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ABSTRACT

Falls are a common and serious problem for older adults. Approximately one-third of older community-
dwelling people fall at least once a year. The main purpose of this paper is to present risk factors for fall in
older people living at home. The databases used for identifying documentation of risk factors are Cinahl, Eric,
ISI Web of Science, Cochrane Medline, Psycinfo and dissertation. Many psychosocial and medical conditions
and impairment of sensorimotor function, balance and gait have been shown in large epidemiological studies
to be strongly associated with falls. Several of the risk factors are interrelated. The intrinsic-extrinsic distinc-
tion seem to be an oversimplification. A better understanding of falls is usually obtained when examining the
person in association with the environmental factors. Advanced age, history of falls, ADL limitations,
impaired gait and mobility, visual impairment, reduced sensation, muscular weakness, poor reaction time,
impaired cognition, diseases as stroke, use of psychoactive medication and use of many medications are risk
factors shown to be strongly associated with falls. This means recommendation of multifactorial fall risk
assessment must incorporate a range of physiological and mental tests in addition to assessing balance and
gait as well as taking multiple chronic diseases and medications into account. These finding underscore the

importance of multidimensional fall intervention with special focus on modifiable risk factors.

INTRODUCTION

Population ageing and the increased tendency to fall
with age, present a major challenge to health care pro-
viders and health systems as well as for older people
and their carers. Each year approximately one-third of
older people fall, and the chance of falling increase
with age (1-6). Despite decades of research on fall
prevention, falls among older adults impose substantial
personal and societal burden (2,7,8). Prevention and
management of falls in older people has become a key
public health priority in many westernised countries
(2,9-14) because falling cause considerable disability,
loss of independence and premature mortality (15,16).
An indicator of the importance of focusing on falling
was the existence of ‘Prevention of Falls Network Eu-
rope’ (ProFaNe). ProFaNe is funded by the European
Commission to consolidate and disseminate good prac-
tice in taxonomy and clinical trial methodology as well
as detailed clinical assessment and management proto-
cols for those ‘at risk’ of falls (www.profane.org.uk).
In order to more fully understand consequences of
falls, methods to reduce fear of falling and how to
increase adherence to falls prevention intervention,
ProFaNE also aims to identify how best to assess
balance function and the role of psychological factors
as risk factors for falls (17-19). A fall suffered by an
older person can have severe personal consequences
and important implications for health care. The relative
ageing of populations in developed countries is likely
to see the costs associated with falls increase drama-
tically over the next 20 years (20).

The conclusion of Beard et al. (20) was that a well-
designed community-based intervention, targeting falls
prevention among older people, are highly cost effec-

tive and a wise investment for all levels of govern-
ment. The strength of evidence that falls in later life
can be prevented has grown to the point where it can
no longer be ignored by health policy makers and pro-
viders (1,21-24). Falls and their consequences can be
prevented, for example by identifying and treating the
reason(s) for falling. Fall prevention is of a multi-
disciplinary nature (1,15). Falls are a common and
potentially modifiable cause of morbidity among older
people. After several decades of research on interven-
tion to reduce falls and injuries, we have evidence for
a number of fall prevention approaches, supported by
systematic reviews and meta-analyses (i.e. 1,11,23,25-
32). Rose and Hernandez (33) concluded that depend-
ing on the level or risk identified, physical activity or
exercise may serve a primary, secondary, or tertiary
role in the prevention of fall.

A first step in the majority of effective programs may
involve identifying individuals at increased risk of
falls (17,1). Knowledge of fall demographics and risk
assessment is important to help health professionals
and their users with formulate falls prevention and
target those at highest risk. Therefore the main purpose
of this paper is to present risk factors for fall in older
people living at home. One would think that the ratio-
nal approach to the prevention of falls would be the
identification of risk factors and the appropriate target-
ing of intervention. The main target audience of this
paper is potential partners for falls prevention which
may include:

* Individuals and organizations representing older

persons at risk of falling

* Health and sosial service providers

* Emergency service providers

* Researchers and educators
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LITERATURE REVIEW

From the 1960ies, when Sheldon described the litera-
ture on falling as “meagre” (34), there has been a mar-
ked growth in research (35). Therefore we suggest that
the literature now is too vast for any individual resear-
cher to fully assimilate. Hence this paper is selective
and the review method used is the ‘traditional review’
which aims to present the current state of knowledge
about a particular subject (36), in this case risk factors
for falling. Furthermore, the ‘traditional review’ also
seeks to add new insights on the topic. According to
Jesson et al. (36) the traditional review is implicit
based on reviews the author’s subjectivity; there is no
protocol except for some description of the choice
made on selection (ibid). The author is a researcher on
fall prevention. The review included literature on
evidenced-based risk-factors. The databases used are
Cinahl, Eric, ISI Web of Science, Cochrane Medline,
Psycinfo and dissertation. In short, a combination of
different variations of the following text words was
used: accidental fall and risk factor. We used the two
following inclusion criteria: home-dwelling adult aged
65 or older and articles should be published in English.
This paper describes the risk factors for falls in line
with Lord et al. (35) who are dividing risk factors into
sociodemographic factors, balance and mobility fac-
tors, sensory and neuromuscular factors, psychological
factors, medical factors, medication use, and environ-
mental factors. Hauer et al. (12) state that it appears to
be variations in the methods of identifying when a fall
has occurred, in the details recorded, and in the meth-
ods of analysis. The ProFaNE collaborators, in con-
junction with international experts in the field, have
adopted a definition which includes falls that occur
from all causes, i.e. an unexpected event in which the
participant comes to rest on the ground, floor or lower
level (37). Without standardisation of falls definitions,
we will not be able to extract useful data for clinical
guidelines on fall prevention intervention (38). Falls
are coded as E880-E888 in International Classification
of Disease-9 (ICD-9), and as W00-W19 in ICD-10.
These codes include a wide range of falls, including
falls without specifications.

RISK FACTORS FOR FALLS

Identifying risk factors is an important first step in
maintaining optimal function and preventing falls (39).
The term "risk" relates to the probability that an event,
generally an unfavourable one, will occur within a sta-
ted period of time or before a stated age. A risk factor
may be an aspect of personal behaviour or life-style,
an environmental circumstance, or an innate or inherit-
ed characteristic which on the basis of epidemiological
evidence is known to be associated with some health-
related condition(s) considered important to prevent
(40). This is not necessarily a causal factor but is a
marker of increased probability. Harwood (41) focused

A. BERGLAND

on the importance of realising that falls risk is a con-
tinuum, in the meaning that what varies, is the proba-
bility that an individual will fall during a given activity
or external insult. Much of the variation in the risk of
falling is due to biological and functional variability
within age groups, rather than to simple age-dependent
variations (42). Falls are almost always caused by many
interacting factors, usually a combination of intrinsic
and extrinsic ones (35,43-47). Intrinsic factors are
individual-specific and include age, chronic disease,
muscle weakness, gait and balance disorder, and cog-
nitive impairment. Extrinsic factors generally include
medication use, environmental hazards, and hazardous
activity (5). Falling generally results from an interac-
tion of multiple and diverse risk factors and situations
such as physical, musculoskeletal and psychosocial
(35,48-50). Several studies have shown that the risk of
falling increases dramatically as the number of risk
factors increases (34,51-56). Delbaere et al. (57) stated
that the absolute risk for falls ranged from 11% in those
with no risk factors to 54% in the highest risk group
which consists of people with high physiological fall
risk score, impaired executive functioning, and poor
dynamic balance and who did not participate in any
regular planned exercise had the highest fall risk (ab-
solute risk 54.4%). The multifactorial nature of falls
cannot be overemphasized (35,58,59).

Sociodemographic factors as risk of falling

The risk of falls increases after the age of 60 (5,60), and
several studies have found age to be a significant pre-
dictor of falling as well as previous fall (5,34,52,58,61-
66). It is well established that 30% of people over the
age 65 years living in the community, fall each year
(48,49,52,67-75). The frequency is over 40% for those
over 75 years (67,68) and almost one in two persons
over 80 years of age will fall at least once each year
(49,52,68,76). Fall-related injuries increase markedly
with age (77,78). A history of falls seems to be a
marker of frailty, poor mobility, and acute or chronic
health impairment. The mere fact of having suffered a
previous fall reveals little about the cause of the falls.
Among others, Lord et al. (35), O'Loughlin et al. (49),
Luukinen et al. (78), Brauer et al. (79), Tromp et al.
(80), Flemming (81), Andresen et al. (82), Covinsky et
al. (83) and Tsai et al. (84) found that subjects with a
fall history are more likely to sustain further falls. In a
metaanalysis of six prospective studies of falls in
patients with Parkinson’s disease, Pickering et al. (85)
concluded that the strongest predictor was falls in the
preceding year.

Studies of community samples reveal a lack of
agreement on the association between falls and gender.
Some authors suggest that women are more likely to
fall than men (1,5,67,75,78,86,87), while others have
found no gender differences in the rate of falling (63,
68,74,88-91). Other studies omit an analysis by gender
because they have a predominantly (62,92) or entirely
female sample (49,93-95).
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Impairments

Impairments are problems in body function or struc-
ture, i.e. a significant deviation from what is conside-
red the norm. The definition is undertaken primarily
by those qualified to judge physical and mental func-
tioning according to a generally accepted population
standards (96). It does not matter how the impairment
occurred; for example, loss of vision or a limb may
arise from a genetic abnormality, a disease or an in-
jury. Impairments are categorised using defined crite-
ria (for example, as present or absent at a predefined
level) (96). Greater loss of sensory function has been
observed in the lower extremities in fallers (97). Fur-
thermore, reduced peripheral sensation or propriocep-
tion is known to be associated with falls (49,98-107),
for instance loss of sense of vibration (49,105-109) or
tactile sensitivity (49,100,110). Anacker et al. (111) re-
ported that older fallers tend to be more dependent on
somatosensory cues from the feet and ankles than non-
fallers. Vestibular impairment may contribute to falls
and fall-related fractures in older people (1,112-115).
Lord et al. (35) reported epidemiological data that
showed that multifocal spectacle users are more than
twice as likely to fall as non-multifocal spectacle users,
and that this risk was increased during stair nego-
tiation. This greater risk was attributed to impaired
contrast sensitivity and depth perception at critical
distances for environmental hazard (ibid).

Many authors have reported that visual impairment,
including sensitivity to contrast (35,80,95,99,116-121),
inability to adapt to the dark (121,122), poor depth
perception (34,120,121), poor visual acuity (61,94,
117,119-121,123), self-reported poor vision (89,124)
and visual field impairment (117,121,124,125), were
significantly associated with falls. From the point of
view of assessing risk of falls Harwood (41) suggests
that the main functions are visual acuity, contrast sen-
sitivity and depth perception and concluded that these
functions are generally quite closely correlated. Camp-
bell et al. (48) found a significant association between
lack of visual acuity and falls in a fairly large sample
of older people living in the community, but this asso-
ciation disappeared when adjusting for age. However,
contrast sensitivity is more important than visual
acuity in predicting falls (98,117,126). Many studies
have identified lower-extremity weakness as a risk
factor of falls (34,48,52,62,68,98,99,127,128) as well
as grip strength (129,130). DeMott et al. (131) showed
that older persons with peripheral neuropathy have a
high rate of falls.

Somatic disorders

Number of chronic conditions or diseases, are signifi-
cantly associated with future fall (5,35,93). Frail,
elderly people with more than one chronic illness ex-
perience higher rates of falls than active healthy older
people (35,49,54). Neurological problems like stroke,
Parkinson's disease, cerebellar dysfunction, vestibular
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pathology are all related to falls (5,34,35,48,62,67,107,
132-134). Beninato et al. (132) state that falls follow-
ing stroke are disturbing frequently, with reported fall
rates ranging from 22% to 73% in community-dwelling
people with stroke. Regarding examining risk factors
in patients with several diseases an important question
is whether risk factors in one disease group are
relevant risk factors in other patient groups or healthy
elderly as well. Example of comparison of older adults
with and without stroke is described in a recently pub-
licized study of Simpson et al. (135) of a sample of 80
people with stroke and 90 controls who all received
baseline assessments of balance, mobility and balance
confidence. Falls were recorded prospectively over 13
months for both groups. The rate of falls for individu-
als with stroke was 1.77 times the rate for the control
group. Poorer balance (Berg Balance Scale) was asso-
ciated with greater falls for both stroke and control
groups (incidence rate ratio [IRR]: 0.908 and IRR:
0.877 respectively). A faster Timed Up and Go Test
was associated with greater falls for the stroke group
(IRR: 0.955) while better walking endurance (Six Mi-
nute Walk Test) was associated with greater falls for
the controls (IRR: 1.004). Balance confidence was not
an independent predictor in either group. Furthermore
Schmid et al. (136) found in their post stroke popula-
tion that fall risk is common, with half of the patients
being at risk of falls. Additionally, they found that an
increased stroke severity evaluated using the “The
National Institutes of Health Stroke Scale” (NIHSS).
NIHSS is independently associated with a greater
prevalence of fall risk. They concluded that given that
stroke severity is a characteristic easily measured in
routine clinical practice, it may be a useful tool to
identify stroke patients who would benefit from a com-
prehensive fall risk assessment. Furthermore, cardio-
vascular problems i.e. orthostatic hypotension, has
been suggested as a risk factor for falling (128,137),
but Liu et al. (91) could not confirm this.

Lower extremity problems, such as osteoarthritis
have been found to be a significant risk factor for
falling in several prospective studies (34,10,48,68). In
addition, symptoms like pain and a reduced range of
motion in the knees and hips (48) were associated with
an increased risk of falling. One prospective study
reported that older people with severe bunion, toe
deformity, ulcer and deformed nails have a two—fold
increased risk of falling (52). Foot problems are
generally poorly defined, making it difficult to deline-
ate the contribution made by specific foot conditions to
falls. Menz and Lord (138) studied foot problems and
concluded that they are common in older people and
may contribute to functional impairment and falls in
the older group. In a systematic review Moreland et al.
(139) reported that persons with lower extremity
weakness, usually measured by knee extension, ankle
dorsiflexion and the test “chair stands”, have a 1.8-fold
increased risk of falling and 3-fold risk for recurrent
falls.
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Cognitive and emotional health condition

The role of mental factors as risk factors for falls, have
received less attention than that of physical health.
However, cognitive impairments have been identified
as risk factors in several studies (34,48,52,61,62,67,
128,140). Wright et al. (140) state that cognitive fac-
tors are increasingly recognized as contributing to a
fall risk in older adults and that executive dysfunction
has been found to be the primary cognitive domain that
predicts falls, with other cognitive skills, such as me-
mory, being less related to falling. Community studies
of falls have generally excluded cognitively impaired
individuals (68,70,93), mostly because cognitive im-
pairment can preclude the reporting of falls and thus
the identification of risk factors. A decline in cognition
may well be an important factor in predisposing a
person to fall (35,141,142). The exclusion of such per-
sons with a potentially higher risk, probably results in
an underestimate of the risk of falling.

Attentional resources have been identified as an im-
portant factor related to the risk of falling (143-147).
Woolley et al. (148) indicate that the disturbances in
components of balance like selective attention, percep-
tual style and reaction time, are associated with falls.
Holtzer et al. (149) reported associations between re-
duction in cognitive functions and falls.

It has for long been known that depression and an-
xiety are associated with falls in the elderly (34,80,87,
91,140). Arfken et al. (150) and Lord et al. (35) con-
cluded that persons most afraid of falling do suffer
more falls.

Medication

Medication as a risk factor for falls has been critically
evaluated in structured meta-analyses (151,152). Al-
though multiple drug use may be viewed as an indica-
tor of poor health, there is increasing evidence that
polypharmacy may lead to falls as a result of adverse
reactions to one or more medications, detrimental drug
interaction, and/or incorrect use (5,35,48,52,66,68,90,
93,128,153,154). While the association between poly-
pharmacy and falls is well established, the relationship
between specific classes of drugs and the risk of
falling is less clear. Leipzig et al. (151) found in their
meta-analyses a significant association between falls
and use of neuroleptics, sedative/hypnotics and any
antidepressant. For the benzodiazepine drugs, there
was a difference between short- and long-acting sub-
stances. Regarding cardiac and analgesic drugs,
Leipzig et al. (152) made an overview of twenty-nine
studies. For one or more falls, the pooled odds ratio
was statistically significant for diuretics, nitrates, type
Ia antiarrhythmic and digoxin. Older adults taking
more than three or four medications were also at in-
creased risk of falls (151,152). Hartikainen et al. (155)
concluded in their systematic review article that the
main group of drugs associated with an increased risk
of falling was psychotropics; benzodiazepines, antide-
pressants, and antipsychotics. Antiepileptics and drugs
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that lower blood pressure were weakly associated with
falls. French et al. (156) concluded that in their study,
subjects with a health care encounter for a fall (as
indicated by diagnostic code) were prescribed signifi-
cantly more CNS-category medications than subjects in
the age- and sex-matched comparison group.

Activity and participation

Activity is the performance of a task or action by an
individual (96). The activity dimension consists of
simple and more complex tasks (such as walking, ob-
taining food and performing tasks simultaneously).
Falls are often related to changes in how an individual
uses the environment (for example, the faller was
hurrying or inattentive) or to difficulties or discomfort
experienced when using the environment. Prospective
studies evaluating the association of usual physical
activity with the risk of falling have given equivocal
results, but seem to suggest a U-shaped association,
where the most inactive and the most active people are
at highest risk (34,49,52,100,157). However, how to
measure the level of physical activity, represent a big
challenge. A systematic literature review by Jorstad-
Stein et al. (158) aimed at identifying and appraising
physical activity questionnaires that could potentially
be used in clinical trials of fall-injury prevention among
older adults. They found no entirely satisfactory mea-
sures. Chan et al. (129) showed in a large prospective
cohort study of 5,995 community dwelling men, at
least 65 years of age, that the most active quartile had
a significant greater fall risk than did the least active
quartile.

Inability to perform the basic activities of daily
living (ADL) and self-reported limitations in mobility,
are generally associated with a doubled or tripled risk
of falling (35). Frail elderly people tend to fall while
carrying out ADL (54). Lord et al. (35) state that 44%
of the falls occurs at various locations in the home
(26% while walking on a level surface, 6% while using
the shower or bath, 9% on stairs and 3% relates to
chair/ladder), the rest outside the home. Information
about what the persons were doing and the activity
level when falling seems crucial for understanding the
aetiology of falls as well as for effective clinical assess-
ment and the development of preventive strategies.

Studies have shown that 30-70% of older adults'
falls are due to trips, slips, and stumbles during wal-
king (52,67,93,124). Thus, walking is the main activity
in which the majority of falls among older adults
living in the community occurs.

Social isolation may result in unintentional or poss-
ibly intentional falls as a way to gain attention or end
one's life (159). Even in apparently healthy older indi-
viduals engaged in commonplace activities, the risk of
falling is substantial, suggesting that psychosocial, si-
tuational and behavioural factors are significant causes
of falls (80,160). The social environment, such as li-
ving situation showed that single persons, living alone
reported falls at a higher rate than those who lived with
others (5,161,162).
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Environment of falling

Fall risk is complicated to assess, and the exact role of
environmental factors is not known (163). Never-
theless, the variety of places where individuals fall, as
well as countless other factors which has been identi-
fied as fall risks, suggest that the role of the environ-
ment is interactive with other intrinsic, extrinsic, and
behavioural risk factors (ibid). Behavioral fall risk fac-
tors are those that reflect choices of older individuals
with respect to how they interact within their environ-
ments. Examples of behavioural risk factors include
performing behaviours that increase fall risk e.g. stan-
ding on unstable objects to reach items that are stored
on high shelves); not performing behaviors that could
reduce fall risk (eg, failing to turn on lights when using
the bathroom at night or not using grap bars or hand-
rails when they are present); or selecting unsafe cloth-
ing, footwear, or inappropriate or outdated eyewears
prescriptions. Some researchers have reported that the
frequency of outdoor falls was higher compared with
indoors falls (18,88,93,164-166). The external/internal
distinction is not clear-cut, for example, a rug on a
highly polished floor may cause an infirm woman to
fall while a more able woman could have saved herself
(167). Nevitt et al. (34) reported that environmental
factors (stairs or tripping and slipping hazards) were
associated with 61% of falls that occurred away from
home and 33% of those that occurred at home. A high
proportion of falls occurs on steps and stairs (52,93).
With increasing age, falls occur more frequently inside
the home on level surface (35). Bath and Morgan (164)
found that people aged 75 or less were more likely to
fall outdoors than people aged 75 and over. Women
seem more likely to fall within their usual residence,
while men tend to fall in their own gardens (63). Acc-
ording to Speechley and Tinetti (54) 20% tend to fall
while away from home. Commonly reported environ-
mental factors leading to falls in public places include
pavement cracks and misalignments, gutters, steps,
construction works, uneven ground and slippery sur-
faces (35).

Some authors report that environmental hazards are
more likely to contribute to falls in elderly people in
better health than in those of their more frail counter-
parts (35,47,93,165). In a study of over 1,400 people
living in the community, Weinberg and Strain (165)
found that those with better self-rated health were
more likely to attribute the cause of a fall to the surr-
oundings outdoors. Bath and Morgan (164) found in
an eight-year post-fall monitoring period that multiple
(3+) fallers and indoor fallers showed a significant
excess mortality. Those with poorer self-rated health
and those who reported having dexterity difficulties
were more likely to attribute their falls to their own
limitations. Studenski et al. (168) found that those at
low risk of falling (immobile, or mobile and stable)
were either more able to withstand environmental
challenges or were not as challenged by their environ-
ments as the high-risk (mobile and unstable) people.
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Dresner-Pollak et al. (169) found that falls mainly
occurred outside the home and suggested that these
people were active and spent a longer period of their
day outdoors, where the risk of a fall was higher.

Balance and gait as predictors of falling

Balance and gait are predictors of falling (35,121,170).
Lord et al. (35) summarised the results of various mea-
sures of postural stability and their relationship with
falls, and showed that the risk of falling increases with
more challenging stability tasks. Lord et al. (35) con-
cluded that reduced gait velocity, cadence and step
length were strongly associated with risk of falling.
Generally speaking, the more challenging the balance
task the stronger its association with falls (171). There
are a substantial number of balance fall-risk screening
tools described in the literature (170,172-176). The
AGS/BG guideline (174), recommend the Timed Up
and Go Test (TUQG) as a screening tool for identifying
older people at increased risk of falls. Perell et al.
(175) and Scout (170) have examined the predictive
validity of functional mobility assessment tools for
predicting falls among older adults in the community.
They concluded that, in addition to TUG, the Tinetti’s
Performance—Oriented Mobility Assessment, the Berg
Balance Scale, the Modified Gait Abnormality Rating
Scale and the Elderly Fall Screening Test, Functional
Reach, 5 minute walk, Five-Step Test were useful tests.

Lajoie and Gallagher (176) showed that a cut-off at
46 on Berg-Balance Scale was statistically effective in
predicting falls in the elderly community. A sensitivity
and specificity of correctly classifying fallers and non-
fallers with a cut-off of 46 is 82.5% and 93%, respec-
tively. A score of 67% on Activities-specific Balance
Confidence was a reliable means of predicting a future
fall. In fact, this score was highly specific and sensi-
tive with values of 87.5% and 84%, respectively (ibid).

Stel et al. (130) concluded that the easy measurable
Tandem Stand predicted recurrent falling. Jarnlo (177)
concluded that the best predictor of future falls was
Berg Balance Scale in combination with self-reported
imbalance. In a recent systematic review Neuls et al.
(178) concluded that Berg Balance Scale alone was not
useful for predicting falls in older adults with and
without pathological conditions. Given the varied re-
commended cutoff scores and psychometric values,
clinicians should use Berg Balance Scale in conjunc-
tion with other test/measures considering unique pati-
ent factors to quantify the chances of fall in the older
adults.

Gait performance in older adults has been shown to
relate to risk of falling (35,49,93,121,127,148,179-
182). In a review of the literature, Piirtola and Era
(183) have highlighted the small number of prospec-
tive studies evaluating the association between balance
measurement by posturography and the risk of fall, and
the conflicting results of these studies. Posturography
makes use of a forceplate to measure the motion of the
person’s centre of pressure at ground level. They con-
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cluded that certain aspects of force platform data may
have predictive value for subsequent falls, especially
various indicators of the lateral control of posture.
However, the small number of studies available makes
it difficult to draw definitive conclusions. Furthermore,
Buatois (184) concluded that bad performance on
posturography evaluation under conflicting sensory
conditions, by the Sensory Organization Test, appear
to be a sensitive tool to identify people at high risk of
recurrent falls. Prospective studies have revealed that
an individual's sway is a useful predictor of the risk of
falling (62,86,93,98,99,110,120,145). Hale et al. (185)
stated that one explanation for the association between
mobility score and falls is that more mobile elderly
persons are exposed to greater environmental and
other activity-related risks of falling. Less mobile
people may be more cautious and less active, and thus
limit their risk of falling (186).

METHODOLOGICAL ISSUES IN THE LITERATURE

A number of methodological issues occur in the studies
examined in this review, many of which limit interpre-
tation of the findings of risk factors of fall. Studies of
falls suffered by people living in the community can
be divided into population surveillance studies and
surveys of elderly people living at home (43). Popu-
lation surveillance studies usually involve the analysis
of the medical records of fallers who receive medical
treatment at an accident and emergency department
(43). Community surveys collect information on both
fallers and non-fallers, allowing risk factor identifica-
tion (43). Each type has advantages and disadvantages
in terms of accuracy, cost and generalizability. Com-
parison of results across studies is made difficult by
differences between studies regarding the age of those
included, the fall definition used, the classification of
the resulting injury and differences in methodology.

Another methodological issue is the sample inclu-
ded in the study. Ideally, the whole population should
be studied, but the logistics of this kind of study are
difficult. It is more realistic and manageable to select a
representative sample. Any group of the elderly will be
a mixture of people with different intrinsic risks of
falling, different environments and different lifestyles
which together will define them at high, intermediate
or low risk of falling. Although most community sur-
veys tend to be based on large samples (for example,
over 700 people), a number of studies of falls have
employed small and often highly selected, sometimes
non-random, samples (34,122,143,186). One problem
that results from small sample sizes is low statistical
power, which leads to important differences being un-
detected.

The selection criteria used in the sampling process
must not be ignored when reviewing studies. Nevitt et
al. (34) and Campbell and colleagues (48) excluded
those unable to walk unassisted, and those unable to
answer an interviewer's questions, whereas Cumming

A. BERGLAND

and Klineberg (51) excluded subjects with cognitive
impairment. There is evidence suggesting that subjects
with cognitive impairment are more likely to fall, i.e
those who are most at risk of falling may be least
likely to remember their falls (35). Hill et al. (186)
excluded those with a history of falls in the 12 months
prior to the start of the study and those with medical
problems which might affect balance or mobility.
Clearly, where important subgroups have been ex-
cluded, it is impossible to generalise to the whole
population.

Still another methodological issues regarding risk
factor for fall is use of retrospective or prospective
design (186). Both case-control and cross-sectional
studies may be used to examine risk factors, though
retrospective designs are much weaker (187). Such
studies have been criticised for their lack of reliability
and validity (35,39,116). In cross-sectional studies, one
has to face the problem of being unable to discriminate
between a cause and the effect of a relationship be-
tween two or more variables. It may be difficult to
determine whether the cause or effect came first. Case-
control designs have been shown to yield optimistic
results for the evaluation of diagnostic tests, a result
that is likely to be relevant to prognostic studies (188).
In a retrospective cohort design, samples representing
persons with and without a history of fall, in a defined
period of time, are compared to identify the risks of
falling. Retrospective designs are weaker than pros-
pective designs in identifying people at risk of future
falls, because information on risk factors and falls is
susceptible to recall bias, and also because the pre-
sence of a risk factor is not identified before the
occurrence of a fall. Because falls may be forgotten,
denied or explained as being normal in the surrounding
circumstances, it is most likely that the reported num-
ber of falls is too low, especially in retrospective stu-
dies. Most retrospective studies find that 30% of older
persons experience one or more falls each year (35,
67). A number of methods have been used to record
falls in prospective follow-up periods. These include
monthly or bi-monthly mail-out questionnaires (35,95,
99), weekly (34), or monthly falls calendars (52) and
monthly telephone interviews (67). Prospective fall
studies are more reliable because of their potential for
greater data precision regarding the major outcome,
falls. Their major disadvantage is the time and expen-
ses associated with a long period of data collection.
Studies with a prospective design usually find a higher
rate of falls (35). In the studies by Hill et al. (186) the
annual rate of falls was 49%, and still higher (61%) in
the study by Maki et al. (62).

Reliable methods for detecting falls are extremely
relevant in two aspect; firstly, in order to signal the
occurrence of a fall so that suitable measure can be ini-
tiated when assistance is needed (i.e. fall alarms), and
secondly, to obtain valid documentation of falls (falls
reports). At present, there is no unanimous accepted
method for reporting falls. The ProFaNE collaborators
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recommended that falls should be recorded using pros-
pective daily recording and a notification system with
a minimum of monthly reporting (37). Telephone or
face to face interview should be used to chase missing
data and to ascertain further details of falls and
injuries. Specific information about the circumstances
of any fall can also be ascertained with additional
questions on the falls diary forms. In research studies,
fall data should be summarized as: number of falls,
number of fallers/non-fallers/frequent fallers; and fall
rate per person years (37). Hauer et al. (12) refer to the
following three systems of prospective reporting;
calendar, diary and postcard. The accuracy of each
reporting system is difficult to determine (185).
Regarding the outcome of research into falls most
studies report the number of subjects who experience
one or more falls over the study period, rather than the
incidence rate of falls (35). An examination of the fall
literature revealed a general lack of agreement in the
ways in which falls are defined and -classified.
Campbell and colleagues (61) distinguished between a
"pattern fall" and "occasional falls". In two retrospec-
tive studies, Bath and Morgan (164) and Bergland et
al. (93) used the categories outdoor fall and indoor fall
which is also used in prospective studies. Whereas
some studies have concentrated on falls in general,
others have considered only "injurious falls" (53). Yet
others investigated multiple or recurrent fallers (80).
For better comparability of study results Hauer et al.
(12) recommended a core set of fall outcome measures,
including number of falls, fallers, fall rate and time of
first fall, to summarise fall data. There is limited com-
parability between studies due to the different focus on
risk factors, and different classification of risk factors
investigated in each of these studies. In addition, indi-
viduals with multiple risk factors have an increased
rate of falls compared to individuals with one risk
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