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Background: Homer scaffold protein 1 (homer1) may harbor neuroprotective effects against acute brain injury. This study aimed to 
investigate the prognostic role of serum homer1 in human aneurysmal subarachnoid hemorrhage (aSAH).
Methods: A total of 209 patients with aSAH and 100 controls were encompassed in this prospective cohort study. Serum homer1 
levels were quantified at admission in all patients, on post-aSAH days 1, 3, 5, 7, 10, and 14 in 83 patients and at recruitments in 
controls. The modified Fisher scale (mFisher) and World Federation of Neurological Surgeons Scale (WFNS) were used for severity 
assessment. Glasgow Outcome Scale (GOS) scores of 1–3 at post-aSAH 90 days indicated poor prognosis.
Results: Serum homer1 levels of patients were abruptly elevated at admission, peaked at day 3, and afterwards decreased from day 5 
until day 14 after aSAH, and were markedly higher during 14 days than those of controls. Serum homer1 levels were linearly and 
independently correlated with WFNS scores, mFisher scores, continuous GOS scores, ordinal GOS scores, poor prognosis risk and 
delayed cerebral ischemia (DCI) likelihood. DCI partially mediated association of serum homer1 levels with poor prognosis. The 
prognosis model was composed of the four independent predictors, that is serum homer1 levels, DCI, WFNS scores and mFisher 
scores. As demonstrated by a series of statistical methods, the model had a good performance.
Conclusion: Serum homer1 levels are significantly elevated in acute phase after aSAH, and are strongly related to heightened 
bleeding intensity, poor 90-day prognosis and DCI. Nevertheless, associational mechanism of serum homer1 and poor prognosis 
mediated by DCI needs to be further deciphered.
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Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is one of the most common cerebrovascular disorders with serious sequelae.1 

Clinically, the World Federation of Neurosurgical Societies (WFNS) and modified Fisher (mFisher) scales are preferred for 
assessing severity of aSAH,2,3 and the Glasgow Outcome Scale (GOS) is extensively accepted for evaluating neurological 
outcomes of patients.4,5 Delayed cerebral ischemia (DCI), mechanistically similar to early brain injury, involves a series of 
cascading molecular reactions, covering inflammatory reactions, oxidative stress, apoptosis and more.6–10 Patients with aSAH 
are vulnerable to DCI, while those with DCI tend to have higher risk of poor neurological outcomes.9,10 Thus, it is equally 
important to predict both DCI and poor neurological outcomes following aSAH. Recent decades, blood biomarkers, because 
of their easy obtainability, have garnered wide attentions as to their close correlations with the severity, DCI and clinical 
outcomes of aSAH.11–13

Homer scaffolding protein 1 (homer1) structurally belongs to a dense postsynaptic protein and functionally acts as 
a cytoplasmic adaptor with primary participation in synaptic plasticity and signal transduction.14,15 Homer1 is principally 
expressed in the nervous system.16 In animals subjected to traumatic, hemorrhagic, or ischemic brain injury, homer1 may 
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confer protective effects against acute brain injury via improving synaptic plasticity, modulating calcium signal home-
ostasis, and moderating inflammation and mitochondrial endoplasmic reticulum stress.17–19 Notably, elevated serum 
homer1 levels after acute ischemic stroke independently distinguished patients at risk of post-stroke three-month worse 
outcomes.20 Thus, these features could identify homer1 as a potential endogenous protective factor for minimizing 
secondary brain injury, hinting its application as a biomarker of brain injury. Here, we discerned temporal trends of serum 
homer1 levels post-aSAH and attempted to investigate its predictive effects on clinical outcomes of patients, alongside 
determining the mediation role of DCI.

Methods and Materials
Study Design and Ethical Consent
In this observational analytic study at the Wenzhou Central Hospital, patients were consecutively recruited between 
April 2018 and April 2023. Inclusion criteria of patients encompassed (1) age of 18 years or greater; (2) first-onset stroke; 
(3) diagnosis of SAH by computed tomography scan; (4) verification of intracranial aneurysm via computed tomography 
angiography or digital subtraction angiography; (5) hospital admission within posthemorrhagic 24 hours; (6) surgical 
repairment of aneurysm within postadmission 48 hours. And then, we further excluded those patients who presented with 
(1) other sicknesses in nervous system, such as moderate-severe craniocerebral trauma, intracranial tumors, myasthenia 
gravis and infections; (2) severe disorders in certain organs, such as malignancies, uremia, cirrhosis and ascites; or 
(3) some specific conditions, such as pregnancies, missed visits, deficient information, declination to participation and 
unavailable blood samples. Controls were enrolled according to the following requirements: (1) shortage of some severe 
illnesses, such as stroke, myocardial infarction, malignancies, uremia and ascites, but no exclusions of some chronic 
diseases, such as hypertension, diabetes mellitus and hyperlipidemia; and (2) normal results in some conventional tests, 
such as electrocardiogram, chest radiograph, blood leucocyte counts and blood electrolyte levels. As displayed in 
Figure 1, this study was classified into two segments. In the cross-sectional sub-study, the longitudinal change of 
serum homer1 levels after aSAH was investigated. In the prospective cohort sub-study, we determined the predictive 
significance of serum homer1 levels for poor 90-day prognosis, alongside unraveling the mediation role of DCI. The 
current study conformed to all relevant national terms and institutional clauses and obeyed the tenets of the Helsinki 
Declaration and its later amendments. The study protocol was approved by the Institutional Ethics Review Committee of 

Figure 1 Study-plan diagram for analyzing the prognostic role of serum homer scaffold protein 1 in aneurysmal subarachnoid hemorrhage. This study was categorized as 
a cross-sectional sub-study and a prospective cohort sub-study to ascertain the time course of serum homer scaffold protein 1 levels and their prognostic implications in 
aneurysmal subarachnoid hemorrhage. 
Abbreviations: aSAH, aneurysmal subarachnoid hemorrhage; homer1, homer scaffold protein 1.
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the Wenzhou Central Hospital (L2024-03-020). Written informed consent forms were obtained from all individuals or 
their proxies as appropriate.

Data Acquirements and Outcome Assessments
Demographic data, adverse life habits, medical history and medication history were collected by two clinicians, who were 
blinded to the outcome of interest. The WFNS scores at admission were documented for reflecting clinical severity of aSAH. All 
radiological examinations were performed strictly in accordance with radiological standards. mFisher scores were recorded for 
assessing radiological intensity of aSAH. Location, size and shape of aneurysms, intraventricular entry of hemorrhage and acute 
hydrocephalus were registered. Neurosurgical clipping or endovascular intervention was performed to treat aneurysms. External 
ventricular drainage was performed, as necessary. In parallel with previous reports, DCI was confirmed when the following 
requirements were met: (1) clinical worsening (eg, new focal deficits, consciousness level decrements, or both), and/or (2) 
occurrence of new infarctions via head computerized tomography scans that were invisible at admission or in the early 
postoperative phase and could not be attributed to any other reasons with the aid of clinical assessments, head imaging checking, 
and suitable laboratory tests.21 On the basis of 5-level GOS, the neurological functional statuses in daily life were evaluated using 
the blinded method. In the form of structured interviews via telephone visits, all inquiries were carried out at 90 days following 
aSAH by two proficient neurosurgical specialists, who had no access into information about clinical, radiological and 
biochemical results. Patients with GOS scores of 1–3 were designated to have poor prognosis.22

Immune Analysis
Blood samples of controls were acquired at their study entry. According to the previous reports,23–25 the specific time points of 
blood drawings in the current study were preestablished as admission and days 1, 3, 5, 7, 10, and 14 after aSAH. In compliance 
with the voluntary principle, blood specimens of some patients were obtained at multiple time points and the others, only at 
admission. Blood samples were put into 5 mL gel-containing biochemistry tubes (Hubei New Desheng Material Technology 
Co., Ltd., China), and then were centrifuged at 3000 × g for 10 min. Finally, the isolated serum was transferred to Eppendorf 
Tubes (Eppendorf Tubes® BioBased, China) for preservation below 80°C until later use. By applying the enzyme-linked 
immunosorbent assay (ELISA) kit (Article Number: abx387846; Abbexa LTD, Cambridge, UK), serum homer1 levels were 
measured following the specifications. The intra-assay coefficient of variation and inter-assay coefficient of variation were 
below 8% and 10%, respectively, for this ELISA kit, the detection sensitivity was 9.38 pg/mL and the detection range varied 
from 15.63 to 1000 pg/mL. All measurements must be duplicated and completed within three months since sampling by the 
same proficient specialist who was blinded to the study data. The dual results were averaged for the final analytical use.

Statistical Analysis
The used statistical and plotting softwares encompassed the SPSS 25.0 (BMI Software Inc., USA), R 4.2.4 (https://www. 
r-project.org), GraphPad Prism 9.0 (GraphPad Software, Inc., Boston, MA, USA) and MedCalc 20.305 (MedCalc 
Software, Mariakel, Belgium). Categorical variables were reported in the form of counts (proportions). Following the 
Shapiro–Wilk test or Kolmogorov–Smirnov test, normally and non-normally distributed continuous variables were 
shown as means (standard deviations) and medians (percentiles 25th-75th), respectively. The employed statistical 
methods for data comparisons included the chi-square test, Fisher’s exact test, Mann–Whitney U-test, independent 
t-test and Kruskal–Wallis test. Bivariate correlations were done using the Spearman’s test. As for the multivariate 
analyses, the dependent variables covered serum homer1 levels, continuous GOS scores, ordinal GOS scores, poor 
prognosis and DCI, and the multivariable methods successively included the multivariate linear regression analysis, 
ordinal regression analysis and binary logistic regression analyses. To determine independent factors, significantly 
different variables on univariate analyses (P value < 0.05) were entered into the respective multivariate model. The 
mediation analysis was performed to determine the mediation effect of DCI on the relationship between serum homer1 
levels and poor prognosis. The restricted cubic spline analysis was done because potential linearity correlation of serum 
homer1 levels with WFNS scores, mFisher scores, GOS scores, DCI risk and poor prognosis possibility ensured 
rationality in further relevant analyses. The prognosis model was made up of the independent predictors of poor 
prognosis and was graphically represented by the nomogram. Clinical validity of the model was verified by using the 
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decision curve analysis, its stability was demonstrated by applying the calibration curve analysis, and its predictive 
ability was confirmed by adopting the receiver operating characteristic (ROC) curve analysis. Due to natural character-
istics owned by the prospective cohort study, only two patients were lost to follow-up and a sufficient number of 
confounding factors were selected here, so influence on results from missing data or potential unmeasured confounders 
could be negligible. Statistical significance was defined as a two-sided P-value of <0.05.

Results
Participant Features
A total of 276 patients were initially assessed, 67 patients were excluded and finally, 209 patients were retained for the clinical 
analysis. The total patients accepted blood drawings at admission, and 83 of them also volunteered for blood collections on days 
1, 3, 5, 7, 10, and 14 post-aSAH. The basic characteristics of the total patients and these 83 patients are summarized in Table 1. 

Table 1 Basic Features Between All Patients and Voluntary Patients Consenting for Blood-Drawings at Multiple 
Time Points After Aneurysmal Subarachnoid Hemorrhage

All Patients Voluntary Patients P value

Number 209 83

Gender (male/female) 95/114 37/46 0.892
Age (years) 52.1±10.4 51.9±9.5 0.883

Cigarette smoking 60 (28.7%) 21 (25.3%) 0.558

Alcohol consumption 65 (31.1%) 23 (27.7%) 0.569
Hyperlipidemia 64 (30.6%) 32 (38.6%) 0.193

Diabetes mellitus 17 (8.1%) 12 (14.5%) 0.103

Hypertension 53 (25.4%) 20 (24.1%) 0.822
WFNS scores 3 (2–3) 3 (2–4) 0.593

Modified Fisher scores 2 (2–3) 2 (2–3) 0.517

Aneurysmal position (posterior/anterior circulation) 59/150 30/53 0.185
Aneurysmal shape (cystic/others) 169/40 71/12 0.346

Aneurysmal diameter (<10 mm/≥10 mm) 123/86 45/38 0.470

Methods for securing aneurysms (clipping/endovascular intervention) 99/110 38/45 0.807
Acute hydrocephalus 33 (15.8%) 18 (21.7%) 0.231

Intraventricular accumulation of bleeding 40 (19.1%) 19 (22.9%) 0.471

External ventricular drain 27 (12.9%) 13 (15.7%) 0.538
Admission time since stroke (h) 8.7 (4.7–13.4) 8.9 (4.3–14.2) 0.982

Blood-collection time (h) 9.5 (5.7–13.9) 9.5 (5.2–14.8) 0.991

Systolic arterial pressure (mmHg) 140.6±23.5 141.7±22.2 0.610
Diastolic arterial pressure (mmHg) 88.2±11.5 88.7±10.9 0.760

Blood glucose levels (mmol/l) 11.0 (8.0–15.4) 12.0 (8.3–15.4) 0.475

Blood leucocyte counts (×109/l) 8.2 (5.8–11.3) 8.2 (5.9–11.4) 0.939
Admission serum homer1 levels (pg/mL) 48.7 (37.4–78.7) 62.9 (38.8–80.7) 0.303

Delayed cerebral ischemia 59 (28.2%) 28 (33.7%) 0.354
Continuous GOS scores at 90 days 4 (3–4) 4 (2–5) 0.660

Ordinal categorical GOS scores at 90 days 0.461

1 17 9
2 25 13

3 38 15

4 78 22
5 51 24

Poor prognosis (GOS scores of 1–3) at 90 days 80 (38.3%) 37 (44.6%) 0.322

Notes: Quantitative data were reported as medians with 25th–75th percentiles or mean ± standard deviation as applicable, and qualitative data 
were presented as counts (proportions). Comparisons were performed using the χ2 test or Fisher’s exact test for qualitative data, and the t test, 
Kruskal–Wallis H-test or Mann–Whitney U-test for quantitative data. 
Abbreviations: Homer1, homer scaffold protein 1; WFNS, World Federation of Neurological Surgeons Scale; GOS, Glasgow outcome scale.
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All features were not significantly different between the two groups (all P values > 0.05; Table 1). A collective of 100 controls had 
the mean age of 50.4 years (standard deviation, 10.3 years), contained 51 males and 49 females, and included 24 tobacco 
smokers, 22 alcohol smokers, 28 hyperlipidemic individuals, 9 diabetic subjects and 21 hypertensive persons. No substantial 
distinctions were found in terms of age, gender, tobacco smoking, alcohol consuming, hypertension, diabetes mellitus and 
hyperlipidemia between controls and those 83 patients consenting for blood drawings at several time points (all P values > 0.05).

Change of Serum Homer1 Levels and Its Relation to Illness Severity
All 209 patients, relative to those 83 patients consenting for blood drawings at several time points, had similar admission 
serum homer1 levels (P value > 0.05; Figure 2). Serum homer1 levels of those 83 patients rapidly increased upon 
admission, reached higher levels on post-injury day 1, peaked at day 3, and then diminished slowly from day 5 until day 
14 following aSAH, and were markedly higher during 14 days than those of controls (P < 0.001; Figure 2). Additionally, 
under the ROC curves shown in Figure 3, the prognostic predictive ability of admission serum homer1 levels was similar 
between all 209 patients and those 83 patients (P value > 0.05); among those 83 patients, the prognostic predictive ability 
of admission serum homer1 levels was equivalent to those of serum homer1 levels on days 1, 3, 5, and 7 after aSAH (all 
P values > 0.05), and significantly surpassed those of serum homer1 levels on days 10 and 14 following aSAH (both 
P values < 0.05), indicating admission serum homer1 levels could have the potential ability to predict clinical outcome of 
patients with aSAH. Within the framework of the restricted cubic spline analysis, admission serum homer1 levels of all 
209 patients were linearly correlated with WFNS scores (P value for nonlinear > 0.05; Figure 4) and mFisher scores (P 
value for nonlinear > 0.05; Figure 5). As shown in Table 2, admission serum homer1 levels of all 209 patients were 
positively correlated with WFNS scores, mFisher scores, acute hydrocephalus, intraventricular entry of hemorrhage, 
external ventricular drainage and blood glucose levels (all P values < 0.05). By incorporating the above six related 
variables into the multivariate linear regression model, admission serum homer1 levels were independently correlated 
with WFNS scores [beta (β), 7.706; 95% confidence interval (CI), 4.457–10.955; variance inflation factor (VIF), 1.708; 
P < 0.001] and mFisher scores (β, 7.417; 95% CI, 3.513–11.321; VIF, 1.719; P < 0.001).

Figure 2 Change of serum homer scaffold protein 1 levels following subarachnoid hemorrhage. Serum homer scaffold protein l levels of patients had a prompt incremental 
trend at admission, with the highest peak at day 3, and then gradually declined until day 14, with markedly higher levels during the 14 days in patients than in controls 
(P<0.001). ***P<0.001. 
Abbreviations: SAH, subarachnoid hemorrhage; homer1, homer scaffold protein 1; ns, non-significant.
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Admission Serum Homer1 Levels and 90-Day Functional Outcome
Admission serum homer1 levels of all 209 patients were linearly related to continuous GOS scores at 90 days following aSAH 
(P value for nonlinear > 0.05; Figure 6). As listed in Table 2, GOS scores were strongly inversely correlated with admission 
serum homer1 levels and other variables, including age, WFNS scores, mFisher scores, acute hydrocephalus, intraventricular 
entry of hemorrhage, external ventricular drainage, DCI and blood glucose levels (all P values < 0.05). With incorporation of 

Figure 3 Areas under receiver operating characteristic curve of serum homer scaffold protein 1 levels at multiple time points. As for predicting 90-day poor prognosis after 
subarachnoid hemorrhage, admission serum homer scaffold protein 1 levels did not show significantly lower area under the receiver operating characteristic curve. *P<0.05. 
Abbreviations: Homer1, homer scaffold protein 1; ns, nonsignificant.

Figure 4 Linearity relationship between admission serum homer scaffold protein 1 levels and World Federation of Neurosurgical Societies Scale scores after subarachnoid 
hemorrhage. Under restricted cubic spline, admission serum homer scaffold protein 1 levels were linearly correlated with World Federation of Neurosurgical Societies Scale 
scores following subarachnoid hemorrhage (P for nonlinear >0.05). 
Abbreviations: Homer1, homer scaffold protein 1; WFNS, World Federation of Neurosurgical Societies Scale.
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the preceding significant variables into the multivariate linear regression model, the continuous GOS scores were indepen-
dently correlated with mFisher scores (β, −0.366; 95% CI, −0.540 to -0.191; VIF, 1.839; P < 0.001), WFNS scores (β, −0.316; 
95% CI, −0.464 to -0.168; VIF, 1.909; P < 0.001), admission serum homer1 levels (β, −0.008; 95% CI, −0.014 to -0.002; VIF, 
1.577; P = 0.007) and DCI (β, −0.427; 95% CI, −0.725 to -0.129; VIF, 1.312; P = 0.005).

Figure 5 Restricted cubic spline assessing linear relationship between admission serum homer scaffold protein 1 levels and modified Fisher scores after subarachnoid 
hemorrhage. Admission serum homer scaffold protein 1 levels had a linear correlation with modified Fisher scores after subarachnoid hemorrhage (P for nonlinear >0.05). 
Abbreviation: Homer1, homer scaffold protein 1.

Table 2 Bivariate Correlation Analyses of Admission Serum Homer Scaffold Protein 1 Levels and Glasgow Outcome Scale Scores 
After Aneurysmal Subarachnoid Hemorrhage

Admission Serum Homer1 
Levels

Continuous Ninety-day GOS 
Scores

ρ P value ρ P value

Gender (male/female) 0.095 0.170 −0.089 0.200

Age (years) 0.086 0.218 −0.166 0.016
Cigarette smoking −0.041 0.555 −0.049 0.483
Alcohol consumption −0.039 0.574 −0.094 0.177

Hyperlipidemia −0.014 0.841 −0.048 0.493

Diabetes mellitus 0.094 0.174 −0.080 0.251
Hypertension −0.059 0.397 0.060 0.386

WFNS scores 0.536 <0.001 −0.621 <0.001
Modified Fisher scores 0.503 <0.001 −0.619 <0.001
Aneurysmal position (posterior/anterior circulation) 0.114 0.100 0.011 0.876

Aneurysmal shape (cystic/others) 0.064 0.355 0.058 0.405

Aneurysmal diameter (<10 mm/≥10 mm) 0.029 0.673 0.041 0.552
Methods for securing aneurysms (clipping/endovascular intervention) −0.088 0.208 0.057 0.412

Acute hydrocephalus 0.185 0.007 −0.137 0.048
Intraventricular accumulation of bleeding 0.206 0.003 −0.204 0.003
External ventricular drain 0.138 0.047 −0.196 0.005
Delayed cerebral ischemia – – −0.450 <0.001

(Continued)
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Among the five subgroups based on the ordinal GOS scores, WFNS scores, mFisher scores, intraventricular entry of 
hemorrhage, DCI, admission serum homer1 levels and blood glucose levels statistically significantly differed (all 
P values < 0.05; Table 3). With the entry of the above-mentioned six variables in the ordinal regression model, 
mFisher scores (β, −0.869; 95% CI, −1.267 to -0.470; VIF, 1.846; P < 0.001), WFNS scores (β, −0.634; 95% CI, 
−0.970 to -0.298; VIF, 1.918; P < 0.001), admission serum homer1 levels (β, −0.020; 95% CI, −0.033 to -0.007; VIF, 
1.602; P = 0.004), and DCI (β, −0.748; 95% CI, −1.402 to -0.094; VIF, 1.330; P = 0.025) were independently related to 
ordinal GOS scores.

Admission serum homer1 levels of all 209 patients were linearly related to the possibility of poor prognosis 90 days 
after stroke (P value for nonlinear > 0.05; Figure 7). Under the ROC curve, admission serum homer1 levels efficiently 
predicted poor ninety-day prognosis and admission serum homer1 levels more than 71.0 pg/mL distinguished the 

Table 2 (Continued). 

Admission Serum Homer1 
Levels

Continuous Ninety-day GOS 
Scores

ρ P value ρ P value

Admission time since stroke (h) 0.098 0.158 −0.113 0.105
Blood-collection time (h) 0.097 0.161 −0.105 0.130

Systolic arterial pressure (mmHg) 0.127 0.066 −0.075 0.278

Diastolic arterial pressure (mmHg) 0.119 0.086 −0.012 0.865
Blood glucose levels (mmol/l) 0.179 0.010 −0.178 0.010
Blood leucocyte counts (×109/l) −0.028 0.692 −0.021 0.763

Admission serum homer1 levels (pg/mL) – – −0.523 <0.001

Notes: The Spearman’s rank correlation test was done. Bold font indicates statistical differences. 
Abbreviations: Homer1, homer scaffold protein 1; WFNS, World Federation of Neurological Surgeons Scale; GOS, Glasgow outcome scale.

Figure 6 Restricted cubic spline assessing linearity correlation of admission serum homer scaffold protein 1 levels with Glasgow outcome scale scores at 90-day mark 
following subarachnoid hemorrhage. Linearity correlation was revealed between admission serum homer scaffold protein 1 levels and ninety-day Glasgow outcome scale 
scores after subarachnoid hemorrhage (P for nonlinear >0.05). 
Abbreviations: Homer1, homer scaffold protein 1; GOS, Glasgow outcome scale.
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probability of poor prognosis with the maximal Youden index at 0.567 in predicting poor prognosis with 67.5% 
sensitivity and 89.2 specificity (Figure 8). As listed in Table 4, patients with poor prognosis, as opposed to the other 
remainders, exhibited significantly elevated WFNS scores, mFisher scores, blood glucose levels and admission serum 
homer1 levels (all P values < 0.05) as well as displayed substantially heightened proportions of DCI, intraventricular 
entry of hemorrhage and external ventricular drainage (all P values < 0.05). When the aforementioned variables were 
forced into the binary logistic regression model, mFisher scores (odds ratio [OR], 1.940; 95% CI, 1.163–3.235; VIF, 
1.847; P = 0.011), WFNS scores (OR, 1.841; 95% CI, 1.158–2.925; VIF, 1.920; P = 0.010), admission serum homer1 
levels (OR, 1.021; 95% CI, 1.004–1.039; VIF, 1.607; P = 0.014), and DCI (OR, 2.424; 95% CI, 1.062–5.531; VIF, 1.351; 
P = 0.035) independently predicted poor prognosis at ninety-day mark postinjury (P value = 0.266; by Hosmer and 
Lemeshow test).

The four independent predictors of poor prognosis at 90 days post-aSAH, that is WFNS, mFisher, DCI and serum 
homer1, were consolidated to construct a combined model for predicting a poor prognosis. The model was visually 
reflected by the nomogram, with total scores calculated from the four variables pointing to the corresponding risk of poor 
prognosis (Figure 9), had a good stability reflected by mean absolute error at 0.029 using the calibration curve analysis 
(Figure 10), exhibited an impactful clinical benefit manifested as being most away from both “all” and “none” lines 
among all variables employing the decision curve evaluation (Figure 11), showed significantly higher prognostic 
predictive ability than any of the four independent predictors under the ROC curve (all P values < 0.01; Figure 12).

Table 3 Differences of Baseline Characteristics Across Glasgow Outcome Scale Scores After Aneurysmal Subarachnoid Hemorrhage

Ordinal Glasgow Outcome Scale Scores

1 2 3 4 5 P value

Number 17 25 38 78 51

Gender (male/female) 9/8 17/8 13/25 35/43 21/30 0.098

Age (years) 54 (53–57) 54 (49–65) 53 (44–60) 53 (44–56) 46 (43–56) 0.163

Cigarette smoking 5 (29.4%) 10 (40.0%) 8 (21.1%) 25 (32.1%) 12 (23.5%) 0.442

Alcohol consumption 8 (47.1%) 10 (40.0%) 8 (21.1%) 27 (34.6%) 12 (23.5%) 0.162

Hyperlipidemia 5 (29.4%) 11 (44.0%) 13 (34.2%) 18 (23.1%) 17 (33.3%) 0.329

Diabetes mellitus 3 (17.7%) 1 (4.0%) 6 (15.8%) 3 (3.9%) 4 (7.8%) 0.110

Hypertension 4 (23.5%) 5 (20.0%) 8 (21.1%) 22 (28.2%) 14 (27.5%) 0.873

WFNS scores 4 (3–5) 4 (3–4) 3 (2–4) 3 (2–3) 2 (1–2) <0.001
Modified Fisher scores 3 (3–4) 2 (2–3) 3 (2–3) 2 (2–3) 1 (1–2) <0.001
Aneurysmal position 
(posterior/anterior circulation)

7/10 8/17 9/29 18/60 17/34 0.466

Aneurysmal shape (cystic/others) 13/4 19/6 29/9 67/11 41/10 0.665

Aneurysmal diameter (<10 mm/≥10 mm) 9/8 18/7 19/19 51/27 26/25 0.204

Methods for securing aneurysms 
(clipping/endovascular intervention)

5/12 12/13 23/15 30/48 29/22 0.057

Acute hydrocephalus 5 (29.4%) 5 (20.0%) 7 (18.4%) 11 (14.1%) 5 (9.8%) 0.349

Intraventricular accumulation of bleeding 6 (35.3%) 5 (20.0%) 11 (29.0%) 15 (19.2%) 3 (5.9%) 0.026
External ventricular drain 5 (29.4%) 4 (16.0%) 7 (18.4%) 9 (11.5%) 2 (3.9%) 0.058

Delayed cerebral ischemia 12 (70.6%) 14 (56.0%) 16 (42.1%) 14 (18.0%) 3 (5.9%) <0.001
Admission time since stroke (h) 7.1 (3.3–15.3) 8.4 (5.3–14.8) 9.8 (6.8–15.0) 8.5 (4.1–13.2) 7.7 (4.7–10.0) 0.275

Blood-collection time (h) 7.5 (3.5–16.0) 9.2 (6.0–16.3) 10.2 (7.4–15.5) 9.0 (5.0–14.0) 8.4 (5.5–11.0) 0.312

Systolic arterial pressure (mmHg) 168 (124–184) 143 (122–151) 141 (117–157) 137 (125–151) 138 (128–153) 0.371

Diastolic arterial pressure (mmHg) 96 (79–106) 87 (79–91) 88 (76–93) 90 (80–95) 89 (80–93) 0.260

Blood glucose levels (mmol/l) 15.4 (11.7–18.8) 12.6 (9.6–16.8) 10.4 (7.5–16.0) 10.6 (8.0–13.4) 10.6 (7.4–13.8) 0.038
Blood leucocyte counts (×109/l) 6.8 (4.9–12.6) 8.4 (6.4–10.2) 8.7 (6.4–11.5) 7.8 (6.3–11.2) 8.0 (5.5–9.6) 0.778

Admission serum homer1 levels (pg/mL) 77.8 (73.8–89.8) 81.4 (67.5–85.0) 72.7 (47.2–86.3) 46.8 (37.3–66.2) 38.2 (28.3–41.7) <0.001

Notes: Quantitative data were reported as medians with 25th–75th percentiles. Qualitative data were presented as counts (proportions). Comparisons were done using the 
Chi-squared for qualitative data and the Kruskal–Wallis H-test for quantitative data. Bold font indicates statistical differences. 
Abbreviations: Homer1, homer scaffold protein 1; WFNS, World Federation of Neurological Surgeons Scale.
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Mediation Role of DCI in Prognosis Association
Based on the restricted cubic spline analysis, admission homer1 levels exhibited a linear correlation with the risk of DCI 
(P value for nonlinear > 0.05; Figure 13). Compared to patients without DCI, those with DCI had significantly elevated 
WFNS scores, mFisher scores, blood glucose levels and admission serum homer1 levels, and displayed substantially 
increased percentages of acute hydrocephalus, external ventricular drainage and intraventricular entry of hemorrhage (all 
P values <0.05; Table 4). By integrating the prior seven variables into the binary logistic regression model, the mFisher 
scores (OR, 1.865; 95% CI, 1.115–3.118; VIF, 1.838; P = 0.017) and admission serum homer1 levels (OR, 1.021; 95% 
CI, 1.003–1.038; VIF, 1.585; P = 0.021) independently predict DCI. Furthermore, mediation analysis was performed to 

Figure 7 Linearity association of admission serum homer scaffold protein 1 levels with likelihood of poor prognosis at 90-day mark following subarachnoid hemorrhage. 
Within the framework of restricted cubic spline analysis, admission serum homer scaffold protein 1 levels were linearly correlated with risk of 90-day poor prognosis post- 
subarachnoid hemorrhage (P for nonlinear >0.05). 
Abbreviation: Homer1, homer scaffold protein 1.

Figure 8 Assessment regarding prognostic effectiveness of admission serum homer scaffold protein 1 levels following subarachnoid hemorrhage. In the background of 
receiver operating characteristic curve analysis, admission serum homer scaffold protein 1 levels above 71.0 pg/mL distinguished poor prognosis risk at 90 days following 
subarachnoid hemorrhage with the maximum Youden index of 0.567. 
Abbreviations: AUC, area under curve; 95% CI, 95% confidence interval.
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assess whether the association between serum homer1 levels the likelihood of poor prognosis was partially mediated by 
DCI. As shown in Figure 14, the association between admission serum homer1 levels and the probability of poor 
prognosis was partially mediated by DCI, and DCI accounted for 22.8% of this association.

Discussion
To the best of our knowledge, this is the first prospective cohort study to measure serum homer1 levels after aSAH in 
humans. Serum homer1 levels of this cohort of aSAH patients were increased shortly after injury, reached the highest 
values on post-aSAH day 3, and remained significantly elevated values over controls until 14 days after aSAH. Serum 
homer1 levels were independently correlated with WFNS scores and mFisher scores. Ninety-day neurological outcome 
was assessed by using continuous, ordinal and binary GOS scores, and three multivariate analyses showed that serum 
homer1 levels were independently associated with poor neurological prognosis. Moreover, the prognosis model contain-
ing WFNS scores, mFisher scores, serum homer1 levels and DCI performed well. Interestingly, DCI partially mediated 
this prognosis association. Thus, serum homer1 may represent a potential prognostic biomarker of aSAH.

In mice subjected to permanent middle cerebral artery occlusion, homer1 was expressed in ischemic penumbral foci 
with the highest levels at postinjury eight hours.19 In another experimental study of intracerebral hemorrhage, homer1 
expressions reached its highest levels on the third day post-injury and almost recovered to normal levels on the 
seventh day.17 An aggregate of 89 patients with acute ischemic stroke, who were admitted to the hospital from to 

Table 4 Intergroup Differences of Baseline Characteristics Across Binary Glasgow Outcome Scale and Delayed Cerebral Ischemia 
After Aneurysmal Subarachnoid Hemorrhage

Binary GOS Scores Delayed Cerebral Ischemia

1–3 4–5 P value Presence Absence P value

Number 80 129 59 150

Gender (male/female) 39/41 56/73 0.451 25/34 70/80 0.575

Age (years) 53.8±10.6 51.0±10.1 0.064 53 (46–57) 52 (43–57) 0.533

Cigarette smoking 23 (28.8%) 37 (28.7%) 0.992 13 (22.0%) 47 (31.3%) 0.181

Alcohol consumption 26 (32.5%) 39 (30.2%) 0.731 16 (27.1%) 49 (32.7%) 0.435

Hyperlipidemia 29 (36.3%) 35 (27.1%) 0.164 21 (35.6%) 43 (28.7%) 0.328

Diabetes mellitus 10 (12.5%) 7 (5.4%) 0.069 7 (11.9%) 10 (6.7%) 0.216

Hypertension 17 (21.3%) 36 (27.9%) 0.282 11 (18.6%) 42 (28.0%) 0.162

WFNS scores 3 (3–4) 2 (2–3) <0.001 3 (3–4) 2 (2–3) <0.001
Modified Fisher scores 3 (2–3) 2 (1–2) <0.001 3 (2–3) 2 (1–3) <0.001
Aneurysmal position (posterior/anterior circulation) 24/56 35/94 0.654 19/40 40/110 0.423

Aneurysmal shape (cystic/others) 61/19 108/21 0.182 49/10 120/30 0.614

Aneurysmal diameter (<10 mm/≥10 mm) 46/34 77/52 0.755 33/26 90/60 0.591

Methods for securing aneurysms 
(clipping/endovascular intervention)

40/40 59/70 0.548 28/31 71/79 0.987

Acute hydrocephalus 17 (21.3%) 16 (12.4%) 0.088 15 (25.4%) 18 (12.0%) 0.017
Intraventricular accumulation of bleeding 22 (27.5%) 18 (14.0%) 0.016 18 (30.5%) 22 (14.7%) 0.009
External ventricular drain 16 (20.0%) 11 (8.5%) 0.016 14 (23.7%) 13 (8.7%) 0.003
Delayed cerebral ischemia 42 (52.5%) 17 (13.2%) <0.001 – – –

Admission time since stroke (h) 9.3 (5.9–15.0) 8.2 (4.6–12.3) 0.061 9.9 (5.5–13.8) 8.2 (4.7–13.4) 0.266

Blood-collection time (h) 9.7 (6.8–15.8) 9.0 (5.3–12.7) 0.072 10.5 (6.8–14.5) 9.1 (5.5–13.9) 0.285

Systolic arterial pressure (mmHg) 142.7±27.4 139.2±20.8 0.336 141 (124–161) 138 (122–154) 0.418

Diastolic arterial pressure (mmHg) 87.7±12.2 88.5±11.0 0.591 88 (79–96) 89 (78–94) 0.673

Blood glucose levels (mmol/l) 12.2 (8.2–17.1) 10.6 (7.4–13.7) 0.018 13.4 (8.4–17.1) 10.6 (7.6–13.9) 0.017
Blood leucocyte counts (×109/l) 8.5 (6.1–11.6) 7.9 (5.8–10.8) 0.904 8.4 (6.6–11.6) 8.0 (5.7–11.2) 0.513

Admission serum homer1 levels (pg/mL) 78.2 (53.6–86.9) 40.7 (31.6–57.4) <0.001 76.5 (55.2–86.6) 42.0 (32.4–68.0) <0.001

Notes: Quantitative data were reported as medians with 25th–75th percentiles or mean ± standard deviation as applicable, and qualitative data were presented as counts 
(proportions). And intergroup comparisons of various variables were performed using the χ2 test or Fisher’s exact test for qualitative data, and the t test or Mann–Whitney 
U-test for quantitative data. Bold font indicates statistical differences. 
Abbreviations: Homer1, homer scaffold protein 1; WFNS, World Federation of Neurological Surgeons Scale; GOS, Glasgow outcome scale.
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24–72 hours following the onset of symptoms, exhibited substantially elevated serum homer1 levels relative to 
a collective of 83 healthy controls.20 The above evidence alludes to assumption that serum homer1 levels may be 
elevated after aSAH.

In the current study of 209 patients with aSAH, serum homer1 levels of 209 patients were quantified in the early 
phase after stroke, with the median blood drawing time of 9.5 hours, and blood samples of 83 patients were also obtained 
at days 1, 3, 5, 7, 10, and 14 after aSAH. Moreover, the demographical, clinical, radiological and biochemical data were 

Figure 9 Nomogram visualizing the combined model of 90-day poor prognosis after aneurysmal subarachnoid hemorrhage. The nomogram was composed of delayed 
cerebral ischemia, serum homer scaffold protein 1 levels, modified Fisher scores and World Federation of Neurosurgical Societies Scale scores. Each variable corresponded 
to the designated scoring points. The summed total scores were used to reflect the risk of poor prognosis at ninety-day mark following subarachnoid hemorrhage. 
Abbreviations: DCI, delayed cerebral ischemia; WFNS, World Federation of Neurosurgical Societies Scale; mFisher, modified Fisher; homer1, homer scaffold protein 1.

Figure 10 Calibration curve evaluating clinical stability of the combined model of 90-day poor prognosis after aneurysmal subarachnoid hemorrhage. Delayed cerebral 
ischemia, serum homer scaffold protein 1 levels, modified Fisher scores and World Federation of Neurosurgical Societies Scale scores composed the combined model of 90- 
day poor prognosis following aneurysmal subarachnoid hemorrhage. The model showed a good clinical stability due to low mean absolute error of 0.029 under the 
calibration curve.
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similar between all 209 patients and those 83 patients, signifying that these 83 patients could be highly representative of 
the entire group of patients. Moreover, in accordance with the previous studies,23–25 blood-collection time in the current 
study was designedly extended to 14 days after aSAH. Although a previous study found a significant elevation of serum 
homer1 levels after acute ischemic stroke,20 to the best of our knowledge, no other studies have done such an 
investigation, except that our study showed that serum homer1 levels peaked at day 3 post-aSAH and had significantly 
increased value over controls until day 14 following aSAH. Thus, our data may provide sufficient evidence to support the 

Figure 11 Decision curve estimating clinical benefit of the combined model of 90-day poor prognosis after aneurysmal subarachnoid hemorrhage. The combined model of 
90-day poor prognosis following aneurysmal subarachnoid hemorrhage was made up of delayed cerebral ischemia, serum homer scaffold protein 1 levels, modified Fisher 
scores and World Federation of Neurosurgical Societies Scale scores. The model was relatively valid among all five variables because it was most far away from both “none” 
and “all” lines based on the decision curve. 
Abbreviations: DCI, delayed cerebral ischemia; WFNS, World Federation of Neurosurgical Societies Scale; mFisher, modified Fisher; homer1, homer scaffold protein 1.

Figure 12 Receiver operating characteristic curve assessing discrimination efficiency of the combined model of 90-day poor prognosis following aneurysmal subarachnoid 
hemorrhage. The combined model of 90-day poor prognosis following aneurysmal subarachnoid hemorrhage comprised delayed cerebral ischemia, serum homer scaffold 
protein 1 levels, modified Fisher scores and World Federation of Neurosurgical Societies Scale scores. The model, as opposed to any of the preceding four variables, had 
a significantly elevated distinguishable ability for poor prognosis at 90 days after aneurysmal subarachnoid hemorrhage (all P values <0.01). **P<0.01. 
Abbreviations: DCI, delayed cerebral ischemia; WFNS, World Federation of Neurosurgical Societies Scale; mFisher, modified Fisher; homer1, homer scaffold protein 1; 
AUC, area under curve; 95% CI, 95% confidence interval.
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conception that blood levels of homer1 could be elevated quickly after aSAH and higher levels over normal status may 
persist for at least two weeks following injury.

Homer1 is prominently distributed in nervous system under normal conditions.16 At pathological state, increased 
expressions of homer1 were mainly localized in the neurons of mice after permanent middle cerebral artery occlusion19 

and in the astrocytes of mice with intracerebral hemorrhage.17 Hence, it is reasonably believed that homer1 in the blood 
may be partially derived from the central nervous system. Nonetheless, a significant elevation in homer1 mRNA 
expression in peripheral blood leukocytes has been observed in humans with acute ischemic stroke.26 Thus, we cannot 
exclude the possibility that a fraction of homer1 in the blood from this cohort of aSAH patients may be obtained from 
peripheral blood cells.

Figure 13 Restricted cubic spline evaluating linearity relationship between admission serum homer scaffold protein 1 levels and possibility of delayed cerebral ischemia 
following subarachnoid hemorrhage. There was a linear correlation between serum homo-scaffold protein 1 levels and the probability of delayed cerebral ischemia after 
subarachnoid hemorrhage (P for nonlinear >0.05). 
Abbreviation: Homer1, homer scaffold protein 1.

Figure 14 Mediation analysis determining mediation effect of delayed cerebral infarction. The association between admission serum homer scaffold protein 1 levels and the 
probability of poor prognosis after subarachnoid hemorrhage was partially mediated by delayed cerebral ischemia, with a mediation ratio of 22.8%. 
Abbreviations: Homer1, homer scaffold protein 1; β, beta.
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It has been increasingly recognized that homer1 may be a protective factor against acute brain injury diseases,27–29 

indicating that homer1 may be a potent therapeutic agent for acute brain injury. In consideration of homer1 as 
a protective protein,27–29 an upregulation of homer1 expressions in brain tissues17,19 may be a compensatory response 
to acute brain injury. Systemic inflammatory response syndrome, which is typical of system injury, is a paramount 
extracerebral adverse event of aSAH with close link to poor prognosis of patients.30–32 So, peripheral compensatory 
reaction to aSAH should be existent to homer1 protein. Overall, it is believed that a significant elevation of blood homer1 
levels persisting until day 14 following aSAH may be a beneficial response to acute brain injury. In other words, an 
enhancement of blood homer1 levels may be a protective mechanism against acute brain injury subsequent to aSAH.

The WFNS and mFisher scales have been extensively used to mirror neurological outcomes in aSAH.2,3 In patients 
with acute ischemic stroke, admission serum homer1 levels were tightly correlated with the initial National Institute of 
Health Stroke Scale by applying unifactorial correlation analysis.20 To offer more powerful evidence to strengthen the 
hypothesis that serum homer1 may possess sufficient ability to evaluate illness severity of aSAH, assessments of linear 
relationships between admission serum homer1 levels, WFNS and mFisher scores were scheduled under the restricted 
cubic spline before bivariate correlation analyses were done. Moreover, independent correlations between admission 
serum homer1 levels, WFNS and mFisher scores were demonstrated using multivariable linear regression analysis. In 
summary, these findings shed light on the notion that serum homer1 may be a promising biomarker that can mirror the 
disease severity of aSAH.

In a cohort of 89 patients with acute ischemic stroke, admission serum homer1 levels independently anticipated three- 
month poor prognosis (modified Rankin scale scores of 3–6) with area under the ROC curve at 0.837.20 In this group of 
aSAH patients, the predictive areas of admission serum homer1 levels in all 209 patients and those 83 patients were, 
respectively, 0.775 and 0.814 for predicting a poor prognosis (GOS scores from 1 to 3) at the ninety-day mark following 
stroke. Moreover, the prognostic predictive ability of admission serum homer1 levels was analogous to those of post- 
injury days 1, 3, 5, and 7, and significantly exceed those of post-stroke days 10 and 15. Thus, it may be reasonably 
believed that admission serum homer1 levels could be capable of prognosticating clinical outcomes of patients with 
aSAH. Moreover, admission serum homer1 levels more than 71.0 pg/mL distinguished the probability of poor prognosis 
with the maximal Youden index at 0.567 in predicting poor prognosis with 67.5% sensitivity and 89.2 specificity. Hereby, 
admission serum homer1 levels were selected as a study variable for associating with clinical outcomes of human aSAH.

To ascertain the relationship between admission homer1 levels and neurological outcomes indicated by GOS at 90- 
day after aSAH, GOS was considered as a continuous variable or an ordinal categorical variable, or converted into 
a binary variable (GOS 1–3 versus 4–5). Univariate analysis was first performed to identify significantly distinct 
variables, and afterwards, those significantly different variables were forced into the multifactorial models, including 
linear regression model, binary logistic regression model and ordinal regression model. Serum homer1 levels, WFNS 
scores, mFisher scores, and DCI were independently associated with 90-day neurological outcomes. Likewise, admission 
serum homer1 levels independently discriminated patients at risk of three-month poor prognosis after acute ischemic 
stroke.20 These data support the hypothesis that serum homer1 may serve as a promising biochemical marker of poor 
prognosis after aSAH.

In our study, serum homer1 and the other three poor prognostic determinants (WFNS score, mFisher score, and DCI) 
were consolidated to construct a model. The model displayed robust clinical efficiency, validity, and stability using 
several statistical approaches, including the calibration curve, decision curve, and ROC curve analyses. Specifically, by 
referring to the nomogram, the total scores from the four independent predictors could mirror the risk of poor prognosis, 
thereby instructing clinical treatments and risk stratification; the model displayed higher clinical benefit as compared to 
the four independent predictors based on the decision curve; and the model had significantly higher prognostic predictive 
ability over the four independent predictors under the ROC curve. Overall, serum homer1 exhibited a good additive 
effect on the previous conventional metrics, that is DCI, WFNS and mFisher scales, further reinforcing serum homer1 as 
a potential prognostic biomarker from the other angle.

Here, we confirmed that serum homer1 levels could have the potential for clinical application as a prognostic 
biomarker in medical practice for severity stratification and prognosis prediction of aSAH, possibly leading to improve-
ment of patient outcomes or refinement of risk stratification methods; however, nearly forty-five minutes are needed for 
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immune analysis, and measurement cost is relatively high, clinical accessibility and feasibility of routine homer1 testing 
is limited. Nevertheless, with technological development and cost reduction of immune analysis, the clinical application 
of routine homer1 testing could be achieved in future.

Currently, serum homer1 was an independent predictor of DCI. Thus, significantly increased serum homer1 levels 
may be linked to the pathophysiological processes of DCI. Mediation analysis showed that DCI partially mediated the 
association between serum homer1 levels and poor prognosis, meaning that serum homer1 as a strong contributor to the 
poor prognosis of aSAH may be in part attributed to the partial mediation effect of DCI. Taking account of homer1 as 
a protective protein,27–29 elevated blood homer1 release may be a protective process in relieving DCI and improving 
clinical outcomes of patients with aSAH. In other words, it is inferred from the other aspect that homer1 may emerge as 
a potent therapeutic agent for secondary injury following aSAH. As expected, exploration of the therapeutic potential of 
homer1 and the mechanistic investigations will be the two hot topics in further studies.

This study had several limitations and strengths. The strengths of this study are as follows: (1) to the best of our 
knowledge, this is the first series using the prospective design and comprehensive analysis to explore serum homer1 
levels after aSAH and subsequently reveal that serum homer1 may be a potential prognostic indicator of aSAH and this 
association may be partially mediated by DCI, so the novelty may proffer insights into clinical studies regarding 
prognostic role of serum homer1 in aSAH; (2) the correlation of serum homer1 levels with severity and its association 
with prognosis were all statistically confirmed here using various multivariate analyses, leading to statistically powerful 
reliability and scientificity in conclusions, and therefore a strong impetus would be provided from this study for 
facilitating in-depth analysis of serum homer1 as a prognostic biomarker of aSAH. The limitations are that (1) although 
we came to the conclusion based on the statistically enough sample size of 209 patients that serum homer1 may have the 
potential as a prognostic metric of aSAH, the conclusions could be imperatively validated by deploying a larger cohort 
study before serum homer1 could be formally applied in clinical practice; (2) to determine the prognosis prediction 
ability of serum homer1 levels at multiple time points, a collective of 83 patients accepted continual blood drawings, but 
this sample size may be inadequate for overall analysis, and therefore to increase the sample size is a selectable modality 
in the later study; (3) the designated time intervals at 14 days after aSAH may not be completely adequate for such 
clinical analysis given that serum homer1 levels had not recovered to normal status at day 14 in this cohort; therefore, 
increasing the time points will be an optimal choice in future research; (4) the study’s reliance on self-reported consent 
for multiple blood collections introduces potential selection bias, and although the subgroup had consistent baseline data 
as all patients, a random selection of such patients will be better in subsequent studies; (5) in this study, the prognosis 
model has been compared with the conventional clinical scales, that is WFNS and mFisher, showing that the model may 
be of clinical value. However, the comparison of serum homer1 levels with other biomarkers is limited. Expanding on 
this comparison in future would provide better context for the significance of homer1 as a prognostic marker.

Conclusions
Serum homer1 levels are markedly elevated during 14 days after aSAH, are independently correlated with aSAH severity 
and are independently predictive of DCI and 90-day poor prognosis following aSAH. Thus, serum homer1 could be 
applied as a prognostic biomarker in medical practice for severity stratification and prognosis prediction of aSAH, 
thereby improving patient outcomes and refining risk stratification methods. Also, homer1 may be a potential therapeutic 
agent for secondary injury following aSAH. Nevertheless, associational mechanism of serum homer1 with poor 
prognosis mediated by DCI warrants to be further unveiled.
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