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Objectives: This study aims to compare the effectiveness of the Otago Exercise Program (OEP) in fall prevention between generally healthy older adults and those with compromised health conditions, assessing which group benefits more from the intervention.

Design: This meta-analysis evaluated the effectiveness of the OEP in fall prevention among general older adults and older adults with compromised health, including individuals at high risk of falls, cognitive impairment, musculoskeletal disorders, or frailty syndrome.

Methods: A comprehensive search was conducted in Web of Science, PubMed, Scopus, Cochrane Library, and Embase, following strict eligibility criteria. Data extraction, risk of bias assessment, and meta-analysis were conducted to evaluate the effectiveness of the intervention.

Results: Fifteen studies with 1,278 participants were included. The OEP significantly improved balance (WMD = 0.15, 95% CI [–0.05, 0.35]), gait (WMD = 0.49, 95% CI [0.18, 0.80]), and lower limb strength (WMD = 0.84, 95% CI [0.61, 1.07]) in general older adults. The effects were more pronounced in older adults with compromised health, particularly in gait, particularly in gait (WMD = 0.92, 95% CI [0.13, 1.72]) and lower limb strength (WMD = 2.24, 95% CI [1.04, 3.45]). However, the OEP did not significantly improve physical function or upper limb strength in either group.

Conclusion: The OEP effectively improves balance, gait, and lower limb strength, especially in older adults with compromised health. However, it does not significantly impact physical function or upper limb strength. This study has limitations, including potential bias, study heterogeneity, and variations in interventions, which may affect result reliability. A cautious interpretation is needed, and future research should focus on analyzing diverse populations and ensuring adequately sized samples to enhance the reliability of the findings.

Systematic review registration: PROSPERO (CRD42024549302), https://www.crd.york.ac.uk/PROSPERO/view/CRD42024549302.
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1 Introduction

As of 2023, the global population of individuals aged 60 years or older has reached approximately 1.1 billion, with projections indicating an increase to 1.4 billion by 2030 and 2.1 billion by 2050 (1). Falls are the second leading cause of accidental injury deaths globally (2), resulting in approximately 684,000 deaths annually, the majority of which occur among adults aged 60 years or older. Repeated falls can cause serious medical issues in older adults, Mgbeojedo et al. (3) including fractures and physical frailty, Kannus et al. (4) and Liston et al. (5) which may result in increased dependence on family members or assistive devices, fall-related anxiety, high economic costs, extended limitations on activity, and related issues (6, 7). Consequently, falls represent a significant risk to the wellbeing of older adults, highlighting the urgent need for effective interventions to mitigate this risk.

To mitigate the effect of falls among older adults, preventive interventions and education aimed at reducing fall risk are commonly implemented. Diverse exercise programs targeting flexibility, strength, balance, and endurance can improve mobility and physical function in older adults while reducing fall risk and related injuries (8, 9). OEP is a progressive training regimen specifically designed for older adults (10), emphasizing exercises that target balance and strength to reduce fall risk by improving physical stability (11). The OEP is a structured exercise program designed to enhance balance, strength, and mobility in older adults (12). It integrates lower limb exercises, such as single-leg stands and walking, with upper limb strength training, including arm curls, to promote overall functional stability and physical wellbeing (13). These exercises aim to strengthen core and lower limb muscles, improve coordination and reaction time, while enhancing stability during standing and walking (14, 15) By gradually increasing the difficulty and complexity of the exercises, the OEP effectively enhances the physical fitness and daily living abilities of older adults (16). The structured nature of this exercise program not only helps reduce the occurrence of falls but also significantly improves physical function in older adults, effectively lowering the risk of fall-related injuries (17).

However, the effectiveness of the OEP might vary between general older adults and those with compromised health, with existing research yielding inconsistent findings. In general older adults, studies have demonstrated significant benefits of OEP in improving mobility, physical function, and balance (18). Nonetheless, the OEP shows low to moderate certainty regarding its effectiveness in improving balance, mobility, and grip strength in frail or pre-frail older adults (19). The Otago Exercise Program enhances fall efficacy in older stroke survivors and has a positive impact on daily activities and quality of life. However, these effects do not reach statistical significance (20). When the OEP was implemented in individuals with dementia, four out of five participants improved from a higher to a lower fall risk category in at least one functional assessment measure (TUG, 30s-CST, 4-SBT, or BBS) (21). The OEP intervention for osteoarthritis (OA) led to significant improvements in balance, stability, and fall efficacy over six months. However, it did not effectively reduce the incidence of falls or prolong fall-free survival time (22). Other research suggests that the OEP has no significant effect on upper limb strength in older adults (23). These results suggest that the effectiveness of the OEP may vary based on health status, particularly in older adults with poorer health conditions, where the impact of the OEP may be limited. Therefore, this study aims to evaluate the effectiveness of the OEP in preventing falls among general older adults and those with compromised health, providing scientific evidence to optimize targeted intervention strategies.

Most existing research has primarily focused on the general older adult population, with limited comparative analysis of its effects across these two groups. It remains uncertain whether the OEP is more effective in preserving mobility and preventing falls among healthier older adults or in improving physical function and reducing fall risk in those with compromised health. Clarifying these distinctions is essential for refining fall prevention strategies tailored to diverse aging populations. Further research is needed to compare the effects of the OEP between general older adults and older adults with compromised health.

To address this, the present study systematically evaluates the effectiveness of the Otago Exercise Program (OEP) in improving fall-related outcomes and physical function through a meta-analysis, comparing its effects between two distinct groups: (1) generally healthy older adults and (2) older adults with compromised health conditions. Specifically, we examine whether OEP is more effective in preventing falls and enhancing physical function in generally healthy older adults or in reducing fall risk and improving physical function in older adults with compromised health conditions.



2 Methodology

This study is based on the PICOS framework and follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) standards and has been retrospectively registered on the PROSPERO platform (CRD42024549302).

Meta-analysis was conducted using Review Manager (RevMan 5.4) and Stata 18.0. Effect sizes were reported as weighted mean differences (WMD) with 95% confidence intervals (CI), as all included studies measured the same continuous outcomes using a consistent unit of measurement. This approach enables direct comparison of effect sizes without standardization, preserving clinical interpretability and providing a clearer understanding of the intervention's impact. A random-effects model was employed to account for potential heterogeneity, which was assessed using I2 statistic, with I2>50% indicating moderate-to-high heterogeneity.

Potential publication bias was assessed through funnel plots and Egger's regression test (24). To further adjust for potential publication bias, the Trim-and-Fill method was applied (25). This non-parametric statistical method estimates the number of missing studies due to publication bias and imputes them to produce an adjusted overall effect size. The method helps determine whether the observed results are robust even after accounting for potentially missing studies. Data visualization incorporated forest plots to illustrate effect estimates with corresponding 95% CIs for each study, while sensitivity analyses were conducted to evaluate the robustness of the findings.

We conducted subgroup analyses of the Otago Exercise Program (OEP) intervention to examine the effects of session duration and total intervention duration on its effectiveness. This analysis aimed to assess whether variations in intervention length influenced fall prevention outcomes. Due to the limited number of available studies, subgroup analyses based on health conditions (e.g., cognitive impairment, musculoskeletal disorders, and frailty syndrome) were not performed. Future research should consider stratified analyses to further investigate potential differences in OEP effectiveness across these specific health conditions.


2.1 Literature inclusion and exclusion criteria
 
2.1.1 Inclusion criteria

(1) This study included older adults aged ≥ 60 years, categorized into two groups: General older adults: Individuals without chronic diseases, mobility impairments, and with no cognitive impairment (MMSE ≥ 24). (2) Older adults with compromised health: Individuals with at least one of the following conditions-history of falls, cognitive impairment (defined as MMSE < 24, or where MMSE was not specified in the original study), musculoskeletal disorders, or frailty syndrome. Studies were included only if they reported fall-related outcome measures and met predefined selection criteria.



2.1.2 Exclusion criteria

(1) Duplicate publications or redundant studies reporting the same data. (2) Review articles, meta-analyses, or conference abstracts that did not contain original data. (3) Studies lacking extractable data or failing to report relevant fall-related outcomes. (4) Studies with poor methodological quality, as determined by a risk of bias assessment. (5) Studies on the OEP that did not assess fall prevention or fall-related parameters. (6) Studies without a control group, including single-arm intervention studies and observational studies without a comparator. (7) Studies involving hospitalized older adults or those in long-term care facilities, as their rehabilitation settings differ from those of community-dwelling older adults. (8) Studies including older adults with severe health conditions that could significantly limit their ability to participate in exercise interventions, such as advanced neurodegenerative diseases (e.g., late-stage Alzheimer's or Parkinson's disease), terminal illnesses, or severe cardiovascular conditions. The search strategy, inclusion criteria, screening process, and exclusion criteria were established in accordance with PRISMA guidelines.




2.2 Literature search strategy

Searches were conducted in the Web of Science, PubMed, Scopus, Cochrane Library, and Embase databases using the Boolean search terms (“old people” OR “older adult” OR “senior” OR “senior citizen” OR “aged” OR “senior adult” OR “old-age person” OR “older adult”) AND (“Otago exercise” OR “Otago”). The search was conducted up to July 1, 2024. Moreover, the reference lists of included studies were hand-searched to detect any possibly missed studies, and the references of pertinent studies were also traced.



2.3 Literature screening and data extraction

Two researchers performed the literature screening and data extraction. Data extracted from all selected RCTs included: detailed participant information (characteristics, sample size, age, and gender), intervention characteristics (type and frequency), and outcome measures. Balance was measured using the Berg Balance Scale (BBS) (26); physical function was evaluated with the Short Physical Performance Battery (SPPB) (27); gait was evaluated by the 6-Min Walk Test (6MWT) (28); lower limb strength was assessed using the 30-Second Chair Stand Test (30s CST) (29); mobility was evaluated with the Timed Up and Go Test (TUG) (30); and upper limb strength was measured by grip strength tests (HGR, HGL) (31).



2.4 Bias risk assessment of included studies

Two researchers used the Cochrane Handbook for Systematic Reviews of Interventions to evaluate the standard of the selected studies. For each study, judgments were made on the following seven factors: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, missing outcome data, selective reporting, and other bias sources. Each aspect was rated as “Yes” (low risk), “No” (high risk), or “Unclear.” The greater the number of “low risk” ratings, the lower the potential for publication bias and the higher the study quality.



2.5 Statistical analysis

Data were analyzed using Stata 17.0 software, and a meta-analysis was conducted. Heterogeneity of the included studies was tested; if I2 < 50%, the studies were deemed homogeneous, and a fixed-effects model was applied for meta-analysis. If I2≥50%, the studies were considered heterogeneous, and a random-effects model was applied for meta-analysis, along with an analysis of the sources of heterogeneity. Sensitivity analysis and Egger's regression intercept test were used to evaluate the robustness of the results and assess publication bias.




3 Research results


3.1 Basic characteristics of included studies

A total of 440 articles were collected from database searches and other sources, including 159 duplicates and 22 records marked as non-eligible (review articles) by the automation tool (EndNote20). This left 259 studies for further examination. After reviewing titles and abstracts, 176 studies were excluded for not meeting the criteria, leaving 83 studies for full-text review. After reviewing the full text, 15 studies were included in the meta-analysis (Figure 1).


[image: Figure 1]
FIGURE 1
 Screening flowchart.


A total of 15 RCTs included 696 participants in the intervention group and 582 participants in the control group, with a combined sample size of 1,278 participants, ranging from 15 to 160 per study. The participants were older adults aged between 60 and 92 years. Eight studies applied OEP to the general older adult population (14, 32–38), while seven studies applied OEP to older adults with high fall risk, previous fall experiences, cognitive impairment, or certain diseases (11, 39–44). Control group participants engaged in other exercise programs, such as walking (42), gaze stability exercises (GSE) combined with core muscle strengthening (6), or Tai Chi (37), Some control groups received usual care (11, 32–36, 39–41, 43, 44), while others maintained regular activities without any intervention (38). In the intervention group, three studies used a combination of OEP with other interventions: OEP plus core muscle strengthening (6), OEP plus oral nutritional supplements (41), and OEP plus motivational interviewing (32). All other studies used OEP alone, details can be seen in Table 1.


TABLE 1 Basic information of literature.
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3.2 Quality assessment of included studies

The assessment was performed using the Cochrane Risk of Bias Tool, evaluating seven domains: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other biases (45).

The evaluation of quality of the included studies revealed that, although most studies employed sound methods for randomization and concealment of allocation, three studies stated random allocation but failed to provide detailed information on the randomization process (11, 32, 34), and were therefore rated as having a moderate bias risk. One study used hospital admission order as the randomization method (44), and was therefore rated as having a high bias risk. Within the included studies, one was not an RCT (35). There were deficiencies in the implementation of blinding and handling of missing data. Several studies did not implement blinding (11, 14, 32–34, 36–38, 40–43), and were therefore assessed as having a high risk of bias. Two studies implemented single-blinding (39) and double-blinding (35), and were therefore rated as having a low bias risk (Figure 2).


[image: Figure 2]
FIGURE 2
 Risk of bias assessment.


Studies were classified as high, moderate, or low quality using the Cochrane Risk of Bias Tool. Low-quality studies were defined as those exhibiting a high risk of bias in three or more key domains, severe methodological flaws (e.g., non-randomized design, inadequate control groups), or small sample sizes that compromised statistical power. Such studies were excluded to ensure the reliability and validity of the results.

The quality assessment of the included studies confirmed that none met the exclusion criteria for low quality. While some exhibited moderate risk of bias (e.g., unclear randomization, lack of blinding), all adhered to essential methodological standards and were deemed appropriate for inclusion in the meta-analysis.



3.3 Effect of OEP on balance in older adults

Eight studies were included to evaluate the impact of OEP intervention on balance in older adults, using the Berg Balance Scale (BBS) as the assessment metric (Figure 3). Due to high heterogeneity among studies (P = 0.00, I2 = 99.07%), a random-effects model was used for the meta-analysis. The results showed that the OEP program significantly improves balance in older adults [WMD = 2.14, 95% CI (0.54, 3.74), p = 0.00], though the effects varied among different populations. Specifically, the effect was more pronounced in older adults with compromised health [WMD = 0.61, 95% CI (0.23, 0.99)] and in the general older adult population [WMD = 4.35, 95% CI (1.25, 7.46)]. This indicates that populations with poorer baseline balance have greater potential for improvement. The p-value of 0.02 and p < 0.05 indicate a statistically significant difference between the two groups, suggesting that older adults with compromised health showed more significant improvements in balance following OEP intervention relative to the general older adult population. Given the high heterogeneity in the meta-analysis, sensitivity analysis showed that excluding the majority of studies did not notably change the effect size estimates or confidence intervals, indicating the robustness of the meta-analysis results. Egger's regression intercept test showed notable reporting bias (p = 0.002). To further assess the reliability of the findings, the Trim-and-Fill method was applied to identify and adjust for potential publication bias. After imputing the missing studies, the combined effect size was slightly reduced but remained statistically significant, indicating the robustness of the results.


[image: Figure 3]
FIGURE 3
 The impact of the OEP on improving balance in older adults.


This study conducted a subgroup analysis on the effect of OEP intervention duration on balance improvement in older adults (Figures 4, 5). The overall effect size [WMD = 2.14, 95% CI (0.54, 3.74)], indicating a positive impact of OEP on balance ability. Among different intervention durations, the 4 month intervention showed the most stable effect [WMD = 0.86, 95% CI (0.29, 1.43)], whereas the 2–3 month [WMD = 1.32, 95% CI (0.02, 2.61)] and 6 month [WMD = 3.94, 95% CI (–0.21, 8.10)] groups exhibited high heterogeneity, making the results less robust. Interventions with 45 minutes of exercise per session were more effective in improving balance in older adults [WMD = 0.63, 95% CI (0.09, 1.17)], whereas 30-min sessions, although statistically significant [WMD = 2.97, 95% CI (–1.78, 7.71)], had a wider confidence interval including zero, making the effect statistically non-significant. Therefore, it is recommended to consider extending exercise duration in clinical practice to enhance effectiveness.


[image: Figure 4]
FIGURE 4
 Subgroup analysis results for balance.



[image: Figure 5]
FIGURE 5
 Subgroup analysis results for balance.




3.4 Impact of Otago Exercise Program on older adults' physical function

Four studies evaluating the impact of OEP intervention on older adults' physical function used SPPB as the assessment measure. Due to substantial heterogeneity among studies (P = 0.00, I2 = 82.10%), a random-effects model was used for the meta-analysis (Figure 6). The results indicate that OEP has a marginal impact on the overall physical function of older adults [WMD = 0.11, 95% CI (−0.05, 0.35)], with a wide confidence interval that includes zero, making the effect statistically non-significant. The effect on older adults with compromised health [WMD = 0.00, 95% CI (−1.54, 1.54)] and on the general older adult population [WMD = 0.15, 95% CI (−0.05, 0.35)] was also non-significant. This lack of significance may be due to insufficient sample sizes. Future research should increase sample size and diversity to further validate and expand these findings. Given the high heterogeneity, sensitivity analysis was conducted to assess the impact of each study on the overall results. The results indicated that the exclusion of most studies did not significantly alter the effect size estimates or confidence intervals, demonstrating the robustness of the meta-analysis findings. The meta-analysis results were not significantly affected by individual study biases. The Egger's regression intercept test indicated no significant publication bias (p = 0.957). However, the Trim-and-Fill method identified and imputed two potentially missing studies, indicating a certain degree of publication bias. However, after adjusting for these missing studies, the effect size remained statistically non-significant. This suggests that while some publication bias may be present, it is unlikely to have a substantial impact on the overall conclusion.


[image: Figure 6]
FIGURE 6
 The impact of the OEP on improving physical function in older adults.


Subgroup analysis indicated that OEP did not significantly affect the Physical Function of older adults across different intervention durations and session lengths. To better understand the true impact of varying intervention durations, further high-quality, standardized studies are recommended.



3.5 Impact of OEP on older adults' gait

Four studies evaluated the impact of OEP intervention on older adults' gait, using the 6MWT as the assessment measure. Due to substantial heterogeneity among studies (P = 0.00, I2 = 73.72%), a random-effects model was employed for the meta-analysis (Figure 7). The results showed that OEP significantly improved older adults' gait [WMD = 0.71, 95% CI (0.30, 1.11)]. The improvement in gait for general older adults [WMD = 0.49, 95% CI (0.18, 0.80)] was less pronounced compared to the improvement for older adults with compromised health [WMD = 0.92, 95% CI (0.13, 1.72)]. Given the high heterogeneity observed in the meta-analysis, sensitivity analysis revealed that excluding the majority of studies did not substantially alter the effect size estimates or confidence intervals, confirming the robustness of the findings. The Egger's regression intercept test indicated that publication bias was not significant (p = 0.573), suggesting that the results are reliable and representative. The Trim-and-Fill method identified and imputed two potentially missing studies, suggesting the presence of some publication bias. The adjusted effect size remained statistically significant, indicating that while some publication bias may exist, it does not substantially affect the overall conclusions, and the findings remain robust.


[image: Figure 7]
FIGURE 7
 The impact of the OEP on improving gait in older adults.


Through subgroup analysis, it was found that OEP is more effective for older adults who engage in long-term participation (Figures 8, 9). The effect of a six-month intervention [WMD = 0.89, 95% CI (0.05, 1.74), p = 0.00] is superior to that of a 2–3-month intervention [WMD = 0.52, 95% CI (0.22, 0.81), p = 0.86]. These findings suggest that a longer duration of OEP intervention may be more effective in improving gait among older adults, particularly those with compromised health. Clinical practice should consider extending the intervention duration to maximize its benefits and enhance overall effectiveness. For exercise duration per session, 30 min [WMD = 0.49, 95% CI (−0.04, 1.01)] has a broad confidence interval including zero, indicating statistical insignificance; while 45 minutes of exercise per session [WMD = 0.40, 95% CI (0.04, 0.75)] demonstrates a significant positive impact, suggesting that longer exercise duration may be more effective in improving gait in older adults. Although OEP significantly improves gait in older adults, the limited number of included studies necessitates cautious interpretation of the generalizability of these findings. Future research should aim for larger sample sizes and longer intervention durations to provide more robust evidence.


[image: Figure 8]
FIGURE 8
 Subgroup analysis results for gait.



[image: Figure 9]
FIGURE 9
 Subgroup analysis results for gait.




3.6 The impact of the OEP on improving lower limb strength in older adults

Four studies were included to evaluate the effect of OEP intervention on lower limb strength in the older adult, using the 30s CST as the assessment metric. Due to substantial heterogeneity among the studies (P = 0.00, I2 = 91.67%), a random-effects model was employed for the meta-analysis (Figure 10). The results indicate that OEP significantly improves lower limb strength in older adults [WMD = 1.30, 95% CI (0.63, 1.98)]. OEP intervention demonstrates a more pronounced effect on improving lower limb strength in older adults with compromised health [WMD = 2.24, 95% CI (1.04, 3.45)] compared to the general older adult population [WMD = 0.84, 95% CI (0.61, 1.07)]. The statistical significance (P = 0.03, p < 0.05) indicates that the difference in effect size between the two groups is significant, suggesting that older adults with compromised health experience greater improvements in lower limb strength following OEP intervention compared to the general older adult population. Funnel plot analysis indicated potential publication bias in the 30s CST, as evidenced by asymmetry and the presence of imputed studies identified through the Trim-and-Fill method. However, after adjusting for these missing studies, the overall effect size remained statistically significant, suggesting that while some degree of publication bias may exist, it does not substantially affect the robustness of the findings. Egger's regression intercept test indicated that publication bias was not significant (p = 0.545), suggesting that the results are reliable and representative.


[image: Figure 10]
FIGURE 10
 The impact of the OEP on improving lower limb strength in older adults.


Subgroup analysis reveals that OEP significantly improves lower limb strength in older adults (Figures 11, 12), with a more pronounced effect observed in interventions lasting 2–3 months [WMD = 1.66, 95% CI (0.84, 2.47)] compared to those lasting six months [WMD = 0.84, 95% CI (0.50, 1.17)]. These differences suggest that short-term interventions may yield quicker results, while longer interventions might help in consolidating these gains. Regarding the duration of each exercise session, 30-min sessions [WMD = 0.95, 95% CI (0.40, 1.49)] were effective in improving lower limb strength. In contrast, 45-minute [WMD = 1.84, 95% CI (−1.84, 3.85)] and 60-min sessions [WMD = 0.37, 95% CI (−0.21, 0.95)] had wide confidence intervals that included zero, indicating statistically non-significant effects. The significant improvement with 30-min sessions could be attributed to the duration being short enough to avoid fatigue, thereby maximizing the exercise's benefits. This indicates that OEP is particularly effective under specific conditions, such as 30-min sessions, but the optimal exercise duration may vary depending on participant characteristics and specific study conditions. To achieve the best outcomes, it is recommended that exercise duration be adjusted in clinical practice according to individual needs and capabilities.


[image: Figure 11]
FIGURE 11
 Subgroup analysis results for lower limb strength.



[image: Figure 12]
FIGURE 12
 Subgroup analysis results for lower limb strength.




3.7 The impact of the OEP on improving mobility in older adults

Nine studies were included to evaluate the effect of OEP on the mobility of older adults, using the Timed Up and Go (TUG) test as the assessment metric. Given the low heterogeneity observed (P = 0.00, I2 = 97.97%), a fixed-effects model was used in the meta-analysis (Figure 13). According to the findings, OEP significantly improved mobility in older individuals [WMD = −1.32, 95% CI (−2.45, −0.20)]. Compared to general older adults [WMD = −0.43, 95% CI (−0.99, 0.13)], the improvement in mobility was more pronounced in older adults with compromised health [WMD = −2.10, 95% CI (−4.00, −0.20)]. However, the wide confidence intervals that included zero for the general older adults group indicate that the effect was not statistically significant. Thus, OEP may be particularly beneficial for older adults with compromised health, as it can significantly improve their mobility. For general older adults, further adjustments or enhancements to interventions may be necessary to achieve significant effects. Despite the high heterogeneity in the meta-analysis, sensitivity analysis showed that the exclusion of most studies did not significantly alter the effect size estimates or confidence intervals, indicating robust results in this meta-analysis. Egger's regression intercept test indicated significant publication bias (p = 0.001). To further assess the stability of the results, the Trim-and-Fill method was applied, identifying and imputing two potentially missing studies. The adjusted effect size remained statistically significant, suggesting that while some degree of publication bias may be present, the core findings remain robust.


[image: Figure 13]
FIGURE 13
 The impact of the OEP on mobility in older adults.


Subgroup analysis revealed that OEP did not significantly impact the mobility of older adults across varied intervention durations and session lengths. It is recommended that more standardized, high-quality studies be conducted to clarify the actual impact of different intervention durations.



3.8 The impact of the OEP on improving upper limb strength in older adults

Nine studies were included to evaluate the impact of OEP on upper limb strength in older adults, using grip strength as the primary outcome measure. Due to minimal heterogeneity (P = 0.00, I2 = 0.00%), a fixed-effects model was applied for the meta-analysis (Figures 14, 15). The results indicated that the improvement in right-hand grip strength [WMD = 0.17, 95% CI (−0.06, 0.41)] and left-hand grip strength [WMD = 0.11, 95% CI (−0.12, 0.35)] was not statistically significant, as the confidence intervals included zero. Similarly, for general older adults, the improvement in right-hand grip strength [WMD = 0.24, 95% CI (−0.22, 0.50)] and left-hand grip strength [WMD = 0.19, 95% CI (−0.07, 0.44)] was not significant, nor was the improvement in right-hand [WMD = −0.14, 95% CI (−0.70, 0.42)] and left-hand grip strength [WMD = −0.22, 95% CI (−0.77, 0.34)] among older adults with compromised health. Therefore, the OEP does not appear to significantly improve upper limb strength in older adults. Egger's regression intercept test revealed no significant publication bias (right-hand grip strength p = 0.863, left-hand grip strength p = 0.981), indicating the reliability and representativeness of the results.


[image: Figure 14]
FIGURE 14
 The impact of the OEP on right hand grip strength in older adults.



[image: Figure 15]
FIGURE 15
 The impact of the OEP on left hand grip strength in older adults.


Due to the extremely low heterogeneity (I2= 0.00%) observed in the meta-analysis, a sensitivity analysis was not performed, as excluding individual studies is unlikely to impact the effect size estimates. The use of a fixed effects model further reinforces the robustness of the results. Additionally, Egger's regression intercept test indicated no significant publication bias (right-hand grip strength: p = 0.863; left-hand grip strength: p = 0.981), confirming the reliability and representativeness of the findings.




4 Discussion

This study conducted a meta-analysis to evaluate the impact of OEP on fall-related outcomes in both general older adults and older adults with compromised health. While OEP is designed to target fall susceptibility—a common risk factor among the older adults with compromised health—we acknowledge that variations in underlying health conditions may lead to subtle differences in intervention effectiveness. This study includes older adults with various conditions; however, the number of available studies was insufficient to conduct a meaningful subgroup analysis. Nonetheless, previous research has consistently demonstrated the effectiveness of OEP in reducing fall risk among individuals with cognitive impairment, musculoskeletal disorders, and frailty syndrome (19, 46, 47). Therefore, we analyzed these conditions collectively while acknowledging the potential for variations in intervention effects.

Although 17 included studies had a moderate to high risk of bias, their inclusion in the meta-analysis was essential to ensure a comprehensive synthesis of the available evidence. Excluding these studies would have significantly reduced the sample size, potentially introduced selection bias and limited the generalizability of the findings. To assess the impact of these methodological limitations, we conducted sensitivity analyses by systematically excluding these studies. The results remained consistent, confirming that their inclusion did not substantially alter the overall effect size estimates or confidence intervals. Additionally, Egger's regression test indicated significant reporting bias (p = 0.002), prompting the application of the Trim-and-Fill analysis to adjust for potential publication bias. The adjusted results remained statistically significant, further supporting the robustness of our conclusions. While certain studies exhibited biases in allocation concealment and blinding, their outcome assessments remained reliable, and these limitations were carefully considered in the interpretation of results. Therefore, despite inherent methodological concerns, the inclusion of these studies strengthens the overall analysis by maximizing available data, and sensitivity analyses affirm the stability and validity of our findings.

The results indicate that the OEP has a significant effect on improving balance, gait, and lower limb strength in older adults, although the extent of improvement varies among different populations. Consistent with previous studies, OEP has been shown to effectively enhance lower limb strength, balance, and gait in general older adults (13, 17, 48, 49). However, it does not significantly improve physical function, mobility, or upper limb strength in this population. Conversely, some studies have reported positive effects of OEP on physical function (43), mobility (23), and upper limb strength (50), highlighting the variability in outcomes across different study populations and intervention protocols. These discrepancies may be attributed to differences in participant characteristics, baseline functional levels, and variations in OEP implementation, including exercise intensity, frequency, and adherence rates.

As a fall prevention intervention, the OEP provides significant health benefits for general older adults, particularly in enhancing lower limb strength and balance. This effect may be attributed to specific exercises in the program, such as knee flexion, knee extension, and hip abduction, which are designed to strengthen leg muscles in older adults. Through cyclical contraction and relaxation, these exercises promote muscle and joint flexibility, balance, and motor control. Research has shown that the OEP is beneficial for older adults with osteoarthritis and gait balance disorders, significantly improving postural control (10).

Repeated exercises involving sitting, standing, and walking have been shown to improve lower limb strength in older adults (10). However, the results of this study indicate that its impact on physical function, mobility, and upper limb strength is not significant. Studies have shown that the OEP can improve physical function in older adults, including balance, lower limb strength, and mobility (23). This is inconsistent with the findings of the present study. This may be due to the OEP's primary focus on lower limb strength and balance training, which incorporates resistance and aerobic exercises through warm-up activities, strength training, balance exercises, and walking training (17). The program is heavily focused on lower limb strength and balance training, incorporating both resistance and aerobic exercises (28), which leads to higher intensity and frequency for lower limb and balance training. However, the upper limb strength training may not be sufficiently systematic or intense, thus failing to produce significant improvements.

This study demonstrates that OEP exhibits more significant positive effects on balance, gait, lower limb strength, and mobility in older adults with compromised health. This study demonstrates that the OEP has significant positive effects on balance, gait, lower limb strength, and mobility in older adults with compromised health.

High-quality evidence supports the effectiveness of the Otago Exercise Program in reducing fall risk among individuals with osteoarthritis (OA) (46). Additionally, OEP has been shown to benefit individuals with cognitive impairment, enhancing balance and functional mobility (51). These findings highlight OEP as a valuable intervention for older adults with varying health conditions, particularly those at higher risk of falls. The observed outcomes may be attributed to the lower baseline functional levels of older adults with compromised health, including reduced muscle strength, balance, and mobility. Additionally, these individuals often have stronger expectations for recovery, which may lead to higher engagement and adherence to rehabilitation training, thereby maximizing the benefits of OEP. Research has shown that OEP positively impacts balance, physical activity, and upper limb strength in older adults with reduced health status (19).

Our findings align with previous studies indicating that OEP can effectively mitigate the decline in lower limb muscle strength in older adults (22). The walking exercises included in the OEP—such as backward walking, zigzag walking, side walking, straight walking, and stair climbing—likely contribute to muscle strengthening and improved coordination through continuous isometric flexion of the hip flexors and ankle joints (22). The primary goal of the Otago Exercise Program is to reduce fall risk through targeted limb strength training and balance exercises (46). These diverse gait training exercises not only enhance lower limb muscle strength but also improve balance and gait control, thereby reducing fall risk and improving mobility in daily life. However, the results regarding upper limb strength contrast with those of other studies (43). In this study, OEP did not significantly improve upper limb strength in older adults with compromised health.

The primary goal of the OEP is fall prevention, with a focus on lower limb strength, balance, and gait training, rather than systematic upper limb strength exercises. This suggests that upper limb training is not a central component of the OEP. Additionally, older adults generally have lower baseline upper limb muscle strength, indicating that more targeted and intensive training may be required to achieve significant improvements. The OEP alone may not provide sufficient stimulus for upper limb muscle adaptation and strengthening, resulting in non-significant improvements in upper limb strength. Future research should explore incorporating dedicated upper limb strength training into the OEP to enhance overall physical function in older adults. Research indicates that lower upper limb strength is directly related to impaired activities of daily living (52) and slower walking speed (53). Thus, the lack of significant improvements in physical function and the limited effects on mobility observed in this study can be attributed to this.

Additionally, the results of the subgroup analysis indicate that differences exist in study design, sample selection, data collection, and analytical methods across studies (54). The duration of the intervention has varying effects on different outcomes. Specifically, a 4-month intervention demonstrated the most stable effects on balance improvement, while the effectiveness of 3-month and 6-month interventions showed high heterogeneity. Our findings align with previous research suggesting that a training program lasting at least 12 weeks, conducted three or more times per week, with each session lasting 30 to 45 minutes, can significantly reduce fall risk and enhance postural stability (45). However, no significant differences were found between different intervention durations (p = 0.30), indicating that the effectiveness of OEP may not be solely dependent on the intervention length. This is consistent with the findings of the present study.

As research suggests, sessions lasting more than 30 min are most effective in enhancing balance among older adults (55). Based on these findings, a 45-min session duration sustained for at least six months is recommended. Conversely, shorter intervention periods (2–3 months) and 30-min sessions appear to be more effective for improving lower limb strength. This may be because balance and gait primarily rely on neuromuscular coordination (56), which typically requires long-term practice and repetition for significant improvements. In contrast, lower limb strength training primarily targets large muscle groups, which require adequate recovery time post-exercise. Therefore, shorter intervention durations and 30-minute training sessions may be more suitable for lower limb strengthening, as they help prevent overtraining and muscle fatigue.

From a clinical perspective, these findings reinforce the importance of OEP as an effective intervention for maintaining lower limb strength and mobility in aging populations. The progressive nature of OEP exercises, such as knee flexion, knee extension, and hip abduction, may contribute to improved walking ability, reduced fall risk, and enhanced functional independence in older adults. Given that longer intervention durations (≥6 months) were associated with greater improvements in lower limb strength and gait, clinical practice should consider extending the program duration to maximize benefits. Additionally, incorporating upper limb resistance training into OEP may enhance its overall effectiveness, particularly for older adults with functional limitations. Future research should explore the integration of combined training approaches and assess their impact on overall musculoskeletal health in aging populations.

Although this study provides valuable insights into the effects of OEP intervention, it has certain limitations. The relatively small sample size may reduce statistical power, potentially limiting the generalizability and reliability of the findings. Moreover, the effectiveness of OEP may be influenced by various factors, including participants' health status, age, and baseline functional levels. Some included studies did not specify the MMSE criteria used to define cognitive impairment, which may have introduced variability in participant classification and contributed to heterogeneity across studies. Given that different older adult populations may respond differently to OEP, there is a need for more personalized training approaches. In this study, older adults with varying health conditions (e.g., cognitive impairment, musculoskeletal disorders, and frailty syndrome) were categorized into a single compromised health group. Previous research (19, 46, 47) has consistently demonstrated the effectiveness of OEP in reducing fall risk across these populations, supporting its broad applicability. While these individuals share a common risk factor—fall susceptibility, which OEP is specifically designed to address—differences in underlying health conditions may contribute to subtle variations in intervention effectiveness.

However, due to the limited number of available studies, subgroup analyses were not feasible. Future research should consider conducting stratified analyses to further explore whether OEP's effectiveness varies across specific health conditions. Furthermore, future studies should aim to optimize OEP protocols by tailoring them to individuals' health profiles, baseline fitness levels, and personal preferences to maximize intervention effectiveness.



5 Conclusion

OEP has been associated with improvements in balance, gait, and lower limb strength in older adults, particularly among those with compromised health, where the effects appeared more pronounced. These findings suggest that OEP may be particularly beneficial for enhancing lower limb strength and improving balance and gait. However, its impact on upper limb strength remains limited. Future research with larger, well-controlled trials is essential to validate these findings and refine intervention protocols to maximize their effectiveness in diverse aging populations.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author/s.



Author contributions

CW: Writing – original draft, Writing – review & editing. SK: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1522952/full#supplementary-material



References

 1. Noohu M, Dey A, Hussain M. Relevance of balance measurement tools and balance training for fall prevention in older adults. J Clin Gerontol Geriatr. (2014) 5:31–5. doi: 10.1016/j.jcgg.2013.05.002

 2. Organisation WH. Ageing and Health. (2024). Available online at: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health (accessed March 15, 2025).

 3. Mgbeojedo UG, Akosile CO, Okoye EC, Ani KU, Ekechukwu EN, Okezue OC, et al. Effects of otago exercise program on physical and psychosocial functions among community-dwelling and institutionalized older adults: a scoping review. Inquiry. (2023) 60:469580231165858. doi: 10.1177/00469580231165858

 4. Kannus P, Parkkari J, Koskinen S, Niemi S, Palvanen M, Järvinen M, et al. Fall-induced injuries and deaths among older adults. JAMA. (1999) 281:1895–9. doi: 10.1001/jama.281.20.1895

 5. Liston M, Genna G, Maurer C, Kikidis D, Gatsios D, Fotiadis D, et al. Investigating the feasibility and acceptability of the HOLOBalance system compared with standard care in older adults at risk for falls: study protocol for an assessor blinded pilot randomised controlled study. BMJ Open. (2021) 11:e039254. doi: 10.1136/bmjopen-2020-039254

 6. Sharif SI, Al-Harbi AB, Al-Shihabi AM, Al-Daour DS, Sharif RS. Falls in the elderly: assessment of prevalence and risk factors. Pharm Pract. (2018) 16:1206. doi: 10.18549/PharmPract.2018.03.1206

 7. Cameron ID, Dyer SM, Panagoda CE, Murray GR, Hill KD, Cumming RG, et al. Interventions for preventing falls in older people in care facilities and hospitals. Cochrane Database Syst Rev. (2018) 9:Cd005465. doi: 10.1002/14651858.CD005465.pub4

 8. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson LM, et al. Interventions for preventing falls in older people living in the community. Cochrane Database Syst Rev. (2012) 2012:Cd007146. doi: 10.1002/14651858.CD007146.pub3

 9. Cadore E, Rodríguez-Mañas L, Sinclair A, Izquierdo M. Effects of different exercise interventions on risk of falls, gait ability, and balance in physically frail older adults: a systematic review. Rejuvenation Res. (2013) 16:105–14. doi: 10.1089/rej.2012.1397

 10. Lee J, Yoo HN, Lee BH. Effects of augmented reality-based Otago exercise on balance, gait, and physical factors in elderly women to prevent falls: a randomized controlled trial. J Phys Ther Sci. (2017) 29:1586–9. doi: 10.1589/jpts.29.1586

 11. Liu-Ambrose T, Donaldson MG, Ahamed Y, Graf P, Cook WL, Close J, et al. Otago home-based strength and balance retraining improves executive functioning in older fallers: a randomized controlled trial. J Am Geriatr Soc. (2008) 56:1821–30. doi: 10.1111/j.1532-5415.2008.01931.x

 12. Shubert TE, Goto LS, Smith ML, Jiang L, Rudman H, Ory MG. The Otago Exercise Program: Innovative Delivery Models to Maximize Sustained Outcomes for High Risk, Homebound Older Adults. Frontiers in Public Health. (2017) 5:54. doi: 10.3389/fpubh.2017.00054

 13. Martins AC, Santos C, Silva C, Baltazar D, Moreira J, Tavares N. Does modified Otago Exercise Program improve balance in older people? A systematic review. Prevent Med Rep. (2018) 11:231–9. doi: 10.1016/j.pmedr.2018.06.015

 14. Kp N, D A, Nawed A, Nuhmani S, Khan M, Alghadir AH. Comparison of effects of Otago exercise program vs gaze stability exercise on balance and fear of fall in older adults: a randomized trial. Medicine. (2024) 103:e38345. doi: 10.1097/MD.0000000000038345

 15. Kong L, Zhang X, Zhu X, Meng L, Zhang Q. Effects of Otago Exercise Program on postural control ability in elders living in the nursing home: a systematic review and meta-analysis. Medicine. (2023) 102:e33300. doi: 10.1097/MD.0000000000033300

 16. Cederbom S, Bjerk M, Bergland A. A qualitative study exploring physical therapists' views on the Otago Exercise Programme for fall prevention: a stepping stone to “age in place” and to give faith in the future. Physiother Theory Pract. (2022) 38:132–40. doi: 10.1080/09593985.2020.1731895

 17. Yang Y, Wang K, Liu H, Qu J, Wang Y, Chen P, et al. The impact of Otago exercise programme on the prevention of falls in older adult: a systematic review. Front Public Health. (2022) 10:953593. doi: 10.3389/fpubh.2022.953593

 18. Shubert TE, Smith ML, Ory MG, Clarke CB, Bomberger SA, Roberts E, et al. Translation of the otago exercise program for adoption and implementation in the United States. Front Public Health. (2015) 2:152. doi: 10.3389/fpubh.2014.00152

 19. Yi M, Zhang W, Zhang X, Zhou J, Wang Z. The effectiveness of Otago exercise program in older adults with frailty or pre-frailty: a systematic review and meta-analysis. Arch Gerontol Geriatr. (2023) 114:105083. doi: 10.1016/j.archger.2023.105083

 20. Park Y, Chang M. Effects of the Otago exercise program on fall efficacy, activities of daily living and quality of life in elderly stroke patients. J Phys Ther Sci. (2016) 28:190–3. doi: 10.1589/jpts.28.190

 21. Ries JD, Carroll M. Feasibility of a small group otago exercise program for older adults living with dementia. Geriatrics. (2022) 7:23. doi: 10.3390/geriatrics7020023

 22. Mat S, Ng CT, Tan PJ, Ramli N, Fadzli F, Rozalli FI, et al. Effect of modified otago exercises on postural balance, fear of falling, and fall risk in older fallers with knee osteoarthritis and impaired gait and balance: a secondary analysis. J Injury, Funct Rehabil. (2018) 10:254–62. doi: 10.1016/j.pmrj.2017.08.405

 23. Wu S, Guo Y, Cao Z, Nan J, Zhang Q, Hu M, et al. Effects of Otago exercise program on physical function in older adults: a systematic review and meta-analysis of randomized controlled trials. Arch Gerontol Geriatr. (2024) 124:105470. doi: 10.1016/j.archger.2024.105470

 24. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–634. doi: 10.1136/bmj.315.7109.629

 25. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56:455–463. doi: 10.1111/j.0006-341X.2000.00455.x

 26. Telenius E, Engedal K, Bergland A. Inter-rater reliability of the Berg Balance Scale, 30 s chair stand test and 6 m walking test, and construct validity of the Berg Balance Scale in nursing home residents with mild-to-moderate dementia. BMJ Open. (2015) 5:e008321. doi: 10.1136/bmjopen-2015-008321

 27. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical performance battery assessing lower extremity function: association with self-reported disability and prediction of mortality and nursing home admission. J Gerontol. (1994) 49:M85–94. doi: 10.1093/geronj/49.2.M85

 28. Yoo H, Chung E, Lee B. The effects of augmented reality-based Otago exercise on balance, gait, and falls efficacy of elderly women. J Phys Ther Sci. (2013) 25:797–801. doi: 10.1589/jpts.25.797

 29. Stevens J, Phelan E. Development of STEADI: a fall prevention resource for health care providers. Health Promot Pract. (2013) 14:706–14. doi: 10.1177/1524839912463576

 30. Podsiadlo D, Richardson S. The Timed Up & Go: a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc. (1991) 39:142–8. doi: 10.1111/j.1532-5415.1991.tb01616.x

 31. Mathiowetz V. Comparison of Rolyan and Jamar dynamometers for measuring grip strength. Occup Ther Int. (2002) 9:201–9. doi: 10.1002/oti.165

 32. Arkkukangas M, Söderlund A, Eriksson S, Johansson A. Fall preventive exercise with or without behavior change support for community-dwelling older adults: a randomized controlled trial with short-term follow-up. J Geriatr Phys Ther. (2019) 42:9–17. doi: 10.1519/JPT.0000000000000129

 33. Genç F, Bilgili N. The effect of Otago exercises on fear of falling, balance, empowerment and functional mobility in the older people: randomized controlled trial. Int J Nurs Pract. (2023) 29:e13194. doi: 10.1111/ijn.13194

 34. Johnson ST, Anens E, Johansson A, Hellström K. The Otago exercise program with or without motivational interviewing for community-dwelling older adults: a 12-month follow-up of a randomized, controlled trial. J Appl Gerontol. (2021) 40:289–99. doi: 10.1177/0733464820902652

 35. Kocic M, Stojanovic Z, Nikolic D, Lazovic M, Grbic R, Dimitrijevic L, et al. The effectiveness of group Otago exercise program on physical function in nursing home residents older than 65years: a randomized controlled trial. Arch Gerontol Geriatr. (2018) 75:112–8. doi: 10.1016/j.archger.2017.12.001

 36. Lytras D, Sykaras E, Iakovidis P, Komisopoulos C, Chasapis G, Mouratidou C. Effects of a modified Otago exercise program delivered through outpatient physical therapy to community-dwelling older adult fallers in Greece during the COVID-19 pandemic: a controlled, randomized, multicenter trial. Eur Geriatr Med. (2022) 13:893–906. doi: 10.1007/s41999-022-00656-y

 37. Son N, Ryu Y, Jeong H, Jang Y, Kim H. Comparison of 2 different exercise approaches: tai chi versus otago, in community-dwelling older women. J Geriatr Phys Ther. (2016) 39:51–7. doi: 10.1519/JPT.0000000000000042

 38. Benavent-Caballer V, Rosado-Calatayud P, Segura-Ortí E, Amer-Cuenca J, Lisón J. The effectiveness of a video-supported group-based Otago exercise programme on physical performance in community-dwelling older adults: a preliminary study. Physiotherapy. (2016) 102:280–6. doi: 10.1016/j.physio.2015.08.002

 39. Bjerk M, Brovold T, Davis J, Skelton D, Bergland A. Health-related quality of life in home care recipients after a falls prevention intervention: a 6-month follow-up. Eur J Public Health. (2020) 30:64–9. doi: 10.1093/eurpub/ckz106

 40. Chen X, Zhao L, Liu Y, Zhou Z, Zhang H, Wei D, et al. Otago exercise programme for physical function and mental health among older adults with cognitive frailty during COVID-19: a randomised controlled trial. J Clin Nurs. (2021). doi: 10.1111/jocn.15964

 41. García-Gollarte F, Mora-Concepción A, Pinazo-Hernandis S, Segura-Ortí E, Amer-Cuenca JJ, Arguisuelas-Martínez MD, et al. Effectiveness of a supervised group-based otago exercise program on functional performance in frail institutionalized older adults: a multicenter randomized controlled trial. J Geriatr Phys Ther. (2023) 46:15–25. doi: 10.1519/JPT.0000000000000326

 42. Jahanpeyma P, Ko cak FK, Yıldırım Y, Sahin S, Senuzun Aykar F. Effects of the Otago exercise program on falls, balance, and physical performance in older nursing home residents with high fall risk: a randomized controlled trial. Eur Geriatr Med. (2021) 12:107–15. doi: 10.1007/s41999-020-00403-1

 43. Liew LK, Tan MP, Tan PJ, Mat S, Majid LA, Hill KD, et al. The modified Otago exercises prevent grip strength deterioration among older fallers in the Malaysian falls assessment and intervention trial (MyFAIT). J Geriatr Phys Ther. (2019) 42:123–9. doi: 10.1519/JPT.0000000000000155

 44. Xiao M, Wang Q, Liu T, Ma C, Yang L, Liu F, et al. Effect of Otago exercise programme on limb function recovery in elderly patients with hip arthroplasty for femoral neck fracture. J Central South Univ Med Sci. (2022) 47:1244–52. doi: 10.11817/j.issn.1672-7347.2022.220307

 45. He Z, Wu H, Zhao G, Zhang Y, Li C, Xing Y, et al. The effectiveness of digital technology-based Otago Exercise Program on balance ability, muscle strength and fall efficacy in the elderly: a systematic review and meta-analysis. BMC Public Health. (2025) 25:71. doi: 10.1186/s12889-024-21251-9

 46. Xie C, Wang W, Pei J, Wang H, Lv H. Effect of Otago exercise on falls in patients with osteoarthritis: a protocol for systematic review and meta-analysis. Medicine. (2020) 99:e23559. doi: 10.1097/MD.0000000000023559

 47. Dadgari A, Aizan Hamid T, Hakim MN, Chaman R, Mousavi SA, Poh Hin L, et al. Randomized control trials on Otago exercise program (OEP) to reduce falls among elderly community dwellers in Shahroud, Iran. Iranian Red Cresc Med J. (2016) 18:e26340. doi: 10.5812/ircmj.26340

 48. Shubert T, Smith M, Jiang L, Ory M. Disseminating the Otago exercise program in the united states: perceived and actual physical performance improvements from participants. J Appl Gerontol. (2018) 37:79–98. doi: 10.1177/0733464816675422

 49. Leem S, Kim J, Lee B. Effects of Otago exercise combined with action observation training on balance and gait in the old people. J Exerc Rehabil. (2019) 15:848–54. doi: 10.12965/jer.1938720.360

 50. Martins A, Guia D, Saraiva M, Pereira T. Effects of a “modified” Otago exercise program on the functional abilities and social participation of older adults living in the community-the AGA@4life model. Int J Environ Res Public Health. (2020) 17:1258. doi: 10.3390/ijerph17041258

 51. Dillon L, Clemson L, Ramulu P, Sherrington C, Keay L. A systematic review and meta-analysis of exercise-based falls prevention strategies in adults aged 50+ years with visual impairment. Ophthal Physiol Opt. (2018) 38:456–67. doi: 10.1111/opo.12562

 52. den Ouden M, Schuurmans M, Mueller-Schotte S, van der Schouw Y. Identification of high-risk individuals for the development of disability in activities of daily living. A ten-year follow-up study. Exp Gerontol. (2013) 48:437–43. doi: 10.1016/j.exger.2013.02.002

 53. Fragala MS, Alley DE, Shardell MD, Harris TB, McLean RR, Kiel DP, et al. Comparison of handgrip and leg extension strength in predicting slow gait speed in older adults. J Am Geriatr Soc. (2016) 64:144–50. doi: 10.1111/jgs.13871

 54. Han J, Wang H, Ding Y, Li Q, Zhai H, He S. Effect of Otago exercise on fear of falling in older adults: a systematic review and meta-analysis. BMC Sports Sci Med Rehabil. (2024) 16:132. doi: 10.1186/s13102-024-00917-2

 55. Chiu H, Yeh T, Lo Y, Liang P, Lee S. The effects of the Otago Exercise Programme on actual and perceived balance in older adults: a meta-analysis. PLoS One. (2021) 16:e0255780. doi: 10.1371/journal.pone.0255780

 56. Xing L, Bao Y, Wang B, Shi M, Wei Y, Huang X, et al. Falls caused by balance disorders in the elderly with multiple systems involved: Pathogenic mechanisms and treatment strategies. Front Neurol. (2023) 14:1128092. doi: 10.3389/fneur.2023.1128092

Copyright
 © 2025 Wang and Kim. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-13-1522952-g013.gif
Treamen | Cenwnsl e B
snay e 50w len 50 ey
s T
V. Bonavert.Conateri2016) @ 78 2 ss 19 LA oesp121,0m0) s33
otre Ean Pt
jusrion u e a et oo
et b 3 e e e [Ppetidrin
e g AR | A Citam o o
ek P [Pprtrmied
o gbaeiyosis '
man i

i
s gttt i
ey T | & argam. 0w o
Menui xao (2022) 36 1683 739 2140 11 A ! 4901580, 408 881
“Teresa LisAmerose (2008) 31 136 4328 181 108 LA ose(108 008 836
it 3 oo 4t 1 it a1 aiam am o
ndnos o S oo
om0 2 s w4 e 1 la ouirman

Wetogency 5521 = 033%, W 22091
Teta6.+9:0) 2 16877,2000
Tete9 505 27,2000

Heogsosty 1 <358, < 9747%, W =810
Toe8.+0:0010) = 21242.9 000

Totet0 =022 230,p2002

Tt gocp st 1) 27495010

——— 200400 02]

'

'

|
- amizsam

T
'
'
'






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Otago Exercise Program's effect on fall prevention: a systematic review and meta-analysis



		1 Introduction



		2 Methodology



		2.1 Literature inclusion and exclusion criteria



		2.1.1 Inclusion criteria



		2.1.2 Exclusion criteria









		2.2 Literature search strategy



		2.3 Literature screening and data extraction



		2.4 Bias risk assessment of included studies



		2.5 Statistical analysis







		3 Research results



		3.1 Basic characteristics of included studies



		3.2 Quality assessment of included studies



		3.3 Effect of OEP on balance in older adults



		3.4 Impact of Otago Exercise Program on older adults' physical function



		3.5 Impact of OEP on older adults' gait



		3.6 The impact of the OEP on improving lower limb strength in older adults



		3.7 The impact of the OEP on improving mobility in older adults



		3.8 The impact of the OEP on improving upper limb strength in older adults







		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References

















OPS/images/fpubh-13-1522952-g012.gif
Treament - Central Hodgesng  Wegnt
oty N Men SO N Mew s wndc )
o
FamazvaGoni@izs) 2 1439 279 % 15 32 | —| 005 040, 148 1649
Hawogenoty =000, « - 0951 040, 1.45)
Tost ot +5:00 000, p=.-
Testaf0= 0:2= 341,000
“emin
Omiostyvos oz 75 126 26675 105 218 | M| os4f 080, 117 178
Paroaz ihapoma@20) 36 1203 1706 38 772 121 289 225,355 1670
Hewonunoty ¢ 2 205, = 9861%, W 205 | ete— 1541017, 385]
Tostaf=0;O(1) = 2953, 000
Tostaf0=0:2= 180,007
aomin
Namkison GO1O) 24 198 6921 178 24— o7i021,088 1028
Hesogenoty 1 =000, « 5,1 = — 71021, 085
Test o8 +9:00) 000, p .

e 1251 018,231
Tost o group onces: 0,2) = 327, 020

Randomefiocts REM_ model






OPS/images/fpubh-13-1522952-g015.gif
Tt Gl Roogeeny  Wem
sy & i 50 W Vo 50 Pt B
e odr s T

- o ms w12 A omiomom em
Fama s o 2w s 1 1001 42 A 0a2(01.0%) 106
Fatm s Geri223) Zower 470z ass o omow o mst
Vekeogeny 1 +000.1 +000% W+ 100 1100 080
Tl 86,000+ 1119087 H

“ose0=0 11419016 !
JORTR—— i

Uoktion @518 omresm e Al ampomow me
Wby 11000, 5045 —— ozi0mom
Testca18; 002000

o902+ 07697045

vt onforz 0%
Hewmageny 000, £000% 1 =100

ToHe850:00 727497048

st roup s Q.1 165

om






OPS/images/fpubh-13-1522952-g014.gif
el Sl Roagesny  Wem
sy n e 50w v s Pt oot M
o i ]

eeraAcarn G0 oo sew me s A oniamom am
s 2 Gz 7 an s a waw e owla oo w5
e 2w G B o em 5 e oulauom 2m
Vo 10, 000% '+ 100 < ouomom
Tot(0-,00- 18392000 i

Testot0=0:2%161.p%007 |
JRTR— H

Crxeatow 0 s eom ws Al ouramom v
Vw088 18+ ——— Guiomon
Tastol & = 8; Of0)= 0.0, p: |

=01 010500 !

ot <+ oreson
oy 0, 0% 1+ 100 1

002402048 :

Teed ratanpeots |

Tastof group SMerecus. Q1) = 146,92 023 H

andom-aict REIR. maset. Y





OPS/images/fpubh-13-1522952-g011.gif
Treatment - Contel Heagesng et
soay e 50w e 50 eyt
.
=
FamaZeva Gegaon 27 1507 242 71 139 ase M 19 062, 176) 1632
s . Jbonpiion
—— BRI e el e
S e ey | i s
Heterogeneiy: I =062, I = 89.83%, W' =9.84. —— 1661 024, 247)
et 7
ey '
i
o ;
Omivos Lyvas (2022) 75 125 256 75 105 218 M| 084 050, 1.17) 17.68
Heterogeneiy: 1 = 0.00, I = 56, H'=. - 084 080, 147
Testo10. = 0: 0(0) =000, p= . !
Testof 02 0:22 494,p 2000 :
12month. !
s e s so7 s e | e
e P =! ety
femerponibo |
i |
|
onen .
Testof 0. = 0;: O(5) = 44.34,p = 000 !
Testol920:22377,p 2000 :
B

‘Rancom-efiects REML model





OPS/images/fpubh-13-1522952-g010.gif
e Hedgesne e
N ten 5 Wt S0 wmine o
s 2se7s es 2 st om 1m e
o 22w s 1o( 0@ 17 1632
ww 2w ws a2 o051 00 19 1049
s eon me 26 o570 005 128
oset 081 10
Totet0032708.05000
. 201> e enm s e (10 202 st
pumz s aroe @) 36 1203 1708 30 772 120 200228 389 1870
Mot 068+ 02151+ 1021 2200 100 245
o058, 00)= 10219030

Totet0+0.22305. 000

Moty <066 <31 675, £ 1201
T4, 0024352030
Tt up s 04) 51,5038












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







OPS/images/fpubh-13-1522952-g005.gif
T e, v -
s » i S0 50 s '
e ‘
Majana Koo (2018) % a o7 « com | 015(-082, 033 843
Fatma Zetva Geng 20202 PEERCT TR 1 082036, 147 841
ez LtiaLuER wnn
provorpesa Rk R P
XiChen MO (2021) 3 49 11 31 438 109 |- S41[ 434 848 818
T Limann sk e U b
———— pe R sman
e s = i
|
|
i
s 252 s 53 W 0861 020, 143 840
.l 0861 028, 143)
|
i
|
Slimes % wsan 0 e u [
i i | brirgnied
e B8 h i
FeminGarcinGolane (2021) 2 38 388 934 M2 9 ! s8] 41, 600) 825
e B e s
S
Ao

|
1
|

- 210t
1
|
1

—_

P





OPS/images/fpubh-13-1522952-g006.gif
g W il Hodgosng  Weont
50 e 50 Py S
2% 6220 owi0m. oz mer
205 52 20 ows(02, sy w7
e one e oz2(03, 07 17
PR o%( 001, 074 1789

0151005, 035

ok s vt cmprosed st

————— » ez zu e oa omi o3, 128 1005
FumnOcacam 02 B S5 2% & 3—A— amia2 03 1601

Hotngonot ¥+ 1100 +G627%, K =212 e — ool 1 61

Tete0.80/010 5 2112.p 2000

onrom osy

T 0:00 = 2430.9 7000

TRt i

o






OPS/images/fpubh-13-1522952-g003.gif
Treement | Cenel -
s u i 50w e 50 s
vt st T
Vomancasegors, B oo 2sm s s Al omiom. 1oy 1
s s @02) %o aan a7 oa Al niom 1 s
Mo 200 » o e wall oo, 0l s
Moo 200 2 2w sam we oA ouion. 0@l sa
o o o252 7 0% s nam as Al ot 0%, 1an sur
o e Gtz IR ERETY osiou 110 ear
e o2 5w v e a0 A oni oo, 1 a3
Moy <00 Tazon 1 2305 .l onoz om
T8 00275102000 |
a0 22315000 1
 compromised! H
fo— v |
it ok ) 7w e we 1s A ol 00, 191 s
rrespa) B R TP e
fomoGuincatwe Gz % @4 8% w2 o | A 0wt 7os i 71
P e, 5 om0 om am Al st 155 80
farincuacomn Gay s B w8 oM w2 o | A sont 4. o 035
0t < 02 P
Tt 16,00 21126 9000
Totdta-05-3755-000
et 2utom s

ety 4788, 00010 4 < 0897
Tt 401+ 28311, 0-060

Tt e aons )25
s st v —






OPS/images/fpubh-13-1522952-g004.gif
Toskment  Conbol Hodgesag  Woight
sy N Mo S0 N tison 50, e
o T

Famzonco@y 1 @ swa o s W 0870041101 841
NChnwD Gozp 31 408 11 31 e 109 | B sl 4 a1e
Hotoogeraty. o = 1156, 08425, ' = 218 r—7 470,171
Tosto1620: (1 26318, 000

Toot0=6: 2% 122.p2022

s

V BanavntCatobr0) 28 840 25 om0, 143 840
omvostys Gz 75 512 262 1230088, 158 646
Momakoce o) 0 47 67 0151062033 843
Mok (o0 2 2 464 68 orzrow. 0 sa2
Parnaz arangoymooz0) 35 1983 4076 105( 058,159 842
Hotoogenay. 02,1 x8409%,1 =665 o8s( 009, 171
vt - 12007260
Wotoogenaty. 112312 +9799%. 1 24757 |

Tot o1 29: 0102 10121.9 000 i

Totor0 =2 88,9700 i

Tost of roup difforences: Q1) =082.9 = 0.34. H

‘Rondom-eficts REML model P IS





OPS/images/fpubh-13-1522952-g009.gif
fromeger! bl Nedgeeng e

sy P ey P B
23montn N
T J—
Fomrosoonim, % e n v s e W coam o)
et 33 s e ot Y cataman e
o eoomat 100 - a0 om
|
i
|
o |
Ve w wm wnm w womh [p——
ionset S - caon om
|
|
|
TIPS ot ase o1 a0
ittt SR s B R 4 S
Ve o o —— i

Tesa6.00:0) 2698200
Teats 1024200

H
1
|
- origom 1
o ararze w381 T
Teteh 0,05+ 1822.p2000 I
Teot90:2-330,p =000 |
Tt gop e 0.2, 171

s tagn gt P U





OPS/images/fpubh-13-1522952-g007.gif
Trewment Gt Yeteng  Wea
sty i N vy e &
oo T

Vs B owm wn ow woAl ntazom o
o G233 s e A et o 110 1020
o s o) e i e AL Sacan 1ol 0
o <ot <008 <103 P Sl e
Tetcts 5. 62005150074 |

Torth 022209100 i

PR —— !

FemnGucacun Gy B W 7w s 75 A antase 1on 50
[ty 3 s 2 2k e AL oai20 001 720
e A T s pd
et T 083 £ <4137 1181 ——— caienim

T 5.0 46k 5- 00 "

Terta 05235000 !

ot - oo
oy 010 Ty 31 '

Teieo <6091 14225000 ‘

[






OPS/images/fpubh-13-1522952-g008.gif
dinn, bognl Hodgeshg  Wogn
sy N e S0 N e o wnona 6
Sorie T

Fumazacugan 7 Wit 2% 3 M0s wm W 0M[Cok 10 b
[or——y —m— 010 001, 101]
Totarn 5: 00000

Tester0r0 22182 p007

ssoin

VomonCotomais o @B W w0 om0z 08 1830
Puioaz avarpeoaiz0) 36 73 10633 36 5243 82704

Hetogenay ¥ 20001 000, =160
Totera6:00)2005,6-070

Hotogeaay ¢ =000, = 000%,H' = 100
Tetats 60201752052
Toter0=0.1+285,9-000

Tt g ates Q)07

B oo oo 4
-
-

o 06 079

oss o1 0721





OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

The Otago Exercise Program’s
effect on fall prevention: a
systematic review and
meta-analysis





OPS/images/fpubh-13-1522952-g001.gif
S o
onirreediy

s

.
bih

———

. J
o

[rre——






OPS/images/fpubh-13-1522952-g002.gif





OPS/images/fpubh-13-1522952-t001.jpg
Study

Garcfa-Gollarte et al. (41)

Frail older adults, EG/CG: 39/34

Interven haracteriza

EG: Otago exercise, CG: Regular care

Outcomes of interest/results

BBS, TUG, SPPB, 6SMWT

Jahanpeyma etal. (42)

Older adults at high risk of falling,
EG/CG: 35/36

EG: Otago exercise, CG: Walking training

BBS, 6MWT, 30CST

Liew etal. (43)

Older adults with a history of falls in
the past year, EG/CG: 34/33

EG: Otago exercise, CG: Regular care

TUG, HGS-R, HGS-L

Liu-Ambrose et al. (11) Older adults at high risk of falling, EG: Otago exercise, CG: Regular care TUG
EG/CG: 31/28

Xiao et al. (44) Older Adults Undergoing Hip EG: Otago exercise, CG: Regular care TUG
Fracture Replacement (HFR) Patients,
EG/CG: 38/39

Chen et al. (40) Older adults with cognitive EG: Otago exercise, CG: Regular care BBS, TUG
impairment, EG/CG: 31/31

Bjerk et al. (39) Older adults with a history of falls in EG: Otago exercise, CG: Regular care BBS, 30CST
the past year, EG/CG: 77/78

Johnson et al. (34) Older, EG/CG: 61/56 EG: Otago exercise + Motivational SPPB

interviewing, CG: Regular care

Lytras etal. (36)

Older, EG/CG: 75/75

EG: Otago exercise, CG: Regular care

BBS, TUG, 30CST

Arkkukangas et al. (32)

Older, EG/CG: 61/56

EG: Otago exercise, CG: Regular care

SPPB, HGS-R, HGS-L

Benavent-Caballer et al. (38)

Older, EG/CG: 28/23

EG: Otago exercise, CG: No intervention

BBS, TUG, SPPB, 6MWT

Son etal. (37) Older, EG/CG: 24/26 EG: Otago exercise, CG: Tai Chi TUG, 30CST
Kp etal. (6) Older, EG/CG: 15/15 EGI: Otago exercise, EG2: Gaze stability BBS
exercise
Geng and Bilgili (33) Older, EG/CG: 28/28 EG: Otago exercise, CG: Regular care BBS, HGS-R, HGS-L, 6MWT, 30CST

Kocic et al. (35)

Older, EG/CG: 38/39

EG: Otago exercise, CG: Regular care

TUG






