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INTRODUCTION
Cardiovascular diseases (CVDs) are the most important cause of morbidity and mortality worldwide, and the incidence 
is increasing rapidly (1). Coronary artery diseases constitute 44% of the cause of death in Turkey (2). Acute coronary 
syndromes (ACSs) occur as a result of decreased blood flow to the coronary artery.

Chest pain accounts for about 5% of the admissions to the emergency department (ED), and the rate of ACS among these 
cannot be underestimated (3). ACS has been studied in four groups: unstable angina pectoris, ST segment elevated acute 
myocardial infarction (AMI), non-ST-segment elevated myocardial infarction (MI), and sudden cardiac death (3).

Insulin-like growth factors (IGFs) are involved in cell proliferation, usually depending on the growth hormone (GH) 
(4). This effect is local and systemic, and starts in the prenatal period (4). Two subtypes are defined as IGF-1 and IGF-
2, and they circulate in the body fluids together with insulin-like growth factor–binding proteins (IGFBPs) (5). IGF-1 
is a polypeptide with endocrine, paracrine, and autocrine functions, which is synthesized in the liver. Approximately 
75%–80% of circulating IGF-1 is found to bind with IGFBP-3 (6).

IGF-1 has been found to have positive effects on the development of cardiac structure, contractile function, heart 
rate, and ejection fraction (7). IGF-1 and IGFBP-3 levels have also been shown to exhibit a complex relationship with 
local and systemic effects in patients with ACS (7). Previous experimental studies have reported that IGF-1 increases 
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cardiac contractility and cardiac performance while reducing the 
wall stress (8,9). GH and IGF-1 receptors can be expressed in 
myocardial cells. Therefore, GH may have local or systemic effects 
on the heart, either directly or through induction of IGF-1 (9).

In the present study, the serum levels of GH, IGF-1, and IGFBP-3 
were measured in patients diagnosed with AMI in the first 24 h 
to evaluate the value of these biomarkers in the pathophysiology 
and diagnosis of AMI.

MATERIALS AND METHODS
This prospective study was conducted in patients admitted to the 
Ankara Training and Research Hospital Emergency Department 
with chest pain and diagnosed with AMI between January 1 and 
August 31, 2010.

It included the patients diagnosed with AMI according to 
the diagnostic criteria published by the European Society of 
Cardiology and American College of Cardiology (ACC) in 2000. 
Blood samples for measuring GF, IGF-1, and IGFBP-3 were 
collected within the first 24 h from the onset of active chest pain. 
Also, the clinical characteristics of the patients were recorded.

The control group included healthy men older than 50 years of 
age, who were admitted to the check-up clinic of the hospital 
without any symptoms of renal dysfunction, to achieve hormonal 
homogeneity. The exclusion criteria were as follows: patients who 
did not agree to participate in the study; patients with kidney 
failure, liver failure, malignancy, or receiving hormone replacement 
therapy; and pregnant women. Blood samples for GH, IGF-1, and 
IGBP-3 assays were collected on the day of admission. 

IGFBP-3 levels were measured using DRG Diagnostics Enzyme-
linked Immunosorbent Assay (ELISA) kits (DRG Instruments 
GmbH, Germany), IGF-1 levels were measured using DSLR ABS 
kits with ELISA method, and GH levels were measured using 
Advia XP Centaur kits with chemiluminescence method.
Statistical evaluation of data was performed using SPSS for 
Windows 15.0 software package (SPSS, IL, USA). Descriptive 
data specified in the measure were represented as mean 
values ± standard deviation, median, and interquartile range 
(IQR). Categorical data were represented as frequencies and 
percentages. In comparing the AMI and control groups, and in 
the AMI situations in the two categories, analyses of numerical 
data with normal distribution were performed using the t test 
in the independent model. Mann–Whitney U test was used for 
analyzing data that did not fit a normal distribution, and the chi-
square test was used for analyzing categorical data. The cutoff 

values for GH, IGF-1, and IGFBP-3 variables between the AMI 
and control groups were determined using receiver operating 
characteristic (ROC) analysis. A value of P less than 0.05 was 
considered statistically significant.

RESULTS 
Of This study included 107 patients with AMI and 32 healthy 
controls. The mean age of the patients and controls was 59.36 
± 13:25 years and 57.63 ± 6.55 years, respectively. In the AMI 
group, 57.9% of the patients had comorbid diseases, 38% had a 
family history, and 53.3% had a smoking history. No significant 
differences were found between the patient and control groups 
regarding age, body mass index (BMI), history of hypertension, 
hyperlipidemia, and smoking habits (P > 0.05). However, the 
incidence of diabetes mellitus (DM) was significantly higher in the 
patient group (P < 0.05) (Table 1). In the patient group, 79.4% 
of the patients were males, whereas the control group included 
exclusively men (P < 0.05) (Table 1).

In the AMI group, chest pain was present in 85.9% of the patients. 
It was found that 42.1% of these patients were admitted to the 
ED in the first 3 h after the onset of pain. The most common 
electrocardiographic finding was inferior MI (35.5%), and 
30.8% of the patients were diagnosed with non-ST-elevation MI 
(NSTEMI). The average heart rate and mean arterial pressure of 
the patients were within normal limits (Table 2).

In the AMI group, the median of GH levels was 1.04 (IQR: 1.86) mg/
dL, the median of IGF levels was 118 (IQR: 91.2), and the median 
value of IGFBP-3 levels was 3680 (IQR: 2089.0) In the control 
group, the median of GH levels was 0.07 (IQR: 0.06) mg/dL, the 
median of IGF levels was 141.27 (IQR: 57.37), and the median 
of IGFBP-3 levels was 2345 (IQR: 359.0). The GH and IGFBP-3 
levels were significantly higher in patients diagnosed with AMI 
(P < 0.05), whereas the IGF-1 levels did not significantly differ 
between the two groups (P > 0.05) (Table 3).

According to the ROC analysis of AMI and control groups, the 
sensitivity of GH was 84.1% and the specificity was 81.2% for 
the cut-off value of 0.14; the sensitivity of IGF-1 was 33.6%, 
and the specificity was 75% for the cut-off value of 162; and the 
sensitivity of IGFBP-3 was 75.7%, and the specificity was 96.9% 
for the cut-off value of 2862 (Figure 1).

DISCUSSION
CVDs are the most important cause of morbidity and mortality 
with increasing frequency all over the world (1). Although 
electrocardiograms and cardiac markers [troponin, creatine 
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kinase (CK)-MB, and myoglobin] have been used in the diagnosis 
of ACS, they are insufficient in diagnosing patients with unstable 
angina, and hence new markers are needed. 

The peripheral effects of GH generally occur via IGF-1, and 75% 
of IGF-1 synthesis occurs in the liver via GH stimulation (10). 
Varying levels of IGF-1 and its binding protein have been detected 
in CVD, but no sufficient studies are available on IGFBP-3 levels 
(11,12).

The proliferation of vascular endothelial cells is very important 
in the development of macrovascular diseases. Recent studies 
suggest that IGF-1 may be a true vascular protective factor 
(13). This effect is provided by resisting endothelial dysfunction 
due to the stimulation of the production of nitric oxide (NO) in 
the smooth muscle cells and endothelial cells, by providing 
vasodilatation via activating K channels (resulting in a decrease in 
intracellular calcium), and by resisting necrosis in smooth muscle 
cells and preventing plaque rupture and instability (13, 14).

IGF-1 is known to have insulin-like effects and play a role in 
glucose homeostasis by interacting with the insulin receptor 
(15). A close relationship between insulin sensitivity and 
basal NO production has been reported in healthy people (16). 
According to a hypothesis, nitric oxide synthase (NOS) activities 
in the skeletal muscle stimulated by glucose uptake and in the 
veins stimulated by insulin are mediated by phosphoinositide 
3-kinase (PI3K) and protein kinase B (Akt-B). IGF-1 induces the 
formation of NO, and these metabolic effects are mediated by 

 Table 1: Descriptive values for demographic data of AMI and control groups.

Control (n = 32) AMI (n = 107) P

Age Mean ±SD 57.63 ± 6.55 59.36 ± 13.25 >0.05

Gender Men, n (%)
Women, n (%)

32 (100%)
0 (0%)

85 (79.4%)
22 (20.6%) <0.01

BMI Mean ± SD 28.64 ± 3.78 28.03 ± 3.72 >0.05

Comorbidities n (%) 18 (44.8%) 62 (57.9%) >0.05

HT n (%) 13 (40.6%) 42 (39.2%) >0.05

DM n (%) 0 37 (34.6%) <0.05

HL n (%) 12 (38.7%) 98 (91.6%) >0.05

Family history n (%) 7(21.9%) 38 (35.5%) >0.05

Smoking n (%) 12 (38.7%) 57 (53.3%) >0.05

AMI: Acute Myocardial Infarction, BMI: Body Mass Index, DM: Diabetes Mellitus, HL: Hyperlipidemia, HT: Hypertension, SD: Standard Deviation.

 Table 2: Clinical characteristics of patients with MI

N (%)

Chest pain
Yes
No

15 (14.1)
92 (85.9)

Duration 
between the 
onset of pain 
and admission to 
the ED

No 15 (14)

0–3 45 (42.1)

4–6 21 (19.6)

7–12 14 (13.1)

>12 12 (11.2)

AMI

NSTEMI 33 (30.8)

Anterior 23 (21.5)

septal 7 (6.5)

Inferior 38 (35.5)

lateral 6 (5.6)

 Pulse

<60 9 (8.4)

60–100 84 (78.5)

>100 14 (13.1)

ABP

Normal 70 (65.4)

Hypotensive 13 (12.1)

Hypertensive 24 (22.4)

ABP: Arterial Blood Pressure, AMI: Acute Myocardial Infarction, 
ED: Emergency Department, MI: Myocardial Infarction, 
NSTEMI: Non-ST-Elevation Myocardial Infarction.
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PI3-K / Akt-B signaling (17). Despite insufficient data on the 
effects of IGF-1 in the vascular endothelial function in insulin 
resistance, it has been suggested that changes in the sensitivity 
of vascular IGF-1 play a role in the development of endothelial 
dysfunction in cases of insulin resistance (18).

In patients with uncontrolled DM, it has been reported that 
usually IGF-1 levels decrease, IGFBP-1 levels increase, and 
GH levels occasionally increase (19). The disturbance in 
this balance between insulin and glucose clinically reflects 
as an increase in microvascular complications (19). Also, it 
has been reported that IGF-1 has a vasculoprotective effect 
and hence IGF-1 levels decrease in organized atherosclerotic 
plaques (20,21). It has been found that IGF-1 levels decrease 
with higher blood lipid levels (22,23). Kawachi et al and 
Wataneble et al have found a relationship between subclinical 

carotid artery disease and high levels of IGFBP-3in middle-
aged men (24,25). Juul et al, in their Dan-MONICA study, 
have found that low IGFBP-3 levels reduce the incidence of 
ischemic heart disease (26). It is suggested that IGF-1 levels 
decrease and IGFBP-3 levels increase over time due to an 
increase in degradation products and comorbid diseases, and 
GH increases secondarily.

Copeland at al found that infusion of IGF-1 into the brachial 
artery caused an increase in blood flow in the forearm 
(27). Tsukahara et al reported that IGF-1 stimulates the 
relaxation of precontracted isolated arteries depending on 
the concentration (28). In both the cases, this effect was 
eliminated by NOS inhibitor NG-monomethyl-L-arginine 
(27,28). It has been shown in mice that inactivation of 
IGF-1 increases endothelin-1 mRNA levels in the aorta and 
impairs vasorelaxation induced by acetylcholine in mesenteric 
vascular resistance (29).

Kaplan et al found that IGF-1 and IGFBP-1 levels were associated 
with AMI (30). Conti et al, in a study conducted in 23 patients 
with AMI, found that IGF-1 levels significantly decreased in the 
early phase of MI compared with healthy controls (31). Spallaross 
et al found that IGF-1 levels were significantly lower in patients 
who underwent coronary angiography and were diagnosed 
with severe coronary artery stenosis than in those with no such 
diagnosis (32). It is believed that this increase in IGF-1 levels is 
not associated with AMI; rather a sudden decrease in IGF-1 levels 
triggers AMI.

IGF-1 concentration has been shown to be higher in coronary 
vascular smooth muscle cells in patients with CVD (14). However, 
recent experimental and clinical research suggests the opposite; 
it suggests a low-level relationship between IGF-1 concentration 
and CVD (33,34). It has been shown that the levels of IGF-
binding proteins decrease due to neurohormonal changes after 
experimentally induced AMI, and this reduction has been known 
to have a direct correlation with IGF-1 levels (35,36).

Goodman-Gruen et al reported that GH levels increase acutely in 
patients with AMI (37). Şekuri et al, in their study conducted in 30 
patients with ACS, found that IGF-1 levels significantly decreased 
in patients with acute STEMI; however, they did not find any 
decrease in serum IGFBP-3 levels (38). Yamaguchi et al found that 
serum IGF-1 levels were significantly lower in patients with AMI 
(39). The present study found that GH and IGFBP-3 levels were 
higher, and IGF-1 levels were lower, though not significantly, in 

 Table 3: GH, IGF, and IGFBP-3 levels of patients with AMI

 AMI
Median (IQR)

Control
Median (IQR)

P

GH 1.04 (1.86) 0.07 (0.06) <0.001

IGF-1 118 (91.2) 141.27 (57.37) 0.391

IGFBP-3 3680 (2089.0) 2345 (359.0) <0.001

GH: Growth Hormone, IGF-1: Insulin-Like Growth Factors1, 
IGFBP-3: Insulin-Like Growth Factor–Binding Proteins, 
IQR: Interquartile Range.

Figure 1:  ROC analyses of GF, IGF-1, and IGFBP-3.
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the patient group compared with the control group. It is suggested 
that GH and IGF-1 levels increase due to increasing stress in cases 
of ACS. On the contrary, it is believed that IGFBP-3 levels are 
already high before MI depending on IGF-1 levels. 

Yamaguchi et al, in their study on AMI, found IGF-1 to be an 
independent predictor of 90-day mortality (39). Juul et al 
reported that lower IGF-1 levels and higher IGFBP-3 levels are 
effective in mortality and morbidity in coronary heart disease 
(26). Conti et al reported that each reduction of 40 ng/L in 
basal IGF-1 levels led to a relatively 38% increase in the risk of 
mortality (31). In the light of this study, it is believed that the 
decrease in IGF-1 levels and the increase in IGFBP-3 levels are 
not consequences of MI; rather this change leads to MI.

The cardiac markers (troponin and CK-MB) used in the diagnosis 
of AMI have very high sensitivity and specificity (1,3). Although 
the high sensitivity and specificity of GH and IGFBP-3 levels 
suggest that these can be used as biomarkers, large-scale 
studies are needed to validate the conclusion. Also, these 
markers should be included in the parameters used to calculate 
the probability of MI in patients with a high risk of MI.
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