1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 August 01.

-, HHS Public Access
«

Published in final edited form as:
Parkinsonism Relat Disord. 2015 August ; 21(8): 960-963. doi:10.1016/j.parkreldis.2015.05.008.

External validation of a simple clinical tool used to predict falls
in people with Parkinson disease

Ryan P. Duncan?P, James T. Cavanaugh®, Gammon M. Earhart®P.d Terry D. Ellis€, Matthew
P. Fordf, K. Bo Foreman9, Abigail L. Leddy?, Serene S. Paul™ Colleen G. Canning", Anne
Thackeray?9, and Leland E. Dibbled""

aWashington University School of Medicine in St. Louis, Program in Physical Therapy, USA
bWashington University School of Medicine in St. Louis, Department of Neurology, USA
CUniversity of New England, Department of Physical Therapy, USA

dwashington University School of Medicine in St. Louis, Department of Anatomy & Neurobiology,
USA

€Boston University, Department of Physical Therapy and Athletic Training, USA

fUniversity of Alabama at Birmingham School of Health Professions, Department of Physical
Therapy, USA

9University of Utah, Department of Physical Therapy, USA
hThe University of Sydney, Faculty of Health Sciences, Australia

"The George Institute for Global Health, The University of Sydney, Sydney Medical School,
Australia

Abstract

Background—Assessment of fall risk in an individual with Parkinson disease (PD) is a critical
yet often time consuming component of patient care. Recently a simple clinical prediction tool
based only on fall history in the previous year, freezing of gait in the past month, and gait velocity
<1.1 m/s was developed and accurately predicted future falls in a sample of individuals with PD.

METHODS—We sought to externally validate the utility of the tool by administering it to a
different cohort of 171 individuals with PD. Falls were monitored prospectively for 6 months
following predictor assessment.

RESULTS—The tool accurately discriminated future fallers from non-fallers (area under the
curve [AUC] = 0.83; 95% CI 0.76 —0.89), comparable to the developmental study.
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CONCLUSION—The results validated the utility of the tool for allowing clinicians to quickly
and accurately identify an individual’s risk of an impending fall.
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1. Introduction

Falls among individuals with Parkinson disease (PD) are prevalent, frequently recurrent, and
disabling [1]. Fall incidence generally increases with disease progression, especially from
early to middle stages. Commonly identified fall risk factors include a past history of falls,
freezing of gait (FOG), impaired balance, and orthostatic hypotension [2]. Nonetheless there
is a wide range of frequency of falling, and disease severity does not appear to be an
accurate predictor of a future fall [2]. Thus, although much is known about falls and fall risk
in PD, a clinician’s ability to accurately predict the absolute risk of an impending fall for an
individual patient remains a significant challenge.

Currently a variety of standardized balance assessment tools like the Functional Gait
Assessment [3] and Mini-Balance Evaluation Systems Test [4] are used to predict the risk of
future falls in individuals with PD. While these measures have demonstrated relatively high
accuracy for predicting falls (as measured by the area under the receiver operating
characteristic curve (AUC) =0.80), they can be time-consuming and require specialized
equipment. Recently, Paul and colleagues developed a simple clinical prediction tool based
only on history of at least one fall in the past year, FOG in the past month, and gait speed
<1.1 m/s [5]. The tool, which easily could be adopted in routine patient care, discriminated
near term (i.e. 6 month) future fallers with high accuracy (AUC, 0.80; 95% CI 0.73-0.86).

Clinical prediction tools need to be externally validated to ensure their generalizability,
accuracy, and clinical utility [6]. The clinical prediction tool [5] was internally validated
using a sample of individuals with PD. The purpose of the present study was to externally
validate the tool in a different cohort of persons with PD [7]. We hypothesized that the tool
would demonstrate high accuracy in discriminating future fallers in the longitudinal study,
comparable to that in the original developmental study [5].

2. Participants and methods

Participants selected for the external validation study were enrolled in a 2-year multicenter
longitudinal cohort study designed to monitor the progression of disability and quality of life
[7]. Institutional review board approval was obtained at each participating institution, and all
participants provided written and informed consent. Community-dwelling individuals over
age 40 were included if they had been diagnosed by a neurologist with idiopathic PD,
determined to be between Hoehn & Yahr Stages I-1V (mild to moderatel disease severity),
and scored = 24 on the Mini-mental State Examination. Individuals were excluded if they
had been diagnosed with atypical parkinsonism or had previous surgical intervention
specifically for PD (e.g. deep brain stimulation). Assessments were conducted at 6-month
intervals for a total of 24 months. All assessments were performed by a physical therapist at
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the University of Utah, Boston University, Washington University in St. Louis, or
University of Alabama at Birmingham. Participants were assessed in the “on” state, defined
as 1-2 to hours following anti-PD medication administration. Demographic information, PD
profile and severity of motor signs were collected at baseline and quantified using the motor
section of the Movement Disorders Society Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS-III).

To validate the results of the fall prediction tool in the original developmental sample [5],
we used data collected at baseline, 6 months, and 12 months. For the first predictor variable,
i.e. the occurrence of at least one fall during the previous year, we combined retrospective 6-
month fall history data from the baseline and 6-month assessments [6]. Fall history was
determined using a forced-response paradigm, in which choices included none, once, 2-10
times, weekly, or daily. Falls were defined as unintentionally coming to rest on the ground
or other lower surface without being exposed to overwhelming external force or a major
internal event. For the second and third predictor variables, we used FOG and gait speed
data that were collected at the 6-month assessment only. FOG was defined as sudden and
transient motor blocks when initiating or continuing walking [9]. In concert with Paul et al.
[5], FOG was determined using the answer to Question 3 of the FOG Questionnaire (FOG-
Q) [8], which asks “Do you feel that your feet get glued to the floor while walking, making a
turn, or when trying to initiate walking?” Participants reporting an answer greater than or
equal to 1, which indicates experiencing freezing at least once monthly, were classified as
having a positive FOG history. Self-selected gait speed <1.1 m/s was determined using the
mean of two gait speed trials collected during a 10-m walk. The 10-m walk was conducted
in a wide hallway and the time (seconds) to complete the walk was recorded using a
stopwatch. Participants were allowed to use assistive devices if necessary. For the outcome
variable, the occurrence of at least one fall during the 6-month period immediately following
the assessment of predictor variables, we used 6-month fall history that had been collected at
the 12-month assessment.

2.1. Data analysis

The external validation analysis included only those participants with complete fall history
data. Among those participants, there were no missing FOG or gait speed data. The faller
and non-faller groups were compared on demographic, PD profile, and physical
performance measures using t-tests for independent samples (o = 0.05). A logistic
regression model was used to evaluate how well the three predictor variables (i.e. at least
one fall in the past year (yes/no)), freezing of gait within the past month (yes/no), and self-
selected gait speed <1.1 m/sec (yes/no) predicted the occurrence of at least one fall (yes/no)
during the 6 months following predictor assessment. Model assumptions were examined
without evidence of significant violations. Calibration, or distribution of predicted risk, was
examined using the Hosmer—Lemeshow test (Table 2). A chi-square (x2) contingency table
and AUC were used to determine the discriminative ability of the clinical prediction tool and
to calculate sensitivity and specificity. All analyses were performed with SPSS version 19
(IBM Corporation, NY).

Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

3. Results

Page 4

The external validation cohort included 171 participants with PD (Table 1). Sixty-six
(38.6%) participants reported at least one fall during the 6 months following predictor
assessment. Additional baseline variables stratified by fallers vs. non-fallers in the 6 months
following predictor assessment are presented in Table 1.

Similar to the developmental sample [7], a test of predictor variables against a constant-only
model distinguished 6-month future fallers from non-fallers with high accuracy (x2 [3, n =
171] = 64.34, p < 0.001; AUC =0.83 [95% CI 0.76-0.89]), sensitivity = 90.9% (95% ClI
81.30-96.60), specificity 65.7% (95% CI 55.80-74.70). The result generated a positive
likelihood ratio of 2.65 (95% CI 2.10-3.49) and a negative likelihood ratio of 0.14 (95% ClI
0.05-0.30). A comparison of predictor variable data from each study appears in Table 2.

Risk categories for the external validation sample were calculated based on the proposed
scoring criteria from Paul et al. [5] (Table 2). The validation sample had a similar risk
gradient as the development sample (Table 2 and Supplemental Digital Content) and
calibration on average was correct. The Hosmer—Lemeshow test indicated no lack of fit
between predicted and observed fallers (x2 = 2.5 (df = 5, p = 0.77)). The largest discrepancy
between the external validation sample and the developmental sample was noted in the
relatively lower estimated probability of falling for the low risk category (n = 4).

4. Discussion

This study externally validated the accuracy of the fall prediction tool by meeting and
exceeded the accuracy reported in the developmental study [5,6,9]. The results supported the
assertion that the clinical prediction tool allows for accurate identification of individuals
with PD who are at high risk of an impending fall. Such information should serve as a
starting point for in-depth examination of additional risk factors (e.g. physiologic; cognitive)
and may facilitate the rapid implementation of fall prevention strategies [2]. The simple tool
takes less than five minutes to administer. Fall and FOG history can be gathered on patient
intake forms prior to seeing the provider. Preferred gait speed can be easily collected by
timing (in seconds) how long it takes a patient to walk a short distance (e.g., 10m) and
reported (in m/s) similarly to other vital signs (e.g. heart rate, blood pressure). (See
Supplemental Digital Content detailing the prediction tool).

Our findings confirmed that the occurrence of at least one fall in the past year is a strong
predictor of future falls and emphasized the need for clinicians to screen for risk by asking
all patients this simple question [10]. Our findings also highlighted the relevance of gait
speed below 1.10 m/sec as a strong predictor of future falls. Our results, however, did not
confirm the independent contribution of FOG to future falls. The latter finding may have
been due to the different proportion of fallers in our sample compared to the development
sample [5].

The largest discrepancy between our findings and those of the developmental study
pertained to the relatively lower predictive accuracy of the tool for individuals with a low
risk of an impending fall (Table 2). One reason for the discrepancy could have been related
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to differences in sample characteristics. Our sample contained more individuals in earlier
stages of the disease with lower disease severity. This difference warrants further
investigation of the fall risk prediction tool in individuals identified at low fall risk for whom
evolution to a higher fall risk category is uncertain.

The findings presented herein should be interpreted within the context of study limitations.
First, our method of recording fall history had the potential to be less accurate than fall
history collected using a diary. Although there are concerns of potential inaccuracy of
relying on patient self-report of falls as opposed to a falls diary, patient recall is the current
standard of care for gathering this data in clinical practice [11]. The necessity of this
information is reflected in current position statements and guidelines for quality care in PD
[10-12]. Future research should investigate the impact of the tool in clinical practice as well
as examine the potential benefit of adding a history of recurrent falls to the accuracy of the
fall prediction tool [9].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Funding sources
Davis Phinney Foundation, Parkinson Disease Foundation, NIH, APDA.

Funding for this work was provided by the Davis Phinney Foundation, the Parkinson’s Disease Foundation, NIH
RO1 NS077959 and NIH UL1 TR000448, the Massachusetts and Utah Chapters of the American Parkinson Disease
Association (APDA), the Greater St Louis Chapter of the APDA, and the APDA Center for Advanced PD Research
at Washington University.

References

1. Balash Y, Peretz C, Leibovich G, Herman T, Hausdorff JM, Giladi N. Falls in outpatients with
Parkinson’s disease: frequency, impact and identifying factors. J Neurol. 2005; 252:1310-1315.
[PubMed: 15895303]

2. Canning CG, Paul SS, Nieuwboer A. Prevention of falls in Parkinson’s disease: a review of fall risk
factors and the role of physical interventions. Neurodegener Dis Manag. 2014; 4:203-221.
[PubMed: 25095816]

3. Foreman KB, Addison O, Kim HS, Dibble LE. Testing balance and fall risk in persons with
Parkinson disease, an argument for ecologically valid testing. Park Relat Disord. 2011; 17:166-171.

4. Duncan RP, Leddy AL, Cavanaugh JT, Dibble LE, Ellis TD, Ford MP, et al. Accuracy of fall
prediction in Parkinson disease: six-month and 12-month prospective analyses. Park Dis.
2012:237673.

5. Paul SS, Canning CG, Sherrington C, Lord SR, Close JC, Fung VS. Three simple clinical tests to
accurately predict falls in people with Parkinson’s disease. Mov Disord. 2013; 28:655-662.
[PubMed: 23450694]

6. Altman DG, Vergouwe Y, Royston P, Moons KG. Prognosis and prognostic research: validating a
prognostic model. BMJ. 2009 May 28.338:b605. [PubMed: 19477892]

7. Dibble LE, Cavanaugh JT, Earhart GM, Ellis TD, Ford MP, Foreman KB. Charting the progression
of disability in Parkinson disease: study protocol for a prospective longitudinal cohort study. BMC
Neurol. 2010; 10:110. [PubMed: 21047426]

Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Duncan et al. Page 6

8. Giladi N, Tal J, Azulay T, Rascol O, Brooks DJ, Melamed E, et al. Validation of the freezing of gait
questionnaire in patients with Parkinson’s disease. Mov Disord. 2009; 24:655-661. [PubMed:
19127595]

9. Steyerberg E, Moons KG, van der Windt DA, Hayden JA, Perel P, Schroter S, et al. Prognosis
Research Strategy (PROGRESS) 3: prognostic model research. PLoS Med. 2013; 10:e1001381.
[PubMed: 23393430]

10. Cheng EM, Tonn S, Swain-Eng R, Factor SA, Weiner WJ, Bever CT. Quality improvement in
neurology: AAN Parkinson disease quality measures: report of the Quality Measurement and
Reporting Subcommittee of the American Academy of Neurology. Neurology. 2010; 75:2021—
2027. [PubMed: 21115958]

11. van der Marck MA, Klok MP, Okun MS, Giladi N, Munneke M, Bloem BR. Consensus-based
clinical practice recommendations for the examination and management of falls in patients with
Parkinson’s disease. Park Relat Disord. 2014; 20:360-369.

12. National Institute for Health and Clinical Excellence (NICE). Clinical Practice Guideline for the
Assessment and Prevention of Falls in Older People. Royal College of Nursing, National Institute
for Health and Clinical Excellence; London: 2004.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/
j-parkreldis.2015.05.008.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 August 01.


http://dx.doi.org/10.1016/j.parkreldis.2015.05.008
http://dx.doi.org/10.1016/j.parkreldis.2015.05.008

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Duncan et al.

Table 1

Baseline characteristics of fallers and non-fallers.
Variable Non-fallers(n =105) Fallers(n=66) p-value
Demographics and PD profile
Women, n (%) 44 (42) 30 (46) 0.38
Age, years 65.51 (9.13) 68.55(9.53) 0.04
Body mass index (kg/m?) 27.34 (5.70) 27.62 (7.88) 0.79
Physical activity scale for the elderly; Range 0-361 165.46 (88.18) 114.73(81.36)  0.00
Any fall in previous 12 months, n (%) 36 (34) 60 (91) 0.00
Parkinson’s disease duration, years 4.75(3.81) 6.56 (4.21) 0.00
MDS-Unified Parkinson’s disease rating: motor score; Range, 0-132 29.96 (10.79) 35.00 (15.36) 0.01
FOG in past month, n (%) 38(36) 42 (64) 0.00
FOG severity; Range, 0-16* 2.01(3.11) 4.56 (4.17) 0.00
Physical performance measures
Functional gait assessment (0-30) 22.59 (4.96) 17.62 (6.65) 0.00
Timed up and go (seconds) 9.83(3.95) 13.30 (7.76) 0.00
10m walk: self selected speed (m/s) 1.26 (0.23) 1.10 (0.24) 0.07
10m walk <1.1 m/s 26 (25) 34 (52) 0.00
10m walk: max speed (m/s) 1.71(0.37) 1.45 (0.35) 0.03
6min walk (meters) 494.75 (112.31) 392.74(95.44)  0.00

Values are mean (SD) unless otherwise indicated.
Significant (p < 0.05) univariate comparisons in bold.
FOG in past month = yes/no based on question 3 of the FOGQ.

FOG severity was calculated as the sum of items 3-6 on the FOGQ.
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Multivariate model coefficients and predicted probability of falling according to risk category for validation

sample and development sample.

Predictor variable Validation sample Development sample
Regression coefficient OR (95% CI) Regression coefficient OR (95% CI)

Fell in previous 12 mo, 2.83 (1.84,3.81) 16.90 (6.30, 45.00) 1.76 (1.10, 2.42) 5.80 (3.00, 11.22)

yes/no

FOG in past mo, yes/no 0.05 (30.76, 0.88) 1.06 (0.47, 2.40) 0.87 (0.17, 1.60) 2.39(1.19, 4.80)

Self-selected gait speed 0.87(0.07, 1.67) 2.38(1.07,5.31) 0.62 (30.04, 1.27) 1.86 (0.96, 3.58)

<1.1 m/s, yes/no

Risk category?@ Number of participants Predicted (actual) Number of participants Predicted (actual)
who fell/total number of probability of falling,  who fell/total number of probability of
participantsscoringin this % participantsscoringin this  falling, %
category category

Low (0) 4/47 1(9) 8/43 17 (19)

Med (>0 to <8) 15/53 30 (28) 36/73 51 (49)

High (>8) 47171 66 (66) 76/89 85 (85)

aWeights are assigned to each of the three predictor variables based on the regression coefficients of the 3-predictor regression (ie, falling in past
month = 6, freezing of gait in the past month = 3, gait speed <1.1 m per second = 2). The sum of the predictor weights give a maximum score of 11
and a minimum score of 0. Probability of falling in the next 6 months is then classified (based on the sum of the predictor weights) as low (0),

moderate (>0 to < 8) or high (=8) [7].
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