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Abstract: Objective: Assessing the risk levels of patients with acute ischemic stroke (AIS) can assist in making informed
choices about their treatment and rehabilitation. To assess the prognostic value of serum insulin-like growth
factor-1 (IGF-1) in neurological deficit (National Institutes of Health Stroke Scale [NIHSS]), functional indepen-
dence (Modified Rankin Scale [mRS]), and mortality following AIS.
Methods: The search encompassed Medline, Embase, Scopus, and Web of Science until June 2023. Two au-
tonomous researchers incorporated articles by the established inclusion and exclusion criteria. The quality of
the included studies were assessed using the quality assessment of prognostic accuracy studies (QUAPAS) tool.
Results: Ten articles were included, with evidence suggesting that IGF-1 may have prognostic value in AIS out-
comes. Several studies reported positive associations between IGF-1 levels, reduced neurological deficits, im-
proved functional independence, and lower mortality. Additionally, intraindividual fluctuations in IGF-1 after
AIS were identified as a potential predictor of recovery in functional independence, though significant inconsis-
tencies exist in the findings.
Conclusion: The available studies with a very low level of evidence are not sufficient to firmly endorse the ap-
plicability of IGF-1 as a prognostic factor for mortality, neurological disability, and functional independence.
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1. Introduction

Stroke is a major disabling neurological disease and stands

for the second cause of death and the third cause of com-

bined death and disability worldwide (1). In the United

States, acute ischemic stroke (AIS) is the most prevalent form,

accounting for about 87% of stroke incidence (2). Despite

new advances in expanding our knowledge about the un-

derlying pathophysiology of AIS, the available therapeutic

modalities are still confined to rapid pharmacological throm-

bolysis and mechanical thrombectomy. Nonetheless, many

patients cannot benefit from these therapeutic measures

considering the golden time window defined for the efficacy

of the treatments and limited access of some populations to

the equipped medical centers. Consequently, many patients

with stroke suffer from debilitating sensory and motor neu-

rological impairments, which heavily compromise the pa-

tient’s quality of life.

To mitigate post-stroke disabilities, detecting those who

would benefit most from acute care and long-term rehabil-

itative programs is vital. Hence, great efforts have been de-

voted to identifying prognostic factors of functional recov-

ery after stroke. With this aim, several blood biomarkers,

including neuroinflammatory cytokines and structural com-

pounds, have been introduced with conflicting prognostic

values (3,4). In recent years, studies have demonstrated the

adverse impact of impaired secretory function of the pitu-

itary axis after stroke on the patient’s outcome (5,6). Con-

sequently, examining the intricate interrelationship between

the endocrine system and stroke became an area of research

interest for finding novel biomarkers concerning functional

recovery among stroke patients.

As an endogenous somatotrophic hormone, insulin-like

growth factor 1 (IGF-1) is a polypeptide with structural sim-

ilarity to insulin. Under physiological circumstances, IGF-1

is mainly synthesized by hepatocytes under growth hormone

stimulation and exerts multiple regulatory effects on various

cell lines throughout the body (7). During embryonic devel-

opment, IGF-1 participates in neuronal development, synap-

togenesis, and myelination of the central nervous system (8,

9). In the post-natal period, IGF-1 levels decline with ag-
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ing, lower physical activity levels, and malnutrition. Inves-

tigations on the link between IGF-1 level and risk of stroke

yielded evidence that lower baseline serum concentration of

IGF-1 is associated with an increased risk of stroke (10,11).

Moreover, subsequent preclinical studies endorsed the neu-

roprotective and neuro-regenerative properties of IGF-1 in

animal models of ischemic cerebral injuries (12).

In this line, several human studies assessed the correlation

between IGF-1 and injury severity, functional recovery, and

survival of stroke patients. However, the results obtained on

the prognostic role of IGF-1 were conflicting and burden-

some in drawing a firm conclusion.

Previously, a systematic review with a meta-analysis aimed

to appraise and collate the studies investigating the value of

IGF-1 for the incidence and outcome prediction of AIS pa-

tients (13). However, only four studies were included when

assessing the value of IGF-1 in predicting post-stroke out-

comes, among which one study has recently been retracted

(14). Another drawback of the aforementioned review was

that of the three remaining studies, the IGF-1 sampling time

(day 8 vs. day 90) and follow-up duration (3 months vs.

2 years) were different among the two studies, which cast

doubts on the reliability of the meta-analysis results. So, we

designed this systematic review to comprehensively appraise

all available reports in the literature regarding the prognostic

role of IGF-1 in AIS and its association with stroke severity.

2. Methods

This systematic review was conducted and reported in ad-

herence with the preferred reporting items for systematic re-

views and meta-analyses (PRISMA) statement (15).

2.1. Eligibility criteria

Our systematic search attempted to collate all evidence from

observational studies evaluating the IGF-1 prognostic value

measured after stroke incidence on the post-stroke out-

comes. We opted for human cohort studies conducted on

adult patients (age ≥18 years) with AIS evaluated for serum

levels of IGF-1 and post-stroke outcomes, including neuro-

logical deficit, functional independence, and mortality. Re-

garding the type of stroke, we excluded patients with hem-

orrhagic stroke or subarachnoid hemorrhage as these enti-

ties have a more discrete pathophysiology than AIS. We se-

lected the Modified Rankin Scale (mRS) and National In-

stitutes of Health Stroke Scale (NIHSS), two universally ac-

cepted and validated tools for evaluating functional inde-

pendence and neurological deficit severity, respectively. We

adopted the most common dichotomization used for the

mRS score, which designates patients into favorable (mRS:0-

2) and unfavorable (mRS: 3-5) groups. Studies evaluating the

relationship between IGF-1 and stroke incidence and those

with simultaneous assessment of IGF-1 and our interest out-

comes were not in conformance with our study question

and thus excluded. Furthermore, studies measuring IGF-

1 in cerebrospinal fluid, assessing the pre-stroke prognos-

tic value of IGF-1, exogenous administration of IGF-1, dupli-

cate reports, case studies, and reviews were excluded. We did

not apply any restriction regarding the minimum duration of

follow-up or the number of time points at which outcomes

were evaluated.

2.2. Search strategy

To investigate the prognostic role of serum IGF-1 for the

post-stroke outcomes, we explored four main bibliographic

databases encompassing Medline (via PubMed), ESMBASE,

Scopus, and Web of Science from their inception until the

end of June 2023. The related key terms for drafting search

queries were adapted by consultations from experts in the

field, relevant MeSH terms and Emtree terms and corre-

sponding synonyms, and reviewing the related studies’ titles,

abstracts, and subject indexing. Although the search strategy

was not formally peer-reviewed using structured tools such

as the PRESS checklist, we ensured its comprehensiveness

and relevance through expert opinion. Exhaustive search

strings ran in each aforementioned database were presented

in the supplementary material. We applied no date of pub-

lication filters or language restrictions through our search.

Moreover, to avert missing potentially related records, we

conducted a manual search on Google and Google Scholar

search engines and forward and backward citation track-

ing of included studies. Full Record citations of results ob-

tained by searching each database were imported to Endnote

version 20.0 software (Clarivate Analytics, Philadelphia, PA,

USA), and duplicates were automatically removed.

2.3. Selection and data collection process

Two independent reviewers (SJ and PP) screened the title and

abstract of entire records and identified potentially eligible

studies for full-text retrieval. Afterward, the retrieved full-

text articles were reviewed independently by the same two

reviewers based on inclusion and exclusion criteria. In each

step, when there were disagreements, discrepancies were re-

solved through discussion or consultation with the third au-

thor (MY). As for non-English manuscripts, we utilized the

Google Translate application for content translation to En-

glish. Finally, the two reviewers (SJ and PP) independently

extracted the data from the included studies and entered

them into a predesigned checklist. Sought data included

study features (first author, study design, location, and pub-

lication year), target population characteristics (sample size

and demographics), patients’ comorbidities (smoking, hy-

pertension, and diabetes mellitus), stroke severity on admis-

sion (measured by NIHSS), serum IGF-1 measurement time

and assessment technique, follow-up duration, and reported

outcomes. Whenever data on variables of interest was only

presented visually, PlotDigitizer software was used to extract

numerical data from graphs and figures. When desired in-

formation was unavailable or questionable, the study’s cor-

responding author(s) were contacted by email and asked for

relevant data. For studies with overlapping populations, the
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study with the larger sample size was prioritized for inclu-

sion.

Gleaned data were compared for consistency, and any dis-

cordance was resolved by re-examining the article or consul-

tation with the third author (MY). Meta-analyses could not

be undertaken due to the heterogeneity of IGF-1 sampling

time, reported IGF-1 values (e.g., crude IGF-1 or its alteration

level), and outcome assessment timing.

2.4. Risk of bias assessment and certainty of the
evidence

Two independent authors (SRD, HZ) rated each study based

on the quality assessment of prognostic accuracy studies

(QUAPAS) tool (16). Using the tool, the risk of bias is

determined in five distinct domains: 1) participants: the

techniques for enrolling participants and preventing unwar-

ranted exclusions, 2) index test: definition, measuring, or in-

terpreting the index test, 3) outcome: definition, measure-

ment method, or interpretation of the outcome, 4) flow and

timing: the timing of the tests and the time horizon to cap-

ture the outcome. 5) analysis: the data itself, including han-

dling missing data. Each item is labeled with high, moderate,

or low risk of bias. The raters were well trained and adept at

using the QUAPAS tool and resolved disagreements by dis-

cussing or arbitration with the third expert (MY). The grades

of recommendation, assessment, development, and evalua-

tion (GRADE) approach was utilized to determine the level

of evidence for each outcome by assessing four domains of

publication bias, risk of bias assessments, inconsistency, im-

precision, and indirectness with the overall rating as high,

moderate, low, and very low (17).

3. Results

3.1. Study selection and characteristics

The systematic search yielded 3610 records, and after remov-

ing duplications, 2074 studies entered the primary screening

stage. Following the title and abstract screening, the full text

of 59 studies was retrieved and reviewed comprehensively.

Ultimately, 10 published studies met the eligibility criteria

(18-28) (Figure 1). All studies were observational in design.

Later, we performed a manual search based on the included

studies’ citation and reference tracking and results of search

engines; however, no extra eligible article meeting our inclu-

sion and exclusion criteria was found. A total of 1630 partic-

ipants diagnosed with AIS were included, with a mean age of

78.04 years and 76.6% of them being male. Nine of ten studies

were designed prospectively with follow-up duration ranging

from 1 month to 7 years. Table 1 summarizes the character-

istics of the included studies. Among the five studies that re-

ported NIHSS at baseline, median values ranged from 4 to

15.44. Regarding the comorbidities, all studies except three

provided information on enrolled patients’ medical condi-

tions (Table 2).

3.2. Risk of bias assessment

In five studies, the risk of bias was classified as unclear within

the patient selection domain due to a lack of information re-

garding the utilization of either random or consecutive sam-

pling methods (24-28). In the domain of the index test, six

articles were found to have a high risk of bias because they

used thresholds or quantiles for IGF-1 (or ∆IGF-1) that were

not predetermined (12,19,20,22,23,25,27). For the outcome

domain, all articles received an unclear risk of bias rating be-

cause it was not clear whether the outcomes were assessed

while blinded to the IGF-1 assessment or not.

In the flow and timing domain, all articles were judged to

have a high risk of bias as none of the studies avoided

treatment after the index test was performed. Given that

the avoidance of treatment or the implementation of uni-

form treatment for all patients is not feasible in the context

of stroke, we recommend excluding this signaling question

when evaluating the overall risk of bias for the study.

Six studies were identified as having a high risk of bias in the

analysis domain due to the loss to follow-up patients (18-20,

23-25), while three studies had an unclear risk of bias due to a

lack of a patient flow diagram (26-28). In all other domains of

risk of bias assessment, the studies were rated as having a low

risk of bias. Concerning applicability, one study had unclear

applicability because the exclusion criteria were not clearly

described (24). However, there were no concerns about ap-

plicability in other domains (Table 3).

3.3. Relationship between serum IGF-1 and
post-stroke neurological deficit

Three studies investigated the relationship between serum

IGF-1 and post-stroke neurological deficit measured by

NIHSS (22,24,28). These studies collected blood samples

from patients within a short time window (< 6 hours to 5

days) after the onset of AIS. They recorded patients’ NIHSS

scores from one to three months after the stroke. The results

obtained were not conclusive as only one study supported an

independent association between IGF-1 and 3-month NIHSS

(adjusted OR=0.824, SE =0.019, P=0.001) (22). De Smedt et

al. (255 patients) found that those with serum IGF-1 >76

ng/mL measured within 6 hours post-injury showed signif-

icantly better neurological recovery starting on day 3, with

improvements lasting throughout the three-month study pe-

riod (22). In contrast, the remaining two studies (24,28) with

comparatively smaller sample sizes (96 patients combined)

and a wide interval of sampling acquisition times (from <24

hours up to 5 days) could not confirm a similar association in

either univariate or multivariate regression analysis. Table 4

summarizes the findings of the studies as mentioned above.

3.4. Relationship between serum IGF-1 and
post-stroke functional independence

Overall, eight studies investigated the association between

serum IGF-1 and functional independence by employing di-

verse methodologic and statistical approaches (Table 5) (18-
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Table 1 Characteristics of the included studies

Study Country Sampling
period

Study design Sample
size

Serum IGF-1
measurement
timesa

Serum IGF-1
assessment
technique

Commercial
kit

Outcome
measure-
ment times

Outcome

Aberg,
2011 (18)

Sweden 1998 – 2003 Prospective 407 < 10 days, 3
months

RIA Mediagnost 3 months, 2
years

mRS

Aberg,
2018 (19)

Sweden 1998 – 2003 Prospective 354 < 19 days, 3
monthsb

RIA Mediagnost 3 months, 2
years

mRS

Aberg,
2020 (20)

Sweden 1998 – 2003 Prospective 324 3 months RIA Mediagnost 3 months,
2 years, 7
years

mRS,
mortal-
ity

De Smedt,
2011 (22)

Belgium NR Prospective 255 < 6 h RIA Nichols
Institute
Diagnostics

3 months NIHSS,
mRS,
mortal-
ity

Denti,
2004 (23)

Italy 1998 – 2000 Prospective 85 < 24 h IRMA DSL-
Chematil

6 months mortality

Fan, 2019
(24)

New
Zealand

NR Prospective 28 < 72 h, day 7 ELISA Crystal
Chem

3 months NIHSS,
mRS

Lee, 2021
(25)

South Ko-
rea

2014 – 2017 Retrospective 379 < 24 h CLIA LIAISON,
DiaSorin

3 months mRS

Mehrpour,
2016 (26)

Iran 2014 – 2015 Prospective 60 < 24 h CLIA NR 1 year NIHSS,
mRS

Tao, 2018
(27)

China 2016 - 2017 NR 105 < 3 days CLIA Immulite
1000,
Siemens

3 months mRS

Yasar,
2015 (28)

Turkey NR Prospective 68 < 24 h, day 5 NR Immulite
2000,
Siemens

1 month NIHSS,
mortal-
ity

IGF-1: Insulin-like growth factor 1; RIA: Radioimmunoassay; CLIA: Chemiluminescent immunoassay; IRMA: Immunora diometric
assay; ELISA: Enzyme-linked immunoassay; mRS: Modified Rankin scale; NIHSS: National Institutes of Health Stroke Scale;
NR: Not reported
a : Interval from admission to blood sampling
b: ∆IGF-1

Table 2 Patients’ characteristics among the included studies

Study Age, years,
mean±sd

Male, n (%) NIHSS score
at admis-
sion

Diabetes
mellitus

Hypertension Current
smoking

Dyslipidemia/
hyperlipi-
demia

Atrial fibril-
lation

Previous
stroke

Aberg, 2011 55±NR 259 (64) NR 74 (18) 258 (63) 157 (39) NR NR NR
Aberg, 2018 55.4±NR 229 (65) 5.3 (0.7,

10.2) *
67 (19) 188 (53) 136 (38) NR NR NR

Aberg, 2020 55.3±11 211 (65) 5.1 (0.74,
8.5) *

61 (19) 179 (55) 117 (36) NR NR NR

De Smedt,
2011

71.34±NR 139 (55) 15.44 [NR] 54 (21) 159 (62) NR NR 69 (27) NR

Denti, 2004 83±7 29 (34) NR 23 (27) 66 (77) 11 (13) NR 32 (37) NR
Fan, 2019 66.79±14.64 19 (56) 4 [NR] 6 (17.6) 15 (44.1) 4 (11.8) 12 (35.3) 9 (26.5) NR
Lee, 2021 67.2±12.6 230 (55.9) 5 [2-11] 119 (31.4) 233 (61.5) 131 (34.6) 134 (35.4) 101 (26.6) 74 (19.5)
Mehrpour,
2016

71.1±9 28 (46.7) NR NR NR NR NR NR NR

Tao, 2018 60.49±NR 70 (66.67) NR NR NR NR NR NR NR
Yasar, 2015 60.07±15.65 34 (54.41) NR NR NR NR NR NR NR
Data are reported for all patients enrolled in each study. Data are presented as mean ± standard deviation, median
[interquartile range], or n (%) values, unless otherwise specified.
NR: Not reported
*: Mean (20, 80%)
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Table 3 Risk of bias assessment based on QUAPAS tool

Study Risk of bias Applicability
Participants Index test Outcome Flow and

timing
Analysis Participants Index test Outcome Flow and

timing
Aberg, 2011 © © ? § § © © © ©
Aberg, 2018 © § ? § § © © © ©
Aberg, 2020 © § ? § § © © © ©
De Smedt, 2011 © § ? § © © © © ©
Denti, 2004 © § ? § § © © © ©
Fan, 2019 ? © ? § § ? © © ©
Lee, 2021 ? § ? § § © © © ©
Mehrpour, 2016 ? © ? § ? © © © ©
Tao, 2018 ? § ? § ? © © © ©
Yasar, 2015 ? © ? § ? © © © ©
§: High risk;©: Low risk; ?: unclear

Table 4 Summary of studies evaluating the association of serum IGF-1 levels and NIHSS scores in acute ischemic stroke patients

Study Crude
or
∆IGF-1

Sampling to
injury interval

NIHSS measurement
time

Summary of results

De Smedt,
2011

Crude < 6h 3M After adjustment for baseline NIHSS levels and admission glucose, higher
baseline IGF-1 levels were independently associated with lower NIHSS
scores at 3M (OR=0.824, SE=0.019, P=0.001)

Fan, 2019 Crude < 72h 3M After adjustment for baseline NIHSS levels and age, baseline IGF-1 levels
were not independently associated with NIHSS scores at 3M (multivari-
ate, P =0.11)

Yasar,
2015

Crude < 24h 1M Baseline IGF-1 levels were not associated with NIHSS at 1M (statistics
were not reported)

Yasar,
2015

Crude D5 1M IGF-1 on D5 was weakly and negatively correlated with NIHSS at 1M (r=-
0.35, P value was not reported)

IGF-1: Insulin-like growth factor 1; NIHSS: National Institutes of Health Stroke Scale; h: Hours; D: Days; M: Months; Y: Years

Figure 1 PRISMA flow diagram for the study selection process

20,22,24-27). Five studies examined the association between

early IGF-1 (obtained up to 72 hours following stroke) and

subsequent functional independence. Among them, two

studies demonstrated no independent association between

IGF-1 levels and the mRS score after adjusting for confound-

ing variables (24, 25). Conversely, the remaining three stud-
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Table 5 Summary of studies evaluating the association of serum IGF-1 levels and modified Rankin scale in acute ischemic stroke patients

Study Type of IGF-
1

Sampling to
injury inter-
val

Outcome Outcome
measure-
ment time

Summary of results

Fan, 2019 Crude < 72h mRS 3M Baseline IGF-1 level was not associated with mRS score at 3M
(multivariate, P=0.72)

Lee, 2021 Crude < 24h mRS 3M There was no significant correlation between acute IGF-1 levels
and 3-month functional outcome (adjusted OR=0.62 [0.27- 1.43])

De Smedt,
2011

Crude < 6h mRS 3M The distribution of the mRS score was more favorable in the
group with high IGF-1 (> 76 ng/ml) compared to low IGF-1 level
group (multivariate shift analysis, P=0.031)

Mehrpour,
2016

Crude < 24h mRS 1Y There was a weak negative correlation between baseline IGF-1
levels and mRS scores at 1Y (P=0.025, correlation coefficient =-
0.329)

Tao, 2018 Crude < 3D mRS 3M Univariate analysis showed that the level of IGF-1 in the favorable
group was significantly higher than that in the unfavorable group
(P<0.01)

Aberg, 2020 Crude 3M mRS 2Y, 7Y There was an independent association between 3M IGF-1 and
mRS shift categories between 3M and 2Y (partial r=0.142,
P=0.036). Similar association was not found for mRS shift cate-
gories between 3M and 7Y (partial r=0.064, P=0.33)

Aberg, 2011 Crude < 10D, 3M mRS 3M, 2Y Acute level of IGF-1 was not associated with either 3M or 24M
value of mRS while it was independently associated with better
recovery (∆mRS) between 3M and 24M (P=0.017, β=0.134, ad-
justed). Likewise, 3-month IGF-1 was independently associated
with better recovery between 3M and 2Y (P=0.002, r=0.175, ad-
justed) while it did not have association with final mRS score at
2Y (P=0.47, r=0.04)

Aberg, 2018 ∆IGF-1 < 19D, 3M mRS 2Y Multivariate regression analysis revealed that decreased serum
IGF-1 between the acute phase and after 3 months post-stroke
was independently associated with better functional indepen-
dence after 2 years (adjusted OR=3.63, 95% CI: 1.40,9.38)

IGF-1: Insulin-like growth factor 1; mRS: Modified Rankin scale; H: Hours, D: Days, M: Months, Y: Years

Table 6 Summary of studies evaluating the association of serum IGF-1 levels and mortality in acute ischemic stroke patients

Study Type of
IGF-1

Sampling to
injury interval

Outcome mea-
surement time

Summary of results

De Smedt,
2011

Crude < 6h 3M The risk of mortality is 1.7 times higher in patients with higher IGF-1 (> 76
ng/ml) levels (adjusted HR=1.7 [1.01,2.86], P=0.045)

Denti,
2004

Crude < 24h 6M Each 20-ng/mL increase in IGF-1 was independently associated with
lower mortality risk at 6 months (adjusted HR=0.7 [0.5,0.9], P=0.008)

Yasar,
2015

Crude < 24h, D5 1M First-day IGF-1 level was not associated with mortality (P=0.179, unad-
justed HR=0.992, SE=0.006) while the risk of mortality was 2% lower in pa-
tients with higher fifth-day IGF-1 levels (unadjusted HR=0.983, SE=0.008,
P=0.026)

Aberg,
2020

Crude 3M 7Y 3-month serum IGF-1 levels were not associated with the risk of mortality
at 7 years (adjusted HR=1.01 [0.55,1.84], P=0.97).

IGF-1: Insulin-like growth factor 1; H: Hours; D: Days; M: Months; Y: Years

ies indicated that elevated levels of early IGF-1 were associ-

ated with more favorable outcomes (mRS 0-2) (22,26,27). No-

tably, the last three studies had comparatively smaller sam-

ple sizes (420 compared to 811 patients), with only one study

by De Smedt et al. utilizing multivariate analyses to control

for potential confounding factors (multivariate shift analy-

sis, P=0.031) (22). Among the other two studies, Tao et al.

demonstrated that the level of IGF-1 in the favorable group

was significantly higher than that in the unfavorable group

(P< 0.01) (27), and Mehrpour and colleagues reported a weak

negative correlation between baseline IGF-1 levels and mRS

scores at 1 year (P=0.025, correlation coefficient= -0.329) (26).

Regarding delayed sampling, only one study investigated the

association between IGF-1 measured at 8- and 10-days post-

stroke and three-month mRS scores. Aberg and colleagues

found no association between the IGF-1 value measured on

day 10 and three months of functional independence (18).

While studies have been controversial regarding the rela-

tionship between single serum IGF-1 and crude mRS values,

there is consistent evidence linking IGF-1 to the recovery pro-
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Table 7 The certainty of evidence using the grades of recommendation, assessment, development, and evaluation (GRADE)

Outcome Sample
size

Risk of
bias

Inconsistency Imprecision Indirectness Publication
bias

Judgment Level of
evidence

Neurological
deficit

351 Serious Serious Not serious Not serious Can not be de-
termined

Level of evidence was
down rated three grades
due to possible risk of
bias, inconsistency, and
publication bias

Very low
⊕⊖⊖⊖

Functional
indepen-
dence

1912 Serious Serious Not serious Not serious Can not be de-
termined

Level of evidence was
down rated three grades
due to possible risk of
bias, inconsistency, and
publication bias

Very low
⊕⊖⊖⊖

Mortality 732 Serious Serious Not serious Not serious Can not be de-
termined

Level of evidence was
down rated three grades
due to possible risk of
bias, inconsistency, and
publication bias

Very low
⊕⊖⊖⊖

cess. Aberg and colleagues conducted two studies with se-

rial mRS assessments (18,20). Through their research com-

prising an overall 731 AIS patients, they revealed that higher

IGF-1 values measured early during the first 10 days (P=0.017,

β=0.134, adjusted) or later at 3 months post-stroke (P=0.002,

r=0.175, adjusted) were independently associated with func-

tional improvement (∆mRS) between 3 to 24 months, while

no association was found between serum IGF-1 levels and

final mRS values at these time points. However, when the

follow-up was extended to 7 years, the 3-month IGF-1 mea-

surement lost its significant association with better recovery

between the 3-month and 7-year visits (P=0.33) (20).

Ultimately, regarding the intra-individual changes in IGF-

1 levels, the only study by Aberg et al. found that a de-

crease in IGF-1 levels between the acute phase (<19 days)

and 3 months post-stroke was independently associated with

improved functional independence after 2 years (adjusted

OR=3.63, 95% CI: 1.40,9.38) (19).

3.5. Relationship between serum IGF-1 and
post-stroke mortality

Studies have reported conflicting findings regarding the pre-

dictive role of IGF-1 in mortality (Table 6). Measured within

the first 24 hours after admission, Denti and colleagues ob-

served a reduced risk of 6-month mortality with each 20

ng/mL increase in IGF-1 (adjusted HR=0.7 [0.5-0.9], P=0.008)

(23). In contrast, De Smedt et al. identified an increased 3-

month mortality risk (adjusted HR=1.7 [1.01,2.86], P=0.045)

in individuals with elevated acute IGF-1 values (> 76 ng/mL)

(22). Yasar et al. could not establish an association between

acute IGF-1 values and 1-month mortality (P=0.179, unad-

justed HR=0.992, SE=0.006). Meanwhile, higher IGF-1 levels

in delayed samples taken 5 days after a stroke were shown

to decrease mortality risk by 2% (unadjusted HR=0.983,

SE=0.008, P=0.026), although no adjustments were made for

confounding factors (28). Only one study evaluated subacute

3-month IGF-1 levels and did not find an association with

mortality risk during a 7-year follow-up (adjusted HR=1.01

[0.55,1.84], P=0.97) (20).

3.6. Certainty of evidence

The included articles were designed as observational studies,

and according to GRADE guidelines, the initial level of evi-

dence was classified as low. However, studies displayed no-

table risk of bias and high heterogeneity, each reducing the

level of evidence by one. Additionally, publication bias could

not be assessed via standard quantitative tests. As a result,

the level of evidence for the outcomes related to the predic-

tive value of the IGF-1 serum levels in AIS was classified as

very low (Table 7).

4. Discussion

Through the current review, we demonstrated that the avail-

able evidence regarding the prognostic value of IGF-1 follow-

ing AIS remains inconclusive in terms of its predictive capac-

ity for neurological deficits and mortality. About functional

independence, although inconsistencies were noted regard-

ing the significance of crude IGF-1 levels, existing studies in-

dicated that intraindividual fluctuations of IGF-1 after AIS

may have a role in predicting subsequent recovery of func-

tional independence. While the present evidence does not

sufficiently support or refute the prognostic significance of

IGF-1 following AIS, a comprehensive understanding of its

pathophysiological role in ischemic brain injury, along with

the inherent limitations associated with its assessment, may

provide valuable insights for the design of future studies

aimed at elucidating its role in predicting outcomes for AIS

patients.

Under the physiological state, the IGF-1 level is mainly reg-

ulated through hepatic synthesis stimulated by the growth

hormone, physical activity, and metabolic condition (29,30).

Following acute stress, such as brain ischemic insults, animal

studies revealed a surge in serum IGF-1 level (31). Regard-

ing the sources of IGF-1 release, two main sources of cere-
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bral and extra-cerebral could be suspected. Along with the

liver, IGF-1 is expressed abundantly in the brain and plays a

role in the autocrine/paracrine signaling (32). Human stud-

ies demonstrated that 30-35% of patients suffer from growth

hormone deficiency following stroke (33). Weak correlation

between growth hormone and IGF-1 in stroke patients with

growth hormone deficiency and increasing IGF-1 levels af-

ter brain insult in animal studies strengthened the alternative

hypothesis that the observed surge in blood concentration

of IGF-1 may have resulted from local brain synthesis with

subsequent leakage to serum (31,34,35). We initially hypoth-

esized that the extent of brain damage after stroke reflected

by severity scores like the NIHSS scale would correlate with

serum IGF-1 level.

We selected neurological deficit, functional independence,

and mortality as the key outcome domains in our system-

atic review due to their critical importance in evaluating

stroke prognosis. These outcomes were chosen based on

their consistent identification as primary prognostic indica-

tors in the stroke literature. Specifically, as highlighted by

Gao et al. (2020), data-driven models consistently identified

NIHSS, preadmission mRS, and age as the primary predic-

tors of functional outcomes, confirming their intuitive recog-

nition by clinicians as key factors in stroke prognosis (36).

NIHSS and mRS are widely accepted, standardized tools that

measure neurological severity and functional recovery, re-

spectively, making them essential for assessing post-stroke

outcomes. Mortality, being the ultimate adverse outcome,

remains a fundamental measure of disease severity and in-

tervention efficacy. Thus, by focusing on these critical out-

comes, our review aligns with well-established prognostic

frameworks in stroke research and enhances the applicabil-

ity of findings to clinical practice.

Contrary to our expectation, most included studies indicated

that the magnitude of IGF-1 at admission following stroke

was not correlated with the severity of stroke assessed by

NIHSS, and the remaining reported conflicting results. In a

subgroup analysis of patients with quantitative infarct size

evaluation by MRI, Zhang et al. reported an inverse corre-

lation between IGF-1 and infarct size (37). Regarding the

dynamics of IGF-1 and stroke severity, one study by Aberg

et al. demonstrated that patients with decreasing levels of

IGF-1 from the acute phase to 3 months post-stroke had suf-

fered from less severe stroke (19). This result highlights the

demand for future experiments with concomitant measure-

ment of IGF-1 in serum and cerebrospinal fluid and quantita-

tive volumetric measurement of infarct lesions to illuminate

the potential releasing and uptaking sources of IGF-1 after

brain injury.

IGF-1 is present in the circulation predominantly in a com-

plex with the insulin-like growth factor binding proteins

(IGFBP) such as IGFBP3 and, to a lesser extent, as an un-

bound form (28). The latter is the bioavailable form for cellu-

lar uptake with a short half-life of 15 minutes (38).

Although our review did not investigate the value of IGFBP3,

there is convincing evidence that the IGF-1/IGFBP3 ratio,

which reflects bioavailable IGF-1, significantly affects pa-

tient outcomes (22,23). Since the IGFBP3 is not consistently

bound with the IGF-1, as a surrogate of bioactive IGF-1 level,

Fan et al. recently proposed cGP, an N-terminal cleaved of

unbounded IGF-1 to be more accurate than IGF-1/IGFBP3

ratio as an indicator of bioavailable IGF-1 (23). Overall, it

is implicated that the estimation of bioavailable IGF-1 using

surrogate markers would be more accurate and informative

in understanding its role in the pathogenesis and outcome

prediction after stroke.

Respecting the predictive value of IGF-1 for functional recov-

ery after stroke, studies showed inconsistent results for the

admission value of IGF-1 and crude mRS score evaluated in

both short-term and long-term follow-ups. During the acute

phase of stroke, IGF-1 level shows instability, and serial sam-

pling may reveal increasing or decreasing levels. Hence, the

temporal profile and dynamics of IGF-1 may provide a more

reliable perspective on the patient’s prognosis rather than an

absolute single measurement unless a definite time point af-

ter stroke onset was determined. Concordantly, a study eval-

uating the changing rate of IGF-1 revealed that decreasing

IGF-1 (IGF-1) levels over a specified time window was associ-

ated with a more favorable outcome (19). While IGF-1 over-

comes the intra-individual variance of IGF-1 and is more in-

formative on the patient’s outcome, absolute IGF-1 level is

not completely futile. Two studies by Aberg et al. showed that

a higher 3-month IGF-1 level was associated with functional

improvement in the two-year follow-up (18,20). Therefore, it

can be deduced that altered IGF-1 level is in tandem with the

progression of neural recovery processes. In other words, al-

though unchanged or high IGF-1 after the subacute phase of

stroke is associated with poorer functional outcomes at that

time point, there is still promise that functional improvement

will be ensured in longer follow-up assessments.

The complex mechanisms underlying the role of IGF-1 in is-

chemic brain damage evolution are not yet fully known and

are under investigation. Most of our current knowledge on

the pathophysiological role of IGF-1 in ischemic brain dam-

age has been derived from animal experiments. In these

studies, IGF-1 has been shown to have anti-apoptotic effects

mainly through the phosphoinositide 3-kinase (PI3K)–Akt

pathway, which contributes to neuronal viability at ischemic

penumbra following stroke (39). Respecting vascular struc-

tures, IGF-1 was shown to promote vasodilation, plaque sta-

bility, and blood-brain barrier integrity which are crucial

in alleviating ischemic damages (40). Moreover, preclinical

studies showed IGF-1 to have effects against excitotoxicity

and oxidative damage after brain ischemic insults (41,42).

Aside from its neuroprotective properties, IGF-1 contributes

to functional recovery through neural regeneration, plastic-

ity, and myelin expression (32,43). In a study by Chang et

al., the decline in the blood concentration of IGF-1 over time

after ischemic brain damage was credited partly to the neu-

ronal uptake stimulated by physical activity, supported by
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the increasing level of cerebral IGF-1 and decreasing periph-

eral levels (44). In this line, intraventricular administration

of recombinant IGF-1 in rats with ischemic cerebral injury

models has been shown to reduce the infarct size (45). Al-

though ample evidence in animal studies shed light on the

pathways through which IGF-1 exerted desired outcomes in

ischemic damages, one should note that most animal models

used in such studies were hypertension and diabetes-free.

5. Limitations

In the current review, we presented all relevant studies on

the prognostic value of IGF-1 after stroke through a con-

cise literature exploration. Nevertheless, we acknowledge

some limitations in our study that one should exercise cau-

tion in interpreting the presented results. IGF-1 level is influ-

enced by multiple variables, including age, sex, body mass

index, liver function, diabetes, metabolic syndrome, mal-

nutrition, and, most importantly, fasting status. Hormones

that regulate serum IGFBP-3 (testosterone, estrogen, and

thyroxine (T4)) can also have major effects on IGF-1 con-

centrations (46). IGF-1 level is also influenced by the treat-

ments for stroke, with thrombolytic therapy resulting in in-

creased bioavailability (47). Additionally, a vast range of assay

methods has been employed in various studies to quantify

IGF-1, including radioimmunoassay, chemiluminescent Im-

munoassay, and enzyme-linked immunoassay, each employ-

ing distinct reagent kits. Consequently, comparing quanti-

tative IGF-1 values between studies and establishing a solid

recommended cut-off value that can be confidently relied

upon seems unfeasible. Although some included studies

applied specific exclusion criteria and performed multiple

logistic regression to adjust the covariates, the number of

incorporated potential confounding factors differed among

the studies, and defined cutoff values varied widely. Fur-

thermore, the included studies in our review merely encom-

passed patients with AIS, and there were inconsistencies re-

garding recurrency and its severity among enrolled patients.

It highlights the demand for future studies with a more ro-

bust and consistent methodology, taking into consideration

the aforementioned factors.

6. Conclusion

Our study has determined that inconsistent findings with

very low level of evidence suggest no firm association be-

tween a single IGF-1 value and a stroke patient’s prognosis.
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