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Abstract

A multitude of federally and industry-funded efforts are underway to generate and collect human, animal, microbial, and other
sources of data on an unprecedented scale; the results are commonly referred to as “big data.” Often vaguely defined, big
data refers to large and complex datasets consisting of myriad datatypes that can be integrated to address complex questions.
Big data offers a wealth of information that can be accessed only by those who pose the right questions and have sufficient
technical knowhow and analytical skills. The intersection comprised of the gut-brain axis, the intestinal microbiome and
multi-ome, and several other interconnected organ systems poses particular challenges and opportunities for those engaged
in gastrointestinal and liver research. Unfortunately, there is currently a shortage of clinicians, scientists, and physician-
scientists with the training needed to use and analyze big data at the scale necessary for widespread implementation of
precision medicine. Here, we review the importance of training in the use of big data, the perils of insufficient training, and
potential solutions that exist or can be developed to address the dearth of individuals in GI and hepatology research with the

necessary level of big data expertise.
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Introduction

Although large datasets are encountered with increasing
frequency in both the sciences and medicine, the term
‘big data’ is commonly undefined and open to some
degree of interpretation. In the present communication
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we use this term to refer to large, complex datasets con-
sisting of several different datatypes that can often be
integrated to address complex questions and must almost
always be sorted and analyzed using sophisticated com-
puter algorithms and programs. Accessing, analyzing,
and interpreting big data becomes an increasingly daunt-
ing challenge given that asking and answering the right
questions requires technical knowledge to parse these
datasets and extract the required information using vali-
dated methods. Moreover, the interconnection between
the gut-brain axis, the gut microbiome and multi-ome,
and connected digestive organ systems (i.e., hepatobiliary
tract and pancreas) poses additional challenges to those
involved in gastrointestinal (GI) and liver research [1].
Indeed, training in the methods needed to integrate and
correctly analyze and interpret the information in multi-
ple large, non-linear datasets consisting of multi-omics
and other datatypes remains far behind data acquisition
[1]. Even the use of artificial intelligence (Al) to address
these needs requires the development, oversight, and
validation of these novel tools by appropriately trained
and experienced people. These factors contribute to the
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perceived failure to capitalize on unrivalled opportuni-
ties to apply new knowledge to inform the mechanisms
underlying health and disease and, thereby, develop novel
diagnostics and therapeutics [2].

The use of big data is critical to advancing precision
medicine; unfortunately, current approaches to provide
adequate training in big data acquisition and analysis in
GI and hepatology research are insufficient, resulting in
datasets that are frequently inaccurately and inadequately
analyzed and commonly underutilized. These deficiencies
can be addressed by improving and expanding training
opportunities in this field. Here, we review the role of big
data in gastroenterology and hepatology research, current
inadequacies in training regarding its use, and the need
for additional training opportunities across the spectrum
of research careers. In a subsequent communication, we
review a variety of currently available avenues to obtain-
ing such training.

Role of Big Data in Gl and Liver Research

While substantial variation in data characteristics and struc-
tures exist, ‘big data’ represents sizeable datasets defined by
their shared traits of large volume and high complexity [3].
The term applies to multiple different data types, including
genetics and genomics, metabolomics and proteomics, tran-
scriptomics, microbiome sequencing, imaging, and clinical
data. While differences in analytic methods exist between
these datasets, and can overwhelm those unfamiliar with the
field, similar statistical principles underlie those methods
(Fig. 1). These datasets are key to understanding health and
disease at an unprecedented level of granularity, especially at
the degree required to develop and employ precision medi-
cine. As a result, big data has become increasingly common
in every facet of biomedical research—GI and hepatology
research being a prime example.

Several techniques, methods, and tools have been devel-
oped rapidly in recent years specifically for the generation
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Fig.1 Many investigators lack the knowhow and resources to ade-
quately assess, interrogate, analyze, and integrate the vast amounts of
big data that are currently being generated. Without proper training,
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of these data [3] and many are specific to data collected
from the GI tract, e.g., considering stool as a “tissue” type
and using intestinal microbiome-specific analytical tools [1].
This is in large part due to the importance of the GI and
hepatobiliary tracts as sources of big data, particularly in the
context of their substantial interconnection with other organ
systems and the gut microbiome. As a source for the produc-
tion and systemic absorption of metabolites, nutrients, and
other products that are then delivered throughout the body,
the GI and hepatobiliary tracts are particularly important to
incorporate into precision medicine research. Unfortunately,
the development of training opportunities has not kept pace
with the generation of big data, resulting in a discrepancy
between the enormous amount of available data and the rela-
tive paucity of researchers equipped to analyze it.

Inadequacies in Big Data Training

and Approaches to Increasing the Numbers
of Biostatistics- and Programming-Trained
Investigators in Gl and Liver Research

Compressed ‘bootcamps’ or one-semester courses may offer
an introduction but are insufficient by themselves to provide
the required training for big data analytics. The appropri-
ate use of big data to improve patient outcomes requires
research team members appropriately trained for the task.
While medical schools may require mathematics and biosta-
tistics prerequisites, and basic statistical knowledge is tested
by board examinations, most students are trained to under-
stand results, but not to analyze the underlying data. Further,
this training is often inadequate. A 2007 study revealed that
only 41.4% of residents across 11 residency programs were
able to correctly interpret simple statistical results tested on
board examinations [4].

Master’s level programs in clinical research may offer
instruction in the fundamentals of clinical research, that
may include coursework in biostatistics and bioinformatics.
However, most do not progress past teaching a subset of
epidemiological techniques, and commonly fail to address
omics data and the analysis and integration of different
types of high-throughput omics data. Lastly, they rarely test
graduates to ascertain their acquisition and retention of such
knowledge. Given the time constraints of such training pro-
grams, a condensed version of relevant statistics is typically
provided, commonly excluding vital theoretical background
information and tools necessary to address complex prob-
lems that cannot be solved with simple solutions. Gener-
ally speaking, incomplete training in big data analyses has
resulted in numerous instances of inappropriate large scale
clinical analyses impacting public health, including inac-
curate 2013 Google Flu Trend predictions [5].
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Proposed solutions to these concerns include incorpo-
rating trained data scientists into research teams; some
suggest the creation of a new role, referred to as the health
information specialist, a team member possessing a com-
prehensive data analytics background who can be more
readily trained in the specifics of clinical data science [6].
Such specialists would possess a strong theoretical and
computational background, the ability to make correct
analytical choices, e.g., modeling continuous versus dis-
crete variables. This is crucial for generating reproducible,
trustworthy results, particularly in the context of applying
more advanced machine learning and Al methods, where
the quality of initial input may exponentially impact the
quality of downstream results. Additionally, the leaders
of such research teams must themselves possess sufficient
knowledge to have confidence in the scientific rigor and
accuracy underlying the acquisition and analysis of these
complex big datasets and take ownership and responsibil-
ity for the integrity of the results and conclusions.

Advanced clinical training reframes the lens with which
clinical data are viewed. Moreover, the current academic
infrastructure in the United States makes it difficult to sup-
port investigators not directly involved in clinical care.
Appropriately training clinicians in the big data analysis
methods may provide an alternative approach. As statis-
tical techniques continue to advance and become more
complex, so do the skillsets needed to apply them. Hence,
ideal candidates might include those with engineering
or mathematics backgrounds who desire to transition to
health science careers. Participants in medical scientist,
i.e., MD/PhD, training programs, have more time during
their research years to invest in formal (coursework, sym-
posia, and workshops) and informal (mentorship or pro-
ject-related) statistical training. Another approach may be
to expand post-doctoral opportunities, perhaps using T32
training grants. For instance, at the University of Pitts-
burgh, the GI division manages a T32 training grant in big
data and precision medicine, that provides intense class-
room and practical training; developing more programs of
this nature would expand access and post-graduate training
paths to those interested in big data research. Although
there is currently a paucity of such opportunities, to
enhance the training experience, asynchronous online
courses geared at residents or fellows would be advanta-
geous. Regardless of the precise path followed, training
must acknowledge that statistical analysis is also an art;
no methodology or approach is etched in stone—the same
problem can be addressed by multiple methods, none of
which are necessarily the best approach. This conundrum
highlights the importance of cultivating a strong back-
ground in biostatistics and bioinformatics before devel-
oping and using statistical tools.
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Conclusion and Future Directions

Although big data science represents the future of GI and
hepatology research, there is an unmet need for investiga-
tors trained in the use and analysis of existing and accu-
mulating large datasets, with the potential to profoundly
impact healthcare. Using big data to personalize medicine
has great potential to improve quality of life and clinical
outcomes while substantially lowering healthcare expendi-
tures; the potential benefits should neither be underestimated
nor underutilized. However, addressing this need requires
maximizing the use of current training vehicles, additional
training opportunities, and commensurate investment by fed-
eral agencies, academic institutions, foundations, and even
the pharmaceutical industry to support the cost of extended
training. Our subsequent communication addresses existing
and promising training opportunities.
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