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Cardiovascular treatment in 
patients with diabetes

Limitation with available information

Retrospective data
Subgroup analysis
Diabetes not well defined
Poorly described glucose lowering
treatment
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n = 43 343   Diabetes ~ 4 300 (10%)

Diabetes No diabetes

20

10

0

Control
Thrombolysis

NNT
(FTT Collaboration Group Lancet 1994;31)

Thrombolysis in the diabetic MI patient
From fibrinolytic therapy trialists

5 weeks mort (%)

27 67



Prof Klas Malmberg, MD, PhD, FESCProf Klas Malmberg, MD, PhD, FESC

Thrombolysis in the diabetic patient

GUSTO I
n = 40 000   Diabetes ~ 6 000 (15%)

Bleeding

Extraocular 1 10

Intraocular 0 1

Diabetics Non-diabetics

(Mahaffey et al JACC 1997;30:1606)
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Effect of anti platelet agents on CVD events
in high risk patients: Meta analysis

(Antiplatelets Trialists Collaboration BMJ1994;305:81-106)
26 28
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16.5 12.9

11.7 7.9

12.0 8.3

13.8 9.8

21.7 9.6

11.2 8.7

13.5 8.5

12.3 8.9

Diabetes 504

No Diabetes 2154

PCI in 1st Hosp. 1730

PCI After 1st Hosp. 928

H/O CABG 332

No H/O CABG 2326

PCI ≤ 72 h Rand 544
PCI > 72 h Rand 2114

ClopidPlac2N

Clopidogrel better Placebo better

0.2 1.21.00.80.60.4

Relative Risk

(Mehta SR et al. Lancet 2001:358:527-33)

PCI CV death or MI from randomization to end
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Betablockade in patient with 
diabetes and CHD

Deteriorates glucose control

Masks hypoglaemic symptoms

Prolongs hypoglycaemia
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Diabetic patients  - All studies

BHAT 22/236 33/229 0.61 

BIP 71/911 254/1812 0.55

Göteborg Metoprolol 4/53 12/67 0.41 

ISIS-1 29/463 40/495 0.76

Kjekshus 13/127 33/141 0.40

MIAMI-Trial 11/192 25/221 0.50

Norwegian Timolol 6/53 14/46 0.31

Total 156/2035 491/3011 0.55 [0.46-0.66]

Chi-square 4.57  Z=6.50

Study T C OR OR
n/N n/N  (95%CI) 

Favours treatment Favours Control.1 0.2 1 5 10

(Malmberg, data on file)
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n = 18 000   Diabetes ~ 2 700 (15%)
Six months mortality

GISSI 3

Diabetes No diabetes

%

Control

Lisinopril

20

15

10

5

0

ACE-Inhibitors in diabetic patients with acute 
myocardial Infarction

(Zuanetti et al Circulation 1997;96:4239)
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CV Death - Ramipril vs Placebo - DM

0

0.02

0.04

0.06

0.08

0.10

0.12
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Days of Follow-up

Kaplan-Meier Rates

Ramipril Placebo

RR: 0.63 (0.49-0.79)
p=0.0001

(HOPE Study investigators Lancet 2000;355:253)
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Cholesterol lowering in the diabetic patient
4S

n = 4 444   Diabetes  202 (5%)

1.00

0.90

0.80

0.70

0.60

0.50

Diabetes + Simvastatin

Diabetes + Placebo

No diabetes + Simvastatin

No diabetes + Placebo
p=0.002

p=0.002

Free of major CHD-event

0
Follow-up (years) (Pyörölä et al Diabetes Care 1997;20:614)

1 5 642 3
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CARE
Lipid lowering in diabetes

Non-Diabetic by History Diabetic by History

Placebo

Pravastatin

45
40
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30
25
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5
0

0 11 2 3 4 5

Percent with Event

Relative Risk = 0.77
p < 0.001

Follow-up time (years)

Placebo

Pravastatin

45
40
35
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25
20
15
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5
0

Follow-up time (years)

Percent with Event

(Goldberg R et al, Circulation 1998;98:2513-2519)

Relative Risk = 0.75
p < 0.05

0 1 2 3 4 5
Follow-up time (years)
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Lipid lowering in diabetes
LIPIDS

Non diabetics 25 (15-33)

Diabetics 19 (-10-41)

RR (%) 95%CI

(N Engl J Med 1998;339:1349-1357)
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Vascular events by prior disease

Risk ratio and 95% CIStatin PlaceboBaseline
feature (10269) (10267) Statin better Statin worse

Previous MI 1007 1255
Other CHD (not MI) 452 597
No prior CHD

CVD 182 215
PVD 332 427
Diabetes 279 369

ALL PATIENTS 2042 2606
(19.9%) (25.4%)

24% SE 2.6
Reduction
(2P<0.00001)

0.4 0.6 0.8 1.0 1.2 1.4

28%

(HPS Collaborative group. Lancet 2003; 361: 2005–16)
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ESC/EASD Pocket Guidelines
Diabetes, prediabetes and cardiovascular disease

Recommended treatment targets
for patients with diabetes and CAD
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ESC/EASD Pocket Guidelines
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Effect of treatment

Glucose reduction

Cardiac metabolic support
- The GIK story
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DIGAMI 1 – Metabolic control
HbA1c
All patients

-1.5
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0
3 months 12 months

HbA c Reduction1

p<0.001

p<0.01

p<0.05

p<0.05
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p<0.01

p<0.05

p<0.01
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DIGAMI 1 – Mortality
All patients

RR = 0.72 [0.92-0.55] p = 0.011
Absolute reduction 11%

Control

Infusion

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
0                       1                       2               3                       4                      5

Years

Death rate

Mean follow-up 3.4 years (1.6-5.6)

(Malmberg for DIGAMI study group Brit Med J 1997, 314:1512)

Control

Infusion

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
0                     1                     2                   3                     4                     5

Years

RR = 0.49 [0.81-0.30] p = 0.0040
Absolute reduction 15%

Mean follow-up 3.4 years (1.6-5.6)
n = 272

Death rate

(Malmberg for DIGAMI study group Brit Med J 1997, 314:1512)

Stratum 1
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DIGAMI 2
Study outline and objectives
Confirm DIGAMI 1
Infusion or long-term insulin important?

Inclusion criteria
Suspect MI +
Type 2 diabetes or
B-glucose >11 mmol/L

Stratification
CV-risk
Prev. insulin

R

Group 1
Insulin-Glucose infusion
followed by multidose subcutaneous insulin 

Insulin-Glucose
followed by conventional treatment

Group 2

Group 3
conventional treatment only

Study protocol Patients no
1 253

474   (38%)

473   (38%)

306   (24%)Follow up
1.9 ±1.0 years

(Malmberg et al Europ Heart J 2005;26:650)
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DIGAMI 2
Blood glucose first 24 hours

Treatment

1. Insulin glucose infusion plus insulin

2. Insulin glucose plus conventional treatment
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Hours since randomization
0 -< 1 1 -< 2 2 -< 4 4 -< 8 8 -< 12 12 -< 16 16 -< 20 20 -< 24

DIGAMI 7.1mmol/l

DIGAMI 
15.4mmol/l

DIGAMI 9.6mmol/l

(Malmberg et al data on file)
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Group 1

Group 2

Group 3

mmol/L

Baseline 24 h 3 6 12 18 24 30 36 months
0
2
4
6
8

10
12
14
16
18
20

No Group 1 469 454 329 313 295 228 197 144 114
Group 2 469 452 331 320 304 219 195 151 108
Group 3 304 282 214 199 184 154 125 98 77

*

DIGAMI 2
Blood glucose levels by visit and treatment group

(Malmberg et al European Heart J 2005;26:650-661)
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Group 3 306 272 250 211 177 150 98

Number at risk
Group 1
Group 2

474 415 357 309 252 196 113
473 416 358 297 256 196 100

0

5

10

20

25

30
%

15

0.5 1.0 1.5 2.0 2.5 3.0 Years0

Group 1 vs Group 3
HR = 1.26 (0.92 - 1.72) p = 0.157
Adj. HR = 1.19 (0.86 - 1.64) p = 0.29

Group 1 vs Group 2
HR = 1.03 (0.79 -1.34) p = 0.832
Adj. HR 1.01 (0.77 - 1.32) p = 0.95

DIGAMI 2
Primary endpoints: death

All groups, ITT

Group 2
Group 1
Group 3

(Malmberg et al European Heart J 2005;26:650-661)
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DIGAMI 2
Independent baseline predictors for death including 

updated fasting glucose values

S-Creatinine (40 mmol/L)

Previous CHF

Previous MI

Smoking

Gender (Male = 1)

Diabetes duration (one year)

Age (ten years)

Updated FBG (3mmol/L)

0.5 1 3

HR p

1.20 <0.001

2.14 <0.001

1.00 0.64

0.89 0.40

1.14 0.48

1.18 0.26

1.71 <0.001

1.13 <0.001

2
Log scale
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Diabetes Care 29:765–770, 2006

Acute study, 24 h with DIGAMI inclusion criteria

Target glucose level <10 mmol/l

Power calculation: Estimated 1-year mortality 25%, 850 pat.

Patients inclusion prematurely stopped n = 240, 6-mo mortality ≅ 7%

As in the DIGAMI 2 no difference in glucose control 

As in the DIGAMI 2 no difference in mortality



Prof Klas Malmberg, MD, PhD, FESCProf Klas Malmberg, MD, PhD, FESC

Diabetes Care 29:765–770, 2006

However: Glucose levels during 24 h predicted mortality
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Effect of treatment

Glucose reduction

Cardiac metabolic support
- The GIK story
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Glucose-insulin-potassium in myocardial infarction
Metaanalysis of hospital mortality in placebo controlled studies

(Fath-Ordoubadi et al Circulation 1997; 96:1152)

1977 Heng 27 8.3 0
1978 Stanley 110 7.3 16.4
1979 Rogers 134 6.5 12.3
1987 Satler 17 0 0
1965 Mittra 170 11.6 28.2
1967 Pilcher 102 13.9 29.3
1968 Pentecost 200 15.0 16.0
1968 MRC 968 21.4 23.6
1971 Hjermann 204 10.6 20.0

All Patients              1932 16.1 21.0

Year Study
Mortality (%)
GIK ControlNo

Odds Ratio (95% CI)  0.72 (0.57 - 0.90) 
One life saved for 20 treated

Odds Ratio (99% CI)

0 0.5 1 1.5 2
GIK Better Placebo Better

p=0.004
p=0.07

p=0.007
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Glucose-insulin-potassium in myocardial infarction
The ECLA pilot trial

Mortality in reperfused patients (n=262)

0.70

0.75

0.80

0.85

0.90

0.95

1.00

0 50 100 150 200 250 300 350

GIK high

GIK low

Control

RR 0.37
CI 0.14-1.0
p < 0.05

Days

(Diaz et al Circulation 1998;98: 2227)
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Glucose-insulin-potassium in myocardial infarction
The CREATE-ECLA study

Myocardial infarction
STEMI
n = 20 201

Infusion 24 hours
25 % glucose
Insulin 50 IU/L
80 mEq/L potassium

Rate 1.5 ml/kg/h

HR=1.03 (0.95-1.13) p=0.45

(CREATE-ECLA investigators JAMA 2005;293:437)
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What about hypoglycemia?
U-shaped relation blood
glucose and adverse
outcome in STEMI patients

Data derived from
TIMI-10A/B
LIMIT-AMI
OPUS-TIMI-16

n = 4 224
Blood glucose level

Non-Diabetic patients

Diabetic patients
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(Pinto et al J Am Coll Card 2005;46:179)



Prof Klas Malmberg, MD, PhD, FESCProf Klas Malmberg, MD, PhD, FESC

Hyper- and hypoglycaemia and 2 year mortality risk in 
diabetic patients with acute coronary events

Lowest blood glucose recorded during hospitalisation

≤3.0mmol/L/ ≤55 mg/dl
(n=44; 20 deaths)

1.93 (1.18-1.3.17)

Adjusted data for clinical characteristics

3.1-6.5 mmol/L/ 56-119 mg/dl
(n=364; 101 deaths)

Reference

≥6.6 mmol/L/ ≥120 mg/dl
(n=276; 107 deaths)

1.48 (1.09-1.99

-3.5         -2.5         -1.5         -0.5         0.5          1.5          2.5          3.5

(Svensson et al Europ Heart J 2005;  26:1255)
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Implementation of modern treatment
The Munich registry

In-hospital mortality

1999

%

16

29

No diabetes
Diabetes

2000

17

RR=44%, P=0.03

14

30

20

10

Schnell et al. Diabetes Care. 2004;27:455) 
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Management of cardiovascular diseases : ACS
What available evidence suggest

EBM-treatment is very effective and safe

Drugs and mechanical interventions

Metabolic support with high dose GIK has no role in the 
treatment of ST- elevation AMI

Hyperglycaemia is an important independent risk factor for 
future events following acute myocardial infarction

Diabetic patients should have an intensive glucose control 
after an AMI. Normalisation!?

Agents used for long-term glucose control may play an 
important role for future morbidity and mortality

New tools or regimens needed!
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