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(57) ABSTRACT

The present disclosure provides examples of a method,
including: providing a representative inhale-exhale cycle
breathing volume over time profile; and when the subject
performs at least one inhale-exhale cycle that meets a corre-
spondence criterion related to the representative profile, using
data relating to oxygen consumption or carbon dioxide pro-
duction during the inhale-exhale cycle that met the correspon-
dence criterion to determine a metabolic property in the sub-
ject.
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DETERMINING RESPIRATORY GAS
EXCHANGE IN A SUBJECT

RELATED APPLICATION DATA

[0001] This application is a continuation of International
Application No. PCT/IL2014/050679 filed Jul. 24, 2014,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 61/858,178 filed Jul. 25,2013. Each of the foregoing
applications is hereby incorporated by referencein its entirety
for all purposes.

TECHNICAL FIELD

[0002] The present disclosure is in the field of respiratory,
oxygen consumption and carbon dioxide production analysis.

SUMMARY

[0003] According to some embodiments, there is provided
a method, comprising: providing a representative inhale-ex-
hale cycle breathing volume over time profile; when the sub-
ject performs at least one inhale-exhale cycle that meets a
correspondence criterion related to the representative profile,
using data relating to oxygen consumption or carbon dioxide
production during the inhale-exhale cycle that met the corre-
spondence criterion to determine a metabolic property in the
subject.

[0004] According to some embodiments, the method fur-
ther comprises measuring oxygen consumption or carbon
dioxide production while the subject is breathing, and when
the subject performs at least one inhale-exhale cycle that
meets the correspondence criterion, processing the oxygen
consumption or the carbon dioxide production measurenent
taken during the at least one inhale-exhale cycle that met the
correspondence criterion to determine the metabolic property
of the subject.

[0005] According to some embodiments, the correspon-
dence criterion is independent of the subject’s oxygen con-
sumption or carbon dioxide production.

[0006] According to some embodiments, the method fur-
ther comprises presenting a current measured breathing vol-
ume over time of the subject relative to an inhale-exhale cycle
breathing volume over time target profile.

[0007] According to some embodiments, the subject’s rep-
resentative profile is an a priori stored representative breath-
ing volume over time of the subject during at least one inhale-
exhale cycle.

[0008] According to some embodiments, the method fur-
ther comprises: in a subject calibration phase: measuring a
subject’s breathing volume over time during a first plurality
of inhale-exhale cycles; and when two or more inhale-exhale
cycles from said first plurality inhale-exhale cycles meet a
steady-state criterion, processing breathing volume over time
from within the two or more inhale-exhale cycles, giving rise
to the subject’s representative breathing profile.

[0009] According to some embodiments, processing
breathing volume over time during the two or more inhale-
exhale cycles, comprises: computing a subject’s representa-
tive inhale-exhale cycle breathing volume over time profile
based on the subject’s breathing volume over time during the
two or more inhale-exhale cycles that met the steady-state
criterion; obtaining an allowed deviation of breathing volume
over time; and providing a target breathing profile based on
the representative breathing profile and based on the allowed
deviation.
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[0010] According to some embodiments, the measurement
phase includes measuring breathing volume over time during
one or more inhale-exhale cycles until the correspondence
criterion is met, and wherein the measurement phase is
shorter than said calibration phase.

[0011] According to some embodiments, the measurement
phase is at most five inhale-exhale cycles long.

[0012] According to some embodiments, during the mea-
surement phase, in order to meet the correspondence crite-
rion, the subject’s current measured breathing volume over
time during at least one inhale-exhale cycle needs to be within
the allowed deviation throughout the at least one inhale-
exhale cycle.

[0013] According to some embodiments, the representative
profile is based on a breathing volume over time of a reference
subject, and wherein the inhale-exhale cycle that is evaluated
to determine compliance with the correspondence criterion is
performed by a measured subject.

[0014] According to some embodiments, the method fur-
ther comprises when the subject performs the at least one
inhale-exhale cycle that meets the correspondence criterion,
obtaining, during the at least one inhale-exhale cycle that met
the correspondence criterion, an oxygen or carbon dioxide
concentration measurements taken from the end of an exha-
lation which represents an alveolar volume.

[0015] According to some embodiments, the metabolic
property is any one of a group consisting of: Rest Metabolic
rate (RMR), Respiratory Energy Expenditure (REE), Respi-
ratory Quotient (RQ) and Oxygen consumption.

[0016] According to some embodiments, there is provided
an apparatus for determining oxygen consumption and car-
bon dioxide production in a subject, comprising:

(a) a storage module configured for storing a representative
inhale-exhale cycle breathing volume over time profile;

(b) a processing unit configured to determine (i) when the
subject performs at least one inhale-exhale cycle that meets a
correspondence criterion related to the representative breath-
ing profile, (ii) obtain data relating to oxygen consumption or
carbon dioxide production during the inhale-exhale cycle that
met the correspondence criterion, and (iii) determine, based
on the data relating to oxygen consumption and carbon diox-
ide production, a metabolic property in the subject.

[0017] According to some embodiments, the apparatus fur-
ther comprises an interface capable of presenting a target
breathing profile using the data representative of the breath-
ing profile, and the interface is configured to present a sub-
ject’s current measured breathing volume over time relative
to the target breathing profile.

[0018] According to some embodiments, the apparatus fur-
ther comprises a sensor capable of measuring a subject’s
current breathing volume over time and oxygen consumption
or carbon dioxide production, and wherein the sensor is con-
figured to provide data representative of the subject’s current
breathing volume over time and oxygen consumption or car-
bon dioxide production.

[0019] According to some embodiments, there is provided
a method, comprising: obtaining data related to a current
event; obtaining a representative inhale-exhale cycle breath-
ing volume over time profile during which cycle a subject’s
gas exchange represents a metabolic state of the subject;
while a subject is under influence of the current event, when
the subject performs at least one inhale-exhale cycle that
meets a correspondence criterion related to the representative
inhale-exhale cycle breathing volume over time profile, using
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data relating to oxygen consumption or carbon dioxide pro-
duction during the inhale-exhale cycle that met the correspon-
dence criterion to determine a metabolic effect of the event on
the subject.

[0020] According to some embodiments, the method fur-
ther comprises: obtaining reference metabolic data related to
a first metabolic state of the subject; using data relating to
oxygen consumption or carbon dioxide production during the
inhale-exhale cycle that met the correspondence criterion to
determine a second metabolic state of the subject, and
wherein the metabolic effect of the event on the subject is
derived from a relation between the first metabolic state of the
subject and the second metabolic state of the subject.

[0021] According to some embodiments, there is provided
an apparatus for determining a metabolic effect of an event on
a subject, comprising: a storage module configured for stor-
ing data related to a current event; the storage module is
configured for storing data related to a representative inhale-
exhale cycle breathing volume over time profile during which
cycle a subject’s gas exchange represents a metabolic state of
the subject; a processing unit configured to (i) determine
when the subject performs at least one inhale-exhale cycle
that meets a correspondence criterion related to the represen-
tative breathing profile, (ii) obtain data relating to oxygen
consumption or carbon dioxide production during the inhale-
exhale cycle that met the correspondence criterion, and (iii)
determine, based on the data relating to oxygen consumption
or carbon dioxide production and based on the stored data
related to the current event, a metabolic effect of the event on
the subject.

[0022] According to some embodiments, the apparatus fur-
ther comprises an input interface allowing the user to specify
an event that the user is currently under influence thereof.
[0023] According to some embodiments, there is provided
a computer program product comprising a computer useable
medium having computer readable program code embodied
therein for determining oxygen consumption and carbon
dioxide production in a subject, the computer program prod-
uct comprising: computer readable program code for causing
the computer to provide a representative inhale-exhale cycle
breathing volume over time profile; computer readable pro-
gram code for causing the computer to determine when the
subject performs at least one inhale-exhale cycle that meets a
correspondence criterion related to the representative breath-
ing profile; computer readable program code for causing the
computer to use data relating to oxygen consumption or cat-
bon dioxide production during the inhale-exhale cycle that
met the correspondence criterion to determine a metabolic
property in the subject.

[0024] According to some embodiments, there is provided
a computer program product comprising a computer useable
medium having computer readable program code embodied
therein for determining a metabolic effect of an event on a
subject, the computer program product, comprising: com-
puter readable program code for causing the computer to
obtain data related to a current event; computer readable
program code for causing the computer to obtain a represen-
tative inhale-exhale cycle breathing volume over time profile
during which cycle a subject’s gas exchange represents a
metabolic state of the subject; computer readable program
code for causing the computer to determine, while a subject is
under influence of the current event, when the subject per-
forms at least one inhale-exhale cycle that meets a correspon-
dence criterion related to the representative inhale-exhale
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cycle breathing volume over time profile; and computer read-
able program code for causing the computer to use data relat-
ing to oxygen consumption or carbon dioxide production
during the inhale-exhale cycle that met the correspondence
criterion to determine a metabolic effect of the event on the
subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 1In order to understand the invention and to see how
it may be carried out in practice, a preferred embodiment will
now be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:

[0026] FIG. 1isablock diagram illustration of an apparatus
for determining oxygen consumption or carbon dioxide pro-
duction in a subject, according to examples of the presently
disclosed subject matter;

[0027] FIG. 2 is a flowchart illustration of a method of
determining oxygen consumption or carbon dioxide produc-
tion in a subject, according to examples of the presently
disclosed subject matter;

[0028] FIG. 3 isa graphical illustration of a subject’s inha-
lation and exhalation volume vs. time as measured during a
process of determining the subject’s representative inhale-
exhale cycle breathing volume over time profile, as part of
examples of the presently disclosed subject matter;

[0029] FIG. 4is a graphical illustration of breathing param-
eters which can be used to characterize a breath, according to
examples of the presently disclosed subject matter;

[0030] FIG. 5 is a graph illustrating one possible represen-
tation of a target breathing profile, according to examples of
the presently disclosed subject matter;

[0031] FIG. 6is graph that illustrates an inhale-exhale cycle
performed by the subject which meets the correspondence
criterion that is also shown as a graph with margins that
indicate an allowed deviation, according to examples of the
presently disclosed subject matter;

[0032] FIG. 7is graph that illustrates an inhale-exhale cycle
performed by the subject which does not meet the correspon-
dence criterion, according to examples of the presently dis-
closed subject matter;

[0033] FIG. 8is a graphical illustration of a representation
ofa current measured breathing volume over time ofa subject
relative to the representative breathing profile, which can be
displayed to the user in real-time, according to examples of
the presently disclosed subject matter.

[0034] FIG. 9 is a graphical illustration a set of stored gas
exchange measurements that were obtained as part of the
method of determining a metabolic effect of an event on a
subject. Each row represents a different measurement;
[0035] FIG. 10 is a block diagram illustration of an appa-
ratus for determining an effect of an event over metabolic
properties of a subject, according to examples of the presently
disclosed subject matter;

[0036] FIG. 11 is a flowchart illustration of a method of
determining an effect of an event over metabolic properties of
a subject, according to examples of the presently disclosed
subject matter;

[0037] FIG. 12 is a graphical illustration of a data structure
in which various data related to recorded events can be kept,
as part of some examples of the presently disclosed subject
matter; and

[0038] FIG. 13 is a graphical illustration of a data structure
in which various data related to different subjects can be kept,
as part of examples of the presently disclosed subject matter.
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[0039] Tt will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION

[0040] Inthe following detailed description, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of the presently disclosed subject matter. However, it
will be understood by those skilled in the art that the presently
disclosed subject matter may be practiced without some of
these specific details. In other instances, well-known meth-
ods, procedures and components have not been described in
detail so as not to obscure the presently disclosed subject
matter.

[0041] Unless specifically stated otherwise, as apparent
from the following discussions, it is appreciated that through-
out the specification various functional terms refer to the
action and/or processes of a computer or computing device,
or similar electronic computing device, that manipulate and/
or transform data represented as physical, such as electronic,
quantities within the computing device’s registers and/or
memories into other data similarly represented as physical
quantities within the computing device’s memories, registers
or other such tangible information storage, memory, trans-
mission or display devices.

[0042] Itis appreciated that, unless specifically stated oth-
erwise, certain features of the presently disclosed subject
matter, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
presently disclosed subject matter, which are, for brevity,
described in the context of a single embodiment, may also be
provided separately or in any suitable sub-combination.
[0043] As usedherein, theterms “example”, “for example,”
“such as”, “for instance” and variants thereof describe non-
limiting embodiments of the presently disclosed subject mat-
ter. Reference in the specification to “one case”, “some
cases”, “other cases” or variants thereof means that a particu-
lar feature, structure or characteristic described in connection
with the embodiment(s) is included in at least one embodi-
ment of the presently disclosed subject matter. Thus the
appearance of the phrase “one case”, “some cases”, “other
cases” or variants thereof does not necessarily refer to the
same embodiment(s).

[0044] The operations in accordance with the teachings
herein may be performed by a computer specially constructed
for the desired purposes or by a general purpose computer
specially configured for the desired purpose by a computer
program stored in a tangible computer readable storage
medium.

[0045] Many of'the functional components of the presently
disclosed subject matter can be implemented in various
forms, for example, as hardware circuits comprising custom
VLSI circuits or gate arrays, or the like, as programmable
hardware devices such as FPGAs or the like, or as a software
program code stored on an tangible computer readable
medium and executable by various processors, and any com-
bination thereof. A specific component of the presently dis-
closed subject matter can be formed by one particular seg-
ment of software code, or by a plurality of segments, which
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can be joined together and collectively act or behave accord-
ing to the presently disclosed limitations attributed to the
respective component. For example, the component can be
distributed over several code segments such as objects, pro-
cedures, and functions, and can originate from several pro-
grams or program files which operate in conjunction to pro-
vide the presently disclosed component.

[0046] In a similar manner, a presently disclosed compo-
nent(s) can be embodied in operational data or operational
data can be used by a presently disclosed component(s). By
way of example, such operational data can be stored on a
tangible computer readable medium. The operational data
can be a single data set, or it can be an aggregation of data
stored at different locations, on different network nodes or on
different storage devices. Embodiments of the presently dis-
closed subject matter are not described with reference to any
particular programming language. It will be appreciated that
a variety of programming languages may be used to imple-
ment the teachings of the presently disclosed subject matter
as described herein.

[0047] Unless specifically stated otherwise, as apparent
from the following discussions, it is appreciated that through-
out the specification discussions utilizing terms such as “pro-
cessing”, “calculating”, “measuring”, “using”, “determin-
ing”, “generating”, “setting”, “configuring”, “selecting”,
“searching”, “storing”, or the like, include actions and/or
processes of a computer that manipulate and/or transform
data into other data, said data represented as physical quan-
tities, e.g., such as electronic quantities, and/or said data
representing the physical objects. The terms “computer”,
“processor”, and “controller” should be expansively con-
strued to cover any kind of electronic device with data pro-
cessing capabilities.

[0048] According to an aspect of the presently disclosed
subject matter, there is provided a method of determining a
metabolic property in a subject. According to examples of the
presently disclosed subject matter, the method can include:
providing a representative inhale-exhale cycle breathing vol-
ume over time profile; and when the subject performs at least
one inhale-exhale cycle that meets a correspondence criterion
related to the representative profile, using data relating to
oxygen consumption or carbon dioxide production during the
inhale-exhale cycle that met the correspondence criterion to
determine a metabolic property of the subject.

[0049] Reference is now made to FIG. 1, which is a block
diagram illustration of an apparatus for determining a meta-
bolic property in a subject, according to examples of the
presently disclosed subject matter. According to examples of
the presently disclosed subject matter, the apparatus 100 for
determining a metabolic property in a subject can include one
or more sensor 10, a storage module 40 and a processing unit
30. The apparatus can further include an input interface 50
and an output interface 20. The apparatus can also include a
communication module 60. By way of example, the apparatus
can be a smart phone, a computer or a dedicated computerized
device that is using generic and/or application specific hard-
ware, possibly in combination with software. In would be
appreciated that the device 100 can be implemented in many
other forms, including as a distributed device which is com-
prised of several interconnected nodes. For example, there
can be provided a sensing device, which can include one or
more sensors a communication module and possibly also a
processing unit and a storage unit. The sensing device can be
configured to measure gas exchange in a subject’s breath and
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possibly preform some processing of the measured data. The
sensing device can communicated the measured data to a
smartphone device, over a wired or a wireless channel, and
the smartphone device can run a software program which
further processes the measurements provided by the sensing
device and present feedback and other data to a user. In a
further example, the sensors, and the processing performed
by the sensing device can be incorporated into the smart-
phone, and the entire process can run on the smartphone
device. In yet another example, whether the sensing device is
part of the smartphone or not, a cloud based platform 150 can
be coupled (typically via wireless communication) to the
smartphone device, and the measurements provided by the
sensor or some derivative thereof, can be uploaded to the
cloud platform 150. On the cloud platform 150, the measure-
ments (or the derivatives) can be further processed, and the
processed data can be sent back to the smartphone device
where further processing can take place, or where the cloud
generated data is presented to the user. The cloud generated
data can also be presented to other devices. In this regard, it
would be appreciated that the apparatus shown in FIG. 1 and
described herein particularly with reference to FIG. 1, is a
mere example of one possible implementation of a device for
determining a metabolic property ina subject according to the
presently disclosed subject matter.

[0050] According to examples of the presently disclosed
subject matter, the storage module 40 can store a representa-
tive breathing profile embodied in digital data. According to
examples of the presently disclosed subject matter, the rep-
resentative breathing profile is an inhale-exhale cycle breath-
ing volume over time profile. Thus, for example, the repre-
sentative breathing profile can be an a priori stored
representative breathing volume over time of a subject during
at least one inhale-exhale cycle. Still further by way of
example, for each subject or user a representative breathing
profile is provided.

[0051] According to one example, the representative
breathing profile can include a set of values which correspond
to breathing volume over time during at least one inhale-
exhale cycle. Still further by way of example, the data repre-
senting the representative breathing profile can include a set
of values which correspond to a representative inhale-exhale
cycle breathing volume over time profile at a plurality of
selected inhale-exhale cycles. Still further by way of
example, the representative breathing profile is a subject’s gas
exchange cycle (breath) which represents a metabolic state of
the subject. Examples of methods that can be used for select-
ing inhale-exhale cycles which can be used for providing the
representative breathing profile are described separately as
part of the presently disclosed subject matter and include (but
are not limited to) various methods that use the metabolic
properties extraction “gold standard”. Examples of known
methods that use metabolic properties extraction “gold stan-
dard”.

[0052] Reeves, Marina M., et al. “Reducing the time period
of steady state does not affect the accuracy of energy expen-
diture measurements by indirect calorimetry.” Journal of
Applied Physiology 97.1 (2004): 130-134. describe how to
calculate steady state breathing and extracting metabolic
properties according to “gold standard” and can be used in
examples of the presently disclosed subject matter to obtain
the representative breathing profile.

[0053] The representative breathing profile data can also
include a set of values which correspond to a deviation of
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breathing volume over time from the representative inhale-
exhale cycle breathing volume over time profile. The devia-
tion can be used to allow some tolerance during the measure-
ment phase when the representative profile is used to
determine a metabolic property in a subject. An example of
the manner by which the representative breathing profile can
be generated is provided below.

[0054] According to examples of the presently disclosed
subject matter, the output interface 20 can be configured to
present a target breathing profile using the data representative
ofthe inhale-exhale cycle breathing volume over time profile.
For example, the target breathing profile can be a visual
display of a current volume of time of a subject’s breathing
relative to and in synchronization with a visual display which
corresponds to the representative inhale-exhale cycle breath-
ing volume over time profile. According to examples of the
presently disclosed subject matter, the output interface 20 can
be a digital display unit, such as an LCD display, a touch-
screen, an OLED display, etc. In further examples, in other
any type of device that is capable of presenting to a subject the
target breathing profile can be used, including devices that
operate by providing acoustic indication (sound), such as
speakers, sensory devices, etc. By way of example, the output
interface 20 caninclude a speaker which generates sound and
the apparatus 100 can include a further output interface 25
such as display for presenting graphs. The output interface
can include multiple windows, tabs or any other distinct dis-
play area (or representation of any other sort), in which details
regarding the current metabolic properties and other feedback
or information can be displayed. The metabolic properties
can include current metabolic properties and possibly histori-
cal metabolic data as well. For example, the output interface
25 can provide a visual representation of the metabolic prop-
erty of the subject.

[0055] According to examples of the presently disclosed
subject matter, the representative breathing profile, the target
breathing profile and the metabolic property can be generated
based on the breathing properties of the same person (or the
same subject).

[0056] Inother examples of the presently disclosed subject
matter, the representative breathing profile is a representative
breathing volume over time of a reference subject, and the
inhale-exhale cycle which is measured to determine a current
breathing volume over time (for determining the metabolic
property ina subject) is performed by a measured subject. The
reference subject and the measured subject may not be the
same person. In a further example, the reference subject is not
necessarily associated with a real person or with a particular
person. For example, the representative breathing profile and
the target breathing profile can be simulated or can be gener-
ated by measuring respiratory properties of a different person
than the person whose breathing is used to determine a meta-
bolic property of the person, or in another example the rep-
resentative breathing profile and the target breathing profile
can be generated by measuring respiratory properties of a
group of persons. In cases where the representative breathing
profile and the target breathing profile is associated with
different person(s) than the person whose breathing is used to
determine a metabolic property in the person, there can be
some correlation between the reference subject(s) and the
measured subject.

[0057] Various metabolic properties are known in the art.
Examples of metabolic properties as this term is used herein
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include a Rest Metabolic rate (RMR), Respiratory Energy
Expenditure (REE), Respiratory Quotient (RQ) and Oxygen
consumption.

[0058] The processing unit 30 can be configured to deter-
mine when at least one inhale-exhale cycle meets a corre-
spondence criterion related to the breathing profile, as will be
further described below. The processing unit 30 can also be
configured to obtain data relating to oxygen consumption or
carbon dioxide production (or both) during the inhale-exhale
cycle that met the correspondence criterion, and to determine
ametabolic property in the subject based on the data relating
to oxygen consumption or carbon dioxide production, as will
also be further described below.

[0059] As mentioned above, the representative breathing
profile data is stored in the storage unit 40. According to
examples of the presently disclosed subject matter, the rep-
resentative breathing profile data can be provided as input
from an external source that is operatively connected to the
apparatus 100. Examples of possible external sources can
include a sensor or a sensing device that is capable of mea-
suring breathing volume over time during at least one inhale-
exhale cycle of a subject; a remote computer in which the data
representing the breathing profile was stored; and data pro-
vided through an input interface 50, e.g., as manual input by
a user of the apparatus.

[0060] Reference is now additionally made to FIG. 2,
which is a flowchart illustration of a method of determining
oxygen consumption or carbon dioxide production in a sub-
ject, according to examples of the presently disclosed subject
matter. For convenience, the description of the method illus-
trated in FIG. 2 is made with reference to the apparatus 100
shown in FIG. 1 and the various components of the apparatus
100. It would be appreciated however, that in some examples
of the presently disclosed subject matter, the method of deter-
mining oxygen consumption or carbon dioxide production in
asubject is not necessarily bound to be implemented in appa-
ratus 100, and rather any other suitable device or system can
be used to implement the various examples of the of deter-
mining oxygen consumption or carbon dioxide production in
a subject which are described herein.

[0061] According to examples of the presently disclosed
subject matter, a breathing volume over time during at least
one inhale-exhale cycle data which is to be used as a repre-
sentative breathing profile can be provided (block 205). As
mentioned above, the representative breathing profile can be
stored in the storage unit 40.

[0062] There is now provided a description of a process
protocol which can be used to generate a representative
breathing profile. It should be noted that this protocol is
provided here as an example, and that other protocols and
other ways can be devised to generate a representative breath-
ing profile of a subject.

[0063] According to examples of the presently disclosed
subject matter, the representative breathing profile can be
generated by recording a subject’s breathing when the sub-
ject’s breathing is in a steady state. Further by way of
example, the subject’s breathing can be monitored for about
3-10 minutes. Typically the subject’s inhalation and exhala-
tion volume vs. time is measured. FIG. 3 is a graphical illus-
tration of a subject’s inhalation and exhalation volume vs.
time as measured during a process of determining the sub-
ject’s steady state breathing (chart 300), as part of examples
of the presently disclosed subject matter. Graph 301 and
graph 302 are enlarged views of the two inhale-exhale cycles
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which were performed during the process of determining the
subject’s steady state breathing which met a steady state
criterion. An example of a steady state criterion is disclosed in
Reeves, et al. Still further by way of example, the analysis on
each breath (a discrete inhale-exhale cycle) can include, for
example, calculations of: Vin, Vout, Tin, Tout, Ttotal, Fre-
quency and Standard Deviation of each of these measures,
where Vin denotes the volume of air during the inhalation,
Vout denote the volume of air during the exhalation, Tin:
denotes the time of breath during the inhalation (the duration
of the inhalation), Tout denotes the time of breath during the
exhalation (the duration of the exhalation), Ttotal denotes the
total time of breath (the breath duration), and Frequency is the
number of breathes per minute.

[0064] FIG. 4isa graphical illustration of breathing param-
eters which can be used to characterize a breath, as part of
examples of the presently disclosed subject matter. In particu-
lar, the breathing profile shown in FIG. 4 can provide an
illustration of how a representative inhale-exhale cycle
breathing volume over time profile.

[0065] In the inhale-exhale cycle breathing volume over
time profile shown in FIG. 4, the Y-axis represents the vol-
ume, in particular the inhale volume Vin 403 of a subject’s
breath, the X-axis represents time or in this case Ttotal 400 or
the duration of the breath (inhale exhale cycle), where seg-
ment 401 represents Tin which is the inhale period, and Tout
402 represents the exhale period. SD line 404 represents a
tolerance (e.g., standard deviation) profile or in this case a
standard deviation which is acceptable according to the cor-
respondence criterion that is used to determine a metabolic
property in a subject. Using these parameters, an analysis can
be performed and one or more (e.g., one, two, . .. , 1) breaths,
1.e., one or more inhale-exhale cycles, can be selected for
providing the representative breathing profile of the subject.
[0066] Itwould be appreciated that for example, incase SD
of Vin and Ttotal or SD of oxygen consumption (see Hill,
RICHARD W. “Determination of oxygen consumption by
use of the paramagnetic oxygen analyzer.” J. appl. Physiol
33.2(1972): 261-263 for an example of a calculation of SD of
oxygen consumption) are used to identify breaths which rep-
resent a steady state breathing profile, two or more (e.g., 2, 3,
..., h) inhale-exhale cycles are selected to be representative
of the steady state breathing profile of the subject. For
example, between 3-10 breaths are typically selected to be
representative of the breathing profile.

[0067] Further by way of example, two or more inhale-
exhale cycles are selected to be representative of the steady
state breathing profile of the subject when a steady state
condition is met. Still further by way of example, the steady
state condition can be associated with SD of Vin vs. time and
SD of Ttotal vs. time or SD of oxygen consumption vs. time
in a subject’s breaths. Yet further by way of example, the
steady state condition can require that the SD of Vin vs. time
and the SD of Ttoatl vs. time or SD of oxygen consumption
vs. time in a subject’s breaths be below (or above) certain
thresholds or within a certain range. Still further by way of
example, the SD of Vin vs. time and the SD of Ttoatl vs. time
or SD of oxygen consumption vs. time thresholds can be
predefined, or in a further example, the SD of Vin vs. time and
the SD of Ttoatl vs. time or SD of oxygen consumption vs.
time thresholds can be determined or adapted for each subject
(e.g., according to subject height, gender, weight and/or any
other personal characteristic of the subject) or depending on
other physiological factors.
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[0068] As canbeseeninFIG. 3, by way of example, several
breaths can be selected to be representative of the breathing
profile (graphs 302 and 303), according to the steady state
condition, which is associated with SD of Vin vs. time and the
SD of Ttoatl vs. time or SD of oxygen consumption vs. time
in a subject’s breaths, and a statistical processing can be
applied over the selected breaths to provide the representative
breathing profile. Still further by way of example, using the
statistical processing over the several breaths which are
selected for calculating the representative breathing profile,
the representative breathing profile can be provided as data
representative of a breathing volume over time during a single
inhale-exhale cycle with some allowed deviation. It would be
noted that many different processing steps can be used to
calculate the breathing volume over time and the allowed
deviation in the breathing profile, and that for any given set of
several breaths which are selected to be representative of the
breathing profile, different breathing profiles can be gener-
ated, depending on implementation of the statistical process-
ing operation.

[0069] The breathing profile of the subject can be based on
and takes into account additional or alternative statistical and
other measures such as: subject’s gender, subject’s age, sub-
ject’s weight, subject’s height. For example, such measure
can be used to factor some pre-existing representative breath-
ing profile.

[0070] Resuming now the description of FIG. 2, according
to examples of the presently disclosed subject matter, a target
breathing profile can be presented to a subject (block 210).
According to examples of the presently disclosed subject
matter, the target breathing profile can be created using the
data representative of the steady-state breathing profile (block
207).

[0071] Forexample, the target breathing profile can include
a set of values which correspond to breathing volume over
time during at least one inhale-exhale cycle. Still further by
way of example, the target breathing profile can include a set
of values which correspond to a representative subject’s
breathing volume over time during an inhale-exhale cycle,
and a set of values which correspond to an allowed deviation
from the representative subject’s breathing volume over time.
Still further by way of example, the correspondence criterion
of a breathing profile can be an allowed deviation of the tidal
volume and the time of breath from the average of the steady
state breathing the average of the steady state breathing. This
can be represented as a set of values or ranges, thresholds,
graphs, etc. Other examples of correspondence criterion can
be associated with averaging values and as long as the devia-
tion of the average from a representative breathing profile (as
defined below) is less than a threshold, the correspondence
criterion would be fulfilled. In another example, any mea-
sured sample must be within a certain allowed deviation from
a representative breathing profile, and in case one or more
samples are outside the allowed deviation, the correspon-
dence criterion fails.

[0072] According to examples of the presently disclosed
subject matter, the target breathing profile can be represented
or can be provided as a graph or a set of graphs, such as the
graph shown by way of example in FIG. 5 where line 501 is
the target subject’s breathing volume over time during an
inhale-exhale cycle and lines 502 illustrate the allowed devia-
tion. According to one example, the target breathing profile
501 and the allowed deviation 502 provide the representative
breathing profile. Further by way of example, the target
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breathing profile 501 and the allowed deviation 502 represent
a breathing cycles that can be used to determine a metabolic
state of the subject.

[0073] According to examples of the presently disclosed
subject matter, the subject may perform one or more inhale-
exhale cycles, and when the subject performs at least one
inhale-exhale cycle that meets a correspondence criterion
(block 215) related to the representative breathing profile,
data relating to oxygen consumption and carbon dioxide pro-
duction during the inhale-exhale cycle that met the correspon-
dence criterion can be obtained (block 220). The obtained
oxygen consumption and carbon dioxide production data can
be used to determine a metabolic property in the subject
(block 225). FIG. 6 is graph that illustrates an inhale-exhale
cycle performed by the subject juxtaposed over a representa-
tive breathing profile. In the scenario shown in FIG. 6, the
correspondence criterion that is used to determine when to
extract data relating to oxygen consumption or carbon diox-
ide production from a breath performed by the subject and use
it to determine a metabolic property in the subject is associ-
ated with the target breathing profile 501 shown in FIG. 5, and
the margins 502 which represent an allowed deviation.
[0074] As can be seen in FIG. 6, the measured inhale-
exhale cycle performed by the subject 601 shown in FIG. 6,
meets the correspondence criterion that is also shown as a
graph with margins that indicate allowed deviation. Accord-
ing to examples of the presently disclosed subject matter, as
long as the subject does not meet the correspondence criterion
(e.g., see the state at FIG. 7), presentation of the target breath-
ing profile (block 210) can be resumed, e.g., at one or more
subsequent breaths.

[0075] FIG. 7is graph that illustrates an inhale-exhale cycle
performed by the subject juxtaposed over a representative
breathing profile, but unlike the scenario shown in FIG. 6, in
FIG. 7 the breath 701 performed by the subject is outside the
margins 502 around the target breathing profile 501 and so
does not meet the correspondence criterion. It should be noted
that the correspondence criterion in some implementation can
allow some (very short and/or very small) deviations from the
target breathing profile (the margins 502).

[0076] According to examples of the presently disclosed
subject matter, the sensor 10, which is used by or with the
device, can be capable of measuring oxygen and/or carbon
dioxide concentration in the subject’s breath. When it is deter-
mined that a certain breath (an inhale-exhale cycle) meets the
correspondence criterion, data relating to the oxygen and/or
carbon dioxide concentration in the subject’s breath (the
breath which met the criterion) is obtained from the sensor 10.
According to examples of the presently disclosed subject
matter, the sensor 10 can include a chamber and can be
capable of capturing the end exhalation volume of a breath.
When it is determined that a certain breath meets the corre-
spondence criterion, the end exhalation volume captured in
the sensor is sensed to determine oxygen and/or carbon diox-
ide concentration. It would be appreciated that other sensing
techniques, and other types of sensors can be used to measure
the oxygen concentration and/or carbon dioxide production,
in accordance with further examples of the presently dis-
closed subject matter. One example of a sensor which may be
used to measure oxygen concentration in a subject’s breath is
an electro-chemical oxygen sensor, such as oxygen sensor
catalog number OOM103-1M retailed by EnviteC-Wismar
GmbH, a Honeywell Company residing in Wismar, Germany.
One example of a sensor which may be used to measure
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carbon dioxide production in a subject’s breath is an optical
carbon dioxide sensor, such as carbon dioxide sensor catalog
number CO2F-W retailed by SST. It should be noted that two
or more (three, four, etc.) can be used in combination to
provide the measurements.

[0077] According to examples of the presently disclosed
subject matter, metabolic properties of the subject can be
calculated, e.g., by the processor 30, using the data related to
the breath that met the correspondence criterion, which is
obtained from the sensor 10. According to an example, the
metabolic properties of the subject can be calculated using a
respiratory volume pattern and an oxygen consumption and
carbon dioxide production calculation based on the oxygen
and/or carbon dioxide concentration measurement, Refer-
ence to this calculation can be found in the following scien-
tific literature: see for example Weir, J B de V. “New methods
for calculating metabolic rate with special reference to pro-
tein metabolism.” The Journal of physiology 109.1-2 (1949):
1.

[0078] According to examples of the presently disclosed
subject matter, a subject’s oxygen consumption and/or car-
bon dioxide production calculation can be based at least on
data that is obtained from three sensors, a flow meter sensor
and an oxygen concentration sensor and a carbon dioxide
concentration sensor. Other sensors also can be used. Further
by way of example, oxygen consumption and carbon dioxide
production can be calculated using a volume vs. time output
from the flow meter, with the oxygen and carbon dioxide
concentration that is provided as output by the oxygen and
carbon dioxide sensors, respectively. Still further by way of
example, volume vs. time can be continuously measured by
the flow meter which monitors the subject’s breath. Oxygen
and carbon dioxide concentration measurement can be pet-
formed at least once per-breath, using the oxygen and carbon
dioxide sensors. In accordance with one example of the pres-
ently disclosed subject matter, oxygen and carbon dioxide
concentration measurement can be performed at most once
per-breath, on the end exhalation air of the subject’s breath,
using the oxygen and carbon dioxide sensors.

[0079] According to examples of the presently disclosed
subject matter, the processing unit 30 can be configured to
store and process some of the data from the sensor, e.g., the
oxygen and/or carbon dioxide concentration data, only when
it is determined that the breath with which the data is associ-
ated met the correspondence criterion. Otherwise, the data
can be discarded.

[0080] Using oxygen and/or carbon dioxide concentration,
the oxygen consumption and/or carbon dioxide production
can be calculated. It should be appreciated that the term
sensor 10 is used herein in a broad sense, and the sensor can
include one, two or more (e.g., n) different sensors which
operate together to measure breath related properties, includ-
ing: volume vs. time, oxygen and/or carbon dioxide concen-
tration, etc.

[0081] By way of example, oxygen consumption can be
calculated as the inhalation volume multiple of the oxygen
concentration in the inhale air minus the dead space volume
multiple of the oxygen concentration in the inhaled air and
minus the difference between the exhalation volume to the
dead space volume multiple of the oxygen concentration in
the exhale. Still further by way of example, the physiological
dead space can be calculated based on weight, age, gender,
height and other personal characteristics of the subject.
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[0082] Yet further by way of example, the oxygen con-
sumption calculation can be assuming Ambient Temperature
and Pressure Saturated units (ATPS), Further calculation can
be carried out to convert to the ATPS figures to Standard
Temperature and Pressure Dry units (STPD) and then to Kcal.
It would be noted that the computation can be adapted if
necessary for different pressure, temperature and other ambi-
ent conditions as necessary.

[0083] According to examples of the presently disclosed
subject matter, the presentation of a current measured breath-
ing volume over time of a subject relative to the representative
breathing profile can be generated and rendered in real-time
so as to allow the subject instant feedback. Reference is made
to FIG. 8, which is a graphical illustration of a representation
ofa current measured breathing volume over time ofa subject
relative to the representative breathing profile, which can be
displayed to the user in real-time, according to examples of
the presently disclosed subject matter. As can be seen in FIG.
8, a subject’s current breathing volume vs. time 801 can be
shown relative to an allowed breathing volume vs. time range,
which is a representation of the representative breathing pro-
file. As mentioned above, the representative breathing profile
can include a set of values 501 which correspond to represen-
tative subject’s breathing volume over time during the one or
more inhale-exhale cycles, and a set of values which corre-
spond to an allowed deviation 502 of breathing volume over
time from the representative subject’s breathing volume over
time.

[0084] By way of non-limiting example, the typical dura-
tion of a calibration phase during which the representative
breathing profile of a subject is determined, and which typi-
cally requires the subject’s breathing to naturally reach its
steady state, is approximately 10-15 minutes long. Still fur-
ther by way of non-limiting example, an average subject can
successfully mimic, within an acceptable deviation, the rep-
resentative breathing profile, when presented with instant
feedback, as suggested herein, within a period of 1-2 minutes.
[0085] Having described an aspect of the presently dis-
closed subject matter which can be used, by way of example,
to shorten the duration and possibly also the complexity of
metabolic property measurement in a subject, there is now
provided a description of a further aspect of the presently
disclosed subject matter, which relates to a method and appa-
ratus determining a metabolic effect of an event on a user, to
program a storage device readable by machine, tangibly
embodying a program of instructions executable by the
machine to perform a method of determining a metabolic
effect of an event on a subject, and to a computer program
product comprising a computer useable medium having com-
puter readable program code embodied therein for determin-
ing a metabolic effect of an event on a subject.

[0086] Itwouldbeappreciated, thatin some cases, an effect
of an event over metabolic properties of a subject can be
relatively short, or the frequency by which the subject is
interested to determining the metabolic effect of different (or
same) events can be too high for time-consuming metabolic
measurement technologies of the prior art. Accordingly in
some cases, the method and apparatus for determining a
metabolic effect of an event on a user, the program storage
device readable by machine, tangibly embodying a program
of instructions executable by the machine to perform a
method of determining a metabolic effect of an event on a
subject, and the computer program product comprising a
computer useable medium having computer readable pro-
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gram code embodied therein for determining a metabolic
effect of an event on a subject, the computer program product,
which are described herein can be implemented in accor-
dance with the teachings provided above.

[0087] Thus, according to an aspect of the presently dis-
closed subject matter, a method determining a metabolic
effect of an event on a subject can include: obtaining data
related to a current event; obtaining a representative inhale-
exhale cycle breathing volume over time profile during which
cycle a subject’s gas exchange represents a metabolic state of
the subject; while a subject is under influence of the current
event, when the subject performs at least one inhale-exhale
cycle that meets a correspondence criterion related to the
representative inhale-exhale cycle breathing volume over
time profile, using data relating to oxygen consumption or
carbon dioxide production during the inhale-exhale cycle that
met the correspondence criterion

[0088] Reference is now made to FIG. 10, which is a block
diagram illustration of an apparatus for determining an effect
of an event over metabolic properties of a subject, according
to examples of the presently disclosed subject matter. The
apparatus 1000 in FIG. 10 is similar in design and includes
similar components to apparatus 100, which was described
herein above. According to examples of the presently dis-
closed subject matter, apparatus 1000 can have similar capa-
bilities as apparatus 100, described above. Furthermore,
apparatus 1000 can include a storage module 1010 and a
processing unit 1030 which are capable of operating in a
manner which is similar to the operation of the storage mod-
ule 40 and the processing unit 30 described above. According
to examples of the presently disclosed subject matter, an
output interface 1020 of apparatus 1000 can be configured to
provide the subject an output screen (or output in any other
suitable form) which is similar to the output screen shown in
FIG. 1 and described above in detail. The input interface 1040
can have similar capabilities as the input interface 50.
[0089] According to examples of the presently disclosed
subject matter, the apparatus 1000 and its various components
canbe capable of further operations, as will now be disclosed.
According to examples of the presently disclosed subject
matter, the input interface 1040 can be capable of receiving
data from a user regarding a current event. For example, the
user can be the subject which is under the influence of the
current event, and the data from a user regarding a current
event can be provided through the input interface 1040. By
way of example, the data related to the current event can be a
name of the event or an identifier of the type of the event (an
event type classifier code) or an image of an object with which
the event is associated. Still further by way of example, the
data related to the event can provide a unique identifier of the
event type. For example, the event can be “subject ate an
apple”, and this event type can be associated with a certain
unique identification code. The subject can provide the iden-
tifier of “subject ate an apple” which can be used to charac-
terize further operations of the apparatus 1000, as will be
disclosed herein.

[0090] According to examples of the presently disclosed
subject matter, the output interface 1020 can be capable of
operating in a manner which is similar to the operation of
output interface 20, including the representation of the target
breathing profile, including the allowed deviation, and the
real-time representation of a subject’s inhalation and exhala-
tion volume vs. time. According to examples of the presently
disclosed subject matter, the apparatus 1000 can include a
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further output interface 1025, or can display another window,
tab or any other distinct display area (or representation of any
other sort), in which details regarding the current event and
regarding various metabolic properties can be displayed. The
metabolic properties can include current metabolic properties
and possibly historical metabolic data as well. For example,
the output interface 1025 can provide a visual representation
of the effect of the event over the metabolic property of the
subject.

[0091] It would be appreciated that additional data can be
provided with the data relating to the event, including for
example, an 1D of the subject, data regarding factors, in
particular current temporary state or factors, which may influ-
ence the metabolism of the subject, etc.

[0092] According to examples of the presently disclosed
subject matter, at least part of the data related to the current
event can be prestored in the storage unit 1010, and for
example, the user can select from prestored data a subset of
the data which is associated with the current event. Further by
way of example, the data related to the current event can
include a description of the event, a classification of the event,
and historical metabolic data of the user which is related to the
event.

[0093] Reference is now additionally made to FIG. 11,
which is a flowchart illustration of a method of determining
an effect of an event over metabolic properties of a subject,
according to examples of the presently disclosed subject mat-
ter. Initially, at block 1105, the data related to the current
event can be obtained. While the subject is under the influence
of the event, the determination of the effect of the event over
metabolic properties can be initiated (block 1110). The ini-
tialization of the determination can be explicit or can be
triggered by receipt of the data related to the current event.
According to examples of the presently disclosed subject
matter, while the subject is under influence of the current
event, the subject’s breathing volume over time during an
inhale-exhale cycle can be measured (block 1115). The sub-
ject’s measured breathing volume over time during an inhale-
exhale cycle can then be evaluated, to determine whether it
meets a correspondence criterion (block 1120). The measure-
ment of the breathing volume over time during an inhale-
exhale cycle can be performed according to the examples
described above. The analysis of the breathing volume over
time can also be performed according to the examples
described above.

[0094] According to examples of the presently disclosed
subject matter, when the subject performs at least one inhale-
exhale cycle that meets a correspondence criterion related to
a steady-state breathing profile, data relating to oxygen con-
sumption or carbon dioxide production during the inhale-
exhale cycle that met the correspondence criterion can be
used to determine a metabolic effect of the current event on
the subject (block 1125). Otherwise, block 1115 can be
repeated one or more additional times (e.g., two, three, . .., n
times) at least until the correspondence criterion is met or
until the process is terminated. It would be noted that the
representative breathing inhale-exhale cycle breathing vol-
ume over time profile which was described in detail below can
be used as the steady-state breathing profile that is used in the
process of determining a metabolic effect of the event on the
subject.

[0095] According to examples of the presently disclosed
subject matter, as part of determining the metabolic effect of
the current event on the subject, the metabolic state of the
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subject while under the effect of the current event can be
measured. According to examples of the presently disclosed
subject matter, determining the metabolic state of the subject,
under the effect of the current event, can include obtaining
data relating to oxygen consumption and/or carbon dioxide
production during the inhale-exhale cycle that met the corre-
spondence criterion to determine a current metabolic state of
the subject.

[0096] Reference is now made to FIG. 9, which indicate a
set of stored gas exchange measurements that were obtained
as part of the method of determining a metabolic effect of an
event on a subject. Each row represents a different measure-
ment. For each measurement there is stored a timestamp
which indicates the time when the set of measurements were
taken the measured flow, given here in liters per second units,
the concentration of oxygen and the concentration of carbon
dioxide. It would be appreciated that are measurements can
also be obtained and stored in accordance with examples of
the presently disclosed subject matter. It would also be appre-
ciated that similar data can be obtained and can be stored in a
similar manner, or in a different manner for the method of
determining a metabolic property which was described
above.

[0097] According to examples of the presently disclosed
subject matter, using the method of determining a metabolic
property in a subject, which was described above, can enable
the measurement of the metabolic state of the subject under
the effect of the current event, since this method may be used
in close time proximity to the occurrence of the event, and so
the measurements taken by this method can provide a reliable
indication of the event’s effect of a metabolic property of the
subject.

[0098] According to examples of the presently disclosed
subject matter, in addition to determining the metabolic state
of the subject while under the effect of the current event,
reference metabolic data which is related to a reference meta-
bolic state of the subject can be obtained. According to
examples of the presently disclosed subject matter, the refer-
ence metabolic data can relate to the metabolic state of the
subject during a reference metabolic state determination ses-
sion that was performed while the subject’s breathing was in
a steady state, for example. In another example of the pres-
ently disclosed subject matter, the reference metabolic state
data can represent a previous measurement of the metabolic
state of the subject, while the subject was under the influence
of an event of the same type which is currently affecting the
subject.

[0099] Still further by way of example, the metabolic effect
of the event on the subject is derived from a relation between
the current metabolic state data and the reference metabolic
state data.

[0100] In yet another example, the metabolic effect of the
event on the subject can be determined by comparing the
oxygen consumption and/or carbon dioxide production dur-
ing the inhale-exhale cycle(s) that meets the correspondence
criterion with the oxygen consumption and/or carbon dioxide
production of the subject when the subject’s breathing is in a
steady state. For example, when determining the steady state
breathing profile of a subject, the oxygen consumption and/or
carbon dioxide production at the steady state can be deter-
mined and recorded. The oxygen consumption and carbon
dioxide production values can be processed, e.g., compared,
and the metabolic effect of the event can be determined based
on the difference or based on some other relation between the
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current oxygen consumption and/or carbon dioxide produc-
tion value and the oxygen consumption and/or carbon dioxide
production value when the subject was in a steady breathing
state.

[0101] In yet another example, the metabolic effect of the
event on the subject can be determined by comparing the
oxygen consumption and/or carbon dioxide production dur-
ing the inhale-exhale cycle(s) that meets the correspondence
criterion with an historic oxygen consumption and/or carbon
dioxide production of the subject during a previous measure-
ment. The oxygen consumption and/or carbon dioxide pro-
duction values can then be processed, e.g., compared, and the
metabolic effect of the event can be determined based on the
difference or based on some other relation between the cur-
rent and historic oxygen consumption and/or carbon dioxide
production values. The historic oxygen consumption and/or
carbon dioxide production value can be associated with the
same event as the event under which effect the current oxygen
consumption and carbon dioxide production measurement is
taken, or it can be a different event, related or not to the current
effect.

[0102] In yet another example, the metabolic effect of the
event on the subject can be determined by comparing the
oxygen consumption and/or carbon dioxide production dur-
ing the inhale-exhale cycle(s) that meets the correspondence
criterion with oxygen consumption and/or carbon dioxide
production values taken from other subjects which were
affected by the same event or by a different event, related to
the event which the subject is influenced by or not related to
it.

[0103] Reference is now made to FIG. 12, which is a
graphical illustration of a data structure in which various data
related to recorded events can be kept, as part of some
examples of the presently disclosed subject matter. According
to examples of the presently disclosed subject matter, each
record in the event records table can include a unique event ID
(the event ID can serve as a primary key and it is assigned
whenever new event data is received). Each record can also
include an event classification code, which classifies the type
of event to which the recorded event relates. As mentioned
above, every type of event can be associated with a unique
code. The event classification code can be used to access
further data related to the various types of events, including
for example, a description of the event type. Each event
record can also include data relating to the metabolic effect of
the event, which can be computed using the techniques
described herein. In the repository shown in FIG. 12, the
metabolic effect is AREE. By way of example, the metabolic
effect data can be stored in a different repository, and the
event record can include a link or a pointer to the metabolic
effect data. In addition the date and time when the measure-
ment was taken or obtained can be logged.

[0104] Referring now to FIG. 13, which is a graphical illus-
tration of a data structure in which various data related to
different subjects can be kept, as part of examples of the
presently disclosed subject matter. According to examples of
the presently disclosed subject matter, the method of deter-
mining an effect of an event over metabolic properties of a
subject can be implemented as a web-based service, and can
store various data relating to effect of an event over metabolic
properties for a plurality of different subjects. The various
subjects can be capable of exchanging data with the web-
based service through any appropriate digital communication



US 2016/0220147 Al

device, such as a Smart Phone, a desktop computer, a laptop
computer or even dedicated computer hardware.
[0105] According to examples of the presently disclosed
subject matter, for each one of the plurality of subjects for
which there is a record in the subjects data structure, the
representative breathing profile of the subject can be kept. In
some examples of the presently disclosed subject matter, for
each one ofthe plurality of subjects for which there is a record
in the subjects data structure a pointer or a link to a location
where the representative breathing profile is stored can be
maintained. The representative breathing profile can be used
in the process of determining the effect of an event over
metabolic properties of a subject, as described above.
[0106] According to examples of the presently disclosed
subject matter, in addition to the subject ID and the represen-
tative breathing profile, the subjects data structure can hold
further data, various personal details of the subject, such as
age, gender, weight, height, medical history, etc., and possi-
bly also a personal data ID, which can be used, for example,
to access an entry in a separate table that is used to hold
additional personal data of the user, including a table on an
external node or platform, and including a table that is owned
by a third party.
[0107] Itwillalso be understood that the apparatus accord-
ing to the invention may be a suitably programmed computer.
Likewise, the invention contemplates a computer program
being readable by a computer for executing the method of the
invention. The invention further contemplates a machine-
readable memory tangibly embodying a program of instruc-
tions executable by the machine for executing the method of
the invention.
1.-22. (canceled)
23. A method, comprising:
obtaining data related to a current event;
obtaining a representative inhale-hold-exhale cycle breath-
ing volume over time data, where during which repre-
sentative cycle, a subject’s gas exchange represents a
metabolic state of the subject;
obtaining a correspondence criterion related to the repre-
sentative cycle;
while the subject is under influence of the current event,
monitoring a subject’s inhale-hold-exhale cycle breath-
ing volume over time over one or more inhale-hold-
exhale cycles;
when the subject performs at least one inhale-hold-exhale
cycle that meets the correspondence criterion related to
the representative cycle, using data relating to oxygen
consumption and/or carbon dioxide production during
the inhale-hold-exhale cycle that met the correspon-
dence criterion to determine a metabolic effect of the
event on the subject.
24. The method according to claim 23, further comprising:
obtaining reference metabolic data related to a first meta-
bolic state of the subject;
using data relating to oxygen consumption and/or carbon
dioxide production during the inhale-hold-exhale cycle
that met the correspondence criterion to determine a
second metabolic state of the subject, and
computing the metabolic effect of the event on the subject
from a relation between the first metabolic state of the
subject and the second metabolic state of the subject.
25. The method according to claim 23, further comprising:
obtaining reference metabolic data which is related to a
reference metabolic state of the subject, the reference
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metabolic data relates to a metabolic state of the subject
during a reference metabolic state determination session
that was performed while the subject’s breathing was in
a steady state and includes data relating to oxygen con-
sumption and/or carbon dioxide production of the sub-
ject when the subject’s breathing is in a steady state; and

and wherein said computing the metabolic effect of the
event comprises processing data relating to the oxygen
consumption and/or carbon dioxide production during
the inhale-hold-exhale cycle(s) that met the correspon-
dence criterion with the reference metabolic data.

26. The method according to claim 25, wherein computing
the metabolic effect of the event is determined based on a
relation between the current oxygen consumption and/or car-
bon dioxide production value and the oxygen consumption
and/or carbon dioxide production value when the subject was
in a steady breathing state.

27. The method according to claim 25, wherein the refer-
ence metabolic state data represents a previous measurement
of the metabolic state of the subject, while the subject was
under the influence of an event of the same type which is
currently affecting the subject.

28. The method according to claim 23, wherein computing
the metabolic effect of the event is determined based on a
relation between the current oxygen consumption and/or car-
bon dioxide production value and historic oxygen consump-
tion and/or carbon dioxide production values.

29. The method according to claim 28, wherein the historic
oxygen consumption and/or carbon dioxide production value
are associated with the same event as the event under which
effect the current oxygen consumption and/or carbon dioxide
production measurement is taken.

30. The method according to claim 28, wherein the historic
oxygen consumption and/or carbon dioxide production value
are associated with the an event that is different than the event
under which effect the current oxygen consumption and car-
bon dioxide production measurement is taken.

31. The method according to claim 28, wherein the historic
values include oxygen consumption and/or carbon dioxide
production values taken from other subjects which were
affected by the same event as the event which the subject is
influenced by.

32. The method according to claim 23, wherein the data
related to the current event includes one or more of the fol-
lowing: a name of the event, an identifier of the type, and
identifier of atype of the event, and an image of an object with
which the event is associated.

33. The method according to claim 23, further comprising:
obtaining a steady state criterion;

measuring the subject’s breathing volume over time during
a first plurality of inhale-hold-exhale cycles; and

processing data relating to the subject’s breathing volume
over time during the first plurality of inhale-hold-exhale
cycles to detect when two or more inhale-hold-exhale
cycles from said first plurality inhale-hold-exhale cycles
meet the steady-state criterion;

determining the subject’s representative inhale-hold-ex-
hale cycle breathing volume over time data by process-
ing breathing volume over time over the two or more
inhale-hold-exhale cycles that met the steady-state cri-
terion.
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34. The method according to claim 33, wherein processing
breathing volume over time during the two or more inhale-
hold-exhale cycles that met the steady-state criterion, com-
prises:

computing a subject’s representative inhale-hold-exhale

cycle breathing volume over time data based on the
subject’s breathing volume over time during the two or
more inhale-hold-exhale cycles that met the steady-state
criterion;

computing an allowed deviation of breathing volume over

time; and

computing a target inhale-hold-exhale cycle breathing vol-

ume over time data based at least on the representative
breathing profile and on the allowed deviation.

35. An apparatus for determining a metabolic effect of an
event on a subject, comprising:

a storage module configured for storing data related to a

current event;

the storage module is configured for storing data relative to

arepresentative inhale-hold-exhale cycle breathing vol-
ume over time data, were during which representative
cycle, a subject’s gas exchange represents a metabolic
state of the subject;

the storage module is further configured to store a corre-

spondence criterion related to the representative cycle;

a processing unit configured to (i) determine when the

subject performs at least one inhale-hold-exhale cycle
that meets the correspondence criterion related to the
representative breathing data, (ii) obtain data relating to
oxygen consumption or carbon dioxide production dut-
ing the inhale-hold-exhale cycle that met the correspon-
dence criterion, and (iii) determine, based on the data
relating to oxygen consumption and/or carbon dioxide
production and based on the stored data related to the
current event, a metabolic effect of the event on the
subject.

36. The apparatus according to claim 35, further compris-
ing an input interface is configured to enable the subject to
specify an event that the subject is currently under influence
thereof.

37. The apparatus according to claim 35, wherein the stor-
age module is configured to store reference metabolic data
related to afirst metabolic state of the subject, and wherein the
processing unit is configured to compute the metabolic effect
of the event on the subject from a relation between the first
metabolic state of the subject and the second metabolic state
of the subject.

38. The apparatus according to claim 35, wherein the stor-
age module is configured to store reference metabolic data
which is related to a reference metabolic state of the subject,
the reference metabolic data relates to a metabolic state of the
subject during a reference metabolic state determination ses-
sion that was performed while the subject’s breathing was in
a steady state and includes data relating to oxygen consump-
tion and/or carbon dioxide production of the subject when the
subject’s breathing is in a steady state, and wherein the pro-
cessing unit is configured to process data relating to the oxy-
gen consumption and/or carbon dioxide production during
the inhale-hold-exhale cycle(s) that met the correspondence
criterion with the reference metabolic data.

39. The apparatus according to claim 38, wherein the pro-
cessing unit is configured to compute the metabolic effect of
the event based on a relation between the current oxygen
consumption and/or carbon dioxide production value and the
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oxygen consumption and/or carbon dioxide production value
when the subject was in a steady breathing state.

40. The apparatus according to claim 38, wherein the ref-
erence metabolic state data represents a previous measure-
ment of the metabolic state of the subject, while the subject
was under the influence of an event of the same type which is
currently affecting the subject.

41. The apparatus according to claim 35, wherein the pro-
cessing unit is configured to determine the metabolic effect of
the event based on a relation between the current oxygen
consumption and/or carbon dioxide production value and
historic oxygen consumption and/or carbon dioxide produc-
tion values.

42. The apparatus according to claim 41, wherein the his-
toric oxygen consumption and/or carbon dioxide production
values are associated with the same event as the event under
which effect the current oxygen consumption and carbon
dioxide production measurement is taken.

43. The apparatus according to claim 41, wherein the his-
toric oxygen consumption and/or carbon dioxide production
value are associated with the an event that is different than the
event under which effect the current oxygen consumption and
carbon dioxide production measurement is taken.

44. The apparatus according to claim 41, wherein the his-
toric values include oxygen consumption and/or carbon diox-
ide production values taken from other subjects which were
affected by the same event as the event which the subject is
influenced by.

45. The apparatus according to claim 35, wherein the stor-
age unit is further configured to store a steady state criterion,
and wherein the processor is configured to measure the sub-
ject’s breathing volume over time during a first plurality of
inhale-hold-exhale cycles, process data relating to the sub-
ject’s breathing volume over time during the first plurality of
inhale-hold-exhale cycles to detect when two or more inhale-
hold-exhale cycles from said first plurality inhale-hold-ex-
hale cycles meet the steady-state criterion, and determine the
subject’s representative inhale-hold-exhale cycle breathing
volume over time data by processing breathing volume over
time over the two or more inhale-hold-exhale cycles that met
the steady-state criterion.

46. The apparatus according to claim 45, wherein the pro-
cessing unit is configured to compute a subject’s representa-
tive inhale-hold-exhale cycle breathing volume over time
databased on the subject’s breathing volume over time during
the two or more inhale-hold-exhale cycles that met the
steady-state criterion, compute an allowed deviation of
breathing volume over time, and compute a target inhale-
hold-exhale cycle breathing volume over time data based at
least on the representative breathing profile and on the
allowed deviation.

47. A computer program product comprising a computer
useable medium having computer readable program code
embodied therein for determining a metabolic effect of an
event on a subject, the computer program product, compris-
ing:

computer readable program code for causing the computer

to obtain data related to a current event;

computer readable program code for causing the computer
to obtain a representative inhale-hold-exhale cycle
breathing volume over time profile during which cycle a
subject’s gas exchange represents a metabolic state of
the subject;
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computer readable program code for causing the computer
to determine, while a subject is under influence of the
current event, when the subject performs at least one
inhale-hold-exhale cycle that meets a correspondence
criterion related to the representative inhale-hold-exhale
cycle breathing volume over time profile; and

computer readable program code for causing the computer
to use data relating to oxygen consumption and/or cat-
bon dioxide production during the inhale-hold-exhale
cycle that met the correspondence criterion to determine
a metabolic effect of the event on the subject.
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