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Abstract:

Studies have shown that HMG-CoA reductase inhibitors (statins) play an important role in the prevention and treatment of athero-
sclerosis and hyperlipidemia. The aim of this study was to investigate the effect of 3-month treatment with simvastatin on serum lev-
els of Insulin-Like Growth Factor-1 (IGF-1) in patients with diagnosed hypercholesterolemia. In total, 156 patients with
hypercholesterolemia were recruited for the study. The inclusion criteria for this study were designed to allow the enrollment of
a representative group of patients for cytokine studies. The patients were divided into two groups: (1) patients with a mild-to-
moderate risk of heart disease, who had total cholesterol (TC) < 300 mg/dl (7.8 mmol/l), LDL-cholesterol < 210 mg/dl (5.4 mmol/l),
and who lacked risk factors for coronary artery disease (CAD) after treatment with a diet for 3 months; (2) patients with a high-to-
very high risk of CAD, who had TC > 300 mg/dl (7.8 mmol/l), LDL-cholesterol > 210 mg/dl (5.4 mmol/l), and at least two risk fac-
tors for CAD after treatment with a diet and administration of simvastatin (20 mg/day) for a three month period. The control group
consisted of ten healthy volunteers who each had a normal lipid profile. Total cholesterol, LDL-cholesterol and IGF-1 concentrations
were measured at baseline and either after six months of dietary supplementation (first group) or after three months of dietary supple-
mentation and three months of simvastatin treatment (second group). Conclusions: In patients with mild-to-moderate risk of CAD,
a decreased serum concentration of IGF-1 was observed three months after beginning a low-fat diet. However, no changes in the se-
rum concentration of IGF-1 were noted in patients with high-to-very high risk of CAD. Additional three-month treatment with sim-
vastatin decreased the serum concentration of IGF-1.

Key words:

HMG-CoA reductase inhibitors, hypercholesterolemia, IGF-1

654 �����������	��� 
������ ����� ��� �������

�����������	��� 
�����

����� ��� �������

	

� ��������

��������� � ����

�� 	�������� �� �� �! "�#���

��#��� $" %�!� �� 
"���"��



Introduction

Increasing importance has recently been attributed to
the role of inflammatory reactions in the genesis of
atherosclerosis and its resulting complications [19, 32].

Inflammatory cells intensify the degradation of the
matrix, inhibit the function and shorten the lifespans
of vascular smooth muscle cells (VSMCs), and pro-
duce tissue factors that promote thrombosis [31].
These mechanisms play a key role in the processes
that lead to atherosclerotic plaque erosion and rupture. In
contrast, several substances that have anti-atherosclerotic
properties, such as HMG-CoA reductase inhibitors
(statins), apolipoprotein A-1/HDL, acetylsalicylic acid
and fibrates, are thought to inhibit inflammatory
reactions [28, 29, 31]. These findings provide further
evidence of the causative effect of inflammation in
atherosclerosis. Cytokines and growth factors are the
foremost mediators of these reactions [36].

Insulin-like growth factor-1 (IGF-1, somatomedin
C) is primarily synthesized in the liver, kidneys,
lungs, nervous tissue and fibroblasts. It is also se-
creted by endothelial cells, VSMCs and the myocar-
dium, where it acts in an autocrine/paracrine manner.
In the cardiovascular system, IGF-1 plays an impor-
tant role in the cellular mechanisms of growth and cell
survival during various diseases [5, 9, 19]. Inflamma-
tion changes the structure of atherosclerotic plaques
and stimulates macrophages to produce cytokines,
proteolytic enzymes and growth factors; as a result,
the extracellular matrix is modified and the growth
and survival of VSMCs is promoted [12, 19, 25, 31].
IGF-1 also modifies the structure of the extracellular
matrix and contributes to its formation, thereby inhib-
iting cytokine-induced degradation of proteoglycans
[3] and intensifying the proliferation and differentia-
tion of cardiomyocytes and VSMCs [38]. By inducing
coronary vasorelaxation, production of nitric oxide
and opening of potassium channels, IGF-1 functions
as a survival factor which acts to prevent ischemia-
induced cellular death [36]. Metabolic functions, es-
pecially glucose metabolism, are an important aspect
of IGF-1 activity [24, 34, 36]. IGF-1 decreases the risk
of coronary artery disease (CAD) and improves both
cardiac function and contractility [11, 19]. Moreover, it
protects the myocardium against ischemia; therefore, it
might be a prognostic factor for myocardial infarction.
IGF-1 attenuates the programmed cell death of cardio-
myocytes [19]. Decreased serum levels of IGF-1 lead
to instability of atherosclerotic plaques, increase the

vulnerability of cardiomyocytes to ischemia, and pro-
mote their apoptosis [8, 26]. Lowering blood choles-
terol levels slows down atherogenesis by inhibiting
inflammatory reactions in atherosclerotic plaques, re-
ducing the number of macrophages, and decreasing
the expression of collagen-degrading enzyme (HHp-1).
These processes stabilize the plaque by increasing the
number of collagen fibers [23, 30]. Use of a low-fat
diet and hypolipemic drug therapy with HMG-CoA
reductase inhibitors is the most efficacious means of
achieving the latter goals. Statins exhibit actions be-
yond lipid-lowering activity that may be helpful for
the prevention and treatment of CAD. These actions
of statins are sometimes defined as pleiotropic effects
[6, 11, 14]. Statins act on various stages of athero-
genesis to stabilize the atherosclerotic plaque; these
include inhibiting remodeling of the arterial wall and
improving endothelial function [18]. Furthermore,
they also demonstrate anti-inflammatory, immuno-
modulating, antithrombotic and thrombolytic proper-
ties [30, 33]. Much evidence is available to demon-
strate the efficacy of statin therapy for both stable and
unstable angina pectoris [29].

Some authors have reported that statins also de-
crease the serum concentration of C-reactive protein
(CRP) and regulate the secretion of pro-inflammatory
cytokines, such as tumor necrosis factor-� (TNF-�),
interleukin-1� (IL-1�), and interleukin-6 (IL-6) [10,
14, 32, 33, 37].

The aim of this study was to investigate the effect
of 3-month simvastatin treatment on the serum levels
of IGF-1 in patients with diagnosed hypercholes-
terolemia. We also sought to determine whether the
use of a low-fat diet by patients with CAD risk factors
influences the serum concentration of IGF-1. Addres-
sing these issues will provide a better understanding
of the mechanisms that underlie the anti-inflam-
matory and anti-atherosclerotic effects of HMG-CoA
reductase inhibitor therapy.

Materials and Methods

Study population

In total, 156 male patients (aged 20–55 years) who
had been diagnosed with hypercholesterolemia on the
basis of two measurements were enrolled in the study.
Inclusion criteria in this study were designed to allow
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enrollment of a representative group of patients for cyto-
kine studies. We excluded men who met certain exclu-
sion criteria and women (due to the menstrual period).

The study population was divided into two groups:
Group 1 – mild-to-moderate CAD risk – consisted of
87 patients with hypercholesterolemia, with total cho-
lesterol levels � 300 mg/dL (� 7.8 mmol/l) and LDL
cholesterol levels � 210 mg/dL (� 5.4 mmol/l). Sub-
jects had no other CAD risk (such as hypertension,
positive family history, low HDL levels, or aged over
45 years). Dietary implementation was the only inter-
vention in this group.
Group 2 – high-to-very high CAD risk – consisted of
69 patients with hypercholesterolemia, with substan-
tially-elevated levels of total cholesterol, > 300 mg/dL
(> 7.8 mmol/l), and with LDL cholesterol levels >
210 mg/dL (> 5.4 mmol/l). In this group, the diet was
implemented for a period of three months. If there
were no significant changes in the lipid profile of
these patients after this time, they were given simvas-
tatin (20 mg/day) for the subsequent three months.
The 20 mg dose of simvastatin was chosen in accor-
dance with the Recommendations of Prevention Com-
mittee of Polish Cardiac Society (standard dose) [27].

To act as the control group, ten healthy volunteers
(males aged 25–45 years) with a normal lipid profile
(total cholesterol � 200 mg/dL (� 5.2 mmol/l) and
LDL cholesterol levels � 130 mg/dL (� 3.4 mmol/l))
were also included.

Patients did not receive any other medications in
any of the groups. Systemic hypertension present in
15 patients (21.74%) from group 2 was treated with
lifestyle changes and dietary alterations (pharmaco-
logically treated systemic hypertension was one of the
exclusion criteria).

Total cholesterol levels, LDL cholesterol levels and
IGF-1 levels were measured at the beginning of the
study (baseline) and after six months of each interven-
tion: Group 1 – after six months of diet implementa-
tion, Group 2 – after three months of diet implementa-
tion and three months of simvastatin therapy.

Basic laboratory blood tests were performed for all
patients. Chest X-rays and abdominal ultrasound were
performed to exclude any asymptomatic disease.

Patients with hypercholesterolemia were treated
with one of the simvastatin drugs available to the Pol-
ish market.

Prior to carrying out the experiments, the approval
of the bioethics committee at the Medical University
of Silesia was obtained. All patients gave written in-
formed consent to participate in the study.

The inclusion criteria were based on the criteria for
CAD risk published by the Polish Cardiac Society –
Committee on Prevention [27].

Mild-to-moderate risk of CAD: men aged 25–55
years; elevated levels of total cholesterol – 240–300
mg/dl (6.2–7.8 mmol/l) and LDL cholesterol –
160–210 mg/dl (4.1–5.4 mmol/l) that have been meas-
ured in two independent laboratory tests, without any
additional CAD risk factors; elevated levels of total
cholesterol – 200–239 mg/dl (5.2–6.2 mmol/l) and
LDL cholesterol – 130–159 mg/dl (3.4–4.1 mmol/l)
with a maximum of one CAD risk factor.

CAD risk factors include: age above 45 years, HDL
cholesterol � 35 mg/dl (0.9 mmol/l), systemic hyper-
tension not exceeding 180/110 mmHg and family his-
tory of CAD – in the patient’s father or in another
first-degree male relative, or in the patient’s mother or
other first-degree female relative if the latter is < 65
years old.

High-to-very high risk of CAD: men aged 25–55
years, levels of total cholesterol > 300 mg/dl (7.8 mmol/l)
and LDL cholesterol > 210 mg/dl (5.4 mmol/l).

The main exclusion criteria were the presence of
symptomatic cardiovascular disease and pharmaco-
logically-treated systemic hypertension. Typical ex-
clusion criteria for cytokine studies were also applied;
these include coexisting autoimmunologic disorders,
acute infectious diseases, chronic inflammatory dis-
eases, renal failure (creatinine serum level > 1.5 mg/dL),
known malignant diseases, decompensated diabetes
mellitus, hepatitis (including viral hepatitis, choles-
tatic jaundice with bilirubin levels > 1.5 mg/dL and/or
alkaline phosphatase at least twice the upper limit of
normal), severe trauma or burns during 12 months
prior to coronary angiography, stroke (ischemic or
hemorrhagic) during 12 months prior to coronary an-
giography, the use of glucocorticoids and/or andro-
gens, psychiatric disorders, and the absence of the pa-
tient’s consent for participation in the study.

The lipid profile and levels of IGF-1 were meas-
ured in the serum obtained from peripheral blood.
Blood samples were taken at the following time-
points: at baseline (inclusion in one of the three
groups), after six months (for group 1 patients), after
three months of unsuccessful dietary therapy (for
group 2 patients), and after a further three months of
simvastatin therapy (for group 2 patients).

Fasting blood samples were taken from all partici-
pants via a cubitus vein. The blood was then centri-
fuged, and the serum was stored at –70°C.
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Serum levels of IGF-1 were measured with an
enzyme-linked immunosorbent assay (ELISA) (com-
mercial kits – R&D Systems, USA) in the Laboratory
of the Department of Internal Medicine in Bytom.
Prior to the study, patients did not receive any lipid-
lowering therapy or any medication that is listed in
the exclusion criteria. All measurements were made
in duplicate and simultaneously.

To avoid inter-kit variability, measurements for
each patient were made using the same kit.

A colorimetric-enzymatic assay was used to meas-
ure total cholesterol levels (commercial kits – Kodak
Ektachem Clinical Chemistry Slide). The analysis
was made using the Kodak Ektachem 700 Analyzer.

The inter-serial coefficient of variation (% CV)
was 1.4–4.1. LDL cholesterol levels were calculated
according to the Friedwald formula:

LDL cholesterol [mg/dL] = Total cholesterol [mg/dL]
– HDL [mg/dL] – (Fasting TG [mg/dL] × 0.2).

Those calculations were made only if triglyceride lev-
els did not exceed 400 mg/dL.

For the IGF-1 measurements, the intra-assay coef-
ficient of variation (% CV) was 3.5% and the inter-
assay coefficient of variation (% CV) was 8.5%. The
sensitivity of the ELISA assay was < 0.026 ng/ml.

Statistical analysis

Quantitative data are presented as the means ± stan-
dard deviations (SD). The Shapiro-Wilk test was used
to determine whether a random sample was nor-
mally-distributed. Comparison of intragroup differ-
ences (for paired samples) was performed using a paired
t-test, whereas an unpaired t-test was used to evaluate
intergroup differences (for independent samples).
When the assumptions of the parametric test were
substantially violated, the following non-parametric
tests were used: Mann-Whitney U test (for independ-
ent samples) and Wilcoxon signed-ranks test (for
paired samples). A value p < 0.05 was considered to
be significant.

Results

Baseline clinical measurements are displayed in Table 1.
Baseline levels of total cholesterol and LDL choles-
terol were lower in group 1. They remained at a lower

level after six months (Fig. 1 and 2). Baseline IGF-1
concentrations were also lower in group 1; however,
the levels after six months were similar in groups 1
and 2 (Fig. 3). Baseline levels of total cholesterol and
LDL cholesterol in group 1 were significantly higher
than those in the control group. Implementation of the
diet for a six-month period led to a significant reduc-
tion in both total cholesterol levels and LDL choles-
terol levels (Fig. 4 and 5). Not only was the concen-
tration of IGF-1 in group 1 significantly lower than in
the controls, but it decreased further after six months
(Fig. 6). After implementation of the diet for three
months in group 2 patients, there were no significant
changes in the levels of either total cholesterol or
LDL cholesterol. Indeed, it was not until simvastatin
therapy was used that these levels declined; however,
they still remained at higher levels than in the control
group (Fig. 7 and 8). IGF-1 concentration was lower
in group 2 than in the control group, and further de-
creased throughout the period of diet and drug therapy
(Fig. 9). The mean concentrations of HDL cholesterol
and triglycerides are presented in Table 2.

Discussion

Erosion and plaque rupture arise as a result of inflam-
matory processes within the plaque. These can in turn
lead to acute coronary syndromes. Mediators of in-
flammatory reactions, such as prostaglandins, free
radicals, cytokines and growth factors play a pivotal
role in the initiation and preservation of these reac-
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Group 1
(N = 87)

Group 2
(N = 69)

Control group
(N = 10)

Age (years) 43 ± 10 48 ± 15 35 ± 7

Hypertension N (%) 0 (0) 15 (21.74) 0 (0)

Systolic blood pressure
(mmHg)

120 ± 13 135 ± 23 115 ± 16

Diastolic blood pressure
(mmHg)

72 ± 9 83 ± 14 70 ± 6

Positive family history N
(%)

0 (0) 15 (21.74) 0 (0)

BMI 29.9 ± 1.12 30.73 ± 1.42 20 ± 1.58
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tions. There are only a few reports on the effect of
HMGCoA reductase inhibitors on the secretion of
pro-inflammatory cytokines. Moreover, there is only a
single published study that examines the impact of
statins on IGF-1 levels [20, 26]. This type of research
is often conducted using in vitro models, with various
different cell types and in different experimental set-
tings. Clinical studies have typically been carried out
with only small groups of patients and using different
statins [14, 17, 33]. The possible anti-neoplastic and
cytotoxic actions of HMG-CoA reductase inhibitors
are mediated primarily by the inhibition of IGF-1 as
a growth factor [22]. All of these studies have con-

firmed the ability of statins to modulate the secretion
of particular cytokines and growth factors.

More data are available on the changes in levels of
cytokines and IGF-1 in hypercholesterolemia. In the
experimental setting, reduction of cholesterol concen-
tration leads to depletion of inflammatory cells in
both atherosclerotic plaques and in peripheral blood
[10, 30]. Increasing levels of total cholesterol, LDL
cholesterol and modified LDL lipoproteins contribute
to the activation of these cells. This in turn leads to in-
creased synthesis and secretion of inflammatory me-
diators such as pro-inflammatory cytokines and growth
factors [28, 29]. Cytokines, in particular TNF-�,
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Control group Group 1 Group 2

At baseline At 6 months At baseline At 3 months At 6 months

HDL cholesterol
[mg/dl]

63.2 ± 3.7 59.2 ± 2.4 55.0 ± 3.0 54.9 ± 3.5 63.7 ± 2.9 61.7 ± 4.1

Triglycerides
[mg/dl]

50.9 ± 9.6 193.3 ± 6.6 125.2 ± 8.3 190.4 ± 7.1 145.5 ± 12.7 135.7 ± 16.1



IL-1�, IL-6 and IFN-�, are implicated in inflamma-
tory reactions in the injured endothelium [1, 35]. They
have a profound impact on the processes of fibrino-
genesis and myocyte replication; therefore, they can
stimulate the synthesis of the dense extracellular ma-
trix that is a hallmark of advanced atherosclerotic
plaques. Not only does the on-going inflammatory
process accelerate growth of the plaque, it also in-
duces its erosion, its eventual rupture and the conse-
quent clotting on its surface [32, 38].

IGF-1 belongs to the family of peptides that initi-
ates proliferation and accelerates cellular differentia-
tion; in this regard, it shares some actions with insu-
lin. The prime function of IGF-1 is probably the regu-
lation of growth in many types of cells (adipocytes,
myocytes, osteoblasts, chondrocytes, fibroblasts, he-
patocytes). IGF-1 is a type of mitogen that influences
endothelial cells via both autocrine and paracrine
means. Specifically, IGF-1 contributes to the forma-
tion of the intracellular matrix, intensifies the prolif-
eration of VSMCs, and decreases the pro-inflammatory
cytokine-dependant degradation of proteoglycans [3,
22]. Suppression of IGF-1 receptor transcription leads
to the inhibition of VSMC growth [22]. Moreover,
IGF-1 induces the endothelial synthesis of nitric oxide
(NO), but significantly reduces both the intracellular
levels of calcium (Ca2+) and the production of bio-
logically-active peroxides [36].

In the present study, the patients were divided into two
groups: 1) patients with low-to-moderate risk of CAD
and 2) patients with high-to-very high risk of CAD.

In keeping with the current guidelines, a lipid-
lowering diet was recommended for both groups [27].
The diet was implemented in group 1 patients for six
months and in group 2 patients for three months. The
lipid profile was also measured in the control group
(healthy volunteers). Baseline levels of cholesterol
subfractions were significantly higher in groups 1 and 2
than in the control group subjects. Total cholesterol lev-
els and LDL cholesterol levels in the control group were
below the normal limit set by the Polish Cardiac Society.

At baseline, the IGF-1 levels in groups 1 and 2
were significantly lower than those in the control
group. IGF-1 levels decreased in group 1 patients af-
ter implementation of the diet, whereas no change
was observed in group 2 patients after three months of
the diet. However, simvastatin therapy led to a de-
crease in IGF-1 levels in patients with high-to-very
high risk of CAD. In healthy volunteers (control
group), the IGF-1 level oscillated within the normal

limits outlined in the literature and set by the manu-
facturer of the laboratory kits [8, 13].

It should be emphasized that the IGF-1 concentra-
tions were within the normal range in all patients (both
in the studied groups and in the control group); hyper-
cholesterolemic patients had “low normal” levels,
whereas healthy volunteers had “high normal” levels.

Patients with risk factors for CAD had significantly
lower IGF-1 levels than healthy volunteers. Although
this phenomenon has been described in several stud-
ies [7, 16, 20, 21], one can only hypothesize that it is
associated with a network of cytokines regulatory in-
teractions that has yet to be elucidated. An alternative
explanation is that hypercholesterolemia activates
regulatory mechanisms that subsequently affect the
concentration of IGF-1 [22, 24]. In addition to stimu-
lating the synthesis of pro-inflammatory cytokines,
high levels of total cholesterol and LDL cholesterol
most likely lead to an imbalance between protective
factors and injuring forces in endothelial cells. The
mechanisms involved in the latter have yet to be un-
covered, and these issues will be investigated in fu-
ture studies.

Although there have been several studies concern-
ing the associations between IGF-1 concentration and
either obesity or cardiovascular disease, there have
been few attempts thus far to examine the impact of
hypercholesterolemia (which is not connected with
metabolic syndrome) on IGF-1 levels. Several pub-
lished studies have examined the role of IGF-1 con-
centration in myocardial infarction, heart failure, and
vascular atherosclerosis [5, 8, 9, 21]. One of the most
interesting studies, by Jull et al. [16], assessed the as-
sociation between ischemic heart disease (IHD) and
IGF-1 concentration and concluded that individuals
with IHD and low levels of circulating IGF-1 have a
significantly increased risk of developing IHD. In an-
other study, a low IGF-1 concentration in patients
who had suffered myocardial infarction was associ-
ated with a higher death rate [11]. Indeed, low levels
of IGF-1 after myocardial infarction might be a pre-
dictor of poor prognosis [8]. Patients who died of car-
diovascular diseases also had higher growth hormone
levels; this could be a symptom of the development of
growth hormone “resistance”. Similar “resistance”
develops in a state of starvation and in other chronic
disorders [2, 13, 19]. In view of the latter reports, it
might be concluded that increased levels of IGF-1 in
patients after myocardial infarction can protect against
ischemia-induced myocardial injury. The main actions
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of IGF-1 are mediated by regulation of apoptosis,
which is the essential element in myocardial ischemia
[11, 18]. The present study demonstrates that a low-
fat diet decreases the level of cholesterol and in turn
the level of IGF-1. Therefore, it is of crucial impor-
tance to address whether or not the hypolipemic ac-
tions of a low-fat diet produce the desired effect. Con-
sidering the influence that IGF exerts on programmed
cell death, the available data would suggest that de-
creasing the levels of IGF-1 by use of a low fat diet is
desirable. Various effects probably depend on differ-
ent baseline concentrations of IGF-1. Thus, “high nor-
mal” IGF-1 levels regulate programmed cell death, and
thereby attenuate the apoptosis of cardiomyocytes in
the viable myocardium. This reduces left ventricular
dilation and remodeling after myocardial infarction
[18, 35]. In vitro studies show that, by regulating
apoptosis, IGF-1 is a potential survival factor in in-
jured fibroblasts and VSMCs [4, 15, 25]. Moreover,
IGF-1 stabilizes vessel walls, stimulates the growth of
VSMCs and is essential to the survival of endothelial
cells. Beneficial effects during myocardial ischemia
result from the anti-apoptotic actions of IGF-1 [35].
On the other hand, low IGF-1 levels after myocardial
infarction predict poor prognosis and a higher compli-
cation rate [25, 35]. Similar results have been de-
scribed by Conti et al. They demonstrated that a de-
creased level of IGF-1 in patients after myocardial in-
farctions is a negative prognostic factor [8]. From this
perspective, it is not so evident that a decrease in
IGF-1 concentration would be desirable.

What happens when regulatory mechanisms fail
and IGF-1 levels rise above the normal limit? In res-
tenosis (after percutaneous coronary intervention,
PCI), increased IGF-1 secretion leads to uncontrolled
growth of VSMCs and acceleration of atherosclerotic
plaque progression [5, 12, 15, 25]. Several studies
have documented the impact of HMG-CoA inhibitors
on IGF-1 levels [22, 23]. Low-cholesterol, low-
caloric and vegetarian diets all reduce IGF-1 levels
and therefore play a potential role in the prevention
and control of neoplasia [26]. However, after consider-
ing the findings of the aforementioned studies, thought
should be given to whether the diet-dependent down
regulation of IGF-1 levels is a beneficial phenome-
non.The present study is one of only a few that tests
the effect of HMG-CoA reductase inhibitors on IGF-1
concentrations in a clinical setting. Although our con-
clusions regarding the prognostic significance of IGF-1

are unclear, we offer a possible mechanism of action
for one of the statins.

Conclusions

1. Implementing a low-fat diet reduces IGF-1 con-
centrations in patients with mild-to-moderate risk of
CAD.
2. The use of low-fat diets by patients with high-to-
very high risk of CAD is insufficient to reduce IGF-1
levels. However, the addition of simvastatin treatment
decreases the concentration of IGF-1.
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