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Summary. We have performed a study to assess the relative 
contributions of increased hospital admission rates with 
acute myocardial infarction and increased hospital case fa- 
tality to the excess mortality of subjects with elevated levels 
of glycohaemoglobin from myocardial infarction. Glyco- 
haemoglobin levels were estimated by isoelectric focussing in 
397 subjects without known diabetes mellitus admitted with 
myocardial infarction and compared with a control popula- 
tion reconstructed from a community sample of 1084 sub- 
jects without known diabetes mellitus screened in general 
practice. In the case-control comparison, glycohaemoglobin 
levels above the 90th centile were associated with relative 

risks of 3.1 (95% confidence interval 1.4-6.8) for admission 
with myocardial infarction and 5.3 (95% confidence interval 
2.1-13.4) for death in hospital. Elevated glycohaemoglobin 
on admission was a predictor of both death and cardiac 
pump failure among those admitted with myocardial infarc- 
tion, as was the presence of known diabetes. In those over 
40 years of age, the top 1% of the glycohaemoglobin distribt~- 
tion contribute 4.3% of admissions and 9.6% of hospital 
deaths with myocardial infarction. 

Key words: Coronary heart disease, acute myocardial infarc- 
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Diabetic patients have higher mortality f rom coronary 
heart  disease than the general populat ion [1-4]. In 
some studies, those with lesser degrees of  glucose intol- 
erance share this excess mortality [2]. Diabetic patients 
admitted to hospital after acute myocardial  infarction 
(AMI) fare poorly, with case fatality 1.5 to 2-fold high- 
er than in non-diabetic subjects with AMI [5], but  the 
relative contributions of  excess incidence of, and 
excess case fatality from, AMI to the increased mortal- 
ity of  diabetes have not  been clearly defined. Indeed, if 
it could be shown that increased case fatality makes a 
major  contribution to coronary heart  disease mortality, 
then interventions in patients admitted with AMI  such 
as improved control of  blood-glucose [6] or a combina- 
tion of  streptokinase and aspirin [7] might be expected 
to play an important  role in reducing total coronary 
heart disease mortality in diabetic patients. 

We have reported that in patients without known 
diabetes who are admitted to hospital after AMI, 
raised admission levels of  glycohaemoglobin are asso- 
ciated with an increase in hospital mortality [8], sug- 
gesting that subjects with undiagnosed diabetes, and 
perhaps also those with lesser degrees of  glucose intol- 
erance, share this risk with patients with known diabe- 
tes. We now report  the results of  a case control study to 

determine (1) the relative risk of  admission to hospital 
with AMI of  subjects without known diabetes who 
have elevated levels of  glycohaemoglobin,  and (2) the 
relative risk of  these patients developing pump failure 
or dying in hospital following admission with AMI. 

Subjects and methods 

Between November 1982 and October 1984, 463 patients with AMI, 
confirmed according to WHO criteria [9] were admitted to the Whit- 
tington Hospital. All local general practitioners refer patients with 
chest pain suggestive of myocardial infarction to hospital, and the 
acute services catchment population of the hospital is clearly de- 
fined. Sixty-six of the admitted patients had known diabetes (14% of 
the total). These subjects had predominantly Type 2 (non-insulin-de- 
pendent) diabetes, with only 11/66 (17%) on treatment with insulin, 
and only 4 of these were Type 1 (insulin-dependent) as evidenced by 
ketosis and weight loss. The diagnosis of diabetes meUitus was con- 
firmed either by the finding of an elevated level of glycohaemoglob- 
in (HbAlc> 8.0%) or by confirming that the diagnostic criteria em- 
ployed satisfied those of the WHO Study Group Report [10]. In the 
remaining 397 subjects without known diabetes mellitus, all of 
whom were older than 40 years of age, a blood sample was taken for 
estimation of glycohaemoglobin using an isoelectric focussing tech- 
nique (LKB, Bromma, Sweden) with the exclusion of the pre-A~c 
band (HbA~c) [11]. Pump failure was defined as a systolic blood pres- 
sure of <90 mmHg with clinical signs of hypoperfusion, and/or 
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clinical or radiologlcal signs of pulmonary oedema, unassociated 
with severe bradycardia (pulse rate < 50/rain). Because the case se- 
ries comprised patients admitted to hospital with myocardial infarc- 
tion, it was not possible accurately to document pre-morbid blood 
pressure or cholesterol levels. 

Between July 1983 and July 1984, a community diabetic screen- 
ing survey was conducted in a group practice within the hospital's 
catchment area [12]. The practice is representative of the population 
of the total catchment area in terms of social class and ethnic origin 
[13]. In particular, there were similar numbers of subjects in low and 
high coronary heart disease risk groups between the subjects studied 
and the catchment population. Thus the proportion of subjects in so- 
cial classes I and V [14] were 3.5% and 8.8%, respectively, in the 
study population, and 5.8% and 6.1% in the catchment population. 
The proportion of Asian, Mediterranean and other European, and 
Afrocaribbean subjects respectively was 1.8%, 10.0% and 9.6% in the 
practice population studied and 2.8%, 9.0% and 8.5% in the catch- 
ment population. A random sample of 1084 subjects older than 
40 years of age was screened by a single capillary blood glucose level 
2h after a 75 g glucose load and an estimation of glycohaemoglobin 
using an agar gel electrophoresis technique (Coming Medical Ltd., 
Halstead, Essex, UK) [15]. Subjects were ranked according to their 
levels of both glycohaemoglobin and 2 h blood glucose into separate 
strata. A stratified sample of 347 subjects was selected for recall, 
comprising all subjects with levels of either glycohaemoglobin or 2 h 
blood glucose above the 90th centile, 50% of those with levels of ei- 
ther variable between the 80th and 90th centiles (but excluding those 
in the top stratum), 25% of those with levels of either variable be- 
tween the 50th and 80th centiles (but excluding those in the top 2 
strata) and 10% of those with levels of both variables below the 50th 
centile. Two hundred twenty-three subjects (64.3%) attended for re- 
call, the proportion not differing significantly between the recall stra- 
ta (Z 2 = 1.06,3 df, p>  0.7). At recall examination, a full glucose toler- 
ance test was performed and glycohaemoglobin was estimated both 
by agar gel electrophoresis, as used at screening, and by isoeleetric 
focussing with exclusion of the pre-Alo band (HbAlo) [11]. These re- 
sults were available on 210 subjects of the 223 who attended the re- 
call examination [16, 17]. 

The normal range in our laboratory for glycohaemoglobin esti- 
mation by agar gel electrophoresis is 6.5-8.5%, and by iso-electric fo- 
cussing 6.1-7.8%. The within and between assay coefficents of varia- 
tion are 3.9% and 6.2%, respectively, for agar gel electrophoresis and 
4.9% and 5.3% for iso-electric focussing. 

Statistical analysis 

In order to assess the risks of admission and mortality in subjects 
with abnormal levels of glycohaemoglobin, we have calculated rela- 
tive risks at 2 different cut-off levels rather than employing HbAlo as 
a continuous variable. The cut-off levels of HbAIo employed in the 
case-control analysis were 6.9% and 7.8% which represent, respec- 
tively, the 90th centile of the normal range and + 3 SD from the 
mean. We have previously demonstrated that a level of HbA~c > 
7.8% in subjects admitted with AMI is 100% sensitive and 99% spe- 
cific for overt diabetes mellitus with fasting hyperglycaemia at 
3-months follow-up, while impaired glucose tolerance is significantly 
more frequent in subjects with levels of 6.9%-7.8% (p<0.001) [18]. 
Among 22 survivors of myocardial infarction with levels of HbA~c of 
6.9%-7.8%, none had diabetes mellitus with fasting hyperglycaemia 
at 3-months follow up [18]. 

Case series. After stratifying by sex and 10-year age groups the risks 
of pump failure and death were calculated for each level of HbAlc 
and for the patients with known diabetes, standardised on the age 
distribution of the subjects without known diabetes mellitus. Odds 
ratios, comparing the two highest levels of HbAlo and those with 
known diabetes, with the lowest HbA1o level, were calculated by 
standard methods [19, 20]. 
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Case control study. Relative risks of admission with AMI have beer 
calculated for subjects in each of the two highest HbAlc bands com- 
pared with the lowest. The population screening study employed 
agar gel electrophoresis to estimate glycohaemoglobin levels o~ 
1084 subjects. The stratified sample at recall had levels of glyco. 
haemoglobin estimated by isoelectric focussing (HbAI~). Thus, it was 
necessary to reconstruct the total population from this recall sample 
in order to estimate the distribution of levels of HbAlc in the general 
population. After stratifying by sex and 10-year age groups, the ex- 
pected distribution of HbAlo in the population from which the recall 
sample was drawn was calculated for each age-sex stratum by 
weighting the numbers in each recall group by the inverse of the 
sampling fraction and attendance rate for that recall group. Since no 
men aged over 70 with both glycohaemoglobin and 2 h blood glu- 
cose below the 50th centile attended for recall, this stratum has been 
excluded from the case-control analysis, leaving 304 cases; however, 
in order to test the model we have also recalculated relative risk by 
inclusion of a theoretical additional subject in this group to see 
whether excluding this stratum from the control data distorts the fig- 
ures for relative risk. Point and interval estimates of the relative risk 
for the two highest HbAI~ bands combined, versus the lowest, were 
obtained by a modified version of Woolf's method [21]. Details are 
given in the Appendix. Because of lack of data, this method has not 
been used to calculate separate relative risks for subjects in the two 
highest HbAlc bands. Instead, the number of cases expected in each 
HbA1o band has been calculated by indirect standardisation from the 
reconstructed population distribution: the resulting estimates of rela- 
tive risk are imprecise because of the small numbers of controls. 

The hospital diabetic clinic serves a population some 3-fold larg- 
er than the district acute services catchment population, and many 
patients are referred back to the hospital for all acute illness. Be- 
cause referral patterns for patients with known diabetes may be dif- 
ferent from those for non-diabetic patients with AMI [5], no attempt 
has been made to calculate relative risk of admission for these sub- 
jects. Moreover, because subjects dying before admission to hospital 
were not studied, no estimate of the relative risk of sudden death 
could be made in any group. 

Results 

The numbers of patients admitted with AMI and the 
frequencies of death and pump failure, unadjusted for 
age and sex, in different HbAlc bands and in patients 
with known diabetes are shown in Table 1. Also shown 
in Table 1 are the age-and-sex-adjusted rates of hospi- 
tal mortality and of pump failure according to HbAlc 
group. As previously reported [8] there is a stepwise in- 
crease in the incidence of pump failure with increasing 
levels of glycohaemoglobin although the increase in 
case fatality is seen only in the highest band of HbAt~. 
Among those in the highest HbAt~ band, 5 of the 
6 women and 5 of the 11 men died. 

Among the 397 subjects without known diabetes, 
the relative risk of admission and of hospital death af- 
ter AMI relative to population controls are shown in 
Table 2. The separate estimates of relative risk in the 2 
highest bands of HbAI~ are based on small numbers in 
the original recalled population sample but have been 
included to show the trends. A stepwise increase in rel- 
ative risk of admission with AMI with increasing 
HbAI~ is seen. Testing the model by the inclusion of an 
additional control subject in the males aged 70 + stra- 
tum does not produce any stubstantial alteration of the 
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Table 1. Numbers of cases and incidence of pump failure and hospital mortality. Odds ratios are given with 95% confidence intervals 

HbAlc <6.9 6.9-7.8 >7.8 

Numbers 311 69 17 
Age (SD) 64.9 (11.9) 67.6 (9.4) 66.7 (8.9) 
Males 225 (78%) 54 (78%) 11 (65%) 
Deaths (%) 74 (24%) 20 (29%) 10 (59%) 

Age-sex- 24% 28% 53% b 
adjusted (%) 
Odds ratio 1.0 1.1 (CI0.6-2.6) 2.0 (CI1.1-2.8) 

Pump failure (%) 65 (21%) 27 (39%) 9 (53%) 
Age-sex- 21% 35% b 52% b 
adjusted (%) 
Odds ratio 1.0 1.4 (CI1.2-4.1) 2.0 (1.1-2.8) 

Known 
diabetes 
66 
65.4 (11.4) 
45 (68%) 
27 (41%) 
38% a 

2.1 (ci1.t-3.7) 
30 (45%) 
44% c 

3.a (cn.8-5.3) 

a p <  0.05; b p < 0.01 ; c p <  0.001 compared with lowest HbAIo level 

Table 2. Relative risks of admission and death at different levels of 
HbAlc relative to population controls. Relative risks are given with 
95% confidence intervals where estimable 

HbAac < 6.9% 

Acute myocardial infarction admissions 
Observed 243 48 
Expected 280.4 19.8 
Relative risk 1.0 2.8 

Hospital Deaths 
Observed 53 
Expected 64.5 
Relative risk 1.0 

6.9-7.8% >7.8% 

13 
3.8 
3 . 9  

3.1(CI" 1.4-6.8) 

12 7 
6.9 0.54 
2.1 15.8 

5.3(CI 2.1-13.4) 

results (relative risks for admission 2.3 for HbAlc 
6.9-7.8%, and 3.6 for HbAlc > 7.8%; for hospital death 
2.0 and 11.4 respectively). 

Discussion 

The Framingham study [1] showed that the incidence 
and case fatality of AMI were both increased in sub- 
jects with diabetes, and these findings were confirmed 
in the Israel Ischaemic Heart Disease Study [22]. In 
these studies there was an increase both in sudden 
death and hospital fatality in diabetic patients with 
AMI. By its nature, our study has permitted an assess- 
ment of relative risks of admission and of hospital case 
fatality only for those subjects surviving to be admitted 
to hospital, who probably represent only around half 
to three quarters of all patients sustaining AMI [23, 24]. 
However by the use of a glycohaemoglobin assay, we 
were able to obtain estimates of relative risk for sub- 
jects with previously undiagnosed, as well as known, 
diabetes. 

A major limitation of this study methodology is the 
inability to standardise between diabetic patients and 
control subjects for the major risk factors of blood 
pressure and serum lipids. Because of the lack of ob- 
servations on these variables in the case series before 
admission, we have not attempted to standardise for 

smoking and other risk factors such as body weight. It 
is possible, therefore, that the observed relationship be- 
tween levels of glycohaemoglobin and both admission 
with, and fatality from, myocardial infarction, are the 
result of associations between these levels and other 
risk factors. 

Our study suggests that the increased mortality in 
subjects with known diabetes and with clearly elevated 
levels o f  glycohaemoglobin results from both an in- 
creased incidence of myocardial infarction and an in- 
creased case fatality. However, there was no significant 
increase in hospital case fatality for patients with bor- 
derline abnormal levels of glycohaemoglobin. In this 
population the estimated prevalence of undiagnosed 
diabetes with fasting hyperglycaemia is approximately 
i% but such subjects contribute 4.3% of the hospital 
admissions with, and 9.6% of hospital deaths from, 
myocardial infarction. 

These results further suggest that hospital case fa- 
tality from myocardial infarction is similar in known 
and in previously undiagnosed diabetic patients. We 
have separately reported that among diabetic patients 
there is no relationship between duration of diabetes 
and hospital case fatality [25], although in the same 
study we reported an excess risk of admission with my- 
ocardial infarction within 5 years of diagnosis of dia- 
betes. Three population studies have addressed the 
question of mortality of subjects with newly diagnosed, 
and with known, diabetes. Although the Whitehall 
Study [2] demonstrated a higher 7�89 year mortality 
from coronary heart disease in newly diagnosed sub- 
jects than in those with known diabetes, the Israel 
Heart Disease Study [22] found a similar incidence of 
myocardial infarction and of cardiovascular mortality 
in those with newly diagnosed and known diabetes. 
Panzram and Ruttmann have has also reported no dif- 
ference in vascular mortality between patients diag- 
nosed at screening and those diagnosed, presumably at 
a later stage, by routine clinical procedures [26]. These 
findings would tend to suggest that the correction of 
the haematological and biochemical abnormalities of 
untreated diabetes do little to reverse the cardiovascu- 
lar risk of non-insulin dependent diabetes [3, 27]. 
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The mechanism of the excess case fatality of dia- 
betic patients after myocardial infarction is not known. 
We [25] and others [28] have found no difference in in- 
farct size between diabetic patients and non-diabetic 
subjects although one report suggests that patients with 
diabetes may have larger infarcts [29]. We have also 
found no evidence in diabetic patients of an increase 
in reciprocal electrocardiographic ST segment depres- 
sion in non-infarcted areas of the heart, an index of is- 
chaemia in these areas [30]. The excess mortality relates 
solely to pump failure, to which the metabolic effects 
of insulin deficiency may contribute [31, 32]. A number 
of reports have attempted to define the benefits of tight 
blood-glucose control after myocardial infarction [6, 
33, 34] and one study has suggested a benefit [6]. 
Nevertheless, a larger study with a concurrent control 
group would be necessary to confirm such a hypothe- 
sis. 

Appendix 

Suppose that the population from which the control 
subjects are sampled has size N and that the control 
subjects are chosen using a stratified random sample 
according to k levels of a factor, B, in this study blood 
glucose and glycohaemoglobin at screening. This fac- 
tor may be correlated with the exposure of interest, in 
this instance HbAtc. The form of the data collected is 
as follows: 

Exposure 

+ - 

Sampling fraction used 
in control population 

Cases a b - 
Control B1 Cl dt fl 
subjects B2 ca d2 f2 

Bk Ck dk fk 

In the total control population, expected proportion 
1 k 

exposed, Po= ~ 2  i~t (ci/fi) and the variance of Po is 

1_ k cidi 
given by V(Po)= ~ 2  i=~1 fi 2 (c i+di)"  

The relative risk, R, can now be estimated using 
a /b  R =  . The variance of the logarithm of the 

po/(1-po) 
relative risk, V(lnR) is obtained using V(lnR)= 
1_ + 1 4 V(po) 
a b [po(1-po) ]  2" 

I f  the  da ta  are stratified, for  example  by  age a n d  
sex, t h e n  the logar i thm o f  the relat ive risks a n d  its vari-  
ance  m a y  be  ca lcu la ted  w i th in  each  s t ra tum.  A n  over- 

all estimate may be obtained by calculating a weighted 
average of these stratum specific estimates using the in- 
verse of the variances as weights in the usual way. 
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