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ABSTRACT

OBJECTIVE:Recent studies report that the insulin-like growth factor system may be involved in stroke pathogenesis, and is
reported to increase myelination, maturation, cell proliferation and neuronal sprouting of the central nervous system.The
aim of the present study is to demonstrate the role of insulin-like growth factor system in ischemic stroke pathogenesis
and its association with the prognosis by investigating insulin-like growth factor-1 and insulin-like growth factor binding
protein-3 levels in patients diagnosed with acute ischemic stroke.

MATERIAL and METHODS: Sixty-eight patients and 20 healthy individuals were included to this study. Clinical evaluation
of the patients was performed according to National Institute of Health Stroke Scale and functional outcomes were graded
according to Modified Rankin Scale. Bamford classification was used for the clinical classification of ischemic strokes, and
the TOAST system for etiological classification. Each patient's levels of insulin-like growth factor-1 and insulin-like growth
factor binding protein-3 were measured on the first, fifth and thirtieth day of ischemic stroke.

RESULTS: Only the levels of insulin-like growth factor binding protein-3 on the day of 5 were significantly decreased
compared to the control group. The decrease in IGF-1 values was associated with an increased risk of death and was
accompanied by clinical worsening and decreased functionality.

CONCLUSION: It has been concluded that the levels of investigating insulin-like growth factor-1 and insulin-like growth
factor binding protein-3 may affect mortality risk, clinical condition and functionality outcomes in patients presenting
with ischemic stroke, and further studies are needed for the investigation of different effects of insulin-like growth factor-
1 in future.
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INSULIN-BENZERI BUYUME FAKTORU-1 VE INSULIN-BENZERI BUYUME FAKTOR BAGLAYICI PROTEIN-3

SEVIYELERI ILE ISKEMIK INMELI HASTALARIN KLINIK PROGNOZ ILISKISI
OZET

AMAC: Daha dnceki ¢calismalarda insulin-benzeri biiytime faktor sisteminin santral sinir sisteminde miyelinizasyon, hiicre
proliferasyonu, maturasyon ve noéronal filizlenmeye neden olarak inme patogenezinde yer alabilecegi rapor edilmistir. Bu
calismanin amaci akut iskemik inmeli hastalarda insulin-benzeri biiylime faktérii-1 ve insulin-benzeri biiyiime faktér
baglayici protein-3 seviyelerinin iskemik inme patogenezindeki roliinii ve prognoz ile iliskisinin ortaya konulmasidir.
GEREC ve YONTEM: Sadece 5. giindeki insulin-benzeri biiyiime faktérii baglayici protein-3 seviyeleri kontrole gére anlaml
disiiktii ve diisiik insulin-benzeri biiyiime faktorii-1 diizeyi artmis 6liim riski, kotii klinik durum ve azalmis fonksiyonellik
ile iliskiliydi.

BULGULAR: Sadece 5. gilindeki insulin-benzeri biiyiime faktorii baglayici protein-3 seviyeleri kontrole gore anlamh
disiiktii ve diisiik insulin-benzeri biiyiime faktorii-1 diizeyi artmis 6liim riski, kotii klinik durum ve azalmis fonksiyonellik
ile iliskiliydi.

SONUG: Insulin-benzeri biiyiime faktérii-1 ve insulin-benzeri biiyiime faktér baglayici protein-3 seviyelerinin hastalarin
mortalite riski, klinik durum ve fonksiyonel sonlanimim etkileyebildigi ve gelecekte insulin-benzeri biiytime faktor
sisteminin farkh etkilerinin arastirildig baska calismalarada ihtiyag oldugu sonucuna varildi.

Anahtar Sézciikler: iskemik inme, insulin-benzeri biiyiime faktérii, prognoz.
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INTRODUCTION

Cerebrovascular diseases are a group of
conditions with a high prevalence among general
population commonly lea ding to permanent
disability and low quality of life, 85% of which are
related to ischemic events (1).

Growth hormone and insulin-like growth
factor-1 system (GH-IGF-1 system) are known to
be involved in development of aging and different
aging-related diseases like cardiovascular disease,
stroke (2), cancer (3) and Parkinson’s disease (4).

Insulin-like growth factor 1 is a single-chain
polypeptide that shares homology with proinsulin.
The IGF system is composed of multiple receptors
and ligands. It includes three ligands (IGF-1, IGF-2,
and insulin), four receptors, at least six high-
affinity binding proteins and binding protein
proteases. The bioavailability of IGF1 is regulated
by its binding to IGF binding proteins (IGFBPs) (5).
Insulin-like growth factor-1 may have a key role in
embryonic and postnatal development, in tissue
hemostasis such as regulation of cell proliferation,
differentiation, an inhibitor of cell apoptosis and
necrosis, plasticity and survival of the nervous
system (6). This data supported by experimental
studies on hypoxic/ischemic brain damage in rats
demonstrated that IGF-1 stimulates
oligodendrocyte progenitors as well as neuronal
proliferation and differentiation, increases myelin
expression, modulates brain plasticity, and
provides neuroprotective effects via its influence
on blood-brain barrier (7-8).

Several epidemiologic studies have reported
an inverse relation between low IGF-1 levels and
the increased mortality and morbidity of ischemic
heart disease and stroke (9,10,11). In fact, a study
has shown that low IGF-1 levels increase mortality
risk following ischemic and hemorrhagic stroke by
1.5 and 5.2 fold, respectively (12).

In the present study, we investigated IGF-1
and IGFBP-3 levels at the initial 24 hours, on the
day of 5 and 30 in patients diagnosed with acute
ischemic stroke in order to demonstrate the role of
these parameters in ischemic stroke pathogenesis
and their association with the prognosis.

MATERIAL AND METHODS

Patients

Sixthy-eight patients admitted to the
neurology clinic due to acute ischemic stroke and a
control group of 20 healthy subjects were
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included. The design of our study was approved by
the hospital ethics committee. Patients were
evaluated with various tests at the initial 24 hours,
on the day of 5 and 30 following acute cerebral
ischemic stroke, and IGF-1 and IGFBP-3 levels
were assessed at these time points.

Neurological examination, imaging studies
and etiological evaluations were performed for
each patient. Bamford clinical classification (13)
was used to determine the subgroups of ischemic
stroke, and TOAST classification (14) was used for
etiological classification.

Clinical evaluation of the patients was
performed according to National Institute of
Health Stroke Scale (NIHSS) (15) and functional
outcomes of ischemic stroke were assessed
according to Modified Rankin Scale (MRS) one
month later (16).

Biochemical Analysis

Venous blood samples were taken into
biochemistry tubes and stored at +40C in the
fridge following centrifugation, and studied in the
hormone laboratory at the initial 24 hours, on the
fifth and thirtieth day. The samples were studied
using commercial kits adaptable for the Immulite
2000 device in Immulite 2000 of BIO DPC.
Reference range of IGF-1 was detected as 25
ng/mL-1600 ng/mL while the reference range of
IGFBP-3 was 0.5 ug/mL-1.40 pg/mL.

Statistical Analysis

Statistical analyses of the present study were
performed with the SPSS (version 14) statistical
program. IGF-1 and IGFBP-3 levels were compared
between the patient group and control group using
t-test at 24 hours, on the day of 5 and 30, and 95%
confidence interval analyses were performed. The
effect of IGF-1 and IGFBP-3 levels on mortality
rates on the first and fifth day were assessed with
logistic regression analysis. Based on the time
points on the first and fifth day, clinical condition
and the change in blood parameters were assessed
using repetitive t-test. The association between
clinical condition and the changes in blood
parameters on the first, fifth and thirtieth day
were analyzed with Pearson’s correlation test.
Tukey’s multiple comparisons test was used for
intergroup comparisons of the values with
significant difference. Statistical significance was
expressed as p<0.05.



RESULTS

The mean age was 60.07+ 15.65 years in the
patient group and 56.45+ 11.50 years in the
control group. There were 31 females (45.59%)
and 37 males (54.41%) in the patient group while
there were 9 females (45%) and 11 males (55%)
in the control group. There was no difference
between the patient group and the control group
regarding age and gender.

Based on Bamford classification, there were
13 patients (19.12%) in lacunar infarct (LACI)
group, 18 patients (26.47%) in partial anterior
circulation infarct (PACI) group, 20 patients
(29.41%) in posterior circulation infarct (POCI)
group, and 17 patients (25%) in total anterior
circulation infarct (TACI) group.

Based on the TOAST classification, there were
30 patients (44.12%) with large artery
atherosclerosis, 16 (23.53%) with cardioembolic
infarct, 13 (9.12%) with lacunar infarct, 6 (8.82%)
with unknown cause, and 1 (1.47%) patient with
heterozygous F5 Leiden mutation and 2 (2.94%)
with  hyperhomocysteinemia among  other
identifiable causes.

According to the descriptive statistical data of
mortality rates among these patients, exitus
occurred during the first 5 days in 4 patients
(5.88%), and after the first 5 days during inpatient
treatment in 3 patients (4.41%). Nine patients
(13.24%) who were discharged from our clinic
died within 30 days. Thus, exitus occurred in 16
patients (23.53%) within 30 days. The number of
patients who survived and attended the control
visit on the day of 30 was 27 (39.71%) while the
number of patients who survived but did
not/could not attend the visit was 25 (36.76%).

Comparison of IGF-1 and IGFBP-3 levels at
the initial 24 hours, on the day of 5 and 30 showed
statistically significant lower levels in the patient
group compared to the controls only for the
IGFBP-3 levels on the day of 5. There was no
relevant difference between the patient group and
the control group regarding IGF-1 and IGFBP-3
levels measured at other time points (Table 1).

The evaluation of the effect of these levels on
mortality rates is presented in Table 2. These
findings show that the decrease in IGF-1 values
measured on the fifth day in the patient group had
a statistically significant significance on mortality
rates (p<0.05). The levels of IGF-1 and IGFBP-3 on
the fifth day were significantly lower than those
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Table 1. Comparison of IGF-1 and IGFBP-3 levels
according to the days in patient and control
groups.

Control Patient
MzSD MSD t
First day IGF-1 107,70+29,29  120,70+59,06  -0,948
First day IGFBP-3 3,62+0,86 3,31+1,14 1,130
Fifth day IGF-1 107,70+29,29 111,18456,91 -0,262
Fifth day IGFBP-3 3,62+0,86 2,84+125  2,598*
Thirtieth day IGF-1  107,70+29,29  135,42+59,57 -1,908
Thirtieth day 3,62+0,86 3,78+1,30  -0456

IGFBP-3

*:p<0,05 IGF-1:ng/mL IGFBP-3:ug/mL

Table 2. Evaluation of IGF-1 and IGFBP-3 levels
impact on the mortality rates.

Standard Hazard

B Error Wald P Ratio
First day -
IGF-1 008 ,006 1,805 ,179 0,992
First day
igrp-3 1058 ,250 054 816 1,060
Fifth day - .
IGF-1 017 ,008 4980 ,026* 0,983
Fifth day ,308 3,105 ,078 0,581

IGFBP-3 ,543

*:p<0,05 IGF-1:ng/mL IGFBP-3:ug/mL

measured on the first day. While there was no
relevant association between the IGF-1 and IGFBP-
3 levels on the first and thirtieth day and also
NIHSS and MRS scores, significant results were
obtained on the day of 5. An association was found
between the decrease in IGF-1 and IGFBP-3 values
and the increase in NIHSS scores on the day of 5
(r=-0.35and r=-0.37).

Based on Bamford classification, the analysis
of the association between NIHSS and MRS scores
and serum IGF-1 and IGFBP-3 levels showed that
the patients in TACI group had the highest NIHSS
on the first day; however, there was no statistically
significant association between IGF-1 and IGFBP-3
levels and ischemic stroke subtypes. There was no
significant difference between LACI, PACI and
POCI groups regarding IGF-1 and IGFBP-3 levels
on the fifth day. The lowest IGF-1 value was seen
in the TACI group and the highest IGF-1 level was
seen in the PACI group and this finding was also

consistent for IGFBP-3 value in the same
subgroups.
There was no statistically significant

association between the subgroups of TOAST
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classification and IGF-1 and, IGFBP-3 levels.

DISCUSSION

Insulin-like growth factor-1, is a naturally
occurring anti-apoptotic and neurotrophic factor,
plays an important role in the regulation of cell
proliferation, differentiation and maturation
during normal brain development and maturation.
Eighty percent of the IGF-1 in serum is bound to
IGFBP-3. IGFBP-3 prolongs the half-life and
regulates tissue distribution of IGF-1, and
regulates the bioavailability of IGF-1 at the cellular
level in target tissues. There is also evidence
supporting that the neuroprotective efficacy of
IGF-1 is associated with the binding proteins
(17,18,19). It is also known to be involved in
atherosclerosis development due to its role in cell
proliferation. Furthermore, it induces elastin
synthesis and prevents apoptosis in vascular
smooth muscle cells. Therefore, it constitutes a
risk factor for low grade stroke. On the other hand,
IGF-1 expression increases in the region with
neuronal loss following hypoxic injury, and animal
studies using IGF-1 administration have shown
shrinkage in infarct volume and improved
neurological function following ischemia. This
suggests that IGF-1 may have an important role in
termination of stroke (12).

Schabitz et al. (20) treated rats with
intraventricular and subcutaneous IGF-1 after
occluding right carotid artery and found decreased
infarct volumes in brain section of the rats in the
treated group compared to the untreated group.

Johnsen et al. (21) investigated the
association between IGF system and risk of
ischemic stroke in a prospective study and found
an inverse correlation between IGF-1 and IGFBP-3
levels and risk of stroke in patients with stroke,
and suggested that decreased serum levels of IGF-
1 and IGFBP-3 may be associated with an
increased risk of ischemic stroke. In a study (22),
serum IGF-1 and IGFBP-3 levels were investigated
in patients with acute ischemic stroke at the initial
24 hours, on the day of 3, 5 and 10. Serum IGF-1
levels of the patients were found to be lower
compared to the control group at all time points
assessed. The lowest IGF-1 value was detected in
the large stroke group; however, there was no
significant difference across the subgroups. Serum
IGFBP-3 levels were significantly lower in the
control group on the day of 5 and 10 while the
lowest value was detected in the group with large
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infarct. Across the subgroups, IGFBP-3 levels were
significantly lower in the group with large and
moderate infarcts on the same days.

Denti et al. (23) compared the IGF-1 and
IGFBP-3 levels in patients diagnosed with acute
ischemic stroke at the initial 24 hours and at 1
month or discharge, as well as the NIHSS and
Barthel indexes at 3 and 6 months, and found
significantly lower IGF-1 levels compared to the
control group during the acute period while the
IGFBP-3 levels were lower without statistical
significance. According to the subgroups based on
Bamford ischemic stroke scale, there was no
significant difference regarding IGF-1; however,
the highest IGF-1 level was found in the POCI
group and the lowest value was observed in the
TACI group. There was no association between the
severity of neurological presentation and the IGF-1
and IGFBP-3 levels on the first day. While an
inverse correlation was found between the
evaluations performed at 1, 3 and 6 months and
the IGF-1 levels, and also there was no association
between these evaluations and IGFBP-3. Moreover,
decreased IGF-1 was found to be associated with
increased mortality; however, it was not
associated with disability.

IGF-1 and IGFBP-3 levels were not different
than the control group at the initial 24 hours in the
present study. This finding differs from the
findings of Schwab (22) and Denti (23) et al. who
found significantly lower serum IGF-1 and IGFBP-3
levels in patients compared to the control group at
the end of 24 hours. In our study, we found
significantly lower levels of IGFBP-3 compared to
the control group only on the day of 5. This finding
supported the decreased IGFBP-3 findings
demonstrated by Schwab et al. (22); however, it
was not consistent with the decreased IGF-1 levels
detected in the same study. While there was no
significant association between the IGF-1 and
IGFBP-3 levels and the ischemic stroke subgroups
based on Bamford scale, lowest IGF-1 levels were
detected in the TACI group and exitus occurred
within five days in 4 patients with low IGF-1 levels
in this group. Showing that the lowest IGF-1 level
was found in the large infarct group, our findings
support the studies suggesting an association
between decreased IGF-1 and increased mortality
during the acute period.

Bondanelli et al. (24) investigated the effect of
IGF-1 levels on ischemic stroke outcomes in
patients in a rehabilitation program following



acute ischemic stroke, and found no correlation
between IGF-1 levels and NIHSS but found a
positive correlation between IGF-1 and Functional
Independence Measure (FIM) scale used for the
assessment of functional status and Rancho Los
Amigos Scale (LCFS) used for the assessment of
cognitive status. Additionally, patients with high
IGF-1 at baseline achieved better outcomes in FIM,
MRS and LCFS tests following rehabilitation.

While there was no significant association
between NIHSS and IGF-1, IGFBP-3 levels on the
first day of the present study, the highest NIHSS
scores were found in the TACI group with the
lowest IGF-1 levels on the day of 5, supporting the
studies by Denti (23) and Bondanelli (24)
demonstrating the association with poor
prognosis.

In our study, only 27 patients were available
for evaluation at the end of one month, and there
was no clinically significant association between
IGF-1 and IGFBP-3 levels and MRS and NIHSS
scores on the day of 30. Although this finding is
not consistent with the findings of Denti et al. (23)
demonstrating an association between low IGF-1
levels during the acute period and poor prognosis
during the evaluation at the end of one month, it is
not considered to be demonstrating our actual
results as it does not reflect all of the patients
included in the present study.

A review of the current literature has shown
that the association between the levels of IGF-1
and IGFBP-3 and the subgroups based on TOAST
classification has not been studied yet. Although
our study demonstrated no significant association
between the subgroups based on TOAST
classification and the IGF-1 and IGFBP-3 levels, we
believe that these findings may provide an insight
for future studies.
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