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 Abstract
Background: The aim was to assess the predicting value of the nine-item Berg Balance Scale (BBS-9) for falls among the community-dwelling aged.
Methods: The participants (n=298) were divided according to BBS-9 (range 0-36) to those scoring 0-32 sum points (risk group (RG), n=158) and to those scoring 33-36 (non-risk group (non-RG), n=140). Falls were recorded by fall diaries which subjects were asked to mail to the research assistants (RA) monthly during the 12-month follow-up. The occurrences of falls requiring treatment were collected from the health center and hospital registers during the 12- and 36-month follow-ups. 
Results: During the 12-month follow-up, 271 falls (171 in RG and 100 in non-RG) and 29 falls requiring treatment (22 in RG and seven in non-RG) occurred. During 36 months, there were 98 falls which required treatment (72 in RG and 26 in non-RG). The incidence of falls was higher in RG compared to non-RG (incidence rate ratio (IRR) 1.57, 95% confidence interval (CI) 1.23-2.01) during the 12-month follow-up (p<0.001). Also the incidence of falls requiring treatment was significantly higher in RG than in non-RG during 12 months (IRR 2.82, 95% CI 1.20-6.59, p=0.017) and 36 months (2.56, 1.63-4.01, p<0.001).
Conclusion: BBS-9 with a cut-off score 32/33 is an applicable tool for predicting risk of falls among the community-dwelling aged. Future studies are needed to assess the predicting value of BBS-9 among different age groups in the elderly population..
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Introduction
Falls are a significant public health concern for older adults. The early identification of people at high risk for falling facilitates the provision of rehabilitation treatment to reduce future fall risk. For this, there is a need to find tools predicting the risk of falling (Chiu et al., 2003). 

Only few fall-risk assessment tolls have been tested in more than one study or in more than one setting. Therefore, no single tool can be recommended for implementation in all settings or forl all subpopulations within each setting (Scott et al., 2007). The BBS has found to be considerable and inexpensive tool. Among community-dwelling ambulatory stroke survivors, Berg Balance Scale (BBS) score ≤42/56 was the single best predictor of multiple or injurious falls (Tilson et al., 2012). In the study of Nilsagård et al. (2009), the BBS, use of walking aids and Timed Up and Go Test best identified fallers among subjects with multiple sclerosis. The limitation of the original BBS is a ceiling effect which is often evidenced among the higher-functioning aged (Bogle Thornbahn & Newton 1996; Southard et al., 2005; Muir et al., 2008). A ceiling effect is said to occur when a high proportion of subjects in a study have maximum scores on the observed variable. For example, in the study of Bogle Thornbahn and Newton (1996), the original BBS with a cut-off score of 44/45 demonstrated high specificity but poor sensitivity for predicting who would fall during a 6 months´ follow-up example among 66 independent-living residents in two life-care communities. Furthermore, in the study of Muir et al. (2008), the use of the BBS as a dichotomous scale, with a cut-off score 44/55, was inadequate for the identification of the majority of 210 community-dwelling aged persons at risk for falling during one-year follow-up. Due to ceiling effect, we developed a shorter nine-item BBS (BBS-9). Based on the factor analysis, five tasks of the original BBS with 14 items were removed. A received operating characteristic (ROC) analysis was used to determine the best cut-off score (32/33) for BBS-9 to classify aged people with a fall risk (Hohtari-Kivimäki et al., 2013).

The aim of this three-year prospective study was to assess the predictive value of BBS-9 for falls among the community-dwelling aged.
 
 Material and methods

Subjects
The subjects were derived from the volunteer participants (n=591) of the randomized controlled multifactorial fall prevention intervention study conducted in Pori, Finland (Sjösten et al., 2007). The subjects were 65 years of age or over with good or moderate cognitive abilities (Mini Mental State Examination ≥17), at least one fall during the previous 12 months and ability to walk 10 meters independently with or without walking aids. They lived at home or in sheltered housing. The participants of this study (n=298) included the subjects of the intervention group with no missing items in the baseline data of BBS and possible confounding factors. 
 
Short Berg Balance Scale
The BBS-9 was developed from the original BBS using explanatory factory analysis.The factor analysis of the original BBS produced two factors. The first factor consisted of nine items of the original BBS (sitting to standing, transfers, reaching forward with outstretched arm, retrieving object from floor, turning to look behind, turning 360°, placing alternate foot on stool, standing with one foot in front and standing on one foot). The short version of BBS, BBS-9, was formed from these nine items loading in the first factor. BBS-9 has demonstrated significant correlations with static and dynamic aspects of balance measured with the force platform among the higher-functioning aged. Each item is scored on a 0-4 scale (0 = cannot perform, 4 = normal performance) with the highest total sum score of 36 (range 0-36) (Hohtari-Kiviäki et al., 2012). The receiver operating characteristics (ROC) curves were used to determine the cut-off score of the BBS-9 to classify fall risk, and the highest sensitivity (0.51) and specificity (0.57) (when both presumed to be above 0.50) sum score was within the limit range 32 scores or below (Hohtari-Kivimäki et al. 2013). The participants (n=298) of this study were divided according to BBS-9 to those scoring 0-32 sum points (risk group (RG), n=158) and to those scoring 33-36 (non-risk group (non-RG), n=140).
 


Falls
A fall was defined as an event which results in a person unintentionally coming to rest on the ground, floor, or other lower level with or without loss of consciousness or injury during a 12-month follow-up (Rubenstein et al., 1990; Koski et al., 1996). Falls resulting from extraordinary environmental factors (e.g., traffic accidents and falls while riding a bicycle) were excluded (World Health Organization, 1999).
 
Falls were recorded by fall diaries which subjects were asked to mail to the research assistants monthly during the 12-month follow-up. If a fall diary was not returned at the beginning of the following month, the participant was reminded by telephone. In the case of a fall, the participants were advised to report it as soon as possible by telephone to the RAs who were blinded to the group assignment (Salminen et al., 2009a). The occurrences of falls requiring treatment were collected from the health center and hospital registers by the research assistant for 298 subjects during the 12- and 36-month follow-ups (Salminen et al., 2009b).
 
Other measurements
Age, the number of regularly used drugs, visual acuity, depressive symptoms, time in seconds walking 10 meters, and physical competence were used as potential confounding factors.
 
All participants were asked to take the prescriptions and pillboxes of regularly or irregularly used drugs to the interviews. Drugs were coded using a modified Anatomical Therapeutic Chemical (ATC) coding system. Psychotropic drugs, opioids and strong anticholinergics were determined as fall-risk increasing drugs (FRID), and the use of FRID was categorized into 1. yes and 2. no (Salonoja et al., 2010). All regularly used prescribed medications were recorded by asking the participants and by verifying the information from the medical records at the health center. The amount of these medications was dichotomized into 1. <4 medications and 2. ≥4 medication.

Visual acuity was determined using the tumbling E chart by two measures: far sight with both eyes without eyeglasses/contactlenses and far sight with both eyes with own eyeware. Depressive symptoms were measured by the 30-item Geriatric Depression Scale (GDS) which represents a valid and reliable self-rating scale for depression among the aged (Brink et al., 1982). Depression was defined according to the validated cut-off score; 11 and above indicating a high amount of depressive symptoms (Yesavage et al., 1982; Lesher, 1986).

The participants could carry out the 10 meter walking test with or without walking aids. Walking time in seconds and the amount of steps were recorded. Here only walking time was used. Physical competence was measured with a three-scale question “How do you consider your physical condition to be?” (1. good, 2. average, 3. poor).
 
 Ethics
The study was conducted according to the guidelines of the Declaration of Helsinki. The Ethics Committee of Satakunta Hospital District approved the study protocol. The participants gave their informed consent in a written form.

Statistical analyses
Categorical variables between groups were compared with chi-squared or Fischer´s exact tests. The Mann-Whitney U-test was used to test the differences in continuous variables. Poisson regression was used to compare the incidences of falls during the 12-month follow-up and the incidences of falls requiring treatment during the 12-month and 36-month follow-ups between the groups. The results are expressed using incidence rate ratio (IRR) with 95% confidence intervals (CI). Age, the number of regularly used drugs, visual acuity, depressive symptoms, time in seconds walking 10 meters, and physical competence were considered as possible confounding factors. All other confounding factors, except visual acuity, were related to incidence of falls and were adjusted for in further analyses. 

Firstly, unadjusted IRRs were calculated (model I). Secondly, Poisson models were adjusted only for age (model II) and for age, number of prescribed medications, and depressive symptoms (model III). In model IV, the Poisson model was adjusted for age, number of prescribed medications, depressive symptoms, and physical competence. Age, number of prescribed medications, depressive symptoms, and time in seconds walking 10 meters were used as adjusting variables in model 5. Visual acuity was not used as a confounding factor because it was not associated with the incidence of fall. 

Statistical analyses were performed using the SAS system for Windows, release 9.2 (SAS Institute, Cary, NC, USA). P-values less than 0.05 were considered statistically significant.


Results
Baseline characteristics
A total of 298 participants, aged from 65 to 94 years (mean age 73.5 years), were included in the study. The mean sum score of the BBS-9 was 30.7 ranging from 9.0 to 36.0. Other baseline characteristics of the participants are shown in Table 1. 
 
Incidences of falls according to the nine-item Berg Balance Scale
During the 12-month follow-up, 271 falls (171 in RG and 100 in non-RG) and 29 falls requiring treatment (22 in RG and 7 in non-RG) occurred (Table 2). During 36 months, there were 98 falls which required treatment (72 in RG and 26 in non-RG). 

The incidence of falls was significantly higher in RG compared to non-RG during the 12-month follow-up (p<0.001) (Table 3). Also the incidence of falls requiring treatment was significantly higher in RG than in non-RG during 12 months and 36 months (p=0.017 and p<0.001, respectively). 

The incidence of falls during the 12-month follow-up and the incidence of falls requiring treatment during the 36-month follow-up remained significantly higher in RG compared to non-RG also after adjustment for age (p<0.001 and p=0.002, respectively). After the adjustment for age, number of prescribed medications and depressive symptoms (p=0.034) and for age, number of prescribed medications, depressive symptoms and physical competence (p=0.040) the incidence of falls requiring treatment during the 36-month follow-up was significantly higher in RG compared to non-RG.
 

 
 


Discussion
The results of our previous studies supported the application of BBS-9 with a cut-off score 32/33 in assessing fall risk among community-dwelling older persons (Hohtari-Kivimäki et al., 2012, 2013). According to this three-year prospective study, BBS-9 with a cut-off score 32/33 predicted falls during the one-year follow up and falls requiring treatment during the one- and three-year follow-ups. In addition to BBS-9, confounding factors, such as age, number of prescribed medications, depressive symptoms, 10-meter walk, and self-assessed physical competence were also related to fall risk. Nevertheless, BBS-9 alone or BBS-9 together with age gave a rather reliable estimation of fall risk among the community-dwelling aged.

According to earlier studies, original BBS with a cut-off score of 44/45 was one of the best tools to identify fallers during a three-month follow-up of self-reported falls among 76 people with multiple sclerosis (Nilsagård et al., 2009). Among 408 community-dwelling ambulatory stroke patients BBS score 42/56 was the single best predictor of multiple and/or injurious falls at 2 month post stroke (Tilson et al., 2012). Although the original BBS has been considered to be useful for informing fall risk among the higher- functioning community-dwelling elderly a ceiling effect has often been evident when the original BBS has been used (Southard et al., 2005). For example, among 66 independent-living residents in two life-care communities, the original BBS with a cut-off score of 44/45 demonstrated high specificity but poor sensitivity for predicting who would fall during a 6 months´ follow-up (Bogle Thornbahn & Newton, 1996). Furthermore, in the study of Muir et al. (2008), the use of the BBS as a dichotomous scale, with a cut-off score 44/55, was inadequate for the identification of the majority of 210 community-dwelling aged persons at risk for falling during one-year follow-up. 

In addition to the ceiling effect, the original BBS has been shown to have limitations related to the multifactorial nature of falling (Tilson et al., 2012). According to the study of Tilson et al. (2012), post-stroke fall risk was associated with wide range of characteristics, such as age, greater disability, more prevalent use of an assistive device, and reduced balance, motor function, and walking speed. Post-test probability for multiple or injurios falls was 25% for BBS >42 and 42% for BBS ≤42. The low sensitivity and specificity for predicting multiple or injurios falls reflect the multiple causes of falls and suggest that the measure of balance, although useful, cannot independently account for fall risk (Weerdesteyn et al., 2008). Our study also showed that confounding factors, such as age, number of prescribed medications, depressive symptoms, 10-meter walk and self-assessed physical competence were related to fall risk. On the other hand, analyses also revealed that using BBS-9 alone or using BBS-9 together with age it is possible to have a rather reliable estimation of the fall risk among the community-dwelling aged. The assessment by BBS-9 takes only 13–19 minutes while the original BBS assessment takes 20–30 minutes depending upon the sensory-motor and cognitive function of the aged (Berg et al., 1989). 

The strength of our study was a higher number of participants compared with earlier studies (Bogle Thornbahn & Newton, 1996; Muir et al., 2008; Nilsagård et al., 2009; Tilson et al., 2012) and valid measurements and methods used. There are some limitations which have to be taken into account in interpreting the results. The participants may not be representative of the general aged population because they were volunteers participating in the study on the prevention of falls. Probably because of an opportunistic recruitment the functional abilities of the participants were quite good. Due to this, findings can be generalized only to rather high-functioning aged people. Most of the participants (84%) were women but, on the other hand, more women than men are at risk of falling (Campbell et al., 1990).
 

Conclusions 
According to this study, BBS-9 with a cut-off score 32/33 is an applicable tool for predicting risk of falls among the community-dwelling aged with moderate or good functional abilities. Future studies are needed to assess the predicting value of BBS-9 among different aged populations.
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