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Summary

Background: Diabetic patients are at an increased risk  
of developing heart failure after myocardial infarction, 
particularly when left ventricular function is severely 
impaired. We aimed to investigate the influence of dia-
betes on the development of heart failure in a dynami-
cally changing post-myocardial infarction population.

Methods: In 272 patients enrolled in the Healing 
and Early Afterload Reducing Therapy (HEART) trial, 
left ventricular volumes, ejection fraction, and infarct 
segment length were assessed by echocardiography on 
day 1, day 14 and day 90. Echocardiographic measures, 
as well as clinical outcomes, were compared between 
diabetics and non-diabetics.

Results: At presentation with myocardial infarc-
tion, diabetics (n = 56, 21%) demonstrated higher  Killip 
class than non-diabetics (n = 216, 79%) despite similar 
infarct size. Changes in left ventricular size and func-
tion in the three months following infarction were sim-
ilar in diabetics and non-diabetics. At one-year follow-
up, diabetics demonstrated increased incidence of 
heart failure (29% versus 14%, p = 0.014) and total car-
diovascular events (39% versus 19%, p = 0.002).

Conclusions: The coexistence of diabetes enhances 
the risk for developing heart failure after myocardial 
infarction even in patients with mild left ventricular 
dysfunction or preserved ejection fraction. This risk is 
independent of infarct size, ejection fraction, or subse-
quent ventricular remodeling.
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Background

Diabetes mellitus increases the risk of cardiovascular 
disease [1–3]. In addition to the well-recognised micro-
vascular and macrovascular complications, diabetes 
also appears to increase risk of congestive heart failure 
[4, 5]. Among survivors of acute myocardial infarction 
(MI), diabetes increases the risk of heart failure and 
cardiovascular disease [6]. These increased risks 
 appear to be independent of progressive ventricular 
 enlargement [5, 7].

The Healing and Early Afterload Reducing Ther-
apy (HEART) study was a randomised, double-blind, 
placebo controlled trial of the haemodynamic effects of 
early versus delayed administration of ramipril after 
anterior Q-wave MI [8]. The availability of data on dia-
betes, clinical presentation, echocardiographic changes, 
as well as heart failure and cardiovascular disease fol-
lowing MI afforded a unique opportunity to explore 
how diabetes might influence the relationship between 
clinical presentation of acute MI and outcomes.
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Methods

Patients
The HEART trial enrolled 352 patients with Q-wave 
anterior MI to determine optimal timing of initia-
tion of angiotensin-converting enzyme inhibitors. 
Patients were randomly assigned to receive one of 
three dosing regimens of ramipril: placebo for 14 
days, followed by full-dose (10 mg) ramipril; low-
dose (0.625 mg) ramipril for 90 days; or full-dose 
ramipril for 90 days. Patients with left bundle 
branch block were ineligible. Echocardiographic 
 examinations were performed within the first 
24 hours (baseline), at 14 days and 90 days after MI. 
Electrocardiograms performed within 24 hours 
(baseline) and prior to discharge (predischarge) 
 after myocardial infarction were sent to the Data-

Coordinating Centre for standardised and blinded 
assessment. The majority of patients (87%) received 
reperfusion therapy [8].

Of the original 352 patients enrolled in HEART, 
320 had interpretable baseline (median time from 
onset of symptoms = 3 hours) and predischarge (me-
dian time = day 7) electrocardiograms. Of these, 272 
patients with analysable baseline and day 14 
echocardiograms who also had either an acceptable 
day 90 echocardiogram (n = 268) or who died prior to 
the day 90 echocardiogram (n = 4) were included in 
the analysis. 

Patients were classified as diabetic (n = 56, 21%) 
only if diabetes had been documented and therapy ini-
tiated prior to the index MI. Of these, 14 (25%) were 
treated with insulin, 31 (55%) with oral hypoglycaemic 
agents, and 11 (20%) with diet alone.

Table 1
Baseline characteristics of non-diabetics (n = 216, 79%) and diabetics (n = 56, 21%).

Characteristics Non-diabetics 
(n = 216)

Diabetics 
(n = 56)

p-value 

Number (%) or mean ± SD  

Age, yr (SD) 59.6 ± 13.1 60.8 ± 10.9 0.50

Male, n (%) 172 (80) 40 (71) 0.19

Body mass index, kg/m2 27.0 ± 4.3 29.3 ± 5.5 0.003

Body surface area, m2 1.9 ± 0.3 1.9 ± 0.3 0.96

Killip class >1, n (%) 40 (19) 19 (34) 0.01

Systolic blood pressure day 1, mm Hg 118.8 ± 15.1 124.0 ± 17.1 0.01

Diastolic blood pressure day 1, mm Hg 71.2 ± 10.3 71.5 ± 12.7 0.8

Maximal creatine kinase, mU/ml 2484 ± 2012 2593 ± 1887 0.71

Creatinine, mg/dl 1.1 ± 0.24 1.0 ± 0.23 0.29

Total serum cholesterol, mg/dl 209.4 ± 49.1 212.4 ± 48.1 0.71

Hypertension, n (%) 83 (39) 28 (50) 0.13

Previous myocardial infarction, n (%) 30 (14) 13 (23) 0.09

Previous angina, n (%) 112 (40) 29 (40) 0.98

Duration of previous angina, weeks 15.8 ± 90 7.4 ± 10.3 0.62

Reperfusion therapy, n (%)

Thrombolytic

PTCA

192 (89)

142 (74)

50 (26)

45 (80)

34 (76)

11 (24)

0.09

0.11

0.57

PTCA left anterior descendent, n (%) 71 (90) 18 (95) 0.51

Aspirin, n (%) 202 (93) 49 (87) 0.13

Diuretics, n (%) 39 (18) 14 (25) 0.20

Digitalis, n (%) 7 (3) 2 (4) 0.90

Beta-blockers, n (%) 158 (73) 36 (64) 0.19

Treatment group, n (%)    

Placebo, then full-dose ramipril 75 (35) 12 (21)  

Low-dose ramipril 71 (33) 19 (34) 0.11

 Full-dose ramipril 70 (32) 25 (45)  

PTCA = percutaneious transluminal coronary angioplasty
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Echocardiographic analysis
Echocardiographic measurements were made on a 
Nova Microsonics workstation (Mahwah, New Jersey) 
as previously described [8]. Endocardial borders from 
end-diastolic and end-systolic frames were digitised 
manually, and left ventricular volumes were calculated 
using the modified biplane Simpson’s rule to obtain left 
ventricular ejection fraction (EF). The total akinetic 
and dyskinetic segment length was assessed by manu-
ally tracing the akinetic or dyskinetic segment and was 
expressed as a percentage of endocardial perimeter. 
The reproducibility of the echocardiographic measure-
ments had been previously reported [8].

Statistical analyses
Descriptive statistics (percentages for binomial varia-
bles, mean ± standard deviation [SD] for variables with 
approximately normal distributions, 25th to 75th per-
centile for variables with skewed distribution) were 
used for clinical, electrocardiographic and echocardio-
graphic characteristics in diabetics and non-diabetics. 
Comparisons between diabetic and non-diabetic groups 
were performed using χ2 tests for differences in the pro-
portions of categorical variables, Student’s t-test for 
continuous variables, and two-sample Wilcoxon rank 
sum test for ordinal variables and variables that were 
not normally distributed. 

Outcome measures included hospitalisation for 
heart failure, non-fatal recurrent MI, or cardiovas-
cular disease events, a composite of death, hospitali-
sation for heart failure, or MI. Patients were quali-
fied as being hospitalised for heart failure, if heart 
failure was deemed the primary cause for the hospi-
talisation and for which additional medication was 
administered, i.e., diuretic, intravenous or oral ni-
trates, intravenous inotropic agents.

All endpoints were ascertained by the site investi-
gators and filled out on a case report form. The frequen-
cies of outcomes in the two groups were compared us-
ing logistic regression analysis. The associations be-
tween each outcome variable and diabetes were 
assessed with multiple logistic regression analysis, in-
cluding factors in the model that had statistically sig-
nificant associations (at p <0.05) with outcomes (i.e., 
baseline left ventricular EF, baseline akinetic/dyski-
netic segment length, hypertension, maximal creatine 
kinase, age, and prior MI). The continuous variables 
satisfied the assumption of linearity. This assumption 
was checked by sub-dividing each continuous variable 
into four sub-groups corresponding to each quartile of 
the distribution, examining the beta-coefficients of the 
logistic regression within each group, and determining 
that these were similar across the range.

Table 2
Echocardiographic characteristics at day 1, day 14, and day 90 of non-diabetics (n = 216) and diabetics (n = 56).

 Day 1   Day 14   Day 90   

Characteristics Non-diabetics Diabetics p-value Non-diabetics Diabetics p-value Non-diabetics Diabetics p-value

 (n = 216) (n = 56)  (n = 216) (n = 56)  (n = 213) (n = 55)  

 Mean ± SD   Mean ± SD   Mean ± SD   

Left ventricular  
ejection fraction, %

52.2 ± 9.4 51.6 ± 10.1 0.67 56.5 ± 8.9 54.5 ± 10.3 0.14 57.2 ± 9.4 54.7 ± 9.6 0.08 

Left ventricular end- 
diastolic volume, ml

103.9 ± 41.1 104.2 ± 34.5 0.90 108.6 ± 37.7 108.6 ± 44.5 0.99 108.5 ± 37.3 107.8 ± 42.2 0.90 

Left ventricular  
end-diastolic volume  
index, ml/m2

53.1 ± 14.9  
 

51.9 ± 17.6 
 

0.58 
 

55.4 ± 16.4 
 

56.1 ± 19.9 
 

0.78 
 

55.0 ± 16.1 
 

55.0 ± 18.6 
 

0.99 
 

Left ventricular end- 
systolic volume, ml

50.8 ± 24.1 51.5 ± 29.4 0.86 48.4 ± 24.5 51.1 ± 30.7 0.48 48.0 ± 25.9 50.6 ± 29.1 0.52 

Left ventricular end- 
systolic volume index,  
ml/ m2

25.8 ± 10.4 
 

25.4 ± 14.5 
 

0.80 
 

24.6 ± 11.3 
 

26.4 ± 15.5 
 

0.31 
 

24.1 ± 11.7 
 

25.7 ± 14.0 
 

0.35 
 

Akinetic/dyskinetic 
segment length, %

25.8 ± 11.0 27.2 ± 9.8 0.36 17.9 ± 13.0 20.6 ± 12.2 0.16 15.5 ± 14.0 19.9 ± 12.7 0.04 

Change in left  
ventricular ejection 
fraction, %

– 
 

– 
 

– 
 

4.3 ± 9.0 
 

2.9 ± 8.0 
 

0.28 
 

4.9 ± 10.0 
 

2.8 ± 8.8 
 

0.17 
 

Change in left  
ventricular end diastolic 
volume, ml

– 
 

– 
 

– 
 

4.4 ± 22.8 
 

5.0 ± 23.2 
 

0.86 
 

4.1 ± 26.9 
 

4.2 ± 25.7 
 

0.98 
 

Change in left  
ventricular end systolic 
volume, ml

– 
 
 

– 
 

– 
 

–2.4 ± 17.1 
 

–0.3 ± 16.6 
 

0.41 
 

–2.74 ± 20.4 
 

–0.7 ± 18.7 
 

0.49 
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A two-sided p-value of less than 0.05 was consid-
ered to indicate statistical significance in all analyses. 
All statistical analyses were performed with Stata® 7 
(Stata Corporation, College Station, TX). 

Results

Baseline characteristics in diabetic and non-diabetic 
patients are presented in table 1. At presentation, dia-
betic and non-diabetic patients were similar with re-
spect to clinical features, baseline medication, left ven-
tricular volumes and EF, maximal creatine kinase lev-
els and akinetic/dyskinetic segment length (tables 1 
and 2). Nevertheless, a higher proportion of diabetics 
than non-diabetics presented with Killip class >1 (34% 
versus 19%, p = 0.01). Two weeks after MI, diabetic and 
non-diabetic patients were similar with respect to left 
ventricular EF, end-systolic and end-diastolic volume, 
and akinetic/dyskinetic segment length (table 2). Simi-
larly, at day 90, left ventricular volumes were similar 
in the two groups although diabetic patients demon-
strated greater akinetic/dyskinetic segment length and 
slightly, though not significantly, lower EF (table 2). 
Complete recovery of ventricular function (EF >55% 
and absence of regional wall motion abnormalities) was 
seen in 25% of non-diabetics and 20% of diabetics (p = 
0.37). In a subset of patients (non-diabetics = 104, dia-
betics = 27), echocardiographic parameters of diastolic 
function were similar in both groups at the three time 
points (table 3).

The one-year follow-up status was available in 243 
(89%) patients. In the year following infarction, diabet-
ics had a higher incidence of either hospitalisation for 
heart failure or cardiovascular disease events (table 4). 
The difference in total cardiovascular disease events 
was primarily due to increased congestive heart failure 
and remained significant even after adjusting for base-
line left ventricular EF and akinetic/dyskinetic seg-
ment length, hypertension, maximal creatine kinase, 
age, and prior MI (table 4).

Discussion

The results of this study demonstrated that diabetics 
are at increased risk of developing congestive heart 
failure even after myocardial infarction with mild left 
ventricular dysfunction or preserved ejection fraction. 
In this anterior MI population, in which the majority of 
patients received reperfusion therapy, the increased 
risk of heart failure in diabetic patients was not attrib-
utable to differences in initial measures of infarct size, 
ventricular function, or subsequent ventricular remod-
elling. 

Several studies have suggested that diabetics, with 
or without previous cardiovascular disease, have up to 
five-fold increased risk of heart failure [4, 5, 9–12]. 
While diabetes accelerates and enhances the athero-
sclerotic process [13], as reflected by the greater extent 
and severity of coronary artery disease in diabetic pa-
tients [14], diabetics do not appear to have more exten-

Table 3
Echocardiographic assessment of diastolic function at day 1, day 14, and day 90 of non-diabetics (n = 104) and diabetics (n = 27).

Day 1 Day 14 Day 90

Parameters

Non-diabetics

(n = 104)

Diabetics

(n = 27)

 p-value

 

Non-diabetics

(n = 104)

Diabetics

(n = 27)

 p-value

 

Non-diabetics

(n = 104)

Diabetics

(n = 27)

 p-value

 

 Mean ± SD  Mean ± SD  Mean ± SD  

E/A 1.1 ± 0.3 1.1 ± 0.5  0.49 1.4 ± 0.6 1.2 ± 0.5  0.17 1.3 ± 0.7 1.4 ± 0.8  0.70

DT, msec. 182 ± 45 186 ± 43  0.68 207 ± 4 196 ± 9  0.27 214 ± 5 207 ± 8  0.53

Table 4
Clinical events of non-diabetics (n = 194) and diabetics (n = 49) in the first year following myocardial infarction.

Outcome 
 
 

Non-diabetics 

(n = 194) 

Diabetics 

(n = 49) 

Unadjusted  
odds ratio

(95% confidence 
interval)

  p-value 
  
 

Adjusted  
odds ratio†

(95% confidence 
interval)

  P-value 
 
 

Heart failure, n (%) 26 (13) 14 (29) 2.58 (1.23–5.44)   0.01 2.0 (0.85–4.73)   0.11

Recurrent myocardial 
infarction, n (%)

 8 (4) 5 (10) 2.64 (0.82–8.47)   0.10 2.03 (0.57–7.22)   0.27 

Cardiovascular disease 
events‡, n (%)

35 (18) 19 (39) 2.88 (1.46–5.69)   0.002 2.41 (1.11–5.23)   0.03 

† Adjusted for baseline left ventricular ejection fraction and akinetic/dyskinetic segment length, hypertension, maximal creatine kinase, 
age and prior myocardial infarction.
‡ A composite of death, hospitalisation for heart failure, or myocardial infarction.
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sive infarctions than non-diabetic patients [15, 16]. In 
the present study, infarcts were of mild to moderate ex-
tent (based on akinetic/dyskinetic segment length, EF, 
and maximal creatine kinase) and the infarct size was 
comparable between diabetics and non-diabetics. While 
left ventricular EF was relatively high in this post-MI 
population, diabetics still demonstrated a significantly 
higher risk of developing heart failure or total cardio-
vascular disease events. These data are compatible 
with the hypothesis that factors other than infarct size 
or systolic function must account for the increased in-
cidence of heart failure observed in diabetics. 

Left ventricular remodelling, occurring in some 
 patients after MI, is a continuous process influenced by 
a variety of factors, including infarct size [17], coronary 
reperfusion [18], and angiotensin-converting enzyme 
inhibitor therapy [19, 20], and has been thought to rep-
resent an important component in the progression to 
heart failure [21]. In a previous report from patients 
enrolled in the Survival and Ventricular Enlargement 
(SAVE) study, diabetes was not associated with 
 increased remodelling in patients with left ventricular 
dysfunction following MI despite a marked increase in 
heart failure [5]. These observations, however, were in 
a selected population of patients with large infarcts 
and left ventricular dysfunction (EF ≤40% per proto-
col), and therefore at high risk for developing ventricu-
lar remodeling and heart failure. In fact, the present 
study consisted of patients with mild to moderate in-
farcts (mean baseline EF = 52%), in which, by day 90, 
complete recovery of ventricular function occurred in 
22% of the population and heart failure developed in a 
minority (17%) [17]. Yet in this population, diabetes 
likewise increased the risk of heart failure and total 
cardiovascular disease independently of the risk of re-
modelling.

The observation that patients with diabetes pre-
sented with a higher Killip class suggests that diabetes 
may influence myocardial function very early in the 
 infarct process. Several lines of evidence support the 
hypothesis [22] that in the diabetic heart altered 
 myocardial energy metabolism may adversely affect 
myocardial function [23]. Still, we did not observe sig-
nificant differences between groups with respect to 
 systolic function, raising the possibility that differ-
ences in diastolic function might account for the in-
creased heart failure risk in the diabetic patient al-
though we do not have specific data to support this hy-
pothesis. In patients with well controlled and 
uncomplicated type 2 diabetes, there was a strong as-
sociation between impaired left ventricular diastolic 
function and reduced myocardial high-energy phos-
phate metabolism[24]. Although diastolic dysfunction 
is a known feature of  diabetic cardiomyopathy and may 

contribute to the pathogenesis of heart failure [25–27] 
there is no strong evidence supporting a causal rela-
tionship between abnormal diastolic function and 
heart failure in diabetic patients. 

Study limitations
In the HEART study the diagnosis of diabetes was 
based on information requested  of the patients at 
screening evaluation on the awareness of the dis-
ease and/or presence of anti-diabetic treatments – 
insulin, oral hypoglycaemic agents, or diet alone. 
Since, at that time, we did not ask for glucose test, 
glucose tolerance test, or glycated haemoglobin 
(HbA1c) at baseline, we could neither base the diag-
nosis of diabetes on these clinical markers nor de-
tect new cases of diabetes. Therefore, in this study 
patients with diabetes included only patients with 
previously known diagnosis of diabetes and did not 
include patients with newly diagnosed diabetes 
which may constitute about 4% of patients with my-
ocardial infarction [28]. This might imply that we 
underestimated the proportion of patients with dia-
betes.

The HEART study population consisted of patients 
with anterior myocardial infarction of whom only 25% 
underwent primary percutaneous coronary interven-
tion (PCI). Therefore, the results from this study could 
not be translated to today’s clinical practice, as nowa-
days the majority of patients are treated with primary 
PCI.

Due to the fact that the majority of patients did not 
undergo primary PCI, we also lack  angiographic data 
for our study population and therefore we cannot 
 exclude that at baseline diabetic patients had more 
 extensive coronary disease, although we do not think 
this could have influenced the main results of the pre-
sent study.

Conclusion
In a well characterised population of patients with 
anterior MI and mild residual left ventricular dys-
function or preserved ejection fraction, diabetes is 
associated with worse functional class and a greater 
risk of developing congestive heart failure in the fol-
lowing year. This increased risk of heart failure in 
diabetic patients appears to be independent of 
 infarct size, systolic function and subsequent left 
ventricular remodelling. Their higher Killip class 
contributes to the formulation of the hypothesis that 
diastolic dysfunction may have aetiologic impor-
tance in the observed higher risk of heart failure 
among diabetic patients who survive myocardial 
 infarction.
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