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Abstract.
OBJECTIVE: Fall prevention is a major issue in the ageing society. This study provides an overview of all risk factors for
falls of older citizens.
METHOD: A literature search was conducted to retrieve studies of the past 25 years. All participants from the studies lived in
the community or institutions and were aged 60 or older. The following key word combinations were used, limited to the title:
elderly or older people or older adults and fall and risk. The risk factors were categorised as relevant and amendable, relevant
but non amendable, inconclusive or unsupported.
RESULTS: In total 30 publications were studied in 2013 in Enschede, the Netherlands. The relevant intrinsic risk factors are
muscle strength, balance capacity, reactive power, dual tasking and sleep disturbance. Relevant extrinsic risk factors are home
hazards, wrong use of assistive devices and bad footwear. Behaviour-related risk factors are hurrying, risk taking, physical
inactivity and fear of falling. Relevant symptoms that could be caused by underlying risk factors are mobility problems, gait
problems, vertigo, use of assisting devices and history of falls.
CONCLUSIONS: Several risk factors are determined to be relevant and amendable. The provided overview could be used to
create fall preventive measures for elderly.
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1. Introduction

The number of older citizens will increase rapidly due to the Babyboom generation in the Western
world. Moreover, because of the remarkable developments in the health science field, overall life span
of the people has increased considerably and seemingly will keep rising. Although our average lifetime
has increased, the negative effects of ageing have not diminished. One of the effects is an increased
risk of falling. Twenty to forty percent of the older citizens aged over 65 fall each year [1]. In fifty
percent of the cases medical attention is required and in one out of ten the fall will result in bone fracture
or other trauma [2], leading to surgery and long-term rehabilitation. The physical and psychological
consequences of a fall are important: diminution of the motility, loss of confidence, limitation in the daily
life activities and decrease of functional capacities. This can endanger the autonomy, leading to increased
cost of medical care. Furthermore, falling constitutes the main cause of death by trauma in the older

∗Corresponding author: Prof. G.J. Verkerke, Department of Biomechanical Engineering, University of Twente, Drienerlolaan
5, 7522 NB Enschede, The Netherlands. Tel.: +31 534892517; E-mail: g.j.verkerke@utwente.nl.

0928-7329/13/$27.50 c© 2013 – IOS Press and the authors. All rights reserved



522 C. Boelens et al. / Risk factors for falls of older citizens

population. In the Netherlands, fall related medical costs were estimated at e675 million annually [3].
With an increasing population of older citizens and therefore increasing number of falls, this could
overburden the healthcare system in the future due to scarcity of resources in terms of healthcare costs
and healthcare workers. Fall prevention is therefore very important.

The occurrence of a fall is related to risk factors. Several studies have investigated single or multiple
risk factors. An extensive overview of all risk factors, however, has not been published yet. This paper
will provide insight in all risk factors.

2. Methods

A literature search was conducted to retrieve (review) studies of the past 25 years. The databases
ScienceDirect and PubMed are used, both in the same way. The following key word combinations,
limited to the title, were used: elderly and fall, elderly and fall and risk. To include studies that did not
use the term elderly, other words for elderly are used as well, i.e. older adults and older people. To gather
more information about specific risk factors, references mentioned in publications found with the given
selection criteria are also scanned.

Limited scientific information is available about extrinsic risk factors. Therefore, after having identi-
fied extrinsic factors from scientific papers, a search is conducted for specifically these factors via the
open internet (Google) in government information because it is expected to be reliable. Key words were
based on identified extrinsic risk factors. For example, home hazards were stated as risk factors in one
of the publications. On Google the following keywords are entered to gather more information: home
hazard fall risk for elderly. Information was found from the Dutch and British government.

The studies had to meet all of the following criteria: (a) the subjects were aged 60 or older (b) the
outcome results were fall incidence or fall risk (c) the outcome results were examined on statistical
significance (d) the study population consisted of community-dwelling or institutionalized elderly. To
identify the risk factors correctly, the decision was made to exclude trials specifically designed to reduce
falls in a specific target group, like individuals who had suffered a stroke. A post hoc decision was made
to exclude the few studies about outdoor extrinsic risk factors, due to the scarcity of data and a different
target group. People at high risk for indoor falls differ from those at high risk of outdoor falls. Outdoor
falls are associated with an active lifestyle and average or better-than-average health [4].

3. Results

In PubMed, the terms elderly and fall resulted in 291 hits. The combination risk and fall and elderly
resulted in 106 hits. The combination with the key words older adults and older people resulted respec-
tively in 56 and 19 hits.

In ScienceDirect the terms elderly and fall resulted in 242 hits, the combination risk and fall and
elderly in 59 hits, the combination fall and older adult and risk in 33 hits and the combination fall and
older people and risk in 11 hits.

The results from the literature search are represented in this section. All risk factors for falling are
explained. The risk factors, the related studies and the outcomes of each study are summarized in Table 1
to Table 8. Often studies determined the risk factors either in the community or in institutions, this is
stated in the tables.
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Table 1
Inconclusive intrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Dependency ADL/ [21] n.d. n.d. ADL dependency increases number of falls
care level [16] N = 42843, age <70–�90 Institution Low and medium care highest number of falls
Gender [3] Age �65 Institution Female

[21] n.d. n.d. Female
[16] N = 42843, age <70–�90 Institution Male
[5] N = 1000, age 65–103 Institution Male
[6] N = 12684, age �85 Community Male

Osteoporosis [7] N = 86, C = 99, age �65 Community No fall risk
[27] N = 13, C = 12, age �60, women Community Fall risk

N = number of participants, C = control group, n.d. = no data. Enschede, 2013.

Table 2
Unsupported intrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Limberness [21] n.d. n.d. Fall risk
Hearing [21] n.d. n.d. Fall risk
Alcohol [6] N = 12684, age �85 Community Consumption of at least one alcoholic beverage in past

30 days can increase fall risk
N = number of participants, C = control group, n.d. = no data. Enschede, 2013.

3.1. Risk factors

Three different types of risk factors can be recognised: intrinsic, extrinsic and behavioural. These
relate to, respectively, the human body, the environment, and behaviour and activities. Besides these risk
factors, there are symptoms that are caused by risk factors and can cause a fall as well.

The risk factors are determined to be inconclusive, unsupported, relevant but non amendable or rele-
vant and amendable. A risk factor is inconclusive if studies have contradictory conclusions. Risk factors
that are named unsupported are not supported by scientific research. A risk factor is relevant if different
studies share the same conclusion. The relevant factors are divided in two: amendable and non amend-
able. The non amendable factors are associated with falling risk but cannot be changed or improved by
fall preventive measures. The factors that are relevant and amendable are the most important risk factors,
because they allow improvement. In the following sections the factors will be further explained; with
some factors additional information is provided about the risk factor or about the relevance of the risk
factor.

3.1.1. Intrinsic risk factors
The intrinsic risk factors are related to the human body. The studies regarding the intrinsic factors can

be found in Tables 1–4.

Inconclusive As can be seen in Table 1, different studies have different outcomes. Therefore the fol-
lowing intrinsic risk factors are inconclusive.

– Dependency activities of daily living (ADL)/care level
– Gender

No conclusion can be made about gender. The fact that women would have a higher fall risk could
be explained by the higher life expectancy of women [3]. There are fewer men of 85 years and
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Table 3
Relevant but non amendable intrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Increasing age [3] Age �65 Institution Fall risk

[16] N = 42843, age <70–�90 Institution Fall risk
[5] N = 1000, age 65–103 Institution Fall risk
[6] N = 12684, age �85 Community Fall risk
[18] N = 145, age �70 Institution Fall risk

Orthostatic [16] N = 42843, age <70–�90 Institution Fall risk
hypotension [18] N = 145, age �70 Institution Fall risk

[19] n.d. n.d. Fall risk

Osteoarthritis [28]∗ N = 17, age range 59.6 ± 8.1, n.d. Reduces obstacle avoidance success rates/
C = 14 age range 61.1 ± 10.0 Several epidemiologic studies: fall risk

Bad sight [21] n.d. n.d. Fall risk
[5] N = 1000, age 65–103 Institution Fall risk
[19] n.d. n.d. Fall risk

Incontinence [5] N = 1000, age 65–103 Institution Fall risk

Psychological [21] n.d. n.d. Fall risk
problems [19] n.d. n.d. Fall risk

[10] N = 84, C = 84, age 71–80 Institution Depression increase fall risk
[29] N = 796 Institution Dementia increases fall risk
[30] N = 311, age �70 Community Depression and other cognitive impair-

ments increase fall risk
[31] N = 366, age �75 Community Cognitive impairments increase fall risk

(History of) specific
diseases

[21] N = 12764 Both Cardiac diseases, locomotor system disea-
ses, diabetes increase fall risk

[21] n.d. Institution Dementia, CVA, increase fall risk
[21] n.d. Community Respiration diseases, diseases eye and ear

increase fall risk
[32] N = 467, C = 691, age �65 Community History of anaemia or stroke increase risk

of fall injury event in home
[29] N = 796 Institution Parkinson increase fall risk
[5] N = 1000, age 65–103 Institution Parkinson increase fall risk
[33] N = 337, C = 101, age �65 women Community Group with chronic disease twice as likely

to fall as control group

Medication [18] N = 145, age �70 Institution Vasodilators and antidepressants increase
fall risk

[34] N = 635, age 70–105 Institution Antidepressants increase fall risk
[10] N = 84, C = 84, age 71–80 Institution Anti-hypertensive drugs increase fall risk
[5] N = 1000, age 65–103 Institution Multiple psychoactive medications incr-

ease fall risk
[18] N = 145, age �70 Institution Four or more medications increase fall risk
[19] n.d. n.d. Four or more medications increase fall risk
[8] Women Community Benzodiazepines and non-benzodiazepin-

es increase fall risk

N = number of participants, C = control group, n.d. = no data, ∗review different studies. Enschede, 2013.

older and the risk of falling increases with age (see risk factor Age). But, other studies conclude
differently. In institutions men would have a higher fall rate than women because men living in
institutions are generally more disabled, because more men than woman have surviving spouses
who can provide basic care for them at home if they get older [5]. Another study concluded that
men aged 85 and older in general have a 41% greater risk of falling than women. No cause was
identified [6].
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Table 4
Relevant and amendable intrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Balance [5] N = 1000, age 65–103 Institution Fall risk

[18] N = 145, age �70 Institution Fall risk
[22] N = 96, age 60–88 Community Fall risk
[26] N = 71, age 65–87, men Community Fall risk

Reactive power [21] n.d. n.d. Fall risk
[5] N = 1000, age 65-103 Institution Fall risk
[15]∗ – – Several studies: fall risk

Muscular strength [21] n.d. n.d. Fall risk
[18] N = 145, age �70 Institution Hip weakness increases the fall risk
[30] N = 311, age �70 Community Hand muscle power �12 kg increases

the fall risk
Dual tasking while walking [11] N = 213, age �78 Institution Fall risk
Sleep disturbance [15] N = 150, age �65 Institution Fall risk

[6] N = 12684, age �85 Community Fall risk
[9] N = 2978, age �70, women Community Fall risk
[8] N = 9704, age �65, women Community Fall risk

N = number of participants, C = control group, n.d. = no data, ∗review different studies. Enschede, 2013.

Table 5
Relevant but non amendable extrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Change in living conditions [18] N = 145, age �70 Institution Change in place of residence during previous

2 years increases recurrent falling
Time [22] N = 96, age = 60–88 Community Most of the falls happen mid-afternoon

[16] N = 42843, age <70–�90 Institution Most of the falls happen mid-afternoon
[35] N = 634, age �68 Institution Most of the falls happen mid-afternoon

N = number of participants, C = control group, n.d. = no data. Enschede, 2013.

– Osteoporosis
Because of their lower bone strength persons with osteoporosis have a higher risk of fall-related
fractures [7]. But whether osteoporosis actually increases the fall risk itself is questionable as two
studies conclude differently.

Unsupported No study, only one study without a trial, or only a study with a very specific target group
was found to prove the existence of the risk factor. Therefore the following risk factors are determined
to be unsupported.

– Limberness
– Hearing
– Alcohol
– Body mass index
– Smoking

Relevant but non amendable
– Increasing age
– Orthostatic hypotension
– Osteoarthritis
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– Bad sight
– Incontinence
– Psychological problems
– (History of) specific diseases (e.g., Parkinson)
– Medication

Relevant and amendable
– Balance
– Reactive power
– Muscular strength
– Dual tasking

The capability of simultaneously walking and performing an attention-demanding task, also known
as dual-tasks, influences the risk of falling [11]. Balance control within the gait cycle requires
a continuous regulation and integration of sensory inputs, which loads the higher level cognitive
system. Therefore, performing dual-tasks affects balance control during the gait cycle [12].

– Sleep disturbance
Sleep disturbance is a common characteristic among older citizens. The sleep architecture changes
significantly during ageing. Sleep initiation is more difficult, total sleep time and sleep efficiency are
reduced, the duration of REM sleep is more preserved, sleep fragmentation increases and more time
in bed is spent awake [13]. Sleep disorders seen in older citizens are often secondary to other factors
such as medical and psychiatric illness, medication use, circadian rhythm changes and other sleep
disorders such as sleep disordered breathing and REM behaviour disorder [14]. Other common
contributors to sleep disturbance are: need to urinate (90%), thoughts that generate anxiety or dis-
tress (40%), noise (34%) and pain (25%) [15]. Sleep disturbance can result in daytime sleepiness,
difficulty in sustaining attention, slow response times, impairments in memory and concentration or
decreased (physical) performance. This can all increase the risk of falling [15]. Logically, different
studies concluded that sleep disturbance is an intrinsic risk factor [6,8,9,15].

3.1.2. Extrinsic risk factors
Extrinsic factors are environment-related. The environment is everything that interacts with human

beings. The extrinsic factors are amendable or not amendable, there are no inconclusive or unsupported
factors. As can be seen in Table 5 and Table 6, fewer studies are found about the extrinsic risk factors.
Therefore information provided by the government about falls of elderly is scanned to gather more
information and complete the overview. These references are assessed on reliability, bias and logic. To
given an example, although slippery floors is only stated once as risk factor in a study without trial, it is
very logical that slippery floors are a hazard for falling. Because of this logic, the factor is not determined
to be unsupported.

Relevant but non amendable
– Change in living conditions
– Time of day: afternoon

A reason for more falls in the mid-afternoon might be that residents are more tired during the
afternoon, have higher activity patterns and that there is less availability of nursing staff in institu-
tions [16].
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Table 6
Relevant and amendable extrinsic risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Excessive demands [17] N = 15, age = 70–81 Community Fall risk
Location [16] N = 42843, age <70–�90 – More falls in institutions

[18] N = 145, age �70 – More falls in institutions
[17] N = 15, age = 70–81 – More falls in institutions
[36] N = 36000 Community Most falls in bathroom, shower and toilet
[21] n.d. Community Most falls in bathroom and stairs
[19] n.d. Community Most falls in bathroom and stairs
[17] N = 15, age = 70–81 Community Most falls in bedroom and threshold at the

door to exterior
[10]∗ – – Several studies: Most falls inside residents

room
[10] N = 84, C = 84, age = 71–80 Institution Most falls beside bed (44%), in toilets

(18%) and corridors (18%)
Slippery floors [19] n.d. Both Fall risk
Bad lighting [19] n.d. Both Fall risk, bad placement as well

[21] n.d. Both Fall risk
[33] N = 337, C = 101, age �65 women Community Twice as likely to fall at night than control

group
Inaccessible
windows

[19] n.d. Both Fall risk

Thresholds [21] n.d. Both Fall risk
[33] N = 337, C = 101, age �65 women Community Fall risk

Mobile objects [19] n.d. Both Fall risk
[21] n.d. Both Fall risk

Furniture [21] n.d. Both Fall risk
Improper assisting
devices

[10] N = 84, C = 84, age = 71–80 Institution Falls due to improper transfer techniques
and poor condition of the wheelchair

Bad footwear
and clothing

[19] n.d. Both Fall risk

[21] n.d. Both Fall risk

N = number of participants, C = control group, n.d. = no data, ∗review different studies. Enschede, 2013.

Relevant and amendable
– Bad lighting
– Inaccessible windows
– Threshold
– Mobile objects
– Improper assisting devices
– Footwear or clothing
– Excessive demands

The environment can force demands that exceed the physical abilities of a person. For example,
having to step over a doorway threshold that is higher than a typical step can cause falling [17].

– Location: institution
Different studies say that community older citizens experience fewer falls (0.5–0.65) per year in
comparison with institutionalized older citizens (1.7) [16–18].

– Floor
Slippery floors are of course a hazard [19]. Therefore the bathroom is often stated as most common
area for falls, but this could also be a problem in the kitchen area. Thick-pile carpet flooring can
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Table 7
All behavioural risk factors and the related studies

Risk factor Studies Participants Residence Outcomes
Physical inactivity [21] n.d. n.d. Fall risk
and fear of falling [23] N = 713, mean age = 64.2, women Community Fall risk
Risk-taking behaviour [10] N = 84, C = 84, age = 71–80 Institution Fall risk

[24]∗ – – Several studies: fall risk
[25] N = 879, age �60 Community Type A behaviour is a fall risk

Hurrying [22] N = 96, age = 60–88 Community Frequent fallers hurry a lot
Transfer [10] N = 84, C = 84, age = 71–80 Institution Fall risk
Walking [35] N = 634, age �68 Institution Main activity during a fall

[16] N = 42843, age <70–�90 Institution Main activity during a fall
[22] N = 96, age = 60–88 Community Main activity during a fall

Standing/Lowering [35] N = 634, age �68 Institution Second activity during a fall

N = number of participants, C = control group, n.d. = no data, ∗review different studies. Enschede, 2013.

Table 8
All symptoms and the related studies

Symptoms Studies Participants Residence Outcomes
Mobility problems [30] N = 311, age �70 Community Fall risk

[19] n.d. n.d. Fall risk
Gait problems [35] N = 634, age �68 Institution Difficulty raising foot and misplaced steps increase

fall risk
[22] N = 96, age = 60–88 Community Difficulty raising foot and misplaced steps increase

fall risk
Slow gait [18] N = 145, age �70 Institution Fall risk

[26] N = 71, age = 65–87, men Community Fall risk
Transfer [16] N = 42843, age <70–�90 Institution Fall risk
Vertigo [10] N = 84, C = 84, age 71–80 Institution Most significant predictor of falling
Use assisting device [18] N = 145, age �70 Institution Fall risk

[35] N = 634, age �68 Institution Fall risk
[6] N = 12684, age �85 Community Fall risk

History of falls [18] N = 145, age �70 Institution Fall risk
[30] N = 311, age �70 Community Fall risk
[34] N = 635, age = 70–105 Institution Fall risk
[5] N = 1000, age = 65–103 Institution Fall risk

N = number of participants, C = control group, n.d. = no data, ∗review different studies. Enschede, 2013.

also cause a fall by disturbing the gait [20]. But because this is only a hypothesis from one study,
this risk is determined to be unsupported.

– Bad furniture
Furniture that is not properly altered for the person can increase risk of falling [21]. For example,
a seat of a chair that is too low can cause difficulties when standing up.

3.1.3. Behavioural risk factors
The behavioural factors are activity-based. Two types of factors can be recognised: behaviour that

causes a fall and activity at the time of the fall. The studies regarding the behavioural risk factors can be
found in Table 7.
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Relevant and amendable
– Hurrying
– Walking
– Standing
– Sitting down and lowering
– Physical inactivity and fear of falling

Fear of falling and physical inactivity are risk factors for a fall [21]. Between 19 and 25% of the
older citizens who fall are afraid to fall once more and acknowledge that they avoid certain activities
because of fear of falling [20,22]. Fear of falling may be associated with activity restriction even in
non-fallers. Fall-related activity restriction can cause deficiencies in lower limb strength, this was
observed in community-dwelling older people. This is correlated with poorer physical performance
and reduced maximal muscle strength. This results in more falls and disability [23].

– Risk-taking behaviour
In a study among institutionalized older citizens 75% of the falls occurred during risk-taking ac-
tivities, due to difficulties in appreciation of patient’s own functional capabilities [10]. In the com-
munity the more vigorous people are more likely to take part in risk-taking behaviour involving
household hazards, like changing a light bulb [24]. Type A behaviour is related to taking risks and
therefore related to falling. This behaviour is characterized by excessive competitiveness, impa-
tience, hostility and time urgency. Type A behaviour patterns in males was significantly associated
with risk of falling [25].

– Transfer techniques
Transferring is defined as moving from one to another place. Falls from a wheelchair are often
caused by improper transfer techniques [10].

3.1.4. Symptoms
The following symptoms are caused by underlying risk factors. In Table 8 the studies regarding the

symptoms can be found.
– Mobility problems

In a study of mobility among institutionalized older citizens, the highest fall rate was linked to those
older citizens who could rise from a chair but could not stand unaided [5]. Moreover, mobility
problems can increase fear of falling [23].

– Gait problems
Gait is the pattern of limb movement. Gait problems and specifically slow gait are symptoms that
can cause falling. Unsure, hesitant, or conscious awareness of leg movements can be indicators of
slow walking gait [26].

– Transfer
A study among institutionalized older citizens concluded that most falls (41%) occurred during a
transfer. Residents who are able to stand but then are unable to maintain an upright posture are at
highest risk [16].

– Vertigo
Vertigo (dizziness) is stated as the most significant predictor of falling. In many studies dizziness is
an indirect risk factor, for example orthostatic hypotension related dizziness causes the fall.

– Use of assisting devices
– History of falls
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4. Discussion

Since fall prevention is a major research theme in Europe, many publications appear on this topic.
We had to limit this review study by only looking at certain key words and only searching the titles
for presence of theses key words. The subjects in the publication had to be community-dwelling or
institutionalized elderly of 60 years and older. The threshold of 60 years is used because it is the lowest
boundary mentioned in the publications included in the review analysis. Despite these limitations we
believe to have found the most important risk factors for falls. The strength of this study is that it gives
an overview of all risk factors, intrinsic, extrinsic as well as behavioural. Also symptoms that are caused
by risk factors and can cause a fall as well are included. This study also gives a clear distinction between
factors that can be influenced, those that cannot, factors of which the importance is debatable because
the resulting effects are contradictory and factors that do not have sufficient support in terms of positive
research outcome yet.

In this review study the relevant and amendable intrinsic risk factors are: problems with balance,
reactive power, muscular strength and dual tasking. Every risk factor is relevant in institutions and the
community. A less obvious relevant intrinsic risk factor is sleep disturbance. It is not often examined in
studies exploring intrinsic risk factors. The relevance can easily be clarified. Sleep disturbance can result
in daytime sleepiness, difficulty in sustaining attention, slow response times, impairments in memory,
concentration or decreased (physical) performance. This can increase the risk of falling.

Other intrinsic risk factors may seem relevant but are determined to be inconclusive; studies did not
agree on osteoporosis, gender and ADL dependency. Because of their lower bone strength persons with
osteoporosis have a higher risk of fall-related fractures which may cause body changes and higher fall
risk. Different researchers who investigated participants in the community however do not agree if os-
teoporoses itself results in a higher fall risk. Several studies in the community and institutions concluded
that the female gender is a risk factor, others concluded male gender. Most of the time, however, the
studies also referred to other conditions, for example a higher fall risk among women could be explained
by the higher life expectancy. This is more related to age than to gender. So, gender as risk factor is
most probably only an indirect risk factor. The risk factor ADL dependency or care level is also incon-
clusive. One reference suggests that people that are ADL dependent have a high fall risk, but another
study claims that people with low and medium care fall more often. Further investigation is necessary to
provide a solid conclusion for the factors stated inconclusive. The unsupported risk factors (limberness,
hearing, alcohol, BMI and smoking) could be further explored as well. Despite the thorough literature
search there might be studies not incorporated in this analysis with the given search strategy.

The extrinsic risk factors can be divided in risk factors in the community and in institutions. Risk
factors that are considered to be relevant in both locations are bad lighting, slippery floors, inaccessi-
ble windows, mobile objects, the afternoon, the location bedroom, bad footwear and clothing. In the
community the bathroom and stairs are determined to be risky locations. Bad fitting furniture and high
thresholds are risk factors as well. In institutions the change in place of residence in the past two years
is a risk factor. The difference between community and institution can be explained as follows. In in-
stitutions the hazards stairs, poorly fitting furniture and high threshold are often not present. Moreover,
institutionalized persons are often accompanied during washing and going to the toilet. Because the
risks in the bathroom are controlled, this results in less falls than in the community. Change in place of
residence is a risk factor for institutionalized persons because they are probably not familiar with the
new situation and therefore fall more often. This does not apply for community-dwelling older citizens.
Looking at the number of risk factors, there are more extrinsic risks in community houses. Institution-
alized have lower exposure to hazards as a result of reduced activity, safer environments and increased
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supervision [5]. However, the community-dwelling older citizens experience fewer falls (0.5–0.65) per
year in comparison with institutionalized older citizens (1.7). This implies that the other risk factors
contribute more to falls in institutions.

The behaviour risk factors can be divided in activities and behaviours. The relevant behaviour risk
factors are physical inactivity, fear of falling, hurrying and risk taking behaviour. Falls can be caused by
inactivity due to deficiencies in lower limb strength. Fear of falling can cause this physical inactivity.
On the other hand, taking too many risks or hurrying during certain activities can cause a fall as well.
This risk factor only proved to be relevant in the community. In institutions people will probably hurry
less because the environment is more controlled by supervisors. Falls occur most of the time during
the activities walking and transferring, followed by standing and lowering. A fall during walking and
lowering can be caused by all risk factors and falling while standing is probably caused by intrinsic risk
factors. Transferring can be caused by improper transfer techniques. This risk factor is only found in a
study among institutionalized older citizens. Bad transfer techniques probably occur more in institutions
because often people at home are healthier and do not need a transfer.

Besides risk factors several studies focused on symptoms: problems with mobility, gait, transferring,
vertigo, use of assisting devices and history of falls. The studies did not look at the underlying reason
for the fall. For example gait problems can be caused by weak muscles in the lower extremities but gait
can also be disturbed by bad shoes. To prevent falling, the risk factors behind the symptoms are more
important because these can be tackled by fall preventive measures. Further investigation about these
underlying reasons is therefore necessary.

Two risk factors must be considered in the context of the potential benefit. Use of certain medicine
and use of assisting devices. Benzodiazepine and non-benzodiazepine can contribute to residual daytime
sleepiness and other side effects such as psychomotor impairments, amnesia and sedation. Those factors
can cause falling [8]. But, these medications are taken for sleep disturbance and sleep disturbance has a
higher influence on falls than hypnotic use [9]. This argument also counts for antidepressants taken by
depressive persons as depressive persons are at high risk for a fall as well [10]. If people use assisting
devices they have a higher fall risk. But, people use these devices for a reason, without them they would
probably fall more often or could not walk at all.

5. Conclusion

The most important intrinsic risk factors are muscle strength, balance, reactive power, dual tasking and
sleep disturbance. All factors are proven to be significantly increasing the fall risk in both the community
and institutions. Relevant extrinsic risk factors are home hazards, wrong use of assistive devices and bad
footwear. The behavioural factors can be divided in two types: behaviour that causes a fall and activity
at the time of the fall. Behaviour-related risk factors are hurrying, risk taking, physical inactivity and
fear of falling. The main activities during a fall are walking and transferring, followed by standing and
lowering. Symptoms that are proven to be relevant but which are caused by underlying risk factors are
mobility problems, gait problems, vertigo, use of assisting devices and history of falls. The provided
overview of all relevant risk factors can be used to identify opportunities for fall prevention measures
for older citizens.

Conflicts of interest

The authors declare that there are no conflicts of interest.



532 C. Boelens et al. / Risk factors for falls of older citizens

References

[1] Shupert CL. Balance in the Elderly. 2003 [cited 2013 March 1st]; Available from: www.vestibular.org/elderly.html.
[2] Gillespie LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH. Interventions for preventing falls in

elderly people. Cochrane Database Syst Rev. 2003; (4). doi: 10.1002/14651858.cd000340.
[3] Hartholt KA, Polinder S, Van der Cammen TJM, Panneman MJM, Van der Velde N, Van Lieshout EMM et al. Costs of

falls in an ageing population: A nationwide study from the Netherlands (2007–2009). Injury. 2012; 43(7): 1199-1203.
doi: 10.1016/j.injury.2012.03.033.

[4] Kelsey JL, Berry SD, Procter-Gray E, Quach L, Nguyen U-SDT, Li W et al. Indoor and outdoor falls in older adults are
different: The maintenance of balance, independent living, intellect, and zest in the elderly of Boston study. Journal of
the American Geriatrics Society. 2010; 58(11): 2135-2141. doi: 10.1111/j.1532-5415.2010.03062.x.

[5] Lord SR, March LM, Cameron ID, Cumming RG, Schwarz J, Zochling J et al. Differing risk factors for falls in nursing
home and intermediate-care residents who can and cannot stand unaided. Journal of the American Geriatrics Society.
2003; 51(11): 1645-1650. doi: 10.1046/j.1532-5415.2003.51518.x.

[6] Grundstrom AC, Guse CE, Layde PM. Risk factors for falls and fall-related injuries in adults 85 years of age and older.
Archives of Gerontology and Geriatrics. 2012; 54(3): 421-428. doi: 10.1016/j.archger.2011.06.008.

[7] Smulders E, van Lankveld W, Laan R, Duysens J, Weerdesteyn V. Does osteoporosis predispose falls? a study on obstacle
avoidance and balance confidence. BMC Musculoskeletal Disorders. 2011; 12(1): 1. doi: 10.1186/1471-2474-12-1.

[8] Stone KL, Ensrud KE, Ancoli-Israel S. Sleep, insomnia and falls in elderly patients. Sleep Medicine. 2008; 9(Supplement
1): S18-S22. doi: 10.1016/s1389-9457(08)70012-1.

[9] Stone KL, Ancoli-Israel S et al. Actigraphy-measured sleep characteristics and risk of falls in older women. Archives of
Internal Medicine. 2008; 168(16): 1768-1775. doi: 10.1001/archinte.168.16.1768.

[10] Aizen E, Shugaev I, Lenger R. Risk factors and characteristics of falls during inpatient rehabilitation of elderly patients.
Archives of Gerontology and Geriatrics. 2007; 44(1): 1-12. doi: 10.1016/j.archger.2006.01.005.

[11] Beauchet O, Annweiler C, Allali G, Berrut G, Herrmann FR, Dubost V. Recurrent falls and dual task-related decrease
in walking speed: Is there a relationship? Journal of the American Geriatrics Society. 2008; 56(7): 1265-1269. doi:
10.1111/j.1532-5415.2008.01766.x.

[12] Lajoie Y, Teasdale N, Bard C, Fleury M. Attentional demands for static and dynamic equilibrium. Experimental Brain
Research. 1993; 97(1): 139-144. doi: 10.1007/bf00228824.

[13] Kamel NS, Gammack JK. Insomnia in the elderly: Cause, approach, and treatment. The American journal of medicine.
2006; 119(6): 463-469. doi: 10.1016/j.amjmed.2005.10.051.

[14] Ancoli-Israel S, Ayalon L, Salzman C. Sleep in the elderly: Normal variations and common sleep disorders. Harvard
Review of Psychiatry. 2008; 16(5): 279-286. doi: doi: 10.1080/10673220802432210.

[15] Latimer Hill E, Cumming RG, Lewis R, Carrington S, Le Couteur DG. Sleep disturbances and falls in older people. J
Gerontol A Biol Sci Med Sci. 2007 Jan; 62(1): 62-66.

[16] Rapp K, Becker C, Cameron ID, König H-H, Büchele G. Epidemiology of falls in residential aged care: Analysis of more
than 70,000 falls from residents of bavarian nursing homes. Journal of the American Medical Directors Association.
2012; 13(2): 187.e1-187.e6. doi: 10.1016/j.jamda.2011.06.011.

[17] Connell BR, Wolf SL. Environmental and behavioral circumstances associated with falls at home among healthy
elderly individuals. Archives of Physical Medicine and Rehabilitation. 1997; 78(2): 179-186. doi: 10.1016/s0003-
9993(97)90261-6.

[18] Luukinen H, Koski K, Laippala P, Kivela SL. Risk factors for recurrent falls in the elderly in long-term institutional care.
Public Health. 1995; 109(1): 57-65. doi: 10.1016/s0033-3506(95)80076-x.

[19] Department of Health (UK). National Service Framework for Older People. 2001 [cited 2013 January 29th]; Available
from: http://www.apllg.eu/resources/NSF+for+Older+People.pdf.

[20] Hayes WC, Myers ER, Robinovitch SN, Van Den Kroonenberg A, Courtney AC, McMahon TA. Etiology and prevention
of age-related hip fractures. Bone. 1996; 18(Supplement 1): S77-S86. doi: 10.1016/8756-3282(95)00383-5.

[21] Vilans kenniscentrum langdurige zorg (Vilans knowledge center long term care). Kennisbundel Valpreventie (Knowl-
edge bundle fall prevention) 2011 [cited 2013 January 29th]; Available from: http://www.innovatiekringdementie.nl/
DynamicMedia/Innovatiekring_Dementie/Vilans%20Kennisbundel%20Valpreventie.pdf.

[22] Berg W, Alessio H, Mills E, Tong C. Circumstances and consequences of falls in independent community-dwelling older
adults. Age Ageing. 1997; 26: 261-268. doi: 10.1093/ageing/26.4.261.

[23] Martin FC, Hart D, Spector T, Doyle DV, Harari D. Fear of falling limiting activity in young-old women is associated
with reduced functional mobility rather than psychological factors. Age and Ageing. 2005 May 2005; 34(3): 281-287.
doi: 10.1093/ageing/afi074.

[24] Lord SR, Menz HB, Sherrington C. Home environment risk factors for falls in older people and the efficacy of home
modifications. Age and Ageing. 2006 September 2006; 35(suppl 2): ii55-ii59. doi: 10.1093/ageing/afl088.

[25] Zhang J-G, Ishikawa-Takata K, Yamazaki H, Ohta T. Is a type a behavior pattern associated with falling among the



C. Boelens et al. / Risk factors for falls of older citizens 533

community-dwelling elderly? Archives of Gerontology and Geriatrics. 2004; 38(2): 145-152. doi: 10.1016/j.archger.
2003. 09.001.

[26] Honeycutt PH, Ramsey P. Factors contributing to falls in elderly men living in the community. Geriatric Nursing. 2002;
23(5): 250-255. doi: 10.1067/mgn.2002.128785.

[27] Sinaki M, Brey R, Hughes C, Larson D, Kaufman K. Balance disorder and increased risk of falls in osteoporosis and
kyphosis: significance of kyphotic posture and muscle strength. Osteoporosis International. 2005; 16(8): 1004-1010. doi:
10.1007/s00198-004-1791-2.

[28] Pandya N, Draganich L, Mauer A, Piotrowski G, Pottenger L. Osteoarthritis of the knees increases the propensity to trip
on an obstacle. Clin Orthop Relat Res. 2005: 150-156. doi: 10.1097/01.blo.0000150316.97009.f2.

[29] Jantti PO, Pyykko VI, Hervonen AL. Falls among elderly nursing home residents. Public Health. 1993 Mar; 107(2):
89-96.

[30] Stalenhoef PA, Diederiks JPM, Knottnerus JA, Kester ADM, Crebolder HFJM. A risk model for the prediction of recur-
rent falls in community-dwelling elderly: A prospective cohort study. Journal of Clinical Epidemiology. 2002; 55(11):
1088-1094. doi: 10.1016/s0895-4356(02)00502-4.

[31] Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the community. New England
Journal of Medicine. 1988; 319(26): 1701-1707. doi: doi: 10.1056/NEJM198812293192604.

[32] Herndon JG, Helmick CG, Sattin RW, Stevens JA, DeVito C, Wingo PA. Chronic medical conditions and risk of fall
injury events at home in older adults. J Am Geriatr Soc. 1997 Jun; 45(6): 739-743.

[33] Lim YM, Sung MH. Home environmental and health-related factors among home fallers and recurrent fallers in commu-
nity dwelling older Korean women. International Journal of Nursing Practice. 2012; 18(5): 481-488. doi: 10.1111/j.1440-
172X.2012.02060.x.

[34] Ruthazer R, Lipsitz LA. Antidepressants and falls among elderly people in long-term care. American Journal of Public
Health. 1993; 83(5): 746-749. doi: 10.2105/ajph.83.5.746.

[35] Robinovitch SN, Feldman F, Yang Y, Schonnop R, Lueng PM, Sarraf T et al. Video capture of the circumstances of
falls in elderly people residing in long-term care: An observational study. Lancet. 2012 Oct 16. doi: 10.1016/s0140-
6736(12)61263-x.

[36] Consument en Veiligheid (Consumer and Safety). Val in sanitaire ruimten (Fall in sanitary fittings) 2010 [cited
2013 February 2nd]; Available from: http://www.enocent.nl/onderzoek/factsheet_val_in_onveilige%20ruimten%20in%
20huis.pdf.



Copyright of Technology & Health Care is the property of IOS Press and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.


