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Continuous glucose
monitoring (CGM)




How CGM works ? :
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2 Main Categories of CGM

Owned by clinicians, offices, hospitals

Episodic, intermittent use (3 days)

“Blinded” or “masked” evaluation

Retrospective review by providers

Minimal training and set-up time

Owned by patients

On-going use by patients

Displays glucose values and alarms

that allow for immediate therapeutic
adjustments

Continuous review of data by patients

Requires patient education

AACE CGM Task Force. “Statement by the American Association of Clinical Endocrinologists Consensus Panel on Continuous Glucose Monitoring.” Endocrine Practice.
\2| 2010; 16(5):730 — 744.
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CGM Calculation Algorithm
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| Personal CGM |

Uses 4 most recent
BG meter readings in the past
to calibrate the sensor reading

Sensor
reading

| Professional CGM |

Uses BG meter readings :
- 12 hours before and 12 hours after sensor
: reading to calibrate :
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43 y/o woman, type 1 DM 5 years, on CSIl, BMI 20, Alc 8.0

Sensor Data (mg/dL)
Mon Dec 12 Tue Dec13 Wed Dec 14 Thu Dec 15 Fri Dec 16 SatDec 17 Sun Dec 18 Average

400
300
4 L 180
o T i N
g7 e zan, T N G —r 1
100 S / ‘\“ A
et —— :
- : e = 70
40
0
0:00 200 400 G:00 2:00 10:00 12:00 14:00 1600 1:00 20:00 22:00 0:00
Mon Dec 12 Tue Dec 13 Wed Dec 14 Thu Dec 15 Fri Dec 186 Sat Dec 17 Sun Dec 18 Average / Total
# Sensor Values 126 288 288 288 288 288 288 1,854
Highest 153 234 191 261 279 203 208 279
Lowest 42 40 50 a7 64 59 58 40
Average 99 113 102 129 140 104 136 119
Standard Dev. 33 51 37 48 45 40 40 46
MAD % 14.8 15.2 4.8 7.9 4.7 8.4 7.3 8.9
Correlation N/A N/A NIA N/A N/A N/A 1.00 0.96
# Valid Calibrations 3 4 4 4 3 ] 4 27
Designation
X: Use Clinical Judgment S: No Sensor Data C: No Calibration BG's
Excursion Summary (mg/dL/day)
Mon Dec 12 Tue Dec 13 Wed Dec 14 Thu Dec 15 Fri Dec 18 Sat Dec 17 Sun Dec 18 Average / Total
# Excursions 1 B kil 4 3 3 4 26
# High Excursions o] 2 2 2 2 1 2 11
# Low Excursions 1 4 3 2 1 2 2 15
AUC Above Limit 0.0 2.0 0.3 6.0 5.7 0.7 2.9 2.7

AUC Below Limit 4.1 3.1 1.3 0.4 0.1 20 0.5 1.4



Overlay by Meal Event (mg/dL)
Breakfast

Lunch

Dinner

100

Mon Dec 12
Tue Dec 13

Wed Dec 14

Thu Dec 15
Fri Dec 18
Sat Dec 17

Sun Dec 18

age

Df‘l kieal +1 +2 +32 +4 -1 keal +1 +2 +32 +49 -1 hleal +1 +2 +3 +4
Sleeping 3:00 Before After Before After Before After Evening 23:00 All Time
- 5:00 Breakfast Breakfast Lunch Lunch Dinner Dinner - 3:00 Periods
Range 70 - 150 70 - 130 70 - 180 70 - 130 70 - 180 70 - 130 70 - 180 70 - 150
Highest 171 1868 279 119 230 175 234 231 279
Lowest 50 40 70 a7 97 62 &9 42 40
Average 99 91 177 77 164 a7 137 118 126
Standard Dev. 36 as 52 18 24 31 42 51 51
# of Readings 144 72 144 74 168 a4 168 336 1,190
Daily Average by Meal Event (mg/dL) Below Target Range |11 Above Target Range
Sleeping Before After Before After B_efore A_ﬂer Evening Al '!'ime
Breakfast Breakfast Lunch Lunch Dinner Dinner Periods
Mon Dec 12 102 146 86 o3 - er a3
Tue Dec 13 71 . 84 148 . 82 153 167 180 72 111
weaDec1a 88 67 155 e 162 86 95 133 114
Thu Dec 15 101 70 227 84 199 75 143 134 141
Fri Dec 16 156 164 230 80 179 100 113 73 133
SatDec17 B4 73 168 a9 155 73 138 130 121
Sun Dec 18 133 114 133 75 156 o1 194 217 159
Dec 12 - Dec 18 99 a1 177 77 164 o7 137 118 126
Duration Distribution (hh:mm)
Above 120 11% 100 17% 520 44% 000 0% 325 24% 100 14% 300 21% 420 15%
In Range 640 56% 3:15 5a% 5:40 56% 3:25 55% 10:35 7E% 525 78% 10:55 7B% 17:55 64%
4:00 33% 1:45 29% 0:00 0% 245 45% 0:00 0% 0:35 8% 005 1% 545 21%



Night Time Sensor Data (mg/dL)
MonDec 12 TueDec13 WedDec14 ThuDec15 FriDec16 SatDec17 SunDec18 Average
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Calibration BG %%

Mon Dec 12 (mg/dL)

Meter BG @ A Meal 5

Sensor

Exercise W Medication W Other ‘!"’

Target Range
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25 y/o woman, type 1 DM for 20 years, on CSIl, BMI 19, A1C 7.2 %

Sensor Data (mg/dL)
Mon Mar 20 Tue Mar21 Wed Mar 22 Thu Mar 23 Fri Mar 24 SatMar25 Sun Mar26 Average

300

200 [
120

100
o

40
a
0:00 Z:00 4:00 &:00 2:00 10:00 12:00 14:00 16:00 12:00 20:00 22:00 0:00
Mon Mar 20 Tue Mar 21 Wed Mar 22 Thu Mar 23 Fri Mar 24 Sat Mar 25 Sun Mar 26 Average ! Total
# Sensor Values a5 288 288 288 288 288 255 1,794
Highest 344 200 208 357 314 400 308 400
Lowest 46 85 53 127 a1 a0 40 40
Average 183 1858 127 237 213 171 161 183
Standard Dev. a2 66 36 1 G5 98 a4 a0
MAD % 181 a3 50 46 7.7 18.7 255 106
Correlation 0.oa 0.4ag 0.99 1.00 0.o8 0.95 MNiA 0.96
# Valid Calibrations 3 5} 4 4 4 3 1 25
Designation X
X: Use Clinical Judgment 5 No Sensor Data C: Mo Calibration BG's
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Avg 5G: 185 mgidL
previous avg 5G 135 mafdl on Oct 13, 2015

Time in range: 44% Above 180 mg/dL I
4% intarget range
2% Below TOmg/dL [

Estimated A1C™: 8.1% calculated from 5G values
OBSERVED PATTERNS & SOME POSSIBLE CAUSES ™

4ot of 7 days excursions obsanaed:
1 clayisi 130 - 250 mog/dL
3 clay(si =250 mafdl

‘f;, Oral medication(s) missed, too ke, or
ircormsctly timed?

Baszal insulin injection in eveningis)
T too bow?

Rebound hypsralycemia after
rezcturnal hypoglyoemia?

High <alorie orhigh fat foods in pricr

2

5 out of 7 days escursions obsarved:
2 dayis) 150- 250 mgsdl
3 dayis) = 250 mghdl

‘f;, Crral meclication(s) missed, oo low, or
incorractly tirmed?

Basal insulin injection in eveningis)

Tt low?

g Insulin to carbohydrate ratic not
B optimalin prior eveninglsy?

High cakerie or high fat foos in prior

Fout of 7 days excursions observed:
2 dayis) 180 - 250 mgsdl
1 dayis) = 250 mghdl

. Ol medication(s) missed, too low, or
‘J incormectly timad?

=  Prebreakfastinsulinincomactly tirmed,
ton low, of missed?

e Insulin to carkohydrats ratio not
Bt optiral for pre-breakfast irsulin?

High calzrie or high carbohydrats

eyaninglsi? aveningls)? fzzeds?
Late =sening snack? Late evening snack?
| | —
© | v | —
[ 1 § ] ] | 12 15 18 9 o n a

bl
— -"’.—__l"'-"'lll'II b

al

k-

v
a

MonMar 20 Tue Mar21 Ve Mar 22 Thu Mar 23 Fri Mear 24 St M 15 SunMar 26

I | Awg 182 mmgsdL | 187 mavdL 200 mgdL 180 mg/dL 170 migidL 235 gyl 170 mg/dL 157 mgrd L

.

— Meal Marker ©
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Avg 5G: 185 mg/dL Time inrange: 44% Above 180 mg/dL
previous avg SG 135 mg/dL on Oct 13, 2015 54% in target range

Estimated A1C"" 8.1% calculated from 5G values 2%Below70mg/dL [ |

OBSERVED PATTERNS & SOME POSSIBLE CAUSES

@ —@—— -

0 I 2 3 4 5 6 8 9 10 1 12 13 4 15 [ 17 18 9 0 N 12 I 0

my/dl | Avg 182 mg/dL 187 mg/dL 200 mg/dL 180 mg/dL 170 mg/dL 235 mg/dL 170 mg/dL 157 mg/dL

57T A
>\Z/q s
/ W/

Mon Mar 20 Tue Mar 21 Wed Mar 22 Thu Mar 23 Fri Mar 24 Sat Mar 25 Sun Mar 26 AVG Target Meal Marker ©
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High SG

Pre-breakfast 5:00 - 10:00

4 out of 7 days excursions observed:

1 dayis)
3 dayl(s)

130-250 mg/dL
=250 mg/dL

Oral medication(s) missed, too low, or

‘) incarrectly timed?

ol

Basal insulin injection in evening(s)
too low?

V' Rebound hyperglycemia after

ma/dL

Mon Mar 20

nocturnal hypoglycemia?

High calorie or high fat foods in prior
evening(s)?

Late evening snack?

High SG
Overnight 23:00 - 5:00

5 out of 7 days excursions observed:

2 day(s)
3 day(s)

¢

-

o

150 - 250 mg/dlL
> 250 mg/dL

Oral medication(s) missed, too low, or
incarrectly timed?

Basal insulin injection in evening(s)
too low?

Insulin to carbohydrate ratio not
optimal in prior evening(s)?

High calorie or high fat foods in prior
eveningis)?

Late evening snack?

Avg 182 mg/dL| 187 mg/dL

va

Tue Mar 21

Wed Mar 22

200 mg/dL

ThuMar 23

10 1 12 13 14 15 16

180 mg/dL 170 mg/dL

Fri Mar 24 Sat Mar 25

Sun Mar 26

3 out of 7 days excursions observed:

[ %

235 myg/dL

L

2 day(s)
1 day(s)

180 - 250 mg/dL
> 250 mg/dL

Oralmedicationis) missed, too low, or
incorrectly timed?

Pre-breakfast insulin incorrectly timed,
too low, or missed?

5 Insulin to carbohydrate ratio not
o

optimal for pre-breakfast insulin?

High calorie or high carbohydrate
foods?

|___.

B W0 2 B0

170 mg/dL 157 mg/dL
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(RT-CGIM) \(I\J'C?

T 8=m20 pEnmm L5 20740 mg/d 2

1 Bz 0 smmnETRE 20740 mg/a 2

Alert warns patient Alert warns patient
Of oncoming low Of oncoming high

App. in smart phone

Prompt action may avoid
200 ... | Promptactionmayavoid |\ " high or reduce duration*

3 \ 166 1
~
o
S % 7:32
4 100
o
(8]
=)
O

0

3AM 6AM 9AM 12PM 3PM 6PM 9PM 12AM
Time of Day \’J\ Continuous glucose €  Fingerstick test

Monitoring data

*A confirmatory fingerstick is required prior to taking action.

IS
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Standards of medical care in diabetes--2017. Diabetes Care, 2017. 40(Supplement 1): p. S48-S56.
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Glycaemic outcome by CGM use
according to pregnancy status \(N?

79+ Pregnant ] Planning Pregnancy Became pregnant

— CGM

7.7 Control

7.3 - -
7.1 - -
6.9 - -

6.7 — .

Mean HbA, (%)

6.5 - -

6.3- - i /

6.1 . |

5.94 — e
(I) 2I4 34 0 1|2 321 0 2|4 3I4
Visit (weeks) Visit (weeks) Visit (weeks)

Participants

.\  Lancet 2017; 390: 2347-59




Neonatal outcomes of pregnancy by

CGM use

Neonatal birthweight

100 7 '-ﬂ:! ??‘
e .‘ : o &
.. .
75 A .
e 1
2 2
=
c
()
(S ]
°
2 50 -
€
o
)
[7,]
3
U L)
25 4
2
0 T
CGM Control

Group

R\ Lancet 2017; 390: 2347-59

Percentage remaining hospital

Infants’ length of hospital stay from delivery

100 ~
— CGM
Control
75 4
50 4
25 4
0 T T T T T T
0 1 2 3 4 5 6

Weeks since birth
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Real-time CGM in Networking Care for
Patients with Diabetes \(N?

A better connection to diabetes care

Carelink

CGM reports

Care partner

CarelLink
Personal

Mobile website for
remote monitoring :

SMS alerts

Sensor
meter
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R{CAE&EA

Glycated albumin (GA)




Glycated Albumin (GA) \(,ﬁ

A ketoamine formed via non-enzymatic glycation reaction
of serum albumin

J}“ Not affected by changes in lifespan of erythrocytes

Furusyo N et al., Biochim Biophys Acta 2013;
\2l Koga M et al., Endocr J 2010; Zheng CM et al., CCA 2012
l
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B2 &R o HRJJBBMTIRZE (sickle cell trait)
« [N HbF LEAILEERSHIA

-------------------------------------------------------------------------------------------------------------------------------------------------------------

1214 B R EE RRALMIKB SR -
e B3 FA JN_EMM AT carbamylated hemoglobin BYF1& -
/.

ER4LMBKERL R EPO FHARIT

-------------------------------------------------------------------------------------------------------------------------------------------------------------
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(volume expansion) Z Ak T




Step 1 ----------------------------------------------------------------------------------------------------------------------------------------------- ...‘
. . Ketoamine oxidase :
Gl.yc.ated. amino a.CId Glycated amino acid » Glucosone + amino acid
elimination reaction
Step 2 ----------------------------------------------------------------------------------------- STTTERSErsmssrsmrsrsrssssrsssrsnsssssssssssesesess ...
Peroxidase .
Glycated albumin » Glycated amino acid :
Glycated amino acid assay for . . Ketoamine oxidase ' '
glycated albumin Glycated amino acid + H,0O / \ » Glucosone +amino acid
Peroxidase
0, H,0,+Chromogens = Color+H,0
Step 3 ----------------------------------------------------------------------------------------------------------------------------------------------- ..”‘
Albumin assay Albumin + Bromoclezolpurple =3 color
Step 4 ----------------------------------------------------------------------------------------------------------------------------------------------- ..”‘
Calculation of percentage of GA value: :
glycated albumin in total albumin GA concentration/albumin concentration x 100

Kouzauma T et al., Clin Chim Acta 2004
Asahi Kasei, TUNYEN
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GA, HbA,. and blood glucose \(Ng

PAST

Snapshot
=Short-term

SMBG

CGMS

Past 1 month

Past 2~3 months
HbAlC =Long-term

L

12 Weeks 8 Weeks 4 \Weeks

GA Reflects mean glycemic levels over 2-3 weeks.
GA can fill the time gap between SMBG and A1C at approximately 1 month.




Serum GA Distributed Normally \(N?

S - N=1559, mean 14%, SD 2.6%, 95% Cl 11.4-17.1%

Percent of tatal subjects
10
1

10 15 20 25

Glycated albumin %




Serum GA Increased by Age in Subjects

without Diabetes

2 Serum GA increased 0.31% every 10-year increase in age.
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WC Wu & HY Li et al., PLOS One 2016




Serum GA is Similar in Both Genders

18 -

16

14 -

12 -

10 -~

Glycated albumin (%)
[00]

women

men



Ways of Sample Collection Did not Affect

GA Value

r=0.9987, p<0.001, Serum GA = 0.98 * plasma GA + 0.29
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&\ WCWu & HY Li et al., PLOS One 2016
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Food or Glucose Intake Did not Affect

Serum GA Value

25 _

20 -
p=0.8

15 4

10 4

Fasting

70428 WCWu &HY Lietal., PLOS One 2016

. i e A,
N
=

Post-prandial

25~

20

15 4

10 4

\ p=0.8

1
Fasting OGTT2h



In DM Patients with Stable Glycemia
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GA HVEG R FEF .

i SEA= vE{EMexR
X on = Hba, - 2.015) X4
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1. Tahara, Y., Analysis of the method for conversion between levels of HbAlc and glycated albumin by linear regression analysis using a measurement error model.
Diabetes Res Clin Pract, 2009. 84(3): p. 224-9. 149.

2. Kashiwagi, A., et al., International clinical harmonization of glycated hemoglobin in Japan: From Japan Diabetes Society to National Glycohemoglobin Standardization Program
values. J Diabetes Investig, 2012. 3(1): p. 39-40.




Larger Difference Shown by GA than
HbA1lc in Hemodialysis Patients \(N?

p<0.001 p<0.001 p<0.001
- 8
— 200 | 40 |
3
£ O 5
[
2 g
2 S o
bo . ~ <H 4
= 100 | % S 20 3
o
o
@ 2 |t
?SD 51.5% 31.6% 17.7%
E
0 1 1 0 1 1 0 1 1
DM Non-DM DM Non-DM DM Non-DM
(n=538) (n=828) (n=538) (n=828) (n=538) (n=828)
164.5t55.7  108.6126.8 22.517.50 17.1%4.35 5.85+1.26  4.97 10.83
(151.5%) (100.5%) (131.6%) (100%) (117.7%) (100%)

&\ JAm Soc Nephrol 2007




GA is Not Affected by Hemoglobin

2\ J Am Soc Nephrol 2007

HbA, (%)

12

10

(B)

Hemoglobin (g/dL)
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GA is Not Affected by EPO \(N?

(A) (B)

70 | : 12.0 F
' o
60 | o 8 o
o 100 8 o
: o 5
50 | |
o o ©
X 20 S %, r=0.055
-~ 5 o
g o 6 © p=0.201
© 8o g o2 8 3 n=538
30 | ° g
c 8ogel § °
) g .
20 g8
8 5 g 0
oA (é g o 8 c !
10 1 ° 1 g 3.0 L L ! !
0 4000 8000 12000 0 4000 8000 12000
EPO (U/week) EPO (U/week)

&\ JAm Soc Nephrol 2007




GA is Associated with Serum Albumin

GA (%)

70

60

50

40

30

20

10

‘/:‘ 2

(A) Serum GA decreased 0.32% every 1 g/dl increase in serum albumin.

o

Serum Albumin (g/dL)

J Am Soc Nephrol 2007

2l WC Wu & HY Li et al., PLOS One 2016

Glycated albumin (%)

50

40

30

20

10

Normal

Supplementary Figure 1C.

Albumin (g/dl)
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A Decrease in GA is Associated with \(N?
Reduced Retinopathy in DCCT/EDIC

Association of measures of glycemia individually and in combination with the risk of
sustained three-step progression of retinopathy among 145 case vs. 186 control subjects in
weighted Cox proportional hazards models”

% change in risk for a 10%

Model covariate(s) higher value (95% Cl)

Model x? (df)

Model 1: HbA,, 67.8 (48.9-89.0) <0.0001 129.2 (2)

Model 3: MBG 26.3(18.0-35.2) <0.0001 87.1(2)




A Decrease in GA is Associated with \(;:?
Reduced Nephropathy in DCCT/EDIC

Association of measures of glycemia individually and in combination with the risk of
microalbuminuria (AER = 40 mg/24 h) or worse among 145 case vs. 184 control subjects in
weighted Cox proportional hazards models”

% change in risk for a 10%

Model covariate(s) higher value (95% Cl)

Model x? (df)

Model 1: HbA,, 15.7 (4.0-28.8) <0.0076 17.8 (2)

Model 3: MBG 7.6 (1.7-13.9) <0.0116 15.3(2)




Contribution of Past Blood Glucose to - , 4
GA Values and HbA,_Values \(N?

Collection of Blood
17days 1 month 2 months 4 months Half-life
L A I I P Past
25% 17 days
25% 25% 30 days

GA values reflect a more recent “picture” of blood glucose status than HbA, values.

K. Shima, The Univ. of Tokushima School of Medicine




Drawbacks of GA
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Dozio E et al., Endocrine 2016
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