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Abstract

Background: The aim of this study was to
evaluate whether higher serum levels of insulin-
like growth factor-I (IGF-I) in the acute phase of
ischemic stroke are associated with less severe
strokes and better functional outcome in a period
of 12-month follow-up.

Methods: From October 2014 to August 2015,
patients with the diagnosis of acute ischemic stroke
admitted to the stroke unit of Firoozgar Hospital,
Tehran, Iran, entered this prospective study.
National Institutes of Health Stroke Scale (NIHSS)
and Modified Rankin Scale (MRS) for stroke scores
were used to measure the severity and outcomes
of an acute ischemic stroke at the time of
admission and 1 year after the stroke, respectively.
Results: A total of 60 acute ischemic stroke
patients (28 male, 32 female) with the mean age
of 71.1 + 9.0 years were evaluated for the serum
level of IGF-I at the time of admission to the
stroke unit of Firoozgar Hospital. There was seen
a significant correlation between the IGF-1 serum
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level and the MRS scores (P = 0.020; correlation
coefficient = -0.32). IGF-I serum level had no
significant correlation with NIHSS scores.
Conclusion: These results support that the
higher serum levels of IGF-I at the time of stroke
is associated with a significant better outcome in a
1-year period of follow-up. However, this hormone
serum level seems not to have a predictable value
for the ischemic stroke severity. Further studies
are required to clarify the neuroprotective
mechanisms of IGF-I in ischemic stroke process.

Introduction

Cerebrovascular accidents had a great outbreak in
human society that can lead to severe disability
and reduced quality of life.! Ischemic stroke is
defined as a loss of brain function due to
deficiency in the blood supply caused by arterial
embolism or thrombosis.?2 In Western countries,
stroke is the most common cause of death after
heart diseases and before cancers.® Although
reperfusion by tissue plasminogen activator (tPA)
is the approved acute treatment of ischemic
stroke, a very small proportion of patients
benefits it due to strict inclusion criteria and the
limited time for treatment.*
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Insulin growth factor-1 (IGF-I), a hormone with
high molecular similarity to insulin, is known to
be important in childhood growth and has
anabolic effects in adults.>¢ Animal model studies
reported IGF-I to play an essential role in the
process of brain development.” IGF-1 is also
capable to influence neuronal growth, excitability
and release of the neurotransmitters.® It is an
endogenous factor for neurons survival, glial and
endothelial cells and may enhance functional
recovery after injury by stimulating the
precursors of neural and oligodendrocyte to
proliferate.?

Protective effect of this hormone in preventing
nerve damages has been demonstrated in
cultured neuronal cells,’011 and the positive effect
of exogenous administration of IGF-l1 in
neurogenesis have been shown in mouse
brain.'2'3 This hormone is also effective in the
survival of both motor and sensory neural cells.!
It has an effect in regulating neural development
including neurogenesis, myelination,
synaptogenesis, and dendritic branching after
neuronal damage.'> IGF-I has been reported as a
potent neuroprotective compound ischemic
stroke studies of rodent models.’® A small study
in elderly patients with stroke found an inverse
relation between circulating IGF-I levels,
determined within 24 hours of admission, and the
outcome, mainly death.’” A relationship between
improvement in functional and cognitive scores in
revalidating stroke patients and higher IGF-I
serum levels is also reported.’® IGF-I serum level
has been reported to increase after treatment with
tPA to 70% in stroke patients.1® Specific transport
across the blood brain barrier has been reported
for IGF-I1? and due its disruption after cerebral
ischemia?? may support the hypothesis that
systemic IGF-1 could be considered as a new
treatment goal in acute phase of stroke.

A review by Kooijman et al.’® showed IGF-I to
be neuroprotective in animal models of cerebral
ischemia. Epidemiologic studies on human
populations reported a higher rate of mortality in
acute ischemic stroke patients in association with
lower IGF-I serum levels®172224 and lower serum
levels of IGF-I in patients with ischemic and
hemorrhagic stroke is in relationship with 1.5 and
5.2 times more mortality rate, respectively.?> Some
studies have shown that exogenous IGF-I reduces
neurological damage and neural defects in the
acute phase after cerebral ischemic stroke within
24 hours to 7 days.26:7
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This cross-sectional study was designed to
evaluate the effect of IGF-I serum level at the
acute phase of stroke in the severity and outcome
of the patients in a 12-month follow-up.

Materials and Methods

The Local Ethics Committee of Firoozgar Clinical
Research Development Center has approved this
study. Informed consent was taken from the
patients before collecting blood samples. The
information of patients remained confidential and
used only for research purposes.

Acute ischemic stroke patients admitted to the
stroke unit of Firoozgar Hospital, Tehran, Iran,
from October 2014 to August 2015 entered this
prospective study. Stroke patients admitted with
any of the following criteria were excluded from
the study: age < 50, hemorrhagic stroke, previous
brain trauma, insulin dependent diabetes, liver or
kidney failures, Infectious disease, receiving any
treatment that would affect growth hormone-IGF-I
axis. The blood sample of the included patients
was collected to evaluate the serum IGF-I levels
(ng/ml) at the acute phase of stroke. IGF-I serum
level was assayed with the method of
chemiluminescence immunoassay after acid-
ethanol extraction in the laboratory of Firoozgar
Hospital during the first 24 hours after the
ischemic stroke.

To measure the severity and outcomes of acute
ischemic stroke at the time of admission and
1 year after the stroke, the National Institutes of
Health Stroke Scale (NIHSS) and Modified Rankin
Scale (MRS) scores were used by an expert
neurologist, respectively. NIHSS objectively
quantify the severity and impairment caused by
stroke based on clinical symptoms and
disorders.>? While MRS determines the degree of
dependence or disability caused by stroke.?%30

The collected data were analyzed by SPSS
software (SPSS Icn., Chicago, IL, USA). Only those
patients were included in the final analysis that
completed the 1-year follow-up. To investigate
IGF-I serum levels changes in all patients and for
each group repeated measurement ANOVA test
and post-hoc were used. Independent t-test,
one-way ANOVA and chi-square were also used to
compare qualitative and quantitative variables
between groups. P < 0.005 was considered
statistically significant.

Results
A total of 60 patients with the mean age of
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Table 1. Categorization of the patients according to their IGF-I serum levels and MRS scores

MRS

Number of patients (%)  Mean + SD (ng/ml)

No symptoms

No significant disability: Able to carry out all usual activities,
despite some symptoms

Slight disability: Able to look after own affairs without
assistance, but unable to carry out all previous activities
Moderate disability: Requires some help, but able to walk
unassisted

Moderately severe disability: Unable to attend to own bodily
needs without assistance, and unable to walk unassisted
Severe disability: Requires constant nursing care and
attention, bedridden, incontinent

Dead

10 (16.6) 234 % 218
6 (10.0) 140 + 18
3(5.0) 204 + 230
5(8.3) 130 + 74
13 (21.6) 128 + 106
5(8.3) 45 + 27
18 (30.0) 117 +115

MRS: Modified Rankin Scale; IGF-I: Insulin-like growth factor-1; SD: Standard deviation

1.71 £ 9.0 years completed the 1-year follow-up
and entered this cross-sectional study. 28 patients
were male (46.7%), and 32 patients were female
(53.3%). At the time of admission, the mean
of IGF-I hormone serum levels was
110.0 = 1195 (ng/ml). Table 1 shows the
categorization of the patients according to their
IGF-I serum levels and MRS scores. There was
seen a significant correlation between the IGF-I
serum level and the MRS scores (P = 0.025;
correlation coefficient = -0.329). While no
significant correlation was found between the
IGF-I serum level and NIHSS score (P = 0.346;
correlation coefficient = 0.058).

Discussion

This study shows that in 12-month follow-up,
higher serum levels of IGF-I in the acute phase of
ischemic stroke was associated with a better
outcome in a group of 60 patients. However, it no
association was found with the stroke severity. In
the study by de Smedt et al., the association
between IGF-I serum levels in 255 patients with
ischemic stroke was evaluated with the outcomes
and severity of stroke. In this study, we used
NIHSS and MRS to define the progression and the
severity of the stroke at the time of admission and
3 months later. After controlling the confounding
factors, it has been shown that patients with
higher IGF-I and IGF binding protein-3 serum
levels within 6 hours of stroke had better
functional and neurological outcomes 3 months
later. In this study just like ours, stroke severity
was not significantly associated with IGF-I serum
levels and the authors concluded that better
improvement after cerebral ischemic stroke is in
association with the higher IGF-I serum levels.
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Bondanelli et al.’® studied 42 patients during
rehabilitation after ischemic stroke to evaluate the
relationship between serum levels of IGF-I with
stroke severity and outcome. NIHSS was used to
define the severity of stroke in this study and
MRS, functional independence measure (FIM),
and Los Amigos Cognitive Functioning Scale
(LCFS) were used to determine the stroke
progression. Similar to our findings, no significant
association was reported between the ischemic
brain damage severity caused by stroke and the
IGF-I serum levels. While, using LCFS, FIM and
MRS scores showed statistically better outcomes
in patients with IGF-I serum levels more than
161.8 (ng/dl). This study also examined the
adrenocorticotropic hormone, luteinizing
hormone, follicle-stimulating hormone, and
prolactin levels that showed no significant
relationship with FIM and LCFS scales. Authors
suggested that higher serum levels of IGF-I are
associated with better recovery and better
cognitive performance after cerebral ischemic
stroke, which emphasizes the protective effect of
this hormone for the nervous system. Our
findings are also in consistency with the study by
Denti et al.'” in which low levels of IGF-I were
introduced in relation with worse neurologic
function in 88 elderly patients 3 months after the
stroke. In comparison to the control group, the
mean of IGF-I serum levels was lower in ischemic
stroke patients in this study. In addition, lower
IGF-1 levels were in correlation with poor
outcomes. This study suggests IGF-I as a
predictor of the stroke outcome in elderly
patients. In a very important case-control study
with more than 57000 patients and a 5-year period
of follow-up, Johnsen et al.® reported a 2-fold
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increased risk of ischemic stroke in patients in
bottom quartile of IGF-I serum levels compared
with those in the upper quartile. This valuable
finding can support the hypothesis of the IGF axis
involvement in the pathogenesis of ischemic stroke.

Some limitations of this study should be taking
into consideration. First, generalizability of the
results of our study is limited by small sample
size; however, the same findings are noticed in
almost all similar studies. On the other hand, MRS
may be assumed as an insensitive measure of
functional outcome and more accurate objective
outcome measures may be used for further
studies. On the other hand, it might be better to
report the correlation between IGF-1 and 3-month
and/or 6-month outcomes in addition to 1
year follow-up.

Conclusion

This study was however the first of its kind in
Iranian population. From the findings of this
study and comparison with other similar studies,
we can consider that there may strongly be an

outcome after the acute ischemic stroke and IGF-I
serum levels. Although, this hormone seems not
to be associated with the severity of cerebral
ischemic stroke. This study recommends the
probable effect of IGF-1 administration on stroke
outcome. Further randomized control trials are
required to assess the effect of IGF-1
administration on stroke outcome in addition to
the neuroprotective mechanisms of this hormone.

Conflict of Interests

The authors declare no conflict of interest in this
study.

Acknowledgments
None.

How to cite this article: Mehrpour M, Rahatlou H,
Hamzehpur N, Kia S, Safdarian M. Association of
insulin-like growth factor-I with the severity and
outcomes of acute ischemic stroke. Iran J Neurol
2016; 15(4): 214-8.

association  between neurological function
References
1. Nedeltchev K, der Maur TA, Georgiadis

D, Arnold M, Caso V, Mattle HP, et al.

plasticity in the adult brain. Horm Metab
Res 1999; 31(2-3): 114-9.

factor | and insulin-like growth factor-
binding protein-3  with intelligence

Ischaemic stroke in young adults: 9. de Smedt A, Brouns R, Uyttenboogaart quotient among 8- to 9-year-old children
predictors of outcome and recurrence. J M, De Raedt S, Moens M, Wilczak N, et in the Avon Longitudinal Study of
Neurol  Neurosurg Psychiatry 2005; al. Insulin-like growth factor | serum Parents and Children. Pediatrics 2005;
76(2): 191-5. levels influence ischemic stroke outcome. 116(5): e681-e686.

2. Schwab S, Spranger M, Krempien S, Stroke 2011; 42(8): 2180-5. 16. Kooijman R, Sarre S, Michotte Y, De
Hacke W, Bettendorf M. Plasma insulin- 10. Cheng B, Mattson MP. IGF-1 and IGF-I1I Keyser J. Insulin-like growth factor I: a
like growth factor | and IGF binding protect cultured hippocampal and septal potential neuroprotective compound for
protein 3 levels in patients with acute neurons against calcium-mediated the treatment of acute ischemic stroke?
cerebral ischemic injury. Stroke 1997; hypoglycemic damage. J Neurosci 1992; Stroke 2009; 40(4): e83-e88.

28(9): 1744-8. 12(4): 1558-66. 17. Denti L, Annoni V, Cattadori E, Salvagnini

3. Donnan GA, Fisher M, Macleod M, 11. Dore S, Kar S, Quirion R. Insulin-like MA, Visioli S, Merli MF, et al. Insulin-like
Davis SM. Stroke. Lancet 2008; growth factor | protects and rescues growth factor 1 as a predictor of ischemic
371(9624): 1612-23. hippocampal neurons against beta- stroke outcome in the elderly. Am J Med

4. Gropen TI, Gagliano PJ, Blake CA, amyloid- and human amylin-induced 2004; 117(5): 312-7.

Sacco RL, Kwiatkowski T, Richmond NJ, toxicity. Proc Natl Acad Sci USA 1997; 18. Bondanelli M, Ambrosio MR, Onofri A,
et al. Quality improvement in acute 94(9): 4772-7. Bergonzoni A, Lavezzi S, Zatelli MC, et
stroke: the New York State Stroke Center 12. Benraiss A, Chmielnicki E, Lerner K, al. Predictive value of circulating insulin-
Designation Project. Neurology 2006; Roh D, Goldman SA. Adenoviral brain- like growth factor | levels in ischemic
67(1): 88-93. derived neurotrophic factor induces both stroke outcome. J Clin Endocrinol Metab

5. Keating GM. Mecasermin. BioDrugs neostriatal and  olfactory  neuronal 2006; 91(10): 3928-34.

2008; 22(3): 177-88. recruitment from endogenous progenitor 19. Wilczak N, Elting JW, Chesik D, Kema

6. Johnsen SP, Hundborg HH, Sorensen HT, cells in the adult forebrain. J Neurosci IP, De Keyser J. Intravenous tissue
Orskov H, Tjonneland A, Overvad K, et 2001; 21(17): 6718-31. plasminogen activator in patients with
al. Insulin-like growth factor (IGF) I, -II, 13. Yoshimura S, Takagi Y, Harada J, stroke increases the bioavailability of
and IGF binding protein-3 and risk of Teramoto T, Thomas SS, Waeber C, et al. insulin-like growth factor-1. Stroke 2006;
ischemic stroke. J Clin Endocrinol Metab FGF-2 regulation of neurogenesis in adult 37(9): 2368-71.

2005; 90(11): 5937-41. hippocampus after brain injury. Proc Natl 20. Reinhardt RR, Bondy CA. Insulin-like

7. D'Ercole AJ, Ye P, O'Kusky JR. Mutant Acad Sci USA 2001; 98(10): 5874-9. growth factors cross the blood-brain
mouse models of insulin-like growth 14. Russo VC, Gluckman PD, Feldman EL, barrier. Endocrinology 1994; 135(5):
factor actions in the central nervous Werther GA. The insulin-like growth 1753-61.
system. Neuropeptides 2002; 36(2-3): factor system and its pleiotropic functions 21. Strbian D, Durukan A, Pitkonen M,
209-20. in brain. Endocr Rev 2005; 26(7): 916-43. Marinkovic |, Tatlisumak E, Pedrono E,

8. Torres-Aleman 1. Insulin-like growth 15. Gunnell D, Miller LL, Rogers I, Holly et al. The blood-brain barrier is

factors as mediators of functional

Association of IGF-I with acute ischemic stroke

http://ijnl.tums.ac.ir

JM. Association of insulin-like growth

continuously open for several weeks

Iran J Neurol 2016; 15(4)

7 October

217



22.

23.

24.

following  transient  focal cerebral
ischemia. Neuroscience 2008; 153(1):
175-81.

Juul A, Scheike T, Davidsen M,
Gyllenborg J, Jorgensen T. Low serum
insulin-like growth factor | is associated
with increased risk of ischemic heart
disease: a population-based case-control
study. Circulation 2002; 106(8): 939-44.
van den Beld AW, Bots ML, Janssen JA,
Pols HA, Lamberts SW, Grobbee DE.
Endogenous  hormones and carotid
atherosclerosis in elderly men. Am J
Epidemiol 2003; 157(1): 25-31.

Laughlin GA, Barrett-Connor E, Criqui
MH, Kritz-Silverstein D. The prospective
association of serum insulin-like growth
factor | (IGF-1) and IGF-binding protein-
1 levels with all cause and cardiovascular

25. van Rijn MJ, Slooter AJ,

disease mortality in older adults: the
Rancho Bernardo Study. J Clin
Endocrinol Metab 2004; 89(1): 114-20.
Bos MJ,
Catarino CF, Koudstaal PJ, Hofman A, et
al. Insulin-like growth factor | promoter
polymorphism, risk of stroke, and
survival after stroke: the Rotterdam study.
J Neurol Neurosurg Psychiatry 2006;
77(1): 24-7.

26. Mackay KB, Loddick SA, Naeve GS,

Vana AM, Verge GM, Foster AC.
Neuroprotective effects of insulin-like
growth factor-binding protein ligand
inhibitors in vitro and in vivo. J Cereb
Blood Flow Metab 2003; 23(10): 1160-7.

27. Dluzniewska J, Sarnowska A, Beresewicz

M, Johnson |, Srai SK, Ramesh B, et al.
A strong neuroprotective effect of the

218

Iran J Neurol 2016; 15(4)

http://ijnl.tums.ac.ir 7 October

28.

29.

30.

autonomous C-terminal peptide of IGF-1
Ec (MGF) in brain ischemia. FASEB J
2005; 19(13): 1896-8.

Goldstein LB, Samsa GP. Reliability of
the National Institutes of Health Stroke
Scale. Extension to non-neurologists in
the context of a clinical trial. Stroke 1997;
28(2): 307-10.

Louvet JP, Harman SM, Ross GT. Effects
of human chorionic gonadotropin, human
interstitial cell stimulating hormone and
human follicle-stimulating hormone on

ovarian weights in  estrogen-primed
hypophysectomized immature female
rats.  Endocrinology  1975;  96(5):

1179-86.

Rankin J. Cerebral vascular accidents in
patients over the age of 60. Il. Prognosis.
Scott Med J 1957; 2(5): 200-15

Mehrpour et al.



