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_Falling Direction can Predict the
Mechanism of Recurrent Falls in
Advanced Parkinson’s Disease
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: itisimportant to understand the pathophysiology of falls in PD patients, but the predictors for the
possible mechanisms underlying such falls have not been clearly elucidated. In this prospective
observational study, we investigated the implications of falling direction to predict the mechanisms
of recurrent falls in PD patients. We enrolled 62 recurrent fallers with PD and divided them into two
groups according to the main falling directions: 45 PD fallers who fell forward (forward fallers), and 17
PD fallers who fell in the other directions (non-forward fallers). Although there was no difference in

. demographic data, parkinsonism, or frontal lobe function, forward fallers showed more severe falls and

. tended to fall during walking or turning, while non-forward fallers usually fell during sitting/standing
or turning. Additionally, forward fallers revealed higher score on a freezing of gait (FOG) questionnaire.
Logistic regression analysis demonstrated that FOG was associated with falling forward, while balance

. impairment, akinetic-rigid subtype, and neuropsychiatric symptoms were associated with falling into

. the other directions. Our results indicate that FOG and balance impairment are two major mechanisms

© forrecurrent falling in PD patients, and falling direction is an important predictor for these mechanisms.

Falls are common symptom in Parkinson’s disease (PD), and present even from early disease stage!'~>.
Furthermore, falling could be disabling®, and disturb the quality of life in PD patients™ . To prevent falls in
PD patients, it is crucial to understand the pathophysiology of falls, but the mechanisms have not been clearly
elucidated.
: Falling in PD patients happens in various situations’, and diverse parkinsonian motor and non-motor symp-
© toms, including mood and cognitive disorders, have been reported to be associated with falls in PD patients® 52,
: Additionally, PD patients fall in multiple directions, and different body parts are injured during such falls>1°.
© Therefore, falls in PD patients should be regarded as a heterogeneous symptom with multiple mechanisms and
it is important to divide falls into subtypes by possible mechanisms. However, despite many previous studies, no
clinical markers for identifying subgroups of falls have been investigated*

Among the aforementioned related factors, we hypothesized falling direction is a relevant predictor for the
mechanism of recurrent falls in PD patients. Although the majority of PD patients tend to fall forward, previous
studies have reported various falling directions and the relationship between falling direction and fracture site>!°.
However, no study has focused on the mechanism of falls based on the falling direction in PD patients. Moreover,
unlike laboratory or imaging tests, falling direction can be easily accessed with a simple question.

In this study, to investigate the mechanisms of falls in PD patients, we divided recurrent PD fallers into
subgroups based on their main falling direction and compared the clinical characteristics between these two
subgroups.

Methods

Subjects. This study was approved by the Institutional Review Board of Samsung Medical Center, and all

enrolled subjects provided written informed consent. All methods were carried out in accordance with the rel-
. evant guidelines and regulations. We enrolled recurrent PD fallers from December 2014 to June 2015 at the
. Movement Disorders Clinic at Samsung Medical Center, Seoul, Korea. All PD patients were diagnosed using the
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United Kingdom Parkinson’s Disease Society Brain Bank criteria'4, and recurrent fallers were classified as PD
patients who had fallen two or more times during the past 6 months?. We divided recurrent PD fallers into two
groups based on their main falling direction: forward PD fallers (recurrent PD fallers who mainly fell forward)
and non-forward PD fallers (recurrent PD fallers who mainly fell backward or sideways).

We excluded subjects with orthostatic hypotension (at least a 20 mmHg fall in systolic blood pressure and/or
10 mmHg fall in diastolic blood pressure within 3 minutes of head-up tilt test at 70° on a tilt table)'?, cognitive
impairment (Mini-Mental State Examination score < 20 or fulfillment of DSM-IV criteria for dementia), sedative
medications associated with gait disturbance, or other medical conditions that could affect gait, including depres-
sion, stroke, ataxia, apraxia, atypical parkinsonism, or joint problems (knee, hip, or spine).

Clinical evaluations. Demographic and clinical data were collected from all enrolled subjects. Parkinsonism
was evaluated with the Unified Parkinson Disease Rating Scale (UPDRS) part 3 and the Hoehn and Yahr (HY)
stage'®. Subtypes of PD were defined as akinetic-rigid, tremor dominant and mixed subtypes'’. We verified wear-
ing off and dyskinesia with UPDRS part 4 and other PD-related symptoms, such as Pisa syndrome or campto-
cormia, with a movement disorders specialists. The daily levodopa equivalent dose (LED) was calculated for all
enrolled subjects based on a previous study'®. To investigate gait and balance problems, freezing of gait (FOG)
was assessed using the FOG questionnaire'®, and balance with the Tinneti balance assessment tool?’. The Frontal
Assessment Battery (FAB) was used to evaluate frontal lobe dysfunction?', and the Neuropsychiatric Inventory
(NPI) was used to assess neuropsychiatric function??. Additionally, to identify characteristics of falls, we com-
pared falling severity, frequency, and situations between forward and non-forward fallers. The severity was
defined as mild (did not need any treatment), moderate (needed simple treatment) and severe (needed to visit the
hospital). We used item A.1.12 of the Gait and Falls Questionnaire to evaluate falling frequency', and evaluated
common falling situations with three conditions: sitting/standing, walking and turning.

Statistical analysis. All data were presented as mean and standard deviation. Demographic and clinical
data were compared between forward and non-forward PD fallers using an independent t-test or Mann-Whitney
U-test for continuous variables and Pearson’s X2 or Fisher’s exact test for categorical variables. To investigate
the characteristic features associated with falling direction, multivariate analysis was carried out using a logis-
tic regression model with demographic and clinical data as independent variables and falling direction as the
dependent variable. The results of the logistic regression were presented using 95% confidence intervals (CIs).
To elucidate the correlated factors with falling frequency and severity in the two groups, partial Spearman corre-
lation analyses were carried out between variables about falls (falling severity and frequency) and parkinsonism
(parkinsonism, FOG severity and frequency, and balance impairment) with other clinical data as controlled vari-
ables, including age, gender, disease duration, LED, the presence of Pisa syndrome or camptocormia, dyskinesia,
wearing off, FAB and NPI scores. p-values < 0.05 were considered statistically significant. Statistical analyses were
performed with a commercially available software package (PASW version 18.0; SPSS Inc., Chicago, IL, USA).

Results

We enrolled 62 recurrent fallers with PD in this study. All enrolled subjects were divided into two groups based
on main falling direction; 45 (72.6%) were forward PD fallers, and 17 (27.4%) were non-forward fallers. Of all 17
non-forward fallers, 11 fell mainly backward, while six fell mainly sideways.

Demographic and clinical data between two groups are shown in Table 1. The only significant difference was
seen in variables about FOG, not in the other variables including UPDRS part 3 score, posture problems, motor
subtype, dyskinesia, wearing off, or frontal lobe dysfunction. Forward fallers showed significantly more severe
FOG than non-forward fallers. Additionally, forward fallers also reported more frequent FOG compared with
non-forward fallers, but this difference was not statistically significant.

All the characteristics of falls between the two groups are presented in Table 2. Forward fallers had more
severe falls, while non-forward fallers showed milder falls. Particularly, 2/3 of non-forward fallers reported mild
falls which did not need any treatment. In terms of falling frequency, falls happened more frequently in forward
fallers than non-forward fallers, but this did not reach statistical significance. Based on these results, forward fall-
ers could be considered to have more severe and frequent falls compared with non-forward fallers. Additionally,
forward fallers and non-forward fallers reported different falling situations. Most of forward fallers reported falls
during walking and turning, while non-forward fallers reported falls during standing/sitting and turning.

To identify the predictors associated with falling direction in recurrent PD fallers, we performed logistic
regression analysis. Age, gender, disease duration, LED, UPDRS part 3 score, motor subtype, Pisa syndrome,
camptocormia, wearing off, dyskinesia, Tinneti balance score, sum of FOGQ items 3-6, FAB, and NPI score
were included as independent variables, and falling direction (forward and non-forward) as the dependent vari-
able. Logistic regression analysis showed four variables were associated with falling direction. Higher sum score
of FOGQ items 3-6 was a predictor for falling forward (OR =1.469 (1.114-1.937 for 95% CIs), and p =0.006),
while non-forward falling was related with poor Tinneti balance score (OR = 1.417 (1.004-2.000 for 95% Cls),
p=0.047), higher NPI score (OR=1.089 (1.013-1.172 for 95% ClIs), p=0.022) and akinetic-rigid subtype
(OR=115.979 (1.715-7843.500 for 95% ClIs), p=0.027). The related factors and characteristics with falling direc-
tions are illustrated in Fig. 1.

In each group, we performed correlation analysis to figure out the related factors with falling frequency and
severity. In forward fallers, both frequency (FOGQ item 3 score) and severity (sum of FOGQ item 3-6) were sig-
nificantly correlated with falling frequency, but not with falling severity (Table 3). In contrast, we did not find any
factors significantly associated with falling severity or frequency in non-forward fallers.
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Age, years 70.5+£7.9 69.9+7.9 72.2+8.0 0.602
Gender, male/female 32/30 25/20 7/10 0.739
Disease duration, years 11.3+4.1 11.4+4.1 10.8+4.4 0.632
LED, mg/day 876.0+359.3 904.8 +386.5 800.0+£270.0 0.236
HY (On) 23+0.7 23+£0.7 24+0.7 0.595
UPDRS part 3 22.5+£93 23.0£9.8 21.1£38.1 0.447
Subtype, TD/AR/MX, n(%) 8/54/0 (12.9/87.1/0) 7/38/0 (15.6/84.4/0) 1/16/0 (5.9/94.1/0) 0.427
Camptocormia, n (%) 9(14.5) 5(11.1) 4(23.5) 0.242
Pisa syndrome, n (%) 13 (21.0) 9 (20) 4(23.5) 0.242
Dyskinesia, n (%) 21 (32.8) 16 (32.7) 5(33.3) 0.551
Wearing off, n (%) 34 (54.8) 26 (57.8) 8(47.1) 0.570
FOG, n (%) 46 (74.2) 36 (80) 10 (58.8) 0.111
FOGQ total score 112452 12.245.0 87+52 0.022
FOGQ, sum of items 3-6 6.5+4.3 7.3+£4.2 44+41 0.019
Tinnetti balance score 12.8+3.3 129432 12.4+3.4 0.514
FAB 124432 129429 122431 0.475
NPI 9.8+13.6 8.1+£12.2 1424+16.2 0.106

Table 1. Demographic and clinical data of recurrent fallers with Parkinson’s disease. PD, Parkinson’s disease;
LED, daily levodopa equivalent dose; HY, Hoehn and Yahr stage; UPDRS, unified Parkinson’s disease rating
scale; FOG, freezing of gait; FOGQ, freezing of gait questionnaire; FAB, frontal assessment battery; NPI,
neuropsychiatric inventory.

Falling severity 0.019
Mild, n (%) 32(51.6) 21 (46.7) 11 (64.7)

Moderate, n (%) 22(35.5) 18 (40) 4(23.5)

Severe, n (%) 8(12.9) 6(13.3) 2(11.8)

Falling frequency 0.052
Very rare, less than 1/month 21(33.9) 16 (35.6) 5(29.4)

Rarely, 1/month ~ 1/week 15(24.2) 10(22.2) 5(29.4)

Often, 1/week ~ 1/day 8(12.9) 3(6.7) 5(29.4)

Very often, once a day or more 18 (29.0) 16 (35.6) 2(11.8)

Falling during 0.003
Sitting/Standing, n (%) 11(17.7) 3(6.7) 8(47.1)

Walking, n (%) 8(12.9) 7 (15.6) 1(5.9)

Turning, n (%) 39 (62.9) 32(71.1) 7(41.2)

Others, n (%) 4(6.5) 3(6.7) 1(5.9)

Table 2. Characteristics of falls between forward and non-forward fallers with Parkinson’s disease.

Discussion

This is the first study to suggest a relationship between falling direction and possible mechanisms of recurrent
falls in PD patients. Considering that falling is an heterogeneous symptom in PD patients?, it is important to
divide PD fallers into proper subgroups in order to understand fall mechanisms. Even though many previous
studies have tried to identify factors related to falls in PD patients®*>8-'%2, only a few studies have focused on
subgroups of fall types* >, and no study divided falls based on falling direction.

In this study, we identified two major mechanisms underlying recurrent falls in PD patients; FOG and balance
impairment. Similarly, FOG and balance impairment were also suggested as major factors related to falls in pre-
vious studies®*=?*, but none of them investigated the relationship between the aforementioned mechanisms and
falling direction.

We demonstrated FOG was predictor for falling forward. When FOG occurs in PD patients, their center of
gravity continues to move forward when their feet stop moving, leading to falling forward if they cannot com-
pensate with protective steps®. In addition, considering that PD patients with FOG usually fall forward, they
have a fear of falling forward?, and tend to lean backward during standing in order to compensate for falling
forward?. Therefore, to initiate walking, PD patients with FOG require wider posterior-to-anterior movements
than those without FOG, and this wider movement in the forward direction can result in a forward fall. Similarly,
anterior-posterior swaying was reported as one of the predictors of falls in PD patients®.
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Figure 1. Scheme of the mechanism and characteristics of PD forward fallers and non-forward fallers. Falling
forward was related to freezing of gait, while balance impairment, akinetic-rigid subtype, and neuropsychiatric
symptoms were associated with falling backwards or sideways. In terms of falling situations, forward fallers
tended to fall during walking and turning, while non-forward fallers mainly fell during walking and sitting/
standing. Additionally, non-forward fallers had more frequent mild falls, and less moderate falls compared with

forward fallers.

UPDRS part 3 score —0.980 0.574 0.281 0.102
Tinneti balance scale score 0.005 0.997 —0.283 0.099
FOGQ item 3 score 0.197 0.256 0.349 0.040
Sum of FOGQ item 3-6 0.270 0.117 0.380 0.024

Table 3. Correlation analysis between fall variables in forward fallers, and other variables including FOG,
balance, and parkinsonism, controlling for age, gender, disease duration, LED, Pisa syndrome, camptocormia,
dyskinesia, wearing off, FAB and NPI scores. FOG, freezing of gait; LED, daily levodopa equivalent dose; FAB,
frontal assessment battery; NPIL, neuropsychiatric inventory; UPDRS, unified Parkinson’s disease rating scale;
FOGQ, freezing of gait questionnaire.

Interestingly, forward fallers showed more severe FOG than non-forward fallers, but there was no difference
in the frequency of FOG between two groups. Furthermore, we showed that the frequency and severity of FOG
was correlated with falling frequency in forward fallers, but not in non-forward fallers. Based on these results, we
suggest that the severity of FOG is important, and more severe FOG can cause more forward falls in PD patients.
In accord with these results, a previous study also demonstrated FOG score predicted falls in PD patients?.
Therefore, even though PD patients with mild FOG may not fall, FOG should be carefully assessed and managed,
because such patients could fall forward if their FOG worsens.

Previous studies have shown balance impairment is closely associated with falls and mobility in PD patients

28,29

Additionally, using various scales, balance problems could be easily checked in PD patients, and it is possible to
predict falls with these scales®. Therefore, balance function is crucial to avoiding falls, and prevention strategies
focusing on postural instability, such as balance rehabilitation, could reduce falls in PD patients®"*2. However, the
relationship between falling direction and balance impairment in PD patients was not studied previously.

When we evaluated the situations for falling, non-forward fallers reported that falls occurred mainly dur-
ing standing/sitting or turning, while forward fallers reported falls during walking or turning. Considering that
balance ability is more needed when changing posture, PD patients with postural instability tend to fall during
sitting/standing or turning. On the other hand, FOG is common when patients try to start walking or turn, so PD
patients with FOG tend to fall forward during walking or turning.

In our study, higher NPI score was predictor for non-forward falls in PD patients. Even though various neu-
ropsychiatric symptoms were reported to be related with falls in previous studies®®, no studies focused on the
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relationship between neuropsychiatric symptoms and falling subtype. Additionally, most of enrolled subjects in
our study were PD patients with akinetic-rigid subtype (87.1%). Considering previous studies already suggested
non-tremor dominant subtype, such as akinetic-rigid subtype or postural instability and gait disturbance subtype,
to be a risk factor for falls in PD patients'" 2, our results were concomitant with previous studies. Even though
non-tremor dominant subtype was also associated with FOG as well as postural instability®, akinetic-rigid
subtype was predictor for falling into non-forward directions, not falling forward, in our study. Non-tremor
dominant subtype is related with more severe and progressive PD*, and both FOG and postural instability are
common in advanced PD patients. Therefore, relationship among these variables should be interpreted cautiously.

Frontal lobe dysfunction has also been associated with falls in PD patients®®. In our results, we did not find a
difference in FAB score between our two groups, and FAB score was not associated with falls in the logistic regres-
sion analysis. Considering that we did not enroll non-fallers or compare frontal lobe function between fallers and
non-fallers, frontal lobe dysfunction might be the common pathophysiology for falls in PD patients, regardless of
falling direction. However, frontal lobe dysfunction is a common symptom, especially in advanced PD patients,
and a previous study failed to find a correlation between frontal lobe dysfunction and risk of falls in PD patients.
Therefore, more studies are needed to elucidate the role of frontal lobe dysfunction in PD fallers.

In this study, we enrolled recurrent PD fallers. Different clinical features have been reported between single
fallers and recurrent fallers®” 3. Recurrent PD fallers had more severe parkinsonism*, and fell during different
situations compared to single fallers®. Therefore, there may be different mechanisms involved between single
and recurrent PD fallers, and PD itself might be more relevant to falling in recurrent PD fallers than in single
fallers. In this study, to investigate the responsible mechanism for falls related PD itself, we enrolled PD fallers
with relatively homogenous mechanism by recruiting only recurrent fallers. Additionally, because recurrent falls
in PD patients are closely associated with impaired quality of life**, we focused on recurrent falls in PD patients
in this study.

This study had some limitations. First, we did not recruit PD patients without falls or normal controls.
Considering that age is a major risk factor for falls’ %, it is important to rule out possible confounding effects
due to aging. However, we investigated falling mechanisms in PD patients rather than in the elderly population
and enrolled recurrent PD fallers in order to focus on falls associated with PD itself. Another limitation is that we
dichotomized recurrent PD fallers based on their main falling direction. Considering that advanced PD patients
could have both FOG and balance impairments*, these subjects might fall in multiple directions depending on
the circumstance. In addition, the underlying mechanism for falls in PD patients could change with disease pro-
gression, but we did not check for changes in falling direction in our subjects. However, even in PD fallers with
both FOG and balance impairment, there may be major pathophysiology responsible for falling. With a simple
grouping strategy based on patients’ main falling direction, it might be possible to elucidate the mechanisms
related to falls in each direction subgroup. In addition, several potential relevant factors associated with falls, such
as orthostatic hypotension, cognitive impairment, and depression, were excluded in our study which allowed
us to recruit only relatively homogenous PD fallers. Additionally, there might be possible recall bias, because
we did not assess falls prospectively. To minimize the possible recall bias, we routinely checked falls (falling fre-
quency, severity, direction and situation for falls) every 2-3 months at the Movement Disorders Clinic at Samsung
Medical Center, where we enrolled all the subjects.

In conclusion, we demonstrated that FOG and balance impairment are two major mechanisms of recurrent
falls in PD patients and suggest falling direction as an important and convenient predictor to identify the falling
mechanism. Based on these results, a prevention strategy for falls in PD patients could be easily established based
on their main falling direction.
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