partici-
pants performed one practice trial and then three trials of
the TUG were conducted and their average value was con-
sidered as the final TUG score. High test-retest reliability
and inter-rater reliability of the TUG has also been reported
in patients with PD [25]. All assessments were performed
in on-medication state of patients with PD (i.e. 1-2 h after
taking the antiparkinsonian medications) by an expert oc-
cupational therapist with enough training to conduct the
tests.

Statistical Analysis

Statistical analysis was done using SPSS for Windows
(version 13) and Med Calc Statistical software (version
13.0.6). The normal distribution of data was confirmed by
the results of the Kolmogorov—Smirnov test. Descriptive
statistics were determined for general and clinical charac-
teristics of the participants and comparison of faller and
non-faller groups regarding these variables was performed
using independent sample t-tests for quantitative variables
and Chi-square test for qualitative variables. We used
standard definitions of sensitivity (i.e.

true positive x 100 ) and specificity

(true positive+false negative)
true negative

. —— X 100) to determine how ac-
(true negative+false positive)

curately patients with PD+FOG were classified by TUG as
fallers and non-fallers. Negative predictive value (NPV),
and positive predictive value (PPV) aretrue nega-
tive and true positive results of a test, which calculated by
the following formulae, respectively: true negative/ (true
negative + false negative), and true positive/ (true positive
+ false positive). The positive likelihood ratio (PLR) and
negative likelihood ratio (NLR) were calculated as sensi-
tivity/ (1-specificity) and (1-Sensitivity)/ Specificity, re-
spectively.

Results

Eighty patients with PD+FOG (28 females and 52 males)
by mean + SD age of 63.63+9.76 years, mean + SD duration
of PD diagnosis of 7.82+5.76 years, and mean + SD UP-
DRS-111 score of 22.74+10.15 participated in the current
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study. According to the fall history during the previous 6
months, 29 participants (36.30%, 10 females and 19 males)
were classified as fallers, while 51 participants (63.80 %,
18 females and 33males) were classified as non-fallers. The
general and clinical characteristics of the participants are
presented in Table 1. A comparison of faller and non-faller
groups revealed that there was not a significant difference
between groups, with the exception of UPDRS-III score
(p=0.000) (Table 1). The results also indicated a significant
correlation between the TUG score and UPDRS-III score
(r=0.49, p=0.001).

The mean + SD of the TUG score was 19.77+16.90 and
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9.67+3.19 seconds in the faller and non-faller groups (Ta-
ble 2), respectively, which was significantly higher in the
faller group (p=0.003). The best cut-off score of TUG for
discriminating faller and non-faller PD+FOG patients was
11.85 seconds (sensitivity=68.97, specificity=88.24,
AUC=79%, 95%CI=67-88%, p<0.0001, PPV=39.4,
NPV=96.2, NLR= 0.35, and PLR=5.86) (Table 3, Figure.
1). With a TUG score equal to or greater than 11.85 sec-
onds, 39.4 % of PD+FOG patients were correctly classified
in the faller group.

Discussion
Recently, different clinical tests including TUG have

Table 1. General and clinical characteristics of the participants

Variable

Non-faller group
(n=51)

Faller group
(n=29)

Age (year)

Height (cm)
Weight (kg)

BMI (kg/m?)

PD duration (year)
UPDRS-111 (score)

62.29 £11.14
166.71 £9.38
7250 +11.71
26.19 £ 4.05
7.48 £6.14
18.50 + 8.57

65.97 £ 6.16
166.00 £7.91
70.26 £10.73
25.46 £4.13
8.41 £5.07
29.00+9.14

1.64
0.34
0.85
0.77
0.70
401

0.11
0.73
0.40
0.44
0.49
0.000

Abbreviations: BMI, Body Mass Index; UPDRS-I11, the motor subsection of Unified Parkinson's disease rating scale

Table 2. TUG score in patients with PD who had FOG with regards to the history of fall

TUG score

Non-faller

Faller

5-5.99
6-6.99
7-7.99
8-8.99
9-9.99
10-10.99
11-11.99
12-12.99
13-13.99
14-14.99
15-15.99
16-16.99
17-17.99
18-18.99
19-19.99
20-20.99
>21
Total
Mean + SD

~

POPRPOOOONRFPRRPFPOMOOOO~NO

51

9.67+3.19

19.77+16.90

0

0
1
5
2
1
1
2
1
3
1
1
1
0
2
0
8
29

Table 3. Sensitivity (%), Specificity (%), Positive Likelihood Ratio (PLR), Negative Likelihood Ratio (NLR), Positive Predictive Value

(PPV) and Negative Predictive Value (NPV) for TUG cut-off score in patients with PD who had FOG

Cut-off score Sensitivity Specificity PLR NLR PPV NPV
10.86 68.97 76.47 2.93 0.41 24.6 95.7
11 68.97 78.43 3.20 0.40 26.2 95.8
11.39 68.97 80.39 3.52 0.39 28.1 95.9
11.40 68.97 82.35 3.91 0.38 30.3 96.0
11.56 68.97 84.31 4.40 0.37 32.8 96.1
11.69 68.97 86.27 5.02 0.36 35.8 96.2
11.85 68.97 88.24 5.86 0.35 39.4 96.2
11.98 65.52 88.24 5.57 0.39 38.2 95.8
12.30 62.07 88.24 5.28 0.43 37.0 95.4
12.35 62.07 90.20 6.33 0.42 41.3 95.5
12.70 58.62 90.20 5.98 0.46 39.9 95.1
13.13 55.17 90.20 5.63 0.50 385 94.8
13.99 55.17 92.16 7.03 0.49 43.9 94.9
14.05 51.72 92.16 6.59 0.52 42.3 94.5
14.16 48.28 92.16 6.16 0.56 40.6 94.1
14.19 48.28 94.12 8.21 0.55 47.7 94.2
14.54 48.28 96.08 12.31 0.54 57.8 94.4
14.66 44.83 96.08 11.43 0.57 55.9 94.0
15.66 41.38 96.08 10.55 0.61 54.0 93.7
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Fig. 1. Receiver operating characteristic (ROC) curve for TUG score
in patients with PD+FOG

been listed as “recommended measures” by MDC-commis-
sioned task force for assessing functional mobility, balance,
and risk of falls in patients with PD. However, despite the
high prevalence of both FOG and falls and their close rela-
tion in these patients, no attempt has yet been made to in-
vestigate the diagnostic accuracy of these tests for the risk
of falls in patients with PD+FOG. The results of the current
study provide the first evidence about the diagnostic accu-
racy of TUG for the risk of falls in patients with PD who
had FOG.

We used the following descriptive terms to help the in-
terpretation of the sensitivity and specificity results: high,
> 90%; moderately high, > 80% and < 90%; moderate, >
70% and < 80%; moderately low, > 60% and < 70%; and
low, < 60%. The results of this study showed that the best
cut-off score for TUG in patients with PD+FOG was 11.85
seconds (with moderately low sensitivity (68.97%) and
moderately high specificity (88.24%)) to discriminate be-
tween fallers and non-fallers. Different cut-off scores of
TUG have reported in previous studies for screening falls,
which may be due to different fall definitions, sample sizes
or study designs. Dibble et al. (2006) used the TUG cut-off
score of 13.5 seconds in patients with PD and found low
sensitivity (39%) and moderately high specificity (87%).
The results of their study showed increased sensitivity
(93%) and decreased specificity (30%) by decreasing the
cut-off score to 7.5 seconds. Nocera et al (2013) proposed
a cut-off score of 11.5 s with moderately low sensitivity
(66%) and specificity (62%) for discriminating faller and
non-faller PD participants [24]. A recent systematic review
and meta-analysis also reported an overall low sensitivity
(31%) and moderate specificity (74%) using a cut-off score
of >13.5 seconds for fall screening in older adults [26].

The results of the current study indicated a PPV of
39.4%, NPV of 96.2%, PLR of 5.68, and NLR of 0.35 for
the best TUG cut-off score. The PPV of 39.4% showed that
39.4% of PD+FOG patients with a positive score (i.e. TUG
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score> 11.85 seconds) were correctly classified as fallers.
The NPV of 96.2% revealed that 96.2% of participants with
a negative test (i.e. TUG score< 11.85) were classified as
non-fallers. Thus, the misclassification rate for non-fallers
was less than fallers (i.e. clinicians might be more confident
about identifying non-fallers PD+FOG patients compared
to fallers PD+FOG patients according to the TUG scores).
These results did not support the use of TUG in isolation
for assessing fall risk in patients with PD+FOG.

The results of this study found that faller PD+FOG pa-
tients had significantly greater TUG scores than non-fall-
ers. This result is in accordance with the results of Vance et
al. study (2015), which showed greater TUG score in the
faller PD patients (i.e. PD patients who had a history of > 2
falls in the preceding 6 months) as compared to the non-
faller PD group [27]. The previous study on older adults,
also showed that fallers took a longer time than non-fallers
to complete the TUG [28].

Furthermore, we found that the faller PD+FOG group
had significantly greater UPDRS-III score compared with
the non-faller PD+FOG group. This finding was in line
with the Bohnen et al. study (2009) who reported greater
UPDRS scores in faller PD patients compared with non-
fallers [29]. Lieberman et al. (2016) also found a signifi-
cantly worse UPDRS-III score in recurrent faller PD pa-
tients (i.e. those who had > 2 falls during the last year) than
the non-faller PD patients [30].

There may be some possible limitations in this study.
First, only community-dwelling PD patients who had FOG,
were in the Hoeh & Yahr stages I-111 and were free from
cognitive impairments were enrolled in this study, which
limits the generalizability of the results to the entire PD
population. Second, using the self-reported history of falls
may potentially cause bias in the results. However, a self-
report history of falls has been commonly used in previous
studies, which is suggested to be validated by a spouse
and/or caregiver in future studies. Third, we performed the
assessments only in the on-medication state of patients with
PD because it is the common condition in which patients
with PD usually ambulate and encounter the risk of falls,
however, investigation of TUG diagnostic accuracy for
falls during off-medication state may provide further infor-
mation.

Conclusion

The results of this study indicated that TUG has a mod-
erate discriminative ability for falls screening in patients
with PD who have FOG. The optimal cut-off score for dis-
criminating faller PD+FOG patients and non-faller
PD+FOG patients was 11.85 with moderately low sensitiv-
ity and moderately high specificity, indicating that TUG
should be used in conjunction with other tests for the pur-
pose of falls screening in clinical practice.
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use TUG in conjunction with other tests in their routine ex-
aminations of patients with PD as a fall risk screening
measure in order to identify faller PD+FOG patients and
refer them for fall-specific interventions to reduce their risk
of falls and disabling fall-related consequences.
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