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Abstract

Insulin-like growth factor-1 (IGF-1) is associated with the functional prognosis in cerebral

infarction patients. However, no studies have been performed on patients who underwent

intravenous thrombolytic therapy with recombinant tissue-type plasminogen activator (rt-PA). Fifty-

five patients with hyperacute ischemic stroke within six hours of onset who were admitted to our

hospital and underwent intravenous thrombolytic therapy and gave consent were included in this

study. Serum IGF-1 levels were measured within 24 hours of stroke onset, and their association with

the following data was assessed: age, sex, body mass index (BMI), medical history, blood D-dimer

level, BNP level, blood glucose level, renal function, stroke subtype, infarct size, National Institutes

of Health Stroke Scale (NIHSS) at stroke onset, and modified Rankin Scale (mRS) at three months.

The good outcome group (MRS 0-1) had significantly higher serum IGF-1 levels than the poor

outcome group (MRS = 2, median 83 ng/mL vs. 62 ng/mL, p 0.032). Furthermore, the good

outcome group was significantly younger than the poor outcome group (p<0.001) and had higher

BMI (p=0.021), had lower D-dimer (p=0.032) and BNP (p=0.026) levels. There was no difference in

NIHSS at onset, and the IGF-1 correlation was eliminated by age-adjustment. Serum IGF-1 levels

may correlate with prognosis at three months after stroke in patients with hyperacute ischemic stroke

treated with intravenous thrombolytic therapy, but the effect of age is also strong. Further studies
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that focus on specific age groups, include large number of patients, and evaluate mechanical

thrombectomy at multiple institutions are needed.

Key words: Insulin-like growth factor-1, hyperacute ischemic stroke, recombinant tissue-type

plasminogen activator
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Introduction

Insulin-like growth factor 1 (IGF-1) is a small protein with a molecular weight of 7649 Da that

contains 70 amino acids and mediates the growth-promoting effects of growth hormones 2. It was

identified by Salmon and Daughday in 1957 %), and subsequent studies have revealed that it has

multiple roles in the central nervous system. IGF-1 is now known to play many important roles in

neuronal development, differentiation, plasticity, and survival, and its neuroprotective effects and

involvement in the pathogenesis of neurodegenerative diseases have been widely reported 4. In

patients with cerebral infarction, those with high serum IGF-1 levels at onset have shown better

improvement in neurological symptoms and significantly better functional prognosis after three

months, compared with patients with low serum IGF-1 levels ®. Furthermore, an association

between cerebral infarct expansion and low serum IGF-1 levels and a decreased mortality related to

cerebrovascular disease was observed in a high serum IGF-1 group®, which indicates a strong

association between serum IGF-1 levels and cerebral infarction outcomes.

Intravenous alteplase, a recombinant tissue-type plasminogen activator (rt-PA), was approved in

Japan in 2005 as a treatment for hyperacute ischemic stroke within 4.5 hours of onset and is now

widely used as a treatment for hyperacute ischemic stroke 7. Furthermore, rt-PA has been reported

to amplify IGF-1 bioavailability ® and that serum IGF-1 levels may influence functional

improvement and prognosis after intravenous thrombolytic therapy, although this has not been
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verified further. We hypothesize that high serum IGF-1 levels at stroke onset correlate with better

functional outcomes in patients treated with intravenous thrombolytic therapy (rt-PA intravenous

therapy, IV-tPA) for hyperacute ischemic stroke.

Materials and methods

This was a single-center prospective study of patients with hyperacute ischemic stroke who were

treated at Dokkyo Medical University Hospital. Of 503 patients (72.4 + 13.2 years) with hyperacute

ischemic stroke within six hours of onset who were admitted to our hospital between July 1, 2018

and March 31, 2022, 55 patients who underwent IV-tPA and gave written consent to participate in

this study were included (Fig. 1). Consent was obtained from the patient's family if the patient had

difficulty in making decisions due to impaired consciousness or higher brain dysfunction. In

addition, patients with ischemic lesions with signal changes on diffusion-weighted (DW!I) head

magnetic resonance imaging (MRI) on admission who did not show signal changes on fluid-

attenuated inversion recovery (FLAIR) images (DWI-FLAIR mismatch) were considered eligible for

thrombolytic therapy, even if the onset time was more than 4.5 hours, and were included in the study

9, Patients who met the exclusion criteria for IV-tPA, who underwent concurrent endovascular

treatment, or whose consent could not be obtained from the patient or his/her family were excluded.

Serum IGF-1 levels were measured at the time of admission. All the samples were assayed by
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trained staff at a single laboratory (The SRL, Inc., Hachioji, japan). The serum levels of IGF-1 were

measured by immuno-radiometric assay using commercially available kits (TFB, INC. Tokyo). The

range of reliable measurement was 4-1,990 ng/mL for IGF-1. Their association with patient age, sex,

body mass index (BMI), medical history, D-dimer level in blood tests at the time of admission, BNP

level, blood glucose level, renal function, stroke subtype and infarct size, National Institutes of

Health Stroke Scale (NIHSS) at stroke onset, and modified Rankin Scale (mRS) three months after

stroke onset were assessed. We defined mRS 0-1 as a good outcome and mRS > 2 as a poor

outcome.

SPSS ver 28.0 statistical software was used for statistical analysis. The statistics used were the

unpaired t-test, Pearson y? test, Spearman rank correlation coefficient, and logistic regression

analysis. Statistical significance was defined as p < 0.05. This study was approved by the Bioethics

Committee of Dokkyo Medical University Hospital (approval No. R-12-7J) and was conducted with

the informed consent of patients, in accordance with the Declaration of Helsinki.

Results

The background of the 55 patients who were included in this study is shown in Table 1. There

were 32 males (62%), the median patient age was 72 years (range: 41-91 years old), cardiac emboli

was the most common type of stroke, at 38.4% (20 patients), followed by large-artery atherosclerosis
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at 21.2% (11 patients), small-vessel occlusion at 23.1% (12 patients), paradoxical emboli at 13.5%

(7 patients), and embolic stroke of undetermined source at 3.8% (2 patients).

The individuals of the good outcome group (mRS 0-1) at three months after onset were significantly

younger than those of the poor outcome group (mRS >2), with higher serum IGF-1 and BMI, lower

D-dimer and BNP levels, and no significant differences in NIHSS at onset or rt-PA start time (onset

to needle) (Table 2).

The serum IGF-1 level was significantly high, at 83 ng/mL (median, range 23-189 ng/mL), in the

good outcome group compared to its level of 62 ng/mL (21-127 ng/mL) in the poor outcome group

(p = 0.032) (Fig. 2). Meanwhile, IGF-1 was not identified to be a significant factor in univariate

logistic regression analysis that examined factors associated with better outcomes (p = 0.242, 95%

confidence interval [0.135 -1.657]). There was also no correlation after adjustment for age, D-dimer,

BNP or BMI (Table 3). On the other hand, there was a negative correlation between age and serum

IGF-1 level (correlation coefficient -0.688, p<0.0001) (Fig. 3).

Discussion

The results from the present study suggest that high serum IGF-1 levels were associated with

better outcomes at three months after onset in stroke patients treated with hyperacute thrombolytic

therapy, although the multivariate analysis did not show significant results.
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It has previously been reported that high serum IGF-1 levels within six hours after the onset of

cerebral infarction correlate with subsequent symptomatic improvement and good functional

prognosis three months after onset; however, the associated study did not examine treatment for

cerebral infarction 9. Meanwhile, it has been reported that IGF-1 bioavailability is amplified by rt-

PA®. Since IGF-1 has neuroprotective effects, as described below, serum IGF-1 levels were

expected to influence functional improvement and prognosis after intravenous thrombolytic therapy.

Notably, the association has never been verified in actual clinical practice.

IGF-1 is known to prevent brain damage after cerebral ischemia through its anti-apoptotic effects

10), and the improvement of the prognosis of patients with cerebral infarction by IGF-1 preparations

and the prediction of prognosis after cerebral infarction based on serum IGF-1 levels at onset have

been investigated. IGF-1 is a small protein with a molecular weight of 7649 Da that is comprised of

70 amino acids and is also known as somatomedin C. It is a member of the insulin-like peptide

superfamily, which is one type of factors that mediate the growth-promoting effects of growth

hormones 2. In the central nervous system, IGF-1 is associated with various pathways via six types

of binding proteins (IGF binding proteins; IGFBP1-6) and two types of receptors (IGF-1R, IGF-2R)

and acts in a neuroprotective manner 1. IGF-1 protects neurons including glutamate decarboxylase

(GAD), an enzyme that converts glutamate to y-aminobutyrate (GABA) and also protects neurons

from excitotoxicity by promoting the expression of GAD in neurons 2. IGF-1 also alleviates
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neuronal damage caused by inflammation *2), oxidative stress 14, and hypoglycemia ). Astrocytes

survive longer under ischemic conditions than neurons and reduce ischemia-induced changes in

ionic gradients, glucose metabolism, and oxidative stress 1®. IGF-1 has also been reported to

increase astrocyte survival 14 and further enhance these effects. Microglia are divided into the M1-

type and M2-type, which are known to be injurious and protective, respectively, to brain tissues

when activated. IGF-1 promotes the phenotypic change of microglia to M2 type and acts in a brain

protective manner by reducing the production of tissue injurious factors, such as TNF-a, IL-1,

iNOS, and ROS 17,

The above mechanisms suggest that high serum IGF-1 level is associated with good outcomes at

three months after onset in patients with hyperacute ischemic stroke treated with I\VV-tPA. Notably,

the univariate analysis revealed that IGF-1levels correlate with patient outcomes. On the other hand,

IGF-1 was not predictive of outcome in the multivariate analysis. One reason is that the serum IGF-1

level is known to decrease by 14% every 10 years in healthy elderly individuals '®. As such,

neuroprotection by IGF-1 is expected to be significantly affected by age. In fact, in our study, a

significant negative correlation was observed between age and serum IGF-1 levels. It has also been

reported that the incidence of lifestyle-related diseases, such as hypertension and diabetes mellitus,

increases with decreasing serum IGF-1 levels *). This observation suggests that the risk of vascular

injury may influence clinical outcome after cerebral infarction. Furthermore, serum D-dimer and
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BNP levels often reflect the presence of atrial fibrillation, which is known to be suggestive of

cardiac emboli 29). Cardiac emboli has a poor prognosis compared to other stroke subtypes, but in

this study, although D-dimer and BNP values were high in the poor outcome group, no difference

was observed between stroke subtypes. This suggests that not only the type of cerebral infarction,

but also other clinical factors such as infection and heart failure, may be involved in and influence

prognosis. Although there was a difference in BMI between the good outcome group and the poor

outcome group, multivariate analysis shows no significant differences. Some reports showed a

positive correlation between body weight and serum IGF-1 levels in patients with BMI <2521, while

other showed no significant correlation was found between BMI and serum IGF-1 levels in age-

corrected comparisons??. Therefore, no consensus has been reached.

Clinicians hope that IGF-1 preparations will improve the prevention and acute treatment of

cerebral infarction; however, clinical studies have thus far not yielded positive results, and the

introduction of IGF-1 preparations in clinical practice has not progressed. The reasons for this

include the fact that young, healthy animal models are often used in experimental studies, whereas in

clinical practice, the influence of background factors and response to treatment differ among elderly

patients. Furthermore, in animal studies, evaluations after cerebral infarctions are often based on

infarct size, whereas in clinical practice, efficacy is often judged on the basis of symptoms 23, In

addition, the effects of effective blood concentration and central transition are considered, and

10
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studies are ongoing to determine the method of administration (transdermal, nasal, etc.), dosage, and

timing of administration. Currently, endovascular therapy is used along with intravenous

thrombolytic therapy in an increasing number of patients, and animal studies have shown that IGF-1

administration in combination with mechanical thrombectomy can reduce brain tissue damage 24.

Notably, further verification of this finding is needed.

There are several limitations of this study. First, since all patients in this study had disorders of the

anterior circulation system, clinical outcomes may differ in patients with lesions in the posterior

circulation system. Second, as serum IGF-1 levels were measured only once at the time of

presentation, we could not examine the relationship between changes in serum IGF-1 levels over

time and clinical outcome. Third, IGFBP3 values were not measured in this study. As mentioned

above, IGFBP is involved in the action of IGF-1 as well as its receptors (IGF-1R, IGF-2R) in the

central nervous system. In particular, it is possible that different results could have been obtained by

measuring IGFBP3, which is greatly related to the action of IGF-1, and by examining the ratio of

IGFBP3 to IGF-1.

Conclusion

In this study, we found that high serum IGF-1 level was associated with good outcomes at three

months after stroke in patients who underwent intravenous thrombolytic therapy in the hyperacute

11



phase. In actual clinical practice, it is necessary to take into account the high possibility that serum

IGF-1 levels affect clinical outcomes. This report is based on a small number of patients who

received only intravenous thrombolytic therapy at a single institution, and future studies are

warranted to examine a larger number of patients at other institutions or in combination with

mechanical thrombectomy.
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Tablel. Baseline characteristics

Number 52
Mean age (years) 72(41-91)
Gender (male) 32(62%)
BMI (kg/m?) 22.9(15.5-44.7)
Stroke subtype n(%)
Cardiac emboli 20(38.4%)

Large-artery atherosclerosis
Small-vessel occlusion
Paradoxical emboli
ESUS
Infarct size
Small
Middle
Large

Insulin like growth factor-1 (ng/mL)

Systolic blood pressure (mmHg)
Blood glucose (mg/dL)
Hypertension

Diabetes mellitus

Dyslipidemia

Atrial fibrillation

D-dimer (u g/mL)

Brain natriuretic peptide (pg/mL)
Creatinine (mg/dL)

Injection time (minute)

NIHSS onset

mRS at 3months

11(21.2%)
12(23.1%)
7(13.5%)
2(3.8%)
n(%)
29(56%)
18(35%)
5(9%)
77(21-189)
161(102-236)
121(84-253)
33(63%)
9(17%)
23(44%)
18(35%)
0.8(0.3-26.9)
94.4(2.4-742.4)
0.74(0.39-1.49)
178.5(23-775)
6(1-26)
1(0-6)
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Table 2. Comparison between good outcome group and poor outcome group

Groupl Group2
mRS 0-1 mRS =2 p value
Number 37 15
Mean age (years) 69(41-90) 79(64-91) <0.001*
Gender (male) 32(62%) 23(38%) 0.885
BMI (kg/m?) 23.4(17.3-44.7) 20.7(15.5-29.4) 0.021*
Stroke subtype 0.533
Cardiac emboli 15(40.5%) 5(33.3%)
Large-artery atherosclerosis 7(18.9%) 4(26.7%)
Small-vessel occlusion 8(21.6%) 4(26.7%)
Paradoxical emboli 2(5.3%) 0(0%)
ESUS 5(13.5%) 2(13.3%)
Infarct size 0.499
Small 22(59%) 7(47%)
Middle 11(30%) 7(47%)
Large 4(11%) 1(7%)
Insulin like growth factor-1 (ng/mL) 83(23-189) 62(21-127) 0.032*
Systolic blood pressure (mmHg) 161(102-236) 159(108-236) 0.936
Blood glucose (mg/dL) 121(84-253) 116(93-179) 0.762
Hypertension 21(57%) 12(80%) 0.115
Diabetes mellitus 7(19%) 2(13%) 0.63
Dyslipidemia 18(49%) 5(33%) 0.314
Atrial fibrillation 12(32%) 6(40%) 0.603
D-dimer (u g/mL) 0.5(0.3-26.9) 1.3(0.3-10.4) 0.032*
Brain natriuretic peptide (pg/mL) 48.7(2.7-742.4) 143.8(27.4-529.1) 0.026*
Creatinine (mg/dL) 0.73(0.45-1.40) 0.77(0.39-1.49) 0.137
Injection time (minute) 179(23-775) 178(130-255) 0.739
NIHSS onset 5(1-26) 7(2-26) 0.096
mRS at 3months 1(0-1) 3(2-6) <0.004*
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Table 3. Univariate and multivariate analysis of IGF-1 value in good outcome group

Odds ratio 95%ClI p value
univariate analysis 0.474 0.135-1.657 0.242
Adjusted by
Age 0.908 0.218-3.779 0.894
D-dimer 0.597 0.161-2.217 0.441
BNP 0.597 0.161-2.217 0.441
BMI 0.988 0.965-1.011 0.302
Age and D-dimer 0.958 0.225-4.069 0.953
Age and BNP 0.947 0.222-4.44-1 0.941
Age and BMI 1.013 0.982-1.045 0.403
D-dimer and BNP 0.723 0.184-2.833 0.641
D-dimer and BMI 0.988 0.964-1.013 0.358
BNP and BMI 0.989 0.965-1.013 0.366
Age, D-dimer and BNP 1.022 0.234-4.455 0.977
Age, BNP and BMI 1.015 0.983-1.048 0.253
D-dimer, BNP and BMI 0.988 0.964-1.013 0.350
Age, D-dimer, BNP and BMI 1.016 0.982-1.051 0.361
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Figure 1. Patients recruitment flow chart

All ischemic stroke patients

(n=1,324)
Patients arriving within 4.5 hours Patients arriving after 4.5 hours
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With mechanical thrombectomy With mechanical thrombectomy
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Without mechanical thrombectomy
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Figure 2. Comparison of IGF-1 values between good outcome group and poor outcome group
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Figure 3. Scatter plot between age and serum IGF-1 levels
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Figure Legends

Table 1. Baseline characteristics

Abbreviation: BMI, body mass index; mRS, modified Rankin Scale; NIHSS, National Institutes of

Health Stroke Scale.

Table 2. Comparison between good outcome and poor outcome groups.

Three months after disease onset, patients with good outcomes (mRS 0-1) were significantly

younger, had higher serum IGF-1, lower D-dimer, and lower BNP levels than those with poor

outcomes (MRS >2), but there were no significant differences in NTHSS or rt-PA start time at

disease onset.

Abbreviation: BMI, body mass index; mRS, modified Rankin Scale; NIHSS, National Institutes of

Health Stroke Scale.

Table 3. Univariate and multivariate analysis of IGF-1 values in the good outcome group.

The serum IGF-1 levels in the good outcome group at three months after onset were investigated.

Univariate logistic regression analysis showed that IGF-1 was not a significant factor (p 0.242, 95%

confidence interval [0.135 -1.657]). The multivariate analysis adjusted for age, D-dimer, BNP and

BMI also showed no association.
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Abbreviation: BNP, brain natriuretic peptide; BMI, body mass index; Cl, confidence interval.

Figure 1. Patient recruitment flow chart.

Figure 2. Comparison of IGF-1 values between good and poor outcome groups.

Comparison of serum IGF-1 levels between the good outcome group (mRS 0-1) and the poor

outcome group (mRS>2) at three months after disease onset showed significantly higher levels in the

former (p = 0.032). Specifically, the good outcome group had a level of 83 ng/mL (median, range,

23- 189 ng/mL), while the poor outcome group had a level of 62 ng/mL (21-127 ng/mL).

Figure 3. Scatter plot between age and serum IGF-1 levels

There was a negative correlation between age and serum IGF-1 level (correlation coefficient -0.688,

p<0.0001).
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