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Abstract

Background: The synthesis of evidence in healthcare is essential for informed decision-making and policy development. This
study aims to validate The Umbrella Collaboration® (TU®), an innovative, semi-automatic tertiary evidence synthesis
methodology, by comparing it with Traditional Umbrella Reviews (TUR), which are currently the gold standard.

Objective: The primary objective of this study is to evaluate whether TU®, an Al-assisted, software-driven system for tertiary
evidence synthesis, can achieve comparable effectiveness to TURs, while offering a more timely, efficient, and comprehensive
approach.

M ethods: This comparative study evaluated TU® against TURs across eight matched projects in geriatrics. For each selected
TUR, aparallel TU® project was conducted using the same research question. Outcomes of interest (Ools), effect sizes, certainty
ratings, and execution times were systematically compared. Effect sizes were assessed both quantitatively, by transforming TUR
metrics to Cohen’s d and correlating them with TU®’s RTU metric, and qualitatively, through categorical classifications
(trivial, small, moderate, large). Certainty levels were compared by mapping GRADE ratings and TU®'’s sentiment analysis
scores onto a common 0-1 scale. Execution time was measured precisely in TU®, while TUR durations were estimated from
literature benchmarks. Statistical analyses included chi-squared tests and Spearman correlations.

Results: Eight TURS in geriatrics were matched with parallel projects using TU®. TU® replicated 84.9% (73/86) of the Ools
identified by TURs and reported an additional 337 Ools, representing a 4.77-fold increase in outcome identification. In the
comparison of effect size classifications, full concordance was observed in 50.0% of cases and consistent concordance (full plus
one-level deviation) in 93.8%, with a moderate strength of association (Cramér’'s V = 0.339). The corrélation of transformed
certainty values between TU® and GRADE yielded a statistically significant Spearman coefficient (? = 0.446; P = .025). The
average execution time per TU® project was 4 hours and 46 minutes, compared to estimated durations of 6-12 months for
TURs.

Conclusions: The Umbrella Collaboration® demonstrated high concordance with TURs, replicating 84.9% of the outcomes
identified by TURs and identifying nearly five times as many additional outcomes. The experimental effect size metric (RTU)
showed moderate agreement with conventional measures, and the certainty ratings derived from sentiment analysis correlated
acceptably with GRADE-based assessments. While further validation is needed, TU® appears to be a valid and efficient
approach for tertiary evidence synthesis, offering a scalable and time-efficient alternative when rapid results are required.
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ABSTRACT

BACKGROUND:

The synthesis of evidence in healthcare is essential for informed decision-making and policy
development. This study aims to validate The Umbrella Collaboration® (TU®), an innovative, semi-
automatic tertiary evidence synthesis methodology, by comparing it with Traditional Umbrella

Reviews (TUR), which are currently the gold standard.

OBJECTIVES:
The primary objective of this study is to evaluate whether TU®, an Al-assisted, software-driven
system for tertiary evidence synthesis, can achieve comparable effectiveness to TURs, while offering

a more timely, efficient, and comprehensive approach.

METHODS:
This comparative study evaluated TU® against TURs across eight matched projects in geriatrics. For

each selected TUR, a parallel TU® project was conducted using the same research question.
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Outcomes of interest (Ools), effect sizes, certainty ratings, and execution times were systematically
compared. Effect sizes were assessed both quantitatively, by transforming TUR metrics to Cohen’s d
and correlating them with TU®’s Ry metric, and qualitatively, through categorical classifications
(trivial, small, moderate, large). Certainty levels were compared by mapping GRADE ratings and
TU®’s sentiment analysis scores onto a common 01 scale. Execution time was measured precisely
in TU®, while TUR durations were estimated from literature benchmarks. Statistical analyses

included chi-squared tests and Spearman correlations.

RESULTS:

Eight TURs in geriatrics were matched with parallel projects using TU®. TU® replicated 84.9%
(73/86) of the Ools identified by TURs and reported an additional 337 Ools, representing a 4.77-fold
increase in outcome identification. In the comparison of effect size classifications, full concordance
was observed in 50.0% of cases and consistent concordance (full plus one-level deviation) in 93.8%,
with a moderate strength of association (Cramér’s V = 0.339). The correlation of transformed
certainty values between TU® and GRADE yielded a statistically significant Spearman coefficient (p
= 0.446; P = .025). The average execution time per TU® project was 4 hours and 46 minutes,

compared to estimated durations of 6-12 months for TURs.

CONCLUSION:

The Umbrella Collaboration® demonstrated high concordance with TURs, replicating 84.9% of the
outcomes identified by TURs and identifying nearly five times as many additional outcomes. The
experimental effect size metric (Rry) showed moderate agreement with conventional measures, and
the certainty ratings derived from sentiment analysis correlated acceptably with GRADE-based
assessments. While further validation is needed, TU® appears to be a valid and efficient approach for
tertiary evidence synthesis, offering a scalable and time-efficient alternative when rapid results are

required.
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The Umbrella Collaboration®: An Innovative Tertiary Evidence Synthesis Methodology.
Validation Study

INTRODUCTION

The synthesis of evidence in healthcare is a knowledge acquisition process designed to transform
extensive volumes of data into manageable information to support decision-making based on the best
possible evidence. It aims to integrate information from multiple sources on complex topics in a
comprehensive, precise, transparent, and easily understandable manner. These principles ensure that
synthesized evidence is accessible and useful to all stakeholders, including healthcare professionals,
policymakers, and patients [1]. Evidence synthesis plays a pivotal role in Knowledge Translation
(KT) [2], serving as a bridge between research and healthcare. Consequently, evidence synthesis is

essential for the development of health policies and informed decision-making [3].

The role of all stakeholders in health decision-making underscores the importance of their ability to
access, understand, and evaluate health information adequately [4]. A persistent challenge in KT is
the low level of statistical and health literacy among the general population and health professionals,
which significantly complicates effective health management [5,6]. Therefore, it is crucial to
democratize access to high-level health information and to promote active participation of all

stakeholders in decisions affecting healthcare [7].

The evolution of evidence synthesis methodologies has led to the development of tertiary synthesis,
designed to condense knowledge from multiple systematic reviews with or without meta-analyses
(SR/MA). This synthesis, often referred to as Umbrella Reviews now referred to as Traditional
Umbrella Reviews (TUR) to distinguish them from the experimental methodology under study, The
Umbrella Collaboration® (TU®), builds upon the concept of primary studies (individual studies with
participant samples) and secondary studies (systematic reviews and analysis of those primary
studies). Tertiary synthesis represents a third level, named with other terms such as overviews, meta-
epidemiological studies, meta-meta-analyses, meta-synthesis, and meta-reviews also describing this
approach [8,9]. Tertiary synthesis has gained prominence in contexts where broad research questions
are posed, rapid results are needed, and resources for extensive systematic reviews are limited. TURs
follow a structured methodological process that involves several clearly defined stages [9-14].

Although organizations like Cochrane Collaboration [14] and the Joanna Briggs Institute (JBI) [11]

https://preprints.jmir.org/preprint/75215 [unpublished, non-peer-reviewed preprint]
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have developed and continually updated detailed methodologies for these reviews, there remains
considerable divergence in how TUR authors implement these steps in practice. This methodological

freedom leads to significant variations among different TURs in terms of rigor and approach.

The urgency for high-quality, timely information during crises like the SARS-CoV-2 pandemic has
highlighted the critical need for faster evidence synthesis methods, even if it means accepting certain
limitations in comprehensiveness, detail, and precision [15]. This demand has driven the
development of innovative approaches such as The Umbrella Collaboration® (TU®), which leverages
Al-assisted software to facilitate tertiary evidence synthesis under human oversight. While Al tools
such as PICO Portal, DistillerSR, Covidence, and Rayyan have already improved secondary
evidence synthesis by streamlining data management and analysis [16], technologies like large
language models (LLMs), including ChatGPT, are beginning to demonstrate potential for conducting
systematic reviews autonomously, though human supervision remains essential to mitigate risks such
as errors and hallucinations [17]. Despite these developments in secondary synthesis, the application
of Al and software engineering in tertiary synthesis is still in its early stages, with no dedicated
software currently available. TU® is at the forefront of this field, pioneering the integration of Al and
software engineering with human oversight to ensure accuracy and minimize technology-induced
errors. As Al continues to evolve, it is likely that fully automated processes for both secondary and
tertiary synthesis will emerge, potentially revolutionizing clinical research and practice. However,

building confidence in these technologies will require ongoing development and rigorous validation.

The Umbrella Collaboration® (patent pending)

TU® is primarily a software-driven system engineered to streamline tertiary evidence synthesis,
relying on programmed algorithms to automate the majority of its functions. The core of the system
is built on a software infrastructure that processes and synthesizes data from SR/MA abstracts stored
in Medline. While Al plays a crucial role, particularly through the use of LLMs and machine learning

(ML), it is utilized selectively within the broader software framework to enhance specific tasks.

LLMs are used in generating related search terms, expanding upon human-generated queries to
enhance the comprehensiveness of literature searches. Any LLM can be adapted to TU® software, up
to date we have used ChatGPT 4 [18]. This function is crucial in broadening the scope of the
searches while ensuring that the results remain relevant and precise. The Al component is designed

to support, not replace, human oversight, ensuring that the final selection of literature is both
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accurate and comprehensive [19]. To mitigate the risk of Al-generated hallucinations due to
insufficient data, TU® primarily operates as a stable, auditable software system. The use of Al is
limited to the search term expansion phase, where it suggests synonymous terms for the keywords
provided by the human reviewer. All Al-generated search terms are subject to human validation
before being incorporated into the search strategy. The human reviewer evaluates the relevance and
appropriateness of each Al-suggested term, ensuring that only those that align with the research
objectives are retained. This manual oversight serves as a critical safeguard against inaccuracies or
misleading Al-generated suggestions, maintaining the methodological integrity of the evidence

synthesis process.

As the TU® database grows, ML will be integrated to further refine and optimize the software's
performance. Training the system on an expanding dataset is expected to enhance its ability to select,
categorize, and analyze relevant research, thereby improving both efficiency and accuracy over time.
This approach allows TU® to evolve, continuously improving its utility in evidence synthesis through

the iterative learning process [20].

Overall, TU® represents a hybrid model where traditional software engineering and targeted Al
applications work in tandem. This balance ensures that while the software performs most functions
automatically, Al enhances specific tasks, such as search term generation and future predictive
analysis, under strict human supervision. This strategic integration of Al elements within a primarily

software-driven system ensures the reliability and precision of the evidence synthesis process.

The outcomes generated by TU® will be presented through an interactive web application designed to
enhance accessibility and comprehension for a broad range of stakeholders, including those without
advanced statistical expertise. The use of graphical formats and clear language aims to facilitate the

interpretation of findings by diverse audiences.

Additionally, the platform supports continuous updates, automatically integrating new SR/MA data
every 24 hours, thereby ensuring the most current and reliable evidence synthesis. This approach
aligns with the concept of Living Systematic Reviews (LSRs) [21], which advocate for frequent
updates to maintain relevance in rapidly evolving fields. While Cochrane Collaboration recommends
updating LSRs monthly [22], TU® is designed to surpass this standard by ensuring updates are

incorporated daily, providing near real-time evidence synthesis. The daily updates provided by TU®
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are expected to enhance its efficiency, allowing for a more dynamic and continuously updated
evidence synthesis process. If validated by the upcoming research, this advancement could
demonstrate TU®’s potential to streamline the synthesis process, delivering rapid yet reliable results
while upholding the highest standards of accuracy. Should these findings be confirmed, TU® may

emerge as an invaluable tool for accelerating the pace of evidence-based research.

TU® is designed to maximize computational efficiency while maintaining methodological rigor.
Unlike TURs, which require extensive manual data extraction and synthesis over months, TU®

automates critical steps in the tertiary synthesis process, significantly reducing execution time.

A key distinction of TU® is that it assists in the entire tertiary review process, rather than being
limited to isolated stages. Compared to existing approaches such as DistillerSR, Covidence, and
Rayyan, which focus on specific tasks like study screening or data extraction, TU® integrates a
complete methodology for tertiary evidence synthesis. This includes search term expansion, literature
retrieval, synthesis automation, and structured result visualization. While other tools provide
assistance in certain steps, TU® ensures a fully automated, structured, and reproducible workflow for

umbrella reviews.

To our knowledge, there are currently no automated systems specifically designed for tertiary
evidence synthesis that comprehensively address and assist in the entire synthesis process. While
several tools exist for systematic review automation, such as DistillerSR, Covidence, and Rayyan,
these primarily focus on secondary evidence synthesis (i.e., systematic reviews) and are not designed

to facilitate tertiary synthesis methodologies like umbrella reviews.

Additionally, no previous tool has undergone a formal assessment or validation for automated
tertiary synthesis, as TU® is the first system explicitly developed for this purpose. Unlike existing
software, TU® does not merely automate isolated steps (such as literature screening or data
extraction) but provides a structured, end-to-end approach for tertiary evidence synthesis. This
distinction highlights the novelty of TU® and underscores the need for the present study to formally

assess its performance compared to TURs.

A schematic diagram is provided to clearly illustrate TU®’s workflow, showing the process from data

acquisition to the generation of synthesized results. Abstracts of SR/MA, retrieved from the Medline
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database via PubMed, form the foundation of the analysis. The decision to use Medline via PubMed
as the sole database for literature retrieval in TU® is based on its strong coverage of SR/MA, as well
as the feasibility of leveraging LLMs for search term expansion. Recognizing the potential limitation
of relying on a single database, we conducted preliminary assessments to estimate the impact of this
decision. Specifically, we evaluated the ability of TU® to retrieve references from TURs and
analyzed the proportion of SR/MA references found in Medline. Our results showed that TU® was
able to retrieve 86% of TUR references using its Al-assisted search methodology in Medline alone.
Additionally, an independent assessment of 511 references from 22 TURs found that only 11
references were not indexed in Medline. While some loss of relevant studies is inevitable, these
findings suggest that the methodological approach used in TU® remains sufficiently comprehensive
for tertiary evidence synthesis, balancing feasibility and completeness (unpublished data). The data
obtained is processed through a range of techniques, including Natural Language Processing (NLP),
sentiment analysis (SA), web scraping (WS) and ML. The expected results comprise synthesized
evidence on intervention effectiveness and risk exposures, presented in a graphical and visual format.
These results are conveyed in plain language, making them easily understandable by all stakeholders,

regardless of their statistical literacy.

The project is continuously updated through automated and on-demand searches, with data from new
studies seamlessly integrated into the existing body of evidence. Each inclusion restarts the synthesis
process, creating a dynamic, cyclical workflow that ensures the results of the project remain up-to-

date (Figure 1).
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The implementation of new methodologies in the scientific field requires a comparative validation

process with established methods to ensure their reliability and effectiveness. TU®, being an

innovative methodology still in its theoretical-conceptual stage, must be evaluated against

established methodologies. Therefore, the aim of this study is to validate TU® by comparing its

performance and outcomes with the gold standard, TURs, to establish its credibility and potential

superiority.

Objectives

The primary objective of the present study is to assess whether a software-driven Al-assisted system

of evidence synthesis, TU®, can match the effectiveness of traditional methods of tertiary synthesis,

providing a potentially more timely, efficient, and comprehensive approach while remaining open to

findings that could demonstrate superior performance.

METHODS AND MATERIALS

Study Design

Figure 2 provides an overview of the study design. The study follows a structured comparative

approach in which selected TURs in geriatrics serve as the gold standard for validation. Using the

https://preprints.jmir.org/preprint/75215
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same research questions, projects are conducted in parallel with TU® to assess its performance. Data
from both methodologies are systematically collected and compared, focusing on key variables such
as the identification of outcomes of interest, effect size, certainty of evidence, and execution time.
The figure illustrates the step-by-step workflow of the study, from the selection of umbrella reviews in

geriatrics as reference models to the comparison of results obtained using TU® and TURs.

Replication of
Research Questions ,
from TURs Using Comparison of
TU® and Parallel Key Variables
Evidence Synthesis Identification of Outcomes of Interest
Gold Standard for Comparison and ¥re£i. y and Associated Properties
Research Question Replication Using TU® Methodology Extraction of results from both
) i methodologies Execution Time Comparison
garbg]\e/[teg Search in MEDLINE via Parallel Execution of Evidence
uoMe Synthesis with TU®
Selection of
Geriatrics Data collection
Umbrella Reviews
Figure 2
Study workflow.

The study focuses on a quantitative comparison between the two tertiary synthesis methodologies. To
facilitate this comparison, a targeted search in PubMed identified relevant TURs in geriatrics,
focusing on representative reviews rather than an exhaustive search. Our approach involved a
focused search in PubMed, using specific terms relevant to geriatrics, to find suitable TURs that
serve as a benchmark for this comparative analysis. This targeted search is considered sufficient for
our methodological comparison and does not require the comprehensive search strategy typical of
systematic reviews, as our goal is not to cover the entire scope of available literature but to enable a
parallel evaluation of synthesis methodologies. Therefore, while the search strategy may appear
basic, it is intentionally designed to fulfill the specific needs of our project without aiming for

exhaustive literature retrieval, which is beyond the scope of this project.

Study Variables

https://preprints.jmir.org/preprint/75215 [unpublished, non-peer-reviewed preprint]
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In the quantitative comparison, several critical variables were analyzed. Key among these is the
identification and evaluation of Outcomes of Interest (Ools). It is essential to define the concept of
an "outcome of interest" within the context of tertiary evidence synthesis, as an outcome of interest
refers to specific aspects identified and evaluated by systematic reviews with meta-analyses
(SR/MA) that examine the same research question. These outcomes are critical for understanding the
overall impact of various interventions on health conditions or the effects of exposures to risks. The
analysis included assessing the degree of concordance between the methodologies in identifying
Ools, using a concordance matrix to document and compare the Ools identified by TU® and TURs.
Additionally, we analyzed the total number of outcomes identified by each methodology, providing a

descriptive and statistical comparison.

A crucial aspect of this analysis involves the comparison of effect sizes (ES) for the identified
outcomes. TU® employs an automated approach for standardizing ES using a custom-designed
metric (Rru). This metric transforms all commonly used ES statistics in evidence synthesis (e.g.,
standardized mean difference (SMD), mean difference (MD), relative risk (RR), odds ratio (OR),
hazard ratio (HR), and others) into a single weighted composite measure. The Rty metric enables the
aggregation of heterogeneous ES measures across different systematic reviews supporting a given

Ool in tertiary evidence synthesis.

Since this process is fully automated, accuracy is assessed through comparisons with TURs. By
replicating research questions from TURs in TU®, we compare whether the Ryy-derived ES align
with those obtained using traditional methodologies. This validation step ensures that the automated
transformation process does not introduce systematic distortions and maintains consistency with
established ES estimation methods. Given the diverse metrics used in TURs, such as SMD, MD, RR,
OR, and HR, and the unique metric employed by TU®, we standardized all effect sizes, used in
TURs, to Cohen’s d. This standardization facilitates a direct comparison, ensuring consistency in the

interpretation of results.

Effect Size Comparison: Quantitative and Qualitative Approaches

ES for matched Ools were compared using two complementary strategies: a quantitative comparison
based on the numerical values of the ES, and a qualitative comparison based on categorical

classification.

https://preprints.jmir.org/preprint/75215 [unpublished, non-peer-reviewed preprint]
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For the quantitative analysis, ES derived from TURs were transformed into a common metric
(Cohen’s d) to enable direct comparison with the continuous Ry values calculated by TU®.
Spearman correlation was used to assess the strength and direction of association between the two

continuous measures.

For the qualitative analysis, ES were categorized into four standard interpretive levels, trivial, small,
moderate, and large, based on conventional thresholds. A contingency matrix was used to evaluate
the degree of concordance between TU® and TUR classifications, applying a structured system to
distinguish between full concordance, partial concordance, discordance and consistent concordance,

as described below.

Concordance between the two methodologies was assessed using a contingency table comparing
these categorical classifications (Table 1). Based on the degree of agreement, each matched Ool was

assigned to one of the following concordance levels:

Full concordance: Both TU® and TUR classified the outcome in the same category (e.g., trivial—
trivial).

Partial concordance: The classifications differed by only one level (e.g., trivial-small or moderate—
large). These differences were considered acceptable, as they are unlikely to lead to substantial
changes in interpretation or clinical decision-making.

Discordance: The classifications differed by two or more levels (e.g., trivial-moderate or small—-
large), representing a more substantial methodological discrepancy.

Consistent concordance: A combined category including both full and partial concordance,
reflecting a general alignment between methodologies even when minor categorical differences were

present.

This categorization framework acknowledges that qualitative ES categories are artificial boundaries
imposed on a continuous metric. Thus, small shifts between adjacent categories may not reflect
meaningful disagreement. The concept of partial concordance accounts for this inherent imprecision
in categorization and the methodological wvariability between synthesis approaches. Only

discrepancies exceeding one categorical level were interpreted as meaningful discordances.

https://preprints.jmir.org/preprint/75215 [unpublished, non-peer-reviewed preprint]
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Table !
Concordance matrix for effect size classification between TU® and TURs

TUR -ES TU® - ES
Trivial Small Moderate Large
Trivial |
Small |
Moderate I
Large
Consistent Partial Concordance Discordance
Full Concordance
Concordance (discrepancy of one category) = (discrepancy > one category)

Furthermore, the certainty of the evidence (LoE) associated with each Ool was evaluated. To assess
the LoE within TU®, we employ sentiment analysis (SA) as a natural language processing (NLP)
technique. This approach allows for automated classification of certainty indicators extracted from
systematic review abstracts. Regarding the concern about the training data for sentiment analysis, at
this stage, TU® employs a SA model initially trained on Twitter data. While we acknowledge that this
is not highly optimized for medical texts, it provides a cost-effective starting point for sentiment
classification without incurring additional expenses. Cloud-based solutions, such as Azure Cognitive
Services, offer more specialized SA models for healthcare, but these are paid services that exceed our

current budget.

We fully recognize the limitations of using general SA for LoE, as traditional GRADE-based
approaches consider multiple factors such as study limitations, inconsistency, indirectness,
publication bias, and confounders. However, our primary aim is to determine whether a simplified
approach, using abstract-level sentiment classification, can yield reasonable agreement with
traditional methodologies. TU® does not claim to replace the rigor of full-text GRADE assessments
but instead seeks to evaluate whether an alternative automated method can provide valuable insights
with lower resource demands. We are actively working towards developing our own custom SA
algorithm tailored to medical literature, trained on validated medical datasets. This will enhance

precision and improve TU®’s ability to evaluate LoE more effectively in the future.

For TURs, this was done using the GRADE system (Grading of Recommendations Assessment,
Development and Evaluation) [23], which categorizes evidence into very low, low, moderate, and
high levels. TU® applies a SA-based scoring system on a scale from -1 to +1. Both scales were
normalized to a similar quantitative range (0-1) to facilitate comparison. To align the two systems,

the SA scores are normalized using the following transformation formula: X = (SA score + 1) / 2.

https://preprints.jmir.org/preprint/75215 [unpublished, non-peer-reviewed preprint]
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Where X represents the normalized TU® certainty score, ensuring that SA values originally in the
range of -1 to 1 are mapped to a 0 to 1 scale. The GRADE ordinal levels are mapped onto the 0-1
scale as follows: Very Low = 0.00 — 0.25, Low = 0.26 — 0.50, Moderate = 0.51 — 0.75 and High =
0.76 — 1.00. This process allows TU® and TUR certainty ratings to be compared in a standardized

manner, enabling statistical concordance analyses between the two methodologies.
Finally, the execution time of each methodology was assessed, with TU® providing exact time
measurements and TURs relying on an estimated timeframe of 6 to 12 months based on existing

literature.

Data Collection and Research Question Replication

Data collection began with a targeted search in PubMed to identify TURs in geriatrics, using the
search terms "umbrella” AND "geriatric". The identified TURs served as benchmarks for our
comparative analysis. The research questions from these selected umbrella reviews were directly
replicated in TU® without modification, ensuring a precise comparison of outcomes generated by
each methodology. TU® was configured to replicate these questions, employing automated searches
and synthesis through NLP, WS, SA and ML, with human reviewer verifying and extracting data as
necessary. This approach allows us to assess the comparative effectiveness and efficiency of TU®
relative to traditional methods, particularly in identifying and analyzing outcomes critical to
evaluating health interventions and exposure risks. Data from both TURs and TU® were
systematically collected and recorded in a database to facilitate precise comparisons of outcomes,

effect sizes, and other critical variables, ensuring a thorough evaluation of both methodologies.

The decision to rely solely on abstracts for data extraction in TU® was driven by practical and
methodological considerations. Firstly, this approach was chosen due to budgetary constraints, as
full-text access to all systematic reviews and meta-analyses would require extensive licensing fees or
institutional subscriptions, which are beyond the scope of this project. Secondly, abstracts help
mitigate language bias, since all systematic review abstracts indexed in Medline are available in
English, regardless of the original language of publication. This ensures a broader and more

internationally representative evidence base.

While it is acknowledged that abstracts often contain limited methodological details and may lack

comprehensive information on certainty of evidence, outcome effect sizes, or risks of bias, the core
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objective of TU® methodology is to assess whether robust conclusions can still be drawn based on
abstracts alone. Recognizing the inherent limitations of abstracts, TU® incorporates structured
extraction criteria to capture the most relevant information while acknowledging the potential risks
of missing key methodological details. The validation process of TU® explicitly includes a
comparison with full-text TURs to evaluate whether synthesis based on abstracts alone yields

comparable conclusions.

Statistical Analysis: Data Analysis and Statistical Methods

The quantitative analysis compared the results obtained by both methodologies. Contingency tables
were constructed to contrast the identification of outcomes and the ES, ensuring statistical
congruence between the methods. For the evaluation of certainty levels, certainty scores from both

methodologies were transformed to a common 01 scale to allow direct comparison.

The chi-squared test was used to determine significant differences between the methodologies.
Additionally, Pearson or Spearman correlation analyses was conducted to quantify the relationship
between TU® certainty levels and GRADE certainty levels of the TURs. Pearson correlation is useful
for quantifying the strength and direction of a linear relationship between two continuous variables.
Moreover, the analysis will be complemented with Spearman correlation due to potential violations

of normality assumptions in the data.

Statistical analysis will be performed using IBM SPSS Statistics 26, with an alpha level of 0.05 to

determine statistical significance.

RESULTS

Identification of Traditional Umbrella Reviews in Geriatrics as Reference Models

This section outlines the process used to identify and select traditional umbrella reviews (TURs) in
the field of geriatrics, which served as the gold standard for validating the experimental

methodology, The Umbrella Collaboration® (TU®).

To enable a meaningful comparison, we conducted a targeted search in PubMed aimed at identifying
representative TURs in geriatrics. Rather than aiming for a comprehensive retrieval, the search
strategy was deliberately focused to select TURs that would serve as valid comparators in the

methodological analysis. We used the terms “umbrella” AND “geriatric”, seeking TURs that were
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methodologically sound and clinically relevant for this validation study. Given the scope and
objective of our analysis, a narrowly focused search was sufficient and did not require the exhaustive
approach typically used in systematic reviews. Although simple in design, this strategy was
intentionally crafted to meet the specific needs of the project and should not be interpreted as a

limitation.

The search was performed in PubMed on March 5, 2023, using the following query:
https://pubmed.ncbi.nlm.nih.gov/?term=umbrella+geriatric&sort=date

The search yielded 111 references. After a detailed screening process, 75 articles were excluded for
not meeting the inclusion criteria, such as being unrelated to geriatrics, not being umbrella reviews,

being study protocols, or not addressing interventions or risk exposures.

From the remaining 36 eligible TURs, we randomly selected 8 for detailed comparison [24-31],
giving preference to the most recent publications, which were more likely to follow current
methodological standards in tertiary evidence synthesis. This selection process, summarized in
Figure 3 and Table 2, ensured transparency and reproducibility in establishing TURs as reference

models.

march 5, 2023
https://pubmed.ncbi.nlm.nih.gov/?term=umbrella+geriatric&sort=date

. 111 references.
Initial search

36 included referencias.
75 excluded (unrelated to geriatrics, not being umbrella reviews, being study protocols, or not addressing
Selected TURs interventions or risk exposures).

in Geriatrics

8 included TURs for comparacson.
Random selection from the previous 36.

TURs included
in the study

Figure 3
Flow diagram of the search and selection process for TURs in geriatrics.
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16

17

18

19

20

21

TURs
included for
comparison
8/36

(n° project)
4

Author (aiio)

Conneely, 2022 [24]

[24]
Visser, 2022

[32]
Yuan, 2022

[33]
Travica, 2023

[34]
Veronese, 2023

[25]
Li, 2022

[35]
Shen, 2022
[26]

Beck Jepsen, 2022
[36]
Gazzaniga, 2023
[31]
Musazadeh, 2023

[27]
Veronese, 2021 (1)

[28]
Veronese, 2021 (2)

[29]
Veronese, 2020

[37]
Soysal, 2023

[38]
Zhang, 2021

[39]
Marx, 2021

[30]
Trott, 2022

[40]
Celotto, 2021

[41]
Demurtas, 2021

[42]
Demurtas, 2020

[43]
Obaid, 2020
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Title TUR

The effectiveness of interventions to reduce adverse outcomes among older

adults following Emergency Department discharge: umbrella review.

Effectiveness and characteristics of physical fitness training on aerobic fitness in
vulnerable older adults: an umbrella review of systematic reviews.

Modifiable predictive factors and all-cause mortality in the non-hospitalized elderly
population: An umbrella review of meta-analyses.

Peri-Operative Risk Factors Associated with Post-Operative Cognitive Dysfunction
(POCD): An Umbrella Review of Meta-Analyses of Observational Studies.

Knee osteoarthritis and adverse health outcomes: an umbrella review of meta-
analyses of observational studies.

Zinc Intakes and Health Outcomes: An Umbrella Review.

Effects of Exercise on Patients Important Outcomes in Older People With
Sarcopenia: An Umbrella Review of Meta-Analyses of Randomized Controlled

Trials.
Predicting falls in older adults: an umbrella review of instruments assessing gait,

balance, and functional mobility.
Effect of digoxin on all-cause and cardiovascular mortality in patients with
atrial fibrillation with and without heart failure: an umbrella review of

systematic reviews and 12 meta-analyses.
Effect of vitamin D supplementation on type 2 diabetes biomarkers: an umbrella

of interventional meta-analyses.

Interventions for reducing loneliness: An umbrella review of intervention
studies.

Efficacy of conservative treatments for hand osteoarthritis: An umbrella review
of interventional studies.

Effect of low-dose aspirin on health outcomes: An umbrella review of systematic
reviews and meta-analyses.

The impact of urinary incontinence on multiple health outcomes: an umbrella review
of meta-analysis of observational studies.

Menopausal hormone therapy and women's health: An umbrella review.

The Dietary Inflammatory Index and Human Health: An Umbrella Review of
Meta-Analyses of Observational Studies.

Eye disease and mortality, cognition, disease, and modifiable risk factors: an
umbrella review of meta-analyses of observational studies.

An umbrella review of systematic reviews with meta-analyses evaluating positive and
negative outcomes of Hydroxychloroquine and chloroquine therapy.

Stem cells for treatment of cardiovascular diseases: An umbrella review of
randomized controlled trials.

Physical Activity and Exercise in Mild Cognitive Impairment and Dementia: An
Umbrella Review of Intervention and Observational Studies.

Can we prevent poststroke cognitive impairment? An umbrella review of risk factors
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[44] and treatments.
22 Veronese, 2020 Glucosamine sulphate: an umbrella review of health outcomes.
[45]
23 Trott, 2021 Hearing impairment and diverse health outcomes: An umbrella review of meta-
[46] analyses of observational studies.
24 Neil-Sztramko, 2022 Community-based group physical activity and/or nutrition interventions to promote
[47] mobility in older adults: an umbrella review.
25 Antonazzo, 2022 Impact of arterial hypertension and its management strategies on cognitive function
[48] and dementia: a comprehensive umbrella review.
26 Demurtas. 2020 The efficacy and safety of influenza vaccination in older people: An umbrella review
of evidence from meta-analyses of both observational and randomized controlled
[49] .
studies.
27 Conroy, 2020 In-hospital interventions for reducing readmissions to acute care for adults aged 65
[50] and over: An umbrella review.
28 Gielen. 2021 Nutritional interventions to improve muscle mass, muscle strength, and physical
performance in older people: an umbrella review of systematic reviews and meta-
51
(54 analyses.
29 Biondi-Zoccai, 2020 Oral antiplatelet therapy in the elderly undergoing percutaneous coronary
[52] intervention: an umbrella review.
30 Ofori-Asenso, 2020 Frailty Confers High Mortality Risk across Different Populations: Evidence from an
[53] Overview of Systematic Reviews and Meta-Analyses.
31 Veronese, 2019 Sarcopenia and health-related outcomes: an umbrella review of observational studies.
[54]
32 Beckwée, 2019 Exercise Interventions for the Prevention and Treatment of Sarcopenia. A Systematic
[55] Umbrella Review.
33 De Spiegeleer, 2018 Pharmacological Interventions to Improve Muscle Mass, Muscle Strength and
Physical Performance in Older People: An Umbrella Review of Systematic Reviews
56
[561 and Meta-analyses.
34 Jadczak, 2018 Effectiveness of exercise interventions on physical function in community-dwelling
[57] frail older people: an umbrella review of systematic reviews.
35 Poscia, 2018 Effectiveness of nutritional interventions addressed to elderly persons: umbrella
[58] systematic review with meta-analysis.
36 Stubbs, 2015 What works to prevent falls in older adults dwelling in long term care facilities and
[59] hospitals? An umbrella review of meta-analyses of randomised controlled trials.
Table

TURs identified in the initial search and TURs selected for comparative analysis [24-31]

Identification of Outcomes of Interest

This section outlines the outcomes of interest (Ools) identified across the eight comparative projects
included in this analysis [24-31]. In the context of evidence synthesis, an Ool denotes a specific
variable assessed within the included primary studies, reflecting the effect of an intervention or risk
exposure across comparison groups. These outcomes may be quantitatively pooled through meta-
analysis or reported individually, depending on the synthesis strategy employed. We assessed the
performance of two methodologies in identifying Ools: TURs, which served as the reference
standard, and the experimental approach implemented through TU®. The results are presented in
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three stages: first, an overview of the outcomes identified by each method; second, an analysis of
concordance in Ools between TURs and TU®; and finally, the identification gain factor observed

with TU® in comparison to TURs.

The Ools identified by each methodology across the eight comparative projects are summarized,
along with the level of concordance and discordance between methods (Table 3). In total, the eight
TURs included in the study identified 86 Ools. For the same research questions, the corresponding
TU® projects identified 410 Ools. Of the 86 Ools reported by TURs, TU® identified 73 of them
(84.88%), missing 13 (15.11%) (Figure 4). Conversely, of the 410 Ools identified by TU®, only 73
(17.80%) were also reported by TURs, meaning 337 Ools (82.19%) were not captured by the

traditional reviews (Figure 5).

At project level, concordance rates (i.e., the percentage of TUR Ools also identified by TU®) ranged
from 70% in Project 4 [24] to 100% in Projects 1 [25], 5 [31], 6 [27], 7 [28], and 8 [29]. The TURs
from Projects 2 [30], 3 [26], and 4 [24] showed the highest proportion of Ools not identified by TU®,
with 21.05% (n=8), 28.57% (n=2), and 30.00% (n=3) of missed outcomes, respectively.

Table 3
Global summary table of Ools identified by TURs and TU®: totals, matches, and discrepancies.
Project 1 2 3 4 5 6 7 8 Total
TU TU TU | TU TU TU TU TU TU TU TU
TUR TUR TUR TUR X TUR TUR TUR
® ® ® R ® ® ® R ® ® ®
Ool Identified 5 12 38 71 7 34 10 22 4 25 8 149 6 49 8 48 86 410
TUR Ool identified
5 30 S) 7 4 8 6 8 73
by TU® (N) (%
TUR) (100%) (78.94%)  (71.42%) (70.0%) (100%) (100%) (100%) (100%) (84.88%)
TUR QOol NOT
8 2 3 13
identified by TU®
. () . 0 . 0 . 0
(N) (% TUR) 21.05% 28.57%) 30.00% 15.11%
0
TU® Ool identified
5 30 5] 7 4 8 6 8 73
by TUR (N) (%
) (41.66%)  (42.25%)  (14.70%)  (31.81%)  (16.00%) (5.36%) (12.24%)  (16.66%) (17.80%)
TU® OQol NOT
identified bv TUR 7 41 29 15 21 141 43 40 337
1dentifie y
) (% TO% (58.33%)  (57.74%)  (85.29%)  (68.18%)  (84.00%)  (94.63%) (87.75%)  (83.33%) (82.19%)
0
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Figure 4
Ools identified by TURs (N=86), matched/not-mathced by TU®

RdI de URT no identi-

ficados por TU, 13,

15%

RdI de URT Identifi-
cados por TU, 73, 85%
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Figure 5
Ools identified by TU® (410), matched/not-matched by TURs

RdI de TU® identi-
ficados por URT;
73; 18%

[RdI de TU® no identi-
ficados por URT; 337;
82%

The identification gain factor quantifies the extent to which TU® identifies a greater number of Ools
compared to TURs. As shown in the Table 4, this multiplier is calculated by dividing the number of
Ools identified by TU® by the number identified by the corresponding TUR.

Across all eight projects, TU® consistently outperformed TURs in the number of Ools identified. In
total, TU® identified 324 additional Ools that were not captured by the TURs. This corresponds to an
overall identification gain factor of 4.77, indicating that TU® identified nearly five times as many
outcomes as TURs on average. At the project level, the gain factor ranged from 1.87 in Project 2 [30]

to 18.63 in Project 6 [27].

Table 4
Ools identified by TU® and TURSs, additional Ools identified by TU®, and identification gain factor
Project N. ° Ool identified by N. ° Ool identified by Additional Ool Identification Gain Factor of
TU® URT identified by TU® 0ol by TU® compared to
URT
P.1
12 5 7 2,40
Veronese, 2023
P.2
71 38 33 1,87
Marx, 2021
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P.3

34 7 27 4,86
Shen, 2022
P.4

22 10 12 2,20
Conneely, 2022
P.5

25 4 21 6,25
Gazzaniga, 2023
P.6

149 8 141 18,63
Musazadeh, 2023
P.7

49 6 43 8,17
Veronese, 2021 (1)
P.8

48 8 40 6,00
Veronese, 2021 (2)
TOTAL 410 86 324 4,77

Concordance in Effect Size Classification of Outcomes of Interest
To assess agreement between the two methodologies, we conducted a comparative analysis of effect
sizes (ES) for Ools identified by both TURs and TU®. The analysis included only those Qols for

which both methodologies reported ES using comparable standardized metrics.

Effect sizes reported in TURs were either expressed directly as standardized mean differences
(SMD) or transformed into Cohen’s d, in order to harmonize the metrics and enable direct
comparison with the corresponding ES metric generated by TU®, Rry. When TURs reported an
outcome using SMD, this value was retained as-is for analysis. When other metrics were used (e.g.,
odds ratios or correlation coefficients), conversion to Cohen’s d was performed using standard

formulas.

Outcomes reported in TURs using mean differences (MD) or weighted mean differences (WMD)
were excluded from the analysis, as sample size data were insufficient to allow proper
standardization. After applying these criteria, a total of 48 matched Ools with comparable effect sizes

were included in the concordance analysis.

The Figure 6 illustrates the distribution of ES classifications by both TURs and TU® across the 48
Ools included in the concordance analysis. TURs classified 33.3% (n = 16) of the Ools as trivial,
47.9% (n = 23) as small, 14.6% (n = 7) as moderate, and 4.2% (n = 2) as large. In comparison, TU®
classified 35.4% (n = 17) as trivial, 54.2% (n = 26) as small, 10.4% (n = 5) as moderate, and none as
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Distribution of effect size classifications by TURs and TU®
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The contingency Table 5 summarizes the qualitative classification of ES for Ools identified by both

TU® and TURs, allowing for categorical-level concordance assessment between the two

methodologies. Focusing on concordance from the perspective of TU® classification: TU®

categorized 17 Ools (35.4%) as having a trivial ES. Of these, 10 (58.8%) were also classified as

trivial by TURs, while the remaining 7 (41.2%) were considered small. TU® classified 26 Ools
(54.2%) as having a small ES. Among these, 13 (50.0%) were also classified as small by TURs, 5
(19.2%) as trivial, 6 (23.1%) as moderate, and 2 (7.7%) as large. For the 5 Ools (10.4%) that TU®

classified as moderate, TURs concurred on only 1 (20.0%), while 3 (60.0%) were considered small

and 1 (20.0%) trivial.

Table

Contingency table of effect size classification: TUR vs TU® (qualitative categories)

TUR - ES 1.Trivial 2. Small 3. Moderate 4. Large Total
1. Trivial 58.8% (10) 19.2% (5) 20.0% (1) 33.3% (16)
2. Small 41.2% (7) 50.0% (13) 60.0% (3) 47.9% (23)
3. Moderate - 23.1% (6) 20.0% (1) 14.6% (7)
4. Large - 7.7% (2) B 4.1% (2)
Total 35.4% (17) 54.2% (26) 10.4% (5) (48)

%> =11.03" (p = 0.088), V = 0.339 (Moderate)

Notes.

NS Not significant, " Marginally significant (p<.10), * Significant (p<.05) y ** Highly significant (p<.01)

Statistical test: 2 - Pearson’s chi-squared. Effect size measure: Cramer’s V
Partial Concordance

Full Concordance

Discordance
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Of the 48 Ools analyzed, full concordance in effect size classification between TU® and TURs was

observed in 24 cases (50.0%). Partial concordance, defined as a one-level difference in qualitative ES

category, was observed in 21 cases (43.8%). Only 3 cases (6.3%) showed discordance, defined as a

discrepancy of more than one category (Table 6) (Figure 7). The total number of consistent

classifications (full or partial concordance) was 45 out of 48 cases, representing 93.8% of the sample.

Table

Concordance levels in effect size classification: frequency and cumulative distribution

Absolute Cumulative Absolute Relative Cumulative Relative
Frequency Frecuency Frequency Frequency
Different ES 24 24 50.0% 50.0%
Same ES 24 48 50.0% 100%
Same ES 24 24 50.0% 50.0%
One-Level 21 45 43.8% 93.8%
Discrepancy
Discrepancy > 1 Level 3 48 6.3% 100%
Figure 7

Levels of concordance in effect size classification between TU® and TURs across 48 matched outcomes of interest

Full Concordance

Discordance; 3;
6%

Full Concor-
dance; 24; 50%

Partial Concordance ™ Disc

Correlation of Quantitative Effect Sizes Between TU® and TURs

ordance

This section presents the correlation analysis between the ES reported by TURs and those generated

by TU®, using continuous, quantitative values. The goal is to assess the strength and direction of the

relationship between both metrics, that is, whether increases in one are associated with increases
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(positive correlation) or decreases (negative correlation) in the other.

A nonparametric Spearman correlation was used to quantify the association (Table 8). The resulting
coefficient (p = 0.399, P = .005) indicates a statistically significant positive correlation of low to
moderate strength. Given the nonparametric nature of the test, the analysis is robust to outliers and
non-normal distributions, which enhances the reliability of the observed association (Table 7). This

supports the consistency of the TU® ES metric (Ryy) relative to the standardized Cohen’s d and SMD.

To complement the analysis, a scatter plot was generated (Figure 8), displaying TU® ES on the x-axis
and TUR ES on the y-axis. A linear regression line was added to visualize the expected relationship
between both measures. Although the coefficient of determination (R? = 0.111) indicates modest

explanatory power, the overall trend supports a positive association between the two methodologies.

Table 7
Normality assessment of TU® and TUR effect size distributions using the Shapiro—Wilk test

TU® - ES (Rrv) TUR - ES (Cohen’s d)
Shapiro-Wilk W .874 .847
Shapiro-Wilk P value <.001** <.001**

NS Not significant, " Marginally significant (p<.10), * Significant (p<.05),
** Highly significativo (p<.01)

Table 8
Spearman correlation between TU® and TUR quantitative effect sizes

. Value R
Statistic .. Significance Strength
(Statistic P valor)

Spearman’s Rho .399%* (.005) Highly Significant Low-Moderate

NS Not significant, " Marginally significant (p<.10), * Significant (p<.05), ** Highly significant (p<.01)
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Figure 8
Correlation of quantitative effect sizes between TU® and TURs
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Concordance in Transformed Certainty Scores Between TU® and TURs

This analysis aims to assess the concordance between two distinct approaches for evaluating the
certainty of Ools in tertiary evidence synthesis. TURs rely on the GRADE framework to assess the
certainty of evidence, whereas TU® employs an automated SA applied to the abstracts of the included
SR/MA as a proxy for certainty. To enable a valid comparison between the two methodologies, both
GRADE ratings and TU® sentiment scores were transformed to a common numerical scale ranging
from 0 to 1. All values used in this analysis are referred to as transformed certainty scores. Only the
TURs that explicitly applied the GRADE approach were eligible for comparison. These included five
of the eight TURSs selected for this study: Shen (2023) [26], Conneely (2022) [24], Gazzaniga (2023)
[31], and both reviews by Veronese (2021) [28,29]. From these, a total of 25 transformed certainty

scores were extracted for comparative analysis.

To visualize the relationship between the two certainty estimation methods, a scatter plot was
generated (Figure 9). This figure displays the transformed certainty scores for Ools as assessed by
TURs using the GRADE framework (x-axis) and by TU® using sentiment analysis (y-axis). Each
point represents a matched Ool, allowing for direct comparison between methodologies across a

standardized 0-to-1 scale.
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Figure 9
Scatter plot of transformed certainty scores for outcomes of interest (N = 25) assessed by TURs (GRADE) and TU® (sentiment
analysis)
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Transformed certainty score of Ools (GRADE - TURs)

To assess the association between the certainty scores provided by the two methodologies, a
Spearman correlation analysis was conducted using the transformed certainty scores for Ools derived
from TURs (GRADE) and TU® (sentiment analysis). Given the results of the normality test (Table
9), which showed non-normal distributions for both sets of scores (Shapiro—Wilk P = .005 for TURSs;
P = .049 for TU®), a nonparametric approach was applied. The Spearman correlation coefficient was
0.446 (P = .025), indicating a statistically significant positive correlation of moderate strength (Table
10). These results suggest a consistent and meaningful relationship between the transformed certainty
scores obtained through GRADE and those estimated by TU®, reinforcing the overall concordance

observed between the two approaches.

Table 9
Shapiro—Wilk test for normality of transformed certainty scores (GRADE vs TU®)

Transformed GRADE Certainty Value (TUR) Transformed Certainty Value (TU®)

Shapiro-Wilk W Statistic 0.874 0.928
Shapiro-Wilk P value 0.005 0.049
Table 10

Spearman correlation between transformed certainty scores assigned by TURs and TU®

Spearman Correlation

N Coefficient P Value Result
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25 0.446 0.025 Significant

Execution Time of TU® Projects

This section reports the execution time required to complete tertiary evidence synthesis projects
using TU® methodology. Execution time could not be evaluated for TURs, as this information is not
reported in any of the selected reviews, nor is it systematically documented in the umbrella review
literature. Although expert consensus and international guidelines suggest a typical timeframe of 6 to

12 months for completing a TUR, this information is insufficient for direct comparison.

As a result, our analysis focuses exclusively on the recorded execution times for the eight TU®
projects included in this study. A summary is presented in the Table 11. The mean execution time was
4 hours and 46 minutes (+2 hours and 30 minutes), with a median of 4 hours and 36 minutes. There
was moderate variability across projects, with the shortest time recorded for the Gazzaniga, 2023

[31] project at 1 hour and 34 minutes, and the longest for Musazadeh, 2023 [27] at 10 hours and 8

minutes.
Table 11
Project execution time, search parameters, and reference overlap between TU® and TUR methodologies
TU® N°. of TU® N° of N° of
Reference
Project Search Date Execution Time Search References in References in
Overlap (%)
(hh:mm:ss) Terms TUR TU®
P. 1 Veronese, 2023 01 Aug. 2023 2:37:27 16 5 8 100
P. 2 Marx, 2021 01 May 2023 4:54:57 60 15 54 100
P. 3 Shen 2022 01 May 2023 5:29:22 19 6 18 100
P. 4 Conneely, 2022 01 May 2023 5:37:14 6 16 23 100
P. 5 Gazzaniga, 2023 01 May 2023 1:34:37 15 11 19 90.9
P. 6 Musazadeh, 2023 12 Nov. 2023 10:08:24 41 37 90 97.2
P. 7 Veronese, 2021 (1) 12 Dec. 2023 4:17:43 53 7 35 100
P. 8 Veronese 2021 (2) 23 Dec. 2023 3:33:54 16 8 22 88.8

ETHICAL CONSIDERATIONS
This study does not involve human participants, personal data, or animals. All data will be sourced
from published materials, and the analyses will be conducted in accordance with established ethical

standards for secondary data analysis.
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DISCUSSION

The findings of this study support the validity of The Umbrella Collaboration® (TU®) as a robust and
efficient methodology for tertiary evidence synthesis. TU® demonstrated a high level of concordance
with traditional umbrella reviews (TURs) in identifying outcomes of interest (Ools), successfully
replicating the majority of those reported in TURs while also identifying a substantial number of
additional outcomes. The experimental ES metric employed by TU® (Rry) showed a statistically
significant correlation with standardized measures such as Cohen’s d and SMD, reinforcing its
methodological soundness for estimating the magnitude of interventions or exposures. In addition,
TU®’s automated sentiment-based certainty assessment exhibited an acceptable level of agreement
with GRADE, the most widely adopted system for evaluating certainty in evidence synthesis. One of
the most notable advantages of TU® lies in its execution time. While TURs typically require several
months to complete, TU® was able to generate comprehensive results within hours. This efficiency,
combined with its demonstrated consistency and methodological coherence, highlights its potential

value in settings where rapid evidence synthesis is essential or where resources are limited.

The development of TU® aligns with the growing interest in Al-assisted tools for evidence synthesis,
an emerging field that is likely to shape the future of scientific research. Rather than replacing TURs,
TU® is intended to complement them by offering a methodologically sound alternative for contexts
where conventional approaches may be impractical or untimely. As a semi-automated platform, TU®
leverages natural language processing, sentiment analysis, and machine learning to streamline
tertiary synthesis while maintaining methodological rigor. Despite its potential, TU® represents a
paradigm shift that may require time and educational efforts for widespread understanding and
adoption. During the initial dissemination of this project, a general unfamiliarity with automated
tertiary synthesis was observed, highlighting the need for clearer conceptual frameworks and greater

engagement with the research community.

The identification of Ools represents a central axis in the comparison between TU® and TURSs. In the
context of tertiary evidence synthesis, an Ool reflects a specific finding previously evaluated in one
or more systematic reviews with or without meta-analysis (SR/MA) and integrated to answer a
defined research question. The validity of a synthesis model depends not only on aggregating

relevant data but also on faithfully capturing the main conclusions emerging from the primary
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literature.

Due to the limited literature on tertiary synthesis, this analysis draws from well-established principles
in secondary synthesis, where many of the same strengths and limitations apply. These include
challenges in outcome selection, variability in inclusion criteria, and the balance between breadth

and precision.

The comparative analysis revealed substantial differences in the number and breadth of Ools
identified. Across the eight matched projects, TURs identified a total of 86 Ools, whereas TU®
detected 410, yielding an identification gain factor of 4.77. TU® replicated 84.88% of the Ools
reported by TURs and contributed 337 additional Ools. This difference does not appear to stem
solely from broader search strategies or inclusion criteria. According to the Cochrane Handbook
[60], umbrella reviews can pursue either broad or narrow questions [61]. While both methodologies
support both approaches, several TURs in this study applied restrictive filters. For example, Project 6
[27] limited both its search strategy and inclusion criteria, while Projects 3 [26] and 4 [24] applied
inclusion restrictions. Nevertheless, even when only unrestricted TURs are considered, TU®
maintained a gain factor of 4.93, suggesting an intrinsic property of TU® in capturing a greater

volume of outcomes.

One explanation lies in TU®’s automated and systematic extraction process, which minimizes human
bias and ensures that any Ool mentioned in an abstract is captured, regardless of its perceived
importance. In contrast, traditional reviews often apply subjective judgment in prioritizing outcomes,
potentially omitting secondary findings. Moreover, TU® is not constrained by human workload,
allowing it to process larger volumes of data and extract multiple Ools per review without sacrificing

comprehensiveness.

A second consideration is the differing approach to quality assessment. TURs often prioritize high-
quality SRs/MAs, limiting scope but potentially increasing rigor. TU®, by relying on abstracts, does
not perform formal quality appraisal. While this design choice increases the number of included
studies, it should not be interpreted as a methodological flaw. Notably, up to 30% of SRs/MAs fail to
report study quality assessments, and only 12.9% set quality thresholds for meta-analysis inclusion
[62,63]. Furthermore, tools such as PRISMA-Abstract could be integrated in future versions of TU®

to address this limitation, though prior research has shown that abstracts often score low on PRISMA
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quality indicators [64-67]. Nonetheless, TU® consistently identifies more Ools based solely on

abstracts than TURs do using full-text reviews.

Another factor is the role of cognitive bias in outcome selection. Human reviewers may
unconsciously favor familiar or hypothesis-confirming outcomes, limiting variability. While TU® still
involves human oversight in final output selection, its core processes are software-driven, applying
uniform parameters across all included studies and reducing cognitive distortions. For instance,
whereas TURs tended to report outcomes only in one direction, TU® captured both positive and
negative effects, aligning with best-practice guidelines from the Joanna Briggs Institute and
Cochrane Collaboration, which emphasize the need to present balanced results for informed

decision-making [11,60].

Finally, while it is possible that TU® identifies outcomes of limited clinical relevance, this risk
appears minimal. All Ools extracted by TU® are derived from published SRs/MAs indexed in
MEDLINE, which are assumed to meet minimum standards of relevance and methodological quality.
According to the Cochrane Handbook [61], reviews should focus on critical and important outcomes,
excluding trivial ones. Future research could further assess the clinical importance of the additional

Ools identified by TU® to strengthen its practical applicability.

The study examined the concordance and correlation of ES of the Ools metrics between TU® and
TURs, using a unified set of outcomes assessed by both methodologies. TU® incorporates a novel
metric, Ry, specifically developed to standardize and synthesize effect sizes from SRs/MAs within a
tertiary synthesis framework. Unlike conventional metrics such as Cohen’s d or the SMD, Ry was
designed to allow direct aggregation of heterogeneous ES measures and requires empirical

validation. This analysis represents the first formal evaluation of Rty against traditional metrics.

In the qualitative comparison of ES categories (trivial, small, moderate, large), TU® demonstrated a
high level of agreement with TURs. Full concordance, defined as exact categorical match between
the two methods, was observed in 50% of cases, while consistent concordance (full plus one-level
deviation) reached 93.8%. Only 6.3% of cases showed discordance, meaning the categorical
classifications differed by more than one level. These findings suggest that TU® approximates the
classification logic of TURs with a high degree of reliability, reinforcing the potential of Ry to align

with established interpretive frameworks.
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The strength of the association between ES categorizations assigned by each methodology was
evaluated using Cramér’s V, which yielded a value of 0.339. This indicates a moderate association
and supports the notion that TU® and TURs tend to classify the strength of associations in a
comparable manner. Although the chi-square test did not reach statistical significance, likely due to
the limited sample size and sparse contingency cells, Cramér’s V remains a valid effect size measure
and is less sensitive to these limitations [68]. In applied research, the strength of association can
often be more informative than statistical significance, particularly when evaluating the practical
utility of an experimental method [69]. It is worth noting that the statistical power of the chi-square
test may have been reduced by the small number of observations and the presence of empty cells in
the contingency table, both of which are known to limit test sensitivity. In line with recent critiques
of overreliance on P values in biomedical research [70-73], the observed concordance rates and
effect size association offer more meaningful insights into the comparability of methods than the

statistical significance alone.

The quantitative comparison of ES values further supports the validity of TU®. The Spearman
correlation coefficient between TU® and TUR values was positive and statistically significant,
indicating a consistent directional relationship. Additionally, the slope of the regression line
approached 1.0 (f = 0.8), suggesting that the Rty metric yields ES of similar magnitude to those
reported in TURs using standard metrics. This represents a marked improvement in proportionality

compared to earlier regression slopes reported in other validation contexts.

However, the coefficient of determination (R?) remained modest (R? = 0.11), indicating that a
substantial portion of the variance in TUR ES is not explained by TU® estimates. This implies that
while TU® captures general trends in effect magnitude, additional factors, such as differences in
underlying metric types, weighting procedures, or reviewer judgments, may influence the exact
values. It also highlights the limitations of linear models in fully explaining the relationship between

these two methods.

These findings provide preliminary but encouraging evidence for the validity of Rty as a useful
metric for tertiary synthesis. Despite its experimental nature, Rty appears to closely approximate
established metrics such as Cohen’s d and the SMD in both categorical classification and magnitude.

Future studies will be needed to further evaluate the sensitivity, specificity, and contextual
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performance of Rry across diverse synthesis domains. Nonetheless, this initial validation suggests
that TU® can offer a consistent and efficient alternative for evaluating and categorizing ES in large-

scale evidence synthesis.

In this study, certainty assessments were compared exclusively among those TURs that applied the
GRADE framework, a well-established and widely endorsed method for evaluating the certainty of
evidence [74]. Although other appraisal tools exist, such as the statistical grading criteria proposed
by Papatheodorou [75] or the methodological assessment framework AMSTAR-2 [76], these differ
conceptually from the certainty model implemented in TU®. Papatheodorou’s system, despite its
structure, has been criticized for relying on arbitrary statistical thresholds and lacking sensitivity to
clinical relevance and risk of bias [77]. AMSTAR-2, in turn, focuses on the methodological quality
of the SRs/MAs themselves, rather than the certainty of individual outcomes. In contrast, TU®’s
approach aligns more closely with GRADE principles by estimating certainty at the outcome level,
albeit through an innovative method based on automated sentiment analysis of SR/MA abstracts.
Originally, the GRADE system referred to "quality of evidence," which denoted the degree of
confidence in the validity of study findings to inform clinical decisions. Over time, this evolved to
“confidence in estimates,” and more recently, to “certainty of evidence”, a term now widely accepted

as it better reflects both the trust in effect estimates and their applicability in practice [23,78].

The comparison between transformed certainty scores standardized to a 0—1 scale for outcomes
evaluated by TU® and those rated with GRADE provides important insights into the validity of TU®'s
automated approach. The observed positive and statistically significant correlation suggests that TU®
is capable of approximating GRADE-based judgments, thereby reinforcing the conceptual alignment
between the two methodologies. However, given the limited number of comparable data points, these
results should be interpreted cautiously. The small sample size restricts generalizability and
highlights the need for further studies to validate this relationship across broader contexts and larger
datasets. Despite this limitation, the findings support increased confidence in TU® as a tool for
researchers and end users. While not intended to replace GRADE, TU® offers a complementary
approach that leverages automation and processing speed without substantially compromising the
quality of certainty evaluation. This alignment with GRADE principles strengthens TU®'s position as
an innovative yet methodologically grounded tool in the evolving landscape of evidence synthesis.
More broadly, the correlation observed invites further exploration into the potential integration of

automated text-based analyses with established appraisal frameworks such as GRADE. Such
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integration may offer a promising avenue for optimizing both the efficiency and reliability of
certainty assessments. As these technologies evolve, ongoing validation will be essential to define

their appropriate role in scientific practice.

Execution time is a critical but often overlooked dimension in the evaluation of evidence synthesis
methodologies. TURs rarely document their execution timelines, and this omission was consistent
among the TURs included in this study. In contrast, TU® methodology records execution time
precisely, from the initiation of the first search term to the completion of the first version of the
synthesis project, excluding any subsequent update. This level of detail in time tracking is
unprecedented in both secondary and tertiary synthesis and represents a methodological innovation
that may become increasingly relevant with the integration of automation tools. As a result,
traditional timelines measured in months or years may soon be replaced by more accurate, time-

stamped process metrics.

Due to the lack of concrete time data from TURs, direct comparisons were not feasible. However, the
execution times recorded for TU® are sufficiently notable to highlight its efficiency. TU® projects
were completed within a range of 1.5 to 10 hours, substantially shorter than the typical duration for
TURs, which is estimated between 6 and 12 months. This is also well below the average timeframes
reported for SRs/MAs, which commonly take 1 to 2 years [79], or for accelerated alternatives such as
rapid reviews, ranging from 5 to 12 weeks [80], and even the Two-Week SR approach, which targets
completion in 11 working days [81]. The remarkable speed of TU® is a key strength, particularly in
light of growing international demand for agile evidence synthesis methods. Organizations such as
the WHO [82], Cochrane Collaboration [83], and Joanna Briggs Institute [15] have emphasized the
need for rapid yet valid synthesis approaches, an objective that TU® appears to fulfill effectively in

the context of tertiary reviews.

It is important to note that the time measured in this study refers solely to the initial execution phase
of TU® projects and does not account for later updates. However, TU® includes a novel updating
system that keeps projects active beyond their initial completion. The platform automatically checks
daily for new SRs/MAs matching the predefined search criteria. When new studies are identified, a
human reviewer is notified and can assess their eligibility. If approved, the system integrates the new
results into the existing synthesis following revision and confirmation. While no equivalent system

currently exists in traditional tertiary synthesis, the need for regular updates is well documented in
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evidence-based practice. In SRs/MAs, updates are typically recommended every two years or in
response to emerging evidence, yet compliance with this standard is often poor [84-87]. TU®’s
automated updating mechanism represents a major advantage in maintaining the relevance and

accuracy of results in fast-evolving fields.

Notably, projects with a higher number of included references required longer execution times,
which is expected given the additional workload involved in processing more SRs/MAs. Although
TU® significantly streamlines the synthesis process, the complexity and volume of information
remain factors that influence total execution time, particularly when human oversight is still
involved. Looking ahead, TU® is being developed to support full automation of SR/MA data
analysis, eliminating the need for human intervention. This transition will depend on training
algorithms through semi-automated projects to progressively improve accuracy via machine

learning.

Interestingly, the number of search terms used did not appear to correlate with execution time
(unpublished data), suggesting that TU®’s algorithms are capable of managing variable search
complexity efficiently. In traditional methodologies, the search phase is often complex and
performed by specialized information professionals using advanced Boolean strategies across
multiple databases [88-90]. In contrast, TU® simplifies the process by using basic search terms only
in PubMed, automatically generated and refined through generative Al. This shift towards simplified,
automated search strategies opens new avenues for exploring the adequacy and efficiency of non-
complex methods in evidence synthesis. It also raises questions about the continued necessity of
highly complex search protocols, suggesting that Al-assisted models may offer comparable

effectiveness in certain contexts [91-93].

Ultimately, the short execution times observed with TU® not only improve the efficiency of tertiary
synthesis, but also enhance the feasibility of rapidly delivering high-level evidence. In settings where
timeliness is essential, this temporal advantage may outweigh minor trade-offs in other
methodological dimensions. This capability holds particular promise for public health and healthcare
decision-making, where fast access to up-to-date, high-quality evidence is crucial. TU® therefore
emerges as a promising tool in scenarios where speed is a priority, offering a pragmatic balance
between rapid synthesis and analytical depth, while still requiring further validation against

established gold standards.
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LIMITATIONS

One of the primary limitations of this comparative methodological study lies in the relatively small
number of umbrella reviews (TURSs) included in the analysis. The comparison was based on only
eight TURs, randomly selected from an initial pool of 36 eligible reviews. Although the selection
aimed to obtain a representative sample of TURs within the field of geriatrics, the randomization
procedure was not formally documented, introducing the possibility of selection bias. Furthermore,
the limited number of TURs may not fully capture the methodological diversity and topic variability
typically observed across umbrella reviews, nor does it guarantee comprehensive coverage of the
range of clinical areas within geriatrics. Nevertheless, it is worth noting that all selected TURs were
recently published, between 2021 and 2023. This recency represents a significant advantage, as older
umbrella reviews, particularly in a relatively new field like tertiary synthesis, tend to show greater
methodological heterogeneity and reduced alignment with current standards of evidence synthesis

practice.

Another notable limitation is the absence of blinding of the lead investigator to the selected TURs.
As the same researcher who conducted the comparative analysis was also responsible for selecting
and extracting data from the TURs, prior knowledge of their findings may have inadvertently
influenced the outcomes generated using TU®. Specifically, awareness of the TUR results could have
affected decisions made during the TU® analysis, potentially introducing bias toward known
outcomes. However, while this lack of blinding represents a methodological weakness, several
mitigating factors should be considered. The TURs included in this study comprised multiple Ools
with diverse metrics, effect sizes, statistical significance levels, directions of effect, and certainty
ratings. This high degree of heterogeneity makes it unlikely that prior knowledge could have
systematically influenced all aspects of the TU® analyses. Moreover, TU® relies heavily on
algorithm-guided, semi-automated processes for data extraction and interpretation, which introduces
an additional layer of neutrality. Although the investigator had access to the TUR designs and
outcomes, the selection and presentation of results in TU® were primarily determined by predefined
algorithmic rules, limiting the extent to which cognitive bias could have meaningfully distorted the

findings.

The decision to utilize only one database, Medline via PubMed, in TU® is both a recognized

limitation and a deliberate choice shaped by resource constraints and technical considerations. While
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systematic reviews typically require searching multiple databases to capture all relevant literature
[94], our approach focuses on testing whether TU® can achieve outcomes comparable to TURs
despite these limitations. While a pilot study provided preliminary evidence of PubMed’s strong
coverage, further validation through TU® is necessary to confirm its applicability across different
domains. Furthermore, while searching multiple databases is often recommended to avoid language
and indexing biases, especially those related to non-English literature [95,96]. TU® mitigates some of
these biases by focusing on abstracts in English, as all PubMed abstracts are provided in this
language regardless of the original publication's language. However, the absence of Chinese
databases in our approach is a notable limitation, given that only a small proportion of Chinese

journals are indexed in Medline.

The decision to rely exclusively on abstracts rather than full texts in TU® is a deliberate
methodological choice aligned with the core objective of this study: to evaluate whether tertiary
evidence synthesis can be conducted efficiently, with fewer resources, and without requiring
extensive methodological expertise from the reviewer, while still producing results comparable to
TURs. We acknowledge that abstracts may lack key methodological details, including certainty of
evidence assessments, effect size calculations, and risk of bias evaluations. However, the
fundamental hypothesis of TU® is that an automated, structured approach to abstract-based synthesis
may still yield clinically useful conclusions, particularly when applied under standardized and

reproducible conditions. Moreover, relying on abstracts offers two key advantages:

1. Minimization of language bias, all systematic review abstracts in Medline are available in
English, regardless of the original publication language. This ensures that non-English studies
are not automatically excluded due to language barriers, a common issue in traditional

systematic reviews.

2. Feasibility and accessibility, full-text access to all systematic reviews requires extensive
licensing fees and institutional subscriptions, which may not always be feasible. Abstracts
provide a universally accessible data source, allowing for broader implementation of

evidence synthesis methodologies.

While we acknowledge the potential benefits of testing TU® across multiple medical domains, the

current study is a pilot study designed to assess the feasibility of our methodology in a single, well
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defined field, geriatrics. At this stage, limiting the scope to geriatrics is a strategic choice, ensuring
that the study maintains clarity, feasibility, and methodological rigor in its initial validation phase.
This focused approach allows for a controlled evaluation of TU® against TURs, ensuring that the
initial validation is conducted under clearly defined conditions. Future studies should expand its
application to other medical fields, such as cardiovascular medicine and psychiatry, as well as non-
medical domains, including education, sociology, and other disciplines with abundant systematic
reviews. This stepwise approach ensures a methodologically sound progression, allowing TU® to be

tested and refined incrementally before broader implementation.

While TU® does not seek to replace the depth and comprehensiveness of full-text review, the present
study demonstrates that a structured synthesis based solely on abstracts can yield results that are
sufficiently coherent and robust to serve as a complementary or alternative approach. The findings
support the feasibility of this method in contexts where full-text access is limited or where rapid

evidence synthesis is required, highlighting TU® as a potentially valuable tool in such scenarios.

CONCLUSION

This study provides preliminary evidence supporting the validity of The Umbrella Collaboration®
(TU®) as a complementary semi-automated tool for tertiary evidence synthesis. In a set of
comparative projects, TU® demonstrated a high level of concordance with traditional umbrella
reviews (TURs) in identifying outcomes of interest, estimating effect sizes, and assessing certainty,

while offering substantially shorter execution times.

Although the methodology remains experimental and further validation is required across broader
contexts, the results suggest that semi-automated approaches such as TU® may represent a promising
step toward more efficient, scalable, and continuously updatable models of evidence synthesis. TU®
does not aim to replace traditional methods but to provide a practical alternative in settings where

time, resources, or responsiveness are critical.
Future studies with larger datasets, enhanced blinding procedures, and expanded topic areas will be

essential to confirm these findings and further explore the potential role of TU® in the evolving

landscape of evidence-based research.
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