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Abstract

Purpose: To develop and validate a prognostic model for prediction of
recurrent falls in elderly patients.

Methods: All fallers visiting the emergency department (ED) of an aca-
demic medical center between 2004 and 2010 were requested to fill in the
CAREFALL Triage Instrument questionnaire. We selected candidate fall
risk factors for inclusion in the model based on univariate logistic regres-
sion analysis. The primary outcome measure was recurrent falls, defined
as having 2 or more falls in the last 12 months. We obtained the model
by multivariate logistic regression with backward stepwise variable se-
lection. We validated the model’s predictive performance in terms of dis-
crimination, calibration and accuracy in three ways: internally by boot-
strapping; prospectively on the dataset collected after 2009; and exter-
nally on data from the Dutch-Network-of-Fall-Clinics collected between
2005 and 2012.

Results: Out of 2259 patients, 875 (39%) patients had recurrent falls. The
final model included the variables: age, mobility problems, fear-of-falls,
and precipitating symptoms. The AUC was 0.75 (95% CI: 0.70-0.79) for
internal, 0.74 (CI: 0.64-0.84) for temporal validations and 0.70 (CI: 0.65-
0.76) for the external validation. The Brier skill score for the internal and
external validation was 0.17 and 0.08. The calibration graph showed ac-
ceptable calibration but tended to overpredict falls for probabilities >80%.

Conclusions: The identified predictors of recurrent falls are easily ob-
tained and yield a model with fair discrimination and acceptable calibra-
tion. Such a model has the potential to be used in the clinic or in a self-
assessment tool designed to support elderly patients in making decisions
pertaining to fall prevention.

6.1 Introduction

F
alls occur frequently in older ages and have many adverse health con-
sequences for the elderly population. Approximately thirty percent of
persons of 65 years or over fall once a year and up to 20% fall two
or more times [1, 2, 3, 4, 5]. These percentages increase with age and
progression of disablities. Approximately 25% of the fallers consult

an emergency department or a primary care physician due to a fall [6]. Falls
have been shown to lead to substantial loss of quality of life, mobility problems,
loss of independency, fear of falling and even mortality in the elderly popula-
tion [7, 8, 9, 10]. In addition, falls represent a burden on the health care system,
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both financially and quantitatively. A total annual healthcare cost of 474.4 million
euros is attributable to falls in the Netherlands between 2003 and 2007, which
represents 21% of total healthcare expenses due to injuries [10]. Because of falls’
impact on outcome and costs, much effort has been expended in investigating
preventive measures that reduce risk of falling.
Extensive research has identified various risk factors for the complex multicausal
phenomenon of recurrent falling in community dwelling elderly [2, 11, 12, 13, 14,
15]. These include age, mobility and balance problems, orthostatic hypotension,
urinary incontinence, fear of falling and the use of certain medications. Despite
the identification of individual fall risk factors, the prognostic value of the com-
bination of these risk factors is not well understood.
Clinical prognostic models are promoted as helpful tools to estimate an individ-
ual’s risk score. They can be applied in clinical practice for decision making,
patient empowerment and self-assessment and for better counseling [16, 17]. A
general fall prevention advice is regarded as useful by elderly patients, but not
personally relevant or appropriate [18]. Potentially, using patient-specific infor-
mation and individual risk scores can alter this.
Few clinical scoring systems have been developed for assigning risk of recurrent
falling in different elderly populations [3, 4, 19, 20], and for the few available,
there is limited evidence of feasibility and validation. Therefore, the aim of the
current study is to develop a prognostic model for predicting recurrent falling in
the elderly population who sustained an injurious falls leading to visiting the ED,
and internally and externally validate this model.

6.2 Methods

6.2.1 Study design, participants, setting and data source

Data were collected among patients who were 65 years or older and presented
after a fall at the emergency department of the Academic Medical Center in Am-
sterdam (AMC), a 1024-bed tertiary university teaching hospital. All patients
gave written informed consent for the use of the data for research purposes and
the study was approved by the Medical Ethics Committee of the Academic Medi-
cal Center, University of Amsterdam, in the Netherlands. Data collection process
has been described in detail elsewhere [21].
Data from the first cohort were prospectively gathered using the validated CARE-
FALL (Combined Amsterdam and Rotterdam Evaluation of Falls) Triage Instru-
ment (CTI) [22] in the emergency department of the AMC from July 2004 till Jan-
uary 2009. Data from the second cohort for prospective temporal validation of
the model (follow-up set) were collected from 01-2009 to 07-2010. The data for
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the external validation was obtained from the other Dutch fall (outpatient) clin-
ics participating in the Dutch Network of Fall clinics, gathered between 2005 and
2012. The CTI consists of questions to determine patient characteristics, the char-
acteristics of the fall, the number and possible cause(s) of falls sustained in the last
12 months, and (modifiable) fall risk factors (including self-reported medication
use) [13].

6.2.2 Outcome

Our primary outcome measure was recurrent falling, defined as having two or
more falls within the preceding 12 months including the fall for which they vis-
ited the emergency department.

6.2.3 Predictors

Potential risk factors of recurrent falls in the CTI include age (in years), gen-
der, self reported medication, vision problems, urinary incontinence, mood prob-
lems and mobility and balance problems, fear of falling, precipitating symptoms
(i.e. complaints fitting with orthostatic hypotension), alcohol usage, exercise fre-
quency (categorized as daily, three times each week, weekly, monthly or almost
never), and frequency of going outside of the house (categorized as daily, weekly,
monthly and almost never). Weight less than 60 kilograms, vertebral fractures; or
parents having a history of hip fracture (the latest two variables taking the values
of YES/NO) were considered as risk factors for having osteoporosis, which is as-
sociated with falling.
The generic name of the self-reported medications which were reported as free
text were looked up manually, and subsequently linked to the ATC code using a
computer program. This linking was obtained primarily based on the ATC level
two digit code classification, due to a lack of detailed information at more re-
fined levels. Subsequently, the number of different medications in each group
was used.
We scored the number of precipitating symptoms as positive if the patient re-
ported one or more instances of falling with symptoms consistent with these con-
ditions (e.g. during standing up or after emotional experiences score between
0 and 11 points). Impaired vision was scored as positive if the patient could not
read a newspaper, or had significantly poor vision in the last six months or used
reading glasses (score between 0 and 3). Mood problems were scored as positive
if the patient reported decreased pleasure or interest in doing things or living,
or feelings of gloominess (0-2). Mobility and balance problems were scored as
positive if the patient had difficulty with walking, used an aid, had bad balance,
had pain in his or her legs or knees or feels stiffness, or had less feeling in his
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or her feet (0-8). Incontinency of urine was scored if the patient was not able to
hold urine or had to get up 2 or more times during the night to urinate (0-2). The
presence of fear of falling was scored using the Visual Analogue Scale for Fear
of Falling (VAS-FOF). VAS-FOF is based on a scale between 1 and 10 where 1
represents no FOF and 10 represents an extreme FOF. The external validation of
VAS-FOF was described elsewhere [23].

6.2.4 Model development and validation

To inspect the individual risk factors that significantly contributed to the risk of
recurrent falling, we first performed a univariate logistic regression analysis (with
medications described at the ATC-two level) with recurrent falling as the outcome
variable. Potential risk factors with p-values ≤ 0.2 were selected for entering into
the multivariate model. In the multivariate logistic regression analysis we used
backward stepwise elimination of predictors based on using Akaikes information
criterion. Missing data were removed in our analysis.
To provide unbiased estimates for the performance measures we internally vali-
dated the model using the bootstrap method with 1000 bootstrap samples on the
whole dataset. We also performed temporal validation by developing the model
on the first dataset and validating it on the second dataset only. In the final step
we performed an external validation with the dataset originating from the other
fall prevention outpatient clinics in the Netherlands.
We used performance measures to reflect performance aspects of discrimination,
accuracy and calibration. Discrimination (which refers to a models ability to dis-
tinguish recurrent fallers from single fallers) was assessed using the area under
the receiver operator characteristic curve, AUC, which is equivalent to the c-
index. Accuracy (which measures on average how close a prediction of a patients
outcome is to his or her actual outcome) was assessed by calculating the Brier
score and Brier skill score. The Brier score measures the mean squared residu-
als, and the Brier skill score is a normalization of the Brier score when compared
to the Brier score of a non-informative model that provides all patients with the
same average probability of falling. Calibration (measures whether the predicted
probability matches the true probability) was assessed by calibration graphs.
Although odds ratios of predictors are readily available from the final logistic
regression model, it is useful to present the impact of each predictor by show-
ing how much the probability of recurrent falls would change when the value
of a predictor changes. This change is quantified by the average predictive com-
parison, which is the average difference per patient between his/her predicted
probability of the outcome as estimated at two given values of the predictor [24].
For each patient, for the continuous variables we used the difference between the
current value and one greater unit (for example the predicted fall risk of a patient
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aged 70 years was compared to the predicted risk if that patient was 71 years old).
The average is then calculated for all patients. For a binary variable we used the
predictions at their two possible values.
Continuous demographic variables were presented using the mean and the stan-
dard deviation, or the median and the IQR, as appropriate. Proportions of binary
variables are presented as percentages. Differences were tested using standard
statistical tests as appropriate.
Data were analyzed using the R statistical software environment version 2.11.1
(R Foundation for Statistical Computing, Vienna, Austria).

6.3 Results

6.3.1 Baseline characteristics

The whole dataset consisted of 2259 patients with an average age of 77.7 years
(SD: 7.8). Of these, 875 patients sustained two or more falls within one year (39%).
Table 6.1 shows the patient characteristics.

Between January 2009 and August 2010, 1300 patients aged 65 years and older
visited the ED due to a fall. A CTI questionnaire was sent to 995 patients, since
305 patients did not meet the inclusion criteria for receiving the questionnaire.
In total, from the 574 questionnaires returned, 441 patients met the final inclu-
sion criteria for our temporal validation dataset. They had an average age of 77
years (SD: 7.6 years). There were 151 patients that sustained two or more falls
within one year (34%). Table 6.2 shows the patient characteristics in the temporal
validation dataset.
The dataset for external validation consisted of 2437 patients with an average
age of 79.4 years (SD: 7.3). Of these, 1933 patients sustained two or more falls
within one year (79%) with average age of 79.2 years (SD: 6.8). The median and
interquartile range (IQR) of the mobility score was 2 and 4 in single and recur-
rent fallers respectively. These figures for the precipitating symptoms score were
respectively 1 and 2 in single and recurrent fallers. When defining our outcome
variable less conservatively, by considering patients reporting only one fall in the
last twelve months but at the same time indicating that the current fall was not
their first fall as recurrent fallers, then the external validation dataset would in-
clude 2652 patients with an average age of 79.3 (SD: 7.5). In total, 2148 patients
were recurrent fallers (81%). Median and IQR of Mobility score was 2 and 3 in
single and recurrent fallers respectively. Median precipitating symptoms score
and IQR were respectively 1 and 2 in single and recurrent fallers.
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Table 6.1: Baseline characteristics of all patients (in the retrospective as well as
follow-up datasets)

Characteristics Single fallers Recurrent fallers
(n=1384) (n=875)

Age, mean (SD, year)* 76.4 (7.4) 79.7 (7.8)

Sex: male, no. (%)* 472 (34) 228 (26)

Housing situation. no. (%)*
Living independently without assistance 748 (54) 303 (35)
Living independently with some assistance 545 (39) 429 (49)
Assisted living facility and nursing home 60 (5) 103 (11)

No data, no. (%) 31 (2) 40 (5)

Drinking alcohol = Yes, no. (%)* 675 (49) 320 (37)

Incontinence of urine score , median [IQR]* 1 [0-1] 1 [0-2]

Mobility and balance score, median [IQR]* 0 [0-2] 2 [0-4]

Weight less than 60 kilograms. no. (%)* 289 (21) 226 (26)

Doing exercise, no. (%)*
Daily 735 (53) 279 (32)
3 times a week 199 (14) 115 (13)
Weekly 130 (9) 72 (8)
Monthly 7 (1) 7 (1)
Almost never 275 (20) 358 (41)

No data, no. (%) 38 (3) 44 (5)

Depression symptoms/feeling gloomy, median [IQR]* 0 [0-1] 0 [0-2]

Number of medication, median [IQR]* 3 [1-5] 4 [2-6]

SD: standard deviation; IQR: interquartile range; No: number; *: P-value < 0.05.
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Table 6.2: Characteristics of the follow-up cohort (second dataset) used for the
temporal validation of the model fitted on the retrospective dataset.

Characteristics Single fallers Recurrent fallers
(n=290) (n=151)

Age, mean (SD, year)* 75.5 (7.3) 78.3 (7.9)

Sex: male, no. (%)* 108 (37) 45 (30)

Housing situation. no. (%)*
Living independently without assistance 169 (58) 55 (37)
Living independently with some assistance 104 (36) 70 (46)
Assisted living facility and nursing home 11 (4) 17 (11)

No data, no. (%) 6 (2) 9 (6)

Drinking alcohol = Yes, no. (%) 131 (45) 66 (44)

Incontinence of urine score , median [IQR]* 1 [0-1] 1 [0-2]

Mobility and balance score, median [IQR]* 0 [0-2] 2 [0-4]

Weight less than 60 kilograms. no. (%) 65 (22) 38 (25)

Doing exercise, no. (%)*
Daily 163 (56) 45 (30)
3 times a week 39 (13) 23 (16)
Weekly 30 (10) 12 (8)
Monthly 1 (1) 1 (0)
Almost never 52 (18) 59 (39)

No data, no. (%) 5 (2) 11 (7)

Depression symptoms/feeling gloomy, median [IQR]* 0 [0-0] 0 [0-2]

Number of medication, median [IQR]* 3 [2-5] 4 [2-7]

SD: standard deviation; IQR: interquartile range; No: number; *: P-value < 0.05.
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6.3.2 Results of the analysis

Table 6.3 shows the potential risk factors with p < 0.2, as derived from univariate
logistic regression analysis with recurrent falls as outcome. Each of the candidate
predictors were taken separately as the independent variable. The subsequent
multivariate regression analysis, using the result of univariate analysis retained
age, mobility and balance problems, precipitating symptoms and fear of falling as
predictors associated with our outcome. The last two columns of table 6.3 show
the results of the multivariate analysis of the factors retained in the final model.

The predicted probabilities derived from the final model ranged from 0.12-0.97
(interquartile range (IQR: 0.21 0.51)). The AUC was 0.75 (95% CI: 0.70-0.79).
The Brier score and the Brier skill score were respectively 0.195 and 0.17. Fig6.1
shows the model’s calibration graphs. The x-axis represents the predicted proba-
bilities and the y-axis represents the proportion of patients that actually fell. In a
perfectly calibrated model the points in the graph would fall on the diagonal line.

Average predictive comparisons on the probability scale for one unit increase in
age, precipitating symptoms score, mobility and balance problem score, and fear
of falling scale were respectively: 0.006, 0.05, 0.04 and 0.02. This means that, for
example, an increase of one point in the precipitating symptoms score is associ-
ated with an average increase of 5% in the probability of a recurrent fall. Average
predictive comparison on the probability scale for five unit increases in age was
0.032, which means that on average an increase of five years in age is associated
with an increase of 3% in the probability of recurrent falling. The sensitivity,
specificity, positive predictive value and negative predictive value at different
cut-off points are shown in table 6.4.
The predicted probabilities derived from our model that was trained on the dataset
until 12-2008 (first dataset) on the dataset collected during 01-2009 until 07-2010
(second dataset) ranged from 0.11- 0.90 (interquartile range (IQR: 0.17-0.44)), and
the AUC was 0.74 (CI: 0.64-0.84). Fig. 1B shows the model’s calibration graph in
the follow-up dataset, used for only the temporal validation.

6.3.3 External validation

The predicted probabilities derived from our model for the external validation
ranged from 0.48 to 0.98 (IQR: 0.71-0.89). The AUC of the external model was 0.70
(CI: 0.65-0.76). Brier score and Brier skill score were respectively 0.15 and 0.08.
Fig. 1C shows the model’s calibration graph in the dataset used for the external
validation. When considering all patients in the validation set as recurrent fallers
if they indicated that current fall was not their first fall (regardless of when the
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Table 6.3: Odds ratios (ORs) and their confidence intervals (CI) for candidate
predictors retained from the univariate logistic regression analysis for predicting
recurrent falling and, if selected in the final model, in the multivariate logistic
regression analysis when adjusting for the other selected covariates.

Risk factors retained from the OR CI Adjusted OR CI
univariate analysis (p <0.2) from multiple logistic

regression after
backward selection

Age 1.05 1.04 - 1.06 1.03 1.02 - 1.05

Gender (F) 1.46 1.21 - 1.76 - -

Precipitating symptoms 1.48 1.38 - 1.58 1.28 1.19 - 1.38

Mobility and balance problem 1.41 1.34 - 1.47 1.20 1.14 - 1.27

Weight less than 60 kilo’s 1.37 1.13 - 1.68 - -

Doing exercise
Daily Reference Reference - -
3 time a week 1.52 1.16 - 1.99 - -
Weekly 1.46 1.01 - 2.06 - -
Monthly 2.63 0.92 - 7.58 - -
Almost never 3.43 2.78 - 4.23 - -

Vision problem 1.35 1.20 - 1.52 - -

Urinary incontinence 1.65 1.47 - 1.89 - -

Depression symptoms 1.73 1.55 - 1.94 - -

Fear of falling 1.23 1.20 - 1.27 1.12 1.08 - 1.16

Drugs for acid related disorders (A02)$ 1.54 1.25 - 1.89 - -

Laxatives (A06) 1.35 0.95 - 1.93 - -

Vitamins (A11) 1.62 1.17 - 2.23 - -

Antithrombotic agents (B01) 1.21 1.05 - 1.40 - -

Antianemic preparations (B03) 1.90 1.22 - 2.95 - -

Blood substitutes and perfusion solutions (B05) 1.84 0.87 - 3.89 - -

Cardiac therapy (C01) 1.22 0.95 - 1.57 - -

Diuretics (C03) 1.26 1.06 - 1.45 - -

β-blocking agents (C07) 0.88 0.72 - 1.06 - -

Lipid modifying agents (C10) 0.78 0.64 - 0.95 - -

Antibacterials for systemic use (J01) 2.01 1.21 - 3.34 - -

Anesthetics (N01) 2.17 0.82 - 5.47 - -

Analgesics (N02) 1.28 1.11 - 1.47 - -

Antiepileptics (N03) 1.49 1.21 - 1.84 - -

Anti-Parkinson drugs (N04) 1.84 1.22 - 2.78 - -

Psycholeptics (N05) 1.60 1.28 - 1.99 - -

Psychoanaleptics (N06) 1.95 1.41 - 2.71 - -

Other nervous system drugs (N07) 2.20 1.12 - 4.33 - -

Nasal preparations (R01) 1.45 1.05 - 2.01 - -

Ophthalmologicals (S01) 1.68 1.22 - 2.31 - -

$: Anatomical Therapeutic Chemical Classification System; OR: odds ratio;
CI: confidence interval.
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Figure 6.1: Calibration graphs of the prognostic model developed for recurrent
falling in the whole dataset; and validated models in the follow-up dataset (used
for the temporal validation) and the dataset used for the external validation.
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Table 6.4: Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) at different cut-off points

Cut-off (0.6) Cut-off (0.7) Cut-off (0.8) Cut-off (0.9)

N 387 220 94 18
PPV (%) 69 80 79 77
NPV (%) 68 66 64 62
Specificity (%) 91 97 98 99
Sensitivity (%) 31 19 8 1
PPV: positive predictive value; NPV: negative predictive value; N: number of patients.

earlier falls occurred) then the predicted probabilities ranged from 0.55- 0.98 (IQR:
0.74-0.90). In that case, the AUC for the external validation was 0.69 (CI: 0.63-
0.73); the Brier score 0.14 and Brier skill score 0.08.

6.4 Discussion

This study yielded a prediction model for the risk of recurrent falls among el-
derly patients attending the emergency department due to a fall based on four
easily obtained predictors. Higher age, higher mobility and balance problems
score, higher fear of falling score and having a higher number of precipitating
symptoms were associated with higher risk of recurrent falling. Our model had
an AUC of 0.75 for internal, 0.74 for temporal validation and 0.69 for external
validation, which is considered a fair discrimination [25]. However, the model
tended to overpredict recurrent falls at high probabilities (>80%).

6.4.1 Relation to other studies

We found four multifactorial assessment tools focusing on recurrent falling [3, 4,
19, 20] that were developed in a comparable manner using univariate and mul-
tivariate analysis. No internal or temporal validation was performed by any of
these studies. The studies by Woo et al. [20] and Pluijm et al. [4] also found
precipitating symptoms, mobility impairment and fear of falling as risk factors of
recurrent falling. However the definition of the covariates was slightly different.
Woo et al. used only dizziness and ”being afraid that something bad will hap-
pen” in their questionnaire. Clumsiness in walking was used for determining
mobility problems and was significant in the final model. Woo et al, also found
age as risk factor for recurrent falling.
Pluijm et al. [4] used the Tinetti scale of fear of falling and a question about
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feeling dizzy. In the study by Tromp et al. [19] in which they used the same ques-
tions about dizziness, dizziness was not found as predictor for recurrent falling
although functional impairment was. Tromp et al. [19] and Stalenhoef et al. [3]
found different determinants for recurrent falling including: abnormal postural
sway, vision problems, urinary incontinence and low score for handgrip strength
measured using dynamometer.
The AUC in our model was higher than Woo et al. (0.70), Pluijm et al. (0.71) and
Tromp et al. (0.71) but lower than in Stalenhoef et al. (0.79). All of these mod-
els were developed with data that were gathered in community-dwelling elderly
persons. The elderly persons attending our emergency department consisted of
a mix of elderly persons living both in community dwelling or, to a lesser extent,
assisted living facility/nursing home settings.
The PPV and specificity of our model were respectively 80% and 97% for the
probability cut-off point of 0.7. The PPV of our model was higher than Woo et al.
(22.5), Tromp et al. (25) Stalenhoef et al. (71) and Pluijm (56). The specificity was
also higher than Tromp et al. (79), Pluijm et al. (85) and Woo et al. (71) but lower
than Stalenhoef et al. (99).

The systematic review of Scott et al. in 2007 [26] reported on validity and reli-
ability of fall risk assessment tools for fall risk among adults 65 years and over
in different settings such as community, home-support, long-term and acute care
settings. Eleven of the 38 tools studied in this paper are multifactorial assessment
tools that cover a wide range of fall risk factors, and 27 are functional mobility
assessment tools that included measures of physical activity related strength or
balance [26]. Scott et al. note the difficulty of generalizing findings about tools
investigated in specific settings to more general settings. We agree with this ob-
servation, but we note that recurrent falling might imply a distinct population
meriting its own fall risk assessment tools. This is partly due to the fact that there
is an interplay between intrinsic and (sometime accidental) extrinsic factors.

6.4.2 Meaning of the study: possible mechanisms and implica-
tions for clinicians or policymakers

The finding of our study can facilitate providing personalized fall risks to pa-
tients presenting with an injurious fall (i.e., based on their health situation). Such
a model has the potential to be used in a self-assessment tool designed to support
elderly patients in making decisions pertaining to recurrent fall prevention. In
addition, it is potentially useful for patients and their family to recognize indi-
viduals at high risk of recurrent falling. This might help, among other things, to
improve the senior’s awareness and potentially his/her willingness to attend fall
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prevention programs and/or adherence to the therapy. However, future studies
are needed to investigate the actual effect of awareness of fall risk on individual
patient’s decisions.
Another potential use of this model is for identifying individuals at higher risk of
falling for inclusion in research studies related to fall prevention. Such a model
has the potential to be implemented in the electronic patient record (EPR), espe-
cially in the EPR of general practitioners or embedded in decision support sys-
tems to alert clinicians when their patient may be at higher risk of an injurious
fall [27].

6.4.3 Strengths and limitations

In this study we were able to develop and validate a prediction model using
a large dataset from a heterogeneous population of elderly patients visiting an
emergency department due to a fall. In addition, we used not only bootstrap
techniques to internally validate our model but also performed a temporal and
an external validation. Our model also involved a large number of medication
classes that could act as risk factors for recurrent falling. However no medication
class remained significant in the model. This might be caused by the effect of the
mobility and precipitating symptoms scores (including orthostatic hypotension
symptoms) as they may act as overall intermediates for the separate drug-fall
associations [21, 28]. Due to the observational and cross-sectional character of
our study, we were unable to isolate the effects of medications on recurrent falls.
Eighty percent of our dataset for external validation consisted of recurrent fallers.
This population included slightly older patients with higher mobility and precip-
itating symptoms scores than the patients in the development dataset.
The results of the external validation showed that the model’s discrimination (in
both the strict and extended recurrent fallers definition) was still comparable to
the internal and prospective validations. Future studies are needed to validate
the model in other settings than hospitals or other countries.
Finally, although the CTI has been validated for recurrent falls, the risk of recall
bias is still present, due to the relatively large period of one year in which the
elderly patients had to report on the number of their falls [22].

6.5 Conclusion

In conclusion, we present a prediction model based on easily obtained variables
for recurrent falls for a mixed elderly patient population visiting the ED. The
model has both temporal and external validity in which it showed stable behav-
ior. Such a model has potential use in the clinic or as a self-assessment tool de-
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signed to support elderly patients in making decisions pertaining to recurrent fall
prevention.
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