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Abstract 

Objective: to identify all published papers on risk factors and risk assessment tools for falls in hospital inpatients. To identify
clinical risk assessment tools or individual clinical risk factors predictive of falls, with the ultimate aim of informing the
design of effective fall prevention strategies. 
Design: systematic literature review (Cochrane methodology). Independent assessment of quality against agreed criteria.
Calculation of odds ratios and 95% conWdence intervals for risk factors and of sensitivity, speciWcity, negative and positive
predictive value for risk assessment tools (with odds ratios and conWdence intervals), where published data sufWcient. 
Results: 28 papers on risk factors were identiWed, with 15 excluded from further analysis. Despite the identiWcation of 47
papers purporting to describe falls risk assessment tools, only six papers were identiWed where risk assessment tools had been
subjected to prospective validation, and only two where validation had been performed in two or more patient cohorts. 
Conclusions: a small number of signiWcant falls risk factors emerged consistently, despite the heterogeneity of settings
namely gait instability, agitated confusion, urinary incontinence/frequency, falls history and prescription of ‘culprit’ drugs
(especially sedative/hypnotics). Simple risk assessment tools constructed of similar variables have been shown to predict falls
with sensitivity and speciWcity in excess of 70%, although validation in a variety of settings and in routine clinical use is lacking.
Effective falls interventions in this population may require the use of better-validated risk assessment tools, or alternatively,
attention to common reversible falls risk factors in all patients. 
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Introduction 

Falls are common among hospital inpatients. Rates from 2.9–13
falls per 1,000 bed days have been reported [1]. Up to 30% of
such falls [2] may result in injury, including fracture, head and
soft tissue trauma, all of which may in turn lead to impaired
rehabilitation and co-morbidity [3]. Falls are also associated [4, 5]
with higher anxiety and depression scores, loss of conWdence
and post-fall syndrome. They are associated with increased
length of hospital stay and higher rates of discharge to long-
term institutional care. Not only are they costly for individual
patients and for hospitals, but they may result [6, 7] in anxiety or
guilt among staff, complaints or litigation from patients’ fami-
lies. There may be a feeling that something should have been
done to prevent the fall and that someone is accountable. 

We know that many hospital patients recovering from
acute illness may go through a period of transient risk and
that others, with chronic gait instability and cognitive impair-
ment, may be at risk of falling throughout admission [8].
Moreover, effective rehabilitation entails an inevitable risk
of falls as patients are encouraged to regain independent
mobility. It seems intuitively likely however, that some falls
are both predictable and preventable. 

Systematic review of the literature on falls prevention in
hospitals has found no consistent evidence for single or
multiple interventions to prevent falls [9]. More deWnitive
work in this Weld has been recognised as a key falls research
priority [10]. There is better evidence for falls prevention in
older people dwelling in the community [10, 11]. However,
such individuals are likely to have different characteristics
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from patients admitted to hospital. Whilst we know that
falls are the result of multiple synergistic pathologies and
risk factors [12], we do not know to what extent the nature
and prevalence of these risk factors is different among hospital
inpatients, and therefore whether successful interventions
can be extrapolated from the community. Moreover, as
patients may only be in hospital for a short time, long-term
interventions (e.g. exercise programmes) are unlikely to be
effective. It does seem likely, however, that any successful
intervention to prevent falls in hospital inpatients might rest
both on a knowledge of the reversible risk factors for falls in
this group and on an ability to predict high risk of falling in
individual patients. 

With regard to risk prediction, there are a number of
clinical risk assessment tools in the literature whose derivation,
weighting, validation and usefulness are obscure. Wyatt and
Altman [13] laid down ‘gold standard’ criteria for the use of
such tools. Essentially, they should be validated prospec-
tively, using sensitivity/speciWcity analyses, in more than one
population, with good face validity, inter-rater reliability and
adherence from staff and transparent, simple calculation of
the score. 

A better knowledge of the nature and prevalence of risk
factors for falls in hospital inpatients and of our ability to
identify high-risk patients is an important step in the design
of future falls prevention interventions in this group. They
may also be applicable to other facilities, which provide care
for post acute patients, such as Intermediate Care units in
the UK or skilled nursing facilities in the US. 

Methods 
Literature search 

We searched Medline, EMBASE and Cinahl databases from
1966–2002, using the Cochrane Collaboration recommended
search strategy [14] and the medical subject heading (MeSH)
terms ‘Accidental falls’, ‘Prevention’, ‘Prediction’, ‘Risk
Factors’. The search was not restricted to the English language.
We also searched the Cochrane library and hand searched for
references from the Science Citation Index. Secondary refer-
ences from all authoritative reviews identiWed [1–3, 8, 9, 15–17]
were also searched. Experts in the Weld were contacted for
knowledge of unpublished trials. 

Inclusion and exclusion criteria 

Each paper was assessed independently and blindly by two
assessors (D.O. and F.D.), with Wnal arbitration on inclusion
from the co-authors. 

Risk factors 

Only papers relating to falls in hospital patients were
included. For risk factors, papers had to contain sufWcient
data for calculation of odds ratios (OR) and 95% conWdence
intervals (CI). Case control or cohort studies were required.
Whilst multivariate analysis was considered methodologi-
cally superior (if this consideration did not play a part in
later assessment, e.g. by weighting, then is it relevant to state
it), well-conducted studies where univariate analysis had
been employed were still included in Wnal analysis. 

Risk assessment tools 

Only papers relating to falls in hospital inpatients were
included. Using Wyatt and Altman’s Criteria [13] as a tem-
plate, risk assessment tools must have been subjected to
prospective validation (not simply retrospective Wtting to an
initial dataset) with sufWcient data to allow the calculation of
sensitivity, speciWcity, negative and positive predictive value,
together with OR and CI. It was considered methodologi-
cally preferable that tools (vide supra) should have been vali-
dated in more than one setting, but those validated only
once are included in Wnal analysis. 

Statistical analysis [18, 19] 

All published papers with the potential for inclusion were
scrutinised to determine which of the following quantities
were explicit or could be deduced from information given in the
original text: prevalence of fallers in the sample studied,
prevalence of risk factor in the sample, estimated sensitivity,
estimated speciWcity, estimated positive predictive value,
estimated negative predictive value, estimated OR, esti-
mated risk ratio. The authors were also interested in
whether CI were provided for any or all of these estimates.
Finally, a signiWcance probability (P value) for a hypothesis
of zero association between falling status and the presence
of a risk factor was sometimes stated. In each case, where
full datasets were published, the authors checked the values
and CI provided, with occasional amendments to those in
the published data. 

Typically only some of the necessary data enabling post
hoc calculations of this kind were published and the authors
noticed incidentally a strong trend with the passage of time
to reduce the amount of numerical information provided to
the reader. 

Estimates for these quantities require to be estimated
from experiment. Data are collected as follows, and in a full
statement of experimental outcome, all four numbers a, b, c
and d would provided in an account of a study involving
n = a + b + c + d subjects (Table 1). 
The prevalence of fallers may be estimated by 

prev = (a + c)/(a + b + c + d ) 

not to be confused with the estimated prevalence of the risk
factor (i.e. the proportion of those in the risk category)
given by the fraction 

(a + b)/(a + b + c + d ). 

The estimated sensitivity and speciWcity are 
sens = a/(a + c) 
spec = d/(b + d ) 

The corresponding estimates for the two predictive values are 
ppv = a/(a + b) 
npv = d/(c + d ) 

Table 1.  

 Faller Non-faller  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

In risk category a b a + b 
Not in risk category c d c + d 
 a + c b + d a + b + c + d
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The estimated odds ratio is 
or = ad/bc 

and the estimated risk ratio is given by 
rr = (a × (c + d ))/(c × ( a + b)) 

CI may be stated for all quantities estimated using either
exact binomial methods (sensitivity, speciWcity, positive pre-
dictive value and negative predictive value) or Breslow-Day
(OR). A P-value can be provided for the hypothesis of no
association between risk category and falling status using an
exact contingency test such as Fisher’s exact test. 

Taking Ballinger and Ramsay [20] as an example, we are
told that of 277 fallers, 209 had received a psychotropic drug
on the day of the accident; of 277 accident-free matched
controls, 169 had received a psychotropic drug on the day of
the accident. From the resulting table the following estimates
and conWdence intervals are easily deduced (Table 2): 

estimated sensitivity = 209/277 = 0.755 (0.699, 0.804) 
estimated speciWcity = 108/277 = 0.390 (0.332, 0.450) 

estimated positive predictive value = 209/378
=0.553 (0.501, 0.604) 

estimated negative predictive value = 108/176
=0.614 (0.537, 0.686) 

estimated odds ratio = (209×108)/(68×169)
=1.96 (1.35, 2.85)

and, Wnally, the signiWcance probability (P-value) for a
hypothesis of zero association between drug use and falling
status is P = 0.000358. 

Notice in this case (and as is made clear in the paper) the
experiment was designed to incorporate the same number of
fallers as non-fallers: in the jargon, the sample was a stratiWed
random sample, not a simple random sample. So the esti-
mated prevalence of fallers 277/554=1/2 provides no infor-
mation about the proportion of fallers in the population. 

Later papers offer much less detail. Typically two or three
estimates are provided (sensitivity, speciWcity, OR) with or
without conWdence intervals. Usually fall prevalence may be
deduced from the description of the study design. If the total
sample size n is given then some of the frequencies a, b, c, d
may be deduced. Finally, there is considerable redundancy
amongst the listed quantities: for instance, if sensitivity and
speciWcity are both given (or if positive and negative predictive
values are both given) then the OR may be deduced directly: 

or = (sens × spec)/((1 – sens) × (1 – spec)) = (ppv × npv)/
((1 – ppv) × (1 – ppv)) 

Other relationships include 

ppv = (sens × prev)/((sens × prev) + (1 – spec) × (1 – prev)) 
npv = (spec × (1 – prev)) / ((1 – sens) × prev + spec × 

(1 – prev)) 
rr = ppv/(1 – npv) 

By inferences of this kind (and occasionally because the
complete data were provided in the published paper) the
results in Table 3 were obtained. 

Results 
Risk factors 

28 papers were identiWed in total. A total of 13 papers were
identiWed which met the criteria for inclusion [3, 20–32]. The
risk factors and ORs are summarised in Table 3. Five papers
contained extensive data but insufWcient to allow the calcu-
lation of OR and CI and were therefore excluded [33–39].
A further 10 papers [40–51] contained minimal or purely
observational data and were also excluded. 

Risk assessment tools (Table 4) 

Forty-seven papers with mention of falls risk assessment
tools were identiWed. However, only two risk assessment
tools (Morse 1989 [1], Oliver 1997 [28]) fulWlled the criteria
of prospective validation with sensitivity/speciWcity analysis
in development and then remote cohorts [52, 53]. Kuipers
1993 [54] performed a validation of the Innes [55] Score
(itself never validated). Schmid [31] described prospective
validation in one cohort. Nyberg [56] described a prospec-
tive validation of the Downton Index in stroke patients. 

A number of other descriptions of sensitivity/speciWcity
analysis applied only to retrospective Wtting of data to an
original dataset on risk factors and were therefore excluded
[3, 22, 24, 34]. Thirty-nine further papers purporting to
describe falls risk assessment tools were identiWed [57–97].
Other papers were excluded because they contained no vali-
dation study and/or insufWcient data to allow the calculation of
sensitivity, speciWcity, negative and positive predictive value. 

Discussion 

Thirteen studies were identiWed which described risk factors
(factors signiWcantly more prevalent in fallers than non-
fallers), in a variety of inpatient settings. Despite the hetero-
geneity of the settings, populations and risk factors studied,
a small number of factors repeatedly emerged as signiWcant:
gait instability; lower limb weakness; urinary incontinence/
frequency or need for assisted toileting; previous fall history;
agitation/confusion or impaired judgement; prescription of
‘culprit’ drugs, in particular centrally acting sedative hypnot-
ics. The prevalence of these risk factors is signiWcantly
higher than one would expect to see in community dwelling
older persons [12], perhaps conWrming the impression that
different intervention strategies may be necessary in this
group. A very large number of papers were identiWed in
which falls risk assessment tools were described, but only
Wve had ever been subjected to validation in one, let alone
two, patient populations and most had obscure derivation
and arbitrary scoring, giving no basis for use in clinical practice
despite their publication in peer-reviewed journals. Those
tools for which the validation methodology was sound did
show high sensitivity and speciWcity in predicting falls under
research conditions, but had not been validated in multiple
settings or used as part of effective falls prevention strategies.

Table 2.  

 Fallers Non-fallers Total
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Drug 209 169 378 
No drug 68 108 176 
Total 277 277 554 
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Table 3. Risk factors for falls in studies where data allowed calculation of odds ratios (OR) and conWdence intervals (CI) 

Study, setting, design Risk factors Fallers* RF** SENS CI for SENS SPEC CI for SPEC OR CI for OR P value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
20Ballinger 1976 

UK Psychiatric 
ward Case control 
(n = 277 each 
group). Retrospective 
matching. Univariate 
analysis. 

Psychotropic drugs 
on day of accident

0.5 0.68 0.751 0.696 − 0.801 0.390 0.332 − 0.450 1.93 1.33 − 2.67 0.00

15Bates 1995 
Urban tertiary care 
hospital, USA. 
Retrospective 
matched case-control 
(n = 62 each group). 40 
variables. Multivariate 
regression.

Score on Confusion and 
Mobility (CaM) 
assessment before 
fall >1

Charlson 
co-morbidity 
index >3 

0.5 

0.5 

0.306 

0.331 

0.484 

0.500 

0.355 − 0.614 

0.37 − 0.63 

0.871 

0.839

0.761 − 0.943 

0.723 − 0.92 

6.33 

5.2 

2.54 − 15.6 

2.13 − 12 

0.00 

0.00 

21Byers 1990 
Acute stroke ward USA. 
Case control matched by 
admission date. (202 
fallers, 111 non-fallers). 
Multivariate 
regression.

Impaired decision 
making 
Abnorrmal haematocrit 
Restlessness 
Generalised weakness 
Fatigues easily 

0.645 

0.645 
0.645 
0.645 
0.645

0.0415 

0.546 
0.080 
0.201 
0.099 

0.064

40.599 
0.104 
0.248 
0.129

0.0346 − 0.108 

0.528 − 0.667 
0.066 − 0.155 
0.19 − 0.313 
0.086 − 0.183

1 

0.55 
0.964 
0.883 
0.955 

0.967 − 1 

0.452 − 0.644 
0.91 − 0.99 
0.808 − 0.936 
0.898 − 0.985 

Inf 

1.82 
3.1 
2.48 
3.13 

1.13 − 2.96 
0.85 − 1.93 
1.27 − 4.88 
0.971 −1.84

0.00.0

13
0.04 
0.00 
0.01 

22Chu 1999 
Acute hospital. Hong 
Kong. Case-control 
(n = 51 each group), 
assessed for 29 clinical 
and 22 functional risk 
factors. Multivariate 
regression. 

Lower limbs weakness 
Psychoactive drug use 
Tandem walk <2 metres 

0.5 
0.5 
0.5 

0.235 
0.078 
0.549 

0.392 
0.137 
0.843 

0.258 − 0.539 
0.057 − 0.263 
0.714 − 0.93 

0.922 
0.98 
0.745 

0.811 − 0.978 
0.896 − 1 
0.604 − 0.857 

7.58 
7.95 
15.7 

2.19 − 25.8 
 1 − 180 

5.57 − 44.2 

0.00 
0.05 
0.00 

23Gales 1995 
Acute care hospital. 
Matched Case control 
(n = 100 each group). 
Prevalence of common 
disease states and drugs. 
Univariate analysis.

Congestive heart failure 
Atherosclerosis 
Benzodiazepenes 
Digoxin 

0.5 
0.5 
0.5 
0.5 

0.285 
0.375 
0.30 
0.275 

0.37 
0.29 
0.4 
0.35 

0.276 − 0.472 
0.204 − 0.389 
0.303 − 0.503 
0.257 − 0.452 

0.8 
0.54 
0.8 
0.8 

0.708 − 0.873 
0.437 − 0.64 
0.708 − 0.873 
0.708 − 0.873 

2.35 
0.479
2.67 
2.15 

1.22 −4.64 
0.264 −0.88 

1.4 −2.54 
1.11− 4.28

0.01 
0.01 
0.00 
0.02 

24Gluck 1996. 
Acute geriatric wards UK. 
Matched case control 
(n = 50 each group). 
25 risk factors studied.

Present confusion/
disorientation 
Need help to toilet/ 
incontinent 
Previous falls 

0.5 

0.5 

0.5 

0.60 

0.63 

0.40 

0.8 

0.8 

0.8 

0.663 − 0.9 

0.663 − 0.9 

0.374 − 0.663 

0.6 

0.54 

0.72 

0.452 − 0.736 

0.393 − 0.682 

0.575 − 0.838 

6 

4.7

2.79 

2.32 − 15.5 

1.83 − 11.9 

1.18 − 6.6 

0.03 

0.00 

0.02 
25Janken 1986 
Tertiary care hospital. 
Retrospective chart audit. 
331 fallers vs 300 non-
fallers. Multivariate 
regression.

Confusion 
Vertigo 
Generalised weakness 
Decreased mob. lower 
extremities 
Substance abuse 

0.525 
0.525 
0.525 
0.525 

0.525 

0.214 
0.249 
0.51 
0.506 

0.114 

0.287 
0.275 
0.634 
0.613 

0.148 

0.239 − 0.339 
0.228 − 0.326 
0.58 − 0.686 
0.558 − 0.666 

0.112 − 0.191 

0.867 
0.78 
0.627 
0.613 

0.923 

0.823 − 0.9.3 
0.729 − 0.826 
0.569 − 0.682 
0.556 − 0.669 

0.887 − 0.951 

2.62 
1.34 
2.91 
2.52 

2.09 

1.73 − 3.98 
0.969 −1.05 
2.08 − 4.07 
1.81 − 3.49 

1.23 − 3.64 

0.00
0.11
35e-
0.0000

00
26Lichtenstein 1994 
Canada. Acute care 
hospitals. Case control 
(129 falls, 234 controls) 
for falls resulting in hip 
fracture. Multivariate 
regression.

Prior in hospital fall + 
confusion 

Vision impairment 
Lowest body weight 

tertile 
Assisted ambulation 
Psychotropic drugs 

0.355 

0.355 
0.355 

0.355 
0.355 

0.223 

0.204 
0.38 

0.383 
0.402 

0.341 

0.302 
0.465 

0.543 
0.55 

0.26 − 0.43 

0.225 − 0.389 
0.377 − 0.555 

0.453 − 0.6312 
0.46 − 0.638 

0.842 

0.85 
0.667 

0.705 
0.679 

0.789 − 0.886 

0.798 − 0.894 
0.602 − 0.727 

0.642 − 0.763 
0.616 − 0.739 

2.76 

2.46 
1.74 

2.84 
2.6 

1.62 − 4.59 

1.45 − 4.22 
1.1 − 2.74 

1.79 − 4.44 
1.65 − 4.03 

0.00

0.00
0.01

0.0000
05

continued
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Moreover, the presence of a small number of consistent risk
factors seemed to predict most falls. 

The literature review and assessments of methodological
quality were carried out with explicit and recommended
methods and it is unlikely that many important studies were
overlooked, nor methodologically sound studies unfairly
rejected. However, there are limitations in the nature of the
original studies identiWed. First, only risk factors chosen for

initial study by the researchers could be evaluated. For instance,
there is little mention of environmental risk factors for falls and
only a handful of studies where detailed clinical assessment of
patients was carried out. Secondly, the heterogeneity of settings
mean that risk assessment tools may not be so effective when
employed in settings or patient populations different from
those used in the index study. This suspicion seems to be
conWrmed by the fact that the STRATIFY score (Table 4) was

Table 3. continued 

*Fallers = proportion of subjects in this sample who were categorised as fallers. 
**RF = proportion of subjects in this sample who possessed the risk factor. In a random sample both these proportions would offer useful estimates of the propor-
tion in the population who are fallers, and who are at risk, respectively. In most of these studies, however, the subjects were not randomly selected: they were
designed to have as many fallers as non-fallers (e.g. Ballinger, Bates. Chu, Salgado, Schmid . . . ). So this ‘estimate’ is not an estimate at all, just conWrmation that the
experimental design was stratiWed as intended. Similarly, the usefulness of RF as an estimate is reduced where the method for sampling subjects is stratiWed. 

Study, setting, design Risk factors Fallers* RF** SENS CI for SENS SPEC CI for SPEC OR CI for OR P value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
27Morse 1987. 
Canada, acute care 
hospital. Matched case 
control (n = 100 each 
group). 34 risk factors 
studied (intrinsic and 
environmental). 
Multivariate analysis.

Impaired mental status 
Presence of secondary 

diagnosis 
Intravenous therapy 
Ambulatory aid 
Abnormal gait 
History of falls during 

admission 

0.50 
0.50 

0.50 
0.50

0.19 
0.565 

0.37 
0.16

0.32 
0.75 

0.57 
0.25

0.23 − 0.421 
0.653 − 0.831 

0.467 − 0.669 
0.169 − 0.347

0.94 
0.62 

0.83 
0.93

0.874 − 0.978 
0.517 − 0.715 

0.742 − 0.898 
0.861 − 0.971

7.37 
4.89 

6.47 
4.43 

2.79 − 18.8 
2.59 − 8.98 

3.31 − 12.8 
1.83 − 11.5

0.000.
00

0.00
0.00

28Oliver 1997 
Elderly care unit, 
London teaching 
hospital, UK. 
Prospective matched 
case control (n = 116 
fallers and 116 non-
fallers). 26 risk factors 
studied. Multivariate 
regression.

Fall as a presenting 
complaint 

Agitation 
Unstable gait 
Frequent toileting 
Visual impairment

0.50 

0.50 
0.50 
0.50 
0.50

0.366

0.358 
0.379 
0.125 
0.0905

0.534

0.638 
0.466 
0.172 
0.0431

0.44 − 0.628

0.544 − 0.725 
0.372 
0.56 
0.109 − 0.254 
0.0141 −0.0977

0.802

0.922 
0.707 
0.922 
0.862

0.717 - 0.870

0.858 − 0.964 
0.615 − 0.788 
0.858 − 0.964 
0.786 − 0.919

4.64

20.9 
2.1 
2.8 
0.282

2.57 - 8.56

9.5 − 25.9 
1.2 − 3.64 
1.08 − 5.94 
0.0961 −0.809

0.00

0.00
0.04
0.0202

29Passaro 2000. 
In-patients in several 
Italian hospitals. Cohort 
study (n = 7900) looking 
at prevalence of several 
drug groups and disease 
states.

Age >80 years 
Benzodiazepenes (very 

short t 1/2) 
Benzodiazepenes 

(short t 1/2) 
Other psychotropics 
Antidiabetic drugs 
>5 drugs 
>2 diseases 
Cognitive impairment 
LOS >16 days 

0.167 
0.22 

0.229 
0.19 
0.262 
0.25 
0.239 
0.25 
0.204 

0.837 
0.783 

0.774 
0.814 
0.74 
0.753 
0.764 
0.753 
0.8

0.828 − 0.845 
0.774 − 0.792 

0.764 − 0.783 
0.805 − 0.822 
0.73 − 0.75 
0.743 − 0.762 
0.754 − 0.773 
0.743 − 0.762 
0.79 − 0.808

2.7 
1.9 

1.8 
2.3 
1.5 
1.6 
1.7 
1.6 
2.1 

1.96 − 3.72 
1.38 − 2.63 

1.31 − 2.49 
1.67 − 3.19 
1.09 − 2.08 
1.16 − 2.22 
1.24 − 2.36 
1.16 − 2.22 
1.52 − 2.91 

0.04
0.0000

01
0.00
0.0000
01
0.00
0.00
0.00

30Salgado 1994. 
Acute care hospital US. 
Matched case control 
(n = 44 each group). 
Multivariate analysis.

Impaired orientation 
AMTS <7 
Evidence of stroke 
Impaired ‘get up and 
go’ test 
Psychoactive drugs use

0.50 
0.50 
0.50 
0.50

0.398 
0.386 
0.25 
0.318

0.614 
0.545 
0.407 
0.455

0.455 − 0.756 
0.388 − 0.696 
0.263 − 0.568 
0.304 − 0.612

0.818 
0.773 
0.989 
0.818 

0.673 − 0.918 
0.622 − 0.885 
0.783 − 0.975 
0.673 − 0.918

7.15 
4.08 
6.92 
3.75

2.62 − 19.6 
1.59 − 11 
2.1 − 24.1 
1.37 − 10

0.00
0.00
0.00
0.01

31Schmid 1990. 
US veterans hospital, 
medical inpatients. 
Matched case control 
(n = 102 each group). 
21 risk factors studied. 
Univariate analysis.

Unstable gait 
Confusion 
Assisted toileting 
Fall history 
Anticonvulsants/

sedative-hypnotics 

0.50 
0.50 
0.50 
0.50 
0.50 

0.50 
0.373 
0.157 
0.569 
0.284 

0.608 
0.461 
0.225 
0.863 
0.373 

0.506 − 0.703 
0.362 − 0.562 
0.149 − 0.319 
0.780 − 0.923 
0.279 − 0.474 

0.608 
0.716 
0.912 
0.725 
0.804 

0.506 − 0.703 
0.618 − 0.801 
0.839 − 0.959 
0.628 − 0.809 
0.714 − 0.876 

2.4 
2.15 
3.01 
16.6 
2.43 

1.35 − 4.35 
1.18 − 3.88 
1.25 − 7.14 
7.74 − 35.2 
1.27 − 4.77 

0.00
0.01
0.01
5.7e-
18
0.00

32Sutton 1994. 
UK acute care hospital. 
Matched case control. 
(n = 50 each group). 
Univariate analysis.

Incontinence 
Mini-Mental State Score 

0.50 0.19 0.28 0.162 − 0.425 0.9 0/782 −0.967 3.5 1.14 − 10.9 0.03
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Table 4. Prospective validation studies of falls risk assessment tools 

aSensitivity = true positive rate, or what percentage of falls occurred in patients identiWed as ‘high risk’. 
bSpeciWcity = true negative rate, or what percentage of non-falls occurred in patients identiWed as ‘low risk’. 
cPPV (Positive Predictive Value) = what percentage of patients identiWed as ‘high risk’ went on to fall. 
dNPV (Negative Predictive Value) = what percentage of patients identiWed as ‘low risk’ did not go on to fall? 
eP value for hypothesis that there is no association between risk status and falling status. 
fRatio of odds of falling in high risk patients vs odds of falling in low risk patients. The more the OR exceeds 1, the greater the suggestion that high-risk status
increases the likelihood of falling. 
gThe Innes score is not described in Table 3 as it was not derived from an initial case control or cohort study but simply from literature review. The elements are;
previous trauma; disorientation; impaired judgement; sensory disorientation; muscle weakness; multiple diagnoses; language barrier. 
hThe Morse Score is partially described in Table 3, comprising six risk factors identiWed from case control study. These elements were weighted to give an overall
total possible scoreof 125. 45 was chosen by the authors as the best cut-off for analysis, though data are available in the validation cohorts for all scores. 
iThe Stratify score is partially described in Table 3, as the Wve risk factors identiWed from case-control study. These were used (unweighted) to form a Wve-point risk
score. As with the Morse score, data are described for all scores in all three validation cohorts, but the authors picked the most operationally useful cut-off in each
cohort for further analysis. 
jThe Downton score is not described in Table 3 as it was derived from literature review, rather than case control or cohort study. The elements are: previous fall
history; medication; sensory deWcit; confusion; gait; with a total score of ≥3 indicating high risk. 
kThe Schmid score is partially described in Table 3, as the Wve risk factors derived from initial case-control study. Total possible score is 6 and ≥3 was used as the
deWnition of ‘high risk’. 

Study & Setting Design 

aSensitivity % 
(CI)

bSpeciWcity % 
(CI)

cPPV 
% (CI)

dNPV 
% (CI) 

Odds ratioe (CI) 
P f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kuipers52 1993. 

10 Medical Units, 
276 beds, Holland. 

Prospective Validation 
of Innes Score53.g 
2968 patients (86 falls)

89.3 (78.1, 96.0) 73.5 (71.7, 75.2) 7.3 (5.4, 9.5) 99.7 (99.3, 99.9) 23 (10.1, 55.5) <0.001

Morse1 1989 

Canada. 16 units of 
varying types, long 
term, acute and 
rehabilitation. 
Only 41% patients 
over 65 years. 

Prospective Validation 
of Morseh Score ≥45 
as cut-off for high 
risk. 2689 patients 
(147 falls). 

73.2 (57.1, 85.8) 75.1 (73.4, 76.7) 4.3 (3.0, 6.1) 99.4 (99.0, 99.7) 8.2 (4, 16.7) <0.001

McCollam50 1995. 

US Veterans 
Administration 
Hospital 40 bed 
cardiology general 
medical unit. 

Prospective Validation 
of Morse Score on 
483 patients (23 
fallers), using Morse 
Score ≥45 
as cut-off. 

95.7 (78.1, 99.9) 54.0 (49.2, 58.8) 9.9 (6.3, 14.6) 99.6 (97.7, 100) 25.9 (4.2, 528.4) <0.001

Oliver28 1997 

Phase 2. UK teaching 
hospital acute geriatric 
unit. 78 beds. 

Prospective validation 
of STRATIFY 
Scorei on 395 
patients, (71 falls) 
using score of ≥2 
as cut-off 

93.0 (84.3, 97.7) 87.7 (83.6, 91.0) 62.3 (52.3, 71.5) 98.3 (96.0, 99.4) 93.7 (35.2, 253.3) <0.001

Oliver28 1997 

Phase 3. UK 
district general 
hospital, acute 
and rehabilitation 
wards for patients 
over 75 years. 

Prospective 
Validation of 
STRATIFY Score 
on 446 (79 falls) 
using Score of ≥3 
as cut-off. 

54.4 (42.8, 65.7) 87.6 (83.8, 90.8) 48.9 (38.1, 59.8) 89.8 (86.2, 92.8) 8.4 (4.8, 14.6) <0.001

Coker51 2003 

Canadian 
Geriatric 
Rehabilitation 
Unit. 

Prospective validation of 
STRATIFY score 
on 432 patients 
(111 falls) using ≥2 
as cut-off. 

73.7 (56.9, 86.6) 45.2 (40.2, 50.2) 11.5 (7.8, 16.2) 94.7 (90.4, 97.4) 1.07 (2.31, 5.30) 0.026 

Nyberg54 1996. 

Swedish 
Geriatric 
Stroke 
rehabilitation 
unit. 

Prospective validation 
of Downtonj Score55. 
135 patients (142 
falls) Score ≥3 used 
as cut-off. 

90.6 (79.3, 96.9) 26.8 (17.6, 37.8) 44.4 (34.9, 54.3) 81.5 (61.9, 93.7) 3.5 (1.2, 10.3) 0.015 

Schmid31 1990. 
US Veterans 
administration 
hospital. 

Prospective validation 
of Schmid Scorek 
on 2405 patients (54 
fallers). Score ≥3 
used as cut-off 

92.5 (79.6, 98.4) 78.2 (73.1, 82.8) 36.6 (27.3, 46.8) 98.7 (96.3, 99.7) 44.3 (13.2, 172.4) <0.001
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progressively less effective in settings remote from the origi-
nal validation cohort. (Though one might argue that the
remarkable conservation of signiWcant risk factors across
various inpatient settings suggests that the phenomena are
fairly universal). Thirdly, those studies where retrospective
Wtting of risk assessment was applied to original data did
suggest useful predictive power, but this was not conWrmed
by subsequent prospective validation. Fourthly, those risk
factors which predict falls effectively are not necessarily those
which cause them. 

The relationship between predictive association and
causation of falls requires empirical investigation with
attempts to prevent falls. There is no consistent evidence
of effective interventions to prevent falls among hospital
inpatients [9, 10], although many of the published fall pre-
vention studies were underpowered or methodologically
Xawed. It seems likely, however, that a strategy based on
the identiWcation and (where possible) reversal of common
falls risk factors is most likely to succeed. The data here
give us a clear indication of the likely target areas for inter-
vention, though within the short time that most patients
are in hospital, certain interventions (e.g. medication
review) may be more feasible than others (e.g. gait instabil-
ity). There are few data on extrinsic factors (e.g. stafWng
levels and environmental safety) which might also be ame-
nable to modiWcation. 

An allied approach is to use well-validated, simple and
adhered-to risk assessment tools to target individual patients
at high risk of falling. However, the feasibility and useful-
ness of using such tools should probably be piloted in a
locality before incorporation in falls prevention pro-
grammes. Wide validation work has not been performed for
any of the tools on the scale that exists, for instance, for the
Glasgow Coma Scale [97], Apache Score [98] or Waterlow
Index [99], used for prognostication and risk assessment in
other areas of clinical practice. A further limitation is in the
operational properties of the risk assessment tools. For
instance, a tool with high negative predictive value or speci-
Wcity might provide accurate reassurance to staff that
patients are at low risk of falling, but might have low posi-
tive predictive value or sensitivity, meaning that interven-
tions are too widely targeted. Even the best, validated tools
will fail to predict a signiWcant number of falls. However, it
is both intuitive and evidence-based [100] that patients who
have already fallen are at high risk of further falls and that
assessment is worthwhile, whereas for those who fall only
once during admission (about 50%), attention to reversible
risk factors or risk status from the time of admission may be
worthwhile. 

Perhaps the best way forward is to accept that as none
of the validated tools can be recommended for wholesale
implementation, clinicians should move away from the
notion of categorising people as low or high risk. Energies
may be more productively directed towards identifying
common modiWable risk factors in all patients and ensur-
ing that people who do fall in hospital receive a proper
post-fall assessment. Regard any patients who have already
fallen on the ward as ‘high risk’ for future falls (shown to
have used a validated risk assessment early during admis-

sion to help in the prediction of Wrst fall), target common
reversible falls risk factors in all patients—whatever sup-
posed falls risk status—and attend to common environ-
mental safety measures. It must be re-iterated that the
effectiveness approach has not been consistently evaluated
in the prevention of falls among hospital inpatients and
that caution is required before widespread, wholesale
introduction of assessments and interventions, which are
potentially cost and labour intensive and based on insub-
stantial evidence. 

Key points 
• Accurate assessment of risk is important in designing

interventions to prevent falls in inpatients. 
• A small number of readily identiWable and potentially

reversible risk factors for inpatient falls has been repeat-
edly identiWed in studies. 

• Risk assessment tools with useful operational character-
istics and widespread validation are few. 

• Even the best will fail to classify a high percentage of
fallers. 

• Perhaps the key is to look for reversible fall risk factors
in all patients. 
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