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Abstract
Background
We undertook this study to identify patients with Parkinson disease
(PD) with no or rare falls who may progress to frequent falling by
their next annual follow-up visit.

Methods
We analyzed data in the National Parkinson Foundation Quality Im-
provement Initiative database to identify factors predicting which
patients with PD with no or rare falls at the baseline visit will report at
leastmonthly falls at the annual follow-up visit. Multivariablemodels were constructed using logistic
regression. Variables were introduced in 4 blocks: in the 1st block, variables present at or before the
baseline visit were entered; in the 2nd, baseline visit assessments; in the 3rd, interventions imple-
mented during baseline visit; and, in the 4th block, changes in comorbidities, living situation, and
treatment between visits.

Results
Of 3,795 eligible participants, 3,276 (86.3%) reported no or rare falls at baseline visit, and of
them, 382 (11.7%) reported at least monthly falls at follow-up visit. Predictors included
female sex, <90% diagnostic certainty, motor fluctuations, levodopa treatment, antidepres-
sant treatment, prior deep brain stimulation (DBS), worse quality of life, Hoehn & Yahr stage
2 or 3, worse semantic fluency, and, between visits, addition of amantadine, referral to
occupational therapy, social services, or DBS, new diagnoses of cancer or osteoarthritis, and
increased emergency visits.

Conclusions
This large-scale analysis identified several predictors of progression to falling in PD. Such
identifiers may help target patient subgroups for falls prevention intervention. Some factors are
modifiable, offering opportunities for developing such interventions.
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Falls considerably augment disease burden in Parkinson
disease (PD). Approximately 50% of patients with PD who
fall require medical care.1 Falls increase PD morbidity and
mortality,2–4 caregiver burden,5 and utilization and cost of
health care,6 and reduce quality of life.7

Developing and optimizing therapeutic strategies to prevent
falls requires identifying patients with PD at risk for falling.
Prior history of falls is the most important such risk factor in
PD, yet roughly 25% of patients with PD who fell in pro-
spective studies were first-time fallers.8 Other risk factors in-
clude age, disease duration, disease stage, absence of rest
tremor, severity of motor impairment, postural instability and
gait disorder, cognitive dysfunction, comorbidities, anti-
depressants, and deep brain stimulation (DBS).1,9–11 Recent
studies have identified useful clinical variables and tests in
predicting falls among nonfallers in PD, such as intensity of
dopaminergic treatment, frontal dysfunction, and disease se-
verity12; gait characteristics13; the miniBESTest14; and higher
dual task cost.15 As part of the Quality Improvement Initiative
(QII) of theNational Parkinson Foundation (NPF), data were
collected annually in a large sample of PD outpatients from 19
NPFCenters of Excellence.16We previously presented a cross-
sectional analysis of risk factors for falls in a subset of the
baseline data from this registry.11

In this article, we analyze longitudinal data from theNPF-QII
registry to address the following question: What character-
istics identify those most likely to become frequent fallers
among nonfalling or rarely falling patients with PD?

Methods
Standard protocol approvals, registrations,
and patient consents
Data for this analysis were obtained from the NPF-QII reg-
istry (ClinicalTrials.gov protocol number NCT01629043).
We utilized available data as of February 2015. Data collec-
tion was approved by the institutional review boards of
participating sites, and all participants signed written in-
formed consent prior to participation. In brief, patients with
PD followed at 19 clinics designated NPF Centers of Ex-
cellence were recruited in a longitudinal observational reg-
istry. Every year a battery of outcomes is collected for each
participant in a standardized fashion. Although this visit

happens on an annual basis, the interval between visits is
variable. The details of instrument selection and methods of
data collection have been previously published.16

Assessments
Data extracted for this analysis from the NPF-QII registry
included the following:

1. Demographics: age at baseline visit, sex, race, living
arrangements, presence of regular care partner, study site.

2. Medical history: disease duration at baseline visit;
investigator’s confidence in the diagnosis; presence of rest
tremor; presence of motor fluctuations; history of falls
over the preceding 3 months; comorbidities; treatment
with levodopa, dopamine agonists, monoamine oxidase
type B inhibitors, catechol-O-methyl transferase inhibitors,
amantadine, anticholinergics, antidepressants, antipsy-
chotics, and cognitive enhancers; history of DBS for PD;
hospitalizations in the preceding year; physical, occupa-
tional, and speech therapy, exercise, social or mental health
services.

3. Objective and self-reported measures of impairment
and quality of life at baseline visit: Parkinson’s Disease
Questionnaire (PDQ-39)17; Hoehn & Yahr (H&Y)
stage18; Timed Up-and-Go (TUG)19; modified Multidi-
mensional Caregiver Strain Index (MCSI)20; immediate
and delayed recall of 5 words (from version 1 of the English
language Montreal Cognitive Assessment)21; semantic
fluency (number of animals recited in 1 minute).

4. Changes in treatment at baseline visit: new addition or
discontinuation of any of the above classes of medications,
new referrals for any of the above mentioned treatment
modalities.

5. Changes in medical history between visits: changes in
comorbidities, hospitalizations, or living situation between
baseline and follow-up visits.

6. Time interval between visits: visits are annual, but the
interval between visits is variable, and therefore the
interval is included as an independent variable.

Statistical design, primary outcome, sample
selection and analysis
In the NPFQII database, the “falls” variable is stratified as 0 =
none, 1 = rare, 2 = monthly, 3 = weekly, 4 = daily. The
purpose of this analysis was to identify risk factors predicting
that a participant with no or rare falls at baseline visit will
report at least monthly falls at the annual follow-up visit.
Therefore we included in the analysis all registry enrollees
who reported no or rare falls at baseline. The primary out-
come was “Frequent faller (yes/no)” at the time of follow-
up. A frequent faller was defined as a participant reporting at
least monthly falls in the preceding 3 months.

In evaluating candidate predictor variables, we proceeded in
a stepwise fashion, whereby blocks of variables were hierar-
chically added to the building of the final model. The ratio-
nale for this process was that risk factors may have different
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DBS prior to baseline visit, and also

DBS implemented between visits as

a significant risk factor of conversion

to frequent faller status.
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predictive implications and different potential for modifica-
tion. In addition, this process helped streamline the pro-
gression of the analysis in a logical manner. Thus, the first
block analyzed variables that were already present and un-
alterable at the time of baseline visit (such as disease duration,
or age, or comorbidities at baseline); the second block started
with the significant variables from the first block with the
addition of the candidate predictor variables from assess-
ments performed at baseline. In block 3, the model was fur-
ther augmented by adding the treatments ordered at baseline
visit, with the final, fourth block exploring the contribution of
comorbidities and hospitalizations that occurred between
visits. Candidate explanatory variables are listed by block in
table e-1 (links.lww.com/CPJ/A28). At each level, univariate
analyses were first performed using χ2 or t test, followed by
the building of multivariable models, using backward selec-
tion with a significance level of 0.1 to keep a risk factor in
subsequent models. In a separate analysis we looked for
predictors among the assessments performed during base-
line visit, without accounting for any of the other variables.
The purpose of this analysis was to assess the predictive value
of the instruments regardless of demographic or other dis-
ease and comorbidity variables.

The above statistical analyses were performed using SAS
version 9.3. All individual tests were 2-sided and p values less
than 0.05 were deemed statistically significant.

Data availability
Specified anonymized data will be shared by request from any
qualified investigator for the purpose of confirming or rep-
licating our findings.

Results
Study sample, demographics, disease
characteristics, and objective assessments
Because the collection of information on falls was imple-
mented as an amendment to the original protocol, baseline
falls data were available on 6,382 out of a total of 7,846
enrolled patients, and among them 3,815 had completed
the annual follow-up visit. Due to missing data on the falls
question, 20 patients were excluded from further study. Of
the remaining 3,795 participants, 3,276 (86.3%) (aged 65.6
± 9.8 at baseline, 36.5% female) reported no or rare falls in
the preceding 3 months and were included in the analysis
(figure). For predictive statistics, only participants with
complete datasets were utilized, which provided a sample
size of 2,760 (or 84.3% of the study sample).

Relationship between demographics, disease
characteristics, objective assessments, and
main outcome measure
Out of 3,276 nonfallers/rare fallers at baseline, 382 (11.7%)
became frequent fallers by the annual follow-up visit, which
leads to an annual rate of conversion of 8.9% (accounting

for an average follow-up interval of 481.1 ± 199.8 days).
Table 1 shows the demographics and disease characteristics
of the study sample, categorized by the primary outcome,
i.e., none or rare falls vs monthly or more frequent falls at
follow-up. In a similar fashion, table e-2 (links.lww.com/
CPJ/A28) includes additional demographic detail, table e-3
summarizes comorbidities, table e-4 treatments in place at
baseline, and table e-5 changes in treatments and new
therapies or services ordered or implemented during the 3
months preceding the annual follow-up visit for the same
sample.

Univariate analyses
Significant differences in baseline characteristics were found
between the 2 fall status groups, and are listed in table 1 and
tables e-2 through e-5 (links.lww.com/CPJ/A28). In addi-
tion, there was a difference in the main outcome across
centers (p < 0.001). All identified differences remain statis-
tically significant at the 0.05 level after Bonferroni adjust-
ment is applied to the 15 tests.

Multivariate models
Table 2 summarizes the final multivariate model that pre-
dicts conversion to frequent faller status between visits.
The coefficient of determination (R2) of the final model
was 21.10%. Tables e-6, e-7, and e-8 (links.lww.com/CPJ/
A28) show the progression of model building with each
successive block. To assess how the model can predict
other datasets, we performed 1,000 cross-validations with
10% samples left out each time. The overall accuracy has
a median of 69% and interquartile range of 67%–71%, while
the median sensitivity and specificity were 70% and 69%,
respectively. Table 3 shows separately the predictive value
of the questionnaires and objective measures obtained at
baseline, without accounting for any other variables. The R2

for the model of the predictive value of the assessments was
13.63%.

Discussion
This study is one of 2 large-scale observational analyses22 of
progression of falls in PD, and expands the conclusions of
previous cross-sectional studies of falling in PD. Among the
most striking findings are the relative importance of a mea-
sure of frontal cognitive dysfunction over a measure of
memory, the predictive value of motor fluctuations, the

Semantic fluency was more strongly

associated with increased risk for

becoming a frequent faller than 5-

word retention and recall.
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importance of emerging comorbidities, and the complex
nature of DBS as a factor in the genesis of falls in PD. Fre-
quent falls emerged in a setting of increasing morbidity
manifested by increasing needs for hospital and allied health
services, and social support. Not surprisingly, increasing
disease severity and decreasing health-related quality of life
strongly correlated with progression to frequent falls.
Despite the extent of the data collected and analyzed, the
coefficient of determination for the final model was low
(approximating 21%).

The rate of conversion to frequent faller in our study (8.9%)
agrees with previously reported annual rates of conversion of
nonfaller to faller of approximately 10%,22 and frequent faller
of 19%,23 despite different methodologies.

Female sex and older age have been variably associated with
increased fall risk in PD.1,11 One conceivable explanation for
such variability is the observation22 (confirmed in our co-
hort) that there is an interaction between age and sex. Fur-
ther investigation of this interaction indicated that as age
increases, the effect of sex abates.22

The significance of “certainty of diagnosis” in our analysis is
of questionable value. Atypical parkinsonian syndromes are
associated with a higher risk of falling,1 and it is possible that
the presence of postural instability (a determinant of the

primary outcome) may have influenced the certainty of PD
diagnosis. A notable negative finding was the absence of rest
tremor as a protective risk factor against falling. This may
be more in line with recent indications that a postural
instability/gait difficulty predominant phenotype is a risk
factor for more rapid PD progression, rather than that rest
tremor is a protective factor.24

Motor fluctuations are rarely reported as a prognostic factor
of falls. This may reflect the fact that motor fluctuations have
not been considered in previous analyses, or that motor
fluctuations are a surrogate for disease severity. Since it would
be highly unusual for a patient to exhibit disease severity
sufficient to lead to frequent falls, yet insufficient to warrant
treatment with levodopa, the finding of levodopa treatment
predicting increasing falls is not surprising.

We have previously reported an association between anti-
depressants and fall risk,11 and the same association has been
observed in an analysis of a large clinical trial cohort.22 Anti-
depressants are a known falls risk factor in older adults.25,26 It is
conceivable that antidepressants constitute a surrogate variable
for depression, a risk factor for falling in the general population,27

also associated with axial symptoms in PD.28 Nevertheless, the
finding merits attention and consideration should be given to
nonmedicinal approaches to the treatment of depression in
patients with PD at risk of falling.

Figure Study sample selection

NPF = National Parkinson Foundation; QII =
Quality Improvement Initiative.
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The association between anticholinergic burden and falling has
been a subject of recent studies,29 and a clinical trial has dem-
onstrated a reduction of falls among patients with PD who
were treated with a centrally acting anticholinesterase.30 In
our analysis, anticholinergic agents were not found to have
an effect (although only antiparkinsonian anticholinergic
agents were assessed). Conversely, treatment with cognitive
enhancers was associated with increased risk of becoming
a frequent faller during the first step of the multivariable

analysis, but was no longer significant in the second block.
These findings would suggest that cognitive enhancer
treatment may function as a surrogate variable for cognitive
dysfunction.

In this study, we identified history of DBS prior to baseline visit,
and also DBS implemented between visits as a significant risk
factor of conversion to frequent faller status. One may assume
that DBS is a surrogate for greater disease severity; however,

Table 1 Demographic and clinical characteristics at baseline visit

Variables

Frequent faller at follow-up

p Value Missing rateNo (n = 2,894) Yes (n = 382)

Sex

Male 1839 (63.6) 239 (62.6) 0.702 1 (0.03)

Female 1054 (36.4) 143 (37.4)

Age at diagnosis, y 65.4 ± 9.8 67.2 ± 9.6 0.001 0

Disease duration, y 7.5 ± 5.5 10.1 ± 6.1 <0.0001 1 (0.03)

Time between visits, d 479.7 ± 200.7 491.7 ± 192.9 0.268 0

Certainty of diagnosis

<90% 321 (11.2) 53 (14.0) 0.108 26 (0.79)

≥90% 2550 (88.8) 326 (86.0)

Rest tremor

No 806 (28.0) 120 (31.5) 0.155 16 (0.49)

Yes 2073 (72.0) 261 (68.5)

Motor fluctuations

No 1730 (60.0) 152 (40.2) <0.0001 16 (0.49)

Yes 1152 (40.0) 226 (59.8)

H&Y stage

1 469 (16.2) 16 (4.2) <0.0001 257 (7.84)

2 1595 (55.1) 166 (43.5)

3 522 (18.0) 143 (37.4)

4–5 83 (2.9) 25 (6.5)

Not assessed 225 (7.8) 32 (8.4)

No. of comorbidities 1.3 ± 1.2 1.5 ± 1.3 0.003 2 (0.06)

PDQ-39 summary score (%) 20.6 ± 13.8 30.2 ± 14.4 <0.0001 18 (0.55)

MCSI (%) 14.1 ± 13.6 23.0 ± 15.7 <0.0001 1414 (43.16)

TUG 11.9 ± 6.0 14.7 ± 7.7 <0.0001 139 (4.24)

Immediate 5-word recall 4.5 ± 0.8 4.2 ± 1.0 <0.0001 32 (0.98)

Semantic fluency 19.5 ± 6.4 16.3 ± 5.8 <0.0001 48 (1.47)

Delayed (5-min) 5-word recall 3.3 ± 1.4 3.0 ± 1.3 <0.001 46 (1.4)

Abbreviations: H&Y = Hoehn & Yahr; PDQ-39 = 39-item Parkinson’s Disease Questionnaire; MSCI = Modified Caregiver Strain Index; TUG = Timed-Up-and-Go.
Values are n (%) or mean ± SD.
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postural instability and fallsmayworsenwithin the year following
the procedure31,32 and it seems that subthalamic nucleus DBS
and globus pallidus pars interna DBS improve gait measures and
quiet standing postural control in patients with PD, but have no
effect on or may even aggravate dynamic postural control.33 It is
therefore becoming increasingly plausible that DBS may be an
independent risk factor for falling in PD.

Among the measures of disease severity and quality of life,
worse scores in PDQ-39 and semantic fluency and H&Y stages
2 and 3 (as compared to H&Y stage 1) conferred a higher risk
of becoming a frequent faller. When we looked at the instru-
ments alone, without consideration for any other variables, also
MCSI, and, in addition to H&Y stages 2 and 3, H&Y stage 4/5
(as compared to H&Y stage 1) now became significant, while

Table 2 Final multivariate model for prediction of conversion to frequent faller status before follow-up visit

Variables Coefficient SEM p Value OR 95% CI for OR

Female sex 2.23 0.94 0.017 9.33 1.49–58.56

Age * sex −0.04 0.01 0.011 0.97 0.94–0.99

Certainty of diagnosis ≥90% −0.48 0.20 0.016 0.62 0.42–0.92

Motor fluctuations at baseline 0.40 0.14 0.006 1.49 1.12–1.97

L-dopa at baseline 0.58 0.26 0.023 1.78 1.08–2.94

Antidepressant at baseline 0.35 0.14 0.012 1.41 1.08–1.85

History of DBS at baseline 1.08 0.19 <0.0001 2.93 2.04–4.23

PDQ-39 summary score 0.02 0.00 <0.0001 1.02 1.02–1.03

H&Y stage 2 (ref: stage 1) 0.56 0.29 0.051 1.75 1.00–3.07

H&Y stage 3 (ref: stage 1) 0.89 0.31 0.004 2.43 1.33–4.42

Semantic fluency −0.05 0.01 <0.0001 0.95 0.93–0.98

Added amantadine at baseline 0.87 0.37 0.018 2.39 1.16–4.93

Occupational therapy referral 0.40 0.19 0.036 1.49 1.03–2.15

Social work/counseling referral 0.44 0.22 0.041 1.56 1.018–2.39

DBS (between visits) 0.62 0.31 0.045 1.85 1.01–3.38

Cancer (between visits) 0.28 0.12 0.022 1.32 1.04–1.67

Osteoarthritis (between visits) 0.20 0.07 0.006 1.22 1.06–1.41

Increase in ED visits 0.20 0.07 0.003 1.22 1.07–1.39

Increase in trauma admissions 0.50 0.20 0.013 1.65 1.11–2.46

Abbreviations: CI = confidence interval; DBS = deep brain stimulation; ED = emergency department; H&Y = Hoehn & Yahr; OR = odds ratio; PDQ-39 = 39-Item
Parkinson’s Disease Questionnaire.

Table 3 Multivariate model of relative predictive values of questionnaires and assessments obtained at baseline

Variable Coefficient SEM p Value OR 95% CI for OR

PDQ-39 summary score 0.027 0.00435 <0.0001 1.027 1.019–1.036

MCSI 0.0147 0.00513 0.0042 1.015 1.005–1.025

H&Y stage 2 (ref:1) 0.8583 0.2701 0.0015 2.359 1.389–4.006

H&Y stage 3 (ref:1) 1.3633 0.2822 <0.0001 3.909 2.249–6.796

H&Y stage 4/5 (ref:1) 0.945 0.3693 0.0105 2.573 1.248–5.306

Semantic fluency −0.0521 0.0104 <0.0001 0.949 0.93–0.969

Abbreviations: CI = confidence interval; H&Y = Hoehn & Yahr; MSCI = Modified Caregiver Strain Index; OR = odds ratio; PDQ-39 = 39-item Parkinson’s Disease
Questionnaire.
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TUG and immediate and 5-minute 5-word recall remained
nonsignificant. The higher PDQ-39 and MCSI scores are
surrogate measures of a greater overall disease burden. Re-
garding disease stage, maximum risk was associated with H&Y
stage 3, likely because of reduced ambulatory activity (hence
reduced exposure to falls) and increased use of gait assistive
devices in stages 4 and 5. TUG, a measure of gross mobility and
balance, failed to identify patients at higher risk to become
frequent fallers. TUG is essentially a measure of speed of
movement, and it is conceivable that reduced speed may im-
prove stability and reduce the risk of falling. In addition, TUG is
a measure of ambulatory ability, while a large proportion of falls
in PD do not happen during ambulation.34,35

Semantic fluency was more strongly associated with in-
creased risk for becoming a frequent faller than 5-word re-
tention and recall. This cognitive measure is more closely
associated with frontal function,36 and the association may
reflect a greater role of frontal (executive) dysfunction in the
genesis of falls as opposed to temporal (amnestic) dysfunc-
tion. In support of this hypothesis, non-PD older adults who
fall demonstrate poorer performance in tests of frontal
function than controls.37 Alternatively, this finding may re-
flect a greater association of falls with a cognitive subtype in
PD, without necessarily a causative relationship.

Besides referral for DBS, other treatment changes instituted
during baseline visit, or health services utilized between visits
thatwere significantly associatedwith a higher risk for becoming
a frequent faller, included the addition of amantadine, referral to
occupational therapy, a referral to social services, and increased
use of emergency medical services and hospitalizations. We
believe these variables to be surrogate markers of a specific
phase in PD progression, namely the emergence of motor
complications (particularly dyskinesia, the likely reason for
initiating treatment with amantadine), failing global health
(increase in utilization of medical services), increasing difficul-
ties with activities of daily living (referral to occupational ther-
apy), and increasing difficulty with independent function (a
likely trigger for referral to social services).

Emergent osteoarthritis, a known risk factor for falling among
older adults,38 and emergent cancer were associated with
a higher risk for becoming a frequent faller. At least one possible
commonmechanism of falling among cancer patients would be
chemotherapy-induced peripheral neuropathy.39 Regardless of
specific underlying mechanisms, our findings highlight the
need for seeking out, identifying, and addressing non-PD-
related causes of falls in persons with PD.

Our study has a number of limitations. The data are derived
from a patient registry, and lack the granularity that would be
necessary to identify more robust and precise associations.
Specifically, the main outcome measure was obtained via
history and lacked detail as to the nature and mechanism of
falling. It is generally accepted that falls in PD are a hetero-
geneous phenomenon, and using a simple outcome measure

may obscure mechanism-specific risk factors. In addition, the
historical nature of the main outcome mitigates its reliability.
We justify its use by the fact that this information is collected
in a realistic manner, essentially mimicking clinical practice.
The shortcomings of the primary outcome measure are
largely responsible for the somewhat disappointing co-
efficient of determination of the final model (approximately
21%). Potentially important risk factors are unavailable
through the NPF-QII database, including, and not limited to,
exposure (i.e., the amount and type of locomotor activity in
which individual patients engage), orthostatic hypotension,
freezing of gait, and type and consistency of use of gait
assistive devices. The NPF-QII database, although populous,
may be subject to selection bias, which would influence the
current analysis and the generalizability of the conclusions.
Finally, this analysis provides associations between predictive
variables and the main outcome; however, it does not prove
causality, the results being subject to some degree of specu-
lative interpretation.

The selection of “frequent falls” rather than “any falls” as the
primary outcomemerits additional discussion. The reference
period for the NPF-QII registry question on falls is the 3
months preceding the visit, hence, a “no falls” response es-
sentially translates to “no falls during the last 3 months,”
while “rare falls” would translate to “no more than 2 falls in
the last 3 months,” since 3 falls in the last 3 months would be
categorized under “monthly falls.” Considering that 35% of
community-dwelling older adults report at least 1 fall
a year,40 and given the specific classification adopted by the
NPF-QII registry, we concluded that grouping “rare fallers”
with “nonfallers” would optimize misclassification bias.

We have identified a number of associations between disease
characteristics, treatments, and comorbidities and emergent
falls in PD. The cause–effect relationships between the ob-
served associations need to be further clarified; however,
these characteristics may be used to identify individuals at
high risk for preemptive fall prevention interventions, or for
participation in randomized prospective controlled trials to
evaluate proposed interventions.
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