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ABSTRACT
Background:  Insulin-like growth factor-binding proteins (IGFBPs) contribute to central nervous 
system development and may influence recovery after stroke. This study aimed to determine 
whether serum IGFBPs levels in acute ischemic stroke (AIS) patients are associated with 3-month 
outcomes.
Materials and methods: We retrospectively  reviewed data from AIS patients admitted within 24 h 
after stroke onset, and who had been prospectively enrolled in the Chengdu Stroke Registry. 
Serum IGFBPs 4, 6 and 7 levels at admission were compared between patients experienced good 
outcome (modified Rankin Scale scores of 0-2) or poor outcome (scores of 3-6) at 3 months after 
stroke onset. Factors associated with good outcome were identified using logistic regression.
Results:  Among 194 patients, 115 (59.3%) experienced good outcome at 3 months. Patients with 
good outcome showed significantly higher levels of all three IGFBPs at admission. Good outcome 
was independently associated with higher serum levels of IGFBP 4 (OR 1.013, 95% CI 1.005-1.020) 
and IGFBP 7 (OR 1.012, 95% CI 1.003-1.021) after adjustment for potential confounders. Adding 
either or both IGFBPs to a model based on conventional clinical factors significantly improved 
good outcome prediction, with net reclassification improvement of 41.9-54.5% and integrated 
discrimination improvement of 3.8-5.8%. The model containing both IGFBPs predicted good 
outcome with an area of 0.878 (95% CI 0.827-0.929) under the receiver operating characteristic 
curve.
Conclusions:  Higher serum IGFBPs 4 and 7 levels may be associated with greater probability of 
good outcome at 3 months after AIS.

Introduction

Ischemic stroke, which accounts for more than 60% of 
all strokes, is a major cause of death and disability 
worldwide [1,2]. Accurately predicting the prognosis of 
stroke patients can help individualize treatment and 
management, ensuring adequate monitoring and 
timely intervention for those likely to need it most. 
While several predictive models have been developed 
based on diverse clinical and demographic variables 
[3–8], their accuracy varies widely [9]. Incorporating 

the levels of certain blood markers into these models 
can improve their performance [10–12].

We wondered whether adding serum levels of 
insulin-like growth factor-binding proteins (IGFBPs) 
might improve prognostic models. These proteins 
can function independently of insulin-like growth 
factor to promote cell proliferation and angiogenesis, 
while protecting against apoptosis [13,14]. 
Administering exogenous IGFBP 4 to a rat model of 
ischemic stroke can reduce infarct volume, while 
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administering it to neuronal cultures can protect 
them from injury induced by oxygen deprivation 
[15]. IGFBP 6 has been shown to protect neurons 
from injury [16]. IGFBP 7 appears to be crucial for 
proper development and maintenance of the 
blood-brain barrier [17,18], and its upregulation after 
stroke may be important for driving angiogenesis in 
the brain during recovery [19].

These observations imply that serum levels of 
IGFBPs at admission may help predict recovery after 
acute ischemic stroke (AIS). Meanwhile, elevated lev-
els of IGFBP 6 in blood at admission have been linked 
to higher possibility of early neurologic improvement 
after stroke [20]. Whether levels of IGFBPs in serum at 
admission can help predict prognosis of AIS patients 
is unclear; also unclear is whether lower or higher 
levels of the proteins are associated with better 
prognosis.

Thus, the present study retrospectively examined 
AIS patients in order to evaluate potential associations 
of serum levels of IGFBPs 4, 6 and 7 with 3-month 
outcomes.

Materials and methods

This study was conducted in accordance with the 2013 
revision of the Declaration of Helsinki, and reported in 
accordance with ‘Strengthening the reporting of obser-
vational studies in epidemiology’ (STROBE) guide-
lines [21].

Patients

Medical data were retrospectively analyzed for a con-
secutive series of patients with first-ever or recurrent 
stroke who had been admitted to the Department of 
Neurology at West China Hospital between December 
2018 and December 2021 and who, at admission, had 
been prospectively enrolled into the Chengdu Stroke 
Registry [22,23]. At the time of enrollment, patients 
provided written informed consent for their ano-
nymized medical data to be analyzed and published 
for research purposes.

Patients were enrolled in the present study if 
they were at least 18 years old at admission, were 
diagnosed with AIS based on computed tomogra-
phy or magnetic resonance imaging of the brain, 
and were admitted within 24 h of symptom onset. 
Detailed inclusion and exclusion criteria of the 
patients in this study have been reported in a pre-
vious analysis [23].

Clinical assessment of patients

Data at admission were extracted from the Registry 
about demographic characteristics, clinical features, 
vascular risk factors, reperfusion therapy, stroke sever-
ity (assessed using the National Institutes of Health 
Stroke Scale), and TOAST classification, which was 
defined as previously described [23]. Patients were 
classified as experiencing a good outcome if their 
score on the modified Rankin Scale was 0-2 [24]; 
otherwise, they were classified as experiencing a poor 
outcome. The outcome was determined based on 
follow-up telephone interviews with patients or their 
caregivers as described previously [23].

Assay of IGFBPs in serum at admission

Peripheral blood was sampled within 48 h after arrival 
in the emergency department, and serum was isolated 
and stored immediately at −80 °C. For the present 
study, samples were thawed and assayed in commer-
cially available enzyme-linked immunosorbent assays 
(Jiangsu Meibiao Biotechnology, Nanjing, Jiangsu, 
China) for IGFBP 4 (catalog no. MB-0067A), IGFBP 6 
(catalog no. MB-0064A) and IGFBP 7 (catalog no. 
MB-4339A). Assays were performed off-site at K J 
Biotechnology (Chengdu, China) according to the 
instructions of the assay manufacturer. Technicians 
performing the assays were blinded to the characteris-
tics and outcomes of patients.

Statistical analysis

Data were analyzed statistically using IBM SPSS 
Statistics for Windows 27.0 (IBM, Armonk, NY, USA), 
GraphPad Prism 9.5 (GraphPad Software, San Diego, 
CA, USA), and R for Windows 4.2.2. Results associated 
with a two-tailed p < 0.05 were considered statistically 
significant.

Continuous data were reported as median (inter-
quartile range, IQR) because they showed a skewed 
distribution based on the Shapiro-Wilk test. Categorical 
data were reported as n (%). Associations between 
good outcome and variables were assessed as odds 
ratios (ORs) and 95% confidence intervals (95% CIs) in 
univariate logistic models with good outcome as the 
dependent variable.

Potential independent associations of IGFBPs levels 
with good outcome were identified through multivari-
able binary logistic regression that adjusted for all vari-
ables that were associated with good outcome in 
univariate logistic regression analysis at a significance 
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level of p < 0.10. Regression results were reported in 
terms of adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs). Potential associations of IGFBPs 
levels with good outcome were further explored 
through multivariable-adjusted restricted cubic spline 
analysis, which adjusted for variables that were signifi-
cant in univariate logistic regression analysis at a sig-
nificance level of p = 0.10. Knots were specified at the 
5th, 35th, 65th, and 95th percentiles [25]. In addition, 
we performed subgroup analyses to evaluate the asso-
ciation between IGFBPs and good outcomes, adjusting 
for the covariates mentioned earlier. Interaction terms 
were included in the models, and the likelihood ratio 
test was used to assess potential effect modifiers.

We assessed the ability of different models to pre-
dict good outcome in our cohort. The ‘conventional’ 
model contained all variables, except IGFBP levels, that 
were associated with good outcome in univariate anal-
ysis at a significance level of p < 0.10. Other models 
also contained the serum level of either IGFBP 4 or 7, 
or the serum levels of both IGFBPs. The predictive per-
formance of the models containing IGFBP(s) was com-
pared to that of the conventional model in terms of 
net reclassification improvement, integrated discrimi-
nation improvement, and area under the receiver 
operating characteristic curve (AUC). AUCs for different 
models were compared using the DeLong test.

Results

The enrolled 194 patients were predominantly male 
(63.9%) and had a median age of 66 years (IQR 
55-72 years). The median NIHSS score on admission was 
8 (IQR 3-14), and median IGFBPs levels in serum on 
admission were 230.64 ng/mL (IQR 202.44-263.28 ng/mL) 
for IGFBP 4, 8520.40 ng/mL (IQR 7575.40-9980.50 ng/mL) 
for IGFBP 6, and 218.42 ng/mL (IQR 196.95-240.49 ng/
mL) for IGFBP 7. A total of 115 patients (59.3%) showed 
good outcome at 3 months after stroke onset.

Univariate binary logistic regression analyses 
showed that patients with good outcome had signifi-
cantly lower median age (61 vs 69 years, p < 0.001) and 
median NIHSS score at admission (4 vs 14, p < 0.001), 
but they were significantly more likely to be drinkers 
(35.7% vs 21.5%, p = 0.035) or current smokers (48.7% 
vs 32.9%, p = 0.029; Table 1). Good outcome was asso-
ciated with a higher frequency of strokes due to 
small-artery occlusion (23.5% vs 2.5%, p = 0.002) and 
lower frequency of concurrent atrial fibrillation (20.0% 
vs 45.6%, p < 0.001; Table 1).

Patients with good outcome showed significantly 
higher median levels of all three IGFBPs at admission 
(Figure 1): IGFBP 4, 238.47 vs 222.57 ng/mL (p = 0.002); 

IGFBP 6, 8752.50 vs 8030.40 ng/mL (p = 0.028); and 
IGFBP 7, 222.09 vs 215.80 ng/mL (p = 0.004). After 
adjustment for numerous potential confounders, inde-
pendent associations with good outcome were 
observed for IGFBP 4 (OR 1.013, 95% CI 1.005-1.020, 
p = 0.001) and IGFBP 7 (OR 1.012, 95% CI 1.003-1.021, 
p = 0.007) but not IGFBP 6 (OR 1.000, 95% CI 
0.999-1.000, p = 0.252; Table 2). In multivariable-adjusted 
restricted cubic spline analysis, good outcome showed 
a positive dose-response relationship with serum levels 
of IGFBPs 4 and 7 but not 6 (Figure 2).

Subgroup analyses revealed a significant interaction 
between serum IGFBP 4 levels and reperfusion therapy 
(p for interaction = 0.017, Figure S1). However, no sig-
nificant interactions were observed between IGFBP 4 
or 7 and other potential effect modifiers (all p for 
interaction > 0.05). Higher serum IGFBP 4 and 7 levels 
were significantly associated with good outcome 
across most subgroups (Figures S1 and S2).

A model involving only conventional clinical factors 
predicted good outcome in our cohort with an AUC of 

Table 1.  Univariate binary logistic regression analyses assess-
ing the prediction of good outcome.

Characteristic Odds Ratio
95% Confidence 

Interval p *

Age, yr 0.943 0.916-0.970 <0.001*
Male 1.658 0.915-3.005 0.096
Current smoking 1.935 1.067-3.508 0.029*
Alcohol assumption 2.021 1.051-3.903 0.035*
Time from onset until 

admission, h
0.991 0.951-1.033 0.673

Systolic blood 
pressure, mmHg

0.996 0.986-1.006 0.393

Diastolic blood 
pressure, mmHg

0.999 0.984-1.014 0.905

NIHSS score 0.812 0.764-0.863 <0.001*
Vascular risk factors
  Hypertension 0.918 0.510-1.653 0.776
 D iabetes mellitus 0.914 0.480-1.742 0.786
  Hyperlipidemia 0.650 0.266-1.588 0.342
 C oronary artery 

disease
1.244 0. 509-3.038 0.632

  Atrial fibrillation 0.299 0.158-0.564 <0.001*
 S troke history 0.462 0.177-1.207 0.109
Reperfusion therapy 0.596 0.334-1.063 0.079
Stroke etiology 0.005*
 L arge-artery 

atherosclerosis
1.000 (reference) NA

 C ardioembolism 0.511 0.282-1.076 0.081
 S mall-artery 

occlusion
10.530 2.359-47.009 0.002*

 O ther determined 
cause

1.170 0.186-7.349 0.867

  Undetermined 
cause

4.290 0.898-20.492 0.068

Levels of IGFBPs in 
serum, ng/ml

 I GFBP 4 1.009 1.004-1.015 0.002*
 I GFBP 6 1.000 0.999-1.000 0.028*
 I GFBP 7 1.010 1.003-1.017 0.004*

*p < 0.05 (univariate binary logistic regression). IGFBP, insulin-like growth 
factor-binding protein; NA: not applicable; NIHSS: National Institutes of 
Health Stroke Scale.
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Figure 1. C omparison of levels of (A) IGFBP 4, (B) IGFBP 6 and (C) IGFBP 7 in serum at admission between patients who experi-
enced good or poor outcome at 3 months after stroke onset. The violin plots indicate the median and interquartile range; dotted 
lines indicate the 10th and 90th percentiles. P values are shown from univariate binary logistic regression.
IGFBP: insulin-like growth factor-binding protein.

Table 2.  Multivariable binary logistic regression to identify factors independently associated with good outcome.*
Factor OR (95%CI) p OR (95%CI) p OR (95%CI) P

Age 0.961 (0.927-0.996) 0.028 0.959 (0.926-0.994) 0.022 0.964 (0.931-0.999) 0.044
Sex 0.786 (0.282-2.188) 0.644 0.874 (0.326-2.345) 0.790 0.856 (0.314-2.333) 0.762
Current smoking 1.405 (0.420-4.703) 0.581 1.212 (0.391-3.754) 0.739 1.185 (0.384-3.656) 0.768
Alcohol assumption 1.203 (0.346-4.178) 0.771 1.425 (0.446-4.554) 0.551 1.356 (0.420-4.380) 0.611
NIHSS score at admission 0.804 (0.738-0.876) <0.001 0.819 (0.757-0.885) <0.001 0.810 (0.747-0.878) <0.001
Atrial fibrillation 0.790 (0.116-5.380) 0.809 0.660 (0.112-3.890) 0.647 0.600 (0.094-3.832) 0.589
Stroke etiology
 L arge-artery 

atherosclerosis
Ref Ref Ref

 C ardioembolism 1.207 (0.184-7.992) 0.844 1.389 (0.242-7.962) 0.713 1.571 (0.255-9.657) 0.626
 S mall-artery occlusion 3.690 (0.705-19.301) 0.122 3.803 (0.749-19.320) 0.107 3.524 (0.688-18.043) 0.131
 O ther determined 

cause
0.419 (0.023-7.683) 0.558 0.600 (0.041-8.828) 0.709 1.602 (0.107-23.960) 0.733

  Undetermined cause 2.082 (0.376-11.531) 0.401 1.765 (0.322-9.693) 0.512 1.944 (0.355-10.645) 0.433
Reperfusion therapy 1.895 (0.750-4.792) 0.177 2.158 (0.891-5.227) 0.088 1.990 (0.811-4.884) 0.133
Levels of IGFBP in serum
 I GFBP 4 1.013 (1.005-1.020) 0.001 – –
 I GFBP 6 – 1.000 (0.999-1.000) 0.252 –
 I GFBP 7 – – 1.012 (1.003-1.021) 0.007

* All analyses adjusted for the following variables: age, sex, current smoking, alcohol assumption, NIHSS score at admission, atrial fibrillation, stroke etiol-
ogy, and reperfusion therapy.
CI: confidence interval; IGFBP: insulin-like growth factor-binding protein; NIHSS: National Institutes of Health Stroke Scale; OR: odds ratio; Ref: reference.

Figure 2.  Restricted cubic spline analysis of potential relationships between good outcome and levels of (A) IGFBP 4, (B) IGFBP 6 
or (C) IGFBP 7 in serum at admission.
All analyses adjusted for the following variables: age, sex, current smoking, alcohol assumption, NIHSS score at admission, atrial fibrillation, stroke etiology, 
and reperfusion therapy. In each panel, the red line indicates adjusted OR, the pink shading shows 95% confidence intervals, and the horizontal dotted 
line indicates OR = 1.
OR: odds ratio; CI: confidence interval; IGFBP: insulin-like growth factor-binding protein.
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0.853, which improved significantly to 0.878 (p = 0.038) 
after serum levels of both IGFBPs 4 and 7 were added to 
the model, but not after serum levels of only one or the 
other IGFBP were added (Table 3). Relative to the model 
with only conventional clinical factors, a model that also 
included serum levels of IGFBPs, whether only one or 
both, showed significantly better predictive power in 
terms of net reclassification improvement and integrated 
discrimination improvement.

Discussion

Our retrospective analysis of data from a rigorously 
curated stroke registry provides evidence linking higher 
levels of IGFBPs 4 or 7 in serum at admission to greater 
probability of good outcome at 3 months after AIS. 
Restricted cubic spline analysis revealed positive, linear 
dose-response relationships between IGFBP 4 and IGFBP 
7 levels and improved outcomes. Furthermore, incorpo-
rating these biomarkers into conventional clinical mod-
els significantly enhanced predictive performance, as 
demonstrated by improved AUC, NRI, and IDI metrics. 
These findings lay the groundwork for future studies to 
elucidate the role of IGFBPs 4 and 7 in AIS recovery and 
assess their potential as prognostic biomarkers.

Our findings suggest that IGFBP 4 may play a benefi-
cial role in stroke recovery, consistent with its protective 
effects observed in related contexts [15,26,27]. For exam-
ple, exogenous IGFBP 4 has been shown to reduce infarct 
volume in a rat model of ischemic stroke and to inhibit 
the production of apoptotic proteins in neuronal cultures 
exposed to oxygen-glucose deprivation [15]. Similarly, 
IGFBP 4 protected cardiac tissue in mice from ischemic 
injury by limiting DNA damage and inhibiting Wnt/β- 
catenin signaling [26]. Additionally, the combination of 
IGFBP 4 and vascular endothelial growth factor promoted 
angiogenesis after myocardial infarction in mice [27]. 
Likewise, IGFBP 7 has demonstrated protective effects in 
tissue injury, including upregulation of anti-oxidant 
enzymes, attenuation of oxidative stress damage [28], 
and reduction of inflammatory responses [29–31]. It has 
also been shown to promote angiogenesis and preserve 
integrity of the blood-brain barrier [18,32]. Our findings 
are consistent with these observations and provide 

further evidence supporting the involvement of IGFBPs in 
stroke recovery. However, further experimental research 
is needed to confirm these mechanisms and explore the 
therapeutic potential of IGFBPs in the context of stroke.

Our findings reveal associations between higher 
IGFBP 4 and IGFBP 7 levels and better outcomes, 
which appear to contrast with prior studies. Higher 
IGFBP 4 levels have been linked to increased risk of 
acute stroke [33], mortality, and major adverse car-
diac events in myocardial infarction patients [34,35], 
as well as greater risk of coronary artery disease and 
B-type coronary lesions in stable cardiovascular dis-
ease populations [36]. Similarly, higher IGFBP 7 lev-
els have been associated with increased risk of 
coronary artery disease [37]. In contrast, we observed 
no association between IGFBP 6 levels and good 
outcomes, differing from prior reports suggesting a 
link between higher IGFBP 6 levels and early neuro-
logic recovery after stroke [20]. These discrepancies 
may be attributed to differences in patient popula-
tions (ischemic heart disease vs. stroke), stroke 
severity, comorbidities, treatment strategies, or the 
limited sample size in our study, which may have 
reduced statistical power to detect independent 
associations. Further research is essential to clarify 
the roles of IGFBPs 4, 6, and 7 in ischemic injury 
across the heart and brain and to validate their 
potential role in stroke outcomes.

Our findings should be interpreted with caution 
due to several limitations. First, IGFBPs levels were 
measured only once, limiting our ability to assess their 
dynamic changes over time. Future studies with 
repeated measurements during hospitalization and 
follow-up are needed to clarify their role in recovery 
and prognostic utility. Second, despite controlling for 
multiple confounders, residual confounding cannot be 
completely ruled out, underscoring the need for pro-
spective cohort studies. Third, the retrospective design 
may have introduced selection bias, as some serum 
samples were unavailable due to their prior use in 
other research projects. This limited the sample size, 
potentially affecting the generalizability of our find-
ings. Larger, multi-ethnic studies are essential to vali-
date and extend our findings.

Table 3. C omparison of the ability of different models to predict good outcome in the patients in the study.*
Model * AUC (95%CI) p NRI (95%CI) p IDI (95%CI) p

Conventional 0.853 (0.797-0.908) Ref Ref – Ref –
Conventional + IGFBP 4 0.874 (0.822-0.927) 0.103 59.7 (33.5-85.9) <0.001 5.3 (2.4-8.3) <0.001
Conventional + IGFBP 7 0.868 (0.815-0.920) 0.144 41.9 (14.6-69.2) 0.003 3.8 (1.2-6.4) 0.004
Conventional + IGFBPs 4 and 7 0.878 (0.827-0.929) 0.038 54.5 (28.3-80.8) <0.001 5.8 (2.7-9.0) <0.001

* The conventional model included age, sex, current smoking, alcohol assumption, NIHSS score at admission, atrial fibrillation, stroke etiology, and reper-
fusion therapy.
AUC: area under the receiver operating characteristic curve; CI: confidence interval; IGFBP: insulin-like growth factor-binding protein; IDI: integrated 
discrimination improvement; NRI: net reclassification improvement; Ref: reference.
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Nonetheless, our study is the first to explore the 
relationship between IGFBPs and stroke outcomes, pro-
viding preliminary evidence for their potential role in 
stroke recovery. Further research is required to confirm 
these findings and elucidate the underlying mecha-
nisms in diverse populations and clinical settings.

Conclusion

Higher levels of IGFBPs 4 and 7 in serum at admission 
may be associated with higher chance of achieving a 
good outcome at 3 months after AIS. The two biomark-
ers significantly increased the predictive power of con-
ventional clinical factors alone in predicting good 
outcomes. Future research should clarify whether and 
how the two IGFBPs promote recovery in the isch-
emic brain.

Acknowledgments

We thank all staff members and participants involved in the 
study.

Authors contributions

DRW and XYL conceived and designed the study. MXC, YQC, 
DRW, HW, TC and YYZ collected data, which DRW, HW, TC 
and YYZ analyzed. YYZ drafted the manuscript and revised it 
together with DRW and HW. SMW, ZLH and SHZ coordinated 
the study. All authors read the manuscript and approved the 
final version.

Ethical approval

This study was approved by the Ethics Committee on 
Biomedical Research at West China Hospital of Sichuan 
University (approval 2022 298).

Disclosure statement

The authors have no potential conflicts of interest to disclose.

Funding

This research was supported by the Sichuan Science and 
Technology Program (2023YFH0096), the National Natural 
Science Foundation of China (82271331), and the National 
Key Research and Development Program of China 
(2018YFC1705006).

ORCID

Simiao Wu  http://orcid.org/0000-0002-4557-7386
Deren Wang  http://orcid.org/0000-0002-2388-3585

Data availability statement

The data that support the findings of this study are available 
from the corresponding author, Deren Wang, upon reason-
able request.

References

	 [1]	 GBD 2019 Stroke Collaborators. Global, regional, and 
national burden of stroke and its risk factors, 1990-2019: 
a systematic analysis for the Global Burden of Disease 
Study 2019. Lancet Neurol. 2021;20(10):795–820. doi: 
10.1016/S1474-4422(21)00252-0.

	 [2]	 Wu S, Wu B, Liu M, et  al. Stroke in China: advances and 
challenges in epidemiology, prevention, and manage-
ment. Lancet Neurol. 2019;18(4):394–405. doi: 10.1016/
S1474-4422(18)30500-3.

	 [3]	 O’Donnell MJ, Fang J, D’Uva C, et  al. The PLAN score: a 
bedside prediction rule for death and severe disability 
following acute ischemic stroke. Arch Intern Med. 
2012;172(20):1548–1556. doi: 10.1001/2013.jamaint-
ernmed.30.

	 [4]	S aposnik G, Kapral MK, Liu Y, et  al. IScore: a risk score 
to predict death early after hospitalization for an acute 
ischemic stroke. Circulation. 2011;123(7):739–749. doi: 
10.1161/CIRCULATIONAHA.110.983353.

	 [5]	 Flint AC, Cullen SP, Faigeles BS, et  al. Predicting long-term 
outcome after endovascular stroke treatment: the totaled 
health risks in vascular events score. AJNR Am J Neuroradiol. 
2010;31(7):1192–1196. doi: 10.3174/ajnr.A2050.

	 [6]	S aposnik G, Guzik AK, Reeves M, et  al. Stroke prognos-
tication using age and NIH stroke scale: SPAN-100. 
Neurology. 2013;80(1):21–28. doi: 10.1212/WNL.0b013 
e31827b1ace.

	 [7]	H allevi H, Barreto AD, Liebeskind DS, et  al. Identifying 
patients at high risk for poor outcome after intra-arterial 
therapy for acute ischemic stroke. Stroke. 2009;40(5):1780–
1785. doi: 10.1161/STROKEAHA.108.535146.

	 [8]	 Ntaios G, Faouzi M, Ferrari J, et  al. An integer-based 
score to predict functional outcome in acute ischemic 
stroke: the ASTRAL score. Neurology. 2012;78(24):1916–
1922. doi: 10.1212/WNL.0b013e318259e221.

	 [9]	 Quinn TJ, Singh S, Lees KR, et  al. Validating and compar-
ing stroke prognosis scales. Neurology. 2017;89(10):997–
1002. doi: 10.1212/WNL.0000000000004332.

	[10]	 Katan M, Fluri F, Morgenthaler NG, et  al. Copeptin: a 
novel, independent prognostic marker in patients with 
ischemic stroke. Ann Neurol. 2009;66(6):799–808. doi: 
10.1002/ana.21783.

	[11]	 Montellano FA, Ungethüm K, Ramiro L, et  al. Role of 
blood-based biomarkers in ischemic stroke prognosis: a 
systematic review. Stroke. 2021;52(2):543–551. doi: 
10.1161/STROKEAHA.120.029232.

	[12]	S impkins AN, Janowski M, Oz HS, et  al. Biomarker applica-
tion for precision medicine in stroke. Transl Stroke Res. 
2020;11(4):615–627. doi: 10.1007/s12975-019-00762-3.

	[13]	 Ferry RJ, Katz LE, Grimberg A, et  al. Cellular actions of 
insulin-like growth factor binding proteins. Horm Metab 
Res. 1999;31(2-3):192–202. doi: 10.1055/s-2007-978719.

	[14]	 Bach LA. What happened to the IGF binding proteins? 
Endocrinology. 2018;159(2):570–578. doi: 10.1210/en. 
2017-00908.

http://orcid.org/0000-0002-4557-7386
http://orcid.org/0000-0002-2388-3585
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1016/S1474-4422(18)30500-3
https://doi.org/10.1016/S1474-4422(18)30500-3
https://doi.org/10.1001/2013.jamainternmed.30
https://doi.org/10.1001/2013.jamainternmed.30
https://doi.org/10.1161/CIRCULATIONAHA.110.983353
https://doi.org/10.3174/ajnr.A2050
https://doi.org/10.1212/WNL.0b013e31827b1ace
https://doi.org/10.1212/WNL.0b013e31827b1ace
https://doi.org/10.1161/STROKEAHA.108.535146
https://doi.org/10.1212/WNL.0b013e318259e221
https://doi.org/10.1212/WNL.0000000000004332
https://doi.org/10.1002/ana.21783
https://doi.org/10.1161/STROKEAHA.120.029232
https://doi.org/10.1007/s12975-019-00762-3
https://doi.org/10.1055/s-2007-978719
https://doi.org/10.1210/en.2017-00908
https://doi.org/10.1210/en.2017-00908


Annals of Medicine 7

	[15]	S on J-W, Park J, Kim YE, et  al. Glia-like cells from 
late-passage human MSCs protect against ischemic 
stroke through IGFBP-4. Mol Neurobiol. 2019;56(11): 
7617–7630. doi: 10.1007/s12035-019-1629-8.

	[16]	 Jeon H-J, Park J, Shin J-H, et  al. Insulin-like growth factor 
binding protein-6 released from human mesenchymal 
stem cells confers neuronal protection through IGF-1R-
mediated signaling. Int J Mol Med. 2017;40(6):1860–
1868. doi: 10.3892/ijmm.2017.3173.

	[17]	 Bar O, Gelb S, Atamny K, et  al. Angiomodulin (IGFBP7) 
is a cerebral specific angiocrine factor, but is probably 
not a blood-brain barrier inducer. Fluids Barriers CNS. 
2020;17(1):27. doi: 10.1186/s12987-020-00188-2.

	[18]	H ooper AT, Shmelkov SV, Gupta S, et  al. Angiomodulin 
is a specific marker of vasculature and regulates vascu-
lar endothelial growth factor-A-dependent neoangio-
genesis. Circ Res. 2009;105(2):201–208. doi: 10.1161/
CIRCRESAHA.109.196790.

	[19]	 Buga AM, Margaritescu C, Scholz CJ, et al. Transcriptomics 
of post-stroke angiogenesis in the aged brain. Front 
Aging Neurosci. 2014;6:44. doi: 10.3389/fnagi.2014.00044.

	[20]	C ui Y, Wang X-H, Zhao Y, et  al. Association of serum bio-
markers with early neurologic improvement after intra-
venous thrombolysis in ischemic stroke. PLoS One. 2022; 
17(10):e0277020. doi: 10.1371/journal.pone.0277020.

	[21]	 von Elm E, Altman DG, Egger M, STROBE Initiative., 
et  al. The strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: guidelines 
for reporting observational studies. Int J Surg. 
2014;12(12):1495–1499. doi: 10.1016/j.ijsu.2014.07.013.

	[22]	 Wang D, Hao Z, Tao W, et  al. Acute ischemic stroke in 
the very elderly Chinese: risk factors, hospital manage-
ment and one-year outcome. Clin Neurol Neurosurg. 
2011;113(6):442–446. doi: 10.1016/j.clineuro.2011.01.005.

	[23]	 Wang H, Cui T, Chen Y, et  al. Serum heme oxygenase-1 
level predicts clinical outcome after acute ischemic stroke. 
CNS Neurosci Ther. 2024;30(3):e14701. doi: 10.1111/ 
cns.14701.

	[24]	 de Haan R, Limburg M, Bossuyt P, et  al. The clinical 
meaning of Rankin “handicap” grades after stroke. 
Stroke. 1995;26(11):2027–2030. doi: 10.1161/01.str.26. 
11.2027.

	[25]	 Guo D, Zhu Z, Zhong C, et  al. Increased serum netrin-1 
is associated with improved prognosis of ischemic stroke. 
Stroke. 2019;50(4):845–852. doi: 10.1161/STROKEAHA. 
118.024631.

	[26]	 Wo D, Peng J, Ren D-N, et  al. Opposing roles of Wnt 
inhibitors IGFBP-4 and Dkk1 in cardiac ischemia by dif-
ferential targeting of LRP5/6 and β-catenin. Circulation. 
2016;134(24):1991–2007. doi: 10.1161/CIRCULATIONAHA. 
116.024441.

	[27]	 Wo D, Chen J, Li Q, et al. IGFBP-4 enhances VEGF-induced 
angiogenesis in a mouse model of myocardial infarction. 

J Cell Mol Med. 2020;24(16):9466–9471. doi: 10.1111/ 
jcmm.15516.

	[28]	 Wang G, Zhu Z-M, Wang K. Identification of ROS and 
KEAP1-related genes and verified targets of α-hederin 
induce cell death for CRC. Drug Dev Res. 2024;85(3): 
e22200. doi: 10.1002/ddr.22200.

	[29]	 Yu J-T, Hu X-W, Yang Q, et  al. Insulin-like growth factor 
binding protein 7 promotes acute kidney injury by 
alleviating poly ADP ribose polymerase 1 degradation. 
Kidney Int. 2022;102(4):828–844. doi: 10.1016/j.kint. 
2022.05.026.

	[30]	T ibbitt CA, Stark JM, Martens L, et  al. Single-Cell RNA 
sequencing of the T helper cell response to house dust 
mites defines a distinct gene expression signature in 
airway Th2 cells. Immunity. 2019;51(1):169–184.e5. doi: 
10.1016/j.immuni.2019.05.014.

	[31]	L iu Z-K, Wang R-C, Han B-C, et  al. A novel role of 
IGFBP7 in mouse uterus: regulating uterine receptivity 
through Th1/Th2 lymphocyte balance and decidualiza-
tion. PLoS One. 2012;7(9):e45224. doi: 10.1371/journal.
pone.0045224.

	[32]	T amura K, Hashimoto K, Suzuki K, et  al. Insulin-like 
growth factor binding protein-7 (IGFBP7) blocks vascu-
lar endothelial cell growth factor (VEGF)-induced angio-
genesis in human vascular endothelial cells. Eur J 
Pharmacol. 2009;610(1-3):61–67. doi: 10.1016/j.ejphar. 
2009.01.045.

	[33]	 Prentice RL, Paczesny S, Aragaki A, et  al. Novel proteins 
associated with risk for coronary heart disease or stroke 
among postmenopausal women identified by in-depth 
plasma proteome profiling. Genome Med. 2010;2(7):48. 
doi: 10.1186/gm169.

	[34]	 Postnikov AB, Smolyanova TI, Kharitonov AV, et  al. 
N-terminal and C-terminal fragments of IGFBP-4 as nov-
el biomarkers for short-term risk assessment of major 
adverse cardiac events in patients presenting with isch-
emia. Clin Biochem. 2012;45(7-8):519–524. doi: 10.1016/j.
clinbiochem.2011.12.030.

	[35]	H jortebjerg R, Lindberg S, Pedersen S, et  al. Insulin‐like 
growth factor binding protein 4 fragments provide 
incremental prognostic information on cardiovascular 
events in patients with ST‐segment elevation myocardi-
al infarction. JAHA. 2017;6(3):e005358. doi: 10.1161/
JAHA.116.005358.

	[36]	S chulz O, Postnikov AB, Smolyanova TI, et  al. Clinical dif-
ferences between total PAPP-A and measurements specif-
ic for the products of free PAPP-A activity in patients with 
stable cardiovascular disease. Clin Biochem. 2014;47(3):177–
183. doi: 10.1016/j.clinbiochem.2013.10.027.

	[37]	L isowska A, Święcki P, Knapp M, et  al. Insulin-like 
growth factor-binding protein 7 (IGFBP 7) as a new bio-
marker in coronary heart disease. Adv Med Sci. 
2019;64(1):195–201. doi: 10.1016/j.advms.2018.08.017.

https://doi.org/10.1007/s12035-019-1629-8
https://doi.org/10.3892/ijmm.2017.3173
https://doi.org/10.1186/s12987-020-00188-2
https://doi.org/10.1161/CIRCRESAHA.109.196790
https://doi.org/10.1161/CIRCRESAHA.109.196790
https://doi.org/10.3389/fnagi.2014.00044
https://doi.org/10.1371/journal.pone.0277020
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.clineuro.2011.01.005
https://doi.org/10.1111/cns.14701
https://doi.org/10.1111/cns.14701
https://doi.org/10.1161/01.str.26.11.2027
https://doi.org/10.1161/01.str.26.11.2027
https://doi.org/10.1161/STROKEAHA.118.024631
https://doi.org/10.1161/STROKEAHA.118.024631
https://doi.org/10.1161/CIRCULATIONAHA.116.024441
https://doi.org/10.1161/CIRCULATIONAHA.116.024441
https://doi.org/10.1111/jcmm.15516
https://doi.org/10.1111/jcmm.15516
https://doi.org/10.1002/ddr.22200
https://doi.org/10.1016/j.kint.2022.05.026
https://doi.org/10.1016/j.kint.2022.05.026
https://doi.org/10.1016/j.immuni.2019.05.014
https://doi.org/10.1371/journal.pone.0045224
https://doi.org/10.1371/journal.pone.0045224
https://doi.org/10.1016/j.ejphar.2009.01.045
https://doi.org/10.1016/j.ejphar.2009.01.045
https://doi.org/10.1186/gm169
https://doi.org/10.1016/j.clinbiochem.2011.12.030
https://doi.org/10.1016/j.clinbiochem.2011.12.030
https://doi.org/10.1161/JAHA.116.005358
https://doi.org/10.1161/JAHA.116.005358
https://doi.org/10.1016/j.clinbiochem.2013.10.027
https://doi.org/10.1016/j.advms.2018.08.017

	Association between serum levels of insulin-like growth factor-binding proteins at admission and outcomes at 3 months after acute ischemic stroke
	ABSTRACT
	Introduction
	Materials and methods
	Patients
	Clinical assessment of patients
	Assay of IGFBPs in serum at admission
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Authors contributions
	Ethical approval
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


