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Summary: 
 
Background: Few data are available regarding the long-term prognostic significance 
of admission glycaemia in non diabetic patients with acute myocardial infarction. 
Methods: We assessed the short- and long-term prognostic significance of 
admission blood glucose in a consecutive population of 1,604 non diabetic patients 
admitted to intensive care units in France in November 2000 for a recent (≤48 hours) 
myocardial infarction. Results: Compared with that of patients with admission 
glycaemia below the median value of 124 mg/dL (3.7%), in-hospital mortality rose 
gradually with each of the 3 upper sextiles of glycaemia: 6.5%, 12.5%, and 15.2%. 
Conversely, one-year survival decreased from 92.5% to 88%, 83%, and 75% 
(p<0.001). Admission glycaemia remained an independent predictor of in-hospital 
and one-year mortality after multivariate analyses accounting for potential 
confounders. Increased admission glycaemia also was a predictor of poor outcome in 
all clinical subsets studied: patients without heart failure on admission, younger and 
older patients, patients with or without reperfusion therapy, and patients with or 
without ST segment elevation. Conclusion:  In non diabetic patients, elevated 
admission blood glucose is a strong and independent predictor of both in-hospital 
and long-term mortality. 
 
Keywords: glycaemia, acute myocardial infarction, mortality, left ventricular failure.  
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The outcome of diabetic patients sustaining a myocardial infarction is poor, compared 
with that of non diabetic patients (1); in diabetic patients, glycemic control at the 
acute stage is an important determinant of outcomes (2, 3). The role of admission 
glycaemia in non diabetic patients with acute myocardial infarction, however, has 
been less extensively studied (4, 5). In particular, very limited data are available 
regarding the long-term prognostic influence of admission glycaemia in these patients 
(5). A recent review of several studies including diabetic and non diabetic patients, 
and using variable thresholds for defining stress hyperglycaemia, showed that 
patients with elevated levels of glycaemia on admission were at increased risk of in-
hospital death, irrespective of their diabetic status (6). A strong correlation between 
glycaemia and shock or development of heart failure has also been reported (7). 
However, the impact of admission glycaemia on in-hospital and long-term outcomes 
in different subsets of non diabetic patients, particularly those without evidence of 
heart failure on admission, remain poorly documented. The purpose of the present 
paper was to analyse the short- and long-term prognostic significance of admission 
glycaemia in a large registry of patients with myocardial infarction admitted to an 
intensive care unit in France in November 2000, permitting adequate subgroup 
analyses, with a specific focus on patients without heart failure. 
 

Population and methods 
 
The population and methods of the USIC 2000 registry have been described in detail 
elsewhere (8, 9). Briefly, the objective of the study was to gather complete and 
representative data on the management and outcome of patients admitted to 
intensive care units for definite acute  myocardial infarction (AMI) over a one-month 
period in France, irrespective of the type of institution to which the patients were 
admitted (i.e.: university hospitals, public hospitals or private clinics). Of the 443 
centres which treated patients with AMI at that time, 369 participated in the study 
(83 %). One physician responsible for the study was recruited in each centre and 
filled-in a case record form for each patient meeting the inclusion criteria and 
admitted to the Intensive Care Unit during the study recruitment period; the 
physicians in charge of the patients took care of them according to their usual 
practice and independently from the study. The methodology of this prospective 
registry was similar to that of a previous survey carried out in France, 5 years earlier 
(10), though more data were collected in the most recent registry. 

Patients 

All consecutive patients admitted to the participating centres from November the 1st 
through November the 30th 2000 were included in the registry if they had 1) elevated 
serum markers of myocardial necrosis higher than twice the upper limit of normal for 
CK, CK-MB or troponins and 2) either symptoms compatible with acute myocardial 
infarction for at least 30 minutes and/or electrocardiographic changes on at least 2 
contiguous leads with pathologic Q waves (at least 0.04 s) and/or persisting ST 
elevation or depression >0.1 mV.  The time from the beginning of symptoms to 
admission to the Intensive Care Unit had to be less than 48 hours. 
For the present analysis, all patients with glycaemia measured on admission, and 
who had no history of or treatment for diabetes mellitus at entry nor were diagnosed 
as diabetics during the hospital stay, were included. Of a total population of 2,320 
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patients, 1833 had no known or recognized diabetes mellitus. From this group, the 
level of admission glycaemia was recorded in 1604 patients (88%), who form the 
study population. 

Data collection 

The patients' cardiovascular history, their current medications at the time of 
admission,  their risk factors, their in-hospital clinical course, including maximal Killip 
class, as well as the initial diagnostic and therapeutic management were recorded for 
each patient. Furthermore, left ventricular ejection fraction, when assessed at any 
time during the first 5 days, was recorded.   

Statistical analysis 

We compared initial and outcome data according to sextiles of blood glucose levels 
at admission. However, as the baseline characteristics and outcomes in the patients 
in the first 3 sextiles were similar, the results presented here regroup all 3 first 
sextiles into a single category (i.e. those with admission glycaemia below the median 
value). All continuous variables are described as their mean values ± standard 
deviation. All categorical variables are described using absolute and relative 
frequency distributions. Comparisons between groups are made using one-way 
analysis of variance for continuous variables and chi square tests for discrete 
variables. Multiple logistic regression analysis was used to determine independent 
correlates of in-hospital mortality and Cox multivariate regression analysis was used 
for assessing predictors of one-year outcome. Variables with a p value of less than 
0.10 on univariate analyses were included in the models. Survival curves were 
generated using the Kaplan and Meier method and compared using log rank tests. 
For all tests a p value of < 0.05 was considered significant. 
 

Results 
 

Baseline characteristics 

Mean admission glycaemia was 137 ± 49 mg/dL and the median value for admission 
glycaemia was 124 mg/dL. The baseline characteristics of the population according 
to admission glycaemia are described in Table 1.  Patients with a higher level of 
admission glycaemia were older, more frequently women and were more likely to 
have signs of left ventricular failure on admission. They also had a higher prevalence 
of ST elevation myocardial infarction, concomitant with a higher rate of reperfusion 
therapy and they were more frequently admitted to hospital within 3 hours of 
symptom onset.  
 
Table 1 : Baseline characteristics, risk factors and medical history in patients without 
diabetes mellitus 
 
 Glycaemia  

≤ 124 mg/dL 
Glycaemia  
124-142 
mg/dL 

Glycaemia 
142-167 
mg/dL 

Glycaemia 
>167 
mg/dL 

P 
Value 

 N=796 N=275 N=264 N=269  
Age (years) 63 ± 15 64 ± 16 66 ± 14 67 ± 15 0.001 
BMI (Kg/m²) 26 ± 4 26 ± 4 26 ± 4 26 ± 4 NS 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.073791 on 9 D

ecem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


 5 

SBP (mm Hg) 132 ± 24 135 ± 28 134 ± 26 132 ± 31 NS 
DBP (mm Hg) 76 ± 14 78 ± 17 78 ± 16 76 ± 17 NS 
Heart rate (bpm) 76 ± 17 77 ± 18 79 ± 20 82 ± 22 0.001 
Glycaemia 
(mg/dL) 

106 ± 12 132 ± 5 153 ± 7 215 ± 7 0.001 

Sex (women) 174 (22%) 71 (26%) 59 (22%) 88 (33%) 0.004 
Hypertension 296 (37%) 120 (44%) 113 (43) 127 (47) 0.017 
Hyperlipidemia 325 (41%) 94 (35) 102 (39) 109 (41) NS 
Current smoking 306 (39%) 81 (30) 98 (37) 81 (30) 0.012 
Previous MI 123 (15.5) 41 (15) 43 (16) 51 (19) NS 
History of CHF 33 (4%) 17 (6) 17 (6.5) 28 (10.4) 0.002 
Previous stroke 21 (3%) 13 (5) 7 (3) 17 (6) 0.024 
Previous CABG 33 (4%) 9 (3) 7 (3) 11 (4) NS 
Previous PCI 77 (10%) 18 (7) 14 (5) 21 (8) NS 
PVD 63 (8%) 18 (7) 13 (5) 23 (9) NS 
History of renal 
insufficiency 

27 (3) 9 (3) 10 (4) 8 (3) NS 

ST elevation MI 637 (80%) 241 (88) 231 (87.5) 232 (86) 0.002 
Anterior MI 262 (33%) 93 (34) 108 (41) 16 (43) 0.006 
Admission Killip 
class I 

686 (87) 229 (83) 200 (76) 180 (67) 0.001 

Time to 
admission ≤ 3 
hours  

220 (27) 91 (33) 105 (40) 89 (33) 0.057 

Reperfusion 
therapy in STEMI   
- Thrombolysis  
- Primary PCI 

308 (48) 
 

169 (26.5) 
139 (22) 

136 (56) 
 

82 (34) 
54 (22) 

145 (63) 
 

96 (42) 
49 (21) 

129 (55) 
 

73 (31.5) 
56 (24) 

 
 

0.001 
NS 

 
 

In-hospital and one-year outcomes 

In-hospital complications were more common in patients with elevated admission 
glycaemia, and the increase in complication rates was linear in the 3 upper sextiles of 
the population (Table 2). In addition, in patients without cardiogenic shock on 
admission, more patients with elevated glycaemia subsequently developed 
cardiogenic shock (Table 2).  
Table 2: In-hospital complications in patients without diabetes mellitus 
 
 
 Glycaemia  

≤ 124 mg/dL 
Glycaemia  
124-142 
mg/dL 

Glycaemia 
142-167 
mg/dL 

Glycaemia 
>167 
mg/dL 

P 
Value 

      
5-day mortality 18 (2.3) 13 (4.7) 24 (9.1) 32 (11.9) 0.001 
Hospital mortality 27 (3.7) 18 (6.5) 33 (12.5) 41 (15.2) 0.001 
      
Atrial fibrillation 43 (5.5) 20 (7.3) 17 (6.5) 48 (17.8) 0.001 
Ventricular 11 (1.4) 7 (2.6) 17 (6.5) 18 (6.7) 0.001 
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fibrillation 
2nd-3rd degree 
atrio-ventricular 
block 

22 (2.8) 8 (2.9) 12 (4.6) 23 (8.6) 0.001 

Development of 
cardiogenic 
shock 

15 (1.9) 11 (4.0) 17 (6.4) 14 (5.2) 0.002 

Killip 
deterioration (≥ 2 
classes) 

25 (3.1) 9 (3.3) 17 (6.4) 20 (7.4) 0.007 

Stroke 2 (0.3) 2 (0.7) 3 (1.1) 2 (0.7) NS 
Left ventricular 
ejection fraction 
≤35% 

57 (8) 27 (11) 28 (12) 46 (20) 0.001 

 
More patients in the highest blood glucose sextile had an ejection fraction measured 
during the hospital stay ≤35%. In-hospital mortality was 3.7% in patients with 
admission glycaemia <124 mg/dL, compared with 6.5%  in patients in the 4th sextile, 
12.5% in those in the 5th sextile and 15.2% in those in the upper sextile of admission 
glycaemia (p<0.001).  One-year survival was 92.5% vs 88%, 83% and 75%, 
respectively (p<0.001) (Figure 1).  
 

Prognostic role of admission blood glucose level according to Killip 
class on admission 

A strong interaction was found between blood glucose level and presence of left 
ventricular failure on admission (mean blood glucose: 132 ± 42, 147 ± 57, 157 ± 64, 
200 ± 96 mg/dL for Killip classes I to IV, respectively, p<0.001). Admission glycaemia 
was related to in-hospital mortality both in patients with or without sign of heart failure 
on admission (Figure 2). Likewise, in both groups, initial blood glucose levels strongly 
predicted one-year survival.  
 

Prognostic role of admission blood glucose in subgroups of patients 
according to use of reperfusion therapy, type of infarction and age 

 
Initial blood glucoses levels predicted one-year outcomes both in patients over and 
under the age of 70 years (Figure 3). Blood glucose level was also a determinant of 
mortality in patients with, as in those without reperfusion therapy at the acute stage. 
Finally, blood glucose level was related to increased mortality in patients with ST 
elevation myocardial infarction as well as in those with non ST elevation myocardial 
infarction.  

Predictors of 30day and one-year mortality by multivariate analysis 

Using multivariate analyses, admission blood glucose beyond the median value of 
124 mg/dL was an independent and potent predictor of both in-hospital and one-year 
mortality in the whole population (Table 3).  
 
Table 3: Predictors of in-hospital and one-year mortality by multivariate regression 
analysis in patients without diabetes mellitus. 
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 Odds ratio 95% confidence interval P value 
In-hospital mortality    
    
Age ≥ 70 years  3.41 1.75-6.65 0.001 
Killip class on 
admission (vs class I) 
- class II or III 
- class IV 

 
 
2.80 
6.11 

 
 
1.62-4.83 
2.03-18.4 

0.001 

Admission glycaemia 
(vs 3 first sextiles) 
- 4th sextile 
- 5th sextile 
- 6th sextile 

 
 
2.24 
3.42 
3.37 

 
 
1.03-4.91 
1.70-6.88 
1.68-6.76 

0.001 
 
 

Admission SBP 
  (vs 1st tertile) 

- 2nd tertile 
- 3rd tertile 

 
 
0.50 
0.41 

 
 
0.26-0.94 
0.22-0.77 

0.009 
 
 

Anterior MI 1.80 1.08-3.00 0.025 
Current smoking 0.37 0.15-0.91 0.029 
    
One-year mortality Hazard ratio 95% confidence interval P value 
    
Age ≥ 70 years 3.22 2.14-4.87 0.001 
Killip class on 
admission (vs class I) 

- class II or III 
- class IV 

 
 
2.96 
6.76 

 
 
2.05-4.28 
3.57-12.8 

 
0.001 

Admission glycaemia 
(vs 3 first sextiles) 
- 4th sextile 
- 5th sextile 
- 6th sextile 

 
 
1.64 
1.81 
2.29 

 
 
1.00-2.71 
1.14-2.87 
1.49-3.51 

0.001 

Admission SBP 
  (vs 1st tertile) 

- 2nd tertile 
- 3rd tertile 

 
 
0.61 
0.45 

 
 
0.41-0.91 
0.29-0.69 

0.001 

Reperfusion therapy 0.49 0.33-0.73 0.001 
History of PVD 1.89 1.20-2.99 0.006 
Low BMI (first quintile) 1.65 1.17-2.33 0.004 
Anterior MI 1.58 1.13-2.21 0.007 
    
 
Abbreviations: BMI: body mass index; MI: myocardial infarction; PVD: peripheral 
vascular disease; SBP: systolic blood pressure 
 
Increased blood glucose levels was also an independent predictor of one-year 
mortality in patients with Killip class I on admission; hazard ratios and 95% 
confidence intervals for one-year mortality versus admission blood glucose below 
median value were the following: 4th sextile: 1.50 [0.74-3.05], 5th sextile: 2.25 [1.16-
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4.33], 6th sextile: 2.37 [1.19-4.72].  In patients who were discharged alive from the 
hospital, one-year survival was 96 % in patients with blood glucose below median, 
94% and 95% in those in the 4th and 5th sextiles, and 88% in those in the 6th sextile 
(p<0.0005). Using Cox multivariate analysis including baseline characteristics, 
ejection fraction and medications at discharge, admission blood glucose in the upper 
sextile was associated with increased risk of mortality (hazard ratio: 1.90; 95% 
confidence interval: 1.13-3.22, p=0.02), while only a non significant trend was noted 
for the 4th and 5th sextiles (hazard ratios: 1.06 and 1.13, respectively). 

Discussion 
 In diabetic patients, acute hyperglycaemia during acute coronary syndromes is 
associated with adverse outcomes, with higher incidences of death and congestive 
heart failure (3, 4, 6,11). To our knowledge, our series is the largest to date 
describing the impact of admission glycaemia on short- and long-term outcomes in 
non diabetic patients with acute myocardial infarction. It documents that the 
association between increased blood glucose levels and outcomes is not confined to 
patients with diabetes and that elevated blood glucose levels on admission are 
potent predictors of both early and late mortality. The increase in mortality in our 
patients was observed only beyond a threshold value of 124 mg/dL, which 
represented the median admission glycaemia, and it appeared linear beyond this 
level. Importantly, the deleterious prognostic significance of increased admission 
glycaemia was observed in a variety of subsets of our population, including patients 
with or without signs of left ventricular failure on admission, older and younger 
patients, patients with STEMI or non STEMI, or those receiving or not reperfusion 
therapy. In addition, increased blood glucose levels on admission were associated 
with most severe complications at the acute stage, such as ventricular fibrillation, 
atrial fibrillation, or the development of cardiogenic shock. 
 

Glycaemia and short-term outcomes: 
 

In a systematic review and meta-analysis of 15 studies in AMI populations with and 
without diabetes, Capes et al. (6) had shown that in diabetic and non diabetic 
patients stress hyperglycaemia was associated with an increased risk of in-hospital 
mortality. In addition, glucose concentrations of 8-10 mmol/dL were associated with a 
higher risk of developing heart failure or cardiogenic shock. Similar findings were 
recently reported in a registry of patients with myocardial infarction where 
hyperglycaemia was associated with an increased risk of developing cardiogenic 
shock during the initial hospital stay (7).  The populations included in the meta-
analysis (6), however, were heterogeneous, with few patients treated with reperfusion 
therapy or currently recommended medications, and various definitions of 
hyperglycaemia (measured on admission or fasting blood samples) were used. 
Suleiman et al. (12) analysed the additive prognostic value of admission glycaemia 
and fasting blood glucose in a population of 735 non diabetic patients admitted for 
acute myocardial infarction. They showed that fasting blood glucose level was a 
potent indicator of 30-day mortality, and appeared more discriminant than admission 
blood glucose; no long-term data were reported. The early mortality figures in this 
comparatively young population (59 to 64 years of age), however, were very high 
(29% 30-day mortality in patients with fasting blood glucose levels >139 mg/dL, not 
taking into account patients dying before fasting blood glucose could be measured). 
However, from the clinical standpoint, fasting blood glucose and admission blood 
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glucose levels provide different indications, as the former cannot be used to take 
specific therapeutic measures during the first hours of acute ischemia.  
Conversely, Foo et al. (13) in a cohort of 2,127 patients presenting with acute 
coronary syndromes, including only a minority of ST elevation myocardial infarction, 
analyzed major complications by quartiles of admission blood glucose concentrations. 
Though admission glycaemia was related to in-hospital mortality by univariate 
analysis, its prognostic significance disappeared when left ventricular failure was 
included in the statistical models. In contrast, in our patients, admission glycaemia 
was an independent and powerful predictor of in-hospital and late mortality in the 
presence or absence of left ventricular failure and whatever the type of infarction 
(STEMI or non STEMI), as evidenced by the subgroup and multivariate analyses.  
 

Glycaemia and long-term outcomes: 
 
Recently, Stranders et al. (5), in a retrospective study which included 737 non 
diabetic patients with AMI indicated that a 1 mmol/L increase in blood glucose was 
associated with a 4% increase in long-term mortality. In this study, however, in-
hospital mortality was very low (5%), particularly when considering that the patients 
were admitted from 1989 to 1996 and that primary angioplasty was used in only 2% 
of them; in addition, and at variance with all other studies, in-hospital mortality was 
not different according to the initial levels of blood glucose. This suggests that the 
population studied may have been selected and not representative of most patients 
admitted with acute myocardial infarction. In contrast, our registry had a broad 
national coverage, with 83% of the institutions admitting patients with AMI 
participating.  

 
Potential mechanisms involved 

 
The reasons why increased blood glucose levels may increase mortality remain 
partly speculative. Several mechanisms may be involved. First, elevated blood 
glucose may correspond to a pre-diabetic state unmasked under stressful conditions. 
Many of the non diabetic patients with elevated blood glucose are undiagnosed 
diabetic patients. Norhammar et al (14) found that 65% of non diabetic patients with 
glycaemia less than 200 mg/dL had undiagnosed diabetes or impaired glucose 
tolerance. Likewise, in the study from Suleiman et al. (12), admission blood glucose 
levels were correlated with fasting blood glucose. Diabetic patients may have worse 
outcomes for many reasons, including more severe coronary artery disease, diabetic 
cardiomyopathy, autonomic dysfunction and decreased endogenous fibrinolytic 
activity (15-17). Second, there is strong experimental and clinical evidence that 
hyperglycaemia per se may be detrimental. Acute hyperglycaemia attenuates 
endothelium dependent vasodilatation in humans in vivo, abolishes the effect of 
ischemic preconditioning through attenuation of mitochondrial adenosine 
triphosphate-regulated K channel activation, induces oxidative stress affecting 
platelet function coagulation and fibrinolysis (18-21). At the acute stage of myocardial 
infarction, hyperglycaemia is a predictor of impaired coronary flow before reperfusion 
therapy (22). In addition, in patients treated with primary PCI for STEMI, Iwakura et al.  
(23), using myocardial contrast echocardiography, also showed a strong association 
between admission blood glucose levels and the occurrence of a no reflow 
phenomenon after angioplasty, which has a demonstrated deleterious impact on 
clinical outcome. Last, admission hyperglycaemia may not only be the cause of more 
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severe myocardial damage, but also its consequence. Large infarcts are more likely 
to cause catecholamine release which affects fatty acid and glucose homeostasis. 
The catecholamine response is proportional to the severity of the infarct, as 
confirmed by the correlation between admission blood glucose and heart rate or Killip 
class on admission (24). In a study by Oswald et al. (25) concentrations of cortisol, 
adrenaline and noradrenaline were the main determinants of plasma glucose 
concentration measured in non diabetic patients with AMI. The fact that 
hyperglycaemia was a prognostic indicator in our patients without heart failure, 
however, suggests that it represents a true determinant of outcome, rather than a 
simple consequence of a larger infarct size. 

Conclusion 
 
 The present study, which to our knowledge is the largest to date in such a 
population, emphasizes the major prognostic significance of blood glucose level on 
admission in patients with AMI. Even in non diabetic patients, hyperglycaemia on 
admission is independently associated with a higher risk of developing acute left 
ventricular failure, as well as with a higher risk of in-hospital and long-term mortality. 
These findings suggest that adequate metabolic control of blood glucose would be an 
important therapeutic target, even in non diabetic patients, in order to limit the 
deleterious effect of increased blood glucose in the setting of acute myocardial 
ischemia. The best therapeutic methods to achieve such a goal, however, remain to 
be determined.  
 
 
 
 
 
Figure 1: One-year survival according to the presence of elevated blood glucose on 
admission in the whole population (upper panel) and in Killip class I patients (lower 
panel). 
 
Figure 2: In-hospital mortality according to admission glycaemia in patients with or 
without signs of heart failure on admission. 
 
Figure 3: One-year survival in subgroups of patients according to age, use of 
reperfusion therapy and type of infarction. 
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