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ABSTRACT
Introduction. Recurrent falling is a major clinical milestone in Parkinsonian syndromes. It has a detrimental impact on quality 
of life, further prognosis, and life expectancy.

Aim of the study. To improve fall management and prevention, we aimed at identifying clinical parameters predicting fall fre-
quency. To this end, we retrospectively analysed records of fall events of patients with Parkinson’s disease (PD), or progressive 
supranuclear palsy (PSP), or multiple system atrophy (MSA), during their two-week inpatient stay at the Parkinson-Klinik Orte-
nau, Wolfach, Germany. This data served as an objective proxy for patients’ fall frequency and allowed us to estimate the impact 
of several demographic and clinical variables on the occurrence of falling.

Material and methods. Of 2,111 patients admitted to our hospital, 1,810 presented with PD, 191 with PSP, and 110 with MSA. 
We employed a multiple (quasi-) poisson regression analysis to model the fall frequency as a function of various demographic 
variables (age at diagnosis, gender) and clinical variables (disease duration and sub-type, motor and cognitive impairment, 
autonomic dysfunction). 

Results. Statistically significant predictors for falls in PD were cognitive impairment, motor impairment, and autonomic dys-
function. In PSP, significant predictors for falls were motor and autonomic dysfunction, while in MSA only disease duration 
predicted falls, but with only marginal statistical significance. 

Conclusions. Our results stress the importance of different factors in predicting falls in the different types of Parkinsonian syn-
drome. Preventive interventions should address these disease-specific targets for optimal success. 

Key words: autonomic dysfunction, cognitive impairment, falls, multiple system atrophy, Parkinson’s disease, progressive 
supranuclear palsy

Introduction

The occurrence of falling is a major clinical milestone 
in the progression of Parkinsonian syndromes [1]. While in 
progressive supranuclear palsy (PSP) falling occurs early and 
is a diagnostic feature [2], falls occur later in the course of 
Parkinson’s disease (PD). Specifically, the median time to the 

first fall has been reported to be 1.4 years in PSP, but 9 years 
in PD [3]. In multiple system atrophy (MSA), the first fall has 
been estimated to occur at a median of 3.5 years after diagnosis.

Alongside the occurrence of dementia [4], falling has 
been described as a major detrimental factor in patients with 
Parkinsonian syndromes, affecting their quality of life nega-
tively [5]. A survey among Parkinsonian patients, including 
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PD and atypical Parkinsonian syndromes, has found that 
after falling, 65% of patients sustained injuries. Of these, 33% 
sustained fractures [6]. Falling, and in particular recurrent 
falls and their resulting injuries, are a major risk factor for 
nursing home admissions [7]. The early occurrence of falls 
has been described as being predictive of shorter survival in 
both MSA and PSP [8].

Previous studies have usually relied on retrospective chart 
reviews [3], post-hoc rating scales and questionnaires [9–11], 
or self-report diaries [12] to estimate fall rates in Parkinsonian 
syndromes. A major disadvantage of post-hoc self-reports is 
the possibility for recall bias. The occurrence of falls is likely to 
be underreported, patients and their caretakers might down-
play fall events, and might only recall those falls resulting in 
injuries as being genuine falls. 

Recording fall events of inpatients in a clinical setting has 
the advantage of standardised criteria as to what constitutes 
a fall event, and should thus provide an objective estimate of 
fall frequency.

In order to understand the occurrence of falls in 
Parkinsonian syndromes and to obtain possible insights into 
the mechanisms of falling, we retrospectively analysed data of 
2,111 patients with PSP, MSA, or PD who were admitted as in-
patients to the Parkinson-Klinik Ortenau, Wolfach, Germany 
between 2015 and 2020. As a part of standard clinical routine, 
we obtained various clinical parameters, describing the disease 
progression and its effects on motor, cognitive, and autonomic 
function. On average, patients stayed for about two weeks at 
our hospital, and many of them experienced fall events during 
that time. The aim of our data analysis was to identify predic-
tors by modelling the fall rate at our hospital with regression 
analysis as a function of various demographic and clinical 
parameters. The fall rate observed at our hospital was thus used 
as an objective proxy measure for fall probability in general. 

Material and methods

Participants
We retrospectively surveyed data of inpatients admitted 

to the Parkinson-Klinik Ortenau, Wolfach, Germany in 
2015–2020. Inpatients were included in this study if they 
had been diagnosed with a) PSP, or b) MSA, or c) PD. PSP 
was diagnosed according to the criteria given in the National 
Institute for Neurological Disorders and Society for PSP [13] 

and the criteria devised by Höglinger et al. [14]. The diagnostic 
criteria for MSA were those of Gilman et al. [15]. The level 
of diagnostic certainty for PSP was “probable PSP” according 
to Höglinger et al. [14] and “probable MSA” following the 
guidelines described in Gilman et al. [15]. Diagnoses were 
supported by neuroimaging (magnetic-resonance imaging 
and positron-emission tomography), but neuropathological 
evidence was not available. Diagnosis of PD relied on the 
UK Brain Bank criteria [16] and the criteria published by 
Postuma et al. [17] and were sub-classified, with PSP being 
distinguished into PSP-Richardson’s syndrome (PSP-RS), 
PSP with predominant parkinsonism (PSP-P), or others (see 
Höglinger et al. [14] for sub-type definitions). 

MSA was sub-typed according to the guidelines described 
by Gilman et al. [15] into MSA with predominant cerebellar 
ataxia (MSA-C), or MSA with predominant Parkinson motor 
features (MSA-P). 

PD patients were classified into tremor-dominant, akinet-
ic-rigid, or mixed motor phenotypes (see [17]). 

We identified 2,111 patients fulfilling the requirements 
(see Table 1 for patient characteristics). All patients received 
medication and various therapies (physical, speech, and occu-
pational therapy; psychosocial counselling) according to best 
practice. Detailed information on prescribed medication was 
not collected for this study sample. See the supplementary 
material of Altmann et al. [19] for typical prescriptions of 
anti-Parkinson, anti-dementia, anti-psychotic, and anti-de-
pressant drugs in a sample of PD patients at the same clinic. 
The procedures used in this study were in accordance with 
the ethical guidelines laid down in the Declaration of Helsinki 
1964, and were approved by the local ethics committee of the 
State Medical Chamber of Baden-Württemberg, Germany 
(F-2021-151). 

Assessment and procedure
Data on demographics was obtained from medical records. 

Disease severity was assessed with the Unified PD Rating Scale 
(UPDRS, [20]). As measures of motor function, we analysed 
part III of the UPDRS and the Berg Balance Scale (BBS, Berg 
et al., 1989 [21]; Scherfer et al. [22]). Global cognitive function 
was assessed with the Montreal Cognitive Assessment (MoCA, 
[23]), a diagnostic tool widely used in screening for cognitive 
impairment in PD [24]. Frontal lobe functions were tested with 
the Frontal Assessment Battery (FAB; Dubois et al., 2002 [25]).

Table 1. Patient demographics and clinical characteristics

Variable PSP MSA PD

N 191 110 1,810

Gender (female:male) 77:114

40.3:59.7%

65:45

59.1:40.9%

673:1,137

37.2:62.8%

Age at diagnosis in years; mean ± SD (range) 68.7 ± 7.0 (47–86) 63.1 ± 9.4 (37–84) 64.0 ± 10.5 (30–89)

Disease duration in years; mean ± SD (range) 2.6 ± 2.5 (0–20) 3.2 ± 2.9 (0–17) 7.8 ± 5.9 (0–46)
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To measure autonomic function, orthostatic hypotension 
(OH) was tested with the modified Schellong test [26]. The 
UPDRS was performed by neurologists, the BBS by physical 
therapists, the cognitive test by neuropsychologists, and the 
Schellong test by medical technical assistants. All examin-
ers were experienced in applying the tests to patients with 
Parkinsonian syndromes. Fall events were recorded as part of 
clinical routine by any staff member who witnessed the event 
or its outcome, and were confirmed by a neurologist. Falls were 
defined as “an unexpected event in which the person comes to 
rest on the ground, floor or lower level” [27].

Statistical analysis
Fall frequency was computed by dividing the number 

of falls of a patient during his or her inpatient treatment by 
the number of days he or she was an inpatient. In the first 
analysis, the distribution of fall frequencies was calculated as 
a function of disease duration (in years). To assess correlations 
among clinical parameters, Pearson’s correlation coefficients 
were computed and tested for significance computing a test 
statistic t and comparing to Student’s t distribution (degrees 
of freedom: n-2). An α = 0.05 was defined as a critical value 
for statistical significance.

An analysis of predictive factors was performed with 
multiple Poisson regression models, which are the canonical 
statistical model used for count data such as falls (see e.g. 
[12]). Calculation of these models was conducted in R (ww-
w.r-project.org, version 3.5.2) employing the glm function. 
For model selection, we followed a formal model-building 
procedure [28], as follows: 
1. We started with a Poisson regression model to explain

the number of falls during the inpatient residency as
a function of various variables, including the demographic 
factors: age at first diagnosis and gender; disease duration 
and sub-type (sub-types being for PSP: PSP-RS, PSP-P, and 
PSP-others; for MSA: MSA-C and MSA-P; and for PD:
akinetic-rigid, mixed, and tremor-dominant); motor pa-
rameters: UPDRS (part III), the BBS; cognitive parameters 
(MoCA and FAB scores); and autonomic dysfunction: OH. 

2. We then tested the Poisson model for over-dispersion (i.e.
for empirical variance not equal to the mean of the data)
and the necessity for an additional parameter account-
ing for this. We tested for over-dispersion with a χ2-test,
with α = 0.05 as the critical value. Over-dispersion was
evident in all cases and therefore quasi-Poisson models
were employed that entailed an additional coefficient by
which the variance in the model is greater than the mean, 
as described in Ver Hoef and Boveng [29].

3. We then employed backward stepwise deletion and re-
moved all predictors from the resulting model that did not
reach significance in a t-test on the regression coefficients 
(α = 0.05). Overall performance of the final models was
evaluated with an Omnibus test and an R2 value describing
the explained variance [28].

Results

Data from 2,111 patients was analysed for this study. 
The patients’ clinical characteristics are set out in Table 1. 
Frequencies of the different sub-types of Parkinsonian syn-
dromes are shown in Supplementary Table 1. Figure 1 depicts 
the fall rate as a function of disease duration. Fall rates were 
highest early for PSP, increased with disease duration, and 
showed a slight decrease in advanced disease stages (4+ years). 
For MSA, fall rates were higher than for PD, and for both MSA 
and PD fall rates increased monotonically with disease dura-
tion for the disease stages observed in this study.

We obtained several clinical parameters as potential 
predictors for falls. Table 2 sets out correlations among these 
predictors. High correlations were observed between the two 
cognitive parameters, i.e. between the test scores of MoCA and 
FAB, and for the motor parameters, i.e. between the UPDRS 
(part III) and the BBS. To avoid collinearity in the regression 
model, only one of the cognitive parameters (the MoCA test 
score) was considered for further analysis. Results of the re-
gression model including the FAB instead of the MoCA are 
set out separately in Supplementary Table 2. The strongest 
correlation with disease duration was observed for the UPDRS 
(part III)-score, in particular for MSA patients.

We analysed factors predicting fall rates separately for 
the different types of Parkinsonian syndrome (PSP, MSA, and 
PD). Statistically significant coefficients for the final multiple 
(quasi)-poisson regression models are set out in Table 3. 
Cognitive, motor, and autonomic factors were predictive for 
falls in PD, whereas for PSP, only the motor and autonomic 
factors predicted falls significantly. Sub-types of Parkinsonian 
syndromes were not significantly predictive for falls in this 
study. However, for PSP, the factor sub-type reached marginal 
significance (p = 0.059), with a tendency towards a higher fall 
rate in Richardson’s Syndrome. The omnibus tests for the full 
models were significant for PSP and PD, but revealed only 
a marginally significant result for MSA, with disease duration 
as the only significant predictor for fall rate. 

Our analysis was mainly focused on modelling fall fre-
quency during the hospital stay as an inpatient. However, 
many previous studies have differentiated between frequent 
fallers and less frequent fallers [9, 11] or between fallers and 
non-fallers [12, 29] and have therefore represented falls as 
binary data. To allow for comparability with these previous 
reports, we show demographic and clinical parameters for 
fallers and non-fallers in Table 4.

Discussion

We analysed fall rates of patients with Parkinsonian 
syndromes based on objectively recorded fall events during 
hospitalisation as inpatients. While fall rates in PD were pre-
dicted by cognitive (MoCA), motor (UPDRS-III, BBS), and 
an autonomic parameter (OH), falls in PSP were significantly 
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Table 2. Pearson’s correlation coefficients between parameters

Parameter pair PSP MSA PD

MoCA ~ FAB 0.74*** 0.79*** 0.83***

UPDRS-III ~ BBS –0.58*** –0.66*** –0.60***

MoCA ~ disease duration –0.003 –0.08 –0.13***

FAB ~ disease duration 0.005 –0.16 –0.14***

UPDRS-III ~ disease duration 0.30*** 0.39*** 0.29***

BBS ~ disease duration –0.23** –0.24* –0.22***

OH ~ disease duration 0.14 –0.02 0.13***
*: p < 0.05; **: p < 0.01; ***: p < 0.001

Figure 1. Histogram of falls during hospital stay as a function of disease duration for PSP, MSA, and PD patients, measured in years since 
diagnosis
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Table 3. Multiple quasi-Poisson regression models

Parameter PSP MSA PD

N 146 110 1540

MoCA — — –0.059****

BBS — — –0.028****

UPDRS-III 0.027*** — 0.012*

OH 0.018* — 0.012***

Gender — — —

Sub-type — — —

Age at diagnosis — — —

Disease duration — 0.112* —

Intercept –4.328*** –3.828*** –2.81***

Dispersion parameter 3.17 2.26 2.10

*: p < 0.05; **: p < 0.01; ***: p < 0.001. Omnibus test p-values and R2: PSP p < 0.0001, R2 = 0.114; MSA p = 0.055, R2 = 0.061; PD p < 0.0001, R2 = 0.060; dispersion parameters > 1 indicate overdispersion. Please note 
that sample sizes (N) can deviate from those in Table 1, because not all patients received all clinical tests (e.g. some patients had no MoCA or OH score)

Table 4. Comparison of demographic and clinical parameters between non-fallers (0 falls during hospital stay) and fallers (≥ 1 fall during hospital stay)

PSP MSA PD

Falls = 0 Falls ≥ 1 Falls = 0 Falls ≥ 1 Falls = 0 Falls ≥ 1 

N 99 92 84 26 1,529 281

Gender (f:m) 32:67

32:68%

45:47

49:51%

53:31

63:37%

12:14

46:54%

565:964

37:63%

108:173

38:62%

Sub-type* 21:54:24

21:55:24%

46:28:18

50:30:20%

17:67

20:80%

6:20

23:77%

923:546:60

60:36:4%

198:79:4

70:28:2%

Age at diagnosis [years] 69.3 ± 6.8 68.1 ± 7.2 63.1 ± 8.7 63.2 ± 11.6 63.6 ± 10.5 65.8 ± 9.9

Disease duration [years] 2.4 ± 2.2 2.8 ± 2.7 2.9 ± 2.5 4.0 ± 3.8 7.5 ± 5.7 9.6 ± 6.5

UPDRS-III 37.3 ± 14.7 42.2 ± 10.7 47.9 ± 14.6 46.8 ± 12 35.3 ± 12 42.4 ± 11.2

BBS 34.8 ± 16.4 28.3 ± 11.9 27.8 ± 17.2 22.9 ± 12.8 42.8 ± 13 31.8 ± 14.8

MoCA 20.9 ± 4.7 18.9 ± 5.9 24.2 ± 4.1 24.4 ± 5.5 22 ± 5.8 17.6 ± 6.5

FAB 12.1 ± 3.4 11.9 ± 3.5 15.2 ± 3 14.8 ± 3.6 14.3 ± 3.7 11.7 ± 4.2

OH [ΔmmHG] 10.5 ± 12.1 13.3 ± 15.1 31.9 ± 21.9 32.0 ± 21.2 17.8 ± 17 26.5 ± 21.8
*Sub-types for PSP: PSP-RS, PSP-P, and PSP-others; for MSA: MSA-C and MSA-P; for PD: akinetic-rigid, mixed, and tremor-dominant

predicted by a motor (UPDRS-III) and an autonomic (OH) 
parameter. Falls in MSA were significantly predicted by disease 
duration. Gender or age at diagnosis had no predictive value 
in any Parkinsonian syndrome.

The occurrence of falls and associated injuries follows 
different time-courses and is mediated by different risk factors, 
depending on the syndrome [3]. Our data showed that cogni-
tive, motor, and autonomic factors predict fall rate in PD. This 
is in line with previous retrospective [3], but also prospective, 
studies [12]. The latter study has stressed the importance of tan-
dem gait and global cognitive performance (mini-mental state 
examination) as predictors for short and long-term (6 months 
and 3.5 years, respectively) fall frequencies. Some studies have 
also proposed that gender (a higher risk for females) and age 
at disease onset (a higher risk for older age) contribute to fall 
frequency [3, 6], but this was not replicated in the current study. 

The peak in fall frequency for intermediate disease dura-
tions in PSP, with fewer falls in later stages of the disease, is in 

line with descriptions of a single patient in Brown et al. [10] 
who suggested that advanced immobilisation and the use of 
a wheelchair in the later stages of the disease might lead to 
fewer falls. For PSP patients, falls in our study were predicted 
by motor and autonomic factors, but not by cognitive status. 
This finding is in line with previous studies reporting motor 
factors such as oculomotor parameters, modified turning, 
bradykinesia, axial rigidity, neck dystonia, and postural sta-
bility as being predictive of fall risk [9]. 

Interestingly, our analysis revealed an association between 
orthostatic hypotension (OH) and fall risk in PSP patients. 
However, OH values were lowest for the PSP group (only 
40/191, i.e. 20.9% of PSP patients had OH ≥ 20). A recent study 
has even suggested that there is no association between neuro-
genic OH and PSP based on data from post mortem-confirmed 
cases [31]. Thus, even though clinically relevant OH is rare in 
PSP, it might still contribute to falls as a risk factor, possibly 
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due to mechanisms similar to those in the elderly in general 
[32]. The role of cognitive status as a risk factor in PSP is under 
debate. While some studies indicate a role of cognition in falls 
[3, 11], others point toward deficits of dual-tasking as a risk 
factor for falls [33]. A recent study with 339 patients did not 
find a significant association between cognitive parameters 
and fall risk in PSP [9].

As for MSA, only disease duration proved to be a predictor 
for falls in this study. While autonomic dysfunction was more 
severe in MSA than for PD and PSP, the OH was similar for 
fallers and non-fallers. This is in line with findings reported 
in a recent review [34] suggesting that dysautonomia does 
not predict falls, while motor parameters, in particular axial 
symptoms and early pyramidal tract signs, are associated 
with falls [3]. 

However, due to low sample sizes for MSA and PSP, 
we cannot rule out that in these cases statistical power was 
insufficient to detect subtle potential effects of cognitive or 
motor/autonomic parameters on fall rate. In contrast, since 
PD is comparatively more prevalent in the population, the 
sample size for PD was also larger in our study, resulting in 
better statistical power. Thus, for direct comparisons between 
the Parkinsonian syndromes, sample sizes of the atypical 
syndromes were possibly insufficient.

Other than that, four further factors might limit the gen-
eralisability of this study’s results: 
1. In this study, fall events were only counted when they

occurred during an inpatient stay (of c.14 days). That
means that patients with fall rates of less than one fall
per two-week period were unlikely to fall during their
inpatient stay, and were thus recorded as non-fallers.
Therefore, a fall rate of once per six months [12] or two
falls per 12 months [11] was likely not to be covered in
our study. Thus, the fall rates covered in our study were
in the ‘very frequent’ range.

2. Recording fall events in a hospital setting has the advan-
tage of the presence of an objective witness, very often
a trained member of nursing staff, and is thus not subject 
to bias due to delayed recall. Nevertheless, the possibility 
of under-reporting still exists. In particular, patients with 
high fall rates might not report some actual fall events,
because they perceived them to be ‘near-falls’, e.g. when
no injury occurred. Moreover, PSP patients very often
lack insight into their postural disorder due to cognitive
impairment [35] and may therefore also underreport fall
events in the absence of witnesses.

3. Another factor that might distort fall rate estimates is that 
during a patient’s stay in a hospital, the environment is
very different from that at home and might therefore lack 
ecological validity (e.g. see Fasano et al. [36]). Specifically, 
patients might experience more mobilisation and in-
creased activity in the less familiar hospital environment, 
resulting in an increase of fall frequency. Then again, the
hospital might be a more controlled environment with aids 

such as handrails and wheeled walker, possibly resulting 
in a lower fall frequency. Furthermore, the presence of 
professional staff might result in avoiding many near falls 
from becoming actual fall events.

4. Another possible limitation of this study was the reduced 
variance in disease severity: patients seeking medical
help as inpatients are commonly those who are already
advanced enough in their disease to suffer significantly,
so only a few PD patients in Hoehn & Yahr stages I–II are 
expected to be treated as inpatients. On the other hand, pa-
tients with a severely advanced Parkinsonian syndrome are 
also rarely present at a specialised Parkinson clinic, where 
most of the patients are in Hoehn & Yahr stages III–IV.
Interventions to prevent falls in PD have mainly focused

on exercise and medication [36]. The targets for exercise-based 
interventions are mainly poor balance and decreased mobil-
ity as risk factors for falls. Interestingly, combining exercise 
targeted at both physical and cognitive factors using a virtual 
reality setting has been shown to positively affect the long-
term (6-month follow-up) risk of falls [37]. Pharmacological 
interventions with an effect of reducing fall rates (besides 
anti-parkinsonian medication) include acetylcholinesterase 
inhibitors (rivastigmine), but also drugs (droxidopa) amelio-
rating neurogenic orthostatic hypotension [36]. 

Due to the retrospective nature of our study, we have not 
investigated the effect of prescribed medication as a risk factor 
for falls. However, polypharmacy, sedative, anticholinergic, 
and other drugs are known to affect the risk of falling for PD 
patients, and the elderly in general [36, 38]. Other potentially 
important variables, such as eye disease, sarcopenia or BMI 
were not investigated either, limiting the scope of the study, 
considering the effect of obesity on fall frequency demonstrat-
ed in previous studies on healthy elderly people [39]. 

Overall, the described targets to reduce falls in PD are 
in line with the risk factors predicting fall rate in PD in the 
current study. Compared to PD, interventions to reduce falls 
are much less established in PSP, owing to a scarcity of data 
[10]. Promising approaches have aimed at preventing falls 
with physical therapy employing treadmill or robot-assisted 
training [40], or reducing risk by targeting cognition and the 
impulsiveness typical of PSP [41]. However, the existing data is 
insufficient to draw valid conclusions as to the efficacy of these 
approaches. Similarly, therapeutic interventions specifically 
targeting fall risk reduction in MSA are rare; possibly, some of 
the strategies developed for PD may prove applicable for MSA 
as well [34]. Retrospective epidemiological studies can provide 
rough indications towards plausible targets for interventions. 

Nevertheless, to develop effective and individualised 
therapies for Parkinsonian syndromes, detailed analysis of 
falls, their mechanisms and possible triggers is necessary. For 
instance, dual tasking during walking has been suggested as 
resulting in increased fall probability in PD due to cogni-
tive-motor interaction [42]. Understanding the mechanisms 
of falling therefore allows for the development of targeted 
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therapies taking into account cognitive, motor, and auto-
nomic factors.

Conclusion

Our study evaluated the rate of falling in a sample of 
patients with Parkinsonian syndromes. Rather than relying 
on self-report, we counted falls during a two-week stay as 
inpatients. We identified different predictors for falls de-
pending on the particular type of syndrome. While for PD, 
cognitive, motor, and autonomic factors best predicted falls, 
for MSA the main variable predicting falls was the duration of 
the disease. For PSP, both motor and autonomic dysfunction 
predicted falls. Thus, optimal management and prevention of 
falls should consider these predictors in the different types of 
Parkinsonian syndrome. 
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