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Tight Glucose Control;
The Big Question

v CVA/Microvasc.

\ N egative Effects

-Hypoglycemia

-Wt gain

-Time and Cost
-Increased Mortailty




Intensive Diabetes Therapy :
Reduced Incidence of Complication

DCCT Kumamoto UKPDS
HbA1C 9 — 7.2% 9—7% 8—7%

Retinopathy 63% 69% 17% to 21%
Nephropathy 54% 70% 24% to 33%

Neuropathy 60% Improved -

Cardiovascular NS - 16%
disease

Diabetes Control and Complication Trial (DCCT) Research Group.N Eng J med.1993:329:977-986
Ohkubo Y et al. Diabetes Res Clin Proct.1995:28:130-117
UK Prospective Diabetes Study (UKPDS) Group.Lancet 1993:352-837-853.

Slide modified from D.Kandail-International Diabetes Center,Minneapolis




Complications Risk in Diabetes:
The Impact of Intensive Glycemic Control

What is the impact of
intensive glucose control
on CVD risk?
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Hemoglobin A1C 6 10 11 12
Avg Glucose 120 150 180 210 240 270 300

Adapted from: Skyler JS. Endocrinol Metab Clin North Am 1996 25(2):243-54. DCCT Study Group. N Engl J
Med 1993;329:977-86. UKPDS 35 Stratton IM et al. BMJ 2000:321:405-12.




Survival as a function of HbAlc in people with
type 2 diabetes: a retrospective cohort study
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Metformin plus SU Insulin based
regimen

Lancet 2010; 375: 481-89




Recent Clinical Trials on The Management
of Cardiovascular Disease in Diabetes

« ACCORD
« ADVANCE

« VADT




DCCT: intensive control reduces
complications in type 1 diabetes

Conventional versus intensive
insulin therapy (n = 1,441)

Conventional treatment (n
= 730)

\ P < 0.001

N\

Intensive treatment
GENARD)

40

Reduction (%)

60

0 1 2 3 4 5 6 7 8 9 80
& ear of study

*Subdivided to primary and secondary prevention of retinopathy. Age 27 years, HbA,. 8.8%.
Insulin dose (U/kg/d) 0.62 (primary), 0.71 (secondary).

DCCT Research Group. N Eng/ J Med 1993; 329:977-986.




DCCT/EDIC: long-term follow-up

Glucose
Conventional treatment similar

BUT CV

/\ events
still higher

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 Years
DCCT (intervention period) EDIC (observational follow-up)
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DCCT (intervention period) EDIC (observational follow-up)

(Wi
O o
o ©
O o
C X
g9
_ =0
QNS
E_—-0
o= ¢
>_

‘= @© O
BFE
D“I—_(:
Ecw
5 0 0
O co

DCCT Research Group. N Eng/ J Med 1993; 329:977-986.

Nathan DM, et al. N Engl/ J Med 2005; 353:2643-2653.
Copyright Massachusetts Medical Society.

*x|ntensive vs conventional
treatment.
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Glycemic Control and CVD : In young
or early stage of diabetes

DCCT: Possible CVD benefit in "young” type
1 DM, with large A1C separation to 7-CVD benefit is

UKPDS-possible benefit in with long
term follow up.

Evidence for -perhaps indicating
benefits of good glycemic control in earlier stages of
diabetes/Vascular health

Raises possibility also of
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Gaede P, et al. N Engl J Med 2003; 348:383—-393.
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<175 mg/dl < 150 mg/dl < 130 mm Hg < 80 mmHg
(4.5 mmol/l) (1.7 mmol/l)

Adapted from Gaede P, et al. N Engl/ J Med 2003; 348:383—-393.




Recent Clinical Trials on The Management
of Cardiovascular Disease in Diabetes

» DCCT/EDIC
« UKPDS
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Comparison of Recent Glycemia Trials
ACCORD, ADVANCE and VADT

Characteristic | ACCORD | ADVANCE |  VADT

N

1,791

Duration of T2DM 10 yr 8 yr 11.5 yr

History of CVD 35% 40%

Baseline A1C 8.3% 9.4%

ACCORD Study Group. N Eng/ J Med 2008;358:2545-59.
ADVANCE Collaborative Group. N Eng/ J Med 2008,;358:2560-72.
Duckworth W et al. N Engl J Med 2009;360:129-39.




Comparison of Recent Glycemia Trials
ACCORD, ADVANCE and VADT

Characteristic \

N

ACCORD
10,251

‘ ADVANCE
11,140

1,791

Mean Age

62

66

60.4

Duration of T2DM

10 yr

8 yr

11.5 yr

History of CVD

35%

32%

40%

32

28

31

Baseline A1C

8.3%

7.5%

9.4%

A1C Achieved

RRR CVD
Events

RRR Mortality 0.93 (0.83-1.06) 1.07 (0.80-1.42)

6.4% vs. 7.5%

0.90 (0.78-1.04

6.5% vs. 7.3%

0.94 (0.84-1.06)

ACCORD Study Group. N Eng/ J Med 2008;358:2545-59.
ADVANCE Collaborative Group. N Eng/ J Med 2008,358:2560-72.
Duckworth W et al. N Engl J Med 2009,360:129-39.

6.9% vs. 8.4%

0.88 (0.74-1.05)

4




Impact of Intensive Therapy for Diabetes:
Summary of Major Clinical Trials

Study Microvascular | Macrovascular Mortality

UKPDS
(Type 2)
DCCT/EDIC
(Type 1)
ACCORD
(Type 2)
ADVANCE
(Type 2)
VADT
(Type 2) |

%jrospective Diabetes Study (UKPDS) Group. Lancet 1998;352:854-65. Holman RR. N

J Med 2008;9;359(15):1577-89. DCCT Research Group. N Eng/ J Med 1993;329;977-86.
Nathan DM et al. N Eng/ J Med 2005:353:2643-53. Gerstein HC et al. N Eng/ J Med Long_term
2008;358:2545-59. Patel A et al. N Eng/ J Med 2008;358:2560-72. Duckworth W et al. N

Engl J Med 2009;360:129-39. Follow—up
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ACCORD

The N EW ENGLAN D
JOURNAL of MEDICIN E

ESTABLISHED IN 1812 JUNE 12, 2008 VOL. 358 NO. 24

Effects of Intensive Glucose Lowering in Type 2 Diabetes

The Action to Control Cardiovascular Risk in Diabetes Study Group™

Patients had established T2D and either established CVD
or additional CV risk factors

)
- Average Age : 62.2 yrs

- Median duration of Diabetes : 10 yrs
- Previous CV events : 35.6%
- HbA1c : 8.3%
- Study evaluated effects of intensive vs standard control
of glycemia, lipids, and BP
- Primary Endpoint : MACE (non-fatal Ml/stroke, CV death)
N Engl J Med 2008;358:2545-59




ACCORD

A Primary Outcome B Death from Any Cause
254 254
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Years
No. at Risk ] é
Standard 5109 4774 4588 3lse 1744 455 436

Years Years

No. at Risk No. at Risk

. A " S Intensive therapy 5128 4843 4350 2839 1337 7 Intensive therapy 5128 72 4803 3250 1748 523 506
Figure 1. Median Glycated Hemoglobin Levels at Each Study Visit. Standard therapy 5123 4827 4262 2702 1186 Standard theraE: 5123 . 4700 3180 1642 499 480

4768 4585 3165 1706 476 471

Higher incidence of deaths in the intensive treatment group (HbA1c <6.0%) vs the
standard treatment group (HbA1c 7.0% to 7.9%)?

Intensive Standard
glycaemic control glycaemic control
(HbA,. <6.0%) (HbA,. 7.0-7.9%) | Difference

Average duration of treatment ~4 years. Intensive glycaemic control arm stopped 18 months early by
DSMB and patients switched to standard glycaemic control

N Engl J Med 2008;358:2545-59




Epidemiologic Relationships Between A1C
and All-cause Mortality in the ACCORD Trial

Adjusted Relationships
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Riddle M et a/. Late Breaking Clinical Trials. ADA Annual Scientific Sessions 2009. New
Orleans LA. Diabetes Care 2010;33(5):983-90.




A1C and Mortality in ACCORD

e Summary

— A 1% greater ~A1C associated with a 22% increase in
annual mortality

— Similar to the 14% increase in mortality with a 1%
higher A1C in UKPDS

— With the intensive treatment strategy there was a
strong relationship between higher average A1C and
greater mortality

« 66% greater for 1% higher average A1C(p<0.0001)
« These analyses

Riddle M et al. Late Breaking Clinical Trials. ADA Annual Scientific Sessions 2009. New
Orleans LA. Diabetes Care 2010;33(5):983-90.




ADVANCE

The WEW ENGLAND JOURMAL of MEDICINMNE

ORIGINAL ARTICLE

Intensive Blood Glucose Control and Vascular
Outcomes 1n Patients with Type 2 Diabetes

The ADVANCE Collaborative Group™

Evaluated intensive ( vs standard (mean 7.3%) glycemic control
on a composite endpoint of : major macrovascular events
(CV death, nonfatal myocardial infarction, or nonfatal stroke) and
major microvascular events (new or worsening nephropathy or retinopathy)
- N = 11,140, projected median follow-up of 5.0 years
- Average Age : 66 yrs
- Median duration of Diabetes : 8.0 yrs
- History of major macrovascular disease : 32.2 %
- HbA1c : 7.51%

N Engl J Med 2008;358:2560-72




ADVANCE

q Combined Major Macrovascular and Microvascular Events I B| Major Macrovascular Events
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Cumulative Incidence (%)
Cumulative Incidence (%)

T T T T T T T T T T T T
30 36 42 43 54 60 66 24 30 36 42 48 54 &0 66

Months of Fellow-up Months of Follow-up

No. at Risk Mo. at Risk
Intensive 5570 5457 5369 5256 5100 4957 4867 4756 4599 4044 1883 447 Intensive 5570 5404 5428 5338 5256 5176 5097 5005 4927 4306 2071 486
Standard 5569 5448 5342 5240 5065 4903 4308 4703 4545 3992 1921 470 Standard 5569 5436 5413 5330 5237 5163 5034 4095 4922 4385 2108 509

CI Major Microvascular Events I D | Death from Any Cause

259 25+

Standard
contral

pan

Standard
control

e

Intensive
control

Intensive
control

Cumulative Incidence (%)
Cumulative Incidence (%)

T T T T T T
24 30 36 42 48 54 60 66

Menths of Follow-up Months of Follow-up

No. at Risk Mo. at Risk
Intensive 5571 5495 5430 5358 5233 5120 5055 4965 4524 4258 1992 473 Intensive 5571 5533 5490 5444 5411 5361 5312 5246 5189 4653 2211 523
Standard 5569 5498 5431 5353 5207 5060 49035 4011 4764 4204 2024 404 Standard 5569 5537 5503 5445 5390 5354 5301 5237 5178 4643 2240 544

N Engl J Med 2008;358:2560-72




VADT (Veterans Affairs Diabetes Trial)

of MEDICINE

Glucose Control and Vascular Complications
in Veterans with Type 2 Diabetes

N =1792, follow-up of 5 to 7 years
- Average Age : 60.3 yrs

-More than 40% of participants had prior CV events, 80% had hypertension,
50% had lipid abnormalities, and majority were obese
- Previously uncontrolled on insulin or maximum doses of one or more OADs

XS 0= 6.9%, EEXNES 20 A= 8.4%

N Engl J Med 2009;360:129-39




A Primary Outcome

Standard therapy 1.0 —

S

0-8+ - Intensive therapy

0.6 Standard t[wera;y'

0.4+

Glycated Hemoglobin (%)

Probability of Survival

0.2

% 42 7 7 0.0 T
Meonths 0 4

No. at Risk
Standard therapy 899 811 812 759 760 727 727 707 683 667 644 7 329 225 Years

Intensive therapy 892 801 805 763 754 729 706 692 668 661 639 340 223

No. at Risk
Standard therapy 899 770 637 570 471 240 55
Intensive therapy 892 774 707 639 532 510 252 62

Figure 2. Changes in Median Glycated Hemoglobin Levels from Baseline through 78 Months.

The vertical bars represent interquartile ranges.

« The primary result did not show that intensive
blood sugar control (HbAlc levels below 7%) had a
statistically significant effect on reducing major CV
events associated with diabetes




VADT: Relationship of DM
duration with CVD Outcome

(post hoc analysis)

e

i 15 1E
DM Duration




Predictions from VADT: impact
of

Before entering VADT After entering VADT
intensive treatment arm intensive treatment arm

Generation of a Drives risk of

‘bad g!ycemic _ - '\ complications
legacy —~

4 5 6 7 8 9 10 11 12 13 14 15 16 17
Time since diagnosis (years)

Del Prato S. Diabetologia 2009; 52:1219-1226.

Reproduced with kind permission of Springer Science and Business Media.




Hypoglycemic Episodes

Variable

Standard Intensive
Therapy(N=899) Therapy(N=892)

No./100 patient-yr

Episodes with impaired
consciousness

9

Episodes with complete loss of
consciousness

Nocturnal episodes

Total episodes

With symptoms

Without symptoms

Relieved by food or sugar intake

Measurement of blood glucose
during episodes

With documented blood
glucose<50mg/dl (2.8mmol/liter)




Predictors of CV Death

Hazard ratio
(HR Lower CL, HR Upper CL)

- p———] A (042 (1.449,11.276)
HOA1C o4 1.213 (1.038,1.417)

HOL re 0.699 (0.536,0.910)

Age H 2.090 (1.518,2.877)

Prior event A 3.116(1.744, 5.567)




A Broader View of CVD and Diabetes:
Implications of ACCORD, ADVANCE, UKPDS and VADT

Intensive glucose control and macrovascular outcomes in type 2 diabetes

Number of events
(annual event rate, %)

More Less AHbA1c | Favours | Favours Hazard
Trials More loes otio

intensive intensive (%) intensive || intensive (95% CI)

Major cardiovascular events

*

0.90 (0.78 -
1.04)

vaor RIS 0s0070-
Overall

0.99)

Q=1.32,
p=0.72, 2=0.0%

0.91(0.84 -
Turnbull FM et al. Diabetologia, published on line August 2009.




Summary of Glucose Lowing Effects on
CVD by Baseline DM Stage or Vascular Age

Early Dz Mid-stage Dz Late Dz
UDGP NO*
VA Feasibility NO
DCCT Yes, delayed
UKPDS Yes, delayed
Advance NO
ACCORD possibly
VADT possibly NO
DIGAMI-1 possibly ?
Euro Heart S NO

Yes—Reduced CVA, No—No benefit or *increased; UGDP increase CVD in
tolbulamide




Optimal HbA1C is an
Individualized Goal

General Goal HbA1C<7%

1. Risk for/from ]
hypoglycemic

2. Low benefit of lower
HbA1C(e.g,very
elderly)

3. Difficult to control

4. Increased vascular
age(e.g.,prior CVD +
athero,long duration
of DM

None True [— HbA1C<6.5-7%

One True |— HbbA1C<7.5%

Two + True HbA1C<7.5-8%

Modified from Eldor and Raz, diabetic studies 2009
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Intensive Glycemic Control and the Prevention of Cardiovascular Disease
in Type 2 Diabetes Mellitus: A Review and Consensus

Korean Endocrine Society, Korean Diabetes Association
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