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Abstract

Health care processes can be formally analyzed as involving two kinds of planned processes
that are mereologically related: health procedures and health activities. They can involve a
number of informational entities that derive from orders meant to fulfill requests such as
prescriptions. This article provides definitions and axioms for such entities, following the OBO
Foundry methodology. This representation could serve as a foundation for an ontological
model that aims to enable interoperability between various clinical data sources in the context
of a Learning Health System.
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1. Introduction

Learning health systems (LHS) facilitate the transfer of knowledge between research and care
activities with the aim of improving both the health of individuals and the health care system. A LHS
is based on the collection of data produced in the course of care, its exploitation to generate new
knowledge, and then the dissemination of this knowledge in the care system [1]. In addition, the practice
of self-measurement, or quantified self, which consists in collecting data related to one’s body and
activities, has increased considerably with the availability of connected devices such as electronic
scales, trackers or smart watches. Quantified self leads to the generation of a very large amount of health
data from individuals, which could be very valuable for an LHS [2].

The implementation of an LHS requires that health data must be accessible to user systems (for
clinical research, health monitoring or reflective practice, for example) while guaranteeing the proper
use of the data in terms of ethics, confidentiality, and security. However, these data are often distributed
in many clinical information systems and LHSs need to support interoperability between various data
sources and across different activities. For this purpose, applied ontologies can provide a common,
source-independent representation of clinical information [3].

As part of PARS3 [4], a distributed data access platform supporting LHS, we have developed several
ontologies for domains such as drug prescriptions with the Prescription of Drugs Ontology PDRO [5,6],
laboratory test reports with the clinical Laboratory Ontology LABO [7] or clinical questionnaires with
the Questionnaire Ontology QUESTO [8]. These domains are traditionally considered independently
of each other and have dedicated clinical information systems, such as a CPOE (Computerized Patient
Order Entry) for drug prescriptions or a LIS (Laboratory Information System) for laboratory tests.
Consequently, our ontologies have been developed with a modular approach, each one representing a
particular domain and including all the necessary classes to be used on its own.

However, we have observed during the development of these ontologies that the domains concerned
are highly interconnected, which obliged us to make arbitrary choices in our ontologies in order to be
able to respect the principles of the OBO Foundry methodology [9]. For example, the class Health care
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prescription has been defined within the PDRO ontology as it was the first of our ontologies that needed
it. Yet, a prescription, while often associated with the dispensing and administration of medication, may
also direct laboratory tests or vital signs measurements. Therefore, this class could just as well have
belonged to the LABO ontology. Duplicating it in this ontology, however, would have been against one
of the principles of the OBO Foundry that is to reuse classes rather than duplicate them. At first glance,
this problem is solved by importing Health care prescription into LABO and in the same way, PDRO
could import classes from LABO. Not only does the cross-dependency between ontologies quickly
undermine the coherence and evolution management of ontologies, but the fact that a class is needed in
both ontologies also indicates that it belongs to a more general domain than those represented in PDRO
and LABO, and therefore should be defined outside of these ontologies.

In addition, even if our ontologies have focused on informational entities related to their domain, we
also need to detail the processes driven by these entities. For example, the process of performing a
laboratory test, in addition to the collection of a specimen and some physical analysis of one of its
constituents, may require collecting information about the whole individual (such as weight, sex or age)
or administrating a given substance, such as glucose. Such processes are all distinct, and can exist
independently of a laboratory test, but are sometime part of such a test. Furthermore, while quantified
self could quickly represent an important source of information for an LHS, data produced by personal
devices may vary in quality [10,11]. Therefore, it will be important to be able to distinguish these data,
and the processes that led to it, from those generated in a clinic or a hospital under the control of
healthcare professionals.

This highlights the need for an upstream ontology that encompasses the common classes of our
domain ontologies and describe them more accurately. In the following section we will review existing
ontologies for such classes, we will then detail our proposal for additional classes as well as the
methodology employed and discuss some of their implications.

2. Existing Classes

We restricted this review to ontologies that are part of the OBO Foundry. Among them, several
classes describe care processes, to be distinguished from more general health processes such as
breathing or heartbeat. Most of them are subsumed under the Ontology of Biomedical Investigation
(OBI [12]) class OBI:Planned process=a.t. “A process that realizes a plan which is the concretization
of a plan specification.”

The Ontology of Adverse Event (OAE [13]) describes the class Medical intervention and its subclass
Medical procedure:

o  OAE:Medical intervention=g.r. “[... A] planned process that has the goal of diagnosing,
preventing or relieving illness or injury.”

o  OAE:Medical procedure=4r “[A] medical intervention that refers to any series of pre-
defined steps that should be followed to achieve a desired result.”

The Environment Factor Ontology (EFO [[14]]) describes another Medical procedure class:

o EFO:Medical procedure=q.r. “An activity that produces an effect, or that is intended to alter
the course of a disease in a patient or population. This is a general term that encompasses
the medical, social, behavioral, and environmental acts that can have preventive,
therapeutic, or palliative effects.”

This class is a subclass of EFO:Experimental process which restricts its scope to experiments or
studies.

The Ontology for General Medical Science (OGMS [15]) describes two complementary and disjoint
classes:

o  OGMS:Health care process= .. “A planned process with the objective to improve the
health status of a patient that directly involves the treatment, diagnosis, or prevention of
disease or injury of a patient.”

o  OGMS:Ancillary health care process=d.r. “A planned process that has the objective to
support the objective of a health care process without directly involving the treatment,
diagnosis, or prevention of disease or injury of a patient.”



As stated above, health procedures are already represented in current ontologies. However, these
classes do not seem to be sufficient to represent all situations, on the one hand because they are defined
in a health care setting, and on the other hand because they focus on processes whose objective is to
modify the patient’s condition. There is also a need for representing non-interventional processes, like
taking someone's pulse, and processes performed outside a health care context, such as taking an
acetaminophen tablet for a headache at home.

3. Methods

In the following, using specific examples, we discuss the main difficulties encountered when trying
to represent health procedures in a practical LHS setting. We then propose several classes that could
meet the requirements discussed above based on a methodology in accordance with the OBO foundry
principles. These classes are built following a realist approach based on BFO [16] and the Information
Artifact Ontology (IAO [17]). We follow the approach proposed by Smith and Ceusters [17], according
to which an informational entity is a generically dependent continuant concretized by a quality that
inheres in an independent continuant.

In addition we use the object property “specializes” described in [18]. This property defines a
relation of specialization between two directive informational entities (the BFO counterpart to [18]’s
directive informational content entities), for example DIE; :“Pour 200 ml of water in a recipient” and
DIE;: “Slowly pour 200 ml of water in a glass”. It relies on the notion of compliance: an action is
compliant with a directive informational entity if it is of the type specified by this informational entity.
DIE; specializes DIE; if the actions compliant with DIE; are compliant with DIE;. Classes and object
properties from other ontologies are re-used as much as possible to maintain orthogonality between
OBO ontologies. In addition, textual definitions following an Aristotelian structure and important
axioms are provided.

4. Results

The taxonomy of classes described below is illustrated in Figure 1.

IAO: Information content entity
Health procedure request
Health procedure order
IAO:Data item
Health activity data item
Health procedure reporting item
IAO:Document
Health procedure report
IAO:Directive information entity
Health procedure directive item
Health procedure instruction
IAO:Plan specification
Health procedure protocol
Health activity plan specification
IAO:Objective specification
Health procedure directive item objective specification
OBI:Planned process
Health procedure
Health care procedure
Health activity
Health procedure request processing
OBIl:Data transformation
Health procedure data transformation

Figure 1: Taxonomy of Health intervention related classes



4.1. Health Procedure Definition and Structure

Consider Mr. Jones who wears a smart watch that measures his pulse on a regular basis and stores
these measurements in a personal electronic record. In addition, Mr. Jones is concerned about his weight
and decides to determine his body mass index (BMI) to assess its obesity status. Self-weighing has a
positive impact on weight management [19]. This index is calculated as the ratio of weight (in kg) to
height (in m) squared.

Let:

e  PM; be a pulse measurement performed by Mr. Jones’ watch at a given time.

e BMI, be the process of Mr. Jones determining its BMI by measuring his weight, his height and

calculating the ratio between the two.

PM,; and BMI, are evaluations of Mr. Jones’ health status. In our view, they differ from each other
in two important aspects:

e BMI, is a process that is carried out under the will of Mr. Jones that has a predetermined

objective regarding his health status, that of evaluating its obesity status by calculating his BMI. On

the contrary, PM; does not have any specified objective with regard to the health of Mr. Jones, it is
an automated process that can take place even without Mr. Jones knowing about it.

e BMI; can be decomposed into several well-defined relevant sub-processes: weight

measurement, height measurement and the calculation of the index which takes these two

measurements as input. Furthermore, weight and height measurements can be realized
independently or be part of other evaluation processes.

This leads us to distinguish between two levels of processes concerning health procedures: at the
higher level, the health procedures themselves, which are processes with an established objective of
having a desirable impact on the health status (e.g. Mr. Jones’ BMI assessment), and at the lower level,
the health activities (e.g. Mr. Jones’ weight measurement and height measurement), which constitute
the building blocks of health procedures but can be carried out independently of any health procedure.
Health activities can capture a fact concerning a health status (like a height measurement for example)
or aim at modifying (positively or even negatively, for example exposing an individual to covid during
a trial) the health status. They can also be performed without any particular objective regarding the
health status: a height can be measured to choose the proper clothing size.

While a health activity may have as parts other processes, a health procedure includes health
activities as component processes, that is self-contained parts of a larger entity — such as gears in a
motor. From an ontological point of view, this component relationship is represented using the object
property has component process, defined in the Relation Ontology (RO [20]). This property is not
transitive unlike has_part, thus it allows us to distinguish the two levels of granularity between health
procedure and health activity. In addition, a health procedure may include as components other planned
process than health activities. To determine the BMI for example, in addition to the measurement of
height and weight, which are two health activities, there is another planned process that takes as input
the measured weight and height values to compute the index.

We propose the following definitions and axioms for Health procedure and Health activity. In
addition, we will use the abbreviations HP for Health procedure and HA for Health activity for the
remainder of this article.

Health procedure=q.;. “A planned process that has the objective of contributing to a desired effect
on the health status of an organism or several organisms achieved through the treatment, diagnosis, or
prevention of disease or injury. It has some components that are planned processes, including at least
one that is a health activity.”

Health activity=4.r. “A planned process that aims to produce a truthful statement about the health
status of an organism or modify it.”

Health procedure subClassOf (has _component process some Health activity)

Health activity subClassOf (has_part some OBI:Planned process)



The mention of “organism” in the definition implies that the health procedure does not necessarily
concern human health. Indeed, veterinary medicine presents very similar processes. However, for the
remainder of the article we will consider human organisms, for easiness of presentation.

Both PM; and BMI; are processes related to Mr. Jones’ health, and to which he participates.
However, they are not directed by a prescription, and they are performed without the intervention of a
health care professional and outside of a health care setting such as a clinic or a hospital.

“Health care” is defined in American English as: “The prevention, treatment, and management of
illness and the preservation of mental and physical well-being through the services offered by the
medical and allied health professions.” [21] Relatedly, “patient” is usually defined in connection with
health care as: “one who receive medical attention, care or treatment” [22]. This relationship is upheld
in biomedical ontologies where both OBI and the Ontology of Medically Related Social Entities
(OMRSE [23]) define “patient role” as realized by the process of being under the care of a physician or
health care provider.

Consequently, the recipient of a HP is not necessarily a patient, as the involvement of a health
professional is not required. Note that the health care professional does not have to be directly
participating in the process: if Mr. Jones' physician asks him to measure his blood pressure every
morning at home, he is not a participant in the measurement process, but he is still involved as the
requesting party. To take into account this distinction we propose the subclass Health care procedure
with the following Aristotelian definition:

Health care procedure =4, “A health procedure on an organism and that is requested by a health
care provider.”

In view of these definitions, we can say that BMI, is an instance of HP because it is done for a
diagnostic purpose, but it is not an instance of Health care procedure because it has not been requested
by a health professional.

PM; is not intended to have a desired effect on Mr. Jones’ health but produces a statement intended
to be truthful about Mr. Jones’ health status, stating the measure of his pulse at the time it is performed,
and consequently PM; is an instance of HA. However, if Mr. Jones had initiated a pulse measurement
on his watch because he felt palpitations, then this process would be an instance of HP and have as
component part the HA of pulse measurement.

4.2. Prescriptions, Requests and Orders

In the previous section we differentiated between health procedures and health care procedures by
the fact that the latter are requested. Usually, this request is a health care prescription, a document
authored by a health care provider. However, there are other types of requests which we detail below,
not all of which come from a health professional.

To illustrate this, consider the following example illustrated in Figure 2. Mr. Jones visits his
physician, Dr. Dylan, who prescribes a coagulation evaluation that will measure coagulation parameters
in Mr. Jones’ blood. When he goes to the laboratory, Mr. Jones also take the opportunity to ask for a
cholesterol test (for which he has no prescription?). Let:

e R, be the prescription for a coagulation evaluation authored by Dr. Dylan.

e R; be the verbal request for a cholesterol test made by Mr. Jones at the laboratory.

R belongs to the kind of request considered within the PDRO drug ontology. PDRO defines a health
care prescription as follows:

Health care prescription = gct. “A document authored by a health care provider that specifies how to
realize some health care process for a particular patient.”

2 For the clarity of the example, we consider the case where an individual can request a laboratory test without having a prescription. However,
we are aware that this is not necessarily allowed depending on the local jurisdiction.



The term “document” in the above definition refers to an IAO:Document: “A collection of
information content entities intended to be understood together as a whole.” IAO:Information content
entity (ICE) is the keystone of IAO and is defined as: “A generically dependent continuant that is about
something.”

A health care prescription has among its parts some [AO:Directive information entity that specify
the processes to be realized [5]. In this scenario, the prescription guides the laboratory personnel to
perform laboratory tests on Mr. Jones to assess its coagulation function. That is, the prescription is
interpreted by the laboratory’s personnel, and this interpretation leads to another entity, an order, that
includes informational entities directing the appropriate tests according to the laboratory's own protocol.

health procedure
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12/05/2021

Legend

A —R——» B
PTT

12/05/2021

A subClassOf (R some B)

has part IAQ:ICE
Example
health procedure health procedure ?
request order
John Jones - e INR
01/01/1950 has specified is specified PTT
"coag" input health procedure output of Dr Dylan BFO:Process
- request processing /%
12/05/2021 0 John Jones
D2rgD3y4I2n 12/05/2021

Figure 2: Example of a prescription that is a HP request. This request (coag) is processed, and a HP
order is generated containing two items, one that specifies a Partial Thromboplastin Time (PTT) test
and another that specifies an International Normalized Ratio (INR) test.

There is no prescription for R,, yet it will be interpreted by the laboratory and will result in the
production of an order that will lead to the realization of a cholesterol test. Thus, the ICE leading to a
HP is not a health care prescription, but it is still a request. Furthermore, this order is the result of a
process that takes as input an information entity which can range from a verbal demand to a prescription.
Although TAO:Document has a definition that might be broad enough to encompass verbal requests on
top of prescriptions (a question that might deserve some further analysis in future works), we prudently
classify here a request more generally under IAO:Informational content entity. We represent this ICE
as a Health procedure request, and the resulting order as a Health procedure order.

R is a Health procedure request and is processed by the laboratory personnel to generate a Health
procedure order to perform the test. The HP request processing has usually a health care provider as
participant, but not necessarily. Mr. Jones could also be a participant in this process, as illustrated by
the following example. Mr. Jones is prescribed a medication with the following dosage written on the
prescription: “2 tablets/day morning and evening”. The pharmacy delivers this medication in a package
with the label reading: “take 1 tablet AM and 1 tablet PM”. Mr. Jones may interpret this label (which
then becomes a request) by taking 1 tablet at 8:00 in the morning and 1 tablet at 7:30 in the evening. In
that case, the order directing the medication uptake is an ICE concretized in Mr. Jones’ brain [17].

Furthermore, the distinction between requests and orders is necessary because the order that results
from the interpretation process is not necessarily an exact copy of the request as it might contain
objectives that are different from those that were present on the request. According to the example on
Figure 2, Dr. Dylan wrote “coag” on the prescription. The processing agent will attempt to generate an
HP order compatible with this objective while referencing only known standard operating procedures
(plan specification) for this laboratory. Sometimes, the local HP plan specification contains exactly the
same objective, in which case the order will also contain this objective. In other cases, like the example
presented in Figure 2, the objective present on the request cannot be directly found in the local HP plan
specification. At that junction, two courses of action are possible: 1) no order is generated; 2) the
processing agent generates an order that will attempt to achieve an objective considered similar by the
agent. The “coag” situation is an example of the latter. The request objective “coag” is processed by
the laboratory to then generate a Health procedure order containing two items, one that specifies a



Partial Thromboplastin Time (PTT) test and another that specifies an International Normalized Ratio
(INR) test, both tests usually being performed to evaluate coagulation in this organization. Of note, in
another laboratory the same prescription could have led to a different HP order that could contain a
third item specifying a D-dimer test, another test used to assess coagulation. With regard to the sequence
described above, we propose the following classes and their Aristotelian definition:

Health procedure request=4.r. “An information content entity requesting the execution of some
health procedures.”

Health procedure request processing=q.t. “A planned process having as specified input some health
procedure request, and that aims at generating some health procedure order based on algorithms and
judgment of the processing agent.”

Health procedure order=q4s. “An information content entity that is the specified output of a health
procedure request processing and that specifies some health procedure to be performed.”

A Health procedure request is not a particular type of document but encompass several ICEs such
as a drug prescription or an injunction to do a COVID test before a plane trip for example, and these
ICEs are processed by a health professional to generate orders specifying the procedures to be realized,
such as a specific COVID test to be performed. In addition, we propose the following axiom:

Health procedure request processing subClassOf (has_specified input some Health procedure
request)

4.3. Informational Entities Related to Health Procedures

We have categorized HP and HA as OBI:Planned process, namely processes which realize the
concretisation of an TAO:Plan specification, the latter being an IAO:Directive information entity which
is defined as: “An information content entity whose concretizations indicate to their bearer how to
realize them in a process.” In addition, these processes will generate other relevant informational
entities, such as a TSH result, or a weight measurement mentioned in the previous examples.

Let’s use the example of a TSH test prescription for Mr. Jones by Dr. Dylan, as illustrated on
Figure 3. The informational entities present in the prescription itself are described in the PDRO
ontology and are not discussed here. Furthermore, some processes, such as the specimen collection
needed to perform the assays, are not detailed for the sake of clarity.

The prescription from Dr. Dylan is a Health procedure request and, when processed by the
laboratory, the resulting Health procedure order will direct a TSH assay by the laboratory.

With regard to the previous sequence, we propose the following definition and axiom:

Health procedure directive item=q.s. “A directive information entity that specifies a health procedure
to be carried out.”

Health procedure order subClassOf (has_part some Health procedure directive item)

In turn, a Health procedure directive item includes a Health procedure objective specification that
specifies the objective of the procedure, in this case, the dosage of Mr. Jones’ TSH. The Health
procedure objective specification is then specialized by a Health procedure plan specification which
describes the plan to be followed according to the laboratory’s own protocol to achieve the objective.
Figure 2 illustrates a case where the plan specification identified as “thyroid assessment protocol 2.1”
specializes the objective specification “TSH”. Of note, in this specific example, if the TSH dosage is
abnormal, HAs aiming at evaluating T3 and T4 (two related thyroid hormones helping to better
characterize the thyroid function when the TSH is abnormal) will also occur. In the future the hospital
could specialize the same HP objective specification using a different plan specification that would not



include conditional T4 and T3 HA. Only a TSH result will be provided even if it’s abnormal. We
propose the following definitions and axioms for the aforementioned classes:

Health procedure directive item objective specification=q.r. “An objective specification that specifies
the objective of a health procedure to be realized.”
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Figure 3: Examples of an order with one directive item that could lead to more than one HA. In this

hospital, additional tests (HA) are carried out if the TSH is abnormal.

Health procedure protocol= 4r. “A plan specification defining the required aspects to be present in
each instance of a given type of health procedure.”

Health activity plan specification= 4. “A plan specification defining the required aspects to be
present in each instance of a given type of health activity.”



Health procedure directive item SubClassOf (has part some Health procedure objective
specification)

Health procedure plan specification SubClassOf (IAO:mentions some Health activity plan
specification)

We consider the relation between Health procedure directive item objective specification and Health
procedure protocol to be one of specialization, as defined in [18]: the laboratory’s thyroid assessment
protocol is a specialization of the objective in that it directs actions that are compliant with the
realization of Mr. Jones’ TSH assay. To that effect, we propose the following axiom:

Health procedure protocol subClassOf (specializes some Health procedure directive item objective
specification)

Finally, a Health procedure instruction specializes a Health procedure protocol, which also
specializes the Health procedure directive item. In effect, the Health procedure instruction applies the
parameters of the Health procedure directive item (2021/05/12, as requested by Dr. Dylan, for
Mr. Jones) to the directives stated in the Health procedure plan specification (perform a thyroid
assessment that includes dosages of TSH, T3 and T4 according to laboratory’s protocol). A Health
procedure is directed by a Health procedure instruction. We propose the following definition and
axioms for Health procedure instruction:

Health procedure instruction= ¢r. “A directive information entity that includes all the required
information to carry out a health procedure according to 1) the health procedure directive item of a
particular health intervention order and 2) the health procedure plan specification related to this type of
health procedure.”

Health procedure instruction subClassOf (specializes some Health procedure directive item)
Health procedure instruction subClassOf (specializes some Health procedure plan specification)
Health procedure subClassOf (is_directed by some Health procedure instruction)

In addition to the directive entities, there are other informational entities that are generated by the
different processes. For example, the HP “thyroid assessment for Mr. Jones” includes three HA for
measuring the three hormones of interest: TSH, T3 and T4. These HA will each generate an IAO:Data
item which is an : “[...] information content entity that is intended to be a truthful statement about
something [...]”. In our case, these are the values of TSH, T3 and T4 concentrations in Mr. Jones’
blood. We consider these data items to be instances of Health activity data item that is defined as
follows:

Health activity data item=4r. “A data item that is a specified output of a health activity.”

Different data items can be generated during the health activity, such as a time stamp for example.
However, the health activity data item is the principal data resulting from the process (as it is its
specified output), e.g., a test result, and can often be integrated into a report.

As discussed in the BMI example, a Health activity data item can be used by another HI’s component
to output a general result for the HP. For the BMI, this process consists of computing the function
having as input the two health activity data items obtained (weight and height). This process is
adequately represented by the class OBI:Data transformation that is defined as: “A planned process
that produces output data from input data.” When this data transformation occurs in a HP, it produces
an ICE that is the principal information generated by the HP, such as the result of the Mr. Jones” TSH
in our example. We refer to this process as a Health procedure data transformation that is defined as
follows:



Health procedure data transformation= .. “A data transformation that is a component of a health
procedure, that has as specified input at least one health activity data item generated by health procedure
component and aim at generating a health procedure result item.”

The ICE generated, the Health procedure result item, is the principal data resulting from the HP. In
our BMI example it is the BMI’s value.

Health procedure result item= 4.r. “An information content entity that is a specified output of a health
procedure data transformation.”

Health procedure result item subClassOf (is_specified output of some Health procedure data
transformation)

This Health procedure result item is a part of larger entity, the Health procedure order reporting
item, that includes also other information related to the result such as the normal range values.

Health procedure result item subClassOf (is_part of some Health procedure order reporting item)

Health procedure order reporting item= 4ot “An information content entity including information
about a health procedure directive item and possibly the associated health procedure.”

The Health procedure order reporting item is part of the Health procedure order report which could
contain other ICEs such as the name of the laboratory where the tests were performed, identifications
of the prescribing physician (Dr. Dylan) and the patient (Mr. Jones), etc.

Health procedure order report= 4 “A document containing information about some health
procedure orders and possibly the associated health procedures.”

Health procedure order report subClassOf (has_part some Health procedure order reporting item)

Health procedure order report subClassOf (is_about some Health procedure order)

5. Discussion and Conclusion

With this work we propose a representation of health procedures according to two classes of planned
processes, HP and HA, with the former having as parts the latter. We describe also the informational
entities directing them by distinguishing between a request, whether sanctioned or not by a health
professional, and an order and the process that allows to transform one into the other. The informational
entities that are included in an order are described in more detail as well as those that are produced by
HA and HP and eventually reported.

There are several points we would like to address regarding the proposed definition of HP. First,
Health procedure share some similarities with OGMS:health care process. However, a distinction
between the two is needed as the former class encompasses procedures that exist beyond a health care
setting. Further work and discussion with the OGMS team needs to be done in order to identify how to
best integrate the classes defined in this work in the current ontological landscape. To that effect we
have not provided yet an ontology in OWL format including the aforementioned classes. Secondly,
although the purpose of a HP is to contribute to health status in a desired way, the HAs that compose it
do not necessarily have this objective, as a HA can modify the health status in a positive or negative
direction. For example, a HP that consists of a nuclear medicine scan includes an HA that is the injection
of a radioactive substance. This process does not have a beneficial effect as such, on the contrary it
entails risks of important adverse events but is part of a process which is realized with the aim of
obtaining a beneficial effect. In addition, a HP involves an organism. We have assumed in this work
that this organism is a human being, but the definition allows for the inclusion of veterinary procedures



as well. If the need to make the distinction arises, it seems relatively easy to defines subclasses
specifically for human beings.

We define a HP request as an ICE that encompass many different ICEs such as prescriptions or
verbal orders. A different approach could have been to create a subclass of BFO:Role named HP request
role and define a HP request as an ICE that bears a HP request role. However, since a BFO:Role is a
realizable entity, it must inhere in an independent continuant, and ICEs are not independent continuants
(neither are their concretizations). An alternative would be that this request role is borne by the
independent continuant carrying the information quality concretizing the ICE. However, this
independent continuant can be difficult to define, especially in the case of a verbal request for example.
A possible evolution would be to consider this request role as a type of informational slot that can bear
semantic and pragmatic properties, as envisioned in [24].

As for our previous ontologies, we have created these classes following the OBO Foundry
methodology, and one question that arises is how to integrate this work with already existing classes in
other OBO ontologies. The mereology of processes detailed in this paper includes two main levels:
Health procedure and Health activity. We consider that a Health activity can include some planned
processes as a part and this would be the path we propose to integrate these classes with the many
planned processes related to health procedures and evaluations that have already been established, such
as OBlL:Specimen collection or OBl:Assay. In effect, the health activity that is the realization of a TSH
test on Mr. Jones has as part an assay that measures Mr. Jones’ TSH blood concentration.

In this regard, although the examples illustrated in this work are mainly concerned with evaluation
processes such as laboratory tests and vital signs, a preliminary evaluation hints at the fact that this
framework could be applied to other domains such as surgical operations or nursing care for example.

The focus will now be to identify how to best integrate the classes defined in this work in the
ontological landscape.
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