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(57) ABSTRACT

According to an aspect there is provided a method of
assessing the severity of chronic obstructive pulmonary
disease, COPD, in a subject, the method comprising deter-
mining measurements of the breathing rate of the subject,
the activity level of the subject, a measure of the respiratory
effort of the subject and a measure of the severity or intensity
of coughing by the subject; and combining the measure-
ments of the breathing rate, the activity level, the measure of

(51) Imt. CL the respiratory effort and the measure of the severity or
A61B 5/08 (2006.01) intensity of coughing to determine a score representing the
A61B 5/113 (2006.01) severity of COPD in the subject.

101 , -
~. Determine measurements of the breathing
rate, activity level, a measure of the
respiratory effort and a measure of the
severity or intensity of coughing
103

Combine the measurements to determine
a score representing the severity
of COPD in the subject




US 2017/0325717 Al

Nov. 16,2017 Sheet 1 of 9

Patent Application Publication

L 2.nbBi4
\e> e< INg
Ge> 67-9¢ ¥9-0S 69< [%] A3
14 £ 4 1-0 a|edg eaudsAg DN
oviL> 6¥c-0SL 6¥€-05¢ 05€< [w] @oueysiq Bunjiepm Uiy 9
€ ¢ l 0 a|gelep




Patent Application Publication  Nov. 16,2017 Sheet 2 of 9 US 2017/0325717 Al

6 2.
. 10
. ‘-—------'--'---lww
Accelerometer »  Control unit je— Commun_lcatlon 1
{__Srouty |
12 ¢
\\: """"""" 1
+ Userinterface 1 Memory module
b e ————— 1
g
Figure 2
101 Determine measurements of the breathing
rate, activity level, a measure of the
respiratory effort and a measure of the
severity or intensity of coughing
103 l

Combine the measurements to determine
a score representing the severity
of COPD in the subject

Figure 3



US 2017/0325717 Al

Nov. 16,2017 Sheet 3 of 9

Patent Application Publication

{ @4nbi4
0€< 0£-02 0Z-11 0lL> [4noy Jad sjunoo ybnoa] Buiybno)
GE< GE-0E 62-92 6> [wdq] ajes Buiyeasg
90> 62°0-9°0 66'0-8°0 1< [-] onjes yyeauq pajeyxa o} pajeyu|
00E> 665-00€ 668-009 006< [Aep Jad sjunoa] sjunod AjAnoy
Jeulou,
€ ¢ b 0 a|geulep




Patent Application Publication  Nov. 16,2017 Sheet 4 of 9 US 2017/0325717 Al

~Flow ref =Clav Z ---Clav X - Thor Z

Breaths per minute

R S T S TR T V7

Breath number

Figure 5(a)



Patent Application Publication  Nov. 16,2017 Sheet 5 of 9 US 2017/0325717 Al

119 Respiration rate was computed by using power
spectrum method

17 Breathing wave was obtained
by using PCA method
[&] [&] [&]
2 g 2
115 . .
Bandpass filter to obtain
breathing vectors
@ I=
su]  ju] %
13
1-minute energy expenditure (EE)
111

3-D acceleration signals

Figure 5(b)



US 2017/0325717 Al

Nov. 16,2017 Sheet 6 of 9

Patent Application Publication

vector

@
(6)

c P ., |

4
uoljeIa[eo9e

40 60

vector
iL&!*t’sg%fw’%ﬁﬂw"‘gf _r i %y g?ff?w«w‘\fn A
20

4

02
On
2

0

o

(6) uone.sjeaoe

U
; p

40

20

(6) uonesajeaoe

vector,

S
=
£
= = |
= g Z S
S gt B
z N - 2
=
2 S
= o, O
£ S 2 @
5 = 3
L R=
< L
[ ]
——— [w¥]
O
et
w0
@ o
£ =
= 5 1o
i |
Lo ]
¥ N e« v

(B) uonesajaaoe (6) uonesajande



US 2017/0325717 Al

Nov. 16,2017 Sheet 7 of 9

Patent Application Publication

airway |
pressure

tme —>

)

a

(

Figure 6

0.4
0.2}----}-

L

[

S uogelsEansy

Timels]

0.2
-0
0

40

L
[

Time[s]



Patent Application Publication  Nov. 16,2017 Sheet 8 of 9 US 2017/0325717 Al

Acceleration [a.u.]

g T T T T T T T T
5_ b by e
4
3
2 position change position change position change
600 800 1000 1200 1400 1600 1800 2000
Time(s)
Figure 7
Quiet breathing | Coughing -

© 1, E . ﬁz-‘-**

o 1 [N

E

o]

time

Figure 8



Patent Application Publication  Nov. 16,2017 Sheet 9 of 9 US 2017/0325717 Al

153
{
______________ , S P
| GPStracker + | - Userinputs: -
| Activity classifier v | FEV+BMI |
L o e " \.\ — e s s l ...... 150
< Y
Accelerometer Activity level % Parameter(s) in- or
sensor ' .| outside different COPD
Breathing rate --»{ severity level ranges?
4 i
1
Measure of i l 152
respiratory effort E
: Parameter weighting
v T i and combination to
easurgt ot fhe i | generate a simplified
Severty or : BODE score or ‘full’
intensity of | BODE score
coughing i
|
| oTTEmEEEEmmmT L oTEEEEmm—m 1 i 154
i Temperature ! : ! —
| sensor | M Temperature  po------- Give feedback to
R R S ! physician, caregiver,
I patient, and/or family
‘‘‘‘‘‘ _|  Exacerbation member
156 ) .
warning & disease
escalation alerts
Sensors Parameters Analysis

Figure 9



US 2017/0325717 Al

APPARATUS AND METHOD FOR
ASSESSING THE SEVERITY OF CHRONIC
OBSTRUCTIVE PULMONARY DISEASE,
COPD, IN A SUBJECT

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to an apparatus and method
for assessing the severity of chronic obstructive pulmonary
disease, COPD, in a subject.

BACKGROUND TO THE INVENTION

[0002] Chronic obstructive pulmonary disease (COPD) is
a progressive lung disease characterized by persistent air-
flow limitation, which is associated with an enhanced
chronic inflammatory response in the airways and in the
lung due to noxious particles or gases (for example inhaled
cigarette smoke or other noxious gases such as smoke from
biomass fuels). COPD is a leading cause of morbidity and
mortality worldwide, which results in a very significant
economic and social burden that is increasing each year.
COPD was responsible for more than 2.5 million deaths
worldwide in 2000 alone. COPD currently ranks as the third
leading cause of death in the United States and is projected
to have the fifth leading burden of disease worldwide by the
year 2020. Since COPD often develops in long-time smok-
ers, typically in middle age, it is often associated with a
variety of comorbid diseases related to smoking or aging.
Among the most common comorbidities are cardiovascular
disease (including ischemic heart disease, heart failure, atrial
fibrillation and hypertension), lung cancer, metabolic syn-
drome and diabetes, osteoporosis and respiratory infections
(which are usually very severe). COPD is (currently) an
incurable disease, which can be managed or stabilized by
medication (i.e. drug therapy), surgery, and through lifestyle
changes (e.g. smoking cessation and exercise). Bronchodi-
lators (usually f2 agonists and anticholinergics) are the main
medications used to treat COPD. They can be both fast
acting (4-6 hours; e.g., ipratropium, salbutamol and terbuta-
line) or long-acting (over 12 hours; e.g., tiotropium, salme-
terol and formoterol). For the treatment and prevention of
acute exacerbation events, corticosteroids are also often
administered. Long-term antibiotics, especially those from
the macrolide class (e.g., erythromycin) may also be pre-
scribed to COPD patients to reduce the frequency of exac-
erbations.

[0003] An exacerbation of COPD is defined as an acute
event which is characterized by a worsening of the patient’s
respiratory symptoms that is beyond the typical day to day
variations and which leads to a change in the therapeutic
drug medication. The risk of exacerbation increases as
airflow limitation worsens, and is best predicted from a
history of previous exacerbation events.

[0004] An increased risk of mortality in patients with
COPD is linked to several clinically assessable variables
including force exhaled volume, FEV (the amount of air that
can be forcibly exhaled in a certain time period after a full
inhalation), exercise tolerance, peak oxygen consumption,
weight loss and reduction in arterial oxygen. Typically
COPD disease severity is assessed by using a combination
of these variables in a composite index called the BODE
(Body mass index, Obstruction, Dyspnea and Exercise)
score. The BODE score is considered to be a better predictor
for patient survival than any of the individual variables
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composing the score. The BODE index is derived as shown
in FIG. 1. It is based on the Body Mass Index (>21=0 points
and =21=1 point) and the following variables which are
scored on a scale of 0 to 3 points: FEV after taking a
bronchodilator  (265%=0 points, 50-64%=1 point,
36-49%=2 points and <35%=3 points), 6 minute Walking
Distance (2350 m=0 points, 250-349 m=1 point, 150-249
m=2 points and =149 m=3 points) and Modified Medical
Research Council Scale (MMRC) Dyspnea Scale (Dyspneic
on strenuous exercise or on walking up a slight hill=0 points,
Dyspneic on walking on level ground; must stop occasion-
ally due to breathlessness=1 points, Must stop due to breath-
lessness after walking 100 yards or after a few minutes=2
points, and Cannot leave house; breathless on dressing/
undressing=3 points). BODE scores of 0 (less impaired) to
10 (most impaired) are stratified into 4 quartiles, which
discriminate mortality risk.

[0005] Despite the use of BODE scoring, the clinical
assessment and therapeutic management of COPD patients
remains extremely difficult for various reasons. The many
challenges often encountered include, for example, poor
drug compliance, promoting lifestyle changes (e.g. smoking
cessation, increasing exercise level and encouraging psy-
chological and social well-being) as well as patient discom-
fort during clinical tests for COPD (e.g., the FEV test used
for BODE scoring is extremely unpleasant for the patient).
Moreover, during clinical assessment of COPD severity it is
necessary for a highly trained clinician to be present to
perform BODE scoring which adds to the cost of disease
management and results in less frequent assessments. In
addition, mild COPD is difficult to detect and frequently
goes undiagnosed.

[0006] Therefore, there is a significant clinical need for a
method to detect COPD at an early stage, and, once COPD
is diagnosed, to provide continuous or on-demand, objec-
tive, patient-friendly and reliable methods for the assess-
ment of COPD severity to improve management of the
disease.

[0007] US 2010/0275921 Al discloses devices and sys-
tems that provide methods of detecting a severity change in
respiratory insufficiency (RI) or COPD condition of a
patient. In an example embodiment, a detection monitoring
device determines one or more severity change indicators
based on a measure of supplied pressure or other represen-
tative measure determined by the device. The supplied
pressure may optionally be determined during pressure
treatment that satisfies a target ventilation. The supplied
pressure or representative data may be compared to one or
more thresholds that are selected to represent a change in the
condition of the RI or COPD patient such as an exacerbation
of a prior condition. Results of the comparisons may trigger
one or more warnings or messages to notify a patient or
physician of a pending change to the patient’s RI or COPD
condition so that the patient may more immediately seek
medical attention to treat the condition.

[0008] WO 2014/130944 Al discloses a method and sys-
tem for managing a chronic medical condition, such as
COPD. The method includes generating a baseline score for
a patient; recording an exacerbation severity for a plurality
of symptoms; weighting the recorded exacerbation severi-
ties; determining an exacerbation score relative to the base-
line score based on at least one of the recorded or weighted
exacerbation severities; assigning the exacerbation score to
a category; publishing the exacerbation score and assigned



US 2017/0325717 Al

category for review by a physician or medical professional,
and transmitting a treatment plan to the patient, the treatment
plan being prescribed by a physician and based at least in
part on the exacerbation score and/or assigned category.

SUMMARY OF THE INVENTION

[0009] As noted above, the clinical assessment and thera-
peutic management of patients (also referred to herein as
subjects or users) with COPD is very challenging for clini-
cians and care givers. The available tools not particularly
practical or user friendly, and cannot easily provide con-
tinuous or on-demand objective assessment of COPD dis-
ease severity and its evolution.

[0010] Therefore, according to a first aspect of the inven-
tion, there is provided a method of assessing the severity of
chronic obstructive pulmonary disease, COPD, in a subject,
the method comprising determining by means of an accel-
erometer measurements of a breathing rate of the subject, an
activity level of the subject, a measure of the respiratory
effort of the subject and a measure of the severity or intensity
of coughing by the subject; and combining the measure-
ments of the breathing rate, the activity level, the measure of
the respiratory effort and the measure of the severity or
intensity of coughing to determine a score representing the
severity of COPD in the subject.

[0011] In preferred embodiments the breathing rate of the
subject, the activity level of the subject, the measure of the
respiratory effort of the subject and the measure of the
severity or intensity of coughing by the subject are deter-
mined from measurements from a the accelerometer only.

[0012] In alternative embodiments, the breathing rate of
the subject, the activity level of the subject, the measure of
the respiratory effort of the subject and the measure of the
severity or intensity of coughing by the subject are deter-
mined from measurements from the accelerometer and at
least one additional sensor. In some embodiments the at least
one additional sensor is a sensor for measuring the motion
and/or position of the subject.

[0013] In some embodiments the measure of the respira-
tory effort is a ratio of inhaled to exhaled breath of the
subject. In some embodiments the measure of the severity or
intensity of coughing is a measure of the number of coughs
over a predetermined period.

[0014] In some embodiments the step of combining the
measurements to determine a score representing the severity
of COPD in the subject comprises comparing each of the
measurements of the breathing rate, the activity level, the
measure of the respiratory effort and the measure of the
severity or intensity of coughing to a respective severity
range to determine a score for each of the measurements;
and adding the determined scores to determine the score
representing the severity of COPD in the subject.

[0015] In alternative embodiments the step of combining
the measurements to determine a score representing the
severity of COPD in the subject comprises analyzing the
measurements of the breathing rate, the activity level, the
measure of the respiratory effort and the measure of the
severity or intensity of coughing using a classification
algorithm to determine the score.

[0016] In some embodiments the method further com-
prises the step of calibrating the score representing the
severity of COPD in the subject against a Body mass index,
Obstruction, Dyspnea and Exercise, BODE, score.
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[0017] In some embodiments the step of calibrating the
score representing the severity of COPD against a BODE
score comprises determining a BODE-equivalent score from
the measurements of the breathing rate, the activity level, the
measure of the respiratory effort and the measure of the
severity or intensity of coughing, and measurements of the
forced exhaled volume, FEV, and body mass index, BMI, of
the subject; and comparing the determined BODE-equiva-
lent score to a BODE score obtained from measurements of
the FEV, BMI, the distance walked by the subject in six
minutes and a measure of the dyspnea of the subject on the
Modified Medical Research Council Scale, MMRC, Dysp-
nea Scale.

[0018] In some embodiments the method further com-
prises the step of normalizing each of the measurements of
the breathing rate, the activity level, the measure of the
respiratory effort and the measure of the severity or intensity
of coughing using initial measurements of the breathing rate,
the activity level, the measure of the respiratory effort and
the measure of the severity or intensity of coughing.
[0019] In some embodiments the step of combining the
measurements to determine a score representing the severity
of COPD in the subject uses an indication of the ambulatory
state of the subject.

[0020] In some embodiments the method further com-
prises the step of comparing the measure of the intensity or
severity of coughing to a threshold value to determine if
there is a high risk of an exacerbation event or if an
exacerbation event is ongoing.

[0021] In some embodiments the method further com-
prises the step of detecting when the subject coughs or
gasps; and temporarily interrupting the step of determining
measurements or the use of the measurements in the step of
combining when the subject coughs or gasps.

[0022] According to a second aspect, there is provided a
computer program product comprising a computer readable
medium having computer readable code embodied therein,
the computer readable code being configured such that, on
execution by a suitable computer or processor, the computer
or processor is caused to perform any of the methods
described above.

[0023] According to a third aspect, there is provided an
apparatus for assessing the severity of chronic obstructive
pulmonary disease, COPD, in a subject, the apparatus com-
prising a control unit configured to determine by means of
an accelerometer measurements of a breathing rate of the
subject, an activity level of the subject, a measure of the
respiratory effort and a measure of the intensity or severity
of coughing, and to combine the measurements of the
breathing rate, the activity level, the measure of respiratory
effort and the measure of the intensity or severity of cough-
ing to determine a score representing the severity of COPD
in the subject.

[0024] In preferred embodiments the control unit is con-
figured to determine the measurements of the breathing rate
of the subject, the activity level of the subject. the measure
of the respiratory effort of the subject and the measure of the
severity or intensity of coughing by the subject from mea-
surements from the accelerometer only.

[0025] In alternative embodiments the apparatus further
comprises the accelerometer and at least one additional
sensor, and the control unit is configured to determine the
measurements of the breathing rate of the subject, the
activity level of the subject, the measure of the respiratory
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effort of the subject and the measure of the severity or
intensity of coughing by the subject from measurements
from the accelerometer and the at least one additional sensor.
In some embodiments the at least one additional sensor is a
sensor for measuring the motion and/or position of the
subject.

[0026] In some embodiments the measure of the respira-
tory effort is a ratio of inhaled to exhaled breath of the
subject. In some embodiments the measure of the severity or
intensity of coughing is a measure of the number of coughs
over a predetermined period.

[0027] Insomeembodiments the control unit is configured
to combine the measurements to determine a score repre-
senting the severity of COPD in the subject by comparing
each of the measurements of the breathing rate, the activity
level, the measure of the respiratory effort and the measure
of the severity or intensity of coughing to a respective
severity range to determine a score for each of the measure-
ments; and adding the determined scores to determine the
score representing the severity of COPD in the subject.
[0028] In alternative embodiments the control unit is con-
figured to combine the measurements to determine a score
representing the severity of COPD in the subject by analyz-
ing the measurements of the breathing rate, the activity
level, the measure of the respiratory effort and the measure
of the severity or intensity of coughing using a classification
algorithm to determine the score.

[0029] In some embodiments the control unit is further
configured to calibrate the score representing the severity of
COPD in the subject against a Body mass index, Obstruc-
tion, Dyspnea and Exercise, BODE, score.

[0030] Insomeembodiments the control unit is configured
to calibrate the score representing the severity of COPD
against a BODE score by determining a BODE-equivalent
score from the measurements of the breathing rate, the
activity level, the measure of the respiratory effort and the
measure of the severity or intensity of coughing, and mea-
surements of the forced exhaled volume, FEV, and body
mass index, BMI, of the subject; and comparing the deter-
mined BODE-equivalent score to a BODE score obtained
from measurements of the FEV, BMI, the distance walked
by the subject in six minutes and a measure of the dyspnea
of the subject on the Modified Medical Research Council
Scale, MMRC, Dyspnea Scale.

[0031] In some embodiments the control unit is further
configured to normalize each of the measurements of the
breathing rate, the activity level, the measure of the respi-
ratory effort and the measure of the severity or intensity of
coughing using initial measurements of the breathing rate,
the activity level, the measure of the respiratory effort and
the measure of the severity or intensity of coughing.

[0032] Insomeembodiments the control unit is configured
to combine the measurements to determine a score repre-
senting the severity of COPD in the subject using an
indication of the ambulatory state of the subject.

[0033] In some embodiments the control unit is further
configured to compare the measure of the intensity or
severity of coughing to a threshold value to determine if
there is a high risk of an exacerbation event or if an
exacerbation event is ongoing.

[0034] In some embodiments the control unit is further
configured to detect when the subject coughs or gasps; and
temporarily interrupt the determining of measurements or
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the combination of the measurements to determine the score
representing the severity of the COPD in the subject when
the subject coughs or gasps.

[0035] According to a fourth aspect, there is provided a
system for assessing the severity of chronic obstructive
pulmonary disease, COPD, in a subject, the system com-
prising a sensor for measuring characteristics of the subject;
and an apparatus as described above, wherein the control
unit determines the measurements from the output of the
Sensor.

[0036] Thus, one problem addressed by the invention
described above is the fact that the conventional BODE
score is a point measurement and requires many different
sensors and hardware which is cumbersome and inconve-
nient for the subject to use. Therefore it is not suited to
continuous monitoring of COPD severity, which means that
deterioration of the disease (i.e., decrease in respiratory
function) is not easily detected. BODE testing is further
inconvenient for the subject since they must travel to the
hospital or clinic to be evaluated, which disrupts their daily
life, and it requires a highly-skilled clinician to be present to
perform the diagnosis. Also, testing in a stressful situation,
after travel to hospital and in a hospital environment, might
negatively affect the test results.

[0037] Embodiments of the invention allow for earlier
detection of mild COPD and better management of COPD
drug therapy since the apparatus and method are unobtru-
sive, they can provide continuous or on-demand assessments
and utilize a single, easy-to-use apparatus. It can also be
used to establish an historical overview of patient-specific
effectiveness of bronchodilators in reducing breathing prob-
lems and thereby enable patient-specific dosing. In addition,
with 24 hour (i.e., continuous) monitoring, embodiments
provide that it is possible to measure drug timing, monitor
compliance, and estimate the optimal times to use a bron-
chodilator or corticosteroid to prevent the occurrence or
minimize the severity of an exacerbation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] For a better understanding of the invention, and to
show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to the
accompanying drawings, in which:

[0039] FIG. 1 is a table illustrating the derivation of the
BODE index;
[0040] FIG. 2 is a block diagram of an apparatus according

to an aspect of the invention;

[0041] FIG. 3 is a flow chart illustrating a method of
assessing the severity of COPD in a subject;

[0042] FIG. 4 is a table illustrating the derivation of a
COPD severity index according to an embodiment; and
[0043] FIG. 5 is a series of graphs and a flow chart
illustrating how breathing rate can be determined from
accelerometer measurements according to an embodiment;
[0044] FIG. 6 is a set of graphs illustrating how the ratio
of inhaled to exhaled breath can be determined from accel-
erometer measurements according to an embodiment;
[0045] FIG. 7 is a graph illustrating how the activity level
can be determined from accelerometer measurements
according to an embodiment;

[0046] FIG. 8 is a graph illustrating how the number of
coughs in a predetermined time period can be determined
from accelerometer measurements in an embodiment; and
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[0047] FIG. 9 is a diagram that provides an overview of
the sensors and physiological parameters that can be used
for determining COPD severity in according with various
embodiments of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0048] FIG. 2 is a block diagram illustrating an apparatus
2 according to an aspect of the invention. The apparatus 2 is
to be worn or carried by a subject and comprises a sensor for
measuring the movements or motion of the subject. In
particular, the sensor is for measuring at least the motion or
movements of the chest or other part of the body of the
subject so that characteristics of the breathing of the subject
(e.g. breathing rate, a measure of respiratory effort such as
a ratio of inhalation to exhalation, and a measure of the
severity or intensity of coughing, such as the number of
coughs in a predetermined time period) can be determined
from the measurements.

[0049] Preferably, the sensor is an accelerometer 4,
although those skilled in the art will appreciate that other
types of sensors can be used to obtain the measurements
required for assessing COPD severity according to the
invention. In some embodiments the accelerometer 4 is a
three-dimensional accelerometer that measures the accelera-
tions in three dimensions, but in other embodiments the
accelerometer 4 comprises three one-dimensional acceler-
ometers arranged orthogonally to each other. The acceler-
ometer 4 measures the magnitude and direction of the
acceleration acting on the apparatus 2 and outputs an accel-
eration signal indicating the acceleration in three dimensions
to a control unit 6. The accelerometer 4 can operate accord-
ing to any desired operating or sampling frequency to
measure the acceleration, for example 50 Hz.

[0050] In preferred embodiments, the only sensor required
to obtain the measurements for assessing the COPD severity
according to the invention is the accelerometer 4 (i.e. the
output from a single or the same sensor 4 is used to
determine the parameters according to the invention). These
embodiments provide a low-cost, simple, apparatus 2 for
assessing COPD severity. However, in other embodiments,
the apparatus 2 can comprise one or more additional sensors
for obtaining measurements that can be used to determine
the breathing characteristics and other characteristics of the
subject used in the assessment of COPD severity, and/or that
can be used to determine other parameters for the subject
that may or may not be used to assess the COPD severity.
Such sensors can include sensors for measuring the motion
and/or position of the subject, for example a gyroscope, a
magnetometer, a satellite positioning system (e.g. GPS)
receiver (any some or all of which can be used as part of
assessing the activity or activity level of the subject), a
microphone for measuring the sound of the subject’s breath-
ing (and which can be used to determine the breathing rate
and/or determine when the subject coughs) and/or a tem-
perature sensor (for measuring the subject’s temperature).
[0051] The control unit 6 controls the operation of the
apparatus 2 according to the invention. The control unit 6
can comprise one or more processors, processing units,
multi-core processors or processing modules. The apparatus
2 further comprises a memory module 8 for storing com-
puter readable program code that can be executed by the
control unit 6 to perform the method according to the
invention. The memory module 8 can also be used to store
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the sensor (acceleration) measurements before, during and
after processing by the control unit 6 and any intermediate
products of the processing.

[0052] In this illustrated embodiment of the invention, the
apparatus 2 comprises a single unit or device that is worn or
carried by the subject and that collects and processes the
acceleration measurements (in the control unit 6) to deter-
mine the COPD severity. In alternative embodiments, the
processing of the measurements can be performed in a
control unit that is remote from the accelerometer 4 (for
example in a unit that is worn on a different part of the body
of the subject, in a base unit or computer that can be located
in the subject’s home, or a remote server located in the
premises of a healthcare service provider), in which case the
apparatus 2 will comprise a sensor unit to be worn by the
subject (that is similar to that shown in FIG. 2) and that
comprises suitable transmitter, transceiver or communica-
tion circuitry 10 for transmitting the measurements to a
control unit in the remote unit. In either embodiment, the
apparatus 2 can be part of a COPD severity monitoring
system which comprises a display or other visual indicator
(that can themselves be part of or separate from the appa-
ratus 2) that can be used to indicate the determined COPD
severity score to the subject or a clinician.

[0053] In preferred embodiments of the invention the
apparatus 2 is sized and/or shaped so that it can be worn or
carried on the upper body of the subject, for example on the
chest, thorax or abdomen (and in particular in the subclavian
chest area or on the abdomen below the diaphragm). The
apparatus 2 can be provided with some means to enable the
apparatus 2 to be held in contact with the subject so that the
sensor 4 can obtain the required measurements of the motion
of the subject to enable the breathing characteristics to be
determined. For example, the apparatus 2 can be provided
with a belt or strap, or the apparatus 2 can be part of an
adhesive patch.

[0054] In practical implementations, the apparatus 2 may
comprise other or further components to those shown in
FIG. 2 and described above, such as a user interface 12 that
allows the subject to activate and/or operate the apparatus 2,
and a power supply, such as a battery, for powering the
apparatus 2. The user interface 12 may comprise one or more
components that allow a user (e.g. the subject) to interact
and control the apparatus 2. As an example, the one or more
user interface components could comprise a switch, a button
or other control means for activating and deactivating the
apparatus 2 and/or measurement process. The user interface
components can also or alternatively comprise a display, or
other visual indicator (such as a light) for providing infor-
mation to the subject about the operation of the apparatus 2,
including displaying the determined COPD severity score.
Likewise, the user interface components can comprise an
audio source for providing audible feedback to the subject
about the operation of the apparatus 2, including an audible
indication of the determined COPD severity score.

[0055] It will be appreciated that in some embodiments the
apparatus 2 is a dedicated apparatus for determining COPD
severity (i.e. the sole purpose of the apparatus 2 is to
determine the COPD severity). However, in other embodi-
ments, the COPD severity score according to the invention
can be determined by any type of apparatus or device that
comprises a sensor 4 that is able to obtain the required
measurements for determining the COPD severity score. For
example, the apparatus 2 can be a user-worn or carried
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activity or motion monitor that monitors the physical activ-
ity of the subject, for example for personal fitness purposes,
for supporting injury or fall prevention, or for detecting falls.
In some embodiments, the apparatus 2 can be in the form of
a smart phone executing a suitable application.

[0056] To assess the severity of COPD, the invention
makes use of various clinical indicators of COPD severity
that can be easily measured by a simple apparatus 2, and that
can be measured simultaneously and continuously, if
required.

[0057] Four parameters of a subject have been identified
that can be combined and used to assess COPD severity.
These parameters are the activity level of the subject, the
breathing rate of the subject, a measure of respiratory effort
(such as the ratio of inhaled to exhaled breath) and a measure
of the severity or intensity of coughing (such as the number
of coughs in a predetermined period of time, for example a
minute or hour). These parameters are all clinically known
to be highly sensitive for the determination of COPD
severity and are closely linked to respiratory system func-
tion. The close correlation between the parameters is illus-
trated for instance by the fact that a subject with moderate
to severe COPD will almost always experience an increased
breathing rate during physical activity along with an
increased coughing rate and decreased inhaled to exhaled
breath ratio.

[0058] Although these parameters are sensitive to COPD
severity, individually they do not provide a reliable measure
of COPD sensitivity in a subject. Therefore, the invention
provides that measurements of these four parameters are
combined to determine a COPD severity score, which is
similar in concept to the BODE score described above.
[0059] Since these parameters can be measured continu-
ously or frequently throughout the day, the invention pro-
vides significant advantages over existing solutions as it can
be used to monitor the progression of COPD severity over
time. Moreover, continuous monitoring allows daily varia-
tions and artefacts to be distinguished better than a point-
of-care solution and it permits long-term COPD disease
progression to be assessed. With continuous or frequent
monitoring the COPD severity score according to the inven-
tion can provide early warnings of impending exacerbations
and be used for COPD therapy management, ¢.g. medication
dosing and exercise scheduling. In some embodiments, to
improve and maintain the clinical reliability of the inven-
tion, a BODE-equivalent score can be obtained from the four
parameters set out above and compared to a standard BODE
score obtained during a scheduled out-patient, point-of-care
visit with a doctor.

[0060] The flow chart in FIG. 3 illustrates a method of
assessing the severity of COPD in a subject according to the
invention. In a first step, step 101, measurements of the
breathing rate, the activity level, a measure of respiratory
effort and a measure of the severity or intensity of coughing
are determined. As noted above, these measurements are
preferably determined from the output of a single sensor 4,
such as an accelerometer.

[0061] Then, in step 103, the measurements of the param-
eters are combined to determine a score representing the
severity of the COPD in the subject. Those skilled in the art
will appreciate that there are a number of ways in which a
COPD severity score can be formed from the measurements.
In some embodiments, severity ranges can be defined for
measurements of each of the four parameters, with score
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values being assigned to each severity range, and the COPD
severity score obtained by summing the score values asso-
ciated with the measurements of each parameter. This way
of determining the COPD severity score is illustrated by the
exemplary table in FIG. 4 (in which the measure of respi-
ratory effort is represented by a ratio of inhalation to
exhalation and the measure of the severity or intensity of
coughing is represented by the number of coughs over an
hour) and is similar to the way in which the BODE score is
determined.

[0062] FIGS. 5-8 illustrate exemplary ways in which the
breathing rate, a measure of respiratory effort (in particular
the ratio of inhaled to exhaled breath), activity level and a
measure of the severity or intensity of coughing (in particu-
lar the number of coughs in a predetermined time period)
can be determined from accelerometer measurements.
[0063] The breathing rate is typically measured in terms of
the number of breaths per minute (bpm). In some embodi-
ments, the breathing rate can be determined from the accel-
eration measurements by applying a filter to the raw accel-
erometer signal in the frequency domain that passes
frequencies in a range corresponding to typical or possible
breathing rate. This is shown in FIG. 5(a). For example, the
filter can pass frequencies in the range of 0.15-0.70 Hz
(corresponding to breathing rates between 9-42 bpm). It will
be appreciated that a higher breathing rate is associated with
more severe levels of COPD and decreased respiratory
fanction.

[0064] FIG. 5(b) illustrates an exemplary way of process-
ing the acceleration signals to determine the breathing rate.
The signals from the accelerometer 4 (111 and shown in
FIG. 5(c)) are processed (in 113) to determine the energy
expenditure over a predetermined time period (1 minute in
this example). Those skilled in the art will appreciate that
113 can be performed in a number of ways. For example the
type of activity that the subject is performing (e.g. walking,
riding a bike, etc.) can be detected and a given energy
expenditure for the particular activity assumed. Alterna-
tively, the physical activity energy expenditure can be esti-
mated directly from the accelerometer signals. The result of
113 is divided into three parts, representing low energy
expenditure, medium energy expenditure and high energy
expenditure, and each is bandpass filtered to obtain breath-
ing vectors (115). The bandpass filter should pass at least
frequencies corresponding to typical breathing rates (e.g.
12-15 breaths per minute, bpm, for normal adults), and
perhaps some of the harmonics of those frequencies as well.
The breathing vectors are shown in FIG. 5(d). In 117 the
vectors are processed using a principle component analysis
(PCA) method to obtain a ‘breathing wave’ (as shown in
FIG. 5(e)). Then, in 119, the respiration rate is computed by
analyzing the breathing wave using a power spectrum analy-
sis technique.

[0065] The ratio of inhaled to exhaled breath is the ratio of
the time taken to inhale to the time taken to exhale. Like the
breathing rate, in some embodiments the ratio of inhaled to
exhaled breath can be determined from the acceleration
measurements by applying a filter to the raw accelerometer
signal to distinguish the time period required for inspiration
versus expiration. FIG. 6(a) shows measurements of airway
pressure as a subject inhales and exhales (it will be appre-
ciated that this graph is provided to illustrate how the ratio
is calculated, in the preferred embodiments the ratio of
inhaled to exhaled breath is measured from accelerometer
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measurements as described below, although in less preferred
embodiments an air pressure sensor could be used instead).
During inhalation, the chest will generally move outwards;
during exhalation, the chest will move in the opposite
direction. Changes in the movement direction can be iden-
tified in the accelerometer measurements as zero crossings
(i.e. where the acceleration in the direction parallel to the
movement of the chest is zero). Therefore the period
between zero crossings represents the duration of both
inhalation and exhalation. FIG. 6(b) shows an exemplary
signal from an axis of the accelerometer that is optimally
attached to the subject so that the inward and outward
movements of the chest or abdomen are represented in the
signal. The signal is low pass filtered to obtain the signal in
FIG. 6(c), from which the zero crossings can easily be
identified. The cut-off frequency for the filter can be selected
so that it passes frequencies corresponding to typical breath-
ing rates (e.g. a typical breathing rate for a normal adult is
12-15 bpm, so the cut-off frequency should pass these
frequencies). The periods between the zero crossings rep-
resent the duration of the inhalation or exhalation.

[0066] For patients with COPD greater effort is required
for exhalation than inhalation, which means that there is a
significant difference in the momentum change (i.e., accel-
eration) of the chest and abdomen during inhalation and
exhalation, which can be easily detected by the accelerom-
eter. Inhaled to exhaled breath ratios less than 1 represent
higher COPD severity than ratios greater than 1. It will be
appreciated that measures of the respiratory effort other than
the ratio of inhalation to exhalation can be determined in
alternative embodiments of the invention. For example,
measures representing the energy, intensity or strength of the
respiration can be used, such as the amplitude, the root-
mean-squared, RMS, value, the average or the Teager
energy ratio of a respiration signal isolated or separated from
the acceleration signal.

[0067] The activity level of the subject represents the
physical activity/movement level of the subject in a given
period of time. Those skilled in the art will be aware of
various ways in which the activity level of a subject can be
determined. In some embodiments, the activity level can be
detected by quantifying the amplitude and frequency of the
detected accelerations in time intervals of, for example, 1 or
2 minutes, to determine whether the subject is moving or
exerting physical effort. An exemplary acceleration signal
that has been processed to detect activities is shown in FIG.
7. The y-axis represents acceleration, and the arrows indi-
cate detected activities. The activity level can be used to
determine the state of the subject at the time that their
breathing rate and the ratio of inhaled versus exhaled
breathing effort is measured, and also to give an indication
of how active or sedentary a subject is during the course of
the day. The paper “The technology of accelerometry-based
activity monitors” by Chen et al. Med Sci Sports Exercise
2005 Nov; 37(11 Suppl): S490-500 describes a suitable
approach for calculating the activity level of the subject.

[0068] The number of coughs over a predetermined period
of time (e.g. per minute, per hour, etc.), which can also be
referred to as a ‘cough rate’, can be determined by detecting
artefacts in the acceleration measurements. In particular
artefacts can be detected in the filtered accelerometer mea-
surements used to detect the breathing rate above (e.g. as
shown in FIG. 5(e)) or the filtered acceleration measure-
ments used to determine the measure of respiratory effort
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(e.g. as shown in FIG. 6(c)). An extract from a suitable
signal is shown in FIG. 8. In FIG. 8, the parameter a
represents the maximum amplitude of the breathing signal,
the parameter b represents the minimum amplitude and the
parameter ¢ represents the average amplitude. Coughing can
be detected using a classification algorithm that detects
short, high impulse, large-amplitude motion signals as
coughs, and longer, low-amplitude motion signals as gasps.
It will be appreciated that measures of the intensity or
severity of coughing other than the number of coughs over
a predetermined period of time can be determined in alter-
native embodiments of the invention. For example, mea-
sures representing the energy, intensity or strength of the
coughing can be used, such as the amplitude, the root-mean-
squared, RMS, value, the average or the Teager energy ratio
of a signal representing the coughing that is isolated or
separated from the acceleration signal.

[0069] The number of coughs over a certain period of
time, for example 1 hour, can be used to assess the respi-
ratory condition and can also be used as an aid in the
prediction of exacerbation events. In particular, a high cough
count (high compared to an average for the COPD popula-
tion or high for the specific subject being assessed) can be
an indicator that the subject may be at risk of, or experi-
encing, an exacerbation in their symptoms. Therefore, the
cough count or other measure of the intensity or severity of
coughing can be compared to a threshold value to determine
if there is a high risk of an exacerbation event or an
exacerbation event is ongoing.

[0070] In some embodiments, when a cough or gasp is
detected, the control unit 6 may temporarily interrupt the
calculation or use of the other parameters in determining a
COPD severity score until the coughing or gasping has
stopped or subsided since the coughing or gasping may
affect the accuracy of the other parameters determined from
the accelerometer signal.

[0071] As noted above, there are a number of ways in
which a COPD severity score can be formed from the
measurements determined in step 101.

[0072] A scoring system to assess respiratory function and
COPD severity can be developed by classifying the mea-
sured parameters (i.e. activity level, breathing rate, respira-
tory effort and measure of the severity or intensity of
coughing) based on a simplified version of the BODE score.
Preferably, baselining and calibration of the COPD severity
score according to the invention against the existing BODE
score can result in both scores providing a similar clinical
value (although the COPD severity score according to the
invention is more readily obtainable).

[0073] The table in FIG. 4 illustrates how parameters can
be weighed and combined to assess COPD severity accord-
ing to an exemplary embodiment of the invention. In this
embodiment, for each parameter measurement, the deviation
with respect to a desired ‘normal’ range is scored (e.g. given
avalue of 0, 1, 2 or 3), which is also referred to as a ‘severity
range’, and the scores are added to arrive at a COPD severity
score. It will be appreciated that the range of parameter
values within each level of severity (e.g. 600-899 activity
counts for a score of 1) illustrated in FIG. 4 is exemplary and
other ranges can be used.

[0074] An exemplary system for the COPD severity score
could be: very mild COPD (0-3 ponts), mild COPD (4-6
ponts), moderate COPD (7-9 ponts), and severe COPD (>9
points).
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[0075] Tt will be appreciated that there are alternative ways
of calculating the COPD severity score to the use of the table
shown in FIG. 4. For example, analysis of the parameters to
determine an indication of the COPD severity can use a
classification algorithm (such as a Bayesian classification
algorithm or a neural network) to adaptively weight the
parameter values in order to determine the COPD severity.
[0076] Two ways of determining the ‘normal” and other
severity ranges for each parameter are set out below.
[0077] In a first technique, an initial clinical diagnosis by
a general practitioner (GP) of COPD based on the clinically
accepted standard BODE score (obtained using traditional
approaches with multiple sensors) is compared to a BODE-
equivalent score obtained from measurements of the four
parameters (along with measurements of FEV and BMI).
The derivation of a BODE-equivalent score from the mea-
surements of the four parameters used herein is described in
more detail below. The standard (full) BODE score has
established ranges for each parameter (FEV, BMI, 6MWD
and Dyspnea) as shown in FIG. 1. By comparing a BODE-
equivalent score obtained from the four parameters, the
ranges in the full BODE score will also be intrinsically
incorporated into the BODE equivalent COPD severity
score. Adjustment or calibration of the BODE score
obtained from the four parameters can be achieved, for
example, by finding the ratio of the BODE score obtained in
the standard manner to the BODE score obtained from the
four parameters measured according to the invention, and
using the ratio as a multiplication factor for the equivalent
BODE score obtained using the invention. This ratio can be
adjusted each time that a new BODE score is obtained using
the standard approach during a clinical visit. Those skilled in
the art will be aware of other ways of calibrating the
equivalent-BODE score obtained using the invention to the
standard BODE score. In one alternative, the calibration can
be based on individual parameter weighting factors that are
derived, for example, by calibrating the activity level to the
6-minute walking distance, and calibrating the breathing rate
and respiratory effort to the MMRC Dyspnea scale (FEV and
BMI are the same for both the standard BODE score and the
equivalent BODE score obtained using the invention). In
this way the COPD severity scoring system according to the
invention is calibrated and highly correlated with the stan-
dard BODE score.

[0078] Moreover, since COPD is a progressive, degenera-
tive respiratory disease with no cure, the respiratory function
of the subject will, without exception, decline over time.
Thus each parameter measurement obtained during use of
the apparatus 2 can be normalized using the initial or
baseline value obtained by the apparatus 2 at the initial
clinical diagnosis (and compared to the full BODE score
obtained in the conventional manner) or at the first use of the
apparatus 2. ‘Baselining’ also ensures that a subject-specific
COPD severity score is obtained since it allows the current
COPD severity of a subject to be compared to their initial
baseline severity score, which means that at any given time
an assessment can be made as to how severe or mild the
COPD symptoms of the subject are (i.e. an assessment of the
disease progression). If this was not done, then a subject can
be compared to a statistical average of the COPD popula-
tion, although this may not allow small fluctuations or
degradations in COPD severity to be detected.

[0079] In a second technique, statistical analysis (e.g.
using a bias corrected and accelerated bootstrap method,
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Lilliefors testing, Shapiro-Wilk W testing, principal compo-
nent analysis, etc.) of a database of data for a set of subjects
with COPD and/or of an elderly population group, including
healthy individuals and subjects with COPD can be used to
identify suitable ranges of values. This analysis can also
compare factors such as age and ambulatory status (e.g. does
the subject use a walking aid) and the results of this
comparison can be used to further refine these ranges to
ensure appropriate specificity.

[0080] In some embodiments, regardless of how the nor-
mal and increasing severity ranges are determined, the
ranges for some or all of the parameters can be set or
adjusted based on the ambulatory state or capability of the
subject, which means that different subjects can have dif-
ferent normal values/ranges. In particular a subject that uses
equipment to assist them to walk, such as a frame or walking
stick, will have a different ambulatory capability than sub-
jects that are able to walk unassisted. In these embodiments
it is therefore important to take the ambulatory state of the
subject into account when assessing the COPD severity in
order to arrive at an appropriate value for the COPD severity
score. Since the ambulatory state of the subject (for example
in terms of whether walking aids are required) is not
something that is typically expected to vary day-to-day, the
ambulatory state of the subject can be input to the apparatus
2 during a set-up or calibration phase. For a less-capable
subject the normal value ranges for activity count may be at
least 50% less than for a more-capable subject, and the
scoring ranges for the activity count parameter can be
adjusted accordingly. Other parameters, such as the measure
of respiratory effort, are not affected as significantly, but
some smaller adjustment to the scoring ranges can be made
if required.

[0081] Based on the COPD severity score determined
according to the invention, an appropriate clinical interven-
tion can be made. This may involve a clinician adjusting the
dosing of the bronchodilators or adjusting the timing of the
dose or the timely administration of corticosteroids to avert
a predicted exacerbation event. It may also or alternatively
involve providing the subject with an indication that an
exacerbation event may occur and advising them to take a
dose of bronchodilators.

[0082] In further or alternative embodiments, in addition
to determining the COPD severity score according to the
invention, the apparatus 2 can also be used to derive a ‘full’
BODE score (e.g. as shown in FIG. 1). In this case, either the
apparatus 2 can be provided with measurements of the BMI
and the FEV for the subject (for example by the subject or
a clinician manually inputting them into the apparatus 2) and
the apparatus 2 can calculate the full BODE score, or the
parameters measured by the apparatus 2 can be output to
another device which can calculate the BODE score. It will
be appreciated that the BMI and FEV are measurements that
are routinely taken by clinicians during periodic patient
check-up visits. The 6-minute Walking Distance and MMRC
Dyspnea Scale required for the full BODE score can be
derived from the activity level, position tracking (if the
apparatus 2 includes a suitable sensor for determining the
location or position of the subject) and breathing rate
measurements obtained through the day, e.g. during dressing
and undressing, when walking around the house or when
walking to and from the supermarket. In some cases initial
starting input values may be used by the device to generate
an initial BODE score prior to optimization or personaliza-
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tion for the subject. Over time as measurements are acquired
by the apparatus 2 it will generate a more optimal or
personalized score. Other subject-specific starting settings
might include the timing of generating the unobtrusive
COPD severity score. For example, if a subject typically
goes for a walk at a specific time of day, the apparatus 2 can
schedule a COPD severity score measurement at that time.
[0083] As noted above, in further embodiments, the appa-
ratus 2 can include additional sensors to the accelerometer 4
for measuring other parameters that can improve the assess-
ment of the COPD severity or of the general health of the
subject. One such sensor is a temperature sensor, e.g. a zero
heat flux temperature sensor, which can be used to detect
changes in the body temperature of the subject that can occur
when a respiratory infection occurs. The measurements from
the temperature sensor can be used in the clinical manage-
ment of COPD patients (for example to determine whether
to adjust a medication level or determine that a new medi-
cation may be required, e.g. in the case of a respiratory
infection).

[0084] In further or alternative embodiments, the appara-
tus 2 can improve the assessment of the activity level of the
subject beyond a simple activity count. In some embodi-
ments, the control unit 6 can implement an activity classifier
algorithm to attempt to classify the activity that the subject
is engaging in (e.g. sitting down, lying down, walking,
exercising, etc.). Suitable classifier algorithms will be
known to those skilled in the art. In some embodiments, the
apparatus 2 can include a satellite position system receiver
to track the location of the subject (and thus also provide an
indication of the speed of movement of the subject). This
location and speed information can be used to improve the
estimate of the activity being performed by the subject, since
some activities, e.g. bicycle riding, will provide a low
activity count according to the technique described above
since only the subject’s legs are moving. This will greatly
improve the reliability of the device.

[0085] Although in preferred embodiments the parameters
are measured continuously or frequently throughout the day,
it will be appreciated that it is possible in some circum-
stances that values for one or more parameters cannot be
calculated by the apparatus 2. This means that the COPD
severity score cannot be calculated at that time. Instead,
values for the missing parameters can be input to the
apparatus 2 at a later stage to enable the calculation of the
COPD severity score to be completed.

[0086] FIG.9 provides an overview of various ones of the
embodiments described above. FIG. 9 shows the sensors that
can be provided in the apparatus 2, the parameters that can
be derived from the sensor measurements, and the process-
ing steps or analysis that can be performed on the sensor
measurements. The accelerometer 4 and parameters derived
from the acceleration measurements (activity level, breath-
ing rate, measure of the respiratory effort and measure of the
severity or intensity of coughing) are shown with a solid
outline to indicate that they are used in all embodiments, and
the other sensors (GPS tracker, activity classifier and tem-
perature sensor) and parameter (temperature) are shown
with a dashed outline to indicate that they are optional
features. Thus, as described above, the parameters derived
from the acceleration measurements are compared to respec-
tive severity ranges to determine a COPD severity score
(step 150), and the parameters or scores can be weighted
and/or combined in step 152 to generate a simplified BODE
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score or a full BODE score (if measurements of FEV and
BMI are provided—step 153). Feedback on the score can
then be provided to the clinician or subject or another person
(step 154), and, if necessary, a warning of an imminent
exacerbation can be given.

[0087] As noted above, the invention provides an appara-
tus and method which determines measurements of several
physiological characteristics of a subject that are clinical
indicators of COPD severity (breathing rate, activity level,
measure of respiratory effort and measure of the severity or
intensity of coughing and that combines them into a single
COPD severity score. The nature of the physiological char-
acteristics used to form the score means that it is possible to
continuously, automatically and reliably monitor or indicate
COPD severity and respiratory function for the subject. The
apparatus and method according to the invention improves
the clinical management of subjects suffering from COPD.
In addition, the apparatus and method may also be useful for
the monitoring of other respiratory diseases including preu-
monia, tuberculosis, emphysema, and chronic bronchitis,
among others.

[0088] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments.

[0089] 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 draw-
ings, 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. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium
supplied together with or as part of other hardware, but may
also be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

1. A method of assessing the severity of chronic obstruc-
tive pulmonary disease, COPD, in a subject, the method
comprising:

determining by means of an accelerometer measurements

of a breathing rate of the subject, an activity level of the
subject, a measure of the respiratory effort of the
subject and a measure of the severity or intensity of
coughing by the subject; and

combining the measurements of the breathing rate, the

activity level, the measure of the respiratory effort and
the measure of the severity or intensity of coughing to
determine a score representing the severity of COPD in
the subject.

2. A method as claimed in claim 1, wherein the breathing
rate of the subject, the activity level of the subject, the
measure of the respiratory effort of the subject and the
measure of the severity or intensity of coughing by the
subject are determined from measurements of the acceler-
ometer only.
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3. Amethod as claimed in claim 1, wherein the breathing
rate of the subject, the activity level of the subject, the
measure of the respiratory effort of the subject and the
measure of the severity or intensity of coughing by the
subject are determined from measurements of the acceler-
ometer and from measurements of at least one additional
Sensor.

4. A method as claimed in claim 1, wherein the step of
combining the measurements to determine a score repre-
senting the severity of COPD in the subject comprises:

comparing each of the measurements of the breathing

rate, the activity level, the measure of the respiratory
effort and the measure of the severity or intensity of
coughing to a respective severity range to determine a
score for each of the measurements; and

adding the determined scores to determine the score

representing the severity of COPD in the subject.

5. A method as claimed in claim 1, the method further
comprising the step of calibrating the score representing the
severity of COPD in the subject against a Body mass index,
Obstruction, Dyspnea and Exercise, BODE, score.

6. A method as claimed in claim 1, the method further
comprising the step of:

comparing the measure of the intensity or severity of

coughing to a threshold value to determine if there is a
high risk of an exacerbation event or if an exacerbation
event is ongoing.

7. A method as claimed in claim 1, the method further
comprising the steps of:

detecting when the subject coughs or gasps; and

temporarily interrupting the step of determining measure-

ments or the use of the measurements in the step of
combining when the subject coughs or gasps.

8. A computer program product comprising a computer
readable medium having computer readable code embodied
therein, the computer readable code being configured such
that, on execution by a suitable computer or processor, the
computer or processor is caused to perform the method of
claim 1.

9. An apparatus for assessing the severity of chronic
obstructive pulmonary disease, COPD, in a subject, the
apparatus comprising:
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a control unit configured to determine by means of an
accelerometer measurements of a breathing rate of the
subject, an activity level of the subject, a measure of the
respiratory effort and a measure of the intensity or
severity of coughing, and to combine the measurements
of the breathing rate, the activity level, the measure of
respiratory effort and the measure of the intensity or
severity of coughing to determine a score representing
the severity of COPD in the subject.

10. An apparatus as claimed in claim 9, wherein the
control unit is configured to determine the measurements of
the breathing rate of the subject, the activity level of the
subject, the measure of the respiratory effort of the subject
and the measure of the severity or intensity of coughing by
the subject from measurements from the accelerometer only.

11. An apparatus as claimed in claim 9, the apparatus
further comprising the accelerometer.

12. An apparatus as claimed in claim 9, wherein the
apparatus comprises the accelerometer and at least one
additional sensor, wherein the control unit is configured to
determine the measurements of the breathing rate of the
subject, the activity level of the subject, the measure of the
respiratory effort of the subject and the measure of the
severity or intensity of coughing by the subject from mea-
surements from the accelerometer and the at least one
additional sensor.

13. An apparatus as claimed in claim 12, wherein the at
least one additional sensor is a sensor for measuring the
motion and/or position of the subject.

14. A system for assessing the severity of chronic obstruc-
tive pulmonary disease, COPD, in a subject, the system
comprising:

the accelerometer for measuring characteristics of the

subject; and

an apparatus as claimed in claim 9.

15. A system as claimed in claim 14, further comprising
at least one additional sensor for measuring the motion
and/or position of the subject.
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Determine measurements of the breathing
rate, activity level, a measure of the
respiratory effort and a measure of the
severity or intensity of coughing

Y

Combine the measurements to determine
a scare representing the severity
of COPD in the subject
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