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Why do patients with Parkinson’s disease fall?
A cross-sectional analysis of possible causes of falls
Anette Schrag1, Mahbuba Choudhury1, Diego Kaski1 and David A Gallagher1

BACKGROUND: Falls in Parkinson’s disease (PD) are associated with significant injury, disability, hospitalization, and reduced quality
of life.
AIMS: To identify modifiable medical causes of falls in a cohort of PD patients.
METHODS: Eighty seven PD patients were interviewed and examined using validated scales assessing motor and nonmotor
aspects of PD, comorbidities and medication use. The frequency of falls in the last month was the primary outcome measure. Falls
were hypothesized to be associated with increasing age, advanced motor severity, particularly axial features (e.g., freezing and
postural instability), and dyskinesia. Nonmotor features hypothesized to be associated with falls included; cognitive impairment,
psychosis, sleep disorders, cardiovascular dysfunction, and ophthalmological and medical comorbidities.
RESULTS: Fallers had longer disease duration, higher Levodopa-equivalent doses, greater ‘On’ time with dyskinesia (all Po0.005),
and higher scores on some Movement Disorder Society-Unified Parkinson’s Disease Rating Scale items, particularly axial scores.
However, patients with falls did not differ from non-fallers in age or overall motor UPDRS scores. Severity of psychosis, executive
cognitive impairment, autonomic (particularly cardiovascular) dysfunction and sleep disturbances (particularly REM sleep behavioral
disorder) were significantly associated with falls (all Po0.005). Fallers more frequently reported use of antidepressants (both
tricyclics and SSRIs) and neuroleptics (Po0.001), but not hypnotics. There was no difference in medical comorbidities,
ophthalmological assessments, fatigue, and apathy scores between the groups. In logistic regression analysis, cardiovascular
dysfunction, antidepressant use, and REM sleep behavioral disorder were significantly associated with falls.
CONCLUSIONS: The causes of falls in PD are multifactorial and extend beyond motor impairment and dyskinesia; addressing
these in patients already treated with dopaminergic medications has the potential to improve this important complication of PD.
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INTRODUCTION
Falls in Parkinson’s disease (PD) can lead to injury and hospital
admissions, and result in increased disability, fear of falling, low
mood, and reduced quality of life.1 Despite being recognized as a
difficult management aspect of advanced disease,2 correlation with
disease duration and motor severity is only moderate.3 Although
impairment of postural stability leading to falls is one of the core
features of PD,4 it is likely that other causative factors have an
important role and addressing these may reduce the risk of falling.
Several studies have examined possible ways of predicting falls, with
previous occurrence of falls being one of the main predictors5,6 and
several motor factors including measures assessing postural
stability,7,8 abnormal posture,9 freezing of gait,7,9,10 impairment of
rapid alternating movement,3 and dyskinesia10 identified. Cognitive
impairment, including measures of global11 and executive
function9,12 have also been associated with falls in PD. Other
nonmotor features including sleep, particularly rapid eye movement
(REM) sleep behavioral disorder (RBD),13,14 autonomic symptoms,8

depression,15 cardiovascular and musculoskeletal comorbidity,12 and
medication use, such as hypnotics and antidepressants,12 have also
been implicated.
Amongst Parkinsonian features, whilst axial motor features such

as posture, postural stability, and freezing of gait have been
associated with falls in PD, the relationship with overall motor

severity is complex6 and there is little available detailed
quantitative information on individual axial and nonaxial items
and their relative potential to cause falls. Also, most studies have
generally focused on motor or nonmotor features independently,
rather than the coexistent and complex inter-relationship of these
factors and how this impacts on falling. Such information would
be useful to understand the mechanisms of falls and guide
management strategies to prevent them.
On the basis of previous studies, we hypothesized that age and

disease severity, prominent axial motor features, and presence of
dyskinesia could directly cause falls in PD. In addition, given the
growing evidence linking falls with nonmotor features, we
assessed autonomic symptoms, particularly cardiovascular func-
tion, general and executive cognitive impairment, sleep distur-
bance, mood, medical comorbidities and medications on the risk
of falls. Finally, it is not known whether reduced vision or visual
perception impacts on the propensity to fall and this was further
investigated in a subset of patients.

MATERIALS AND METHODS
Consecutive patients fulfilling UK Brain Bank criteria for PD4 who
participated in a previous study16 were recruited from PD outpatient clinics.
In brief, subjects underwent face-to-face interview, comprising clinical
examination and physician-administered questionnaires and were given
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further questionnaires to complete at home. A subgroup of patients, who
consented to an additional appointment, also had a full ophthalmological
assessment.
The main outcome variable was a question to the patient on the

frequency of falls in the last month. This stratified the number of falls in
the last month, into four distinct categories; never falling, falling once,
twice and three times, or more. This was chosen as the assessment was
retrospective and recall beyond 1 month is unlikely to be reliable. As the
majority of patients had not had falls, patients were classified into non-
fallers (never falling) and fallers (falling at least once in the last month).
Relevant other assessments that were included in this study were the

Movement Disorder Society (MDS)-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS);17 percentage of time ‘On’, ‘On’ with dyskinesia and ‘Off’
time; Scales for Outcome in Parkinson’s (SCOPA) cognitive scale (SCOPA-
COG),18 SCOPA-autonomic scale (SCOPA-AUT);19 Pittsburgh Sleep Quality
Index (PSQI);20 Epworth Sleepiness Scale;21 International Classification of
Sleep Disorders, Revised (ICSD-R) diagnostic criteria for REM sleep
behavioral disorder;22 Parkinson Psychosis Rating Scale;23 Fatigue Severity
Scale;24 Lille Apathy Rating Scale (LARS);25 Hospital Anxiety and Depression
Scale;26 and checklist of a range of comorbidities and medications. A
subgroup of 46 patients also had ophthalmological measures including
logarithm of minimal angle of resolution (logMAR) visual acuity testing,27

Goldmann kinetic perimetry, mean peripheral field diameter expressed as
mean radial degrees (MRD),28 retinal photography, descriptive assessment
of cataract presence, location (nuclear, cortical, and subcapsular), and
degree of opacity and 76 had a test for visual object recognition, the
Birmingham Object Recognition Battery.29 Ethical approval was obtained
from the local research ethics committees and informed consent was
obtained from all participants.

Statistical analysis
Statistical analysis was performed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA). Data were visually and statistically assessed for normality
using histograms and the F-test function. Nonparametric data were
expressed as a median and a range. In this analysis, only variables that
were a priori hypothesized to potentially be causative for falls were
compared between fallers and non-fallers. Scales with overlapping content
were avoided. Scale scores were compared using two-sided Mann–
Whitney and categorical variables using χ2-tests, with a significance level of
Po0.01 to adjust for multiple comparisons. A forward-stepping logistic
regression model was carried out entering variables associated with falls in
univariate analysis (Po0.01), using subscale scores rather than total scores
where applicable. As the MDS-UPDRS includes items on the majority
of motor and nonmotor aspects of PD and provides more detailed

Table 1. Demographics and motor and nonmotor scale scores between fallers and non-fallers

Median (range) or Number (%) P-valuea

Fallers (n=27) Non-fallers (n=60)

Demographics
Age (years) 70 (58–83) 67.5 (44–86) 0.44
Disease duration (years) 10.8 (0.1–29.1) 4.1 (0–22.8) 0.005

Motor features
MDS-UPDRS part III 36 (12–65) 34 (9–70) 0.24
Dyskinesia (% daytime) 6 (0–75) 0 (0–53) 0.005
‘On’ without dyskinesia (%) 76 (12–100) 100 (7–100) 0.006
‘Off’ time (%) 12 (0–56) 0 (0–54) 0.04
Hoehn and Yahr stage 3 (1–4) 2 (2–5) 0.018

Cognition
SCOPA-COG-total 23 (9–32) 26 (6–39) 0.02
SCOPA-COG-memory 8 (3–13) 9 (1–18) 0.07
SCOPA-COG-attention 4 (2–4) 4 (0–4) 0.24
SCOPA-COG-executive 8 (2–12) 9 (2–12) 0.003
SCOPA-COG-visuospatial 4 (1–5) 4 (0–5) 0.25

Sleep
PSQI 7 (2–19) 5 (1–18) 0.007
Epworth Sleepiness Score 11 (1–20) 5.5 (0–20) 0.04
Presence of RBD 13/27 (48%) 11/60 (18%) 0.004

Psychosis, apathy, fatigue, and depression
PPRS 9 (6–14) 6 (6–15) o0.001
Lille Apathy Rating Scale − 25 (−35 to − 3) −26.5 (−35 to –2) 0.30
Fatigue Severity Scale 4.6 (1.8–7) 4.0 (0–7) 0.06
HADS anxiety 7 (1–15) 4.5 (0–16) 0.06
HADS depression 6 (2–12) 4.5 (0–18) 0.11

Autonomic function
SCOPA-AUT-total 18 (11–36) 10 (3–35) o0.001
SCOPA-AUT-gastrointestinal 4 (1–8) 2 (0–10) o0.004
SCOPA-AUT-urinary 7 (1–15) 4 (0–16) 0.02
SCOPA-AUT-cardiovascular 1 (0–6) 0 (0–3) 0.001
SCOPA-AUT-thermoregulatory 2 (0–11) 1 (0–10) 0.07
SCOPA-AUT-pupillomotor 1 (0–3) 0 (0–3) 0.001
SCOPA-AUT-sexual 3 (0–6) 2 (0–6) 0.14

Abbreviations: HADS, Hospital Anxiety and Depression Scale; MDS-UPDRS, Movement Disorder Society-Unified Parkinson's Disease Rating Scale; PPRS,
Parkinson Psychosis Rating Scale; PSQI, Pittsburgh Sleep Quality Index; RBD, REM sleep behavioral disorder; SCOPA-AUT, Scales For Outcomes in Parkinson's
Disease Autonomic questionnaire; SCOPA-COG, Scales For Outcomes in Parkinson's Disease Cognition.
aMann–Whitney or χ2-test.
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information on motor aspects, we performed a separate logistic regression
analysis of falls on all MDS-UPDRS items with a significance level of
Po0.05.

RESULTS
Twenty-seven of 87 (31%) of participants had experienced falls in
the last month, and of those, 16 had 1, 6 had 2, and 5 had 3 or
more falls. There was no difference in age or sex (Table 1). Those
who reported falls had significantly longer disease duration
(median 10.8 vs. 4.1 years, Po0.01), higher Levodopa Equivalent
Unit doses (Po0.01), as well as MDS-UPDRS part I (Nonmotor
Experiences of Daily Living), part II (Motor Experiences of Daily
Living), and part IV (Motor Complications) scores, reflecting more
advanced disease. Those who had fallen reported a higher
proportion of the day with dyskinesia and reduced ‘On’ without
dyskinesia episodes compared with non-fallers. However, there
was no significant difference between the groups on MDS-UPDRS
part III (Motor Examination).
Fallers performed significantly worse on executive cognitive

function tests (SCOPA-COG), psychosis (PPRS) and sleep (PSQI)
scores and presence of RBD was significantly higher in fallers.
However, there was no significant difference between the two
groups for daytime sleepiness (ESS), fatigue (FSS), apathy (LARS),
anxiety or depression scores (HADS).
Patients with falls had significantly more autonomic symptoms

(SCOPA-AUT), particularly greater cardiovascular, pupillomotor,
and gastrointestinal autonomic symptoms were reported.
In terms of dopaminergic or other medication use (Table 2),

fallers were significantly more likely to be on antidepressants
(both selective serotonin reuptake inhibitors and tricyclics) and
neuroleptics (Quetiapine only). No significant difference was
found for sleep- and other medication or for any comorbidities
(although associations with self-reported depression and psycho-
sis approached significance Po0.05).
There was no difference in visual acuity, visual fields, and any of

the other ophthalmological parameters between fallers and non-
fallers.

Logistic regression analysis
Variables associated in univariate analysis at Po0.01 significance
(antidepressant use, neuroleptic use, LEU dose, percent of daytime
in ‘On’ with dyskinesias, percent of daytime in ‘On’ without
dyskinesias, SCOPA-COG-executive function, SCOPA-AUT-Cardio-
vascular, Gastrointestinal, and Pupillomotor scores, PPRS, RBD,
total PSQI score, and duration since diagnosis) were included in a
forward stepwise conditional logistic regression. The logistic
regression model identified the use of antidepressants, presence
of RBD and cardiovascular autonomic dysfunction as the main
factors associated with falling in the last month (Table 3).

MDS-UPDRS items
Amongst individual MDS-UPDRS items (Figure 1), occurrence of
falls was associated with higher scores in Part I for physician-
assessed items of cognition, hallucinations, anxiety, and depres-
sion and also self-reported light-headedness on standing, fatigue,
and daytime sleepiness. In part II, significantly associated self-
reported items included difficulties with speech, handwriting,
turning in bed, getting out of bed, freezing, walking and balance,
dressing, saliva and drooling, and eating tasks. In Part III, falls were
associated with difficulties with speech and finger tapping, and
with the predominantly axial features arising from a chair, gait,
posture and postural instability, and in Part IV with the proportion
of time spent ‘On’ with dyskinesia, functional impact of motor
fluctuations and complexity of motor fluctuations.

DISCUSSION
The analysis of potential causes of falls in PD showed that
nonmotor features of PD, particularly RBD, autonomic impairment
and antidepressant medication use, are associated with falls over
and above what is explained by motor severity, disease duration
or dyskinesias in clinic populations of patients with PD.

Motor variables
As expected, those with falls had longer disease duration and
higher levodopa dose, and greater axial symptoms, particularly
stooped posture, postural instability, impaired gait, including
freezing episodes (by history) and inability to rise from a chair. Of
note, we did not find any association between falls and the overall
motor severity as assessed on the motor MDS-UPDRS, similar to
what has been reported previously.30 The MDS-UPDRS also
captures tremor and limb akinesia, which are less likely to affect
postural stability and may be more responsive to dopaminergic
medication. In the literature, disease severity measurements have
also not been shown to be a good predictor of falls. However in a
meta-analysis of six prospective studies of falling in PD6 there was
a complex U-shaped relationship, with the risk of falling increasing
as disease severity increased, but remained at this level thereafter
and there was tendency to taper off towards later disease stages.
This may be because those with more advanced disease attempt
to walk less often. In addition, motor fluctuations were associated
with falls, as were freezing episodes by history but not on
examination, suggesting that axial features such as freezing

Table 2. Antiparkinsonian and other medication use

Median (range) or number (%) Significance
P-value

Fallers (n=27) Non-fallers
(n=60)

Dopaminergic medication
LEU (mg) 734.3 (1616.7) 330.8 (1700) 0.009
Levodopa 22/27 (81%) 36/60 (60%) 0.05
Dopamine agonist 17/27 (46%) 32/60 (53%) 0.40
MAOB inhibitor 3/27 (11%) 8/60 (13%) 0.77
COMT inhibitor 10/27 (37%) 14/60 (23%) 0.19
Amantadine 7/27 (26%) 4/60 (7%) 0.01

Other medication
Antidepressants 10/27 (37%) 4/60 (7%) o0.001
Neuroleptics 11/27 (41%) 5/60 (8%) o0.001
Sleep medication 2/27 (7%) 3/60 (5%) 0.66

Abbreviation: LEU, Levodopa-equivalent unit.

Table 3. Forward conditional logistic regression for prediction of
fallers

Predictive factor Odds ratio (95% CI) P-value

SCOPA-Autonomic Cardiovascular
subscale

1.935 (1.18–3.16) 0.009

Antidepressant use 6.549 (1.59–26.99) 0.008
Presence of REM sleep behavior
disorder

3.701 (1.16–11.77) 0.03

Abbreviations: CI, confidence interval; SCOPA, Scales for Outcome in
Parkinson’s.
Variables in the equation: Antidepressants, Neuroleptics, Dyskinesia,
SCOPA-COG-executive function, SCOPA-AUT-Cardiovascular, PPRS, RBD,
Total PSQI score, SCOPA-AUT Pupillomotor, SCOPA-AUT Gastrointestinal,
LEU, Duration of diagnosis.
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Figure 1. Odds ratios with 95% confidence intervals for individual Movement Disorder Society (MDS)-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) items significantly associated with risk of falling in univariate logistic regression.
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during off-periods contribute to falls but may not be obvious
during the consultation. Dyskinesias were also associated with
increased falling in this study, as previously reported by others.10

Nonmotor variables
Fallers also scored significantly worse on scales for a number of
nonmotor features, particularly executive cognitive function,
autonomic symptoms, psychosis, and sleep disturbances. Con-
sistent with this, higher scores on the MDS-UPDRS part I items on
cognition and hallucinations were associated with falls. One of the
strongest associated factors was sleep disturbance (particularly
RBD), which may suggest that these complications of PD arise
from the same pathology as, or alternatively sleep disturbances
independently contribute to, falls and are potentially amenable to
treatment. REM sleep behavior disorder has previously been
linked to falls in PD.31 Several studies also previously found that
falls were significantly associated with cognitive impairment
(in particular attention and executive dysfunction),9,11,12,32,33

psychosis34 and cardiovascular dysfunction3,35 and are often
under-recognized.

Potential underlying pathophysiological mechanisms
Although falls are one of the key features of advanced PD,8 and
dopaminergic medications can improve balance impairment in
PD,36 postural instability in PD is comparatively less responsive to
levodopa therapy than limb akinesia or tremor to levodopa
therapy, and it is likely that other pathophysiological mechanisms
are involved in gait disturbance in these patients.37,38 It has been
postulated that noradrenergic deficits such as in the locus
coeruleus37 and cholinergic pathways like the pedunculopontine
have an important role.38 In support of the noradrenergic
hypothesis, a large randomized controlled study using methyl-
phenidate in advanced PD patients, improvements were observed
for gait bradykinesia and freezing of gait.39 In animal models, in
rats, dual cholinergic-dopaminergic lesions were found to result in
falls more frequently than those with either cholinergic or
dopaminergic lesions.40

The findings of this study confirm from a clinical point of view
that falls are associated with nonmotor features related to non-
dopaminergic dysfunction, i.e., autonomic dysfunction, psychosis,
sleep disorders, and cognitive impairment. All of these are
thought to arise at least in part from deficits in the noradrenergic
and cholinergic pathways with complex interaction of several
neurotransmitter systems.41,42

This association of falls with nondopaminergically determined
nonmotor features raises important considerations for therapy. For
example, recently it has been reported that donepezil reduced
falls in PD patients.43 Whether this is related to cognitive
improvements or direct cholinergic effects on gait and balance
is unknown. It has also been reported that task-specific cognitive
training improved gait velocity, gait symmetry, and obstacle
negotiation.44–46 In addition, in patients undergoing Deep Brain
Stimulation of the cholinergic pedunculopontine nucleus-
targeted, which has also been implicated in the pathophysiology
of gait disturbance in PD, there was significant improvement in
nocturnal sleep and reduction of daytime hypersomnolence.47

Comorbidities
There was no association with other comorbidities as has been
reported previously or with ophthalmological factors. However,
comorbidities and visual dysfunction48 were not common in our
group and this does therefore not exclude that individual patients
with visual or other comorbidities are more prone to falls as a
result of visual impairment, which has been reported in the
literature.12

Medication
Antidepressant and antipsychotic use were associated with falls,
which, as reported previously, may be due to their sedating
effects5,12 Diagnosis and treatment of depression in PD is complex
and mood disorders in the context of neurodegeneration may not
respond in the same way to medication developed for endogen-
ous depression. Evidence for safety and efficacy of individual
antidepressants in PD is limited because of few large double-blind
trials and methodological considerations.49,50 Similarly, the benefit
of psychotic medication in PD has not been established for the
majority of commonly used agents, including quetiapine the
antipsychotic used in patients in this study.50,51 Our study further
emphasizes that psychotropic medication can be associated with
adverse effects, including falls, and caution should be exercised
in using these drugs particularly if efficacy has not been
confirmed in PD.

Limitations of study
Falls information on our patients was recorded retrospectively.
Thus, number of falls may be underestimated, and the study could
only examine associations rather than causality. Prospective
studies need to examine causation of falls and should optimally
be over longer periods of time. We also relied on patient report on
comorbidities and clinical examination and did not exclude
comorbidities such as vascular disorders or vestibular disorders
with further specific testing. The relative prevalence of these
comorbidities in PD and controls and their contribution to the
occurrence of falls may be area of further research. Nevertheless,
this broad clinical assessment of potential causes of falls highlights
multiple factors associated with falls that can potentially be
addressed in these patients.

CONCLUSION
The causes of falls in PD are multifactorial and extend beyond
progressive motor impairment and dyskinesia. Given the limited
levodopa responsiveness of gait dysfunction and imbalance,
future therapies should also address cognitive and other
nonmotor factors, simultaneously addressing dopaminergic,
cholinergic, and noradrenergic pathways, and prescription of
psychotropic medications should be reviewed critically to avoid
exacerbation of falls.

ACKNOWLEDGMENTS
We thank all patients who participate in the study.

CONTRIBUTIONS
AS conceived the project, analysis plan and wrote the manuscript, MC undertook the
analysis and DG collected the data and commented on the manuscript. DK critically
reviewed the manuscript. AS is the guarantor of the manuscript.

COMPETING INTERESTS
The authors declare no conflict of interest.

FUNDING
Funding was recieved from Parkinson’s UK.

REFERENCES
1 Rahman S, Griffin HJ, Quinn NP, Jahanshahi M. On the nature of fear of falling in

Parkinson's disease. Behav Neurol 2011; 24: 219–228.
2 Varanese S, Birnbaum Z, Rossi R, Di RA. Treatment of advanced Parkinson's dis-

ease. Parkinsons Dis 2011; 2010: 480260.

Falls in Parkinson's disease
A Schrag et al

5

© 2015 Parkinson's Disease Foundation/Macmillan Publishers Limited npj Parkinson's Disease (2015) 15011



3 Kerr GK, Worringham CJ, Cole MH, Lacherez PF, Wood JM, Silburn PA. Predictors of
future falls in Parkinson disease. Neurology 2010; 75: 116–124.

4 Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic
Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg
Psychiatry 1992; 55: 181–184.

5 Bloem BR, Grimbergen YA, Cramer M, Willemsen M, Zwinderman AH. Prospective
assessment of falls in Parkinson's disease. J Neurol 2001; 248: 950–958.

6 Pickering RM, Grimbergen YA, Rigney U, Ashburn A, Mazibrada G, Wood B et al.
A meta-analysis of six prospective studies of falling in Parkinson's disease. Mov
Disord 2007; 22: 1892–1900.

7 Duncan RP, Earhart GM. Should one measure balance or gait to best predict falls
among people with Parkinson disease? Parkinsons Dis 2012; 2012: 923493.

8 Williams DR, Watt HC, Lees AJ. Predictors of falls and fractures in bradykinetic
rigid syndromes: a retrospective study. J Neurol Neurosurg Psychiatry 2006; 77:
468–473.

9 Latt MD, Lord SR, Morris JG, Fung VS. Clinical and physiological assessments for
elucidating falls risk in Parkinson's disease. Mov Disord 2009; 24: 1280–1289.

10 Paul SS, Sherrington C, Canning CG, Fung VS, Close JC, Lord SR. The relative
contribution of physical and cognitive fall risk factors in people with Parkinson's
disease: a large prospective cohort study. Neurorehabil Neural Repair 2014; 28:
282–290.

11 Kim JS, Jang W, Cho JW, Ahn JY, Kim HT. Bedside cognitive assessments and falls
risk in Parkinson's disease. Neurol Sci 2013; 34: 75–78.

12 Parashos SA, Wielinski CL, Giladi N, Gurevich T. National Parkinson Foundation
Quality Improvement Initiative Investigators. Falls in Parkinson disease: analysis of
a large cross-sectional cohort. J Parkinsons Dis 2013; 3: 515–522.

13 Romenets SR, Gagnon JF, Latreille V, Panniset M, Chouinard S, Montplaisir J et al.
Rapid eye movement sleep behavior disorder and subtypes of Parkinson's
disease. Mov Disord 2012; 27: 996–1003.

14 Sixel-Döring F, Trautmann E, Mollenhauer B, Trenkwalder C. Associated factors for
REM sleep behavior disorder in Parkinson disease. Neurology 2011; 77:
1048–1054.

15 Bryant MS, Rintala DH, Hou JG, Rivas SP, Fernandez AL, Lai EC et al. The relation
of falls to fatigue, depression and daytime sleepiness in Parkinson's disease. Eur
Neurol 2012; 67: 326–330.

16 Gallagher DA, Parkkinen L, O'Sullivan SS, Spratt A, Shah A, Davey CC et al. Testing
an aetiological model of visual hallucinations in Parkinson's disease. Brain 2011;
134: 3299–3309.

17 Goetz CG, Tilley BC, Shaftman SR. Movement Disorder Society-sponsored revision
of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS): Scale Presentation
and Clinimetric Testing Results. Mov Disord 2008; 23: 2129–2170.

18 Marinus J, Visser M, Verwey NA, Verhey FR, Middelkoop HA, Stiggelbout AM et al.
Assessment of cognition in Parkinson's disease. Neurology 2003; 61:
1222–1228.

19 Visser M, Marinus J, Stiggelbout AM, Van Hilten JJ. Assessment of autonomic
dysfunction in Parkinson's disease: the SCOPA-AUT. Mov Disord 2004; 19:
1306–1312.

20 Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res 1989; 28: 193–213.

21 Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991; 14: 540–545.

22 American Academy of Sleep Medicine The International Classification of Sleep
Disorders, Revised: Diagnostic and Coding Manual. American Academy of Sleep
Medicine: Rochester, MN, 2001.

23 Friedberg G, Zoldan J, Weizman A, Melamed E. Parkinson Psychosis Rating Scale: a
practical instrument for grading psychosis in Parkinson's disease. Clin Neuro-
pharmacol 1998; 21: 280–284.

24 Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity scale.
Application to patients with multiple sclerosis and systemic lupus erythematosus.
Arch Neurol 1989; 46: 1121–1123.

25 Sockeel P, Dujardin K, Devos D, Deneve C, Destee A, Defebvre L. The Lille apathy
rating scale (LARS), a new instrument for detecting and quantifying apathy:
validation in Parkinson's disease. J Neurol Neurosurg Psychiatry 2006; 77: 579–584.

26 Upadhyaya AK, Stanley I. Hospital anxiety depression scale. Br J Gen Pract 1993;
43: 349–350.

27 Sprague JB, Stock LA, Connett J, Bromberg J. Study of chart designs and opto-
types for preschool vision screening. Comparability of chart designs. J Pediatr
Ophthalmol Strabismus 1989; 26: 189–197.

28 Niederhauser S, Mojon DS. Normal Isopter Position in the Peripheral Visual Field in
Goldmann Kinetic Perimetry. Ophthalmologica 2002; 216: 406–408.

29 Riddoch JM, Humphreys GW. Birmingham Object Recognition Battery. Psychology
Press, 1993.

30 Mak MK, Auyeung MM. The mini-BESTest can predict parkinsonian recurrent
fallers: a 6-month prospective study. J Rehabil Med 2013; 45: 565–571.

31 Postuma RB, Gagnon JF, Vendette M, Charland K, Montplaisir J. REM sleep
behaviour disorder in Parkinson's disease is associated with specific motor
features. J Neurol Neurosurg Psychiatry 2008; 79: 1117–1121.

32 Yarnall A, Rochester L, Burn DJ. The interplay of cholinergic function, attention,
and falls in Parkinson's disease. Mov Disord 2011; 26: 2496–2503.

33 Wood BH, Bilclough JA, Bowron A, Walker RW. Incidence and prediction of falls in
Parkinson's disease: a prospective multidisciplinary study. J Neurol Neurosurg
Psychiatry 2002; 72: 721–725.

34 Kempster PA, O'Sullivan SS, Holton JL, Revesz T, Lees AJ. Relationships between
age and late progression of Parkinson's disease: a clinico-pathological study. Brain
2010; 133: 1755–1762.

35 Allan LM, Ballard CG, Rowan EN, Kenny RA. Incidence and prediction of falls in
dementia: a prospective study in older people. PLoS One 2009; 4: e5521.

36 Revilla FJ, Larsh TR, Mani A, Duker AP, Cox C, Succop P et al. Effect of
dopaminergic medication on postural sway in advanced Parkinson's disease.
Front Neurol 2013; 4: 202.

37 Grimbergen YA, Langston JW, Roos RA, Bloem BR. Postural instability in
Parkinson's disease: the adrenergic hypothesis and the locus coeruleus. Expert Rev
Neurother 2009; 9: 279–290.

38 Kim SD, Allen NE, Canning CG, Fung VS. Postural instability in patients with
Parkinson's disease. Epidemiology, pathophysiology and management. CNS Drugs
2013; 27: 97–112.

39 Moreau C, Delval A, Defebvre L, Dujardin K, Duhamel A, Petyt G et al. Methyl-
phenidate for gait hypokinesia and freezing in patients with Parkinson's disease
undergoing subthalamic stimulation: a multicentre, parallel, randomised, placebo-
controlled trial. Lancet Neurol 2012; 11: 589–596.

40 Kucinski A, Paolone G, Bradshaw M, Albin RL, Sarter M. Modeling fall propensity in
Parkinson's disease: deficits in the attentional control of complex movements in
rats with cortical-cholinergic and striatal-dopaminergic deafferentation. J Neurosci
2013; 33: 16522–16539.

41 Kalia M. Neurobiology of sleep. Metabolism 2006; 55: S2–S6.
42 Kaufmann H, Goldstein DS. Autonomic dysfunction in Parkinson disease. Handb

Clin Neurol 2013; 117: 259–278.
43 Chung KA, Lobb BM, Nutt JG, Horak FB. Effects of a central cholinesterase inhibitor

on reducing falls in Parkinson disease. Neurology 2010; 75: 1263–1269.
44 Yogev-Seligmann G, Hausdorff JM, Giladi N. Do we always prioritize balance when

walking? Towards an integrated model of task prioritization. Mov Disord 2012; 27:
765–770.

45 Mirelman A, Maidan I, Herman T, Deutsch JE, Giladi N, Hausdorff JM. Virtual reality
for gait training: can it induce motor learning to enhance complex walking and
reduce fall risk in patients with Parkinson's disease? J Gerontol A Biol Sci Med Sci
2011; 66: 234–240.

46 Robinovitch SN, Feldman F, Yang Y, Schonnop R, Leung PM, Sarraf T et al. Video
capture of the circumstances of falls in elderly people residing in long-term care:
an observational study. Lancet 2013; 381: 47–54.

47 Peppe A, Pierantozzi M, Baiamonte V, Moschella V, Caltagirone C, Stanzione P
et al. Deep brain stimulation of pedunculopontine tegmental nucleus: role in
sleep modulation in advanced Parkinson disease patients: one-year follow-up.
Sleep 2012; 35: 1637–1642.

48 Sauerbier A, Ray Chaudhuri K. Parkinson's disease and vision. Basal Ganglia 2013;
3: 159–163.

49 Rocha FL, Murad MG, Stumpf BP, Hara C, Fuzikawa C. Antidepressants for
depression in Parkinson's disease: systematic review and meta-analysis. J Psy-
chopharmacol 2013; 27: 417–423.

50 Miyasaki JM, Shannon K, Voon V, Ravina B, Kleiner-Fisman G, Anderson K et al.
Quality Standards Subcommittee of the American Academy of Neurology. Prac-
tice Parameter: evaluation and treatment of depression, psychosis, and dementia
in Parkinson disease (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2006; 66:
996–1002.

51 Eng ML, Welty TE. Management of hallucinations and psychosis in Parkinson's
disease. Am J Geriatr Pharmacother 2010; 8: 316–330.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Falls in Parkinson's disease
A Schrag et al

6

npj Parkinson's Disease (2015) 15011 © 2015 Parkinson's Disease Foundation/Macmillan Publishers Limited

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Why do patients with Parkinson&#x02019;s disease fall? A cross-sectional analysis of possible causes of falls
	Introduction
	Materials and methods
	Statistical analysis

	Table 1 Demographics and motor and nonmotor scale scores between fallers and non-fallers
	Results
	Logistic regression analysis
	MDS-UPDRS items

	Discussion
	Motor variables

	Table 2 Antiparkinsonian and other medication use
	Table 3 Forward conditional logistic regression for prediction of fallers
	Figure 1 Odds ratios with 95% confidence intervals for individual Movement Disorder Society (MDS)-Unified Parkinson&#x02019;s Disease Rating Scale (MDS-UPDRS) items significantly associated with risk of falling in univariate logistic regression.
	Nonmotor variables
	Potential underlying pathophysiological mechanisms
	Comorbidities
	Medication
	Limitations of study

	Conclusion
	We thank all patients who participate in the study.Funding
	ACKNOWLEDGEMENTS
	A7
	A8
	A9
	REFERENCES


