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A METHOD OF SELECTING THE INTENSITY OF A LIGHT SOURCE FOR
MONITORING AN ANALYTE IN BLOOD, AND A DEVICE THEREOF

Field of Invention

The invention relates to the field of wearable monitors. In particular, the invention
relates 10 monitors executing non-invasive methods for monitoring analytes in blood,
such as glycated-haemoglobin.

Background of the Invention

Diabetic and pre-diabetic conditions are normally identified by blood glucose levels.
However, the level of blood glucose is not conclusively indicative of the conditions.
For example, blood glucose level increases afier a meal but it does not mean that
the subject is diabetic. Convarsely, a low blood glucose level can be created after
insulin injection but this does not mean the subject is no longer diabetic.
Furthermore, measuring blood giucose levels accurately is troublesome. Most home
testing kits require the subject to have fast before blood may be drawn for testing.
Typically, these lests require pricking a finger. Doing this on g daily basisis a
torment o many people.

it has been proposed that the level of glycation of haemoglobin in blood is a better
indicator of a diabetic condition then the level of free glucose in the blood. Glycation
refers 1o the covalent bonding of a simple sugar to a protein or lipid molecule, without
the controlling action of an enzyme. Glycated haemoglobin, HgbAlc in shorthand, is
a form of haemoglobin that is covalently bound to glucose. HgbAlc¢ is formed by
haemoglobin's exposure 1o glucose in blcod.

More specifically, HgbA1c is a measure of the beta-N-1-deoxy fructosyl analyte of
haemoglobin. The origin of the naming is derived from Haemoglobin Type A, which
is extracted by calion exchange chromatography. The first fraction to elute from the
ion exchange column was designated HgbAG, the following fractions were
designated HgbAla, HgbAlb, and HgbAlc and so on.

Not all the haemoglobin in blood binds to glucose immediately on exposure.
Glycation depends on equilibration and occurs only in a fraction of a person’s blood.
Exposure to normal levels of glucose produces & normal level of HgbAlc. Hf the level
of blcod glucose increases, the fraction of HgbA1c increases. Unfortunately, when
the level of blood glucose falls, which happens relatively easily, the bonding of the
glucose in the HgbAtc does not reverse. HgbA1c remains glycated until the red
blood cell dies naturally. The lifespan of a red blood cell is four months. Therefore,
HgbAlc remains in the body for a significant period of time even after the subject
has made recent changes to his dietary habits.

Since red blood cells do not all die off at the same time, a measurement of HgbAtic
can be taken to represent the overall glucose level in the past months. A monthly
monitor of the level of HgbA1c has been taken in some studies as indicative of 3
three-month moving average of blood glucose level. Hence, monitoring of HgAtlc
chviates the need for daily blood sampling throughout the past three months just to



10

15

20

25

30

35

40

WO 2019/184812 PCT/CN2019/079237

get data 1o calculate the average glucose level in the same period. In other words,
maonitoring HgbAtc provides a sufficiently accurate accumulative indicator of whether
blood sugar has been increasing or decreasing. HgbAtc measurement is now the
preferred diagnostic test for diabetes and as an assessment test for glycaemic
control.

As shown in the tabile below, a level of less than 6% of HghA1c has been correlated
to normal blood conditions. In about 6% t0 6.5% of HgbAlc, the subject is
considered pre-diabetic. Any level beyond 7% means the subject is diabetic.

Glucose level in blood HgbAtic levels
{mg/dl} {%)
90 4.8
100 5.1
normal 117 57
prediabetes 137 6.4
diabetes 154 7
183 8

HgbAl1c can be measured using spectrometric methods in the laboratory, in which
the absorbance or transmission of light of a specific wavelength through a sample of
blood is measured. In the days when HgbA1c¢ has just been discovered, a sample of
blood from the subjact has to be drawn and the HgbA1c exdracted by cation
exchange column. The eluent is then placed in a transparent cell of specific
dimensions, to be installed in the path of the specirometer light. The dimensions of
the cell have {0 be pre-determined in order that the path of light through the eluent is
standardized. This is because the level of absorbance is directly related to the length
of the transmission path through the eluent. Furthermore, the intensity of the incident
light emitted into the eluent and the bandwidth of the wavelength have to be
standardized. Without such standardizations, spectrometric results cannot be
meaningfully compared and analysed.

Photoplethysmocharty (PPG) sensors are wearable detectors thal project a source
of light into the flesh of a subject and detect the absorbance of the transmitied light.
Hence, PPG sensors can be thoughi of as crude forms of spectrometers which are
applied onlo the body. PPG sensors tend io be used indiscriminately of specific
biocod components, thal is, the whole body of biood is measured insiead of a specific
analyte. The result is a crude sinusoidal signal which shows the surges of blood as
pumped by the heart. Such PPG sensors find use in monitoring the pulse.

It is not possible presently for a PPG sensor (o be used to quantify any particular
blood component or analyte in-situ. For one reason, it is hard to replicate the position
of the PPG on the subject each time it is worn afresh and the transmission path may
vary. Secondly, the depth of the tissue and the amount of biood therein through
which the PPG emitted light may penelrale, i.e. the transmission path length, is
uncertain.
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Light based oximeters measure oxygen level by irradiating both red and infrared light
through a finger. The red and infrared light travel through oxygenated and
deoxygenated haemoglobin differently, which is due to the difference in colour
between oxygenated (bright red) and deoxygenated blood (dark red or blue). ltis
possible to quantify the extent of oxygenation because the transmission path through
the finger is the same for both wavelengths. if the intensity of both the red and
infrared light were known or calibrated in advance, the different levels of absorbance
of the two wavelengths indicate the extent of oxygenation of the blood in the
transmission path. However, these oximeters cannot be worn on many other parts of
the body because of the need to transmit light to a deteclor. Light can only transmit
though thin parts of the body such as the fingers or the ear lobes. Thicker paris of
the body such as the biceps, thighs and wrists tend to absorb all the incident light
and provide no transmission data. However, devices intended for monitoring the
condition of a subject have {0 be wearable for prolonged periods of time, and tend be
tied to such thicker parts instead of being clipped (o the eariobe or finger.

Oximeters are restricted to using light in the wavelength of red or infrared, as light in
the wavelength of other colours tend not penetrate or transmit through the finger.

Accordingly, no suitable device has been found which can measure HgbAicina
subject outside of the aboratory, and there is also none which can be worn on the
body comtortably.

it is therefore desirable 1o propose a non-invasive spacirometric method that can be
worn onto the human or animal body to measure glycated haemogiobin or other
kinds of analytes in blood.

Statement of Invention

In a first aspect, the invention proposes a method of seleciing the inlensity of a light
source for manitoring an analyte in blood, comprising the stepi{s) of: providing the
ght source, the light source emitting light in a first wavelength into the tissue of the
subject to obtain an analyte-pulse; providing a second light source, the second light
source emitling light in a second wavelength inio the tissue of the subject to oblain a
blood-pulse; adjusting the intensity of the light emitted by the light source and/or the
intensity of the light emitted by the second light source until the shape of the analyte-
pulse and the shape of the blood-pulse are similar.

In other words, adjustment of the intensity of the light emitted by the light source
and/or the intensity of the light emitted by the second light source is guided by the
shape of the analyte-pulse and the shape of the blood-pulse.

Typically, extent of similarity is set by manufacturers, and this depends on the quality
of each product. Hence, ‘similar’ refers 10 being similar above a pre-determined
similarity threshold.

Typically, the analyte has an absorbance spectrum that shows an abserbance peak
in a first wavelength and absence of any significant absorbance peak in a second
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wavelength; and blood has an absorbance specitrum that shows an absorbance peak
in the second wavelength.

Preferably, but not necessarily, the absorbance spectrum of blood does not have an
absorbance peak in the first wavelength. This is because blood is the basis of
reference, or the background of the meagsurement, and is present in such a high
quantity that any change in the amount of blood affecting readings of the fraction of
the analyte in blood is negligible.

By monitoring the similarily of the puise shape obtained by one wavelengih to the
pulse shape obtained by the other wavelength, the extent of penetration into the
tissue of both wavelengths can be deduced and adjusted. Where similarity is high or
identical, it means that the light of both wavelengths have penetrated to the same
extent into the same layers of tissue and, therefore, the amount of blood which the
light of each wavelength passes through is virtually identical or similar. In this case,
the armount of absorbance of the first wavelength by the analyte 1o produce the
analyte-pulse can be referenced fo the amount of absorbance by the subject’s blcod
of the second wavelength to produce the bloocd-pulse, and the amount of the analyle
in the blood can be estimated by the ratio of the absorbance of the two wavelengths.

Typically, theretore, the method further comprises a step of comparing the size of the
analyte-pulse with the size of the biood-pulse to monitor the analyte.

Optionally, the analyte in the blood in an artery of a life subject is glycated
haemoglobin; and the first wavelength is selected from 1) about 275nm, 2) about
340nm o 350nm, 3) about 415nm 1o 420nm, 4) about 540nm; or 5) about 580nm;
and the second wavelength being in the red or infrared range.

Typically, infrared wavelength from 700nm o 1000nm or beyond can be used for
maost organic compounds. Preferably, the second wavelength is about 840nm or
840nm for monitoring blood content in the artery. Nevertheless, the second
wavelength is not resiricted to the infrared range and can be selected from any
suitable ulfraviclet or visible wavelength in 400nm to 700nm.

Optionally, the method comprises the further steps of: providing a third light source,
the third light source emitling light in a third wavelength into the tissue of the subject
t0 obtain a second-analyte-pulse; adjusiing the intensity of the light emitted by the
light source, the intensity of the light emitted by the second light source and/or the
intensity of the light emitted by the third light source until the shape of the analyte-
pulse, the shape of the second-analyte-pulse and the shape of the blood-pulse are
similar, i.e. above a pre-determined similarity threshold.

Accordingly, the method also provides the possibility to analyse two analytes in
blood with overlapping absorbance peak wavelengths, that is, the absorbance
spectrum of a first analyle has a peak at a first wavelength where the absorbance
spectrum of the second analyte also has a peak, but itis only by this wavelength that
the first analyte may be monitored. If the absorbance spectrum of the second analyte
has another significant peak at the third wavelength, and the absorbance spectrum
of the first analyte has no significant peak at this third wavelength, the two analytes
can measured by an embodiment that has the equivalent of three PPQG sensors.
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Furthermore, the method may comprise the step of: subtracting the amplitude of the
second-analyte-pulse from the amplitude of the analyte-pulse to provide a reduced
analyte-pulse; comparing the size of the reduced analyte-pulse with the size of the
blood-puise to monitor the analyte.

In a second aspect, the invention proposes a method of expressing a quantity of an
analyte in blood, comprising a ratio of the size of a pulse oblained by measuring the
absorbance by the analyte of light of a first wavelength to the size of a puise
cktained by measuring the absorbance by blood of light of a second wavelength; the
analyte having an absorbance spectrum that shows the absence of any significamt
absorbance peak in the second wavelength; wherein the pulse of the first
wavelength has the same shape as the puise of the second wavelength.

Accordingly, there is no nead to express the amount of the analyte in an exaclly
quantified mass to monitor change of the analyte amount in the body. The ratio can
be used consistenily as a new quantification unit to monitor change in the amount of
the analyte in the subject’s blood. If the analyte is glycated-haemoglobin, in other
words, it is possible to use the ratio to monitor if the glycation has decreased over
time without needing to prick a finger to draw blood for iesting.

Optionally, the analyte is glycated haemoglobin; the first wavelength being selected
from 1) about 275nm, 2} about 340nm to 350nm, 3) about 415nm to 420nm, 4) about
540nm; or 5} about 580nm; and the second wavelength being in the red or infrared
range.

Nevertheless, it is possible that the method further comprises the step of providing
calibration to convert the expression of the quantity glycated haemoglobin into
physical quantity of glycated haemogiobin.

In a third aspect, the invention proposes g blood anglyte monitor comprising: a
photoplethysmocharty sensor assembly having at least one light source and at least
one optical sensor; the photoplethysmocharty sensor assembly capable of
generating light of a first wavelength and light of a second wavelength through the
issue of a subject to be detacted by the al least one sensor; an adjustment module
capable of adjusting the intensity of the light of the first wavelength and/or the light of
the second wavelength in response io the shape of a pulse signal obtain by the first
wavelength and the shape of a pulse signal obtained by the second wavelength.

Typically, the adjusiment module is capable of adjusling the intensity of the lighi of
the first wavelength and/or the light of the second wavelength to provide that the
shape of the pulse signal obtain by the first wavelength and the shape of the pulse
signal obitained by the second wavelength are similar above a pre-determined
similarity threshold.

The adjustment module is possibly software, a pre-programmed microcontroller or
circuitry capable of performing the aforementioned function.
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In different embodiments, the photoplethysmocharty sensor assembly can variously
comprise one polychromatic light source supplying light to two sensors, or two
monochromatic light sources supplying light to one sensor.

Typically, the photoplethysmocharty sensor assembly comprises a first
photoplethysmocharty sensor and a second photoplethysmocharty sensor; the first
photoplethysmocharty sensor having a light source which emits light in the first
wavelength and an optical sensor which detects light in the first wavelength; the
second photoplethysmocharty sensor having a light source which emits light in the
second wavelength and an optical sensor which detects light in the second
wavelength.

Optionally, the photoplethysmocharty sensor assembly is capable of further
generating light of a third wavelength through the tissue of a subject to be detected
by the at least one sensor; the adjustment module capable of adjusting the intensily
of the light of the first wavelength, the light of the second wavelength and the light of
the third wavelength to provide that the shape of the pulse signal oblain by the first
wavelength, the shape of the pulse signal oblained by the second wavelength and
the shape of a puise signal obtain by the third wavelength are similar above a pre-
determined similarity threshold.

Advantageously, therefore, the invention provides the possibility to detect HgbAlc.
Furthermore, the invention provides the possibility to determing that the guantity of
glycated haemoglobin in g subject is indicative of pre-diabeles.

Possibly, the invention provides information for long term monitoring of diet control
for diabetic or pre-diabetic subjects.

Brief Description of the Figures

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention, in
which like integers refer {o like parts. Other arrangements of the invention are
possible, and consequently the particularity of the accompanying drawings is not o
be understood as suparseding the generality of the preceding description ¢f the
invention.

Figure 1 shows an embodiment of the invention;

Figure 2 shows the functional parts of the embodiment of Figure 1 schematically;

Figure 3 shows the relationship between a electrocardiogram signal and a
photoplethysmaocharty signal, which is used to explain the workings of the
embodiment of Figure 1;

Figure 4 shows the absorbance spectrum of glycated-haemoglobin which is used to
explain the workings of the embodiment of Figure 1;

Figure & shows the relationship between absorbance and glycated-haemoglobin,
which is used to explain the workings of the embodiment of Figure 1;
Figure 6 illustrates the PPG waveform obtained using the embodiment of Figure 1;
Figure 7 shows the PPG waveform treated to remove DC components;

Figure 8 shows how the embaodiment of Figure 1 works;
Figure 8a shows the result of the embodiment’s workings in Figure 8;
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Figure 9 also shows how the embodiment of Figure 1 works;

Figure 9a shows the result of the embodiment’s workings in Figure 9;

Figure b shows how the embodiment of Figure 1 is used o find pulse signals
having similar or the same shape;

Figure 10 illustrates readings oblained by the embodiment of Figure 1; and

Figure 11 illustrales the absorbance spectrum of glucose which can be applied in an
embodiment alternative (o that of the embodiment in Figure 1,

Figure 12 illustrates a variation 1o the configuration of light source and optical
detector of the embodiment of Figure 1, and

Figure 13 illustrates a further varialion (o the configuration of light source and optical
detector of the embodiment of Figure 1.

Detailed Description of Embodiments

Figure 1 shows a glycated-haemoglobin monilor 100 shaped like a watch. The
glycated haemoglobin (HgbA1c) monitor is worn on one of the wrists of a subject.
The underside of the glycated-haemoglobin monitor 100 comprises at least two pairs
of photoplethysmocharty (PPG) sensors. The PPG sensors on the underside of the
embodiment are placed snugly against the wrist in order o avoid ambient light from
affecting the readings of the optical sensors 108.

Each of the two of PPG sensors comprises a light scurce 101 and an optical sensor
103. Typically, the light sources 101 are LEDs (light emitting diodes} and the optical
sensors 103 are photodiodes. However, the skilled man understands that light
sources suitable for irradiating into the subject’s tissue besides LEDs may be used.
Similarly, other optical detectors besides optical diodes may also be used.

in Figure 1, each light source 101 is depicted by a circle. Each optical sensor 103 is
placed nexi to the light source 101 and is depicted by a square. The broken lines
represent the invisibility of the light sources and optical sensors when one views the
display side of the glycated-haemoglobin monitor 100,

The light source 101 of the first PPG sensor emits light in a first wavelength different
from a second wavelength emitted in by the light source 101 of the second PPG
sansor. The first wavelength is suitable for monitoring HgbAlc. This means that a
significant or usetul absorbance peak is seen in that wavelength in the absorbance
spectrum of HgbAic. The respective optical sensor 103 senses light of the first
wavelength specifically, usually by means of an optical filter,

An oplical filter is typically a plastic membrane which allows only light of a specific
wavelength to pass through. The oplical filler is placed over the oplical sensor 103 in
the path of the incident light hitling the optical sensor 103, such that only light of the
selected wavelength can pass through to excite the optical sensor 103.

In the second PPG sensor, the light source 101 preferably emits light in a red or
infrared wavelength as the second wavelength. The respective optical sensor 103
senses only light of the same wavelength, also by a suitable optical filter. Typically,
the absorbance spectrum of HgbA1c does not show any significant absorbance peak
in the second wavelength.
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Figure 2 shows schematically functional modules which are preferably provided in

the glycated-haemoglobin monitor 100. As mentioned, there are the first light source
201 and the first optical sensor 203 making up the first PPG sensor, and the second
light source 205 and second optical sensor 207 making up the second PPG sensor.

In addition, there is a computing unit 209 and the required accompanying memory
211 for operating the glycated-haemogliohin monitor 100, Suitable sofiware or
firmware for the operation is typically installed in the memory.

A display 213 is provided as part of the glycaled-haemogiobin monitor 100 for
showing resulis as obtained by the PPG sensors. In some embodiments, the display
213 is omitled where the readings of the PPG sensors are intended o be
downloaded into an external device only, instead of displayed on the glycated-
haemoglobin monitor 160. The external device can be a memory storage such as a
server or a computing device for making analysis based on the downloaded data.

A wireless transceiver 215 is provided for communicating data to the exiernal device.
Optionally, a physical connector 217 is provided for linking the glycated-haemaoglobin
monitor 100 to the exiernal device by cable, for transmitting data to the external
device.

A user input unit 219, such as soft pad butions, is provided for the user 1o manipulate
the functions of the glycated-haemoglobin monitor 100. Alternatively, the user input
unit 219 is an interactive graphical user input (GUI) generated on the display 213.

Optionally, an alarm device 221 is provided to alert the subject that readings
produced by the glycated-haemoglobin monitor 100 might show a cause for alarm,
such as if the level of HgbAlc is very high. The alarm device 221 can be as simple
as a sonic device making beeping sounds or a software alarm device crealing a
flashing message on the display 213.

The glycated-haemoglobin monitor 100 comprises an adjustment module 223 for
adjusting the light intensity of either one or both of the first light source 201 and
second light source 205. This adjustment module 223 is illustrated as separate
maodule block it Figure 2 for the ease of the reader’s comprehension of the glycated-
haemoglobin monitor 100. The skilled reader, however, understands that this
adjustment module 223 can be a firmware or software installed within the computing
unit 209.

Generally, a PPG sensor can be used to monitor blood content in a subject’'s
arteries. Light emitted by the light source 101 of the PPG sensor into subject’s tissue
is scatiered in all directions inside the tissue. A portion of the scaitered light is
reflected and propagates towards the optical sensor 103. Some of the light is
absorbed by blood and tissue in the trajectory of the light towards the optical sensor
103.

The amount of blood in the wrist pulsates as the heart pumps. In a heartrate cycle,
the amount of fight absorbed when the wrist is pumped full of blood by the heartis
more than the amount of light absorbed when the wrist is relatively depleted of biood.
Thersfore, the output of a PPG sensor is a signal which has a sinusoidal waveform.
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That is, the PPG signal has allernating peaks and troughs, like an alternative current
(AC). Figure 3 shows a train of pulse which is typical of PPG signals 301, in which
the peaks correlate to the R peak in the standard PQRST notation of an ECG
{electrocardiogram) heart beat paltern.

Both the first and second PPG sensors measure absorbance of components in
blood, and therefore produce such sinusocidal signals.

Figure 4 is an overlay of abscrbance spectrums of five samples of human blood. The
samples were taken from five people each having a known level of HgbAlc. The
samples were diluted with Phosphate-buffered saline (abbreviated PBS) by 100
times, i.e. 1XPBS 100x. Absorbance of 100w of the diluted whole blood was
measured in the ultraviolet-visible region (230nm-1000nm) using the Tecan Safire I
Spectrophotometer. Background PBS levels were subtracted from the sample
readings.

In the absorbance spectrums of all the five samples, there are five absorbance
peaks seen within the spectrum range of 300nm to 600nm, labelled Peak 1, Peak 2,
Peak 3, Peak 4 and Peak 5 in Figure 4. Peak 1 has maximum absorbance at 275nm.
Peak 2 has maximum absorbance from 340nm to 350nm. Peak 3 has maximum
absorbance from 415nm o 420nm. Peak 4 has maximum absorbance at 540nm.
Peak 5 has maximum absorbance at 580nm. The wavelengths of any one of the five
peaks, whether at tip or the slopes of each of the peaks, can be used for monitoring
HghA1c. However, common vernacular when referring o the wavelength of an
absorbance peak usually means the wavelength where the tip of the peak is.

At a glance, the wavelength of Peak 3 is the best for quantitative monitoring of
HgbAlc. HgbAlc shows the strongest absorbance at Peak 3 which, therefore, offers
the best resolution for quantitative analysis. Figure 5 is a plot of the absorbance of
the five samples at the wavelength of Peak 3.

Table 1 below shows the absorbance dala of Peak 3 for each of the blood samples.

Table 1
Sampie no. (not | HgbAtlc concentration Absorbance at 418nm
in order) {known in advance, and
soried in order)

3 5.00% 2.14
4 5.80% 2
5 8.20% 2.52
1 11.50% 2.4
2 13.70% 2.7

The gbsorbance reading at Peak 3 shows a trend with good general correlation with
the HgbA1c values. The highest reading in Sample 2 corresponds to highest
absorbance reading. At the lower end, Sample 3 and Bample 4, also correlate with
the lowest readings.
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These five samples were obtained from different people. Accordingly, each of the
different blood sampiles has a different blood malrix, which explains the slight
deviation from linearity. If readings were made on blood with varying HgbA1c levels
sampled from the same person over lime, the readings would show even better
linearity (data not providad).

As can be seen, the plot is generally linear. This shows that it is possible to fit the
Peak 3 readings of the five samples info a linear model for quantitative analysis of
HgbAlc. In other words, HgbAlc respond to the wavelength of Peak 3 in accordance
to the Beer-Lambert law.

In specirometric technology, the Beer—Lambert law states that the amount of
absorbance by a solution is directly proportional {o both the concentration of the
compound in the solution and the transmission path length through the solution.

The Beer-Lambert law is expressed as follows
A =logo(Iy/1) = ecL
Where
A is the measured absorbance {in Absorbance Units (AUY)
{; is the intensity of the incident light at a given wavelength
[ is the transmitied intensity
L is the path length through the sample, and
¢ is the concentration of the absorbing species.

For each species and wavelength, £ is a constant known as the molar
absorptivity or extinction coefficient.

The relationship between absorbance and concentration per the Beer-Lambert
model is usually linear, but is sometimes a second order polynomial for very large
and complex molecules. Accordingly, the linear model shown in Figure 5 can be
replaced by a polynomial model in actual products comprising an embodiment of the
invention,

it is clear from the overlay of the absorbance specirum of the five samples in Figure
4 that the other peaks, Peak 1, Peak 2, Peak 4 and Peak 5, can also be used o
provide a linear or polynomial model for quantitative analysis, albeit that these four
peaks do not offer better resolution than Peak 3.

The wavelength of Peak 3 is in the violet colour region. A summary of colour
wavelengths is provided below for the befit of the reader.

Colour Wavelength interval (nm)
Infrared >700

Red 700-635

Orange £635-590

Yellow 590-560

10
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Green 560-490
Biue 490-450
Violet 450-400
Ulira-violet <400

The wavelength of Peak 4 is in the green colour region and the wavelength of Peak
5 is in the yellow colour region.

Wavelengths towards the violet end of the spectrum have higher energy and
wavelengths towards the red end of the spectrum have lower energy. Wavelengths
of higher energy levels are more peneirative into different media than wavelengths of
lower energy levels. Hence, blue light is less penelrative than green light, which is in
turn less penetrative than red light.

Therefore, while Peak 3 is the strongest peak in the HgbA1c absorbance spectrum,
the wavelength of Peak 3 does not penetrate as deeply into wrist lissue as the
wavelengths of Peak 4 and Peak 5, given equal intensily. On the other hand,
wavelengths of Peak 4 and Peak 5 have relatively poorer resolution for quantitative
analysis than that of Peak 3.

Contrary to conventional tendency to choose the wavelength of Peak 3 to measure
HgbAlc, the preferred wavelength for the present embodiment is that of Peak 4 or
Peak 5 for their better penetration into the subject’s tissue.

Turning now to the second PPG sensor, the choice of a red or infrared wavelength
as the second wavelength in the second PPG sensor is uselul for monitoring the
amount of blood content in arteries, as much of the make-up of blood, such as the
plasma, is organic. Virtually all organic compounds will absorb infrared wavelengths
that correspond in energy to their molecular vibrations. Hence, the second
wavelength can be selected from any wavelength starting from 700nm up, after
giving due consideration to signal noise caused by ambient and body heat infrared
radiation.

In one preferred embodiment, the second wavelength is 840nm. This is because
LEDs providing light of this wavelength are already commercially available.
Furthermore, blood is capable of ghsorbing this wavelength but the absorbance
spectrum of HgbA1c of Figure 4 shows no absorbance peak at this wavelength.
LEDs of the wavelength 880nm are also available commercially, with the same
advantages, and may alsc be used.

Figure 6 is an illustration of a typical PPG signal obtained from the heartbeats of the
subject. The PPG signal 301 comprises an AC part 601 that is superimposed on g
larger non-pulsating DC (direct current) part 803, The vertical-axis of Figure 6 shows
absorbance. However, the photodicde of the PPG sensor detects light and ouiputs
data in volts. Hence, the vertical axis can also show volis.

11



10

15

20

25

30

35

40

45

50

WO 2019/184812 PCT/CN2019/079237

The AC part 601 is caused by surges of blood in the arteries. The DC part 603,

indicated as having a magnitude of y, is caused by relatively unchanging parts of the
body, such as skin, tissue, and venous blood, which also absorb the light emitted by
the PPG sensor. Hence, the DC part 603 forms a stable baseline in the PPG signal.

To read data on analytes in arterial blood, both the signals read by the two PPG
sansors are treaied to exiract their respective AC parts.

The AC part 601 is extracied by subtracting the baseline, i.e. the DC part 603, from
the PPG signal 301. The extracted AC part 601 is then divided by the DC part 603.
in other words, the extracted AC waveform is normalized to its AC/DC ratio. Figure 7
shows an illustration of a pulse, which is the extracted and normalized AC part 601
centred about § voil.

The pulses of the first and second PPG sensors obtained by extraction and
normalization of the respective AC parts can be compared with each other by size.
The size of the puise of the first PPG sensor referenced to the size of the pulse of
the second PPG sensor provides an indication of the amount of HgbA1c in blood.
Without normalization of the AC part to the DC part, the pulses cannot be compared
as the absolute amplitude of the PPG signal may vary with the quality of the PPG
light source 101 and optical sensor 103, and the size of the merely extracted AC part
vary accordingly.

However, the transmission paths of the emissions of the two PPG sensors have (o
be similar or the same before the readings of the first PPG may be referenced fo the
readings of the second PPG. Having similar tfransmission path gives a similar effect
as providing a standardized cell path and standardized incident light intensity in a
laboratory specirometer, allowing reproducible measurements. This is provided by
adjusting the intensity of the lght emitied by one or both of the PPG sensors, until
the shape of the pulse obtained by the first PPG sensor is the same as the shape of
the pulse obtained by the second PPG sensor. Producing the same pulse shape
indicates that the light of both the PPG sensors, as detected by their respeciive
optical sensor 103, have reached to the same depth in the tissue, and have passed
through the same layers of tissues and same amount of arterial biood.

Hereon, the pulse obtained by the first PPG sensor is termed the HgbAl1c-pulse, and
the pulse obtained by the second PPG sensor is termed the blood-pulse for clarity.

Figure 8, Figure 8a, Figure 9 and Figure 9a illustrate schematically the effect of
varying the iniensity of the light of the two PPG sensors.

In Figure 8, the first light source 201 and first optical sensor 203 making up the first
PPG sensor, and the second light source 205 and second optical sensor 207 making
up the second PPG sensor are shown. The first and second PPG sensors are shown
placed on the skin 801 of a subject. Beneath the skin 801, in the tissue of the
subject, are arteries 803 through which blood surges. Each of the light sources 201,
205 is iflustrated as emitling light which is scattered or reflected by tissue layers and
then detected by the respective optical sensor 203, 207, as shown by the arrow-
headed lings.
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Figure 8a shows the HgbA1c-pulse 805 read by the first PPG sensor in solid fines,
and the blood-pulse 807 read by the second PPG sensor in broken lines. The
intensity of the light emitted by both PPG sensors is such that the HgbA1c-pulse 805
and the blood-pulse 807 have the same amplitude, as marked by a letter x.
However, as the two PPG sensors operale in different wavelengths, this may mean
that the penetration by the infrared light of the second PPG sensor into the tissue is
deaper than the penetration by the light of the first PPG sensor. In this case, the light
of the two PPG sensors have passed though different fayers of tissues and arteries,
and measured different amounts of blood. As a result, the shape of the HgbAlc-
pulse 805 and the shape of the blood-pulse 807 are not the same. This is illusirated
in the HgbA1c-pulse 805 having two sub-peaks but the blood-pulse 807 having only
one peak.

The pulse of a person is generally a periodic signal most of the time. A single beat of
the pulse can be obtained by truncating the beals before it and the beats afteritin a
train of pulse. The shape of a single beat of pulse, as the skilled man knows, can be
chargcterised in many ways, and these includes counting the number of sub-peaks
forming the pulse, measuring the angle of the slopes forming the sides of the pulse,
measuring the spread of the base of the puise and so on. All these aspects may be
taken into consideration when comparing two pulses.

Pulses of different sizes can have the same shape. Therefore, in order o
mathematically or programmatically compare shape of two pulses, the pulses have
lo be scaled to the same size. After scaling to the same size, similarity of pulse
shapes can be determined mathematically in one or more of the following ways, for
example, by comparing a pulse with a shape templale, by comparing the timing and
position of the peaks and troughs making up the pulses, or by comparing variation of
timing and so on. The timing of the tips and dips of two pulses can be mathematically
identified and compared using their first derivative. This method is best accompanied
by calculating and comparing the gradient of the slopes of the pulses. To be even
more accurale, some variations of the embodiment require that two pulses should
correlate in both shape and phase before they are considered similar.

Also, pulse shapes can be compared using signal processing technigues, particularly
digital signal processing techniques, such as using signal correlation algorithms,
using a matching filter to match the pulse shapes, or using signal deconvolution
techniques. Alternatively, a puise can be converted into the frequency domain to be
compared to another pulse by frequency componenis.

Methods of comparing pulse shapes are known and do not require further or more
specific elaboration here.

The threshold or standard o deem two puises similar is a product-specific
mathematical or statistical standard that can be determined differently by different
manufacturers.

After the pulses from the two PPG sensors are deemed to have the same shape, the
un-scaled version of the pulses can be compared for their sizes.
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Figure 9 is a similar drawing to Figure 8 but shows how, aiter adjusting either cne or
both of the intensity of the light emitted by the first PPG sensor and the second PPG
sensor, the depth of penetration into the tissue by light of the first wavelength
becomes the same as that of the second wavelength. As a result, as shown in Figure
9a, the HgbAlc pulse 805 becomes the same as or highly similar to the shape of the
corresponding blood-pulse 807. Having the same shape does not mean having the
same size. Figure 9a shows that, the amplitude of the blood-pulse 807 is bigger than
the amplitude of the HgbATc-pulse 805.

There can be different approaches to varying the intensity of the emitted light of the
PPG sensors o find similar pulse shapes. In one of the approaches, the adjusiment
module 233 (Figure 2) causes the intensity of the light emitied by the second PPG
sensor {o be maximised and held constant while the intensity of the light emitted by
the first PPG sensor is maximised at first and then slowly decreased. At the same
time, an HgbAlc-pulse 805 and the corresponding blood-pulse 807 are continually
extracted from the PPG signals and compared by pulse shape. The shape of the
HgbAlc-pulse 805 changes as the light intensity of the first PPG sensor changes. I
the shape of the HgbAlc-pulse 805 malches the shape of the blood-pulse 807 al any
stage, the ileration stops and the pulses are compared by size. If the shape of the
HgbAlc-pulse 805 is unable to maich the shape of the blood-pulse 807 across the
entire range of light intensity of the first PPG sensor, the adjustment module 233
decreases the light intensity of the second PPG sensor by one arbitrary unit.

Decreasing the light intensity of the second PPG sensor changes the shape of the
blood-puise 807. The adjustment module 233 then maximises the light intensity of
the first PPG sensor again, and slowly decreases it to find a pulse with a shape
maiching this changed shape of the blood-pulse 807, If the shape of the HgbAlc-
pulse 805 is again unable to match the shape of the blood-puise 807 across the
entire range of light intensity of the first PPQG sensor, the adjustment module 233
decreases the light intensity of the second PPG sensor by one further arbitrary unit,
and the adjustment module 233 terates through the different levels of light infensity
of the first PPG sensor again.

Eventually, maiching HgbA1c-pulse 805 and blood-pulse 807 are found by the
adjustments of the light intensities of both the PPG sensors.

Figure 9b illustrates how the shapes of the HgbA1c-pulse 805 and biocod-pulse 807
changes with different light intensities of the PPG sensors. The intensity levels of
light emitted by a PPQG sensor are shown on the leftmost column in an arbitrary unit.
The middle column illustrates the change in shape of the HgbAtc-pulse obtained by
the first PPG sensor. The rightmost column illustrates the change in shape of the
blood-puise obtained by the second PPG sensor. The shape of the pulses observed
by each of the two PPG sensors is shown changing as the intensity of the light
increases down the rows, from level 1 1o level 5.

In Figure 9b, the shape of the HgbAtc-pulse 805 at level 4 is the same as the shape

of the blood-puise 807 at intensity level 2, as indicated by the double headed arrow
in Figure 9b.
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In another approach to varying the intensity of the emitted light of the PPG sensors
to find similar pulse shapes, both PPG sensors are operated at the same time to
collect all the different pulse shapes produced by different light intensities in advance,
before comparing the pulse shapes. As the responsiveness of the target components
in blood are not affected by light of the other wavelength, the adjustmeant module 223
can operate both the PPG sensors concurrently 1o record the different pulses. In this
case, the adjustment module 223 maximises the inlensity of the light of both the

PPG sensors and then slowly decreases both the intensities by the arbitrary unit {o
obtain the PPG signals with different pulse shapes. That is, with regards to Figure
9b, light of the wavelength 540nm is emitted from level 510 1 in stages, and the
HgbAlc-puise 805 at each level of light intensity is recorded. Similarly, light of the
wavelength 940nm is emitled allevel 5 1o 1 in stages, and the blood-pulse 808 al
each level of light intensity is recorded.

The microcontroller then compares the shapes of the pulse of the two different
wavelengths at different light intensities 1o find the best shape maich. The pulses
having matching shapes are compared by size for evaluating the amount of HgbAlc.

in a variation of the embodiment, the microcontrolier is not used to extract the AC
part from the PPG signals to obtain the puises. Instead, raw daia as read by the
optical sensors 103 of the PPG sensors is sent to an external computing device 1o
perform the AC part extraction, normalization and comparison.

Accordingly, if the shape of the HgbA1c-pulse 805 and the shape of the blood-pulse
807 match, the size of the HgbA1c-pulse 805 and blood-pulse 807 can be used to
provide a quasi-quantification of HgbAlc in blood.

Figure 10 shows how the HgbAtlc-pulse 805 and the blood-pulse 807 can be used to
quantify HgbA1c¢ in the subject. Each set of pulses in Figure 10 parts (a), (i}, (i} and
{iii}, (1}, (2) and (3) shows an HgbA1c-pulse 805 superimposed on a blood-pulse 807
to contrast their difference.

In Figure 10 part (&), an HgbA1c-pulse 805 and a blood-pulse 807 with similar
amplitudes are superimposed on each other. The pulse in solid lines represents the
HgbAtc-pulse 805 while the pulse in broken lines represents blood-puise 807, The
HgbAlc-pulse 805 has two smaller peaks while the blood-pulse 807 has only one
peak. Hence, the shapes of the pulses are different, and the two pulses are not
produced by PPG light which have penetrated into the samea depth in the tissue.
Accordingly, the size of these HgbAlc-pulse 805 and biood-pulse 807 are not
comparable.

In Figure 10 part {1} to (iil}, and part (1) to {3}, the HgbAlc-pulse 805 and the blood-
pulse 807 have significantly similar shapes. This means that the exient of
penetration of the fight of both the PPG sensors into the tissue is the same.
Therefore, the size of the HgbA1c-pulse 805 and the blood-pulse 807 in each of part
(i} to (i), and (1) 1o (3) can be directly compared.

The three sets of pulses in part (i) {o (iii} have the same size ratio between the

HgbAlc-pulse 805 1o the blood-pulse 807, i.a. the HgbATc-pulse 805 has a height
which is 30% of the height of the blood-pulse 807.
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However, the HgbAtc-pulse 805 and the blood-pulse 807 in part (i) are bigger than
the respective HgbAlc-pulse 805 and the blood-pulse 807 in part (i}, which are in
turn bigger than the respeciive HgbA1c-pulse 805 and the blovod-pulse 807 of part
(iif). Such different pulse sizes can be read from the same subject if three different
giycated-haemoglobin monitors 100 are used to measure the same subject’s
HgbA1c level Each of the glycaled-haemoglobin monitors 100 may have randomly
varying light source efficiency and optical sensor sensilivity, leading to the different
pulse sizes. However, the different glycaied-haemoglobin monitors 100 all read the
same HgbAlc levels, because the ralio of the HgbA1c-pulse height to the blood
pulse height is the same. Accordingly, Figure 10 parts (i), (i) and (iii} show the same
amount of HgbA1c in the subject’s blood.

Figure 10 parts (1), (2) and (3}, on the other hand, show a progressively diminishing
amount of HghA1c in blood. This happens in the same subject over time if his distary
control of sugar intake is successful.

For example, at the time Figure10 part (1) was obtainad, the subject had a high level
of HgbAlc, as the ratio of the amplitudes of the HgbAlc-puise 805 to blood-puise
807 is the biggest among parts (1), (2) and (3).

After a month of dietary conirol, for example, the subject tested his HgbAic levels
using the same glycated-haemoglobin monitor 100. i the glycated-haemoglobin
maonitor 100 is the samae, the efficiency of the light sources and the sensitivily of the
optical sensors in the PPG sensors are the same. Hence, the heights of the blood-
puise 807 in parts (1), (2) and (3) are the same. However, part (2) has a smaller
HgbAlc-pulse 805 to blood-pulse 807 ratio, which means there is less HgbAlc in the
subject’s blcod.

Part (3) has an even smaller HgbA1c-pulse 805 to blood-pulse 807 ratio than part (2),
signifying even lesser HgbA1c in the subject’s blood.

Besides the pulse height, there are other ways {0 compare the size of the pulses. For
example, the area under the curve of the HgbAlc-pulse can be compared o the
area under the curve of the blood-pulse. These methods are known and further
examples do not need to be given here.

Advaniageously, the ratic of the HghA1c-pulse size to the blood-pulse size may be
used as a new standard for evaluating HgbA1c level in blood, i.e. a guasi-
quantitative measurement, without need of calibrating the PPG signals 1o actual
HgbA1e concentration. The subject can simply track the success of his dietary
control merely by monitoring the HgbA1c-pulse 805 io blood-pulse 807 ratio.

Advantageously, the size ratio of the HgbA1c-pulse 805 to the blood-pulse 807 can
be used as g guide o suggest meals, restaurants, activities and nutritional
supplements.

Besides HgbAlc, other analyles in blocd can be monitored using this method, such

as free glucoss in blood, hormones, vitamins, ions and so on. To illustrate this,
Figure 11 shows the spectrum of glucose in the infrared region, showing three
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distinct peaks. The wavelength of anyone of these peaks can be used in the first
PPG sensor as the first wavelength for monitoring glucose level, provided that the
absorbance spectrum of glucose does not have any significant absorbance peak in
the second wavelength, such as in 940nm. This example shows that the first
wavelength is not restricted to the ultraviolet-visible wavelength range.

Figure 12 shows a variation of the embodimeant in which there is a PPG assambily
having one light source 101, L1, emitting light to two optical sensors 103, 81 and S1.
This is unlike the earlier described embodiment having two PPG sensors, providing a
total of two light sources 201, 205 and two oplical sensors 203, 207.

‘PPG assembly’ refers to any combination of PPG light sources 101 and optical
sensors 103, including the conventional configuration of one-to-one light source and
optical sensor pair and more. In this case, the light source L1 emits polychromatic
light into the wrist of the subject, as shown in Figure 1, which includes both the first
and second wavelengths required for detecting HgbA1c and for monitoring the
amount of blood in the arteries.

The optical sensors 81 and S2 are wavelength selective, however. Each of the
optical sensors S1 and 52 has an optical filter to allow only passage of a pre-
determined wavelength. Hence, the pulse oblainad by the wavelength for monitoring
HgbAlc and the pulse obtained by the wavelength for monitoring blood content in
the arteries can be obtained using only one light source, L1.

Figure 13 shows a further variation of the embodiment in which there is a PPG
assembly having two monochromatic light sources 101, namely L1 and L2. One of
the light sources 101 emits light in a wavelength {for detecting HgbAlc while the
other emits light in a wavelength for monitoring the amount of blood in the arteries.

In one mode of operation, the light from the light sources L1 and L2 propagale
through the tissue towards the same optical sensor 103 gliernalively, changing over
from L1 1o L2 and back to L1 very quickly and periodically, such as every 10
milliseconds.

Preferably, in ancther mode of operation, the optical sensor $S2 detects and records
changes in pulse shape as the intensity of the light emitted by the monochromatic
light source L1 changes, and the monochromatic light source L2 is switched off or
waits in a standby mode.

Subsequently, L2 is swilched on and L1 is swiiched off or is put into standby, and 52
detects and records changes in pulse shape as the intensity of the light emitied by
LZ changes. Alier that, the shapes of the pulses oblained at different levels of light
intensity from L1 and L2 are compared for shape similarity.

The embodiments as described can be further modified to analyse two analytes in
blood with overlapping absorbance peaks. Thal is, the absorbance spectrum of a
first analyte has a peak at a first wavelength where the absorbance spectrum of the
second analyle also has a peak, but it is only by this first wavelength that the first
analyte may be monitored. Hf the absorbance spectrum of the second analyte has
another significant peak at a second wavelength, and the absorbance spectrum of
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the first analyie has no significant peak at this second wavelength, the iwo analytes
can measured by an embodiment that has three PPG sensors. Typically, the
absorbance spectrum of blood also does not have an absorbance peak in this
second wavelength.

More specifically in the further modified embodiment, one PPG sensor emits in the
first wavelength and is used to monitor the first analyte. However, the absorbance
spectrum of the second analyte also has an absorbance peak in the first wavelength
and interferes with the reading of the first analyte. A second PPG sensor emiis in a
second wavelength and is used to monitor the second analyte. The absorbance
spectrum of the first analyte does not have an absorbance peak in the second
wavelength.

A third PPG sensor emits in a third wavelength and is used to monitor arterial blood
content. The absorbance spectrum of the first analyte and the second analyte do not
have any significant absorbance peak in the third wavelength. As with the afore-
described embodiments, the intensities of the light emitted by the three PPG sensors
are adjusted until pulses obtained by all three wavelengihs correspond in shape.
When the shapes of the pulses are the same, the pulses may be compared by size.

The height of the pulse obtained in the first wavelength for measuring the first
analyte is firstly subtracted by the height of the puise obtained in the second
wavelength for measuring the second analyte. This removes the interference of the
second analyte on the measurement of the first analyte. Subsequently, the
remainder of the pulse of the first analyte is referenced 1o the blocd-pulse 807 to
quantify the amount of the first analyie in blood.

in the same way, further embodiments for distinguishing the amount of an analyie
from interfering effects of two or more other analyles are possible.

Accordingly, a method has been described wherein pulses obtained by emitling light
of two or more wavelengths into tissue are compared. Where the shapes of the
pulses are the same, it means that the light of the wavelengths has penetrated into
the same depth in the subject’s tissue. Hf the shapes of the pulses are the same, the
size of the pulses can be compared for guantification.

The embodiments gs described inciude a meathod of selecting the intensity of a light
source for monitoring an analyte in blood, comprising the step(s) of: providing the
light source the light source emitting light in a first wavelength into the tissue of the
subject and obtaining an analyte-pulse 805; providing a second light source, the
sacond light source emitling light in a second wavelength into the tissue of the
subject 1o obtain a blood-pulse 807; adjusting the intensity of the light emitted by the
ght source and/or the intensity of the light emitted by the second light source until
the shape of the analyle-pulse 805 and the shape of the blood-puise 807 are similar.
As the skilled man knows, similarity means similarity above a pre-determined
similarity threshold level and, although it is preferably bul not necessarily identical.

Furthermore, the embodiments as described include a blood analyte monitor 100

comprising: a photoplethysmocharty sensor assembly having at least one light
source and at least one optical sensor; the photoplethysmocharty sensor assembly
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capable of generating light of a first wavelength and light of a second wavelength
through the tissue of a subject to be detected by the at least one sensor; an
adjustment module for adjusting the intensity of the light of the first wavelength
and/or the light of the second wavelength in response io the shape of g pulse signal
obtain by the first wavelength and the shape of a pulse signal obtained by the
second wavelength.

Typically, the adjustment module is capable of adjusting the intensity of the light of
the first wavelength and/or the light of the second wavelength to provide that the
shape of the pulse signal oblain by the first wavelength and the shape of the pulse
signal obtained by the second wavelength are similar above a pre-determined
similarity threshold.

While there has been described in the foregoing description preferred embodiments
of the present invention, it will be understood by those skilled in the technology
concerned that many variations or modifications in details of design, construction or
operation may be made without departing from the scope of the present invention as
claimed.

For example, besides a wrist-wearable device, the iwo or more PPG sensors
described above can be implemented in the form of wrist bands, walches, rings for
fingers, earphones with sensing in the ear canal, an arm band for the upper arm.
Furthermore, the PPG can be woven into clothes, such as T-shirt, brasseries,
underwear. Yet furthermore, the PPG can be installed in shoes, socks, helmets, hats
and eyewear such as on the spectacle legs that contact the scalp. As long as the
PPG sensors can be held lightly against the skin 1o irradiate light into the skin, the
ahove described analysis can be conducted.

Although the wavelengths of Peak 4 or Peak 5 are the preferred choice, it is
nevertheless possible to use stronger light scurce in the wavelength of Peak 3
remedy the shallow penetration.

Furthermore, artificial intelligence can used to improve the comparison of the pulse
shapes and to identify and quantify the blood analyte.

Furthermore, it is possible to calibrate the readings of the first PPG sensor, or the
afore-mentioned ratic of the size of the pulse of the first PPG sensor to the size of
the pulse of the second PPG sensor to an absolute value of, or to a physical quantity
of HgbA1. The skilled man understands that absolute value or physical quantity
refers to the amount of glycaled haemoglobin in grams, milli-grams, micro-grams,
grams per litre of blood, grams per decilitre of blood and so on. The skilled man also
understand that calibration includes, for example, applying the invention onto a
different subject with known amount of glycated haemogliobin in his blood and taking
the ratio of the size of a pulse obtained by measuring the absorbance by the analyte
of light of a first wavelength to the size of a pulse obiained by measuring the
absorbance by blood of light of a second wavelength. Subsequently, the ralio is
deemed equivalent to the known amount of glycated haemoglobin. More than one
subject with known amount of glycated hasmoglobin in his blocd may be used {o
provide multi-point calibration. After calibration, other readings of the ratio of the
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pulses of the first PPG sensor and the second PPG sensor can be converted by the
calibration into absolute value of, or to a physical quantily of HgbA1,

Optionally, a subject can have the amount of his giycated haemogiobin tested, and
the calibration of his glycated-haemogiobin monitor 100 can be calibrated by using
his own glycated haemoglobin amount, as a one point calibration. Subsequently, this
calibration can be used for a long period, up to several months, o convert
subsequent readings of the ratio of the HgbA1c pulse o blood-puise detected in this
subject's blood into actual amount of HgbAic.
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Claims

1. A method of selecting the intensity of a light source for monitoring an analyte
in blood, comprising the step(s) of:

providing the light source, the light source emitting light in a first
wavelength into the tissue of the subject to oblain an analyte-pulse;

providing a second light source, the second light source emitting
light in a second wavelength into the tissue of the subject to obtain a
blood-pulse;

adjusting the intensity of the light emitted by the light source
and/or the intensity of the light emitted by the second light source until
the shape of the analyte-pulse and the shape of the blood-pulse are
similar.

2. A method of selecting the intensity of a light source for monitoring an analyte
in blood as claimed in claim 1, further comprising the step of

comparing the size of the analyie-pulse with the size of the
blood-pulse to monitor the analyte.

3. A method of selecting the intensity of a light source for monitoring an analyte
irn blood as claimed in claim 1 or claim 2, wherein

the analyte in the blood in an artery of a life subject is glycated

haemoglobin;

the first wavelength being selected from
1} about 275nm
2) about 340nm o 350nm
3} about 415nm to 420nm
4} about 540nm; or
5) about 580nm; and

the second wavelength being in the red or infrared range.

4. A method of selecting the intensity of a light source for monitoring an analyte
in blood as claimed in claim 1, comprising the further step(s) of:

providing a third light source, the third light source emitting light
in a third wavelength into the tissue of the subject to obtain a second-
analyte-pulse;

adjusting the inlensity of the fight emitted by the light source,
the intensity of the light emitted by the second light source and/or the
intensity of the light emitted by the third light source until the shape of
the analyte-pulse, the shape of the second-analyte-puise and the
shape of the blood-pulse are similar.

5. A method of selecting the intensity of a light source for monitoring an analyte
in blood as claimed in claim 4, further comprising the step of:

subtracting the amplitude of the second-analyte-pulse from the
amplitude of the analyte-puise to provide a reduced analyte-pulse;

comparing the size of the reduced analyte-puise with the size of
the biood-pulse to monitor the analyte.

6. A method of expressing a quantity of an analyte in blood, comprising
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a ratio of the size of 3 pulse obtained by measuring the
absorbance by the analyte of light of a first wavelength to the size of a
pulse oblained by measuring the absorbance by blood of light of a
second wavelength;

the analyte having an absorbance spectrum that shows the
absence of any significant absorbance peak in the second wavelength;
wherein

the pulse of the first wavelength has the same shape as the
pulse of the second wavelength.

7. A method of expressing a quantity of an analyte in bicod as claimed in claim
6, wherein

the analyte is glycated haemoglobin;

the first wavelength being selected from
1) about 275nm
2) about 340nm to 350nm
3) about 415nm o 420nm
4) about 540nm; or
5) about 580nm; and

the second wavelength being in the red or infrared range.

8. A method of expressing a quantity of an analyte in blood, as claimed in claim
7, further comprising the step of:
determining that the guantity of glycated haemaoglobin is indicative of
pre-diabetes.

9. A method of expressing a quantity of an analyte in blood, as claimed in claim
7, further comprising the step of:
providing calibration to convert the expression of the quantity glycated
haemoglobin into physical quantity of glycated haemoglobin.

10. A method of exprassing a quantity of an analyte in blood, as claimed in claim
7, further comprising the step of:
providing information long term monitoring of diet conirol for diabetes
patient and one for detecting pre-diabetes.

11. A blood analyte monilor comprising

a photoplethysmocharty sensor assembly having at least one
light source and at least one optical sensor;

the photoplethysmocharty sensor assembly capable of
generating light of a first wavelength and light of a second wavelength
through the tissue of a subject to be detectad by the al feast one
Sensor;

an adjustment module capable of adjusting the intensity of the
light of the first wavelength and/or the light of the second wavelength in
response to the shape of a pulse signal obtain by the first wavelength
and the shape of a pulse signal obtained by the second wavelength.

12. A blood analyte monitor, as claimed in claim 11 wherein
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the adjustment module is capable of adjusting the intensity of
the light of the first wavelength and/or the light of the second
wavelength to provide that the shape of the pulse signal obtain by the
first wavelength and the shape of the pulse signal obtained by the
second wavelength are similar.

13. A blood analyte monitor, as claimed in claim 12, wherein

the photoplethysmocharty sensor assembly comprises a first
photoplethysmocharty sensor and a second photoplethysmocharty
Sensor;

the first photoplethysmocharty sensor having a light source
which emits light in the first wavelength and an optical sensor which
detects light in the first wavelength;

the second photoplethysmocharty sensor having a light source
which emits light in the second wavelength and an optical sensor which
detects light in the second wavelength.

14. A blood analyte monitor as claimed in claim 12 or claim 13, wherein
the first wavelength is selected from
1} about 275nm
2} about 340nm to 350nm
3} about 415nm to 420nm
4) about 540nm; or
5) about 580nm; and
the second wavelength being in the red or infrared range.

15. A blood analyte monitor as claimed in claim 12, wherein

the photoplethysmocharty sensor assembly is capable of further
generating light of a third wavelength through the tissue of a subject o
be detected by the at least one sensor;

the adjustment module capable of adjusting the intensity of the
Hght of the first wavelength, the light of the second wavelength and the
light of the third wavelength to provide that the shape of the pulse
signal obtain by the first wavelength, the shape of the pulse signal
obtained by the second wavelength and the shape of a puise signal
obtain by the third wavelength are similar.

16. A blood analyie monitor, as claimed in anyone of claim 11 to claim 15,
wherein the analyte is glycated haemoglobin.

17. A blood analyte monitor substantially as described in the description of
flustrated in the drawings.

18. A method of selecling the intensity of a light source for monitoring an analyte

in blood substantially as described in the description of illustrated in the
drawings.
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