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Introduction: This study aims to address significant gaps in fall risk assessment among older adult individuals, using a methodological approach to develop and validate effective instruments.

Objective: To establish the objectivity and reliability of the Battery for Fall Risk Assessment in older adult people - BARQ.

Methodology: This descriptive, cross-sectional, exploratory study started with a preliminary version of BARQ, based on the Comprehensive Falls Risk Screening Instrument—CFRSI. The following variables were included: Fall History and Adverse Events (FH), Medication Use (MU), Home Safety (HS), Balance (Ba), Mobility (Mo), and Visual Acuity (VA). BARQ was administered to 136 older adult participants (X̅ = 70.3 ± 7.20 years) by two assessment teams (∝ and β), at three different times, to examine instrument reliability and objectivity. Statistical analyses included Pearson’s correlation, Cronbach’s alpha coefficient, Student’s t-test, and Hedges’ g.

Results: Intra-rater and inter-rater correlations were significant for mobility (r = 0.90 and r = 0.88, respectively; p < 0.01) and visual acuity (r = 0.86 and r = 0.87, respectively; p < 0.01). Cronbach’s alpha coefficients indicated nearly perfect reliability for mobility (0.97) and visual acuity (0.96). No statistically significant differences were found in intra-rater assessments (p ranging from 0.11 to 0.55) and inter-rater assessments (p ranging from 0.37 to 0.55). Hedges’ g test showed medium effect sizes for the overall fall risk index between S1 and S2 (g = 0.39) and small to medium for other variables.
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1 Introduction

Alongside cardiovascular, gastrointestinal, neurological, emotional, and respiratory diseases, falls among older adult individuals represent one of the primary health hazards leading to hospitalizations in this population GBD (1). Several factors increase the risk of falls in older adult people, such as advanced age, low educational attainment, polypharmacy, malnutrition, living alone, urban residency, smoking, and alcohol consumption (2). Moreover, conditions like heart disease, hypertension, diabetes, stroke, frailty, history of falls, depression, Parkinson’s disease, and pain also contribute to higher incidence of falls among older adult individuals (2). Conversely, higher education has been identified as a protective factor against falls among the older adult (2). According to Jaul and Barron (27), aging is a universal but non-uniform process. Awareness of age-related physiological changes such as reduced visual and auditory acuity, slower reaction times, and impaired balance can prepare patients and caregivers to manage risks, make informed decisions, and possibly prevent falls and medication-related adverse effects (27). According to Xing et al. (28), the research on identifying the pathogenic factors of falls caused by balance disorders in the older adult is a premise and foundation for identifying, evaluating, and controlling dysfunctions and loss of independence. From 2000 to (1), falls in the gerontological group accounted for 60.4% of hospitalizations (3), highlighting a significant public health issue and substantial healthcare costs in this area. Given these data, the study of falls among older adult people assumes increasing importance proportional to the progressive growth of this population. Among the older adult, falls not only cause injuries but also fatalities. Globally, nearly 37.3 million falls receive medical treatment in hospitals each year. Additionally, there are 646,000 catastrophic falls resulting in death, with individuals over 65 years old experiencing the majority (4). Approximately 30% of older adults experience at least one fall annually, a trend expected to increase to over 40% among individuals over 70 years old (5). It has been reported that about 25% of older adult patients who experience a fall will have at least one more fall event within 6 months (6).

One type of fall with a higher incidence is Falls from Standing Height (FSH), representing 67.1% of the total reported (7). There are various types of FSH, which can be classified according to the cause, mechanics, or consequence of the fall: lateral falls onto the arm or elbow, where the older adult fall sideways, can occur due to loss of balance or tripping. In a fall onto the arm, the impact is absorbed by the arm and shoulder, whereas in a fall onto the elbow, the impact is absorbed by the elbow and forearm; forward falls, where the older adult fall forward, can occur due to tripping, imbalance, or vision problems; backward falls, where the older adult fall backward, can occur due to dizziness, fainting, or neurological problems; falls from a lying position, where the older adult fall from a bed or chair to the floor, can occur due to mobility issues, instability when getting up, or inattention; and multidirectional falls, where the older adult fall without a defined direction, can occur due to a sudden loss of balance.

The causes of falls, and consequently their risk factors, are of intrinsic nature (age, gender, functional capacity, chronic diseases, gait disorders, prior history of falls, or psychocognitive dysfunctions), according to Minta et al. (8), or extrinsic nature (environment and medications used), according to Poh and Shorey (9). Therefore, instruments to assess the risk of falls in older adult individuals need to be multifactorial to encompass all involved variables.

The starting point for establishing a methodology to assess the risk of falls in older adult individuals originated from the study by Fabre et al. (10), which established an algorithm to identify variables present in previously published studies. Based on this study, the Fall Risk Assessment Battery for older adult Individuals (BARQ) was developed, which is the focus of the present article.

Considering the above, this article aims to establish the objectivity and reliability of the BARQ.



2 Methodology

This study was structured as a descriptive, cross-sectional, and exploratory study, aiming to explore areas with limited prior information or issues with limited scientific evidence (11). Additionally, a methodological approach was adopted to explore scientific methods involving the creation, validation, and evaluation of instruments (12), using the Delphi technique to ensure the scientific validity of the instrument (13).

The initial phase of the study involved the development of a preliminary version of instruments to assess the components of fall risk in the older adult, based on the Comprehensive Falls Risk Screening Instrument (CFRSI) (10). This stage included a literature review in databases such as Web of Science, Scopus, SciELO, EMBASE, Cochrane Library, LILACS, and PubMed, using descriptors: Falls risk assessment, Geriatric assessment, Balance assessment, Gait analysis, and Fall prevention. The results were analyzed using the Brainstorming technique (14), conducted by researchers from the Laboratory of Human Motor Science—LABIMH, culminating in the Fall Risk Assessment Battery for older adult Individuals (BARQ).

It was decided that the BARQ should initially cover the following variables: History of Falls and Injuries (HFI), Medication Use (MU), Home Safety (HS), Balance (Ba), Mobility (Mo), and Visual Acuity (VA). For the first three variables, the CFRSI questionnaires were adapted and supplemented.

The HFI included nine questions addressing: occurrence of falls in the past 3 years, specifying if any occurred in the last 12 months; difficulties walking; presence of arthritis; drug reactions; purchasing medications from the same pharmacy; need for corrective lenses and ophthalmological follow-up.

The MU, composed of four questions, examined: whether the individual takes prescribed medications; occurrence of side effects; description of these effects; the quantity and types of medications used. Participants were asked to bring the medication packages to ensure the accuracy of the responses. Medications were categorized by trade name, active substance, and medicinal effect, with the classification done by a pharmacist and a physician.

Finally, the HS, with 12 questions, aimed to assess home safety for the older adult, identifying potential risks of falls and accidents. The questions included aspects such as the presence of handrails on stairs, adequate lighting, grab bars in the bathroom, non-slip mats, and the organization of the environment.

The variables Balance, Mobility, and Visual Acuity were assessed using established classical tests, namely: Functional Reach Test (15), Expanded Timed Up-and-Go (ETUG) (16), and the Snellen Chart (17), respectively.

The full formulation of the BARQ can be seen at: https://abrir.link/MLdHn.

Based on the consideration of the raw values and their geometric mean, the formula for the General Fall Risk Index (GFRI) was derived, also available at the aforementioned link.

To evaluate the reliability (intra-rater error, using the test–retest method) and objectivity (inter-rater error, through agreement between observations) of the instrument, the BARQ was applied to the same Reference Group (RG) by two different teams of assessors: team alpha (∝) collected data in week 1 (S1) and the subsequent week, S2, to ascertain intra-rater error, assessing the reliability of the battery.

Team beta (β) applied the BARQ to the RG in the third week (S3) to evaluate inter-rater error, allowing the assessment of objectivity. Both teams were homogeneous, comprising three assessors each, all with master’s or doctoral degrees and experience working with older adult individuals.

The RG consisted of 136 older adult volunteers (mean age = 70.3 ± 7.20 years), all participants in community groups from the states of Sergipe and Bahia (Brazil). Participants were randomly selected after verifying inclusion criteria (being over 60 years old, volunteering for the study) and exclusion criteria (contraindication in the Revised Physical Activity Readiness Questionnaire: r-PARQ or failure to complete the three evaluation sessions).

The study was conducted in full compliance with Law n°: 14,874, of May 28, 2024 (18), and the Declaration of Helsinki (19), with all participants signing the Informed Consent Form (TCLE). The project was submitted to the ethics committee of Tiradentes University and approved under opinion n°: 6,847.94, of May 24, 2024, in the project of CAAE n°: 26524719.4.0000.5371.

To ensure the analysis of the objectivity and reliability of the BARQ, a thorough statistical procedure was applied using SPSS 22.0 for Windows (IBM Corp., Armonk, NY, United States). Initially, a descriptive analysis was conducted to characterize the studied sample. Descriptive statistics, such as means, standard deviations (SD), and frequencies, provided an overview of the collected data, allowing an initial understanding of the sample’s main characteristics.

To evaluate the association between measurements obtained by the same assessors and by different assessors, Pearson’s test was used. The internal consistency of the measurements was verified using Cronbach’s alpha. To assess differences in intra-rater and inter-rater measurements, Student’s t-test was applied. Additionally, Hedges’ g test was employed to verify the effect size in measurements performed by the same and different assessors.

A significance level of p < 0.05 was adopted for all statistical inferences. This standard is commonly accepted in scientific research and indicates a 5% probability that the observed results are due to chance, providing a high degree of confidence in the study’s findings.



3 Results

The presentation of the results will begin with the characteristics of the Reference Group (RG), as shown in Table 1.



TABLE 1 General characteristics of the reference group.
[image: Table1]

Results in Table 1 demonstrate that the sample group is homogeneous in terms of age, which ranges from 60 to 87 years. However, the sample is heterogeneous concerning medication use, fall history, and home safety, as reflected by the high standard deviation. This variability is explained by the significant differences in medication use and the number of falls in the past year.

Table 2 shows the descriptive characteristics of the data obtained in the three assessments to determine reliability (intra-rater error, using the test–retest method) and objectivity (inter-rater error, through agreement between observations) for the three tests performed on the general index calculated. Except for the GFRI, it can be observed that the evaluations in intra-rater measurements were higher than in inter-rater evaluations.



TABLE 2 Descriptive characteristics of the data obtained in the sample at three evaluation moments.
[image: Table2]

Table 3 displays the data gathered from the reference group (RG) at three evaluation points: α/S1, α/S2, and β/S3. These data were analyzed using Pearson’s correlation, and, complementarily, the Intraclass Correlation Coefficient (ICC) was calculated to provide a more comprehensive assessment of reliability and objectivity.



TABLE 3 Statistical significance of reliability (intra-rater correlation ∝/S1 x ∝/S2) and objectivity (Inter-Rater Correlation ∝/S2 x β/S3).
[image: Table3]

The results presented in Table 3 suggest strong reliability and consistency in both intra-rater and inter-rater evaluations, particularly in mobility and visual acuity assessments. The balance measures show varied degrees of correlation but remain statistically significant, indicating some level of consistency. The General Fall Risk Index also shows notable reliability between evaluation moments.

Table 4 presents the Cronbach’s alpha index results for the studied variables, assessing their internal reliability. This index verifies the consistency of scales and questionnaires. In this study, it is used to analyze the accuracy of mobility, balance, visual acuity, and fall risk assessments, ensuring the validity of the results obtained.



TABLE 4 Cronbach’s alpha internal reliability and consistency index for studied variables.
[image: Table4]

Table 4 highlights the high internal reliability of the studied variables. The mobility (Mo) and visual acuity (VA) variables presented Cronbach’s alpha indexes of 0.97 and 0.96, respectively, indicating almost perfect reliability. The balance (Ba) and the General Fall Risk Index (GFRI) also showed good consistency, with substantial indexes of 0.75 and 0.79, respectively.

Table 5 presents the results of the Student’s t-test used to verify the statistical significance of the differences observed in both intra-rater and inter-rater evaluations. The analysis of these results will allow assessing whether the discrepancies in evaluations conducted by the same or different raters are statistically relevant, directly impacting the consistency and reliability of the obtained data.



TABLE 5 Evaluation of statistical significance of intra-rater and inter-rater differences.
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Table 5 reveals that the absence of statistically significant differences between evaluations, both intra-rater and inter-rater, indicates the homogeneity of the results. This suggests consistency and uniformity in the conducted measurements, strengthening the reliability of the evaluations and the robustness of the obtained data.

Finally, Table 6 presents the difference between measurements performed at different times and by different raters, aiming to determine the effect size using Hedges’ g test. This test was chosen because it adjusts for sample size, providing more precise estimates, especially in studies with smaller samples. Balance, mobility, visual acuity, and the general fall risk index were evaluated among the investigated variables.



TABLE 6 Effect size analysis using hedges’ g test in conducted measurements.
[image: Table6]

The Table 6 highlights that, between moments S1 and S2, the general fall risk index showed the largest medium effect size (g = 0.39). In the comparison between evaluators alpha and beta, visual acuity (g = 0.21) was the only variable with a medium effect size (Table 6). This is positive in a validation study, as small effect sizes indicate greater reliability and objectivity, demonstrating that the assessment instrument or method provides consistent and precise results over time and across different evaluators. It is important to note that there were no large effect sizes, reinforcing the reliability of the obtained results.



4 Discussion

The characterization of the sample, composed of 136 older adult individuals with an average age of 70.3 ± 7.20 years, revealed a demographic profile relevant for fall risk studies, such as Beretta et al. (20). The heterogeneity in terms of medication use, fall history, and home safety, reflected in high standard deviations, suggests significant variability in risk factors, corroborated by other similar studies (2, 21).

The results of the reliability and objectivity analysis of the BARQ are notable. The intra-rater correlations for mobility (r = 0.90, p < 0.01) and visual acuity (r = 0.86, p < 0.01) demonstrate high consistency of results when evaluated by the same individual at different times, values compatible with studies of a similar nature, such as Almeida Lima et al. (22) and Chardon et al. (23). Inter-rater consistency also showed significant results, with correlations of r = 0.88 (p < 0.01) for mobility and r = 0.87 (p < 0.01) for visual acuity. These results are congruent with studies by Lovie-Kitchin (17) and Spranger et al. (1), which emphasize the importance of repeatability and agreement among observers in clinical assessment.

The internal consistency analysis through Cronbach’s Alpha Index recorded high values for mobility (0.97) and visual acuity (0.96), indicating near-perfect reliability. The values for balance (0.75) and the general fall risk index (0.79) were substantial, aligning with the standards suggested by Quinn et al. (24) and validating the internal robustness of the instrument.

The absence of statistically significant differences in intra-rater (p ranging from 0.11 to 0.55) and inter-rater (p ranging from 0.37 to 0.55) evaluations suggests that BARQ maintains homogeneity in measurements. This finding aligns with existing literature where reliability tested by similar methods resulted in stable and precise data over time (25).

Effect sizes measured by Hedges’ g revealed medium indices for the general fall risk index between S1 and S2 (g = 0.39) and small to medium effects for other variables, indicating that BARQ has adequate sensitivity without large variations in measurements. This is a positive finding, as smaller effect sizes are indicative of greater consistency and precision (26).

The results of this study are highly relevant to gerontology and public health. The high reliability and objectivity of BARQ suggest that this instrument can be efficiently employed in both research and clinical practice. The application of BARQ can enable early detection of fall risks, facilitating preventive interventions that can significantly reduce the incidence of falls, consequently improving the quality of life and safety of the older adult.

Moreover, the use of BARQ in public health programs can inform the formulation of public policies aimed at fall prevention. Evidence-based strategies, such as the use of validated instruments, are crucial for resource optimization and the promotion of healthy and safe aging. Therefore, the findings of this study not only validate the efficacy of BARQ but also reinforce its importance as an assessment tool in the context of older adult health.



5 Conclusion

The detailed analysis of the data presented in this study robustly confirms the high reliability and objectivity of the Battery for Assessing the Risk of Falls in older adult People (BARQ). The consistency of intra-rater evaluations and inter-rater correlations indicates a reliable and valid tool for determining fall risk in the older adult.

The results showed significant intra-rater correlations, especially in the variables of mobility (r = 0.90, p < 0.01) and visual acuity (r = 0.86, p < 0.01), indicating high consistency and therefore reliability in evaluations conducted by the same evaluator at different times. In terms of objectivity, inter-rater correlations were also high, with mobility presenting r = 0.88 (p < 0.01) and visual acuity r = 0.87 (p < 0.01). These mathematical indicators reflect the uniformity and precision of the data obtained by BARQ.

The Cronbach’s Alpha Index demonstrated high internal reliability, with the variables of mobility (Mo) and visual acuity (VA) showing extremely high indices of 0.97 and 0.96, respectively, indicating near-perfect reliability. Balance (Ba) and the General Fall Risk Index (GFRI) also showed good consistency with substantial indices of 0.75 and 0.79, respectively. These values are clear indicators that the scales and questionnaires used in BARQ are coherent and precise.

Additionally, the results of the Student’s t-test did not show statistically significant differences between intra-rater evaluations (p ranging from 0.11 to 0.55) and inter-rater evaluations (p ranging from 0.37 to 0.55), suggesting that the measures are homogeneous and reliable over time and across different evaluators.

Effect sizes measured by Hedges’ g showed that between moments S1 and S2, the general fall risk index presented a medium effect size (g = 0.39), while in the comparison between alpha and beta evaluators, visual acuity presented g = 0.21. These small to medium effect sizes corroborate the stability of the results, indicating that BARQ is consistent and precise over time and between different evaluators.

The significance of these findings for gerontology is considerable, as a reliable instrument like BARQ allows for the accurate identification of fall risks in the older adult, one of the main causes of morbidity and mortality in this age group. The efficient application of BARQ can guide more effective clinical and rehabilitative interventions, improving the safety and quality of life of the older adult.

Furthermore, these results form a solid foundation for the formulation of public policies aimed at older adult health. The use of BARQ in public health programs can assist in the early detection of risks and the implementation of preventive strategies to reduce falls, resulting in less strain on healthcare systems and long-term care, and promoting healthier and safer aging for the older adult population.

Thus, the study fully achieves its primary objective by establishing the objectivity and reliability of BARQ, positioning this tool as essential for clinical practice and public health, as well as gerontological research.
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