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 What is glycemic variability



What is glycemic variability ?



Indices of GV

e GV
— Mean amplitude of glucose excursion (MAGE)
— Continuous overall net glycemic action (CONGA)
— Mean of daily differences (MODD)
— Standard deviation (SD)
— % Coefficient of variation (Relative GV)

e Quality of glycemic control and GV

— Jindex, Low blood glucose index (LBGI)/High blood glucose
index (HBGI)

— Average daily risk range (ADRR)
— Index of glycemic control (IGC)
— The glycemic risk assessment diabetes education (GRADE)



Absolute GVs, but not relative GV (CV), are
associated with mean glucose

SD

Jin SM et al. DRCP 2015
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e Glycemic variability increases hypoglycemic risk



Glycemic variability & hypoglycemia

Lowering glucose vs. Reducing GV
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Kim SK et al. Endocrine J 2011



Absolute GV : Standard Deviation (SD)
Relative GV: Coefficient of Variation (CV)
= SD/mean

Regardless of the type of diabetes
and insulin therapy, higher CV, but
not SD, was significantly associated
with hypoglycemia
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Jin SM et al. DRCP 2014
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e Decreased B-cell function increases glycemic
variability



Decreased insulin secretion and lower level insulin
resistance are associated with glycemic variability

Jin SM et al. DRCP 2014



Glycemic Variability Strongly Correlates with Postprandial B-cell
Dysfunction in a Segment of Type 2 Diabetic Patients Using Oral
Hypoglycemic Agents

_ OHA users Non-users P value

N 3 25
Sex (M/F) 15/19 16/9 0.13
Age (years) 65.0(57.0-71.0)8.5 64.0 (62.0 - 69.0) 0.65
Diabetes duration (years) 8.5(3.0-11.0) 2.0 (1.0-6.0) 0.003
HbAlc (%) 6.8+1.2 6.1 £0.6 0.013
Fasting C-peptide (nmol/T) 0.92(0.70=1.26) 09T (0.7T=T.25) 0.90
Glycemic variability
MAGE (mmol/l) 5.7+1.8 3.6+£1.9 <0.001
MMT-derived parameters
Fasting glucose (nmol/1) 8.1(7.4-11.5) 7.0(6.0-7.8) <(0.001
Incremental glucose peak (mmol/l) 4.2(3.3-4.8) 24(1.6-3.2) <0.001
TAUCGlucose (mmol ¢ I"" o 150 min™) 254.5 (187.0-305.0)  117.5(54.5 - 156.5) <0.001
Fasting plasma insulin (nmol/l) 0.11 (0.07 - 0.14) 0.10(0.09 - 0.13) 0.77
Incremental insulin peak (mmol/l) 0.55(0.27 - 0.81) 0.67 (0.45 - 0.80) 0.62
TAUC jpsutin (mmol o 1" e 150 min™) 38.0(25.0-42.9) 438 (21.5 -44.9) 0.06
Fasting B-cell function (lU’ghnin) 7.1 (4.9 -8.8) 90(8.1-11.1) 0.005
Postprandial (10™*/min) 27.4 (15.7-46.3) 71.4 (50.4 - 108.8) <0.001
Insulin sensitivity
HOMA-S (%) 446+ 17.1 53.0+ 131 0.045

Kohnert KD et al. Diabetes Care 2009




Glycemic Variability Strongly Correlates with Postprandial B-cell
Dysfunction in a Segment of Type 2 Diabetic Patients Using Oral
Hypoglycemic Agents
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e Evidence for use of professional CGM & real-time
CGM (FGM) in T2D



108 patients with T2DM wore a continuous glucose monitoring system (CGMS) for 5 days

50% had at least 1 hypoglycemic episode (mean 1.74 episodes/patient/ 5 days of CGMS).
75% of those patients experienced at least 1 asymptomatic hypoglycemic episode.

Hypoglycemia was more frequent in individuals on insulin (alone or in combination) (P =.02)
and those on oral hypoglycemic agents (P < .001) compared to noninsulin secretagogues.

CGMS analysis resulted in treatment modifications in 64% of the patients.



DMJ 2014

Insulin user Non-insulin user

72h CGM in 65 patients with T2D

37% experienced the hypoglycemia events during 3day-CGMS (33% in OHA, 45% in insulin user
60% of insulin user changed treatment regimens

80% of non-insulin user changed treatment regimens



7.9

p=0.001

7.9

7.4

p=0.01

7.7

7.3

DMJ 2014



Improving HbAlc in T2DM using
retrospective CGM




Aim of study: To examine intermittent r-CGM use (up to 14 days every
three months) in T2D in general practice (GP)

Methods and analysis: General Practice Optimising Structured
MOnitoring To achieve Improved Clinical Outcomes is a two-arm RCT
asking ‘does intermittent r-CGM in adults with T2D in primary care
improve HbA1c?

Primary outcome Absolute difference in mean HbA1c at 12months
follow-up between intervention and control arms.

Secondary outcomes: (a) -CGM percent time in target (4-10mmol/L)
range, at baseline and 12 months;
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Flash glucose monitoring (FGM): no need of calibration with
fingerstick glucose, but still provides trend arrows

FreeStyle Libre (Abbott)

FreeStyle Libre Pro: retrospective
FreeStyle Libre: real-time

“Why prick when you can scan?”
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Differences between real-time CGM and FGM

Real-time CGM FGM

No

Dexcom G5

Heinemann et al., JDST 2015



Reduced glycemic variability and hypoglycemia by
FGM in insulin-treated type 2 diabetes without BGM

Diab Ther 2017

Open label RCT, 26 European Diabetes Center

Aged > 18 years with T2D treated with insulin for at least 6months
and on their current regimen (MDI or CSIlI therapy) for 3 months
or more, an HbAlc level (7.5-12.0%), SMBG testing (=10/week)
Following 2 weeks of blinded sensor wear, (intervention/control)
randomization (149:75) (FGM/SMBG)

6m follow-up, 2weeks FGM vs. blinded FGM & SMBG



FGM reduced GV, time spent and events of hypoglycemia
without increase in HbAlc in T2DM with MDI or pump




FGM increase patient satisfaction in T2DM
with MDI or insulin pump

Total treatment satisfaction score
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e Evidence for use of real-time CGM, SAP-LGS, Hybrid-
CLin T1D
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Reduced hypoglycemia by FGM in type 1 diabetes
without impaired awareness of hypoglycemia

THE LANCET

RCT at 23 European diabetes centers (n = 328)

Inclusion criteria: Adults with well-controlled T1D (HbAlc <7.5%), regular
SMBG (=3 times a day) for 2 months, insulin pump user

Exclusion criteria: hypoglycemic unawareness, recent DKA, recent use of
CGM or sensor-augmented pump

Bolinder J et al., Lancet 2016



FGM in type 1 diabetes without impaired awareness
of hypoglycemia: intervention in the RCT

* Intervention (6 months)
Randomization

Intervention group

Unblinded use of FreeStyle Libre

. . Full feature of FreeStyle Libre including trend arrow
Run-in pe”Od Factory-calibrated, 14 day sensor
allowed to stop fingerstick SMBG

PAVEELS)

FreeStyle Libre Control group

locked into Fingerstick SMBG

masked mode Masked use of FreeStyle Libre (14 days at Month 3, 6;
similar way to professional CGM)

(similar to professional
CGM)
*  Primary outcome: change in time spent in hypoglycemia (<70mg/dL) for the 14

days preceding the end of the 6 month study period

0 Bolinder J et al., Lancet 2016



FGM reduced time spent and events of hypoglycemia
and GV without increase in HbAlc

Primary outcome
achieved without
expense of
increase in HbA1lc

38% decrease in

+ +
Lirnic JPCIIL mni

hvnoglvcemia
(also with decrease
in event number)

Highest
scanning
frequency in
the evening

~ -

Significant >3 times increase in daily self-monitoring

reduction in of glucose control (>15 vs ~5 times)
both event

number of and

time spent in

nocturnal

hypoglycemia
31

Rapid replacement of fingerstick SMBG by scanning

Bolinder J et al., Lancet 2016



Poorly controlled (A1C > 7.5%) T1D with insulin pen

0.6%

Beck RW et al. JAMA 2017



Beck RW et al. JAMA 2017
Poorly controlled (A1C > 7.5%) T1D with insulin pen




en - . IANMA 2017
Sweden, Poorly controlled T1D with insulin pen (A1C >7.5%)

0.43%



. IAMA 2017
Sweden, Poorly controlled T1D with insulin pen (A1C >7.5%)




. IAMA 2017
Sweden, Poorly controlled T1D with insulin pen (A1C >7.5%)

Hypog iyomemita < gL



e )
Run-in period SMBG phase
(6weeks) \ ) (16 weeks)
) Real-time
. Re-educa.tlon ‘ CGMS ‘ Professional
at screening Randomization _ Wash-out CGMS
 Baseline CGM  °f sequence (Paradigm Veo | 12 weeks . .
system; full *iPro2 monitor
data feature including « Enlite sensor (in
glucose level, masked mode)
trend arrow, and
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Real-time CGM in type 1 diabetes with impaired
awareness of hypoglycemia: IN CONTROL study

(CSII & MDI)

Randomized, open-label, crossover trial at two centers
Eligibility criteria
— Type 1 diabetes with impaired awareness of hypoglycemia (Gold score 24),
— Either CSIl or MDI, >3 SMBG/day

Primary outcome: mean difference in % time spent in normoglycemia (72-
180mg/dL) over the total intervention periods

Intervention (either sequence of CGM-SMBG phases or SMBG-CGM phase)

\ hypo alarm) ) \ j

Beers CA et al., Lancet Diabetes Endocrinol. 2016



IN CONTROL study: RT-CGM increased time spent in
normoglycemia, reduced hypoglycemia and GV by RT-CGM

Reduction in CGM-measured
hypoglycemia

Reduction in severe hypoglycemia

Beers CA et al., Lancet Diabetes Endocrinol. 2016
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Real-time CGM in type 1 diabetes with
impaired awareness of hypoglycemia :
HypoDE study (Insulin pen user)

a multicenter, open-label, parallel, RCT with a 6-month study (n=150)

Inclusion criteria: TAIDM with problematic hypoglycemia or impaired unawareness
MDI user, A1C<=9.0%

3 rtCGM training sessions

Lancet 2018; 391: 1367-77



Real-time CGM in type 1 diabetes with impaired

awareness of hypoglycemia (insulin pen user):
HypoDE study -> Level 2 hypoglycemia (<54 mg/dL)

SMBG rtCGMm

Lancet 2018; 391: 1367-77




JDRF CGM study. NEJM 2008




Real-time CGM as a standard therapy

CGM should be considered in conjunction with A1C for
glycemic status assessment and therapy adjustment in
1) all patients with T1D & 2) patients with T2D
treated with intensive insulin therapy who are not
achieving glucose targets, especially if the patient is
experiencing problematic hypoglycemia

CGM data should be used to assess hypoglycemia and
glucose variabllity.
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Sensor-augmented insulin pump (SAP) with
predictive low glucose suspension (LGS)

Low glucose
suspend
(Medtronic
Minimed 530G)

* Minimed 630G suspends
insulin delivery if
hypoglycemia is predicted to
occur within 30 minutes.

« FDA approval; Aug 10, 2016

M ENGL ) MED359:3 NE|M.ORG _jLJLY1S, 2013 (also ||Censed In Koreal
Minimed 640G)

Minimed 530G suspends insulin delivery once
hypoglycemia is reached.



FDA approval of the first hybrid closed-loop (2016)
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(Hybrid CL)

“Hybrid CL”
— Closed-loop basal insulin

control plus bolus calculator
— Requires input of
carbohydrate estimates by
patient
— Requires periodical
calibration of sensor by
fingerstick SMBG

New Enlite 3 sensor

— Much better than the
current Medtronic Enlite
sensor (MARD 10.3%;
Abbott FreeStyle Libre ~11%,
Dexcom G5 ~9%)

The insulin pump has
built-in control algorithm.

— Not requiring smartphone
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Medtronic Minimed 670G: clinical outcomes

(non-randomized study for safety evaluation)

e Patients: Type 1 Diabetes >2 years,
insulin pump >6 months, A1C<10%

e Study purpose: to evaluate safety

* Run-in period without automated
features for 2 weeks, then 3 months
study period (initial 6 day; data
collection for the algorithm)

e Results (run-in vs study period)

— A 0.5% reduction in A1C (7.4% > 6.9%)

— A 44% reduction in time spent with
hypoglycemia (<70 mg/dl)
— An 11% decline in time spent over 180

mg/dl and an 8% improvement in time-
in-range (71-180 mg/dl)

few serious or device-
related adverse events

JAMA

Published online September 15, 2016




Age 25-70

MiniMed 670G




Age 12-24

MiniMed 670G




Hybrid CL-LGS vs. SAP

Lancet 2018



Hybrid CL-LGS vs. SAP

Lancet 2018

<70 mg/dL

>180 mg/dL




Proposed treatment algorithm for patients with
T1D with problematic hypoglycemia (ADA)

Current best Evaluate Underlying Causes (Table 1) and Status Against Treatment Targets

Advance Therapy If Not To Target
[No SH In Past 3-6 Months AND HbA1c <8.0% And Clarke Score <4]
Consider First Line

= Structured Education or Hypoglycemia-Specific
SAP (with for MDI with SMBG Education
Reassess

low glucose
g Every Consider Second Line

Months

Hybrid CL-LGS

medical care of
problematic
hypoglycemia

Consider Third Line

SAP without LGS and/ Very Frequent Contact
| sapwithics R  (Weekiyfor3-4 Mons

Consider Fourth Line

Islet Transplant or Pancreas Transplant

- Level I to Il Evidence - Level Il to IV Evidence

American Diabetes Association clinical recommendation; Diabetes Care 2015



Summaries

Absolute GV indices (SD, MAGE & MODD) are
correlated with mean glucose but relative GV (CV) is
not

Relative GV (CV) is associated with hypoglycemic risk
Decreased [3-cell function increases GV

Professional CGM can be effective to reduce A1C in
T2D and FGM reduce GV and hypoglycemia in insulin-
treated T2D patients

FGM, real-time CGM, SAP-LGS and Hybrid-CL are
effective to reduce GV, A1C and hypoglycemia in
patients with T1D

Stepwise approach is needed for T1D patients with
problematic hypoglycemia



