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Abstract

Background—STRATIFY is a prediction tool developed for use in for hospital inpatients, using 

a 0–5 score to predict patients who will fall. It has been widely used as part of hospital fall 

prevention plans, but it is not clear how good its operational utility is in a variety of settings.

Objectives—(i) to describe the predictive validity of STRATIFY for identifying hospital 

inpatients who will fall via systematic review and descriptive analysis, based on its use in several 

prospective cohort studies of hospital inpatients; (ii) to describe the predictive validity of 

STRATIFY among inpatients in geriatric rehabilitation via meta-analysis and (iii) in turn, to help 

practitioners and institutions wishing to implement interventions to prevent in-hospital falls.

Methods—a systematic literature review of prospective validation studies of STRATIFY for falls 

prediction in hospital inpatients. For inclusion, studies must report prospective validation cohorts, 

with sufficient data for calculation of sensitivity (SENS), specificity (SPEC), negative and positive 

predictive value (NPV and PPV), total predictive accuracy (TPA) and 95% confidence intervals 

(CI). We performed meta-analysis using precision-weighted fixed- and random-effects models 

using studies that evaluated STRATIFY among geriatric rehabilitation inpatients.
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Measurements—key features of the patient population, setting, study design and numbers of 

falls/fallers were abstracted. SENS, SPEC, PPV, NPV, TPA and 95% CI were reported for each 

cohort. Pooled values and chi-squared test for homogeneity were reported for a meta-analysis of 

studies conducted in geriatric rehabilitation settings.

Results—forty-one papers were identified by the search, with eight ultimately eligible for 

inclusion in the systematic review and four for inclusion in the meta-analysis. The predictive 

validity of STRATIFY, using a random-effects model, for the four studies involving geriatric 

patients was as follows: SENS 67.2 (95% CI 60.8, 73.6), SPEC 51.2 (95% CI 43.0, 59.3), PPV 

23.1 (95% CI 14.9, 31.2), NPV 86.5 (95% CI 78.4, 94.6). The Q(3) test for homogeneity was not 

significant for SENS at P = 0.36, but it was significant at P < 0.01 for SPEC, PPV and NPV. TPA 

across all four studies varied from 43.2 to 60.0.

Conclusion—the current study reveals a relatively high NPV and low PPV and TPA for the 

STRATIFY instrument, suggesting that it may not be optimal for identifying high-risk individuals 

for fall prevention. Further, the study demonstrates that population and setting affect STRATIFY 

performance.
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Introduction

Falls the commonest safety incident among hospitalised patients. They account for 32% of 

incident reports in UK hospitals [1]. Rates from 5 to 18 falls per 1000 bed days have been 

described in intervention [2] and observational studies. [3, 4, 5, 6, 7, 8]—all a probable 

underestimation of the true incidence [1, 9–12]. Falls in hospital may lead to injury in up to 

30% of cases and associated mortality and morbidity [1, 4, 7, 13]. They may cause anxiety, 

[14–16], loss of confidence, impaired rehabilitation and function, prolonged stay and 

discharge to long-term care settings. [17–19]. Falls also cause guilt and anxiety for staff [1–

4], complaint or litigation from patients’ relatives who may feel that no falls are acceptable. 

[4, 11, 20, 21]. Falls in hospital are associated with excess financial and opportunity costs 

[17, 19].

A recent major systematic review of interventions to prevent falls in hospital [2] identified 

some benefit from multifaceted interventions in hospital settings on falls rates (though not 

rates of injury or individual risk of falling). The components of these interventions and the 

populations studied vary, and not all positive studies have employed formal falls risk 

prediction tools such as STRATIFY, instead of focusing on post-fall assessment or 

identification and intervention for falls risk factors. Despite the lack of evidence for falls risk 

assessment tools, many hospitals continue to employ them [1, 4, 6]. However intuitively 

attractive the use of such tools might be, if they do not perform sufficiently well in that 

setting and population, their use may be ineffectual or provide false reassurance that 

‘something is being done’ to target high-risk patients whilst diverting attention away from 

more potentially effective interventions [22, 23].
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We must distinguish between risk tools which identify risk factors to prompt action for each; 

those which produce a continuous score which can be used to estimate cumulative risk and 

those which yield categorical ‘yes/no’ predictions of ‘high’ or ‘low risk’—it is this third type 

of risk tool which this study examines. To be operationally useful, a prediction tool should 

ideally have the characteristics [23, 24], initially set out by Wyatt and Altman [25] and re-

emphasised in the ‘Standards for Reporting of Diagnostic Accuracy’ (STARD) guidance on 

clinical assessment and diagnostic tools [26], and re-iterated in a recent systematic review 

[27]: ease of completion; high adherence by staff; high inter-rater reliability; a transparent 

calculation of risk score based on the operational properties of the tool (and not arbitrarily 

assigned values); face validity; prospective validation for predictive validity [sensitivity 

(SENS), specificity (SPEC), positive predictive value (PPV), negative predictive value 

(NPV) and total predictive accuracy (TPA)]—ideally with sufficient power to allow narrow 

confidence intervals for these values; validated in more than one cohort of patients—and 

preferably in a cohort and setting similar to that for which their operational use is intended 

(external validity). The tool should ideally confer greater accuracy than the ‘best guess’ 

professional judgment of staff on the wards if it is to add value to clinical assessment. But 

how many hospital falls risk assessment tools for use in hospital even begin to meet these 

criteria?

Four systematic reviews [24, 27–29] of hospital falls prediction tools have identified only 

two (STRATIFY [30] and Morse Falls Scale [11]) which have been subjected to prospective 

validation in two or more cohorts, with appropriate tests of predictive validity, though in a 

recent ‘head to head’ comparison within the same patient cohort, STRATIFY [31] proved to 

be more accurate and more frequently completed. STRATIFY was originally derived in 

mixed acute/rehabilitation geriatric wards of a UK urban teaching hospital using a ‘case-

control’ design and multivariate regression to identify predictors of falls in hospital 

inpatients. This resulted in a simple five-point score (each item scoring 1 or 0), with 

predictive “cut-offs” as 2 or 3 used in the original validation studies which followed. 

STRATIFY was not designed or validated for continuous modelling of risk but for use in 

categorical prediction ‘high’ versus ‘low risk’. Sensitivity and specificity were both found to 

be in excess of 80% in the two UK cohorts of the original paper, leading to widespread 

adoption of the tool in clinical practice. It is now 10 years since the publication of the 

original STRATIFY paper and a number of prospective studies in several cohorts of patients 

have been published.

We report a systematic review and meta-analysis of the operational utility of the STRATIFY 

fall prediction tool. The aims of the study were (i) to describe the predictive validity of 

STRATIFY for identifying hospital inpatients who will fall via systematic review and 

descriptive analysis, based on its use in several prospective cohort studies of hospital 

inpatients, and (ii) to describe the predictive validity of STRATIFY among inpatients in 

geriatric rehabilitation via meta-analysis. This should in turn help practitioners and 

institutions wishing to implement interventions to prevent inhospital falls.
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Methods

Study search and selection

In line with QUOROM guidelines [32] on the conduct of systematic reviews, a literature 

search was conducted for articles published from 1997 (the year of initial publication of 

STRATIFY) to February 2006: Ovid MEDLINE, EMBASE, AARP Ageline, CINAHL, 

CDSR, ACP Journal Club, DARE and CCTR. The search strategy included the terms 

‘STRATIFY’ and either ‘falls’, ‘risk assessment’, ‘clinical assessment tools’ or ‘inpatients’ 

as the keywords. Additional articles were identified by hand searching of bibliographic 

references, including reference to published systematic reviews of falls risk assessment tools 

for hospital patients [24, 27–29] and prevention strategies for falls in hospital [2, 4, 8]. 

Abstracts of all articles identified by the search were reviewed; for those that fulfilled the 

eligibility criteria the full text articles were retrieved.

Inclusion criteria and quality assessment

All primary studies including a prospective validation of STRATIFY for predicting falls in 

hospital inpatients were retrieved. To be included, studies must have been published in a 

peer-reviewed journal or letter to the editor containing original data. Using the number of 

‘fallers’ or ‘falls’, each study must also have included sufficient data to calculate the 

sensitivity, specificity, positive and negative predictive values, odds ratio and confidence 

intervals. Among those, only papers where the population was exclusively geriatric 

rehabilitation patients, where the predictive validity was for patients who fell (rather than 

falls as discrete events) and which used a STRATIFY score cut-off set at greater than or 

equal to two were included in the pooling for meta-analysis.

Articles were excluded if they were published in non-peer reviewed journals, or included 

non-original data, or if not exclusively describing hospital inpatients.

Abstraction of data and analysis

Two assessors independently abstracted data from each study. Patient demographic data, any 

relevant clinical characteristics and details of the study design were described. Outcomes of 

interest included number of falls, number of fallers (patients who fell at least once during 

validation), as well as the following data specific to the predictive ability of the STRATIFY 

instrument: SENS, SPEC, PPV, NPV, odds ratio (OR) and 95% confidence intervals (CI). 

Any discrepancies were resolved by consensus.

Statistical analyses

This study was conducted according to the Cochrane Methods Working Group guidelines for 

review and meta-analysis of diagnostic studies [33]. The retrieval process was illustrated 

using a flow diagram in line with QUOROM guidance on the reporting of systematic 

reviews [32] (Figure 1). The eight studies listed in Table 1 met the inclusion criteria for the 

systematic review [30, 31, 34–39]. Milisen et al. [39] reported on two separate cohorts, one 

surgical and one geriatric. The results of the geriatric cohort were included in the meta-

analysis but those for the surgical cohort were not.
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The original local and remote validation cohorts for STRATIFY reported by Oliver et al. 
[30], whilst both describing large cohorts of patients and high values for SENS, SPEC and 

NPV, described the predictive validity of STRATIFY for ‘falls’ as discrete events rather than 

‘fallers’ or ‘patients who fell’ (in contrast to all other papers identified) and so could not be 

pooled with other studies for meta-analysis.

Estimates with corresponding 95% CI for SENS, SPEC, PPV and NPV were computed for 

each study separately (see Table 2) [40]. SENS (or the ‘true positive rate’) is the percentage 

of patients who fell and had been identified as ‘high risk’. SPEC (or the ‘true negative rate’) 

is the percentage of patients who did not fall and had been identified as ‘low risk’. PPV is 

the percentage of patients identified as ‘high risk’ who went on to fall. NPV is the 

percentage of patients identified as ‘low risk’ who went on not to fall [24, 41]. Estimates of 

SENS, SPEC, PPV and NPV were pooled or combined using the precision-weighted fixed- 

and random-effects models [42, 43]. A chi-squared (i.e. Q-test) test was used to assess 

between-study heterogeneity for each outcome measure using α = 0.10 as the criterion for 

statistical significance [44]. The results are reported as the pooled estimates, corresponding 

95% confidence interval and associated P-value for the test of significance. All analyses 

were performed using SAS 9.1 (Cary, NC).

Results

Studies identified

The initial literature search identified 24 references which appeared to fulfil the inclusion 

criteria and were requested in full. After further scrutiny, 15 were rejected and 10 included 

for further analysis [30, 31, 34–39, 45, 46]. One article by Smith et al. [45] was 

subsequently excluded from the systematic review because patients with a length of stay >28 

days were excluded from its study population, and therefore the sample may not have been 

representative of the target sample. The study of Jester et al. [46] was excluded from the 

review because it described only retrospective fitting of STRATIFY to a small sample of 

patients admitted with hip fracture.

The eight studies included in the systematic review are set out in Table 1. The references not 

included, along with the reasons for rejection, are listed as supplementary references [S1–

S30], available at Age and Ageing online. The search also identified three systematic 

reviews on falls risk assessment [24, 28, 29] already cited in the Introduction.

The key features of these eight studies are set out in Table 1. Several papers reported more 

than one validation cohort within the reported study [30, 38, 39]. In addition, several 

included articles [30, 34–36, 37, 39] reported the predictive ability of STRATIFY for more 

than one ‘cut-off’ score.

Although the predictive validity data for all these included studies have been described, not 

all were eligible for inclusion in final meta-analysis. From meta-analysis, we excluded 

Papaiaoannou [35], Vasallo [31] and Chiari [38], as they included clinically heterogeneous 

populations including younger adult acute and surgical patients. In addition, the two 

validation cohorts reported in [30] in the original STRATIFY paper were also excluded from 
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meta-analysis as they used ‘falls’ rather than patients who fell (‘fallers’) as the basis for 

predictive validity, in contrast to all identified studies. Table 3 summarises predictive validity 

analyses for these four papers. The meta-analysis was conducted with data where a cut-off 

score of 2 was used. The methods used for dealing with statistical heterogeneity were 

contingent on the results and so are reported below. All four of the studies included in the 

meta-analysis (Coker [34], Haines [36], Hill [37] and Milisen [39]) incorporated geriatric 

rehabilitation patients exclusively. Table 2 summarises the predictive validity for each cohort 

and the meta-analyses. The populations in [35], [31] and [38] were heterogeneous, and 

Papaioannou, Coker, Hill and Haines all reported results using more than one STRATIFY 

score cut-off.

Predictive validity for hospital inpatient fallers

The key operational properties for each prospective cohort study are summarised in Table 2. 

For predicting fallers, SENS varied from 42.9% [37] to 76.9% [36]. SPEC varied from 

43.2% [37] to 59.0% [39]. PPV varied from 12.5% [37] to 29.9% [34, 36]. NPV varied from 

80.0% [37] to 93.0% [39]. The original STRATIFY validation cohorts [30] report 

considerably better predictive ability, but in these cohorts completion of the STRATIFY 

score was performed weekly, and analysis of predictive validity was performed for falls in 

that week rather than for fallers. TPA varied from 43.2% [37] to 60.0% [39]. The operational 

properties varied widely between populations and cut-off scores employed.

Meta-analysis of predictive validity for fallers in inpatient geriatric rehabilitation

The four studies pooled for meta-analysis [34, 36, 37, 39] were clinically homogeneous in 

terms of age and settings. However, the Q(df = 3) test for heterogeneity was significant for 

SPEC, PPV and NPV (P < 0.01), but it was not significant for SENS (P = 0.36). Because the 

test for heterogeneity was statistically significant for three of the four estimates, we conclude 

that sufficient between-study heterogeneity was present to warrant using a random-effects 

model. Based on the random-effects model using STRATIFY to predict inpatient falls, 

pooled estimates (95% CI)were 67.2 (60.8, 73.6) for SENS, 51.2 (43.0, 59.3) for SPEC, 23.1 

(14.9, 31.2) for PPV and 86.5 (78.4, 94.6) for NPV.

Discussion

The idea of using a falls prediction tool to target inpatients for fall prevention strategies is an 

attractive one to organisations and clinicians. Tools have frequently been used both in 

research and ‘real life’ intervention programs, with the STRATIFY tool being widely 

adopted. The current study summarised the predictive validity of STRATIFY in predicting 

patients who would fall (rather than falls as discrete events) in eight published studies using 

variously scores of 2 or 3 as the ‘cut-off’ for prediction and also in one published study [30] 

describing two validation cohorts where ‘falls’ rather than ‘fallers’ were the event predicted. 

The operational properties of the tool varied considerably according to population and 

setting. In particular, PPV and NPV were dependent on the prevalence of the index condition 

(in this case falls) in the population. Furthermore, elements of the STRATIFY score (e.g. 

agitation, gait instability, previous fall) might vary in prevalence between different inpatient 

populations (e.g. acute, rehabilitation or mental health). Four of the included studies were 
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pooled for meta-analysis though the pooled specificity and positive predictive value in 

particular were only modest, making the tool of doubtful utility in accurately identifying 

potential fallers for preventative interventions.

The initial publication in 1997 of the STRATIFY score by Oliver et al. [30] showed very 

high SENS, SPEC and NPV for falls as discrete events in two UK hospital populations of 

mixed acute/rehabilitation geriatric patients, though much lower PPV. These findings were 

strengthened by a subsequent systematic review [24] comparing it favourably to other tools 

and in a head-to-head comparison with another tool in one cohort of patients [31]. 

STRATIFY showed a higher ease of completion, inter-rater reliability and predictive 

validity. Collectively, these studies and the simplicity of STRATIFY implementation (five 

‘yes’ or ‘no’ items with unweighted 0–5 scoring and no need for specialised clinical 

assessment) have influenced its adoption in the clinical realm. However, the original 1997 

study [30] reported the validation of STRATIFY in predicting falls rather than fallers and 

was in settings and populations similar to those in which the tool had initially been 

developed. Such tools always run the risk of being less powerful when translated to other 

settings, reducing their external validity.

This study reports the first published meta-analysis of a hospital falls risk prediction tool in 

the geriatric rehabilitation population. The search strategies, inclusion criteria and 

abstraction of data adhered to recognised methodological standards. There were inherent 

methodological problems. Firstly, despite the large number of studies initially identified, 

only a small number actually reported the data in a way which made inclusion for further 

analysis possible. Secondly, we were forced to exclude the paper [30] reporting the initial 

development and validation cohorts for the reasons outlined. Thirdly, we analysed published 

aggregated data rather than individual patient data.

The findings of the current study have important implications for clinical practice. First, any 

falls risk prediction tool should be validated in the setting and population (or similar) in 

which it is to be used. Secondly, even where high NPV or SPEC values may lead to 

reasonable reassurance that some patients are at low risk of falls, if PPV is low, then there is 

a risk that falls interventions will be poorly targeted with most patients being deemed ‘high 

risk’. Third, some components of STRATIFY (e.g. agitation, gait instability, urinary 

frequency) are not static but may vary from day to day, making a ‘one off’ risk assessment of 

dubious value. Fourth, we know that in elderly inpatient populations, ~50% of falls occur in 

patients who have already fallen once, so that this ‘index’ fall should trigger assessment and 

intervention [1, 3]. Perhaps it would be better to assess all admitted patients for reversible 

falls risk factors and make a treatment and risk minimisation plan for each of these, and then 

use each subsequent fall as a trigger for reassessment of risk. Staff and organisations should 

be made aware of the limitations of risk assessment tools and not seduced by the 

attractiveness of an ‘off the shelf’ solution to the problem of falls. Indeed, if we examine the 

higher quality and most successful falls intervention trials in the literature, they have not 

tended to rely on formal risk prediction but rather use post-fall assessment and identification 

and treatment/risk minimisation plans for common risk factors in every patient [47–50].
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The idea of a falls risk prediction tool which can be adapted and validated for each patient 

population remains of interest, as does the comparison of falls prevention strategies with and 

without an element of formal risk assessment, or at least a more rigorous analysis of the 

relative benefit from various components in the ‘black box’ of multifaceted falls 

interventions (which may include the use of falls risk assessment tools). However, the 

operational limitations of such tools in daily practice need to be fully considered. Future 

research should seek to minimise operational limitations when validating or implementing a 

falls prediction tool and should determine the predictive validity of the tool in the setting and 

population of interest, including more than one cohort of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

• Falls are the commonest safety incident in hospital.

• Prevention strategies often employ prediction tools.

• STRATIFY (a five-point score) has been subjected to the most independent 

validation studies and compares well with other tools on speed, adherence and 

reliability.

• A systematic review identified nine high-quality independent validation 

cohorts.

• Although high values were reported for specificity and negative predictive 

value, sensitivity and positive predictive value were generally too low to make 

the use of such a tool (or similar ones) operationally useful in falls prevention 

in hospital.
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Figure 1. 
Flow chart for considered and included studies
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Table 2

Summary of predictive validity analyses for studies included in the systematic review but excluded from 

pooling for meta-analysis, as not geriatric rehabilitation settings

Studya SENS(95% CI) SPEC(95% CI) PPV(95% CI) NPV(95% CI)

Papaioannou [35] 91 (77, 97) 49 (45, 53) 9.4 (7, 13) 99 (97, 100)

Vassallo [31] 68 (47, 84) 66 (57, 74) 28 (18, 42) 91 (83, 96)

Chiari [38] 19 (11, 32) 88 (85, 89) 6 (4, 12) 96 (95, 97)

Oliver [30] (Cohort 1)b 93.0 (84., 98) 88 (36, 91.0) 62 (52, 71) 98 (96, 99)

Oliver [30] (Cohort 2)b 55 (43, 66) 88 (84, 90) 48 (38, 60) 90 (86, 93)

a
Whereas more than one cut-off score is reported in the original paper, cut-off with best predictive accuracy is reported in this table;

b
Oliver reported predictive validity analysis for falls as individual events rather than patients who fell (fallers).
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