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Abstract

Background: Falls are major adverse events in hospitals. The appropriateness of using risk assessment instruments
for falls in hospitals has recently been questioned, although the research performed in this respect presents some
methodological shortcomings. The purpose of the present study is to evaluate the accuracy of the Downton and
STRATIFY instruments to determine the risk of falls and to predict their incidence in acute care hospitals in the
public health system in Andalusia (Spain).

Methods: A longitudinal, multicentre prospective study was made of a cohort of patients recruited between May
2014 and March 2016. The risk of falls was assessed using each of the above instruments during the first 24 h after
hospital admittance, with later re-evaluations every 72 h until discharge. Descriptive statistics were obtained,
bivariate and multivariate analysis were performed. The diagnostic validity of the process was assessed by
calculations of sensitivity, specificity, positive and negative predictive values and ratios of positive and negative
likelihood. ROC curve analysis was performed for both instruments.

Results: For this study, 1247 patients were recruited, of whom 977 completed all the follow-up assessments.
Twenty-three of these patients (2.35%) suffered 24 falls. ROC curve analysis showed that the optimal cut-off point
for each assessment instrument was below that described by the authors: AUC STRATIFY = 0.69 (95% CI: 0.57–0.8);
AUC Downton = 0.6 (95% CI: 0.48–0.72). With a cut-off point of 1, the sensitivity of STRATIFY was 47.6% and its
specificity, 85%. With a cut-off point of 2, Downton presented a sensitivity of 66.7% and a specificity of 55.3%.

Conclusions: The Downton and STRATIFY falls risk assessment instruments presented little utility as means of
detecting the risk of falls among a sample of adult patients admitted to acute care hospitals. Fall prevention in
hospitals should be based on the study of individual risk factors.
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Background
Falls are a major public health problem worldwide. It is
estimated that annually 424,000 fatal falls occur, which
makes this the second global cause of death from unin-
tentional injuries. Falls are the predominant cause of in-
jury among the elderly (aged over 65 years). The highest
rates of mortality from this cause correspond to those
aged over 60 years [1]. In Europe, falls cause 13.3 to
164.5 deaths per 100,000 population aged over 65 years
[2], while 20–30% of elderly persons who fall suffer in-
juries, ranging from mild to severe, such as hip fractures
or head lesions. These lesions reduce mobility and inde-
pendence and increase the risk of premature death. Among
hospitalised patients aged over 65 years, the number of falls
suffered in the previous year is a significant predictor of
functional impairment, with a negative impact on the per-
formance of basic activities of daily life [3].
In addition to these physical consequences, falls have

a psychological impact, involving restricted mobility
(sometimes encouraged by the family or health workers),
fear of recurrence and loss of self-esteem and independ-
ence, which can lead to patients’ modifying their lifestyles.
Furthermore, falls are very costly for the health system,

provoking hospital costs in the United Kingdom National
Health Service [4], for example, of some 15 million
pounds a year (about 92,000 pounds a year for an 800-bed
hospital).
These adverse events may occur in any area of health

care. Fall rates vary according to health practices, the pa-
tients’ environment and the measurement method used,
and so statistics for the incidence of falls in hospitals
worldwide present great variability: 14.9% of a hospital
in Switzerland [5], 8.7% in an acute-care hospital in
Australia [6], or 1.6% in a Japanese hospital [7]. In Spain
in recent years have reported rates of falls in hospitals
ranging between 1.8% [8] or 0.6% in a recent study [9].
The aetiology of this event has been the subject of various
epidemiological studies. One recent systematic review
showed that the major risk factors for falls are disorders of
balance and gait, polypharmacy and a history of previous
falls. Other risk factors include advanced age, female
gender, visual impairment, cognitive impairment and
environmental factors [10].
Based on the risk factors identified traditionally, a

number of risk assessment tools have been developed,
seeking to reduce the occurrence of falls. However, the
use of these instruments has been called into question.
Some studies have compared the reliability and valid-
ity of fall risk assessment tools against clinical judg-
ment, obtaining poor results of both methods as
predictors of falls in hospitals [11]. This paper already
showed the difficulty of assessing the reliability and
validity of the fall scales due to the adoption by the
nurses of measures aimed at preventing them that

may alter their results. This is known as “treatment
paradox”.
Although the most recent clinical practice guidelines

regarding fall prevention highlight the ineffectiveness of
these instruments for predicting the risk of falls among
elderly hospitalised patients [12], it is also true that, ac-
cording to a systematic review by our research group
[13], many of the studies conducted to evaluate these
tools have presented methodological shortcomings, re-
lated especially to the calculation of the necessary sam-
ple size and a lack of awareness of the effect of periodic
re-assessments of the patient. The results of our meta-
analysis showed that the STRATIFY scale achieved
greater diagnostic validity, with a diagnostic OR of 7.64
(95% CI: 4.86–12.01) than the Morse [14] and Hendrich
II Fall Risk Model [15] instruments. The STRATIFY tool
has been widely studied, in many care settings, including
acute care, geriatrics and rehabilitation. A systematic
review and meta-analysis of this instrument, used among
hospitalised patients, identified 24 references [16], and
subsequent publications have validated it for use in
hospitals [6, 17].
The concern among health services to reduce the inci-

dence of falls, as a key element in patient safety strat-
egies, has led various countries, including Australia [18]
and Canada [19], to recommend the use of fall risk as-
sessment tools. In Spain, the Strategy for Patient Safety
in the Andalusian public health system recommends in-
cluding the assessment of falls risk in the comprehensive
assessment of patients carried out in the first 24 h of
hospitalisation [20], and the Downton index is specific-
ally endorsed [21]. Paradoxically, the only published
study that has evaluated the diagnostic accuracy of this
instrument and the time required for its completion, in
comparison with other instruments for acute care hos-
pital patients, reported unsatisfactory results in relation
to their diagnostic validity, the time needed to complete
it or the possibility of administering it in all patients
studied [22]. The above-mentioned meta-analysis did
not include the Downton index, as insufficient studies in
this respect were available [13]. These circumstances call
into question the appropriateness of using this instrument
in hospital care.
In view of the above considerations, it seems appropri-

ate to analyse the assessment of fall risk by STRATIFY
in acute care hospitals. Nevertheless, no studies have
been conducted to validate this instrument in Spain, al-
though such an analysis is recommended before their
use [23]. Nor have studies been conducted to validate
the Downton index in our country. Therefore, we believe
a validation study of these instruments is required, one
that addresses and overcomes the major limitations ob-
served in previous studies, in order to determine which
approach provides the best results. However, the main
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reason supporting the realization of this study is the
search for a response to the discordance between the
recommendations of the clinical practice guidelines and
those of the health services (specifically in Andalusia) as
discussed above regarding the use of fall risk assessment
tools in hospitals.

Aim
The aim of this study was to evaluate the diagnostic ac-
curacy of the STRATIFY and Downton instruments to
detect the risk of falls among acute care hospital patients
in Andalusia (Spain) and to determine the effect on
diagnostic performance of the periodic re-evaluation of
patients with these instruments.

Methods
Design
A longitudinal, multicentre, prospective cohort study,
with follow-up, was performed.

Sample
To calculate the sample size, the prevalence of falls re-
ported in previous studies was taken into consideration.
In this respect, Härlein reported a falls prevalence in
hospitals of 5.4% [24]. The sensitivity of each instrument
was also calculated, as the parameter of greatest interest
in such measures, in view of the potentially fatal conse-
quences of these adverse events. The sensitivity to
STRATIFY in hospitals is estimated at 68.2% [22], and
that of the Downton index at 92% [25]. Assuming an
alpha value of 0.05 and losses to follow up of 15%, the
total sample size required to evaluate the diagnostic ac-
curacy of both instruments was 1183 subjects.

Participants
The study was conducted in five acute care hospitals in
Andalusia, Spain.
The study subjects were all adult patients (aged over

16 years) admitted to inpatient units at these hospitals,
with an expected stay exceeding 48 h and who agreed to
participate in the study, for which purpose their signed
informed consent was given. The following subjects were
excluded from the study: obstetric, paediatric and psy-
chiatric patients, those treated in A&E departments,
medical and surgical day-care units, short-stay patients,
patients in areas of post-surgical recovery, any subjects
who for whatever reason could not be followed up for
the periods determined, and those who refused to
participate.

Data collection
The data were compiled from May 2014 to March 2016.
In each hospital, a study coordinator identified the par-
ticipant units, excluding those which usually treated

patients subject to the exclusion criteria established
(post-anaesthesia recovery units, A&E Department, ob-
stetrics units, paediatric care, day care, short-stay units
and mental health care). The study coordinator in-
formed the research team of the number of hospital
beds concerned and their distribution within the partici-
pating units. In order to eliminate a possible selection bias
for each such unit, the beds were randomised, such that
patients admitted consecutively to the randomised beds
were eligible to participate in the study if they met the
inclusion criteria and agreed to participate. The staff
assigning the beds to the patients was blinded to this
randomization. Only the nurses who participated in the
study knew in which beds patients were eligible to be
part of the study. Since the study sought to assess the
validity of the STRATIFY and Downton instruments
under usual clinical practice conditions, these nurses
were not blinded to the results of both tools. When a
patient presented cognitive impairment or was disor-
iented, participation in the study and signed informed
consent was requested of family members or caregivers.
The following variables were compiled: age, sex, centre,

type of unit (medical, surgical or ICU), falls prevention
measures in place, number of falls occurred, level of
consciousness during the fall, date and time of the fall,
circumstances and consequences of falls, and all the
items required for the Downton and STRATIFY tools.
The cut-off points of both scales are defined by their

authors: for STRATIFY, a score ≥ 2 indicates a “high risk
of falls” [26], and for Downton, scores ≥ 3 indicate a
“high risk of falls” [27]. Patients with lower scores are
considered “low risk of falls” for calculations of sensitiv-
ity, specificity and predictive values.
The version of STRATIFY used had been previously

subjected to cross-cultural adaptation and content valid-
ation [28]. The Downton scale is habitually used in
Spain, and in this study we applied the original version,
without the translation error that had been detected in
the Spanish version of this instrument [29]. This con-
sisted of erroneous assignment of punctuation in three
items of the tool.
The tools were administered to the patients by nurses,

previously trained in their use by members of the re-
search team, during the first 24 h of hospital admission.
Then, every 72 h until discharge the risk of falls was re-
evaluated, with both instruments.
The occurrence of falls was verified by three different

sources for each case, to minimise the risk of under-
reporting: by asking the patient and/or relative directly,
by analysis of the falls record kept by the hospital unit,
and by examining the patient’s clinical history, in
addition to consulting with the nurse responsible. The
definition employed for this event was that proposed by
the World Health Organization, which defines a fall as
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“an event which results in a person coming to rest inad-
vertently on the ground or floor or other lower level”
[1]. In all cases of falls, the nurses collaborating with the
project filled in a report form stating the circumstances
and consequences for the patients.

Data analysis
By exploratory analysis, descriptive statistics were obtained
of the variables, including measures of central tendency
and dispersion, or percentages, depending on the nature
of the data. In every case, the normality of the distribution
was assessed by the Kolmogorov-Smirnov test. In addition,
the presence/absence of skewness and kurtosis was deter-
mined and histograms were obtained of the distributions.
Bivariate analysis was performed using the Student t

and chi square tests, according to the characteristics of
the variables analysed, when the data were normally dis-
tributed. Otherwise, the non-parametric Wilcoxon and
Mann-Whitney U tests were used. ANOVA was used,
when appropriate, to determine quantitative and qualita-
tive relationships, with measures of central robustness in
cases of non-homoscedasticity (determined by the Levene
test), applying the Welch test and the Brown-Forsythe test
[30]. Diagnostic validity was assessed by calculations of
sensitivity, specificity, positive and negative predictive
values and ratios of positive and negative probability. ROC
curves were analysed to determine cut-off points, assum-
ing non-parametric distribution. In addition, the rates of
correct classification (performance test) were calculated.
Analyses of predictive validity were performed, using the
values obtained throughout the follow-up periods, in order
to assess fluctuations in the level of risk and its influence
on the diagnostic performance of the scales.
Kaplan-Meier analysis was performed to evaluate the

longitudinal evolution of falls, and multivariate analysis,
by Cox regression, was performed to determine the con-
tribution of the various components of the scales to the
fall risk obtained. In addition, the variables used to char-
acterise the patients were taken into consideration as
appropriate.
The level of statistical significance was set at p < 0.05

and all analyses were performed with SPSS v.22.0 and
EPIDAT 4.0.

Results
During the study period, 1247 patients were recruited.
In consequence, 3386 fall risk assessments were made
using the STRATIFY and Downton instruments. 27 pa-
tients were lost to follow up, due to incomplete data.
243 patients (19.49% of the original sample) only re-
ceived the initial assessment on admission, and not the
scheduled follow-ups every 72 h until discharge, death
or transfer to another unit or centre. The reasons were:
discharge before 72 h, death of the patient, transfer to

another unit or another hospital, refusal of the patient to
continue in the study or impossibility to carry out the
follow-up on the part of the nurses who participated in
the study. Finally, 977 subjects (78.35%) completed the
initial assessment and all scheduled follow-ups (Fig. 1).
Although one patient received 23 follow-up assessments,
90% of the patients received just six such assessments.
The patients were admitted to the following medical
units: internal medicine, palliative care, pneumology,
cardiology, nephrology and digestive medicine. The rele-
vant surgical specialties were general surgery, thoracic
surgery, urology, traumatology and otolaryngology.
The patients’ characteristics are shown in Table 1.

The genders were fairly evenly balanced (53% men).
The average age of the sample (n = 977) was 65.58 (SD
17.55) years. By type of unit, 59.2% of the patients re-
cruited were treated in specialist medical units, and the
average age of these patients (67.53 years, SD 17.18)
was higher than that of the surgical patients (62.34 years,
SD 18.65). The difference was 5.19 years (95% CI: 2.27–
8.12) p < 0.001.
With respect to the primary outcome of the study, 23

patients fell, accumulating a total of 24 falls, with an in-
cidence of 2.35%. All these falls occurred between the
first and eighth follow-up assessments, i.e., within a hos-
pital stay of 21 days. The highest concentration of falls
(9) occurred around the third day, and 15 falls during
the first week. The patients who fell were aged between
33 and 93 years, with a mean age of 73.57 years (SD
14.19). The fallers were significantly older than the non-
fallers (p = 0.015). Women suffered more falls (n = 14)
than men (n = 10), but this difference was not significant
(p = 0.565).
The STRATIFY scores, for all the assessments ob-

tained (n = 3386) ranged from 0 to 5 points, with a mean
score of 0.75 (95% CI: 0.72–0.78). The Downton index
scores ranged from 0 to 9 and the mean score was 2.57
(95% CI: 2.50–2.63). According to the cut-off point de-
fined by the STRATIFY authors, this instrument identi-
fied a “risk of falls” in 16.2% of cases (n = 548), but in

Patients recruited: 1247

Patients included: 1220

All follow-ups 
completed: 977

Incomplete data: 27

Initial assessment, no 
follow-up: 243

Fig. 1 Flow chart of the study
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fact a fall occurred in only 1.8% of these cases (n = 10).
With the Downton index, 45.5% of the assessments re-
corded a “high risk of fall” (n = 1541), but the event only
occurred in 0.9% of these cases (n = 14).
By type of unit, the mean STRATIFY score was higher

among surgical patients (mean score 0.82; 95% CI: 0.77–
0.87) than in those treated in the ICU (mean score 0.23;
95% CI: 0.17–0.29; p < 0.001) and also higher than
among the medical patients (mean score 0.77; 95% CI:

0.74–0.81; p < 0.001). In contrast, with the Downton
index, the medical patients obtained a mean score (2.72;
95% CI: 2.64–2.81) that was, significantly, 0.29 points
higher than that of the surgical patients (2.44; 95% CI
2.32–2.55; p < 0.001) and 0.55 points higher than that of
the ICU patients (1.89; 95% CI; 1.74–2.04; p < 0.001).
Analyses of sensitivity and specificity, for both instru-

ments, were performed using ROC curves (Fig. 2).
STRATIFY obtained a larger area under the curve
(AUC) than Downton, and this result was statistically
significant. Thus, for STRATIFY, AUC = 0.69 (95% CI:
0.57–0.8; p = 0.002) while for Downton, AUC = 0.6 (95%
CI: 0.48–0.72; p = 0.1). In addition, a subgroup analysis
was conducted, of 597 patients aged over 65 years, be-
cause previous studies have shown that this subgroup
tends to suffer most falls. For STRATIFY, the area under
the curve was 0.63 (95% CI: 0.50–0.77; p = 0.043) while
for the Downton index it was 0.55 (95% CI: 0.40–0.70;
p = 0.450).
The optimal cut-off point for STRATIFY, in our study,

was 1, in contrast to the value of 2 described by the author
of the instrument. For the Downton index, too, the
optimum cut-off point found was lower than that described
by the author of the scale. The sensitivity, specificity, pre-
dictive values and likelihood ratios of both instruments at
the optimal cut-off points in our study, together with those
described by the authors, are shown in Table 2.
The mean scores for each scale, at each follow-up mo-

ment, were calculated during the patients’ hospital stay.
As noted above, the highest numbers of falls were re-
corded during the second follow-up moment, and in this
assessment the scores, with both STRATIFY and the
Downton index, were higher among fallers than non-
fallers. For all assessments, this pattern was repeated in
the case of STRATIFY, but not with the Downton index.

Table 1 Characteristics of the sample population

Total sample
N = 977
N (%) or
Mean (SD)

Fallers
N = 23
N (%) or
Mean (SD)

Non-fallers
N = 954
N (%) or
Mean (SD)

Sex

Male 518 (53) 10 (43.5) 508 (53.3)

Female 459 (47) 13 (56.5) 446 (46.7)

Mean age 65.58 (17.55) 73.57 (14.19) 65.39 (17.58)

Centre

ASCS 687 (70.3) 14 (60.9)** 673 (70.5)

HUVV 116 (11.9) 4 (17.4) 112 (11.7)

HRUM 78 (8) 3 (13) 75 (7.9)

ASAGA 55 (5.6) 2 (8.7) 53 (5.6)

ASAGM 41 (4.2) 0 41 (4.3)

Type of unita

Medical 578 (59.2) 18 (78.3) 560 (58.7)

Surgical 334 (34.2) 5 (21.7) 329 (34.6)

ICU 64 (6.6) 0 64 (6.7)

Mean STRATIFY score 0.75 (0.83) 1.50 (1.22)* 0.74 (0.83)

Mean Downton score 2.57 (1.88) 3.33 (2.26)* 2.56 (1.88)
a Lost = 1
*p < 0.001
**p < 0.05

STRATIFY AUC= 0.69 (95% CI: 0.57-0.8) 

Downton AUC= 0.6 (95% CI: 0.48-0.72) 

Fig. 2 ROC curves for STRATIFY and Downton for the whole study sample

Aranda-Gallardo et al. BMC Health Services Research  (2017) 17:277 Page 5 of 9



An analysis was conducted to determine the differen-
tial characteristics in the STRATIFY and Downton items
between fallers and non-fallers. Significant differences
were found in all of the STRATIFY items except the pa-
tients’ state of distress; in the Downton index, all items
presented significant differences except the consumption
of diuretics, antihypertensives, antidepressants and anti-

Parkinson medication. In both cases, the highest OR
corresponded to the item referring to previous falls: with
STRATIFY this item presented an OR = 10.52 (95% CI:
7.00–15.80) p < 0.001, and with the Downton index,
OR = 5.54 (95% CI: 3.70–8.37) p < 0.001. Figure 3 shows
the OR for all items for each instrument among fallers and
non-fallers, and the corresponding degree of significance.
Finally, the proportional hazard analysis applied to the

items of both instruments, to determine which were in-
dependent predictors of falls during hospital stay, ad-
justed for age and sex, showed that “admission after a
fall” obtained the highest hazard ratio for falls, followed
by “visual impairment”, “frequent toileting” and “previ-
ous falls”. In no case did the overall value of the scale
achieve discriminatory power (Table 3).

Discussion
The aim of this study was to test and compare the perform-
ance of two instruments used to predict the risk of falls in
acute care hospitals, and to overcome some deficiencies

Table 2 Diagnostic validity by optimal cut-off points, in the
present study and as defined by the authors of the instruments

STRATIFY
Cut point = 1

STRATIFY
Cut point = 2

DOWNTON
Cut point = 2

DOWNTON
Cut point = 3

Sensitivity 47.6% 41.0% 66.7% 58.0%

Specificity 85.0% 84.0% 55.3% 54.0%

PPV 10.9% 1.8% 5.50% 0.90%

NPV 97.7% 99.5% 97.7% 99.5%

LR+ 3.18 2.6 1.49 1.28

LR- 0.61 0.69 0.60 0.76

PPV positive predictive value, NPV negative predictive value, LR likelihood ratio

STRATIFY 

DOWNTON INDEX

Fig. 3 Odds ratio (OR) for the STRATIFY and Downton items in fallers and non-fallers
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observed in previous studies in this field. Among its
strengths, the present study determined the sample size
needed, and in fact this number was exceeded during re-
cruitment. Nevertheless, the occurrence of falls (n = 24)
was very low. Another strength of this study was its pro-
spective, multicentre nature, with the participation of five
hospitals, as well as the systematic, periodic re-assessment
of patients every 72 h, producing 3386 assessments. This
approach, not adopted in previous studies of this type, en-
abled us to determine the evolution of the scales during the
clinical course of the patients studied.
Referring to the event studied, there were 24 falls, cor-

responding to 23 patients. The rate of falls obtained
(2.35%) is similar to that described in previous studies in
Spanish hospitals [8]. The greatest number of falls (n = 9)
occurred during the first 72 h of hospital stay. Regarding
risk factors for falls, it was confirmed that increasing age
was associated with the incidence of falls, as reported pre-
viously [10]: the average age of the fallers (73.57 years, SD
14.19) was significantly higher than for non-fallers
(65.39 years, SD 17.58). What was not confirmed was the
hypothesis that female sex was a risk factor for falls, as
suggested in a recent systematic review [10]. In our study,
although women suffered more falls (n = 13) than men
(n = 10), this difference was not statistically significant
(p = 0.565). However these results should be interpreted
with caution due to the low occurrence of falls.
With respect to risk factors for falls, another system-

atic review claimed that in hospitals the history of previ-
ous falls was strongly related to the occurrence of
further falls (OR = 2.85) [31]. This was confirmed in our
own study. Thus, the OR for both STRATIFY and
Downton showed that the items referring to the history
of falls represented the highest likelihood of the occur-
rence of falls, with respect to any other item (10.52 in
STRATIFY and 5.57 in Downton). In this regard, one of
the recommendations that could be made to personnel
in acute care hospitals is that preventive measures
should be maximised for patients with a history of previ-
ous falls, especially during the first 72 h following
admission.

The mean scores for STRATIFY (0.75, 95% CI: 0.72–
0.78) and Downton (2.57, 95% CI: 2.50–2.63) were very
low, and lower than the cut-off point reported by the au-
thors of each instrument. The discrimination of a “high
risk of falls” differed widely between the two scales: with
STRATIFY 16.2% of patients were in this situation, com-
pared to 45.5% identified as such by the Downton index.
This difference may arise from the different risk factors
investigated by each instrument: while both take into
account previous falls and present mobility, there are
differences in the assessment of sensory deficits, medi-
cation use (not contemplated by STRATIFY), agitation
or confusion, and the need of frequent toileting (not
assessed by Downton index).
The instruments’ accuracy was also very low with the

original cut-off points. With STRATIFY, only 1.8% of
the cases identified as “high risk” produced a fall, while
only 0.9% of the “high risk” situations identified by the
Downton index actually resulted in a fall. These results
show that the two instruments have very poor sensitivity
values, according to the optimal cut-off value that we
identified (STRATIFY: 47.6%; Downton: 66.7%), this be-
ing the parameter of greatest interest with respect to
preventing the event in question, i.e. the proportion of
fallers identified as being at “high risk of falls”. With the
cut-off score described by the authors, the results were
even poorer (STRATIFY: 41%; Downton: 58%). One pos-
sible explanation for these results may be the one
already offered by Myers and Nikoletti:“patients who
were assessed to be at high risk for falls were, in fact, at
high risk, but because of the fall prevention interventions
in place on the study wards these ‘potential’ falls were
prevented” [11]. Failure to implement measures to pre-
vent falls would be an ethical problem in addition to a
malpractice of the nurses who care for these patients.
This “treatment paradox” is a fact to take into account
in this type of studies.
A previous prospective study comparing four instru-

ments aimed at assessing the risk of falls, including
STRATIFY and Downton, obtained higher sensitivity
values for both scales (68.2% and 81.8% respectively) and
lower specificity values (66.4 and 24.7%), although in this
case the sample was composed of 135 acute-care inpa-
tients, prior calculation of the sample size was not re-
ported and only an initial assessment was performed,
without any subsequent re-assessments [22]. No other
prospective validation studies have been published regard-
ing the use of the Downton index in hospitals. On the
other hand, several studies of the diagnostic validity of
STRATIFY have been conducted. The results obtained by
the author of the instrument, for a cut-off point ≥ 2 in its
local and remote validation showed better sensitivity
values (93 and 92.4% respectively) and similar values of
specificity (87.7 and 68.3%) [26] compared to the present

Table 3 Cox regression proportional hazard model

B HR (95% CI) p

Age 0.01 1.02 (1.00 to 1.03) 0.033

Sex (1: Male 2: Female) −0.26 0.77 (0.52 to 1.15) 0.208

Admission after a fall 1.77 5.88 (3.24 to 10.67) 0.000

Visual impairment 1.10 3.00 (1.92 to 4.69) 0.000

Frequent toileting 0.75 2.11 (1.25 to 3.57) 0.005

Previous falls 0.70 2.02 (1.16 to 3.50) 0.013

Risk of fall (STRATIFY) 0.16 1.18 (0.65 to 2.13) 0.593

Risk of fall (Downton) −0.51 0.60 (0.35 to 1.04) 0.067

Dependent variable: fall
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study: sensitivity 41% and specificity 84%. These results
were reproduced in a recent study: sensitivity 80%, specifi-
city 61.4% [32].
The main differences between them are: the sample

size consisting of 217 (local validation), 331 (remote val-
idation) [26] and 217 patients [32] versus 1220 in the
present study; a weekly assessment [26] or the abscense
of re-assessments [32] compared with the one conducted
every 72 h in our study. These studies focused on people
over 65 years while the analysis of the subgroup of pa-
tients aged over 65 years in the present study did not
produce substantial changes in the diagnostic capacity of
the assessment instrument. This may reinforce the the-
ory of the “treatment paradox” [11], since in this group
of patients, possibly more fragile, protective measures
are established in a systematic way. This situation makes
impossible to know the real accuracy of the fall risk as-
sessment tools, as already mentioned.
Our analysis of ROC curves corroborated the scant

diagnostic validity of STRATIFY and Downton. An as-
sessment instrument is assumed to be reliable when
the area under the curve (AUC) is above 0.7 [33]. In
our study, this was not the case with the Downton
index. Although STRATIFY obtained an AUC = 0.69
(95% CI: 0.57–0.80; p = 0.002), close to the reliability
frontier, (as mentioned above) it obtained poor results
in terms of sensitivity. Therefore, we have little confi-
dence in either of these instruments as a means of de-
termining a diagnostic decision.
Indeed, the very author of STRATIFY has pointed out,

in a systematic review and meta-analysis, that this in-
strument may not be optimal for identifying individuals
at high risk of falls [16]. After overcoming the methodo-
logical deficiencies observed in earlier studies, our re-
sults are in line with the recommendations of the NICE
guide [12], in that risk assessment instruments should
not be used to identify patients at risk of falls in hospi-
tals. This conclusion may be disheartening for clinicians
accustomed to using scales to quantify patient risks.
Despite being a directive of some health systems like
the Andalusian, nurses will prove that the time invested
in completing these instruments has been in vain. The
gap between evidence-based recommendations and
health systems policies is obvious and we must work to
eliminate it. In the case of fall prevention it seems to be
well proven that a valid assessment instrument has yet
to be developed. Until this occurs, our best approach is
to heed the clinical judgment of the nurses involved, a
yardstick that has not yet been surpassed by any scale,
as noted by Meyer in 2009 [34], and to investigate
the risk factors particular to each patient, regarding
especially his/her previous history of falls, and by de-
veloping prevention programmes to address these
multi-causal risks.

This study has certain limitations: its observational de-
sign may lead us to infer conclusions that do not have
the clear cause-effect relation that is characteristic of ex-
perimental study designs, and residual confounding vari-
ables may be associated with the results. Furthermore,
the low occurrence of falls (n = 24) should lead us to in-
terpret these results with caution: despite our recruiting
the calculated sample size, the low incidence of falls
(2.35%) limits the statistical power of the results ob-
tained. In addition, the events studied may have been
under-reported (due to fear that it would have any nega-
tive consequences for the professional notifying the
event), although we sought to offset this possibility by
actively questioning patients and families, by reviewing
the notes taken by healthcare workers and by examining
the records of falls at each participating centre. More-
over, the effect of the “treatment paradox”, as already
mentioned, is another of the limitations of this study,
being difficult to avoid.

Conclusions
The Downton and STRATIFY falls risk assessment in-
struments have proved to be of scant utility as tools for
detecting the risk of falling, among a sample of adult pa-
tients admitted to acute care hospitals. Guidelines for pa-
tient safety programmes should be aimed at promoting a
culture of prevention, taking into account individual risk
factors, involving the policymakers within organisations
and providing appropriate training for health professionals,
patients and caregivers.

Abbreviations
AUC: Area under the curve; CI: Confidence interval; ICU: Intensive care unit;
LH: Likelihood ratio; NPV: Negative predictive value; OR: Diagnostic odds
ratio; PPV: Positive predictive value; ROC: Receiver operating characteristic;
SD: Standard deviation; STRATIFY: St. Thomas risk assessment tool in falling
elderly inpatients

Acknowledgements
We thank the managers and collaborators of all centers participating in the
project. We would like to thank to the Research Unit in Hospital Costa del
Sol for their help and editorial advice during the preparation of this protocol.

Funding
This research is funded by the Regional Health Ministry of Andalusia
(PI-0152-2013); approval notification received December 2013.

Availability of data and materials
The data supporting the findings of this manuscript can be obtained from
the corresponding author on reasonable request.

Authors’ contributions
JMMA and MAG designed the study. MAG, MELR, MJVB, JCCS and ABMS
were involved in data collection and evaluation. JMMA performed the
statistical analysis. All authors helped with the interpretation of the data.
MAG, MELR and JMMA drafted the first version of the manuscript, and all
authors contributed to subsequent versions and revised it critically for
important intellectual content. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Aranda-Gallardo et al. BMC Health Services Research  (2017) 17:277 Page 8 of 9



Consent for publication
Not applicable.

Ethics approval and consent to participate
This study has been approved by the Costa del Sol ethics committee with
internal committee’s reference CS-0519. Written, informed consent was
sought from each participant in the study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Nursing, Agencia Sanitaria Costa del Sol, Autovia A7 km. 187,
29603 Marbella, Malaga, Spain. 2Faculty of Health Sciences, University of
Malaga, Malaga, Spain.

Received: 25 September 2016 Accepted: 31 March 2017

References
1. World Health Organization. Falls. Fact sheet No. 344. 2016. http://bit.ly/

1i7Ixzq. Accessed 21 Sept 2016.
2. Petridou ET, Kyllekidis S, Jeffrey S, Chishti P, Dessypris N, Stone DH.

Unintentional injury mortality in the European Union: how many more lives
could be saved? Scand J Public Health. 2007;35:278–87.

3. Huang H-T, Chang C-M, Liu L-F, Lin H-S, Chen C-H. Trajectories and
predictors of functional decline of hospitalised older patients. J Clin Nurs.
2013;22:1322–31.

4. Healey F, Scobie S. The third report from the Patient Safety Observatory.
Slips, trips and falls in hospital. The National Patient Safety Agency (NPSA).
2007. http://bit.ly/1MoSh3Y. Accessed 20 July 2016.

5. Schwendimann R, de Geest S, Milisen K. Screening older patients at risk for
falling during hospitalization. Int J Inj Contr Saf Promot. 2007;14:64–5.

6. Barker A, Kamar J, Graco M, Lawlor V, Hill K. Adding value to the STRATIFY
falls risk assessment in acute hospitals. J Adv Nurs. 2011;67:450–7.

7. Higaonna M. The predictive validity of a modified Japanese nursing
association fall risk assessment tool: a retrospective cohort study. Int J Nurs
Stud. 2015;52:1484–94.

8. Sebastián Viana T, Martín MRG, Crespo FN, Rodríguez EMV, Merino GM, Ruiz
JMG, et al. [What is the real incidence of falls in hospitals?]. Enferm. Clínica.
2011;21:271–4.

9. Aranda-Gallardo M, Morales-Asencio JM, Canca-Sanchez JC, Toribio-Montero
JC. Circumstances and causes of falls by patients at a Spanish acute care
hospital. J Eval Clin Pract. 2014;20:631–7.

10. Ambrose AF, Cruz L, Paul G. Falls and fractures: a systematic approach to
screening and prevention. Maturitas. 2015;82:85–93.

11. Myers H, Nikoletti S. Fall risk assessment: a prospective investigation of
nurses’ clinical judgement and risk assessment tools in predicting patient
falls. Int J Nurs Pract. 2003;9:158–65.

12. National Institute for Health and Care Excellence (NICE). Falls: assessment
and prevention of falls in older people. 2013. http://bit.ly/2coPZ9G.
Accessed 22 Jul 2016.

13. Aranda-Gallardo M, Morales-Asencio JM, Canca-Sanchez JC, Barrero-Sojo S,
Perez-Jimenez C, Morales-Fernandez A, et al. Instruments for assessing the
risk of falls in acute hospitalized patients: a systematic review and meta-
analysis. BMC Health Serv Res. 2013;13:122.

14. Morse JM, Morse RM, Tylko SJ. Development of a scale to identify the
fall-prone patient. Can J Aging. 1988;8:366–77.

15. Hendrich AL, Bender PS, Nyhuis A. Validation of the Hendrich II fall risk
model: a large concurrent case/control study of hospitalized patients. Appl
Nurs Res. 2003;16:9–21.

16. Oliver D, Papaioannou A, Giangregorio L, Thabane L, Reizgys K, Foster G. A
systematic review and meta-analysis of studies using the STRATIFY tool for
prediction of falls in hospital patients: how well does it work? Age Ageing.
2008;37:621–7.

17. Walsh W, Hill KD, Bennell K, Vu M, Haines TP. Local adaptation and
evaluation of a falls risk prevention approach in acute hospitals. Int J Qual
Health Care. 2011;23:134–41.

18. Australian Commission on Safety and Quality in Healthcare. Preventing Falls
and Harm From Falls in Older People. Best Practice Guidelines for Australian
Hospitals. 2009. http://bit.ly/1HtFA9U. Accessed 3 Aug 2016.

19. Registered Nurses’ Association of Ontario. RNAO. Prevención de caídas y
lesiones derivadas de las caídas en personas mayores. 2005.

20. Consejería de Salud. Junta de Andalucía. Estrategia para la seguridad del
paciente. Consejería de Salud. Junta de Andalucía. 2006. http://bit.ly/
2dmLDFb. Accessed 20 Apr 2016

21. Consejería de Salud. Junta de Andalucía. Estrategia de prevención, detección y
actuación ante el riesgo de caídas en el Sistema Sanitario Público de
Andalucía. Comité operativo para la Seguridad del Paciente. Consejería de
Salud. Junta de Andalucía. 2009. http://bit.ly/1xdmgKs. Accessed 20 Apr 2016.

22. Vassallo M, Stockdale R, Sharma JC, Briggs R, Allen S. A comparative study of
the use of four fall risk assessment tools on acute medical wards. J Am
Geriatr Soc. 2005;53:1034–8.

23. Scott V, Votova K, Scanlan A, Close J. Multifactorial and functional mobility
assessment tools for fall risk among older adults in community, home-
support, long-term and acute care settings. Age Ageing. 2007;36:130–9.

24. Härlein J, Halfens RJG, Dassen T, Lahmann NA. Falls in older hospital
inpatients and the effect of cognitive impairment: a secondary analysis of
prevalence studies. J Clin Nurs. 2011;20:175–83.

25. da Costa BR, Rutjes AWS, Mendy A, Freund-Heritage R, Vieira ER. Can falls
risk prediction tools correctly identify fall-prone elderly rehabilitation
inpatients? A systematic review and meta-analysis. PloS One. 2012;7:e41061.

26. Oliver D, Britton M, Seed P, Martin FC, Hopper AH. Development and
evaluation of evidence based risk assessment tool (STRATIFY) to predict
which elderly inpatients will fall: case-control and cohort studies. Br Med J.
1997;315:1049–53.

27. Downton JH. Falls in the elderly. Great Britain: Edward Arnold; 1993
28. Enríquez de Luna-Rodríguez M, Aranda-Gallardo M, Canca-Sánchez JC,

Vazquez-Blanco MJ, Moya-Suárez AB, Morales-Asencio JM. Cross-cultural
adaptation of the STRATIFY tool in detecting and predicting risk of falling.
Enfermeria Clin. 2017;27:101–5.

29. Aranda-Gallardo M, Morales-Asencio JM, Canca-Sánchez JC, Morales-Fernández
Á, Enríquez de Luna-Rodríguez M, Moya-Suarez AB, et al. [Consequences of
errors in the translation of questionnaires: Spanish version of Downton index.
Rev Calid Asist Organo Soc Esp Calid Asist. 2015;30:195–202.

30. Expósito-Ruiz M, Pérez-Vicente S, Rivas-Ruiz F. Statistical inference:
hypothesis testing. Allergol Immunopathol (Madr). 2010;38:266–77.

31. Deandrea S, Bravi F, Turati F, Lucenteforte E, La Vecchia C, Negri E. Risk
factors for falls in older people in nursing homes and hospitals. A
systematic review and meta-analysis. Arch Gerontol Geriatr. 2013;56:407–15.

32. Latt MD, Loh KF, Ge L, Hepworth A. The validity of three fall risk screening
tools in an acute geriatric inpatient population. Australas J Ageing. 2016;
35(3):167–73.

33. Rosenberg L, Joseph L, Barkun A. Surgical arithmetic: epidemiological,
statistical and outcome-based approach to surgical practice. Georgetown:
Landes Bioscience; 2000. http://bit.ly/2cK0EyU. Accessed 20 Apr 2016.

34. Meyer G, Köpke S, Haastert B, Mühlhauser I. Comparison of a fall risk
assessment tool with nurses’ judgement alone: a cluster-randomised
controlled trial. Age Ageing. 2009;38:417–23.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Aranda-Gallardo et al. BMC Health Services Research  (2017) 17:277 Page 9 of 9

http://bit.ly/1i7Ixzq
http://bit.ly/1i7Ixzq
http://bit.ly/1MoSh3Y
http://bit.ly/1HtFA9U
http://bit.ly/1xdmgKs

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Aim

	Methods
	Design
	Sample
	Participants
	Data collection
	Data analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

