EP 2 656 782 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 656 782 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
30.10.2013 Bulletin 2013/44

(21) Application number: 11851174.0

(22) Date of filing: 19.12.2011

(51) IntCL:
A61B 5/00 (2006.07)

(86) International application number:
PCT/ES2011/070877

(87) International publication number:
WO 2012/085315 (28.06.2012 Gazette 2012/26)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 21.12.2010 ES 201031894

(71) Applicant: Universidad de Murcia
30100 Espinardo, Murcia (ES)

(72) Inventors:
* SARABIA CARRAZO, Juan Antonio
E-30100 Murcia (ES)

* MARTINEZ NICOLAS, Antonio
E-30100 Murcia (ES)

e MADRID PEREZ, Juan Antonio
E-30100 Murcia (ES)

* ROL DE LAMA, Maria Angeles
E-30100 Murcia (ES)

* ORTIZ TUDELA, Elisabet
E-30100 Murcia (ES)

(74) Representative: Carvajal y Urquijo, Isabel
Clarke, Modet & Co.
c/ Goya, 11
28001 Madrid (ES)

(54) DEVICE WHICH COMPRISES A PHYSICAL ACTIVITY AND POSITION SENSOR, A
PERIPHERAL TEMPERATURE SENSOR AND A LIGHT SENSOR FOR PROVIDING
INFORMATION RELATING TO THE STATE OF THE CIRCADIAN SYSTEM

(67)  The invention is a device consisting of at least
one body position and activity sensor, at least one pe-
ripheral temperature sensor and at least one light sensor,
configured to provide information on the circadian system
status and the sleep-wake status of an individual based
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on the data obtained from said sensors. It can be placed
on the wrist of the subject, or on the subject’'s arm. The
device may also include a blood pressure sensor. This
device may be used in general studies of the human cir-
cadian system and, more specifically, for the study of
sleep-wake and blood pressure rhythms.
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Description

FIELD OF THE INVENTION

[0001] The invention concerns a device that consti-
tutes a body position and activity sensor, a peripheral
temperature sensor and a light sensor. This device may
be used in general studies of the human circadian system
and, more specifically, for the study of sleep-wake and
blood pressure rhythms.

BACKGROUND OF THE INVENTION

[0002] Biological rhythms are biological variables that
oscillate on a regular basis and have a specific period.
Circadian rhythms have a period of approximately 24
hours.

[0003] The circadian system consists of all structures
responsible for generating the different biological
rhythms and synchronizing them to environmental cy-
cles. Its main component is a pacemaker made up by a
group of neurons located in the hypothalamus (the su-
prachiasmatic nucleus). This pacemaker uses nervous
and hormonal signals to control the circadian rhythms of
the rest of the body.

[0004] In order to evaluate the functioning of the cir-
cadian system correctly, one or more biological rhythms
controlled by the circadian pacemaker must be monitored
for the longest period of time possible, the ideal being
one or more weeks. Traditional methods of measurement
involve invasive procedures, such as the determination
of blood melatonin and cortisol levels; uncomfortable
methods, such as recording the body’s core temperature
with a rectal probe; and procedures in which the deter-
mination of one variable alters one of the most important
rhythms, the sleep-wake rhythm, as it requires the active
cooperation of the patient or experimental subject, as in
the case of determining melatonin and cortisol levels in
saliva or measuring tympanic temperature.

[0005] Its ease of use for recording and non-invasive
nature have gradually led to the increased use of actim-
etry for evaluating the human circadian system. Actimetry
allows for determining whether the subject is asleep or
engaged in various intensities of activity based on the
movements within a certain area of the body, usually the
wrist. However, the use of actimetry to evaluate the cir-
cadian system presents certain disadvantages, among
them the fact that it is difficult to differentiate between the
initial rest period associated with sleep and when the
subject has removed the sensor, for example, to take a
bath or shower, or an increase in movement associated
with car trips or even the movement of a partner in bed.

[0006] Recently, the peripheral temperature rhythm
has been suggested as a marker rhythm, given that it
has obvious advantages in terms of measurement and
is also a circadian system indicator (Sarabia, J.A. et al.,
Circadian rhythm of wrist temperature in normal-living
subjects. A candidate of new index of the circadian sys-
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tem. PhysiolBehav. 2008; 95(4) :570-80).

[0007] The body’s peripheral temperature follows a
circadian profile in such a way that the temperature in-
creases as a prelude to sleep and remains high for the
rest of the night. Upon awakening, it drops sharply, and
its levels remain low throughout the day. In fact, it is this
rhythm that instigates the changes in the core body tem-
perature, which has been used for decades as areliable
marker rhythm in chronobiological studies. This is due to
the fact that vasodilation of the extremities and the sub-
sequent increase in peripheral temperature is what trig-
gers the drop in core temperature. Recent studies have
identified a direct relationship with melatonin production,
making it an indirect method of determining melatonin
levels in the body.

[0008] The problem this technique poses is obtaining
information on the status of the human circadian system
in a non-invasive manner and with more than one varia-
ble. The solution proposed by this invention is a device
that jointly integrates and processes the information gen-
erated by a body position and activity sensor, a peripheral
temperature sensor worn on the wrist and a light sensor.

DESCRIPTION OF THE INVENTION

[0009] The invention is a device consisting of at least
one body position and activity sensor, at least one pe-
ripheral temperature sensor and atleast one light sensor,
configured to provide information on the circadian system
status and the sleep-wake status of an individual based
on the data obtained from said sensors.

[0010] In terms of the present invention, "circadian

system" is understood to mean the set of biological var-
iables in anindividual, which undergo regular oscillations
over a 24-hour period. The invented device stores and
processes information about peripheral temperature of
the wrist, body position and activity and environmental
light parameters. All sensors can be programmed to
record information over a wide range of time intervals.
The device’'s sampling interval can be programmed,
which makes it more useful in clinical settings.
[0011] The body position and activity sensor is a 3-axis
accelerometer with a measurement range of = 3g that
provides information on the position of the X, Y and Z
axes. These data are used to define 2 variables: body
position and motor activity. The values for body position
are defined with regard to the X axis (perpendicular to
the earth’s surface) and with a range between 0 and 90°,
with 0° representing a horizontal position and 90° repre-
senting the maximum vertical position. Motor activity is
defined as the number of degrees of change in the posi-
tion of the activity sensor as compared to the recording
taken immediately before, and the average acceleration
to which the sensor has been subjected during each re-
cording interval.

[0012] The light sensor records exposure to different
light intensities the subject receives (measured in luxes),
evaluated at very short time intervals. Light intensity is
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the most important external synchronization signal, and
is responsible for setting the time of the circadian clock
and preventing it from falling behind.

[0013] A preferred implementation is a device based
on this invention, which is placed on the subject’s wrist.

[0014] Another implementation of this invention is a
device which also consists of at least one blood pressure
sensor and that is programmed to provide information
about the status of a subject’s blood pressure.

[0015] This device improves the diagnostic accuracy
of changes in circadian blood pressure rhythms, enabling
the subject’s rest period to be objectively determined
based on position changes. Existing devices for blood
pressure measurement arbitrarily establish rest periods,
and therefore do not provide a reliable measurement of
the changes in blood pressure values when the subject
lies down or stands up. These changes are very important
for the diagnosis of hypertension.

[0016] A preferred implementation is the use of the
invention in a way in which the aforementioned peripheral
temperature and light sensors are positioned on the wrist
of the subject, while the body position and activity and
blood pressure sensors are placed on the subject’'s arm.

[0017] Yet another implementation of the invention is
a procedure to determine the circadian system status
and the sleep-wake status of the subject that consists of:

a) Obtaining peripheral temperature, motor activity
per minute and body position values for the subject.
b) Drawing conclusions as to the circadian system
status and the sleep-wake status of a subject based
on the changes in the values from step a).

[0018] A preferred implementation involves a proce-
dure using the invention to obtain information on blood
pressure and hypertension, characterized by the fact that
in step a) blood pressure measurements are also taken
for the subject, and in step b) the blood pressure values
are compared, along with the rest of the values, to de-
termine any changes in blood pressure upon lying down
or standing up.

[0019] Figure 3 shows the inverse proportional rela-
tionship that exists between the peripheral temperature
pattern and blood pressure, and the direct relationship
between the position measured on the arm and blood
pressure.

BRIEF DESCRIPTION OF THE FIGURES

[0020]

Figure 1. Seven-day recording and average daily
wave of the main recorded variables; light intensity
(Figure 1A), peripheral temperature (Figure 1B), mo-
tor activity (Figure 1C), body position (C) (Figure 1
D) and the integrated TAP variable (D) (Figure 1 E)
for a representative subject. The grey shaded area
shows the subject’s sleep periods, and the values of
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the recorded variables are shown by the solid line.
Figure 2. Comparison of the TAP variable and sleep
probability. The vertical axis shows the probability of
sleep, expressed in decimal form. Accordingly, a val-
ue of 1 indicates that 100% of the subjects were
asleep, and a value of 0 indicates that they were all
awake.

Figure 3. Representation of wrist peripheral temper-
ature (solid line), body position (dotted line), systolic
blood pressure (empty circles) and diastolic blood
pressure (solid circles). The four hours prior to going
to bed and the two hours afterwards are shown, as
are the two hours prior to getting up and the four
hours afterwards. The shaded area represents the
rest phase. The data are adapted to a synchronizer
(zeitgeber), which in this case is sleep onset (left)
and sleep end (right). Therefore, the horizontal axis
representtime in relation to the start and end of sleep
(zeitgeber time).

EXAMPLES OF THE INVENTION

Example 1. Recording wrist peripheral temperature,
motor activity and body position variables, as well
as blood pressure, in various subjects.

[0021] Data was recorded for 37 subjects, who wore
sensors consecutively for one week. All subjects were
young people between 20 and 30 years of age. The sub-
jects lived a normal life, as the technique is precisely
intended to study the status of the circadian rhythm in
persons without the need to modify their daily habits. The
sensors were only removed to allow the subjects to show-
er.

Example 2. Processing of physiological data

[0022] TAP is a modular variable and consists of 3
separate variables: peripheral temperature (T), motor ac-
tivity per minute (A) and body position (P). The TAP var-
iable was obtained in the following manner: the first step
consisted of standardizing these variables as values be-
tween 0 and 1. To do this, the 95t and 5t percentiles
were calculated for each variable and participating sub-
ject. Allvalues above the 95t percentile were considered
to be 1, and all values below the 5th percentile were con-
sidered to be 0. For intermediate values between the 5th
and 95t percentile, the proportional value between 0 and
1 was calculated.

[0023] So that the highest values were indicative of
greater levels of activity in all three variables, the stand-
ardized values were inverted for the peripheral temper-
ature (T' norm = 1- T norm). Once the data had been
standardized, the sum of the 3 variables was then calcu-
lated. Thus, the TAP variable had a maximum value of
3 (maximum level of activity) and a minimum value of 0
(complete state of rest).

[0024] After standardizing the variables and calculat-
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ing the TAP variable, the match rates were calculated for
each of the variables studied (including TAP) and the
daily sleep diary (with values of 0 whenever the individual
claimed to be awake, and values of 1 when he/she re-
ported being asleep), in order to ascertain whether our 5
TAP variable improved the ability to predict each of the
variables separately. These results are shown in Figure

1.

10
Claims

1. Device that consists of at least one body position
and activity sensor, at least one peripheral temper-
ature sensor and atleastone light sensor, configured 15
to provide information about the circadian system
status and the sleep-wake status of an individual
based on the data obtained from said sensors.

2. Device as described in claim 1, characterized by 20
the fact that this device is placed on the person’s
wrist.

3. Device as described in claim 1, characterized by
the fact that it also includes at least one blood pres- 25
sure sensor and is configured to provide information
on the status of a person’s blood pressure.

4. Device as described in claim 3, characterized by
the fact that these peripheral temperature and light 30
sensors are placed on the person’s wrist and said
body position and activity sensors and blood pres-
sure sensor are placed on the person’s arm.

5. Procedure to determine the circadian system status 35
and the sleep-wake status of a person, consisting of:

a) Obtaining the peripheral temperature, motor
activity per minute and body position values for
an individual. 40
b) Drawing conclusions about the circadian sys-
tem status and the sleep-wake status of an in-
dividual based on the changes in the values re-
sulting from step a).
45
6. Procedure as described in claim 5 to obtain informa-
tion about blood pressure and hypertension, char-
acterized by the fact that in step a) blood pressure
values are also recorded for said individual, and that
in step b) the blood pressure values are compared 50
to the rest of the values to determine any changes
in blood pressure upon lying down or standing up.

55



Fig 1A

EP 2 656 782 A1

(%) da3]S jo Aljigeqoud

<3

Local Time (hh:mm)

z’ 4
QN O o O o O oW O
TS~ S s B+ s T o B o B B R

(xn OI5‘01) AjsuR3u] 1317

s

-




Fig 1A

ﬁ?‘h‘m@(ﬂ%&m‘hﬁ%& RS

O
o

o
o <«
i

O

EP 2 656 782 A1

(%) do9|s Jo Alljigeqoud

# ¥ i
‘ 4 e

-~ 00:€T

00:2¢
- 00°1¢
- 00:0¢
- 0061
0081
00:L7
00:91

4] i) sl o ol = < Lo )

(xn7 9*807) A1!suaJ,U|‘1q8r|

Local Time (hh:mm)




Fig 1B

S

EP 2 656 782 A1

(%) das|s Jo Aljiqeqoud

2 3 L o o
LI T S+ T o S

00:91
00'8
00:0
00:91
00:8
00:0
00:91
00'8
00:0
- 00:91
00'8
00:0
00:91
00'8
00:0
00:9T
00'8
00:0
0091
00:8
00:0

W oS MmN o O O 0

(D5) anmesadwa] |esaydiiagd

Local Time (hh:mm)




Fig 1B

EP 2 656 782 A1

o (%) da3|s Jo Aujiqeqoud
— O O MmN O
o ’
-
n

W
£

0y

g 4 %
= oy o~ . o
m Mmoo M m
(D5) @4nesadwa] jesaydiiad

o
4

00:€Z
00:22
00:12
00:02
00:6T
00:8T
00:£1
00:91
00:§]1
00: 1
00:€]1
00:Z1
00:T1
00:01
006
00:8
00:L
00:9
00:S
00:¥
00:€
00:2
00T
00:0

hh

S

Local Time




EP 2 656 782 A1

(%) das|s jo Ayjiqeqoud

Fig 1C

2 88 8 R

91nuiw/saaJi3ap) AUANIY

00:97
00:8
00:0
00:91
00:8
00:0
00:91
00:8
00'0
00:91
00:8
000
00:91
00:8
000
00:91
00'8
00:0
00:91
00:8
00:0

mm)

Local Time (hh

b



Fig 1C

EP 2 656 782 A1

(%) deo3S jo Aljigeqoud

O 0 0 0 0 0 O
M~ W v = M N ~ O

00:€7
. 00:22
. 00°12
. 00:0Z
L 00361

0081
0041
00:91
0o0:st:
0091 =
DOET €
00:2T. <
00:TT g
o001 £
006 '
008 9
00 L
00:'9
00°S
00y
00'e
00-Z
001

: ; T s S ¢ 11

8 8 $ 8 8 g ©

(@1nuiw/saaudap) Alianoy

10



Fig 1D

EP 2 656 782 A1

(%) daajs Jo Ayjigeqoud

S 0o oo oo 0 OO O
i,

~Local Time (hh:mm)

O O 0O 0 0 0O O 0 O o

(s@2433p) uonisod

sk

1"



Fig 1D

EP 2 656 782 A1

A SR

(%) da3|s jo Aujiqeqoud

©
Lo T o T v T & T o T oo D o DN v A oo T s
- O G M~ WO T M N O

O O 0 0O O 0 0 O O O
o oG P W w3y omr o o ad

(s@2489p) uonisod

Local Time (hh:mm)

12



Fig 1E

EP 2 656 782 A1

(%) do3Js Jo Aujigeqoud

0O 00 0 0 0 o
~ ® ! F M N O

00:9T
00:8
00:0
00:91
00:8
00:0
00:91
00:8
00:0
00:971
00:8
00:0
00:9T
00:8
00:0
00:9T
00:8
00:0
00:9T
00:8
00:0

Local Time (hh:mm)

13



Fig 1E

EP 2 656 782 A1

(%) do3)s Jo Aujiqeqoud

=]
c © 0O 00 0 Q0 0 o0
vt O e D W = N N e O
%;

=

L

Local Time (hh:mm)

14



Probability of Sleep (%)

EP 2 656 782 A1

90 -

80

TG

B0 -

56 -

yo L EIx» 10057
re(L 899, pa D008

230

A0

(10t
TAP (A.U.)

Fig 2

15

0.60

o740

080 050




EP 2 656 782 A1

. Sleep o SAP DAP : = =P ———= TP
90,00 4 140,00 - - 36,0
80,00 - , .

120,00 0 ®0g000, a. e B
70,00 -
* - 35,0
100,00 -
60,00 - ’
— LR am NN Y 345
50,00 4 T 8000 o aceud !

m E ’w"‘m"gﬁ”‘, "qg’“’tﬁ“"&*"’." 34,0

T 4000 1 E 50,00 - D ¢

¥ 3000 | 2 Bt

z v 2 40,00 -

S @ - 33,0

g 2000 ¢ £

w o

£ 1000 | 8 %% - 32,5

@
0,00 - 0,00 32,0
o S o o o el ol o o~ el Fo fved o ol
ot oy ™ ot Lo o4 [ (5 &t o wf d o =
S 4 A & T B I B

Zeitgeber Time {himm}

Fig 3

16

Peripheral Temperature (2C)



EP 2 656 782 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/ES2011/070877

A. CLASSIFICATION OF SUBJECT MATTER

A61B5/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, INVENES, WPI, NPL, INSPEC, BIOSIS, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2005143617 Al (Auphan) 30.06.2005P4rrafos 1-6
31-36, 48, 49

X US 2008171918 A1 (Teller et al.) 17.07.2008Parrafos 1-6
30-34,71

X US 2007150026 A1 (Bourget et al.) 28.06.2007P4rrafos 1-6
7,46, 59

X US 2006224047 A1 (Suzuki et al.) 05.10.2006Parrafos 1-6
28 —31,40, 41, 61, 64

X US 2005042589 A1 (Hatleestad et al.) 24.02.2005Parrafos 1-6

56 — 60, 74

D Further documents are listed in the continuation of Box C.

See patent family annex.

# Special categories of cited documents: "

"A" document defining the general state of the art which is not
considered to be of particular relevance.

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or "X"
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure use, exhibition, or "Y"
other means.

"P" document published prior to the international filing date but
later than the priority date claimed

g

later document published after the international filing date or
priority date and not in conflict with the application but cited
to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone
document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other documents ,
such combination being obvious to a person skilled in the art
document member of the same patent family

Date of the actual completion of the international search

07/05/2012

Date of mailing of the international search report

(08/05/2012)

Name and mailing address of the ISA/

OFICINA ESPANOLA DE PATENTES Y MARCAS
Paseo de la Castellana, 75 - 28071 Madrid (Espaila)
Facsimile No.: 91 349 53 04

Authorized officer
A. Cérdenas Villar

Telephone No. 91 3495393

Form PCT/ISA/210 (second sheet) (July 2009)

17




EP 2 656 782 A1

INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/ES2011/070877
Patent document cited Publication Patent family Publication
in the search report date member(s) date

US2005143617 A 30.06.2005 US7524279 B 28.04.2009
WO02005066868 A 21.07.2005
EP1704503 A 27.09.2006
EP20040806467 30.12.2004
US2009264715 A 22.10.2009
US7967739 B 28.06.2011
US2008171918 A 17.07.2008 WO00196986 A 20.12.2001
CA2413220 AC 20.12.2001
AU6708301 A 24.12.2001
CA2413148 AC 03.01.2002
WO00200111 A 03.01.2002
AU7009201 A 08.01.2002
US2002019586 A 14.02.2002
US7261690 B 28.08.2007
CA2454655 A 20.02.2003
WO003015005 A 20.02.2003
AU2002330965 A 24.02.2003
EP1292218 AB 19.03.2003
EP20010948636 22.06.2001
EP1292217 AB 19.03.2003
EP20010944698 13.06.2001
BRO111918 AB 13.05.2003
US6605038 B 12.08.2003
JP2004500949 A 15.01.2004
US2004034289 A 19.02.2004
JP2004512061 A 22.04.2004
EP1414340 A 06.05.2004
EP20020768402 01.08.2002
MXPA04001055 A 20.05.2004
US2004152957 A 05.08.2004
US7285090 B 23.10.2007
MXPA02012482 A 10.09.2004
MXPA02012643 A 10.09.2004
BR0211760 A 13.10.2004
JP2004538066 A 24.12.2004
JP4283672B2 B 24.06.2009
WO02005016124 A 24.02.2005
CA2538758 A 31.03.2005
WO02005029242 A 31.03.2005
US2005113650 A 26.05.2005
BRO111995 AB 28.06.2005
AT310444 T 15.12.2005
US2006031102 A 09.02.2006
US8073707 B 06.12.2011
EP1639939 A 29.03.2006
EP20050077625 13.06.2001
AT324066 T 15.05.2006
ES2253393 T 01.06.2006
EP1662989 A 07.06.2006

Form PCT/ISA/210 (patent family annex) (July 2009)

18




EP 2 656 782 A1

INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/ES2011/070877
Patent document cited Publication Patent family Publication
in the search report date member(s) date

EP20040784031 13.09.2004
US2006122474 A 08.06.2006
MXPA06002836 A 14.06.2006
DE60115234 T 10.08.2006
DE60119100 T 31.08.2006
EP1702560 A 20.09.2006
EP20060075949 22.06.2001
PT1292218 E 29.09.2006
US2006224051 A 05.10.2006
ES2260245 T 01.11.2006
BRPI0414359 A 14.11.2006
IL153516 A 24.07.2007
US2007173705 A 26.07.2007
US2008171919 A 17.07.2008
US2008177158 A 24.07.2008
US2008183052 A 31.07.2008
US2008183051 A 31.07.2008
US2008275309 A 06.11.2008
US7959567 B 14.06.2011
US2009118590 A 07.05.2009
1153478 A 03.08.2009
US7689437 B 30.03.2010
EP2363061 A 07.09.2011
EP20110159897 13.09.2004
US2012059230 A 08.03.2012

US2007150026 A 28.06.2007 W02007064936 A 07.06.2007
W02007064924 A 07.06.2007
US2007129774 A 07.06.2007

US7853322 B 14.12.2010
US7957797 B 07.06.2011
US2007150029 A 28.06.2007
US7957809 B 07.06.2011
EP1960046 A 27.08.2008
EP20060844725 01.12.2006
EP1960047 A 27.08.2008
EP20060844740 01.12.2006
US2011082522 A 07.04.2011
US2011238130 A 29.09.2011
US2011238136 A 29.09.2011

US2006224047 A 05.10.2006 JP2006271897 A 12.10.2006
JP4421507B2 B 24.02.2010

US2005042589 A 24.02.2005 US8002553 B 23.08.2011
WO02005018737 A 03.03.2005

WO02005028029 A 31.03.2005

US2005115561 A 02.06.2005

US7787946 B 31.08.2010

Form PCT/ISA/210 (patent family annex) (July 2009)

19




EP 2 656 782 A1

INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/ES2011/070877
Patent document cited Publication Patent family Publication
in the search report date member(s) date

EP1656181 AB 17.05.2006
EP20040781543 18.08.2004
EP1670547 AB 21.06.2006
EP20040784602 17.09.2004
JP2007502670 A 15.02.2007
JP4750032B2 B 17.08.2011
AT397475 T 15.06.2008
EP1938862 AB 02.07.2008
EP20080006191 18.08.2004
AT413902 T 15.11.2008
EP2008581 AB 31.12.2008
EP20080075738 17.09.2004
US2011061647 A 17.03.2011
AT529156 T 15.11.2011
US2011306850 A 15.12.2011

Form PCT/ISA/210 (patent family annex) (July 2009)

20



EP 2 656 782 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description
* SARABIA, J.A. et al. Circadian rhythm of wrist tem-
perature in normal-living subjects. A candidate of new

index of the circadian system. PhysiolBehav., 2008,
vol. 95 (4), 570-80 [0006]

21



patsnap

T REBFOF) TEVEFHIRNMNEELRBESE , NEEREABRENAERENEE , ATRUEERTERGRSBERNE
=

DFH(REF)F EP2656782A1 N (E)B 2013-10-30

HRiES EP2011851174 HiFH 2011-12-19

B (E R AGR) REEMURCIA

LA RE(ERN)AGE) KEEMURCIA

[#R1& B A SARABIA CARRAZO JUAN ANTONIO
MARTINEZ NICOLAS ANTONIO
MADRID PEREZ JUAN ANTONIO
ROL DE LAMA MARIA ANGELES
ORTIZ TUDELA ELISABET
KBA SARABIA CARRAZO, JUAN ANTONIO
MARTINEZ NICOLAS, ANTONIO
MADRID PEREZ, JUAN ANTONIO
ROL DE LAMA, MARIA ANGELES
ORTIZ TUDELA, ELISABET
IPCH3EE A61B5/00 A61B5/01 A61B5/0205 A61B5/021 A61B5/11 GO6F19/00
CPCH %5 A61B5/002 A61B5/01 A61B5/021 A61B5/4809 A61B5/7264 A61B5/7275 A61B2560/0242 GOBF19/00
GO06F19/3481 G16H40/63 G16H50/30 A61B5/00 A61B5/02055 A61B5/1116 A61B5/1118 A61B5/4812
A61B5/681
REN(F) FERBRYZREE | ISABEL
£ £ 2010031894 2010-12-21 ES
H At 07 30k EP2656782A4
SAEREESE Espacenet
FEOF)

REAR—FEE , OBEL N FBNEMENERSE , 2L
BREABRSBEMNED —MALRR  WEENETHRMBNERRS

i §0,00 -
P i

Kl ’ 236 = ogen,, o e, .w""w"‘éﬂ e
RASTRER - RERSRERHEE . MFTRERSRRENEIE, BUK ik O ;
“p N p Ny ~ R R W £ 9
1= k L ’ 215 Y o IZFEIEK D 1 LN aendyely 3RE T
ESHENTRL , CTNRESHENTR L, REBEETSENE S P ]
N N B S S oy g 3
R, PRETATARBRARAN—BHE, Eome, AT 3. 1. "o et s £
BERR - 3t BRI IR T 2. Faomit [ /
fanw: £ S / B g
g {7000 - s
m 108 Fg: 3
00 - 0,00 b :
1 \“:r Ed 9} oo ~ Cl R ';4

-
Teitgeber Tane (humem)

Fig3


https://share-analytics.zhihuiya.com/view/70e69059-b901-43cf-9c23-5dcb2cce3641
https://worldwide.espacenet.com/patent/search/family/046313218/publication/EP2656782A1?q=EP2656782A1

