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Abstract

There is an urgent need for more clarity and consistency in the use of terms in the field of e-cigarette research.
Ontologies are computer artifacts that are increasingly widely used in science to represent knowledge in terms of
uniquely defined entities and their relationships with other entities. These are constructed in a way that promotes clarity
of thinking, much more effective searching, inference and interoperability across domains of study. We are constructing
an E-cigarette Ontology (ECig-O) covering all the types of entity that are referred to in reports of e-cigarette research. It

is part a larger Addiction Ontology (AddictO) covering all aspects of addiction.
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The rapid growth in the popularity of e-cigarettes in many countries has sparked controversy within the tobacco control
community, with some taking the view that e-cigarettes provide an opportunity to save thousands if not millions of lives if
smokers switch to theml'!, while others take the position that e-cigarettes are acting as a gateway to smoking in young

people, pose serious health risks, and that their use detracts from, rather than helps with, quitting smoking!l.

Currently, e-cigarette research findings are being interpreted selectively as supporting or opposing already established
positions. This can be achieved by ignoring contradictory evidence, by being willing to make generalisations where these
support a given view but not if they do not, or by applying different quality criteria to views one supports than

those one opposes. This has important implications for policy and practice, which are susceptible to influence from media

reporting that may foreground sensationalist interpretations of research findings. Several jurisdictions in the US have
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decided to ban the sale of e-cigarettes(®.. A recent cluster of illnesses and deaths in the US, which the US Food and Drug
Administration now acknowledges are mostly likely arising from use of illicit products, had been attributed by some
authorities such as the US Centres for Disease Control to the use of e-cigarettes per se before the evidence was made
available. This contrasts with the regulatory approaches taken by the UK, Canada and New Zealand“.. The field of
tobacco control appears to be becoming increasingly polarised with no sign of the accumulating evidence leading to a

rapprochement(®..

These tendencies, as well as gaps in the research literature, may underpin reasons for adopting restrictive policie&.
More broadly, from a public health perspective, misrepresenting evidence to the general public can be very damaging.
Examples of this in the history of public health evidence reporting are currently being played out with rates of childhood

vaccinations dropping across Europe since misreporting of the potential harms of the MMR vaccinel”l.

The importance and urgency of reducing tobacco-related disease, the popularity of e-cigarettes where they are available
as a cessation aid, and the potential to significantly reduce the harm caused by combustible tobacco smoke, have the
consequence that it is extremely important to undertake research to address the key issues of contention in such a way
that conclusions are well-founded. The findings from such research need to be interpreted and communicated accurately
and objectively in order for policy to be grounded in correctly interpreted evidence and for clinicians to give correct advice.
There is an urgent need for consistency and transparency in defining concepts, methods for testing hypotheses, and

reporting of study findings, including open access preregistration of hypotheses and planned analyses!®..

Like many other fields in addiction and health research, e-cigarette research encompasses experts from a wide range of
disciplines. However, with this diversity of scientific disciplines comes variation in the use of language, terminology and
the meaning ascribed to terms. Research priorities also differ. Though not all difference can be attributed to use of
language, divergence nonetheless impacts both individual level understanding and broader scientific knowledge. As an
example, how e-cigarettes are used — frequency and duration — relates to a range of behaviours that are important for
measuring impact; but the umbrella term ‘e-cigarette use’ is ambiguous and has been used by researchers to mean
anything from experimentation through to daily and exclusive use. Indeed, not being sufficiently accurate on the definition
of ‘use’ can lead to inflation of estimates of use by young people in whom experimentation is much higher than daily use!®..
Other examples also exist; for example, what constitutes a tobacco product, or whether even independent e-cigarette
companies are part of the tobacco industry, is an area of debate globally, with discernible lack of consensus and much
confusion. Nonetheless, whether an e-cigarette is or isn’t defined as a tobacco product has significant consequences for
policy, through taxation, regulation and product availability, impacting the most deprived smokers if not carefully

understood by policy makers.

Interpreting findings and building a consensus is difficult when terms are used with different meanings. This is further
hampered when there is limited knowledge by researchers of the core constructs relating to e-cigarette use and the
relationships between them, and it can be damaging when there is an interaction between this limited knowledge and
media interest. Poor or inconsistent understanding of terminology limits the extent to which some findings can contribute

to the development of new theoretical and applied knowledge of e-cigarette use.
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In order to resolve some of these issues we are developing an e-cigarette ‘ontology’ (E-CigO). The aim of E-CigO is to
provide a coherent and systematic way of defining terms and representing research methods and findings in the field. It
will enable much more accurate, complete and detailed searching of relevant literature than is currently possible, and
provide a basis for evidence integration and interpretation. This in turn will help i) identify sources of disagreement in the
field, ii) prioritise topics for research funding, iii) provide guidance to researchers to improve the reporting and
interpretation of findings, and iv) help the end user obtain an accurate impression of research findings taking account of

possible sources of bias.

Formal ontologies are becoming increasingly widely used across science and mediciné! 0!l 111210131014] For example, the
Gene Ontology!'% is an ontology for the biological domain that standardises the description of gene functions in a way
that allows unified annotations across species and has revolutionised large-scale interpretation of genomic functional
data. The Cochrane collaboration has developed its PICO ontology to capture key components of clinical trials and their
reporting, including in the field of addiction!'®. The New England Journal of Medicine published an article showing how
clinical ontologies can provide a basis for precision medicine, the benefits of which better serve medical decision

making!'"l. This approach could equally be of great value in nicotine and tobacco research.

In information science, ontologies represent knowledge in terms of entities and their properties. Each entity is given a
clear, unambiguous definition. Properties consist of relationships between entities, and different types of relationship are
also given clear, unambiguous definitions. Thus, a body of knowledge can be expressed as a simple yet comprehensive
set of interconnected, clearly defined entities and relations, in turn supported by a computational framework for knowledge
representation based on logic-based artificial intelligence technology. The ontology we are developing will enable
accurate interpretation of data from multiple sources through the explicit definition of terms and relationships. Examples of
this may include: the clear delineation of nicotine and tobacco containing products; understanding how nicotine strength
relates to user behaviour; or understanding user behaviour in context. Users will be able to query the ontology as a
searchable system. Users will also be able to identify how entities are being applied by e-cigarette researchers across

different disciplines, including where divergence exists.

Having a repository of knowledge about the constructs, models and theories that are relevant for an entire field allows for
sophisticated search and automated inferences. The logical model on which the ontology is built is able to detect

inconsistencies and contradictions automatically.

Annotations are used to link the entities defined in the ontology to the research findings and broader literature about those
entities in a way that enables systematic evidence synthesis and facilitates further research design, scientific
communication and open debate. This will enable all literature that bears on a given contested question to be retrieved in
one query. Thus, the mappings of ontology entities to findings and literature can be used to automatically highlight when a
given finding is inconsistent with the remainder of the available evidence and suggest when errors of interpretation might

have arisen.

Taken together, the result is that the ontology serves as an externalised understanding of the conceptual progress in the
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field, creating a hub around which conceptual disagreements and disputes can be identified and resolved.

The ontology is a ‘live’ representation of the field, requiring ongoing and transparent scrutiny, adjustment and additions as
the field evolves. Users will also have the opportunity to feed back to the core research team and suggest alterations as
well as additional terms, relationships and annotations. These suggestions will be reviewed and decisions made based on

the strength and validity of the suggested addition or amendment, with feedback (where necessary) from a team of

experts.

Importantly, this project does not seek to dictate the language of users of vaping products, but instead the expectation is
that real-world user behaviour will inform the ontology. This is however, a resource for use by academics, policy makers
and clinicians, seeking to resolve ambiguity and dispute through scientific and evidence-based definitions, and clear
understanding of constructs. Ontologies may be perceived as restrictive, limiting academic creativity, but alternatively we
suggest that they simply promote clarity and interoperability. Consensus amongst the scientific community will be clearly
evident through the ontology, and where there is divergence this will direct the field to reach consensus or to
acknowledge the need for divergence in some instances. The e-cigarette ontology will address the current divide in
tobacco control through facilitating the use of clear and unambiguous shared terminology and supporting an objective

interpretation of evidence.
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