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Introduction

Artificial intelligence (Al) has experienced exponen-
tial growth in recent years, driven by the development
of machine learning algorithms, increased processing
capacity, and the growing availability of large clinical
databases.' Its use has expanded into multiple areas of
everyday clinical practice.’*

Initially associated with image analysis or the auto-
mation of diagnostic processes, Al has broadened its
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scope and is now also involved in generating predictive
models, risk stratification, and optimizing clinical de-
cision. In parallel, scientific research has undergone a
similar transformation: often, the magnitude and com-
plexity of available data exceed the capabilities of tradi-
tional statistical approaches. In this context, Al emerges
as a particularly useful tool for addressing this comple-
xity. Accordingly, recent bibliometric analyses have do-
cumented a sustained increase in the number of publi-
cations and citations related to Al applied to healthcare
in recent decades.'”

Al is not limited to the analysis of large datasets, but
can also support different stages of the research process,
from hypothesis generation and methodological design
to results analysis and even scientific writing.®

However, its incorporation is not without challen-
ges. Al should be understood as a complementary resou-
rce that enhances scientific work, but does not replace
clinical judgment or methodological rigor. Its responsi-
ble use requires understanding both its strengths and its
limitations.”®

This brief review analyzes the main applications of
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Al in the design, execution, and analysis of clinical stu-
dies, distinguishing its contribution according to the
type of methodological design and highlighting the
considerations that must be taken into account for its
appropriate implementation in research.

Al in the Research Study Design Phase

Al can play a relevant role from the earliest stages of
the research process, even before patient recruitment or
data collection begins. In the design phase, these tools
can help optimize hypothesis formulation, methodolo-
gical planning, and protocol structuring.

First, the automated analysis of large clinical da-
tabases allows for the identification of patterns, pre-
liminary associations, or certain trends that can lead
to new research questions. Unlike traditional approa-
ches, machine learning—based methods can explore
complex or non-linear relationships between varia-
bles, facilitating the generation of new data-driven
hypotheses.’

Likewise, Al can assist in the review of the scientific
literature, enabling broader and more structured sear-
ches, identifying relevant articles, detecting knowledge
gaps, and synthesizing information in a preliminary
way.'” While these tools do not replace the researcher’s
critical appraisal, they can improve efficiency and re-
duce the time required for the initial analysis of a given
topic.

Methodologically, Al can also be used to perform
simulations that help estimate sample sizes or predict
event rates under different assumptions. These simula-
tions are particularly useful in studies with infrequent
outcomes or in heterogeneous populations, where tra-
ditional planning involves greater uncertainties."'

Finally, in studies that use electronic health records
or institutional registries, Al algorithms can assist in
the operational definition of variables, the standardi-
zation of criteria, and the automated identification of
potential participants who meet the predefined inclu-
sion and exclusion criteria, potentially reducing errors
resulting from manual case selection.!2

Al in Randomized Clinical Trials

In randomized clinical trials, Al can be used at mul-
tiple stages of the study. As mentioned previously, algo-
rithms applied to electronic health records allow for the
automated identification of potentially eligible patients

based on predefined criteria, optimizing time and redu-
cing recruitment bias.'” Predictive models can also con-
tribute to better baseline risk stratification, promoting a
more balanced allocation of participants.

In more complex designs, Al can be integrated into
adaptive randomization schemes, an approach in which
the probability of assignment to each arm is dynamica-
lly adjusted throughout the study based on accumulated
interim results. This type of design aims to improve trial
efficiency and optimize the use of information genera-

13,14 Furthermore, automa-

ted during its development.
ted tools already exist that can facilitate the monitoring
of adverse events and the early detection of protocol
deviations.

While these applications do not modify the funda-

mental principles of clinical trials, they can improve ope-
rational efficiency and the quality of data control.

Al in Observational Studies and Big Data Analysis

In observational studies, both prospective and retros-
pective, Al offers useful tools for analyzing large volumes
of information.

In prospective cohorts, it can be used during follow-
up to update risk estimates, incorporate new variables
over time, and facilitate the automated identification of
clinical events.

In retrospective studies and large database analyses,
areas where Al has likely had the greatest impact, its use-
fulness lies in its ability to organize and analyze large vo-
lumes of already available information. In recent years,
retrospective studies based on national or international
databases have become increasingly common, particu-
larly in countries with fully digitized information systems.
Many of these studies are published in high-impact me-
dical journals and provide evidence that, in some cases,
is considered for the development or updating of clinical
practice guidelines.

In this context, Al-based methods allow for the re-
view of thousands of records in a short time, the identi-
fication of associations between multiple variables, and
the detection of patterns that would be difficult to re-
cognize manually. They can also help classify patients
into groups with similar characteristics and extract re-
levant information from clinical records or reports.”
These tools expand the possibilities for analysis and
can generate new research hypotheses. However, the
results obtained using these methods should be inter-
preted with caution and validated in other populations
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to avoid drawing erroneous conclusions or identifying
non-reproducible associations.

Al in Statistical Analysis and Scientific Writing

In addition to its role in study design and data collec-
tion, Al can play a significant role in the statistical analy-
sis stage, especially when working with many variables or
diverse information. These methods allow for the simul-
taneous analysis of multiple factors and the exploration
of their interrelationships, facilitating the development
of prognostic models and the integration of clinical data,
laboratory results, imaging, or electronic records within a
single analysis.

One particularly useful application is the handling of
missing data, a common issue in real-world practice. Ins-
tead of simply excluding cases or replacing values, algo-
rithms can estimate missing information by considering
the full set of available variables. This can help reduce
bias and improve the robustness of the results.'®

Additionally, clustering techniques allow for the iden-
tification of subgroups of patients with similar characte-
ristics within a given cohort. This can be useful for re-
cognizing different clinical profiles, better understanding
the heterogeneity of certain diseases, and generating new
research hypotheses.

However, the use of these tools requires caution. A
model should not be considered valid simply because it
performs well on the data used to develop it. Its perfor-
mance must be evaluated in independent populations
to ensure that results are consistent and applicable in
other settings. It is also important to avoid overfitting
to the original dataset, as this may limit its practical
utility.

On the other hand, various Al-based tools applied to
scientific writing can assist in organizing the manuscript,
improving textual clarity, and facilitating grammatical
correction or translation into other languages.'”

Limitations of Al in Research

Although Al offers multiple advantages, it also pre-
sents limitations that must be considered. First, the
results depend heavily on the quality of the data used.
If the information is incomplete, unrepresentative, or
contains errors, models may generate unreliable con-
clusions or findings that are difficult to apply in other
contexts.

Additionally, some algorithms function as “black
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boxes.” This means that although the model may
generate a highly accurate prediction or recommen-
dation, the internal process by which it reaches that
conclusion is not always transparent or easily unders-
tandable, and may even be illogical. This failure to
interpret the analysis process can hinder the unders-
tanding of findings, limit confidence in the results,
and represent a barrier to their application in clinical
practice.'®

Beyond these technical limitations, there are rele-
vant ethical considerations. The use of large clinical
databases requires ensuring the protection of priva-
cy and data confidentiality of information, as well as
compliance with current regulatory frameworks. The
Central Figure illustrates the current role of Al in cli-
nical research, integrating its main methodological
applications and associated challenges.

Abrtificial Intelligence Tools Applied to the Clinical Re-

search Process

In recent years, various Al-based tools have emerged
that can assist researchers at different stages of the scien-
tific process, from literature search to the visual com-
munication of results. In the initial phase, platforms
such as OpenEvidence and SciSpace enable semantic
searches of the scientific literature, summarization of
articles, and efficient extraction of relevant information,
facilitating the identification of knowledge gaps and the
formulation of new research questions.

During methodological design and study planning,
language models such as ChatGPT and Claude can as-
sist in structuring hypotheses, defining variables, and
reviewing the coherence of the protocol. In the data
analysis stage, these tools can also be used to support
script generation in statistical environments such as R
or Python, the exploration of complex datasets, and the
preliminary interpretation of results.

Similarly, in scientific writing, they can help impro-
ve text clarity, organize the manuscript, and facilitate
translation into other languages. Finally, for the visual
communication of findings, platforms such as BioRen-
der, Canva, Gamma, or SciSpace allow the creation
of diagrams, scientific figures, and visual abstracts that
enhance the dissemination of results.

Although these tools can increase the efficiency of
the research process, their use should be considered
complementary to the researcher’s clinical judgment
and methodological rigor (Table 1).
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Central Figure. Artificial Intelligence in Clinical Research

DESIGN RANDOMIZED TRIALS
¢ Hypothesis generation e Recruitment
e Literature review e Stratification
e Sample simulation ¢ Adaptive randomization

AlIN
CLINICAL
RESEARCH

OBSERVATIONAL STUDIES ANALYSIS AND WRITING
¢ Big data e Complex models
e Pattern detection ¢ Handling missing data
e Patient classification e Manuscript assistance
LIMITATIONS

e Data quality ¢ “Black box” models e Need for validation e Ethical considerations

Table 1. Artificial intelligence tools applied ro different stages of the clinical research process

Stage of the Research Process Main Objective Recommended Al Tools Practical Applications
Literature search and review Identify relevant articles,  OpenEvidence, SciSpace, Semantic search of scientific
summarize evidence, Semantic Scholar, Elicit literature, extraction of key findings
and detect knowledge from articles, preliminary synthesis
gaps of evidence, and generation of new
research questions.
Study design and hypothesis Define hypotheses, ChatGPT, Claude, Connected Papers, Generation of research hypotheses,
formulation methodological design, ResearchRabbit assessment of methodological
and study variables coherence, comparison of study

designs used in the literature, and
suggestions for variables, inclusion
criteria, and outcomes.

Statistical analysis and data Analyze complex datasets R, Python, JASP, ChatGPT, Claude Generation and review of statistical
management and develop statistical or scripts, multivariable regression
predictive models analyses, exploratory data analysis,
patient clustering, and handling of
missing data.
Scientific manuscript writing Organize and improve ChatGPT, Claude, Grammarly, DeepL Assistance in manuscript writing,
scientific writing improvement of scientific style,

grammatical correction, and
translation of scientific texts.

Generation of figures, graphs, Improve visual BioRender, Canva, Gamma, SciSpace, DALL-E Creation of study diagrams,
and visual abstracts communication of pathophysiological schemes,
results scientific figures, and infographics or

visual abstracts for publications and
scientific presentations.

Acta Gastroenterol Latinoam 2026;56(1):12-16  » 15


https://www.openevidence.com
https://scispace.com

16 4

Role of Artificial Intelligence in Clinical Research: Methodological Applications and Current Challenges

Santiago Decotto et al.

Conclusion

Al has been progressively incorporated into clinical
research and offers useful tools to improve efficiency,
the analysis of complex data, and scientific production.
Its ability to process large volumes of information ex-
pands research possibilities across different methodolo-
gical designs.

However, its true value lies in its responsible and
complementary use. When integrated with scientific jud-
gment and academic oversight, it can help strengthen the
quality of evidence without replacing the fundamental
principles of clinical research.
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