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Abstract Aims/hypothesis: Patients with acute myocar-
dial infarction (AMI) but without previously known type 2
diabetes have a high prevalence of undiagnosed IGT and
type 2 diabetes. Such perturbations have dismal prognostic
implications. The aim of this study was to characterise AMI
patients in terms of insulin resistance and beta cell function.
Methods: A total of 168 consecutive AMI patients were
classified bymeans of anOGTTbefore hospital discharge as
havingNGT, IGTor type 2 diabetes. The homeostasismodel
assessment (HOMA-IR) was used to estimate insulin re-
sistance. Beta cell responsiveness was quantified as in-
sulinogenic index (IGI) at 30 min (ΔI30/ΔG30). Results:
According to the HOMA-IR, patients with type 2 diabetes
were more insulin resistant than those with IGT or NGT
(p=0.003). Beta cell responsiveness deteriorated with de-
creasing glucose tolerance as measured by the IGI (median
[quartile 1, quartile 3] in pmol/mmol: NGT, 70.1 [42.7,
101.4]; IGT, 48.7 [34.7, 86.8], type 2 diabetes, 38.1 [25.7,
61.6]; p<0.001). The IGI was significantly related to
admission capillary blood glucose (r=−0.218, p=0.010)

and to the area under the curve for glucose (r=−0.475,
p<0.001). Conclusions/interpretation: Glucose abnormal-
ities are very common in patients with AMI but without
previously known type 2 diabetes. To a significant extent,
this seems to be related to impaired beta cell function and
implies that dysglycaemia immediately after an infarction is
not a stress epiphenomenon but reflects stable disturbances
of glucose regulation preceding the AMI. Early beta cell
dysfunction may have important pathophysiological im-
plications and may serve as a future target for treatment
strategies.
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Introduction

During recent years it has become obvious that fasting
plasma glucose is a continuous risk factor for future car-
diovascular mortality and that the risk seems to start below
the threshold for the diagnosis of diabetes [1]. However,
classification by fasting glucose may miss patients with
abnormal glucose tolerance, who also have less favourable
cardiovascular risk profiles [2, 3]. In the GAMI (Glucose
Tolerance in Patients with Acute Myocardial Infarction)
study, OGTTs performed on patients without previously
known type 2 diabetes but with an acute myocardial in-
farction (AMI) demonstrated that 35%had impaired glucose
tolerance (IGT) and 31%had previously undiagnosed type 2
diabetes [4]. Newly detected abnormal glucose tolerance
(AGT; IGTor type 2 diabetes) was the strongest predictor of
future cardiovascular events, together with previous myo-
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cardial infarction and stroke [5]. Type 2 diabetes is char-
acterized by decreased insulin sensitivity and progressive
beta cell dysfunction. The relative importance and causal
relations of these disturbances in the pathogenesis of type 2
diabetes are under debate. Both insulin secretion and insulin
sensitivity are genetically and environmentally controlled and
the impairment of both, individually or together, has been
associated with increased risk of developing type 2 diabetes
[6–8]. It has been reported that, during each stage of the
development of type 2 diabetes, decreased insulin sensi-
tivity and insulin secretory dysfunction are independent
predictors of worsening glucose tolerance [9]. Indeed, fast-
ing hyperinsulinaemia, known to reflect decreased insulin
sensitivity, and decreased insulin secretion together con-
stitute the strongest independent predictor of type 2 diabetes
[10]. Furthermore, decreased beta cell function may exist
already at normal fasting plasma glucose levels [11]. Thus,
detailed information on the pathogenesis of disturbed glu-
cose regulation in AMI patients may pave the way for novel
treatments aimed at improving cardiovascular outcome and
delaying the onset of clinical diabetes and typical diabetes
complications. The objective of the present report was to
characterise patients with AMI and newly discovered AGT
regarding their insulin resistance and beta cell function.

Subjects and methods

Subjects

A detailed description of the patients has been presented
elsewhere [4, 5]. In brief, patients admitted for AMI were
included if they fulfilled the following inclusion criteria: no
previously known type 2 diabetes, baseline capillary blood
glucose <11.1 mmol/l, serum creatinine <200 μmol/l and
age ≤80 years. A total of 181 participants were enrolled, of
whom 168 were characterised before hospital discharge by
means of an OGTT as having either normal glucose toler-
ance (NGT), IGT or type 2 diabetes. The remaining 13
patients could not be classified because of conditions
preventing an OGTT.

Study protocol

Blood glucose and creatinine were measured as soon as
possible after arrival at the coronary care unit and HbA1C

on the first morning after admission. Fasting blood glucose
was measured on the first morning after admission and
repeated every morning until discharge. A standardized
OGTT (75 g glucose in 200 ml water) was performed on
the day of hospital discharge (day 4 or 5), with capillary
blood glucose measurements 0, 15, 30, 60 and 120 min
after the glucose ingestion. Plasma concentrations of in-
sulin and proinsulin were analysed in fasting samples taken
on the first morning after admission and during the OGTT
at 0, 30 and 120 min. Biochemical parameters, such as total
cholesterol, HDL cholesterol, LDL cholesterol, triglycer-
ides, high-sensitivity C-reactive protein (hs-CRP), cortisol,

lipoprotein(a) and apolipoprotein B, were analysed in
fasting samples taken on day 2 and at discharge. NEFA,
plasminogen inhibitor activator-1 and fibrinogen were ana-
lysed in fasting samples taken at discharge. BMI was
measured at admission. Three and 12 months after hospital
discharge, the OGTT and all biochemical analyses were
repeated, together with collection of clinical data. The pres-
ent report relates to the glucometabolic classifications made
before hospital discharge.

Type 2 diabetes and IGT were defined according to the
1998 World Health Organization (WHO) classification
[12]. Thus, patients were considered as having type 2 di-
abetes if the fasting capillary blood glucose was ≥6.1 and/
or 2-h capillary blood glucose ≥11.1 mmol/l. IGT was
diagnosed if fasting capillary blood glucose was <6.1 and
2-h capillary blood glucose ≥7.8 but <11.1 mmol/l. NGT
was defined as fasting capillary blood glucose <6.1 and 2-h
capillary blood glucose <7.8 mmol/l. In the present report
the term ‘abnormal glucose tolerance’ (AGT) is used for
the presence of either IGT or type 2 diabetes. AMI was
defined according to the joint recommendations of the
European Society of Cardiology and the American College
of Cardiology [13]. Thus, patients were diagnosed as
having an AMI if they had two values of serum troponin
T>0.05 g/l or creatine kinase-MB >10 μg/l together with
either typical symptoms (chest pain >15 min; pulmonary
oedema in the absence of valvular heart disease; cardio-
genic shock; arrhythmia such as ventricular fibrillation or
ventricular tachycardia) or new Q-waves in at least two of
the 12 standard ECG leads, or ECG changes indicating
acute myocardial ischaemia (ST elevation, ST depression
or T-wave inversion).

Insulin and proinsulin were quantified with enzyme
immunoassays from Dako Diagnostics (Ely, UK). Intra-
and interassay coefficients of variation for these analyses
were 6% and 7%, respectively, for insulin and 5% and 6%
for proinsulin. Details of biochemical analysis have been
described elsewhere [4, 5, 14].

Calculations and statistical analysis

The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated in fasting conditions as plasma
insulin (pmol/l)×blood glucose (mmol/l)×1.13 (correction
for plasma glucose)/22.5×6 (correction for mU/l in original
formula), as described byMatthews and colleagues [15]. An
insulinogenic index (IGI) was calculated as the difference
between the 30-min and 0-min OGTT plasma insulin values
divided by the difference between the corresponding plasma
glucose values, (ΔI30/ΔG30), The proinsulin : insulin ratio
was calculated as the ratio between the fasting values of
proinsulin (pmol/l) and insulin (pmol/l). BMI was calcu-
lated asweight/height2 (kg/m2). The area under the curve for
glucose (AUCg) was calculated by numerical integration
using Hermite polynomials [16]. Continuous variables are
presented as medians (lower and upper quartile) and cat-
egorical variables as percentages. In the statistical analyses
of the relations between various clinical and biochemical
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parameters, only patients whose glucometabolic state was
classified (n=168) were included. Differences between
patients grouped by glucose tolerance status were compared
using theχ2 test, theWilcoxon rank sum test or Jonckheere–
Terpstra’s test, the latter being a non-parametric test for
ordered differences among classes. Pearson’s correlation
coefficients were calculated for pairs of continuous var-
iables. Multiple regression analyses were performed with

the admission capillary blood glucose and AUCg at dis-
charge as dependent variables and HOMA-IR, IGI, age and
sex as independent variables. Both HOMA-IR and IGI were
log-transformed prior to analysis. A two-sided p value <0.05
was regarded as statistically significant. All analyses were
performed using SAS version 9.1 (SAS Institute). The
graphs were made using Statistica version 7.1 (StatSoft).

Table 2 Biochemical character-
istics of the patients at hospital
discharge

Values are median (quartile 1,
quartile 3)
PAI-1 plasminogen activator
inhibitor 1

Variable NGT (n=55) IGT (n=58) Type 2 diabetes
mellitus (n=55)

p value

Admission capillary blood
glucose (mmol/l)

5.9 (5.1, 7.1) 6.1 (5.6, 7.4) 6.9 (6.0, 7.6) <0.001

Fasting blood glucose (mmol/l) 4.8 (4.5, 5.3) 5.1 (4.7, 5.5) 5.6 (5.2, 6.2) <0.001
Blood glucose 120 min (mmol/l) 6.5 (5.9, 7.1) 9.0 (8.2, 9.6) 12.0 (11.2, 13.3) <0.001
AUCg (mmol l−1 min−1) 927 (854, 1034) 1119 (1036, 1213) 1315 (1204, 1441) <0.001
HbA1c (%) 4.8 (4.5, 5.2) 4.9 (4.5, 5.2) 5.1 (4.6, 5.5) 0.023
hs-CRP (mg/l) 12.7 (5.3, 28.0) 18.8 (8.7, 57.6) 29.2 (14.1, 80.4) <0.001
Cholesterol (mmol/l)
Total 5.5 (4.6, 6.0) 5.0 (4.5, 5.7) 5.1 (4.3, 5.8) 0.161
HDL 1.0 (0.9, 1.3) 1.1 (1.0, 1.3) 1.0 (0.9, 1.2) 0.288
LDL 3.3 (2.6, 3.9) 3.0 (2.5, 3.6) 3.1 (2.4, 3.8) 0.296
Triglycerides (mmol/l) 2.1 (1.5, 2.6) 1.8 (1.5, 2.6) 2.0 (1.6, 2.7) 0.987
NEFA (mEq/l) 0.39 (0.30, 0.61) 0.54 (0.35, 0.69) 0.59 (0.39, 0.78) 0.005
Apolipoprotein B (g/l) 1.1 (0.9, 1.3) 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 0.344
PAI-1 activity (IU/ml) 6.4 (3.1, 14.4) 9.1 (3.1, 18.7) 11.7 (4.6, 22.8) 0.054
Fibrinogen (g/l) 5.1 (4.3, 6.3) 5.2 (4.6, 6.5) 5.6 (4.2, 8.5) 0.114
Cortisol (nmol/l) 486 (408, 609) 473 (399, 540) 491 (390, 621) 0.729
S-Creatinine (μmol/l) 92 (82, 100) 92 (81, 104) 89 (77, 100) 0.296
Lipoprotein(a) (g/l) 0.16 (0.06, 0.39) 0.19 (0.07, 0.41) 0.21 (0.06, 0.44) 0.468

Table 1 Clinical characteristics
of the patients at hospital
discharge

aMedian (quartile 1, quartile 3)

Variable NGT (n=55) IGT (n=58) Type 2 diabetes mellitus (n=55) p value

Clinical characteristics
Age (years) 60.0 (54.0, 67.0)a 64.0 (57.0, 72.0) 66.0 (57.0, 71.0) 0.007
Sex (female, %) 20 29 36 0.058
Current smokers (%) 40 38 27 0.163
BMI (kg/m2) 26.0 (23.1, 28.3) 26.6 (23.1, 29.7) 27.0 (24.2, 29.7) 0.143
Family history (%)
Type 2 diabetes 17 18 33 0.038
Coronary heart disease 56 46 62 0.505
Previous disorders (%)
Myocardial Infarction 13 24 20 0.333
Angina pectoris 31 33 31 1.000
Hypertension (treated) 31 31 36 0.543
Hyperlipidaemia
(treated)

15 19 15 1.000

Treatment during
hospital stay
and discharge (%)
Thrombolysis 45 28 42 0.696
Aspirin 95 96 89 0.231
Beta-blockers 93 93 91 0.681
ACE inhibitors 16 12 17 0.939
Statins 87 58 67 0.030
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Ethical considerations

The study was approved by the regional ethics committee
at Karolinska Institute, and all patients provided written
and oral informed consent.

Results

Glycaemic control and biochemical characteristics

At hospital discharge 33% (n=55) of the patients were
classified as having NGT while 35% (n=58) had IGT and
33% (n=55) newly detected type 2 diabetes. Clinical char-
acteristics of these three groups are presented in Table 1.
Patients with IGT and type 2 diabetes were older than those
with NGT and a family history of type 2 diabetes was more
common among patients with type 2 diabetes. The three
groups were similar regarding most other clinical data, such
as BMI, sex, smoking and previous disorders. Medical
treatment during hospital stay and discharge, including
thrombolysis, aspirin, beta-blockers and ACE inhibitors,
was similarly distributed among the groups except for sta-
tins, which were more often prescribed to patients in the
NGT group. The biochemical characteristics at discharge
are presented in Table 2. The variables that differed between
the groups were admission capillary blood glucose, fasting
blood glucose, 120-min blood glucose, HbA1C, AUCg,
hs-CRP and NEFA, all of which were higher in the IGTand
type 2 diabetes groups.

Insulin resistance and beta cell function

All parameters related to insulin resistance and beta cell
function at discharge are presented in Table 3. Abnormal
glucose tolerance was associated with increasing insulin
resistance as measured by the HOMA-IR (mUmmol−1 l−1).
Fasting insulin increased in the groups with AGT whereas
the 30-min insulin levels showed a borderline significant

Table 3 Insulin resistance and beta cell function at the time of hospital discharge and at 3 and 12 months

Variable NGT IGT Type 2 diabetes mellitus p value

Discharge (n=55) (n=58) (n=55)
Blood glucose 30 min (mmol/l) 8.7 (7.7, 9.6) 9.1 (8.4,10.2) 9.8 (9.0, 10.9) <0.001
Insulin baseline (pmol/l) 52 (33, 70) 53 (34, 78) 60 (43, 101) 0.046
Insulin 30 min (pmol/l) 328 (217, 404) 313 (195, 430) 267 (185, 370) 0.079
Insulin 120 min (pmol/l) 236 (132, 371) 489 (321, 704) 574 (370, 1080) <0.001
Proinsulin baseline (pmol/l) 4.9 (3.9, 6.8) 6.2 (4.6, 9.1) 7.4 (5.0, 10.5) <0.001
HOMA-IR (mU mmol−1 l−1) 2.07 (1.34, 2.71) 2.13 (1.49, 3.67) 2.91 (1.69, 4.70) 0.003
Insulinogenic indexa 70.1 (42.7, 101.4) 48.7 (34.7, 86.8) 38.1 (25.7, 61.6) <0.001
Proinsulin : insulin ratio 0.10 (0.09, 0.14) 0.12 (0.08, 0.17) 0.12 (0.08, 0.17) 0.140
3 months (n=48) (n=47) (n=47)
HOMA-IR (mU mmol−1 l−1) 2.14 (1.63, 3.01) 2.25 (1.57, 3.18) 3.54 (1.88, 5.18) 0.007
Insulinogenic indexa 44.5 (32.9, 70.6) 47.7 (35.6, 64.2) 37.2 (20.6, 57.5) 0.016
Proinsulin : insulin ratio 0.09 (0.07, 0.14) 0.12 (0.09, 0.16) 0.13 (0.09, 0.18) 0.037
12 months (n=44) (n=38) (n=42)
HOMA-IR (mU mmol−1 l−1) 2.61 (1.54, 3.42) 2.87 (1.65, 5.06) 4.15 (2.09, 6.89) <0.001
Insulinogenic indexa 50.0 (33.9, 99.0) 52.7 (32.8, 77.9) 38.3 (24.1, 58.9) 0.048
Proinsulin : insulin ratio 0.06 (0.04, 0.12) 0.07 (0.05, 0.10) 0.08 (0.06, 0.13) 0.121

Classifications of the three groups are all based on OGTT data obtained at the time of discharge. Values are median (quartile 1, quartile 3)
aΔ30I/Δ30G (pmol/mmol)

Fig. 1 Beta cell function quantified as insulinogenic index in pa-
tients with NGT (n=55), IGT (n=58) and type 2 diabetes mellitus
(T2DM, n=55). Box plots display median, interquartile range and
non-outlier range. Extreme values are excluded from the box plots
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decrease (p=0.079) and the 120-min insulin levels were
significantly increased in patientswithAGT.Baseline levels
of proinsulin were significantly increased in patients with
AGT, but this was not the case with the proinsulin : insulin
ratio (p=0.140). The IGI was significantly lower in patients
with type 2 diabetes compared with patients with IGT or
NGT (p<0.001; Fig. 1). Analyses of insulin resistance and
beta cell function were repeated 3 and 12 months after
hospital discharge. On these occasions approximately 20%
and 30% of the patients had been lost to follow-up due to
deaths and logistic problems, respectively, which were sim-
ilarly distributed between the three groups. When com-
paring the glucometabolic groups classified at discharge,
the pattern of increased insulin resistance and decreased
beta cell function among patients with AGT persisted at 3
and 12 months (Table 3).

The IGI at discharge was significantly related to ad-
mission capillary blood glucose (r=−0.218, p=0.010). After
performing a multiple regression analysis with admission
capillary blood glucose as the dependent variable and IGI,
HOMA-IR, age and sex as the independent variables, IGI
andHOMA-IR remained independent predictors (r2=0.065,
p=0.002 and r2=0.028, p=0.039 respectively).

There was a strong negative correlation between the IGI
and AUCg in all patients at discharge (r=−0.475; p<0.001;

Fig. 2). When performing a multiple regression analysis
using AUCg at discharge as the dependent variable and
HOMA-IR, IGI, age and sex as independent variables, IGI
explained more of the variability in AUCg (r2=0.286;
p<0.001) than HOMA-IR (r2=0.155, p<0.001; Table 4).

Discussion

The main finding in this study was that, to a significant
extent, the glucose abnormalities that are very common in
postinfarction patients are due to decreased early-phase
beta cell secretion of insulin.

The high prevalence of IGT (35%) and newly diagnosed
type 2 diabetes (31%) in patients with AMI previously re-
ported from this study [4] was recently confirmed by the
Euro Heart Survey [17]. In this survey a majority of patients
withmanifest coronary heart disease hadAGT. The need for
an OGTT to correctly diagnose these patients was also un-
derlined. The superiority ofOGTTover fasting glucose only
was confirmed by another study in which diabetes was di-
agnosed bymeans of fasting glucose in 10%of patients with
myocardial infarction. By applying theWHOcriteria, which
are based on OGTT, this figure was increased to 33% [18].

Evidence has accumulated during the last decade on the
significant roles of both decreased insulin sensitivity and
beta cell dysfunction in the pathogenesis of type 2 diabetes.
In previous analyses of the present patient material, we have
seen that patients with AMI and AGT did not differ as much
as would have been expected in insulin resistance compared
with patients with NGT and compared with controls. Fur-
thermore, large differences in proinsulin between patients
and controls were found [14]. Therefore, we wanted to fur-
ther investigate the pathogenesis of AGT by estimating beta
cell function in this specific patient group. Although dis-
turbed glucose regulation is a common characteristic of
patients with AMI, specific attention has not, until very
recently [19], been devoted to beta cell dysfunction in these
patients.

During recent years, several indices of insulin sensitivity
derived from the OGTT have been developed, such as those
suggested by Stumvoll and colleagues [20] and byMari and
colleagues [21]. These indices have the advantage of giving
information similar to that obtained with the clamp tech-
nique [22]. The present sampling frequency during the
OGTT did not, however, permit calculations according to
these models. As an alternative we used HOMA-IR as a
simple and reasonably adequate estimation of insulin re-
sistance. This index, which has been used in many large
population studies, correlateswell with other,more complex
techniques [23, 24]. Simple indices of beta cell secretion
have also been developed over the years. The homeostasis
model assessment for insulin secretion (HOMA-%B) [15]
has been criticised as too insensitive since it does not reflect
the early insulin response and it cannot be validated in pa-
tients on glucose-lowering drugs. In this study,we estimated
beta cell function by means of the IGI 30 min after oral
glucose intake (ΔI30/ΔG30), corresponding to the early
insulin response to oral glucose stimulation. The IGI is a

Table 4 Multiple linear regression analysis with the AUCg at
discharge as the dependent variable

Variable Partial R2 Parameter
estimate

p value

Insulinogenic indexa 0.286 −177.6 <0.001
HOMA-IR (mU mmol−1 l−1) 0.155 138.8 <0.001
Sex (female=1) 0.048 96.5 <0.001
Age (year) 0.022 3.5 0.013

All continuous variables were log-transformed before analysis.
Adjusted R2 for the model was 49.7%
a Δ30I/Δ30G (pmol/mmol)

Fig. 2 Relationship at discharge between the AUCg and the in-
sulinogenic index in all patients. r=−0.475, p<0.001
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commonly used index of beta cell secretion and has been
used in multiple studies to measure the early-phase beta
cell response to a glucose stimulus [25–28]. In comparative
studies of several indices of beta cell function, the IGI
index was closely correlated with insulin secretion [29].

Recent studies have presented results that indicate that
beta cell dysfunction in early stages of AGT is present
independently of insulin resistance and is already present in
obese patients with NGT [30–32]. In addition, a study of
type 2 diabetic Japanese patients recently showed that de-
creased insulin secretion had a more pronounced impact on
glucose tolerance than insulin sensitivity [33]. The relation-
ships of insulin resistance and beta cell function to the re-
sponse to the OGTT were also investigated in the present
study by comparing the respective contributions of HOMA-
IR and IGI to AUCg. There were strong correlations be-
tween both measures and AUCg, but beta cell dysfunction
was a significantly stronger contributor than increasing in-
sulin resistance. This further underlines the importance of
beta cell dysfunction as a contributor toAGTin patientswith
AMI.

Both glucose toxicity and lipotoxicity have been reported
to contribute to beta cell dysfunction. The lipotoxicity has
above all been associated with elevated plasma NEFA con-
centrations, which have been observed to hamper insulin
secretion through toxic effects on the beta cells [34, 35].
Furthermore, long-term lowering of plasma NEFA im-
proves the acute insulin response and insulin-mediated glu-
cose uptake [36]. In the present study, concentrations of
NEFAwere significantly increased in patients withAGTand
may therefore have contributed to the beta cell dysfunction.

A limitation of the present study was that we were not
able to control for the influence of intestinal hormones on
beta cell function. Since insulin secretion is increased by
incretins after oral glucose ingestion, the possibility that
these hormones affect beta cell secretion must be taken into
consideration [37].

Moreover, and as could be expected, concentrations of
hs-CRP were significantly increased in patients with AGT.
There were no significant relationships between hs-CRP and
parameters of insulin resistance or beta cell dysfunction.

Another interesting finding in the present study was that
fasting values of proinsulin and the proinsulin : insulin ra-
tio, associated with beta cell dysfunction [38], tended to
increase in patients with abnormal compared with those
with normal glucose tolerance. It was recently reported that
the proinsulin : insulin ratio and the acute insulin response
were independent predictors of type 2 diabetes. Individuals
with a combination of a low acute insulin response and a
high proinsulin : insulin ratio were at the highest risk of
developing type 2 diabetes [39]. Furthermore, in a recent
Swedish study proinsulin predicted cardiovascular death
and morbidity over a period of 27 years, independently of
other major cardiovascular risk factors [40].

The observed disturbances, of increased beta cell dys-
function and insulin resistance, in patients with AGT per-
sisted 3 and 12 months after hospital discharge. During this
period none of the patients was treated with any oral glu-
cose-lowering drug or insulin.

In conclusion, this study shows that glucose abnormal-
ities in patients with AMI but without previously known
type 2 diabetes are to a significant extent related to impaired
beta cell secretion of insulin. This confirms that hypergly-
caemia immediately after an infarction is not mainly a stress
epiphenomenon, as commonly assumed, but reflects a stable
disturbance of glucose regulation preceding the AMI. Early
beta cell dysfunction in this specific patient groupmay have
important pathophysiological implications. Moreover, the
present findings should have therapeutic implications when
choosing pharmacological tools in future attempts to im-
prove the glucometabolic state, and hopefully also in the
prognosis of patients with abnormal glucose metabolism in
connection with myocardial infarction.
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