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Background: Acute Myocardial Infarction (AMI) is one of the main causes of mortality and disability in
Colombia. The factors associated to a new event in surviving subjects to a first AMI in our population have
not yet been fully identified.
Methods: Two hundred and ninety five surviving subjects to a first AMI (58.8±12.6 years) were included in a
prospective cohort study between 2000 and 2006. Lipid profile, glycemia and plasma insulin levels were
measured. Deaths of cardiovascular origin, a new AMI, unstable angina, heart failure, stroke, new myocardial
revascularization or angioplasty were considered new cardiovascular events.
Results: The study included 61 (20.6%) women and 234 (79.4%) men. The mean follow up time was 50±
30 months with a 38.9% incidence of new events. Fifty five patients (18.6%) were diabetic. Bi-varied analysis
identified as risk factors for a new cardiovascular event the presence of: hypertension, anterior descending
coronary artery stenosis, intrahospital cardiac failure, age over 55, low income, lack of education, Killip III–IV,

heart rate over 76 bpm, pulse pressure over 80 mm Hg, total cholesterol over 200 mg/dl and insulin over
10 IU/ml. After logistic regression analysis, the log values of insulin remained as the only significant predictor
for new cardiovascular events.
Conclusions: Hyperinsulinism was the most important factor associated to the occurrence of new
cardiovascular events in Colombian patients with AMI, which emphasizes the pivotal role of insulin
resistance in the physiopathologic mechanisms of atherosclerosis, especially in undeveloped countries.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Background

Cardiovascular diseases (CVD) have become themain cause of death
worldwide. It is estimated that 3.8 million men and 3.4 million women
die every year from this cause [1]. In addition, an increase of 47 to
83 million disability-adjusted life years (DALY) between 1990 and 2020
has been projected due to these diseases [2]. It is calculated that
5.3 million deaths by CVD occur annually in developed countries versus
8 to 9 million in developing countries [3,4]. In Colombia, the coronary
disease death rate in subjects between 24 and 84 years old increased
from 58.8 per 100,000 inhabitants in 1980 to 103.2 in 1996 [5].

Despite the important progress obtained in the treatment of Acute
Myocardial Infarction (AMI) in the last few years, the rates of
mortality and the incidence of new ischemic events in patients who
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have had previous AMI remain high and still represent a public health
problem [6].

The risk factors associated with the development of a first AMI are
well documented [7,8]. The INTERHEART study described the role of
several risk factors of presenting a first AMI in 12.461 subjects from 52
countries [7]. The most important risk factor in the entire studied
population was the relationship ApoB/ApoA1, followed by smoking,
psycho-social factors, abdominal obesity, and hypertension among
others. However, in a Latin-American population (1888 subjects from
Chile, Colombia, Brazil and Argentina) it was demonstrated that the
waist–hip ratiowas the factorwith the greatest population attributable-
risk for a first AMI, with a percentage of 48.5 compared to 30.2 in the
other participating countries [8]. These results support the proposal that
Latin-American populations are at a greater risk of developing CVD at
smaller levels of abdominal obesity, probably due to an ethnic
predisposition to present low-grade inflammation, insulin resistance
and endothelial dysfunction [9–14].

Risk factors as diabetes, high systolic blood pressure, obesity, and
high levels of serum cholesterol, among others, have been largely
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identified as significant determinants of a worse prognosis after an
AMI in Caucasian population [15–17]. However, the information about
which factors contribute to an increased risk of recurrent AMI or fatal
coronary heart disease (CHD) in Hispanic population is scarce.

Therefore the aim of this study was to determine the risk factors
associated with a higher risk of new cardiovascular (CV) events in
surviving subjects to a first AMI in a Colombian population.
2. Methods

This prospective cohort study included surviving subjects to a first AMI, who were
hospitalized in the coronary care unit of the Fundación Cardiovascular de Colombia,
Bucaramanga, Colombia between 2000 and 2006. Subjects were excluded if they had a
prior AMI; if their AMI was caused by a procedure or surgery, or if they died prior to
hospital discharge.
2.1. Definition of clinical findings

The AMI diagnosis was established based on chest pain lasting≥30 min, significant
electrocardiograph changes such as: ST segment elevation of ≥1.0 mm in ≥2
contiguous electrocardiographic leads or Q pathologic waves; and an increase of
serum creatine kinase >3-fold the normal value or positive troponine (≥0.1 ng/ml)
[18].

Information was obtained regarding demographic factors, socioeconomic status
(education, income), personal and family history of CVD, and risk factors (hyperten-
sion, diabetes mellitus, dyslipidemia).

Clinical measurements such as blood pressure, height, weight, heart rate,
functional class and data obtained during hospitalization (coronary angiography,
echocardiogram and inflammatory profile) were registered. Body Mass Index was
defined as the bodyweight (registered in the emergency room) in kilograms divided by
the square of height in meters.
Table 1
2.2. Biochemistry determinations

In the first 5 days of hospitalization, a single blood sample (20 ml) was drawn from
every individual. The quantification of glycemia, leukocyte count, reactive C protein,
lipid profile and insulin plasmatic levels was performed by standardized methods
(Biosystems BTS-303 Photometric®, Spain; R&D Systems, Minneapolis, MN, USA).
Baseline characteristics of n=295 survivors of first myocardial infarction, by study
outcome.

With new CV event
(n=114)

Without new CV event
(n=181)

p value

Demographic characteristics
Age 61±9 55±12 0.001
Male sex (%) 75.6 82.1 0.17

Comorbid conditions/behavioral factors
Diabetes history (%) 20.2 15.6 0.31
Stroke history (%) 6.1 1.1 0.01
Dyslipidemia history(%) 5.9 3.6 0.38
Hypertension history (%) 64.04 37.2 0.001
Current smoking (%) 28.07 30.9 0.6
Low education level (%) 15.7 7.8 0.04

Clinical measurements
Body mass index (kg/m2) 25.7±3.2 25.9±3.7 0.54
Waist perimeter (cm) 94.6±8.6 95.3±8.6 0.52
Hip perimeter (cm) 90.6±10.9 91.5±9.8 0.57
2.3. Cohort follow up

In-person follow-ups were conducted every 6 months for 2 years. Visits took
place at the Cardiovascular Foundation and included interview, vital signs, physical
and neurological examination. After this 2 year period, evaluations were conducted
every 6 months through a standardized telephonic interview. Information was
collected with regard to vital status, functional status, intercurrent symptoms,
illnesses, and hospitalization, and when available, medical records were reviewed
by trained research assistants for all outcome events including death. The primary
outcome was a composite of major CV events (cardiovascular death, stroke, new
AMI, severe heart failure and revascularization). Cardiovascular death was defined
as death from myocardial infarction, stroke or unexplained sudden death. A non-
fatal reinfarction was defined as an infarction occurring later than 72 h after the
index infarction. Stroke was defined according to the WHO criteria as a neurological
deficit observed by a physician and persisting for more than 24 h without any other
disease explaining the symptoms. Severe heart failure was recognized as causing
hospital admission including intensified or additional treatment. Coronary
revascularization identification included coronary artery bypass surgery or
percutaneous angioplasty.
Waist–hip ratio 0.96±0.09 0.96±0.06 0.79
Heart rate (beat/min) 81.6±20.6 75±17.4 0.01
Systolic blood pressure
(mm Hg)

137.6±29.7 132.3±27.2 0.06

Diastolic blood pressure
(mm Hg)

82.8±17.2 80.1±17.01 0.1

Pulse pressure (mm Hg) 86.31±19,9 75.98±20.4 0.001
Ejection fraction 46.75±11.3 50.3±10.7 0.03

Coronarography findings
Anterior descending
artery stenosis (%)

77.3 57.9 0.006

Circumflex artery stenosis (%) 38.6 31.7 0.34
Right coronary
artery stenosis (%)

61.8 63.5 0.82

Results expressed in mean±standard deviation or percentage.
2.4. Data analysis

Continuous variables were expressed asmean and standard deviation and categorical
variables were expressed as percentages. The comparison between groups was made
using the Student t test for those variables with normal distribution and the non-
parametric Mann–Whitney test for those with non-normal distribution. Categorical
variables were compared using chi-square test. A p value<0.05 was considered
statistically significant. Because serum insulin has not a normal distribution, we used
log-transformed values for the statistical analysis. A multivariate logistic regression was
performed to identify significant predictors of new CV events. All the variables which
showed statistical significance in the univaried analysis (p<0.05) were included in the
logistic regression model. A multivariate logistic regression sub-analysis was realized in
thenon-diabetic patients to identify the role of the insulin in this population. Data analyses
were made using STATA® version 8.0 (STATA Corporation® Texas, USA).
3. Results

295 hospitalized survivors of first AMI were included in this study
and followed for an average of 50.0±30.0 months. The mean age at
hospital discharge was 58.8±12.6 years, and 79.4% of the studied
subjects were men. Fifty five patients (18,6%) were diabetic.

During the follow-up 114 subjects (38.6%) developed a new CV
event, of these 80% corresponding to non-diabetic patients. The most
common event was angina that required intrahospital treatment
(54.8%), followed by death from cardiac origin (15.7%), PTCA (8.7%),
heart failure (6.9%), a new myocardial infarction (5.2%), stroke (5.2%)
and CABG (3.5%).

Patients who suffered a new CV event were on average 5 years
older than the rest of the studied patients. Overall, the presence of
primary cardiovascular risk factors tended to be more frequent in
the group who suffered one of the events from the study endpoint
compared with those who did not (Table 1). The most significant
difference between these two groups was the presence of stroke,
hypertension history, and low educational level (Table 1). On
average, patients who developed the study endpoint presented
higher heart rate and pulse pressure, increased insulin levels,
higher LDL and total cholesterol plasmatic levels (Tables 1 and 2).
The non-fasting glycemia levels were elevated in all the patients of
the study. Moreover, mean plasma glycemia was higher in the
subjects who presented a new CV event (154.5 mg/dl±76.8 vs.
143.6 mg/dl±66.2), however, this difference did not reach statis-
tical significance (Table 2). At discharge, the use of diuretics,
digitalis and anticoagulants was more common in the patients with
the study endpoint than those of the comparison group (Table 3).
Moreover as shown in Table 4, subjects with a new CV event
reported a higher use of digitalis during follow up.



Table 3
Medication used at hospital discharge of n=295 survivors of first myocardial
infarction, by study outcome.

With new CV event
(n=114)

Without new CV event
(n=181)

p

ACEa inhibitors (%) 76.4 69.3 0.19
Beta blockers (%) 90.0 86.5 0.38
Calcium channel blockers (%) 9.1 7.3 0.58
Diuretics (%) 27.3 14.6 0.008
Nitrates (%) 27.3 19.1 0.11
Digitalis (%) 10.9 2.3 0.003
Lipid-lowering medication (%) 57.3 65.1 0.18
Insulin (%) 7.3 3.3 0.14
Oral hypoglycemic agents (%) 13.6 6.7 0.05
Anticoagulants (%) 18.2 7.3 0.005
Acetylsalicylic acid (%) 88.2 93.9 0.09

Results expressed in percentage.
a ACE, angiotensin converting enzyme.
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Bivariate analysis identified the following as risk factors for new
CV events: age greater than 55 years, history of hypertension, heart
rate higher than 76 beats/min, pulse pressure greater than 80 mmHg,
stenosis of the anterior descending coronary artery, insulin, total
cholesterol, the presence of intrahospital heart failure, low income,
low educational level and a classification of Killip III–IV (Table 5).
After logistic regression analysis (Table 6), the log value of the insulin
concentrations remain as the only risk factor significantly associated
with the presence of a new CV event, additionally high income was a
protector factor for the development of new events.

3.1. Non-diabetic patients

A sub-analysis was performed in the non-diabetic patients. After
the logistic regression analyses, the log values of insulin (OR=4.9 (CI
1.7–14.6)) remain as a significant predictor for new cardiovascular
events independently of income, total cholesterol and age over 55
(Table 6).

4. Discussion

The present study demonstrates that increased insulin plasma
levels are a significant predictor for the development of new CV
events in Colombian general patients and in non-diabetic population
with a first AMI. Previously, Kaplan et al. [15] in 2677 hospitalized
survivors of first AMI, with ages between 30 and 79 years old,
followed up for an average of 3.4 years, identified as independent risk
factors for reinfarction/fatal CHD: advanced age, high body mass
index, diabetes, congestive heart failure, angina, high serum creati-
nine and low levels of HDL, with no differences between men and
women. Wong et al. [16] in the Framingham study reported after a
follow up of 32 years (mean 9.7 years) that high systolic pressure,
high serum cholesterol, and the prevalence of diabetes were
independent predictors of coronary death in AMI patients. Moreover,
results of the Stockholm Heart Epidemiology Program [17] concluded
that several primary cardiovascular risk factors, particularly diabetes,
contribute to the increased risk of recurrentMI/fatal CHD. Our data are
consistent with these previous findings, supporting the fact that
alterations in the lipid and carbohydrate metabolism play an
important role not only as risk factors for a first cardiovascular
event but also in the apparition of new events.

Several studies in different populations have demonstrated that
hyperinsulinemia is a risk factor associated with a higher mortality
due to CHD [19–21]. The Helsinki Policemen Study [22] included a
cohort of 970 men aged 34 to 64 years (median 48 years) who were
free of CHD, cerebrovascular disease, and diabetes and who were
followed for a period of 22 years. This study demonstrated that insulin
resistance is a statistical significant predictor of both, CHD and stroke.
Table 2
Biochemical characteristics of n=295 survivors of first myocardial infarction, by study
outcome.

With new CV event
(n=114)

Without new CV event
(n=181)

p value

Glycemia (mg/dl) 154.5±76.8 143.6±66.2 0.25
Insulin (UI/ml) 14.1±12.5 9.1±5.2 0.002
Log insulin 2.4±0.6 2.1±0.6 0.002
Total cholesterol (mg/dl) 213.7±38.7 200.2±42.6 0.03
LDLa cholesterol (mg/dl) 141.87±34.4 128.15±38.9 0.01
HDLb cholesterol (mg/dl) 38.1±10.4 35.6±11.3 0.08
Triglycerides (mg/dl) 176.4±100.4 171.7±110.3 0.25
C-reactive protein (mg/l) 3.2±2.8 4.5±3.5 0.72
Leukocytes (×103/ml) 11.9±70. 13.6±5.8 0.71

Results expressed in mean±standard deviation.
a LDL, low density lipoproteins.
b HDL, high density lipoproteins.
Similar associations were observed by Ducimetiere et al. [23] in 7246
non-diabetic, working men with age between 43 and 54 years,
initially free from heart disease, who were followed an average of
63 months. During this period 128 new CHD events (non-fatal
myocardial infarction and coronary related deaths) were detected.
The multivariate model revealed that fasting plasma insulin level and
fasting insulin–glucose ratio were positively associated with the risk
of an event independently of other risks factors. These studies
remarked the importance of insulin as a predictor of CHD or of a
first AMI. A significant finding of our study after the logistic regression
analysis was the presence of hyperinsulinemia as a predictor of new
CV events after a first AMI in the sub-group of patients without
diabetes mellitus. Our data are consistent with the previous study of
Yanase et al. [24], that found, on 102 patients with CHD, that fasting
hyperinsulinemia significantly increased the risk of new cardiovas-
cular events in patients with normal glucose tolerance.

Another significant finding of the study was the role of the income
level as a factor that can alter the evolution and the recurrence of a
new event; the result suggests that a higher income level predisposes
to a low recurrence of new CV. Similar data was reported in a study of
Sonmez et al. [25], who studied 550 cases of coronary heart disease:
their results concluded that in women, central obesity was inversely
related to the income and educational level; Sundquist et al. [26]
followed 25,319 women and men aged 35–74 years for incident
coronary heart disease; after the analyses, low neighborhood
education and low neighborhood income each predicted incident
coronary heart disease after adjustment for age, sex, and individual-
level education and income (hazard ratios were 1.25 and 1.23,
respectively).

The mechanisms responsible for the association between insulin
and CHD remain unclear, although it has been suggested that the risk
associated to hyperinsulinemia is in part due to lipid abnormalities,
which are common in subjects with high insulin concentrations
[21,27,28]. Insulin resistance (IR) is the principal factor that induces
hyperinsulinemia and also, is one of the main causes of metabolic
disorders such as obesity and DM2, each of them characterized by
endothelial dysfunction, which is a key manifestation in cardiovas-
cular pathologies [29]. The insulin metabolic functions that facilitate
the use of glucose in muscles and adipocytes are empowered by its
action on the endothelium, by stimulating the production of nitric
oxide (NO), increasing the glucose captation by 25 to 45% and the
blood flow to the skeletal muscle [30]. Insulin resistance is
characterized by a specific alteration of the signalization pathway
which depends on phosphatidylinositol-3-phosphate, which in turn
causes an imbalance in the endothelium between the production of
NO and endothelin-1 (ET-1), generating a decreased blood flow and
aggravating the insulin resistance [29]. Data from in vitro, animal, and
human studies show that insulin both stimulates ET-1 production
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Table 5
Bivariate analyses of the risk factors associated to the occurrence of a new CV event.

Variable RR (CI 95%) p

Age>55 (years) 1.2 (1.1–2.1) 0.002
Hypertension history 1.9 (1.4–2.7) <0.01
Current smoking 0.9 (0.7–1.3) 0.6
Heart rate>76 beats/min 1.5 (1.08–2) 0.01
Pulse pressure >80(mm Hg) 1.6 (1.1–2.15) 0.005
DA stenosis 1.8 (1.1–2.7) 0.007
LDLa>130 mg/dl 1.4 (0.9–2.1) 0.07
Insulin>10 UI/ml 1.7 (1.1–2.6) 0.01
Cholesterol total>200 mg/dl 1.5 (1.04–2.1) 0.047
Intrahospital heart failure 1.9 (1.5–2.7) 0.001
Low income 1.7 (1.2–2.3) 0.001
Low education level 1.6 (1.1–2.6) 0.007
Killip III–IV 1.7 (1.2–2.5) 0.01

DA, anterior descending coronary artery.
a LDL, low density-lipoprotein.

Table 4
List of medications that patients were taking during the follow up period.

Variable 6 months 12 months 18 months 24 months

With event
(%)

Without event
(%)

With event
(%)

Without event
(%)

With event
(%)

Without event
(%)

With event
(%)

Without event
(%)

ACEa inhibitors (%) 12.5 42.9 11.1 43.9 25 50 28.6 45.8
Beta blockers (%) 100 71.5 88.9 70.7 75 75 71.4 79.2
Angiotensin II receptor antagonists (%) 12.5 9.5 11.1 7.3 12.5 10 14.3 17.4
Calcium channel blockers (%) 0 11.9 11.1 9.8 12.5 2.5 14.3 13.1
Diuretics (%) 50 30.9 44.4 31.7 37.5 20.5 42.9 30.4
Nitrates (%) 12.5 16.7 11.1 12.2 0 10 0 13.0
Digitalis (%) 25 0b 33.3 0b 25 0b – –

Lipid-lowering medication (%) 87.5 54.8 88.9 51.2 100 55 85.7 75
Insulin (%) 0 11.9 11.2 12.2 0 7.5 0 8.7
Oral hypoglycemic agents (%) 25 9.5 11.2 14.6 25 10 14.3 12.5
Acetylsalicylic acid (%) 87.5 76.2 77.8 85.4 87.5 90 71.4 83.3

Results expressed in percentage.
a ACE, angiotensin converting enzyme.
b p<0.05.
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from endothelial cells and upgrade its actions on vascular smooth
muscle cells [31,32]. Other mechanisms have also been proposed to
explain the close relationship between hyperinsulinemia, insulin
resistance, endothelial dysfunction and hypertension, including
altered cell membrane ion exchange, enhanced sympathetic and
renin–angiotensin–aldosterone system activity (RAAS), and sup-
pressed atrial natriuretic peptide activity [33–35].

The commonmechanisms that contribute to insulin resistance and
endothelial dysfunction also include glucotoxicity, lipotoxicity and
inflammation, which are correlated and result in an increased risk of
cardiovascular events [29]. Recent studies have shown that obesity,
insulin resistance and type 2 diabetes are proinflammatory states
[36,37]. An enlargement of adipocytes is frequently observed in pre-
diabetic individuals and in type 2 diabetics [38]. The increased
adipocyte size represents a failure in the recruitment of new
adipocytes due to impaired differentiation; and constitutes an
Table 6
Multivariate analysis of predictors of a new cardiovascular event in all populations and
in non-diabetic patients.

Variables All patients Non-diabetic patients

OR (CI 95%) p OR (CI 95%) p

Log_insuline 6.7 (2.4–18.5) 0.001 4.9 (1.7–14.6) 0.004
Total cholesterol 1.01 (1.00–1.02) 0.15 1.0 (0.98–1.01) 0.15
Income 0.5 (0.4–0.7) 0.001 0.50 (0.34–0.74) 0.001
Age over 55 0.9 (0.7–1.1) 0.3 0.91 (0.71–1.16) 0.46
independent marker of insulin resistance [38]. Cell size expansion
leads to a reduction in the production of anti-inflammatory
adipokines (like adiponectin) whereas proinflammatory cytokines
(like IL-6, and TNFα) are markedly increased [39]. These proin-
flammatory cytokines may contribute to insulin resistance by
modulating insulin signaling and transcription. Moreover, Smith
et al. [36] showed that insulin resistance in the adipose cells also
promotes the development of a proinflammatory state generating the
vicious circle of obesity, inflammation and insulin resistance.
Although, this study not shown a statistical difference in C-Reactive
Protein (CRP) levels between groups, previous studies had reported a
direct relation between IR and inflammation [40,41]. Garcia et al. [40]
reported higher concentrations of CRP, and in the number of
leukocytes in subjects with IR compared with those without IR. The
differences between these results and ours could be explained by the
number of participants of the present study.

The use of statins and an adequate control of high blood pressure
using anti-hypertensive medications are the norm in patients with AMI
[42]. These drugs improve the prognosis in the long term; however
other pharmacological interventions such as the use of digitalis have
been associated with a worse prognosis. Reicher-Reiss et al. [43]
reported that the administration of digoxin to AMI survivors in the
chronic phase of their disease is associatedwith a 30–50% increase in the
risk of cardiac mortality. In a report from the Secondary Prevention
Reinfarction Israeli Nifedipine Trial (SPRINT) [44], digoxin also emerges
as an independentpredictor of increasedmortality risk in a selectedpost
myocardial infarction population at relatively low risk. These results
support the hypothesis that digoxin may exert a dose-dependent
deleterious effect upon the survival of patients recovering from acute
myocardial infarction by increasing the prevalence of arrhythmic-
relatedevents [44]. Our results are consistentwith these studies because
we observed a higher frequency of digitalis use during follow-up in the
group of patients who presented new events.

Despite the need for comprehensive pharmacological mechanisms
that improve the prognosis of these patients, the pharmacologic
intervention for the management of hyperinsulinism and insulin
resistance in AMI patients is not a standard treatment. The most
effective approach to improve insulin resistance and to reduce
cardiovascular risk are appropriate changes in lifestyle. However,
some pharmacological agents such as metformin, acarbose and
thiazolidinediones could also improve insulin sensitivity contributing
to reduce cardiovascular morbidity in these patients [45].

The findings of this study are especially important for developing
countries such as Colombia, where the recent and fast urbanization
process has been associated with a rise in the consumption of
processed foods, rich in fat and carbohydrates, and a reduction of
physical activity, leading to high levels of obesity, specially abdominal
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obesity, insulin resistance, hyperinsulinemia and CVD [46–48]. In
addition, it has been demonstrated that our populations have a
greater sensibility to develop an atherogenic lipid profile and low-
grade inflammation at lower levels of abdominal adiposity than those
reported in the population from developed countries [9]. These factors
are associated with an increase of the vascular reactivity to the
angiotensin II stimulus [49], the hormone that is also produced in the
visceral adipose tissue [50]. This hormone increases the production of
TNFα [51], a proinflammatory cytokine that stimulates the hepatic
production of C-reactive protein (CRP), which has been associated to
several pathologic conditions in our population such as high blood
pressure [52,53] and pregnancy induced hypertension [54,55].

In conclusion, independently of the mechanisms that link
hyperinsulinism and insulin resistance to the presence of cardiovas-
cular events, the results of this study have a high relevance in the
clinical practice since these determine the need of investigating and
treating hyperinsulinism and insulin resistance as a strategy aimed at
reducing cardiovascular risk in our population.
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