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(54) A SYSTEM AND METHOD FOR MONITORING HEART STRAIN OF A SUBJECT

(57)  Asystem and method is provided for monitoring
heart strain of a subject, in which an effort sensor signal
is used to determine when a blood pressure has exceed-
ed a blood pressure threshold and then provide a warn-
ing. The correlations between the exerted effort and a

lifted weight, and between the lifted weight and the (systo-
lic) blood pressure are used to provide a blood pressure
warning, in particular for patients with a heart condition
or post-heart treatment.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a system and method
for monitoring heart strain of a subject, in particular for
monitoring subjects after undergoing a medical proce-
dure relating to their heart or having a medical heart con-
dition.

BACKGROUND OF THE INVENTION

[0002] Lifting, or more in general terms displacing, a
weight puts a strain on the heart. This applies to lifting of
any type of weight, such as a chair or a box at home or
atwork, to adumbbell atthe gym. Weight lifting increases
the pressure that the left ventricle of the heart needs in
order to push the blood out into the main stream circula-
tion. This pressure is referred to as the afterload. The
systolic blood pressure (SBP) is directly related to this
afterload.

[0003] Anincreased afterload in a weakened heart, for
instance following a heart attack, can result in valve re-
gurgitation (a leaking valve) and this can lead to heart
failure.

[0004] For this reason, heart patients are told to avoid
lifting heavy weights or performing unnecessary effort
which could put their heart under strain. However, pa-
tients do not know what level of physical effort is danger-
ous for their heart.

[0005] There are two possible outcomes which can re-
sult. One is that the person takes no risk and instead
limits their normal life activity substantially, which means
they may become far more dependent than they could
safely be. The other is that the person takes undue risk
by carrying on with activities they were able to perform
before the heart event. This carries the risk of further
damage to the heart.

[0006] It is known to provide monitoring of physiologi-
cal parameters during exercise, for example to identify
the start, end and level of exercise. WO 2016/157217 for
example discloses a system for assisting a user in per-
forming a healthy exercise routine, for example to reduce
the need for a personal trainer. It includes a sensor for
measuring a force applied and grip pattern and a motion
sensor. Different grip patterns correlate to different ex-
ercises. The system is implemented as a glove so that a
contact force can be measured.

[0007] There is a need for a subject with a heart con-
dition or following heart surgery to be able to monitor their
activity levels, in particular when lifting objects, so that
they can determine whether activities are safe having
regard to their particular medical condition.

SUMMARY OF THE INVENTION

[0008] The invention is defined by the claims.
[0009] According to examples in accordance with an
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aspect of the invention, there is provided a system for
monitoring heart strain of a subject, comprising:

a sensor for deriving an effort applied by a subject
to displace an object; and

a processor for processing the sensor output,
wherein the processor is adapted to:

analyze the sensor output thereby to determine
when a blood pressure has exceeded a blood
pressure threshold; and

provide a warning when the blood pressure is
determined to have exceeded the blood pres-
sure threshold.

[0010] This system provides a mapping between an
effort applied by a subject to displace an object and a
corresponding blood pressure level. It is based on the
recognition that lifting or other movement of different
weights correlates to different required effort, and that
lifting of different weights also correlates to different blood
pressure levels.

[0011] The effort may be a representation of a degree
of force applied. However, it may involve an indirect
measurement and hence not a direct measurement of a
force associated directly with the load. For example, in-
creased hand, forearm and arm activity levels (in the
muscles and tendons) may represent a greater lifting
force. This greater lifting force results in additional activity
of the fingers as a result of the weight of the object being
lifted, or otherwise displaced, and it may also correlate
to a tightened grip to maintain a hold of the object.
[0012] The sensor is preferably a physiological sensor
for measuring muscle or tendon condition changes. In
this way, the sensor does not need to interact with the
object being displaced but provides an indirect measure-
ment of the nature of the object and its movement by
means of the physiological effect on the user’s muscles
and tendons.

[0013] The effortis for example related to the external
load being supported by the hand of the subject. The
level of grip force applied by the user is a measure of the
exertion of the subject, in particular their muscular exer-
tion and this can be measured by physiological sensors.
For example, the hand is heavily controlled by muscles
and tendons located in the forearm and the arm. By mon-
itoring either their movements, and/or electrical activity,
and/or sound, and/or vibration, and/or perfusion, itis pos-
sible to derive the grip and/or force and/or pressure that
the user applies to displace an object, and its intrinsic
weight.

[0014] Thus, monitoring of hand, forearm, or arm phys-
iological signals can be used to determine whether blood
pressure levels are within a safe range, for a particular
subject being monitored. In this way, blood pressure lev-
els can be monitored in a simple manner requiring only
a sensor arrangement which detects movement or forc-
es. This can give minimal discomfort or inconvenience



3 EP 3 513 716 A1 4

to the user of the system and also enables the sensing
to be performed while the subject is moving. The system
is able to provide real-time feedback to a subject about
the load they can safely lift or otherwise displace accord-
ing to their personal threshold.

[0015] Inamostsimpleimplementation, the processor
provides an effort threshold which, for the particular sub-
ject, corresponds to a blood pressure threshold. Thus,
the analysis of the sensor output may comprise compar-
ison with a threshold, thereby to determine that the blood
pressure has exceeded the blood pressure threshold.
[0016] In another example, the processor is adapted
to:

convert the sensor output to a blood pressure esti-
mate; and

compare the blood pressure estimate with the blood
pressure threshold.

[0017] Inthis case, thereisthe intermediate calculation
of a blood pressure value, which may for example be
provided as an output of the system to provide additional
information to the user. The blood pressure estimate is
for example an estimate of systolic blood pressure.
[0018] The processor may be adapted to:

convert the sensor output to an estimate of a lifted
weight; and

convert the estimate of a lifted weight to the blood
pressure estimate.

[0019] Inthis case, thereisthe intermediate calculation
of a lifted weight value, which may also be provided as
an output of the system to provide additional information
to the user.

[0020] The sensor is for example implemented as a
wearable bracelet, armband or glove. This provides an
easy to use wearable solution. The sensor may for ex-
ample comprise a set of one or more electromyography
sensors. These measure the muscle response. Instead,
or in addition, sensors may be used to measure an ex-
ternal force applied.

[0021] The system may further comprise a motion sen-
sor for sensing hand or arm motion. Information about
the hand or arm motion can also be used to identify lifting
actions and distinguish them from other displacement
actions which have a different (and lesser) effect on blood
pressure such as opening a jar.

[0022] The processor is for example adapted to imple-
ment a calibration routine, which comprises:

collecting effort measurements for a plurality of lifted
weights;

collecting blood pressure measurements for the plu-
rality of lifted weights; and

determining a threshold to be applied when analyz-
ing the sensor output.
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[0023] This calibration routine enables the warning to
be tailored to the specific subject, by monitoring their
physiological response to lifting known weights.

[0024] The invention also provides a method of moni-
toring heart strain of a subject, comprising:

obtaining a measure of effort while a subject displac-
es a weight;

analyzing the effort thereby to determine when a
blood pressure has exceeded a blood pressure
threshold; and

providing a warning when the blood pressure is de-
termined to have exceeded the blood pressure
threshold.

[0025] This method makes use of a correlation be-
tween effort applied and the weight of an object being
lifted in order to provide a warning to a subject that a
weight being lifted may resultin a dangerously high blood
pressure, having regard to the particular condition of the
subject.
[0026] The method may comprise:

converting the effort measurement to a blood pres-
sure estimate; and

comparing the blood pressure estimate with the
blood pressure threshold.

[0027] This intermediate calculation enables a blood
pressure estimate to be provided to the user. The blood
pressure estimate is for example an estimate of systolic
blood pressure.

[0028] The method may comprise:

converting the effort measurement to an estimate of
a lifted weight; and
converting the estimate of a lifted weight to the blood
pressure estimate.

[0029] This intermediate calculation enables a lifted
weight estimation to be provided to the user.

[0030] The measure of effortis forexample made using
a wearable bracelet, armband or glove for example with
a set of one or more electromyography sensors.

[0031] The method may further comprise sensing hand
or arm motion and detecting a lifting action from the
sensed hand or arm motion. In this way, actions which
do not correspond to lifting a weight can be filtered from
the results.

[0032] The method may comprise implementing a cal-
ibration routine, which comprises:

collecting effort measurements for a plurality of lifted
weights;

collecting blood pressure measurements for the plu-
rality of lifted weights; and

determining a threshold to be applied when analyz-
ing the effort measurement.
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[0033] This enables the warning to be tailored to a par-
ticular subject.

[0034] The invention may be implemented at least in
part in software.

[0035] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows the relationship between a weight
being lifted and the muscle activity and the relation-
ship between the weight being lifted and the systolic
blood pressure;

Figure 2 shows the corresponding relationship be-
tween finger flexor gripping force, EMG, and the
systolic blood pressure for two different muscle
groups;

Figure 3 shows a system for monitoring heart strain
of a subject;

Figure 4 shows a method of monitoring heart strain
of a subject; and

Figure 5 shows a generic computer for implementing
the method of Figure 4.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] The invention will be described with reference
to the Figures.

[0038] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0039] The invention provides a system and method
for monitoring heart strain of a subject, in which an effort
sensor signal is used to determine when a blood pressure
has exceeded a blood pressure threshold and then pro-
vide a warning. The correlations between an effort level
and a lifted weight, and between a lifted weight and the
(systolic) blood pressure are used to provide a blood
pressure warning, in particular for patients with a heart
condition or post heart treatment.

[0040] Thesystemand method indirectly evaluates the
strain that the effort of lifting or displacing a weight puts
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on the heart (i.e. the afterload) any time the user lifts or
displaces a weight. The warning is tailored to the partic-
ular diagnosis of the subject.

[0041] Figure 1 shows the relationship between a
weight being lifted (x-axis) and the muscle activity (shown
as an electromyography signal, EMG, using the left y-
axis) and the relationship between the weight being lifted
and the systolic blood pressure, SBP (right y-axis). Plot
10 represents the muscle activity measured via electro-
myography of a finger flexor muscle and plot 12 repre-
sents the blood pressure reading. Both plots show a
strong positive correlation with the weight being lifted.
[0042] Figure 2 shows the corresponding relationship
between the electromyography muscle activity, EMG,
(which is representative of an effort level) and the systolic
blood pressure for two different muscle groups (the upper
arm biceps brachii muscle as plot 20, and the forearm
brachioradialis and carpi radialis longus muscles as plot
22).

[0043] This shows that different muscle groups may
be used as they show a near linear relationship between
systolic blood pressure and muscle response.

[0044] Different implementations will make use of dif-
ferent physiological signal measurements. For example,
for a sensor implemented as a watch, monitoring can be
done by sensors located around the strap, which trans-
duce tendon tension, vibration and movement. An EMG
sensor and microphone can also be used, to transduce
pronator quadratus, extensor indicis, extensor pollicis
lungus, extensor pollicis brevis, and/or extensors tendon
electrical activation or movements, respectively.

[0045] The sensor could also applied to the volar part
of the wrist allowing the monitoring also of the flexors.
[0046] A glove is able to monitor muscle activity and
tendon movements happening at the hand level. This is
however limited tointerossei muscles and fingertendons.
[0047] Another possible implementation is an arm-
band. The forearm muscles such as brachioradialis and
carpi radialis longus muscles can then be monitored.
Monitoring of the arm may additionally include monitoring
of the biceps brachii muscle.

[0048] Thus, the sensor may be for monitoring muscle
or tendon movements or tension or electrical activity.
[0049] One preferred implementation is a wearable
band to be located on the upper part of the forearm.
[0050] The muscle activity may that is monitored may
represent tightness of the grip of the hand or the lifting
effort for example in the muscles of the forearm in sup-
porting the weight. Thus, there are different physiological
signals that may be monitored. Direct monitoring of the
force applied to the palm of the hand (i.e. to the palm of
asensing glove) may provide a more direct measurement
of the load acting on the hand. However, this is preferred
as an additional measure to the more indirect physiolog-
ical measurements.

[0051] Different signals may be combined as part of
the algorithm for providing a best representation of the
effort being exerted by the subject.
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[0052] Using the relationships between the weight be-
ing lifted and the effort level (manifested as a grip force
(i.e. strain) and/or pulling force, or some combination of
the two) and the between the effort level and systolic
blood pressure, it becomes possible to recognize events
for which the blood pressure, derived from the effort sen-
sor signal analysis, corresponds to the blood pressure
response which exceeds an acceptable blood pressure
level set by a physician as index of permitted afterload.
[0053] Figure 3 shows a system for monitoring heart
strain of a subject. The system comprises an effort sensor
30 and a processor 32 for processing the effort sensor
output. An output device 34 provides a warning to the
user of the system when the user’s blood pressure is
determined to have exceeded a blood pressure thresh-
old.

[0054] Thisdeterminationis based ontherelationships
explained above. In particular, the effort sensor output is
analyzed to determine when a blood pressure has ex-
ceeded the blood pressure threshold based on a map-
ping between the effort signal and a corresponding blood
pressure level.

[0055] Inamostsimpleimplementation, the processor
simply compares a measured effort level with a previous-
ly determined threshold which, for the particular subject,
corresponds to a blood pressure threshold. Thus, there
is no need for intermediate calculations, so that the actual
blood pressure level and the actual weight being lifted
do not need to be identified as such.

[0056] However, the processor may instead perform a
firstanalysis in which the effort sensor outputis converted
to a blood pressure estimate and the blood pressure es-
timate is then compared with the blood pressure thresh-
old. In this case, the output device 34 may also provide
the blood pressure estimate as an output.

[0057] Thisapproach basically involves usingthe func-
tion of Figure 2 to map between effort (the x-axis of Figure
2) and a blood pressure estimate (the y-axis of Figure 2)
and a threshold level is set for the blood pressure.
[0058] The systolic blood pressure may be calculated,
but any other generic indication of blood pressure may
be provided. The blood pressure output may for example
simply indicate a generic "normal", "slightly high", "very
high" and "warning" for example, rather than a numeric
indication of blood pressure level (which is unlikely to be
very accurate).

[0059] The processor may perform a further analysis
in which the effort sensor output is first converted to an
estimate of a lifted weight before the conversion of the
lifted weight to the blood pressure estimate. The lifted
weight output may for example simply indicate a generic
indication such as "OK", "heavy", "warning - too heavy"
for example, rather than a numeric indication of a lifted
weight (which is unlikely to be very accurate).

[0060] The effort sensor 30 for example comprises a
wearable wrist band (e.g. smart watch) arm band or
glove. There may be multiple sensors provided in the
wearable sensor.
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[0061] Figure 3 shows aforce sensor 36, amicrophone
37, an electromyography sensor 38 and a motion sensor
39, in particular an acceleration sensor.

[0062] The force sensor 36 may be used to measure
an external pressure applied for example in a glove, to
an object being held, for example based on a pressure
sensor or strain sensor. This measures the pull force ex-
plained above, which is basically the load which is being
supported by the hand. This is non-physiological meas-
urement. The microphone can measure local movement
for example of a tendon in order to derive tendon strain.
[0063] The electromyography sensor 38 measures
muscle strain. The sensor comprises a surface EMG sen-
sor, recording muscle activity from the surface above the
muscle on the skin. A pair of surface electrodes may be
used or there may be a more complex array of multiple
electrodes. Other physiological measurements may be
used.

[0064] The sensor is thus for measuring one or more
of muscle and tendon movement, muscle electrical ac-
tivity, muscle and tendon sound, muscle and tendon vi-
bration, blood perfusion.

[0065] The motion sensor 39 measures global hand or
arm movement. This can be used to identify lifting actions
and thereby distinguish between lifting actions and other
movements. This avoids other actions being identified
as weight lifting actions.

[0066] As mentioned above, one preferred implemen-
tation is for a forearm band. In this case, the flexor carpi
ulnaris, extensor carpi ulnaris, extensor digitorum, exten-
sor carpi radialis brevis, extensor carpi radialis longus,
brachioradialis, and the deeper muscles (as cross talk)
like the supinator, abductor pollicis longus are monitored
as far as the dorsal part is concerned. If the forearm band
also has sensors in the volar part, the brachioradialis,
pronator teres, flexor carpi radialis, palmaris longus, flex-
or carpi ulnari, and the deeper muscles (as cross talk)
like the flexor digitorum superficialis and flexor digitorum
profundis, and felxor pollics longus, maybe monitored as
well.

[0067] These various muscle groups work usually as
agonist/antagonist so in practice it is easier to measure
all of them than a single muscle. On the forearm the so-
lution would depend less on tendon movement. Tendon
movement is more readily measured around the wrist.
[0068] Figure 4 shows a method of monitoring heart
strain of a subject.

[0069] There is first a calibration stage, discussed be-
low, during which a suitable threshold for a particular sub-
ject can be determined, and which is used to control the
generation of a warning.

[0070] After calibration, the method comprises:

in step 41, obtaining a measure of effort while a sub-
ject lifts a weight;

in step 42, analyzing the effort measurement thereby
to determine when a blood pressure has exceeded
a blood pressure threshold; and
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in step 43, providing a warning when the blood pres-
sure is determined to have exceeded the blood pres-
sure threshold.

[0071] As explained above, the analysis of the effort
may comprise converting the effort measurement to a
blood pressure estimate, and optionally previously con-
verting the effort measurement to an estimate of a lifted
weight.

[0072] The step 41 may further involve sensing hand
or arm motion and detecting a lifting action from the
sensed hand motion so that the effort analysis 42 only
takes place for actions which have been identified as
actions of lifting a weight.

[0073] The calibration routine 40 comprises:

in step 44, collecting effort measurements for a plu-
rality of lifted weights;

in step 45, collecting blood pressure measurements
for the plurality of lifted weights; and

in step 46, determining a threshold to be applied
when analyzing the effort measurements.

[0074] The step 46 may be conducted by a physician
who decides what level of lifted weight is safe for the
particular subject. The blood pressure measurement
may be performed using a separate sensor such as a
blood monitoring cuff or a PPG sensor. This blood pres-
sure monitoring may be carried out by a sensor which is
external to the system and used by a physician only for
the purposes of the calibration. However, the system may
instead have the blood pressure monitoring system as
part of the overall system for use in the calibration phase.
[0075] The system typically does not have direct blood
pressure monitoring, primarily because current blood
pressure monitoring cannot be achieved while perform-
ing free-living activities, for practical reasons, and for
physiological hemodynamic reasons. For example hav-
ing the arm position at a different level compared to the
heart when in different postures or when in motion
renders current blood pressure monitoring solutions in-
accurate. While a PPG sensor maybe used to derive
blood pressure measurement, such sensors also suffer
from motion artefacts.

[0076] In one example, the processor makes use of a
database to provide the required mapping between the
measured effort and the blood pressure threshold. This
database may be trained using general population data
and/or using the calibration routine as described above.
Thus, the calibration phase is not essential. Instead, a
subject may be classified according to their age, weight,
a strength assessment, their diagnosis, etc. and they can
then be allocated to a suitable data set from the general
training data.

[0077] The system described above makes use of a
processor for processing data.

[0078] Figure 5 illustrates an example of a computer
50 for implementing the processor described above.
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[0079] The computer 50 includes, but is not limited to,
PCs, workstations, laptops, PDAs, palm devices, serv-
ers, storages, and the like. Generally, in terms of hard-
ware architecture, the computer 50 may include one or
more processors 51, memory 52, and one or more |/O
devices 53 that are communicatively coupled via a local
interface (not shown). The local interface can be, for ex-
ample but not limited to, one or more buses or other wired
or wireless connections, as is known in the art. The local
interface may have additional elements, such as control-
lers, buffers (caches), drivers, repeaters, and receivers,
to enable communications. Further, the local interface
may include address, control, and/or data connections
to enable appropriate communications among the afore-
mentioned components.

[0080] The processor 51 is a hardware device for ex-
ecuting software that can be stored in the memory 52.
The processor 51 can be virtually any custom made or
commercially available processor, a central processing
unit (CPU), a digital signal processor (DSP), or an aux-
iliary processor among several processors associated
with the computer 50, and the processor 51 may be a
semiconductor based microprocessor (in the form of a
microchip) or a microprocessor.

[0081] The memory 52 can include any one or combi-
nation of volatile memory elements (e.g., random access
memory (RAM), such as dynamic random access mem-
ory (DRAM), static random access memory (SRAM),
etc.) and non-volatile memory elements (e.g., ROM,
erasable programmable read only memory (EPROM),
electronically erasable programmable read only memory
(EEPROM), programmable read only memory (PROM),
tape, compact disc read only memory (CD-ROM), disk,
diskette, cartridge, cassette or the like, etc.). Moreover,
the memory 52 may incorporate electronic, magnetic, op-
tical, and/or other types of storage media. Note that the
memory 52 can have a distributed architecture, where
various components are situated remote from one an-
other, but can be accessed by the processor 51.

[0082] The software inthe memory 52 may include one
or more separate programs, each of which comprises an
ordered listing of executable instructions for implement-
ing logical functions. The software in the memory 52 in-
cludes a suitable operating system (O/S) 54, compiler
55, source code 56, and one or more applications 57 in
accordance with exemplary embodiments.

[0083] The application 57 comprises numerous func-
tional components such as computational units, logic,
functional units, processes, operations, virtual entities,
and/or modules.

[0084] The operating system 54 controls the execution
of computer programs, and provides scheduling, input-
output control, file and data management, memory man-
agement, and communication control and related serv-
ices.

[0085] Application 57 maybe a source program, exe-
cutable program (object code), script, or any other entity
comprising a set of instructions to be performed. When
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a source program, then the program is usually translated
via a compiler (such as the compiler 55), assembiler, in-
terpreter, or the like, which may or may not be included
within the memory 52, so as to operate properly in con-
nection with the operating system 54. Furthermore, the
application 57 can be written as an object oriented pro-
gramming language, which has classes of data and
methods, or a procedure programming language, which
has routines, subroutines, and/or functions, for example
but not limited to, C, C++, C#, Pascal, BASIC, API calls,
HTML, XHTML, XML, ASP scripts, JavaScript, FOR-
TRAN, COBOL, Perl, Java, ADA, .NET, and the like.
[0086] The I/O devices 53 may include input devices
such as, for example but not limited to, a mouse, key-
board, scanner, microphone, camera, etc. Furthermore,
the 1/0 devices 53 may also include output devices, for
example but not limited to a printer, display, etc. Finally,
the 1/0O devices 53 may further include devices that com-
municate both inputs and outputs, for instance but not
limited to, a network interface controller (NIC) or modu-
lator/demodulator (for accessing remote devices, other
files, devices, systems, or a network), a radio frequency
(RF) orothertransceiver, a telephonicinterface, a bridge,
arouter, etc. The I/O devices 53 also include components
for communicating over various networks, such as the
Internet or intranet.

[0087] When the computer 50 is in operation, the proc-
essor 51 is configured to execute software stored within
the memory 52, to communicate data to and from the
memory 52, and to generally control operations of the
computer 50 pursuant to the software. The application
57 and the operating system 54 are read, in whole or in
part, by the processor 51, perhaps buffered within the
processor 51, and then executed.

[0088] When the application 57 is implemented in soft-
ware it should be noted that the application 57 can be
stored on virtually any computer readable medium for
use by orin connection with any computer related system
or method. In the context of this document, a computer
readable medium may be an electronic, magnetic, opti-
cal, or other physical device or means that can contain
or store a computer program for use by or in connection
with a computer related system or method.

[0089] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measured cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.
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Claims

1.

A system for monitoring heart strain of a subject,
comprising:

a sensor (30) for deriving an effort applied by a
subject to displace an object; and

a processor (32) for processing the sensor out-
put,

wherein the processor is adapted to:

analyze the sensor output thereby to deter-
mine when a blood pressure has exceeded
a blood pressure threshold; and

provide a warning when the blood pressure
is determined to have exceeded the blood
pressure threshold.

A system as claimed in claim 1, wherein the sensor
(30) is adapted to provide a measurement of effort
without direct contact with the object being dis-
placed.

A system as claimed in claim 1 or 2, wherein the
sensor (30) comprises a physiological sensor for
measuring muscle or tendon activity.

A system as claimed in any preceding claim, wherein
the processor (32) is adapted to:

convert the sensor output to a blood pressure
estimate such as an estimate of systolic blood
pressure; and

compare the blood pressure estimate with the
blood pressure threshold.

A system as claimed in claim 2, 3 or 4, wherein the
processor (32) is adapted to:

convert the sensor output to an estimate of a
lifted weight; and

convert the estimate of a lifted weight to the
blood pressure estimate.

A system as claimed in any preceding claim, wherein
sensor (30) is implemented as a wearable bracelet,
armband or glove for example comprising a set of
one or more electromyography sensors.

A system as claimed in any preceding claim, wherein
the sensor (30) further comprises a motion sensor
(39) for sensing hand or arm motion.

A system as claimed in any preceding claim, wherein
the processor is adapted to implement a calibration

routine, which comprises:

collecting sensor measurements for a plurality
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of lifted weights;

collecting blood pressure measurements for the
plurality of lifted weights; and

determining a threshold to be applied when an-
alyzing the sensor output.

Amethod of monitoring heart strain of a subject, com-
prising:

(41) obtaining a measure of user effort while the
user displaces a weight;

(42) analyzing the effort thereby to determine
when a blood pressure has exceeded a blood
pressure threshold; and

(43) providing a warning when the blood pres-
sure is determined to have exceeded the blood
pressure threshold.

A method as claimed in claim 9, comprising:

converting the measure of user effort to a blood
pressure estimate such as an estimate of systo-
lic blood pressure; and

comparing the blood pressure estimate with the
blood pressure threshold.

A method as claimed in claim 9 or 10, comprising:

converting the measure of user effort to an es-
timate of a lifted weight; and

converting the estimate of a lifted weight to the
blood pressure estimate.

A method as claimed in any one of claims 9 to 11,
comprising obtaining the measure of user effort us-
ing a wearable bracelet, armband or glove, for ex-
ample which comprises a set of one or more elec-
tromyography sensors.

A method as claimed in any one of claims 9 to 13,
further comprising sensing hand or arm motion and
detecting a lifting action from the sensed hand mo-
tion.

A method as claimed in any one of claim 9 to 13,
comprising implementing a calibration routine (40),
which comprises:

(44) collecting effort measurements for a plural-
ity of lifted weights;

(45) collecting blood pressure measurements
for the plurality of lifted weights; and

(46) determining a threshold to be applied when
analyzing the effort measurement.

A computer program comprising computer program
code means which is adapted, when said program
is run on a computer, to implement the method of
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any one of claims 9 to 14.
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