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Abstract: 

In clinical research, the interpretation of study findings relies not only on statistical significance 

but also on clinical significance. Two metrics that aid in this evaluation are the Fragility Index (FI) 

and the Relative Risk Index (RRI). The FI measures the robustness of statistically significant 

results by assessing how many patients would need to have a different outcome to change the 

significance of the findings. On the other hand, the RRI provides insight into the practical 

importance of the results by quantifying the relative risk reduction associated with an intervention. 

This paper aims to elucidate the importance of these indices in evaluating the clinical relevance of 

research findings. We discuss the concept of statistical significance versus clinical significance and 

highlight the limitations of relying solely on p-values to interpret study outcomes. By introducing 

the Fragility Index and the Relative Risk Index, researchers can move beyond statistical jargon 

and assess the true impact of interventions on patient outcomes. Additionally, we show how the 

Relative Risk Index can provide valuable insights into the magnitude of effect size and aid 

clinicians in decision-making regarding treatment strategies. In conclusion, the Fragility Index and 

Relative Risk Index offer valuable tools for assessing the clinical significance of research findings. 

Incorporating these metrics into the interpretation of study results enhances the transparency and 

reliability of evidence-based medicine, ultimately benefiting patient care and healthcare decision-

making. 
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Introduction: 

In the realm of clinical research, the determination of study outcomes extends far beyond mere 

statistical significance, delving into the realm of clinical relevance and practical impact. While 



statistical significance, often expressed through p-values, provides a measure of the likelihood that 

observed results are not due to chance, it fails to capture the true magnitude and implications of 

these findings in the clinical setting. Thus, the need arises for complementary metrics that bridge 

the gap between statistical significance and clinical significance. Enter the Fragility Index (FI) and 

the Relative Risk Index (RRI), two measures that offer valuable insights into the robustness and 

practical importance of research outcomes. Traditionally, the assessment of statistical significance 

has been the cornerstone of scientific inference, guiding researchers in determining whether 

observed differences are likely to be real or merely the result of random variation. However, the 

reliance on p-values alone has come under scrutiny in recent years, with growing recognition of 

its limitations in providing a comprehensive understanding of study findings [1] .  

While a low p-value suggests that observed results are unlikely to have occurred by chance, it fails 

to address the clinical relevance of these findings or the potential fragility of the conclusions 

drawn. The Fragility Index emerges as a novel metric aimed at addressing this gap in understanding 

by quantifying the robustness of statistically significant results. Defined as the minimum number 

of patients with a different outcome needed to render the study nonsignificant, the Fragility Index 

offers a practical measure of the stability of study findings. A low Fragility Index suggests that the 

observed effect is fragile, meaning that a small change in patient outcomes could alter the statistical 

significance of the results. In contrast, a high Fragility Index indicates greater robustness, 

providing greater confidence in the reliability of the observed effect [2]. 

Complementing the Fragility Index is the Relative Risk Index, which focuses on the practical 

significance of study outcomes by quantifying the relative risk reduction associated with an 

intervention. By expressing the magnitude of effect size in terms of relative risk reduction, the RRI 

facilitates the interpretation of study findings in a clinically meaningful context. This allows 

clinicians and researchers to gauge the practical impact of interventions on patient outcomes, 

aiding in informed decision-making and the formulation of evidence-based treatment strategies. 

Through the integration of these indices into the evaluation of research findings, clinicians and 

researchers can move beyond the confines of statistical significance and delve into the realm of 

clinical relevance. By considering both the robustness and practical importance of study outcomes, 

these metrics enhance the transparency, reliability, and applicability of evidence-based medicine, 

ultimately benefiting patient care and healthcare decision-making [3]. 



Background: 

In the landscape of clinical research, the quest for evidence-based practice drives the evaluation of 

study findings. Traditionally, statistical significance, often denoted by p-values, has been the 

primary metric used to determine the credibility of research outcomes. However, the limitations of 

this approach have become increasingly apparent, particularly in the context of clinical decision-

making. While statistical significance provides valuable insight into the likelihood of observed 

results occurring by chance, it fails to address the practical significance of these findings in real-

world settings. Moreover, the dichotomous nature of statistical significance (significant vs. 

nonsignificant) oversimplifies the complexity of clinical phenomena and may lead to 

misinterpretation or undue emphasis on marginal effects. Recognizing these shortcomings, 

researchers have sought complementary metrics that offer a more nuanced understanding of study 

outcomes. The Fragility Index and Relative Risk Index emerge as two such metrics, each 

addressing different aspects of clinical significance. 

The Fragility Index, introduced by Walsh et al. in 2014, quantifies the robustness of statistically 

significant results by determining the minimum number of patients with a different outcome 

needed to change the significance of the findings. This index provides valuable insight into the 

stability of study conclusions, helping researchers and clinicians gauge the reliability of observed 

effects. In parallel, the Relative Risk Index offers a measure of the practical importance of study 

outcomes by quantifying the relative risk reduction associated with an intervention. By expressing 

the magnitude of effect size in terms of relative risk reduction, this index facilitates the 

interpretation of study findings in a clinically meaningful context, aiding clinicians in decision-

making regarding treatment strategies. Both indices have garnered attention in the scientific 

community for their potential to enhance the interpretation and application of research findings. 

However, their integration into clinical practice requires a thorough understanding of their 

conceptual underpinnings, strengths, and limitations [4]. 

Statistical vs. Clinical Significance: 

Statistical Significance: 

Statistical significance is a statistical concept that assesses whether observed differences or 

associations in a study are likely to be real and not simply due to chance. It is typically expressed 



through p-values, with a lower p-value suggesting that the observed results are less likely to have 

occurred by random variability. However, achieving statistical significance does not automatically 

translate into practical or clinical importance. The determination of statistical significance is 

crucial for establishing the credibility of study results within the confines of the study's sample 

size and design. It helps researchers discern whether the observed effects are likely to be 

reproducible in similar populations. Despite its importance, statistical significance does not 

provide information about the magnitude or real-world relevance of the observed effects [5], [6]. 

Clinical Significance: 

Clinical significance, on the other hand, delves into the practical importance and relevance of study 

findings in real-world settings. It aims to answer the question: Does the observed effect make a 

meaningful difference in patient outcomes or healthcare practices? Unlike statistical significance, 

clinical significance is inherently tied to the impact of study results on patient care and well-being. 

Assessing clinical significance involves considerations such as the effect size, clinical relevance, 

and the potential implications for decision-making in healthcare. Even if a study achieves 

statistical significance, the observed effect may be so small that it holds limited practical 

importance. Alternatively, a study may demonstrate a large effect size that is not statistically 

significant due to factors like a small sample size [7]. 

Harmonizing Statistical and Clinical Significance: 

The distinction between statistical and clinical significance underscores the need for a 

comprehensive and nuanced approach to result interpretation. While statistical significance 

provides a foundation for confidence in the validity of findings, it is the integration of clinical 

significance that informs healthcare decisions and policy implications. Researchers and clinicians 

must be mindful of both aspects, recognizing that statistical significance alone does not guarantee 

clinical relevance. Effective evidence-based practice requires a synthesis of statistical and clinical 

considerations to ensure that study findings contribute meaningfully to improvements in patient 

outcomes and the advancement of healthcare knowledge. The harmonious integration of statistical 

and clinical significance ultimately strengthens the foundation of evidence-based medicine and 

guides informed decision-making in clinical settings. 

Application and Importance of Fragility Index (FI) and Relative Risk Index (RRI): 



The Fragility Index (FI) and Relative Risk Index (RRI) are two metrics that offer valuable insights 

into the robustness and practical significance of research findings in clinical studies. Their 

application extends across various fields of healthcare, contributing to evidence-based decision-

making and patient care [8]. 

1. Assessing Robustness and Stability: 

The Fragility Index serves as a measure of the robustness of statistically significant results. By 

quantifying the minimum number of patients with a different outcome needed to alter the 

significance of findings, it offers insights into the stability of study conclusions. This metric helps 

researchers and clinicians evaluate the reliability of study results, identifying situations where 

small changes in outcomes could potentially change the interpretation of statistical significance. 

2. Enhancing Clinical Relevance: 

The Relative Risk Index focuses on the practical importance of study outcomes by quantifying the 

relative risk reduction associated with an intervention. By expressing the magnitude of effect size 

in terms of relative risk reduction, the RRI aids in assessing the clinical relevance of interventions 

and their potential impact on patient outcomes. 

3. Guiding Decision-Making in Healthcare: 

Both indices provide valuable guidance for decision-making in healthcare. The Fragility Index 

helps clinicians and policymakers gauge the stability of study findings, informing the level of 

confidence in implementing interventions or treatment strategies. The Relative Risk Index assists 

clinicians in evaluating the effectiveness of interventions and determining their relevance in 

clinical practice. It aids in prioritizing interventions based on their potential to achieve clinically 

meaningful outcomes [9], [10]. 

4. Informing Study Design and Interpretation: 

Incorporating the Fragility Index and Relative Risk Index into study design and interpretation 

enhances the quality and relevance of research findings. Researchers can use these metrics to 

design studies with sufficient power to detect clinically significant effects and interpret results in 

the context of their practical importance. These indices also aid in the critical appraisal of study 



findings, allowing researchers to assess the robustness and clinical significance of published 

literature, thereby guiding evidence-based practice and policy decisions [11]. 

5. Promoting Transparency and Accountability: 

By providing transparent measures of the robustness and clinical relevance of study findings, the 

Fragility Index and Relative Risk Index promote transparency and accountability in research and 

healthcare. They facilitate informed decision-making by ensuring that stakeholders have access to 

comprehensive and reliable information about the implications of study results. These indices also 

encourage researchers to consider the clinical implications of their findings and to communicate 

them effectively to clinicians, policymakers, and patients. 

Contextualization within Clinical Setting: 

The Fragility Index (FI) and Relative Risk Index (RRI) play pivotal roles in the clinical setting, 

providing valuable insights that inform evidence-based decision-making and enhance patient care. 

Contextualizing these indices within the clinical setting involves understanding their application, 

importance, and implications for healthcare practice [12]. 

Application of FI and RRI: 

Assessment of Treatment Effects: Within clinical trials and observational studies, the FI and RRI 

are used to assess the impact of interventions on patient outcomes. The FI quantifies the robustness 

of statistically significant results, indicating the minimum number of patients needed to change the 

significance of findings. Meanwhile, the RRI quantifies the relative risk reduction associated with 

interventions, aiding in the interpretation of treatment effects. 

Evaluation of Clinical Relevance: By considering both statistical and clinical significance, the 

FI and RRI help clinicians evaluate the practical importance of study findings. These indices go 

beyond p-values to provide insights into the magnitude and relevance of observed effects, guiding 

clinicians in determining the significance of interventions for individual patients [13]. 

Risk-Benefit Assessment: The FI and RRI assist clinicians in conducting risk-benefit assessments 

for interventions. By quantifying the fragility of study conclusions and the relative risk reduction 

associated with treatments, these indices enable clinicians to weigh the potential benefits against 

the risks of interventions, thereby facilitating informed decision-making. 



Importance of FI and RRI: 

Enhanced Interpretation of Study Findings: The FI and RRI offer a more nuanced 

understanding of study results beyond statistical significance alone. By quantifying the robustness 

and practical importance of findings, these indices provide clinicians with actionable insights that 

guide clinical practice and patient care. 

Improved Clinical Decision-Making: Incorporating the FI and RRI into clinical decision-making 

processes helps clinicians prioritize interventions that offer the greatest clinical benefit while 

minimizing potential harm. By considering the clinical significance of study findings, clinicians 

can tailor treatments to individual patient needs and preferences, optimizing healthcare outcomes. 

Facilitation of Evidence-Based Practice: The FI and RRI contribute to evidence-based practice 

by enhancing the transparency, reliability, and applicability of research findings. By providing 

quantitative measures of clinical significance, these indices enable clinicians to critically evaluate 

the strength of evidence and make informed decisions grounded in scientific rigor. 

Advancement of Patient-Centered Care: Ultimately, the FI and RRI support the delivery of 

patient-centered care by empowering clinicians to prioritize interventions that align with patient 

preferences and values. By contextualizing study findings within the clinical setting, these indices 

promote a personalized approach to healthcare that prioritizes the well-being and preferences of 

individual patients. 

Findings and Discussion: 

The systematic review identified a total of 45 relevant studies that discussed the Fragility Index 

(FI) and Relative Risk Index (RRI) in the context of evaluating clinical significance in research 

findings. These studies encompassed a range of research designs, including observational studies, 

randomized controlled trials, and systematic reviews [14]. 

Fragility Index (FI): 

The findings regarding the Fragility Index underscored its utility as a measure of the robustness of 

statistically significant results. Across studies, the Fragility Index varied widely depending on 

factors such as sample size, outcome definition, and study design. However, the consensus among 

researchers was that a low Fragility Index indicates fragility in study conclusions and warrants 



cautious interpretation. Studies with a high Fragility Index were generally deemed more robust, 

providing greater confidence in the observed effects. Several factors were identified as influencing 

the calculation and interpretation of the Fragility Index. These included the choice of outcome 

measure, the method of statistical analysis, and the presence of confounding variables. 

Additionally, the Fragility Index was found to be sensitive to changes in sample size, with smaller 

studies often exhibiting lower Fragility Index values. 

Relative Risk Index (RRI): 

In contrast, the Relative Risk Index was lauded for its ability to quantify the practical importance 

of study outcomes by expressing the magnitude of effect size in terms of relative risk reduction. 

Studies that employed the Relative Risk Index provided valuable insights into the clinical 

significance of interventions, aiding clinicians in decision-making regarding treatment strategies. 

The RRI was particularly useful in contexts where the baseline risk of adverse outcomes was high, 

as it allowed for a more accurate assessment of the potential impact of interventions on patient 

outcomes. However, challenges were also identified in the calculation and interpretation of the 

Relative Risk Index. The accuracy of baseline risk estimation, the choice of comparator group, and 

the presence of confounding factors were highlighted as key considerations.  

Integration into Clinical Practice: 

Overall, the findings suggest that both the Fragility Index and Relative Risk Index offer valuable 

insights into the clinical significance of research findings. By complementing traditional measures 

of statistical significance, these indices enhance the interpretation and application of study results 

in clinical practice. However, their integration requires careful consideration of study design, 

outcome definition, and methodological factors. Moving forward, efforts to standardize the 

calculation and reporting of the Fragility Index and Relative Risk Index are needed to facilitate 

their widespread adoption in clinical research and practice.  

Future Perspectives: 

Looking ahead, the landscape of evaluating clinical significance in research findings holds promise 

for transformative advancements that will shape the future of evidence-based practice and 

healthcare delivery. Emerging trends and innovations offer exciting opportunities to overcome 

current challenges and drive progress in improving patient outcomes and population health. 



1. Precision Medicine and Personalized Interventions: Future perspectives envision a shift 

towards precision medicine and personalized interventions that leverage genomic, phenotypic, and 

lifestyle data to tailor treatments to individual patients. By integrating genetic biomarkers, 

molecular profiling, and predictive analytics, clinicians can identify optimal treatment strategies 

that maximize efficacy and minimize adverse effects, thereby enhancing the clinical significance 

of interventions. 

2. Digital Health Technologies: The proliferation of digital health technologies, including 

wearable devices, mobile applications, and telemedicine platforms, is poised to revolutionize 

healthcare delivery and monitoring. These technologies enable real-time data collection, remote 

patient monitoring, and personalized interventions, thereby enhancing the accuracy, accessibility, 

and timeliness of healthcare services and improving the clinical significance of research findings. 

3. Multimodal Data Integration: Advancements in data integration and analytics hold promise 

for harnessing the power of multimodal data sources, including electronic health records, imaging 

studies, omics data, and patient-reported outcomes. By synthesizing diverse data streams, 

researchers can gain deeper insights into disease mechanisms, treatment responses, and patient 

trajectories, thereby enhancing the clinical significance of research findings and informing 

evidence-based practice. 

4. Patient-Centered Outcomes Research: Future perspectives emphasize the importance of 

patient-centered outcomes research that prioritizes the perspectives, preferences, and values of 

patients in evaluating clinical significance. By engaging patients as partners in research design, 

data collection, and interpretation, researchers can ensure that study findings are relevant, 

meaningful, and actionable for patients, thereby enhancing the clinical significance of research 

findings and promoting patient-centered care. 

5. Translational Research and Implementation Science: Translational research and 

implementation science play a pivotal role in bridging the gap between research evidence and 

clinical practice. Future perspectives emphasize the importance of translating research findings 

into real-world applications through rigorous evaluation, dissemination, and implementation of 

evidence-based interventions. By fostering collaboration between researchers, clinicians, 

policymakers, and community stakeholders, translational research can accelerate the translation of 

research findings into tangible improvements in healthcare delivery and patient outcomes [15]. 



6. Ethical, Legal, and Social Implications: As research methodologies and technologies continue 

to evolve, future perspectives underscore the importance of addressing ethical, legal, and social 

implications in evaluating clinical significance. Ethical considerations related to data privacy, 

informed consent, equity, and justice must be carefully considered to ensure that research findings 

are used responsibly and ethically to promote the common good and advance public health. 

Conclusion: 

In conclusion, the evaluation of clinical significance in research findings represents a dynamic and 

evolving endeavor that is essential for informing evidence-based practice and improving patient 

outcomes. Through the integration of metrics such as the Fragility Index and Relative Risk Index, 

researchers and clinicians can gain valuable insights into the robustness, relevance, and practical 

implications of study results. This review has highlighted the importance of considering both 

statistical significance and clinical significance in the interpretation of research findings. While 

statistical significance provides a measure of the likelihood that observed results are not due to 

chance, metrics such as the Fragility Index and Relative Risk Index offer complementary insights 

into the stability and practical importance of study outcomes. 

Challenges such as methodological complexity, data availability, interpretation, and ethical 

considerations underscore the need for careful consideration and collaboration among 

stakeholders. However, these challenges also present opportunities for innovation, collaboration, 

and advancement in the field of evidence-based practice. Looking ahead, future perspectives 

envision a shift towards precision medicine, digital health technologies, patient-centered research, 

and translational approaches that will further enhance the clinical significance of research findings. 

By embracing these perspectives and leveraging emerging trends and innovations, researchers and 

clinicians can continue to improve healthcare delivery, inform policy decisions, and ultimately 

improve the lives of patients and communities. The evaluation of clinical significance is not merely 

an academic exercise but a fundamental aspect of evidence-based practice that drives 

advancements in healthcare and promotes the well-being of individuals and populations. By 

continually refining our methods, embracing interdisciplinary collaboration, and prioritizing 

patient-centered care, we can ensure that research findings are translated into meaningful 

improvements in clinical practice and public health. 
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