








In our group of healthy controls, the 12-month inci-
dence (16.1%) was considerably lower than in previous
population-based data serving as a reference for previ-
ous studies.20 The literature suggests that a third to
one-half of the community dwelling population of 60+

experience falls each year. For a group of 1762 partici-
pants 60+ years of age, Lord et al21 reported a yearly inci-
dence rate of falls of 28%. In individuals of 65 years and
older, Prudham found in his survey conducted on 2793
individuals that 28% experienced one or more falls in

Figure 1 Frequency of falls in neurological patients according to their neurological disorder. Fall frequency index (FFI) category

I=1–2 falls in the last 12 months, category II=3–5, category III=6–10, category IV=11–20, and category V=more than 20.

Figure 2 Difference in

frequency of having at least one

fall within the 12-month period for

patients suffering from the 13

most commonly encountered

neurological disorders.
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the previous year.22 In O’Loughlin et al’s7 group of 409,
it was 29%, in Campbell et al’s23 group of 533, 33% and
in Blake et al’s24 group of 1042, 35%. Luukinen et al’s3

group of 833 individuals aged 70+ showed a 30% annual
rate of falls and Tinetti et al’s25 group of 336 aged 75+
showed a rate of 32%. For the very old, Campbell found
in a community-based prospective study based on 761
participants that half of those aged 80 years and over
have a fall every year.26 This incidence rate, two or three
times that of our figures, did not surprise us.
Population-based data of elderly individuals inevitably
include a considerable number of patients suffering
from neurological diseases or other forms of gait or
balance problems. Many of these neurological disorders
like stroke, Alzheimer’s disease or PD are typical diseases
of the elderly, and others like epilepsy or traumatic

brain injury also have a second peak in higher age.27

This shows that it can be of advantage, when studying
groups of elderly patients, to have a truly healthy control
group, as in our survey.
Our study also shows that half of all ambulatory neuro-

logical patients had had at least one fall within the past
12 months. As to our knowledge this is the first survey of
neurological outpatients, the lack of comparative data
gave us no choice but to relate our findings to Stolze
et al’s13 data on neurological inpatients showing, much
to our surprise, a falling incidence as low as 34%. One
would have assumed that Stolze’s patients, who required
inpatient treatment for their neurological conditions,
would be more severely disabled and thus more prone
to falls than outpatients. It also appears contradictory to
our findings that indicators of disease severity like the

Table 2 Neurological patient groups: general demographics and fall risk

Diagnosis Age Barthel Total (n)

Falls

(n (%))

Multiple

falls* (n (%))

Fall frequency†

(in fallers)

Risk of falling

OR CI

p

Value

Stroke 82.7±2.3 99.76 26 23 (89) 7 (30) 1.39±0.72 40.1 (11.3 to 141.7) 0.000

Parkinson’s

disease

74.8±8.1 99.79 47 36 (77) 11 (31) 1.58±1.13 17.1 (7.9 to 37.2) 0.000

Dementia 77.5±9.2 99.77 7 3 (60) 1 (33) 1.33±0.58 7.8 (1.3 to 48.9) 0.01

Epilepsy 71.0±8.2 99.78 7 4 (57) 1 (25) 1.25±0.5 7.0 (1.5 to 32.7) 0.005

Other medical

disease

74.3±7.9 100 14 8 (57) 1 (13) 1.23±0.82 7.0 (2.3 to 21.5) 0.000

Other vascular

disease

74.8±8.1 99.79 25 14 (56) 4 (29) 1.29±0.47 6.7 (2.8 to 16.0) 0.000

PNP 71.0±8.1 99.78 58 32 (55) 13 (43) 1.63±0.98 6.4 (3.4 to 12.3) 0.000

Vertebral pain 76.8±9.1 99.75 48 23 (48) 7 (30) 1.39±0.72 4.8 (2.4 to 9.5) 0.000

Visual

disturbance

69.5±0.7 99.77 10 4 (40) 0 (0) 1±0 3.5 (0.9 to 13.1) 0.051

Vertigo 72.0±8.1 99.75 30 12 (40) 3 (25) 1.25±0.45 3.5 (1.5 to 8.0) 0.002

Peripheral

nerve lesions

66.0±8.1 99.79 18 7 (39) 3 (43) 1.57±0.79 3.3 (1.2 to 9.2) 0.016

Tinnitus 74.3±8.4 99.76 30 9 (30) 2 (22) 1.22±0.44 2.2 (0.9 to 5.3) 0.064

Headache 74.8±8.1 99.79 14 4 (29) 0 (0) 1.0±0.0 2.1 (0.6 to 7.1) 0.228

Other 79.4±7.1 99.74 34 14 (41) 4 (29) 1.29±0.47 3.7 (1.7 to 8.0) 0.001

*Multiple falls were defined as more than two falls per year (ie, a fall frequency index ≥2).
†Fall frequency index: category I=1–2 falls in the last 12 months, category II=3–5 falls in the last 12 months, category III=6–10 falls in the last
12 months, category IV=11–20 falls in the last 12 months, and category V=more than 20 falls in the last 12 months.

Figure 3 Differences in ABC 6

scores (A) and number of NDs

(B) of neurological patients with

and without falls indicate that

fallers as compared to non-fallers

have lower confidence in their

balance and a higher number of

concomitant NDs. (ABC 6%,

percentage scores of the 6-item

version of the Activities-Specific

Balance Confidence scale,

number of ND, number of

neurological diseases a patient is

afflicted with).
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Barthel index and the UPDRS II correlated positively
with the incidence of falls. Several studies further
support this concept by stating that the more severely
affected patients are, the higher the falling risk.28

However, we have reasons to believe that the correlation
is not linear throughout all grades of disability but
rather resembles an inverse U-shaped curve. We think
that the initial propensity for falls increases with higher
disability only up to a certain point. Then, as patients
become more cautious and use all kind of supports, it
plateaus and even decreases. When patients become so
disabled that they are finally bedridden, the risk
approaches zero with the lack of opportunities to fall.
Therefore, our values would be located on the inclining
leg close to the peak and Stolze’s further down on the
declining leg. Since this concept has as yet only been
proposed for PD29 but not for other neurological condi-
tions, further studies directly comparing the risk of
falling in neurological inpatients and outpatients of
various grades of disability are needed to support this
assumption.
Considering recurrent falls, we found that in the

group of neurological patients 13.2% fell three or more
times per year, compared to 3.6% in the group of
healthy controls. This is in keeping with the results of
studies investigating recurrent falls, where figures are
given of 8% for three or more falls in randomly selected
community dwelling elderly individuals30 and 10% for
community-based seniors using home care services.31 In
Stolze’s cohort of inpatients, the value of 21% for recur-
rent falls was higher and can probably be explained by
methodological differences. Stolze’s category of recur-
rent falls already includes patients who had fallen twice,
unlike our and other studies30 31 that include patients
only after more than three falls.

Risk factors contributing to falls
We found that the type of neurological disease afflicting
a patient determines the potential risk factor for falls.
Here, two diseases stood out: patients with stroke were
six times (89%) and patients with PD five times (71%)
more likely to suffer falls than healthy controls (16%).
This is in keeping with previous community-based
studies showing a high likelihood for falls in patients
with stroke with a range of 51–73%10 20 32 and in
patients with Parkinson’s disease with a range of 38–
87%.33–39 This was followed by a group of neurological
diseases with an almost four times higher likelihood
(55–60%) of falls, consisting of dementia, epilepsy, other
movement disorders, other vascular diseases and periph-
eral neuropathy. These diseases are also known to carry
a high risk for falls, with an annual fall rate of 60–
80%12 40 in patients with Alzheimer’s disease and 55–
65%41–43 in patients with peripheral neuropathy. The
only study conducted on falls in elderly patients suffer-
ing from epilepsy is one on care facility residents, provid-
ing a 5-year fall incidence of 83%.44 In our sample,
peripheral neuropathy also proved to be a risk factor for

recurrent falls, but significance was not reached most
likely due to the small sample size (p=0.061). Also, con-
firmative data obtained from small cohorts revealed that
multiple falls occurred in 10 of 25 (40%) patients with
neuropathy 43 and another 13 of 20 patients with neur-
opathy (65%) had a propensity for multiple falls for an
average of 5.8 falls/year.41 New and unexpected was the
fact that even patients suffering from neurological dis-
eases with no direct influence on gait or balance like
headache (28%) had almost twice as many falls as the
average healthy control (16.1%). Also new is that, in
contrast to all the above cited data derived from studies
on patients with only one neurological disorder, our
survey provides comparative values for several neuro-
logical diseases of elderly ambulatory neurological
patients for the first time, allowing a direct comparison
between these disorders and a ranking according to the
risk of falling.
However, our findings further suggest that not only

the type of neurological conditions but also the number
of neurological diseases a patient was suffering from, no
matter whether they had an influence on gait or
balance, correlated with the risk of falling. This came as
a surprise as we assumed that only accumulations of
neurological deficits relating to gait and balance would
influence the risk for falls. Although there were no pub-
lished studies on the influence of neurological diseases,
it is known that persons with an impaired sense of
balance have a disproportionately higher risk for falls
when they acquire an additional new disease or condi-
tion, even if it is one that seems minor or not related to
falling per se. Tinetti was able to demonstrate that the
number of chronic diseases a patient was suffering from
was highly predictive of a risk to fall, better even than a
mobility score. She concluded that falling appears to
result from an accumulated effect of multiple-specific
disabilities.45 This would be in keeping with our other
findings, that old age in combination with any neuro-
logical disease increases the risk of falling above that of
healthy controls, even if it is a disease like headache.
Also, in accordance with this, we found that a higher
rate of depression, as reflected by a higher ADS-score,
also increased the risk for falls. An alternative explan-
ation for this could be that depressive thoughts are fre-
quently combined with negative conceptions of one’s
own sense of balance, which was found to be a promin-
ent risk factor for falls in our and previous other
studies.46

That higher age would be a predictive factor for falls
in neurological patients replicates previous findings13

and is easy to explain: old age is often associated with
greater frailty and eventually frailty with less confidence
in one’s sense of balance and a higher incidence of
falls.46 That women are more prone to falls than men
has often been stated before13 and has previously been
explained by a fear of falling and a loss of confidence—
both independent risk factors for falls—being more
prominent in women.6
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LIMITATIONS
We also faced several limitations in our study. First and
most importantly, like most other surveys dealing with
falls, we faced the problem that the number of falls are
likely to be under-reported. Elderly participants often
try to downplay problems regarding their mobility for
fear of having their autonomy restricted. While this is in
general typically found in the healthy elderly, it might
be even more prominent in patients with disabilities.
But even remembering these events might pose a
problem in some of the patients with central degenera-
tive diseases, which might have been a relevant factor in
our study, even though we excluded patients with severe
dementia. The risk for falls in neurological patients
might therefore be greater than shown in any results.
Future prospective studies could minimise this problem
by using patients’ diaries according to established guide-
lines for reporting falls,47 possibly even in combination
with wearable miniaturised electronic devices apt to
objectively detect and monitor falls.48

Second, the large dropout rate of 23% from neuro-
logical assessment to interview, not containing the 3.6%
that had to be excluded prior to recruitment due to an
inability or unwillingness to participate, could have led
to further underestimating the number of patients with
falls. However, since these patients did not obviously
differ in their baseline characteristics, we assume this
problem to be minimal.
Then, we would also like to address the issue of small

sample sizes in subgroups of neurological diseases. Some
of the groups like vascular diseases, movement disorders,
vertebral pain and peripheral neuropathy are adequately
sized, and even outnumber participants of single disease
studies like those on peripheral neuropathy.41 43 Others,
particularly the dementia group with only seven patients,
are, due to the exclusion of the more affected, quite
small and allow only limited extrapolation. Nevertheless,
it is remarkable that even here the analysis of difference
reached levels of significance.

CONCLUSION
It can be said that we managed to show, apparently for
the first time, that even among ambulatory neurological
outpatients, falls are alarmingly frequent. The aetiology
of falls is multifactorial, but the connection between falls
and disturbances of the sensorimotor system frequently
found in neurological diseases in elderly patients is of
great importance. Our findings revealed that even
neurological diseases not directly connected with gait
and balance carry an astonishingly high risk for falls.
Medical practitioners, allied health professionals and
carers should therefore be aware that their patients are
at high risk for falls, as any neurological deficit increases
this risk, even more so if a combination of factors is
present. Of course, the risk has to be evaluated individu-
ally, but patients with central diseases like stroke, PD,
dementia and epilepsy and, for repeated falls, also

patients with peripheral neurological disorders require
special attention. Greater disability, higher age, female
gender, depression and low confidence in the sense of
balance are additional contributory factors that have to
be taken into account in this process. For patients with
several of these factors, targeted prevention programmes
should be implemented. However, although they have
been shown to generally reduce falls and injuries in the
community dwelling elderly,49 there is but inconclusive
evidence for patients following stroke50 and with PD51 52

and even more scanty information for patients with
other neurological diseases. Therefore, further larger
scale multicenter neurogeriatric surveys with larger
sample sizes for neurological subgroups should be per-
formed not only to confirm our observations but also to
acquire more extensive knowledge of the effectiveness of
preventive measures in patient cohorts with various
neurological conditions and different degrees of disabil-
ity. These studies should also include more objective
monitoring systems and include further potential risk
factors like medication and fear of falling.
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