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Abstract: Objective: Hypertensive intracerebral hemorrhage (HICH) is frequently associated with high disability, high 
mortality, and poor prognosis. The present study aimed to identify genes associated with HICH to construct prognos-
tic models to improve accuracy in predicting HICH prognosis. Methods: Hub genes were identified by screening out 
differentially expressed genes from data in the Gene Expression Omnibus database and conducting weighted gene 
co-expression network analysis. 68 patients with HICH were recruited and categorized based on prognosis. The uni-
variate logistic, least absolute shrinkage and selection operator, and multivariate logistic regression models were 
then established based on clinical data and the identified hub genes. A prognostic model was constructed based 
on the nomogram score. The model was validated using receiver operating characteristic curve, C-index, calibration 
plots, and decision curve analysis. It was also compared to a prognostic model constructed based on clinical data 
alone. The prognostic value of the nomogram score was assessed in different subgroups. Results: Three hub genes: 
pro-platelet basic protein (PPBP), PDZ and LIM domain protein 1 (PDLIM1), and metalloproteinase 1 (TIMP1) were 
identified as significantly correlated to adverse outcomes in HICH. These hub genes, in combination with the clinical 
data, were used to construct a nomogram score system, which exhibited strong predictive power, excellent consis-
tency between actual outcomes and predictions, and a higher net clinical benefit. HICH patients with high scores 
presented significantly worse outcome. Importantly, the developed nomogram score system was superior to the 
use of clinicopathological features in predicting HICH prognosis. The nomogram score system exhibited adequate 
predictive performance in different subgroups as well. Conclusion: The nomogram score system based on PPBP, 
PDLIM1, and TIMP1 genes, along with clinical data, exhibited superior performance in predicting adverse outcome 
in HICH patients. This system could, therefore, be useful for guiding clinical decisions and providing valuable insight 
for designing individualized treatments for HICH patients.

Keywords: Hypertensive intracerebral hemorrhage, pro-platelet basic protein (PPBP), PDZ and LIM domain protein 
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Introduction

Hypertensive intra-cerebral hemorrhage (HICH) 
is considered the most severe complication of 
hypertension in the field of neurosurgery and 
has a significant impact on the physical abili-
ties and overall quality of life of the affected 
individuals [1]. The prevalence of HICH is more 
pronounced among the elderly, slightly more 
common in males than females, and the inci-
dence of HICH continues to escalate with the 
progressive aging of society [2]. The conven-
tional treatment for HICH is surgical cranioto-
my, which renders patients susceptible to post-
operative complications such as infection and 

rebleeding, leading to suboptimal treatment 
outcome and prognoses [3, 4]. Therefore, the 
effective prevention of HICH and improvement 
of treatment efficacy, and accurate prognosis 
evaluation remain key unresolved challenges in 
clinical practice [5].

The fields of genomics and bioinformatics have 
seen significant advancement in recent years, 
leading to the exploration of prognostic mark-
ers for diseases using high-throughput sequenc-
ing and gene chip technology [6]. This research 
direction holds immense value as it facilitates 
the identification of key genes for accurately 
predicting adverse prognosis in hypertensive 
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intracerebral hemorrhage. In particular, the 
weighted gene co-expression network analysis 
(WGCNA) plays a critical role in achieving this 
objective [7].

Pro-platelet basic protein (PPBP), PDZ and LIM 
domain protein 1 (PDLIM1), and metalloprotein-
ase 1 (TIMP1) were identified as important hub 
genes related to HICH in the bioinformatics 
analysis conducted in the present study. The 
PPBP gene is a member of the CXC chemokine 
family of genes. CXC chemokine is secreted by 
platelets and functions as a potent chemotac-
tic factor and activator for neutrophils. In addi-
tion, this chemokine possesses antimicrobial 
properties and exhibits bactericidal and anti-
fungal activities [8]. PDLIM1 is an actin stress 
fiber-associated cytoskeletal protein, expressed 
widely in various tissues, including the heart, 
gastrointestinal tract, and muscle tissues [9]. 
TIMP1 is an important member of the tissue 
metalloproteinase inhibitor family and serves 
as a natural specific inhibitor of matrix metallo-
proteinases (MMPs) [10]. In normal brain tis-
sue, a balanced interaction between MMPs 
and TIMPs is maintained [11]. However, under 
pathologic conditions, an imbalance occurs 
between MMPs and TIMPs, which facilitates 
the development of vasogenic brain edema and 
secondary brain damage. However, the precise 
role and predictive value of these three genes 
in patients with HICH remain uncertain to date.

Methods

Data source and patient selection

The flowchart for this study is shown in Figure 
1. The data for this study were obtained from 
the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/). Data on 
HICH and transcriptome sequencing (RNAseq) 
were obtained through a thorough search using 
certain keywords within the GEO database. The 
screening criteria were as follows: (1) cases of 
acute primary cerebral hemorrhage were in- 
cluded; (2) cases involving human subjects 
were included; (3) cases with interventions 
such as drug administration or surgical proce-
dures were excluded. The study protocols and 
enrollment conditions were carefully reviewed 
to gather relevant data, the datasets GSE24265 
and GSE125512 were chosen for analysis 
(Supplementary Table 1).

Between October 2021 and June 2023, 75 
patients diagnosed with HICH and treated at 
our hospital were selected to participated in 
the present study. The patients diagnosed with 
HICH who were enrolled in the present study 
met the criteria for HICH outlined in the 2022 
Guideline for the Management of Patients with 
Spontaneous Intracerebral Hemorrhage and 
required minimally invasive hematoma evacua-
tion [12]. Exclusion criteria for study participa-
tion included: (1) secondary intracerebral hem-
orrhage from arteriovenous malformation, 
intracranial aneurysm rupture, traumatic brain 
injury, brain tumor, or hemorrhagic infarction; 
(2) primary intraventricular hemorrhage; (3) 
anticoagulant-related intracerebral hemorrh- 
age; (4) refusal to follow-up for clinical assess-
ment. All selected patients received oxygen 
inhalation, antihypertensive drugs, and other 
standard therapies. The puncture site on the 
skull was determined through imaging exami-
nations for each patient. A drainage channel 
was established by skull puncture, and the 
intracranial hematoma was gradually aspirat-
ed. Some patients received a hematoma lique-
fier based on their condition. Regular postop-
erative computed tomography exams were 
conducted to monitor hematoma removal prog-
ress through the drainage tube. All patients 
received standard blood pressure manage-
ment and participated in rehabilitation training 
[13]. The study protocols were approved by the 
ethical committee of the Qingyang People’s 
Hospital. Written informed consent was obtain- 
ed from the guardians of each patient.

Bioinformatic analysis methods

Identification of differentially expressed genes 
(DEGs): The LIMMA software package was 
applied for data normalization and the screen-
ing out of DEGs. The accurate identification of 
DEGs was ensured by establishing the screen-
ing criteria of p-value less than 0.05 and  
|log2FC| exceeding or equal to 1 (where FC 
denotes the fold change). The identified genes 
were then visualized in volcano maps and  
heat maps generated using the R software 
package.

WGCNA module construction and visualization: 
The “WGCNA” package was employed to an 
alysis of gene expression patterns in the 
GSE125512 dataset. Firstly, genes with limited 
expression dispersion, with a standard devia-
tion (sd) value of less than or equal to 0.7, were 
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removed from the dataset. Subsequently, the 
“goodsamplegenes” function was applied to 
reveal any missing values. The pickSoftThresh-
old function was applied to assess the co-
expression networks and obtain the soft 
thresholds. Importantly, the soft threshold was 
determined to be 4, and this value represented 
a greater proximity to a scale-free network. A 
detailed investigation was then conducted 
through hierarchical clustering, considering the 
dissimilarity of TOM. Further, the clinical char-
acteristic data were aligned to the identified 
modules, and the inherent significance of the 
genes within these modules was revealed by 
generating scatter plots illustrating module 
identity and gene significance. Next, the hub 

genes were screened through a cross-analysis 
of the differentially expressed genes obtained 
from the GSE24265 dataset and the WGCNA 
analysis results from the GSE125512 dataset.

Modified Rankin scale (mRS) score: The pati- 
ent’s status was assessed using mRS, which 
reflects the degree of disability as follows [14]. 
The mRS scores range from 0 to 5. According to 
the mRS scores, the patients were divided into 
two groups: the good prognosis group (mRS ≤ 
2) and the poor prognosis group (mRS > 2).

Clinical data of patients: Clinical datasets con-
tain immense clinical information of great 
value, including details about patient demo-

Figure 1. Flowchart of this study.
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graphics, lifestyle factors, medical history, and 
specific characteristics related to the cerebral 
hemorrhage of interest, such as the volume of 
bleeding, the anatomical location of the hemor-
rhage, and the admission status of the patient. 
The data mentioned above were collected with-
in 24 h of disease onset. In the meantime, 
blood loss was measured through brain com-
puted tomography and magnetic resonance 
imaging scans, which were also conducted 
within 24 h of disease onset and then repeated 
at 4 weeks after treatment.

Neurocognitive function was assessed using 
the National Institute of Health Stroke Scale 
(NIHSS) and Glasgow Coma Scale (GCS) within 
24 h of disease onset and then at 4 weeks 
after the treatment [15, 16]. The scores on this 
scale range from 0 to 42, with higher scores 
indicating further severe nerve damage. The 
highest GCS score on this scale is 15, indicat-
ing clear consciousness, while a score of 8 or 
less represents a coma. The lowest score on 
the scale is 3.

Total RNA extraction and qPCR analysis: A total 
of 68 serum samples (5 mL each) were collect-
ed from patients with HICH within 24 h of dis-
ease onset. Each serum sample underwent a 
two-step centrifugation protocol (1,600 g for 
10 min at 4°C followed by 16,000 g for 10 min 
at 4°C). Total RNA was extracted using the 
RNeasyPlus Mini Kit and 2× SYBR MasterMix in 
accordance with the instructions provided with 
the commercial kit. The gene expression levels 
were determined through a quantitative real-
time polymerase chain reaction (qRT-PCR),  
with glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) as the internal control for nor-
malization of the 2-ΔΔCt values [17]. The primers 
used in the PCR are listed in Supplementary 
Table 2.

Statistical methods

The R statistical software (version 4.0.5) and 
Statistical Package for the Social Sciences 
software (version 23.0; Chicago, IL, USA) were 
employed for statistical analyses and model-
ing. Data normality was assessed using the 
S-W method. Normally distributed data were 
expressed as mean ± standard deviation. 
Differences between groups were determined 
using independent sample t test. Mann-Whi- 
tney U test or Wilcoxon signed rank test was 
conducted for data that did not conform to  

a normal distribution. The counted data were 
expressed as numbers (n) and percentages (%). 
The χ2 test or Fisher’s precision probability test 
was conducted to compare variables across dif-
ferent groups. The independent risk factors 
associated with the prognosis of patients were 
determined through univariate logistic regres-
sion, least absolute shrinkage and selection 
operator (LASSO) regression, and multivariate 
logistic regression analyses. The rms package 
was used for the construction of the nomogram 
model. The accuracy of the nomogram score 
was assessed through various statistical tools, 
including the receiver operating characteristic 
curve (ROC), calibration plot, Harrell’s concor-
dance index (C-index), and Decision curve anal-
ysis (DCA). Statistical significance was set at P 
< 0.05.

Results

Hub gene screening based on the GEO dataset

In GSE24265, 69 DEGs were identified, includ-
ing 61 upregulated genes and 8 downregulated 
genes (Figure 2A). In GSE125512, 126 DEGs 
were identified, including 88 upregulated genes 
and 37 downregulated genes (Figure 2B). 
WGCNA requires the selection of a soft-thresh-
old power. Therefore, in this study, the analysis 
of network topology was conducted for various 
soft threshold powers using the GSE125512 
dataset. As depicted in Figure 2C and 2D, the 
lowest power at which the scale-free topology 
fit index reached a value of 0.95 was 16, which 
was then used for constructing a hierarchical 
clustering tree. Interestingly, a total of 19 non-
grey modules were obtained. We found that the 
MEpurple module exhibited the strongest  
correlation to the treatment group (R2q0.43) 
(Figure 2E-H). Accordingly, the MEpurple mod-
ule, comprising 484 genes, was selected for 
further analysis. Three hub genes, namely 
PPBP, PDLIM1, and TIMP1, were screened out 
through a cross-analysis of the differentially 
expressed genes from the GSE24265 dataset 
and the WGCNA of the GSE125512 dataset 
(Figure 3A).

Differences in the expression levels of hub 
genes among HICH patients with different 
prognosis

A total of 74 patients diagnosed with HICH were 
recruited for the study. Among these, 3 patients 
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were excluded from the analysis due to primary 
ventricular hemorrhage, while three others we- 
re excluded because they did not attend follow-
up visits at the hospital. Finally, 68 patients 
with HICH were included in the present study, 
including 44 males and 24 females. Among 
them, 51 patients had a history of smoking, 30 
patients had diabetes, 27 patients had heart 
disease, and 41 patients had a history of drink-
ing. The average age of these patients was 
63.66±5.47. According to the mRS score, the 
included HICH patients were divided into the 
good prognosis group (mRS score = 0, 1, or 2; 

N = 36) and the poor prognosis group (mRS 
score = 3, 4, or 5; N = 32).

A comparison of the general clinical data 
between the two groups revealed that the aver-
age age and proportion of males/females in 
the poor prognosis group were not significantly 
different compared to those in the good prog-
nosis group (P > 0.05, Table 1). In addition, 
there were no disparities between the two 
groups in terms of the prevalence of patients 
with a smoking history, patients with heart dis-
ease, and the location of bleeding (P > 0.05, 

Figure 2. Hub gene screening based on the differentially expressed genes and weighted gene co-expression 
network analysis of the Gene Expression Omnibus dataset. A: Volcano plot of the differentially expressed genes 
screened out from the GSE24265 dataset. B: Heatmap of the differentially expressed genes screened out from 
the GSE125512 dataset. C: Analysis of the mean connectivity for various soft threshold powers. D: Analysis of the 
scale-free fit index for various soft threshold powers. E: Clustering dendrogram of the genes related to hypertensive 
intracerebral hemorrhage (HICH). F: Heatmap illustrating the correlation between different modules and HICH (the 
correlation coefficient and the p-value are presented in each cell). G: Sample clustering performed using the aver-
age linkage method and Pearson’s correlation. H: Gene significance for HICH in the purple module.

Figure 3. Levels of hub genes in hypertensive intracerebral hemorrhage (HICH) patients with different prognoses. 
A: Hub genes obtained through a co-screening based on differentially expressed genes and weighted gene co-
expression network analysis. B-D: The transcription levels of hub genes in HICH patients with different prognoses. 
vs well prognosis, **P < 0.01, ***P < 0.001. PPBP, Pro-platelet basic protein; PDLIM1, PDZ and LIM domain protein 
1; TIMP1, Metalloproteinase 1.
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Table 1). Compared to the good prognosis 
group, the poor prognosis group presented with 
higher blood loss and a higher prevalence of 
diabetes (P < 0.05, Table 1). The PPBP tran-
scription levels in the peripheral blood were sig-
nificantly higher in patients with poor prognosis 
compared to those with a good prognosis (P < 
0.05, Figure 3B), while the transcription levels 
of PDLIM1 and TIMP1 in the peripheral blood 
were significantly lower in patients with a poor 
prognosis (P < 0.05, Figure 3C and 3D).

Logistic regression analysis based on PPBP, 
PDLIM1, and TIMP1

The univariate logistic regression analysis was 
conducted using patient clinical data and the 
three hub genes identified. This revealed that 
NIHSS score, GCS score, blood loss, preva-
lence of diabetes, and transcription levels of 
PPBP, PDLIM1, and TIMP1 were important fac-
tors in determining the poor prognosis of HICH 

patients (P < 0.05, Figure 4A). To address the 
issue of multicollinearity in genes, these fac-
tors were then subjected to the LASSO regres-
sion analysis. Interestingly, NIHSS score, GCS 
score, blood loss, prevalence of diabetes, and 
transcription levels of PPBP, PDLIM1, and 
TIMP1 were selected according to the nonzero 
coefficients, based on the minimum criteria 
(Figure 4B and 4C). Subsequently, the multi-
variate logistic regression analysis revealed 
that NIHSS score, GCS score, blood loss, preva-
lence of diabetes, and the transcription levels 
of PPBP, PDLIM1, and TIMP1 significantly influ-
enced the prognosis of HICH patients (P < 0.05, 
Figure 4D and Table 2).

Construction of a prediction model based on 
clinical data and hub genes

Multivariate logistic regression models were 
performed to evaluate the independent risk 
factors of death from HICH. The results showed 
that NIHSS score, GCS score, blood loss, preva-

Table 1. Baseline characteristics of the HICH patients
Characteristic Good prognosis (N = 36) Poor prognosis (N = 32) t/χ2 value P value
Age 63.36±5.47 64±5.55 0.478 0.634
Gender 0.433 0.614
    Male 22 22
    Female 14 10
Blood pressure (mmHg)
    Systolic pressure 171.45±19.82 176.65±29.01 0.871 0.387
    Diastolic pressure 101.78±8.04 98.69±10.98 1.334 0.187
BMI 23.56±4.74 24.4±3.96 0.787 0.434
Smoking history 25 26 1.259 0.401
Drink 19 22 0.219 1.805
Diabetes 10 20 8.285 0.007
Heart disease 16 11 0.718 0.462
LDL-C (mmol/L) 2.99±0.77 2.77±0.72 1.212 0.230
GLU (mmol/L) 8.64±3.15 9.41±2.69 1.077 0.285
FIB (g/L) 3.88±0.77 3.96±1.25 0.322 0.749
Albumin level 42.36±8.03 43.34±6.72 0.542 0.590
NIHSS score 11.53±5.96 18.38±7.53 4.181 < 0.001
GCS score 10.33±2.16 8.78±2.56 2.707 0.009
Blood loss (ml) 76.32±14.35 87.01±15.80 2.924 0.005
Bleeding site 3.606 0.305
    Basal ganglia 10 15
    Thalamus 9 7
    Cerebral cortex 13 6
    Dura 4 4
Note: BMI, Body mass index; LDL-C, Low-density lipoprotein cholesterol; GLU, Blood glucose; FIB, Fibrinogen; NIHSS, National 
Institute of Health Stroke Scale; GCS, Glasgow Coma Scale.
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lence of diabetes, and the transcription levels 
of PPBP, PDLIM1, and TIMP1 were chosen as 
independent risk factors to be included in the 
predictive model for determining adverse out-
comes in the patients diagnosed with HICH. 

The new nomogram score, presented in Figure 
5, indicated that these risk factors could assist 
physicians in the accurate assessment of the 
prognosis and probability of unfavorable out-
comes for HICH patients.

Figure 4. Selection of the risk factors associated with outcome in patients with hypertensive intracerebral hemor-
rhage (HICH). A: Univariate logistic regression analysis of the risk factors associated with outcome in patients with 
HICH. B: Least absolute shrinkage and selection operator (LASSO) coefficient profiles for the risk factors associ-
ated with outcome in HICH patients. C: The risk factors associated with outcome in HICH, selected based on the 
results of LASSO regression analysis. D: Multivariate logistic regression analysis of the risk factors associated with 
outcome in patients with HICH.

Table 2. Results of multivariate logistic regression
Characteristic P value OR 95% CI down 95% CI up
Diabetes 0.041 0.002 1.71E-07 0.134
Blood loss 0.034 1.355 1.1150424 2.151
PPBP 0.036 < 0.001 9.07E-09 0.111
PDLIM1 0.017 9.79E-05 1.58E-09 0.023
TIMP1 0.031 9.29E-05 2.58E-10 0.055
Note: PPBP, Pro-platelet basic protein; PDLIM1, PDZ and LIM domain protein 1; TIMP1, Metalloproteinase 1; OR, Odds ratio.
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Evaluation of the accuracy of the constructed 
prognostic prediction model

The ROC curve, with an area under curve (AUC) 
value of 0.979, provided evidence that the new 
nomogram score exhibited excellent discrimi-
natory power in identifying patients with a poor 
prognosis in HICH (Figure 6A). Harrell’s concor-
dance index (C-index) was determined to be 
0.980, indicating a relatively good discrimina-
tive capacity of the model. As depicted in Figure 
6B, the prediction rate of the constructed pre-
diction model closely matched the actual inci-
dence rate, indicating that the new nomogram 
score model was well-calibrated. Finally, the 
DCA was performed to determine the clinical 
utility of the new nomogram score model. The 
DCA curve depicted in Figure 6C demonstrated 
that the new nomogram score was clinically 
useful.

The clinical nomogram score model was con-
structed using the NIHSS score, GCS score, 
blood loss, and prevalence of diabetes (Figure 
7A). Notably, this clinical nomogram score 
achieved an AUC value of 0.855, which was 
lower than the new nomogram score (Figure 
7B). Similarly differences were noted in the 
C-index, with a value of 0.885 for the clinical 
nomogram score and 0.980 for the new nomo-
gram score. According to the calibration curves 
depicted in Figure 7C, the calibration of the 
clinical nomogram score exhibited high consis-
tency between the predicted and actual out-
come probabilities. However, the similarities 
between the actual outcomes and the predict-
ed outcomes were slightly worse for the clinical 

nomogram score compared to the new nomo-
gram score. Furthermore, the DCA analysis 
confirmed that the novel nomogram score pro-
vided greater clinical net benefit compared to 
the clinical nomogram score (Figure 7D).

Comparison of post-treatment clinical char-
acteristics of HICH patients in different risk 
groups

The patients enrolled with HICH were divided 
into two distinct groups based on the median 
nomogram score (score = 0.485): a low-risk 
group (score ≤ 0.485, N = 34) and a high-risk 
group (score > 0.485, N = 34). Interestingly, as 
depicted in Figure 8A, the NIHSS score after 4 
weeks of treatment was significantly higher (P < 
0.05) in the high-risk group compared to the 
low-risk group. The GCS score, on the other 
hand, was significantly higher in the low-risk 
group after 4 weeks of treatment (P < 0.05, 
Figure 8B). After 4 weeks of treatment, the 
blood loss in the high-risk group was 
52.89±9.39, a value significantly greater than 
that determined for the low-risk group 
(32.14±7.30, P < 0.05, Figure 8C).

Predictive value of the new nomogram score 
in the HICH patients with different clinical 
characteristics

The generated ROC curve revealed that the 
new nomogram score had relatively high AUC 
values of 1, 1, 1, and 0.986 for the male cohort, 
the female cohort, the cohort with age > 63, 
and the cohort with age ≤ 63, respectively 
(Figure 9A-D). The corresponding C-index val-
ues for these cohorts were 1 (male), 1 (female), 
1 (age > 63), and 0.986 (age ≤ 63), respective-
ly, all of which are high values. Interestingly, the 
calibration plots for the probability of outcomes 
revealed that the prediction of the nomogram 
score matched well with the actual observa-
tions for the HICH patients with different clini-
cal characteristics (Figure 9E-H). Moreover, the 
DCA revealed that the nomogram score had 
clinical utility for HICH patients with varying 
clinical characteristics (Figure 9I-L).

Discussion

The optimal clinical management of HICH has 
not yet been achieved, and the effectiveness  
of craniotomy, or craniotomy, and hypertonic 
drugs in HICH management has not been con-
firmed [18, 19]. Therefore, it is imperative to 
explore and identify the predictive risk factors 

Figure 5. Nomogram for predicting adverse outcome 
in patients with hypertensive intracerebral hemor-
rhage based on the multivariate logistic regression 
analysis.
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Figure 6. Evaluation of the performance of the nomogram score model constructed using hub genes along with 
clinical data in predicting adverse outcome\for patients with hypertensive intracerebral hemorrhage (HICH). A: The 
receiver operating characteristic curve for the nomogram score model for the prediction of adverse outcome\in pa-
tients with HICH. B: Calibration curves for the nomogram model for predicting adverse outcomes in HICH patients. C: 
The decision curve analysis curves to assess the clinical utility of the nomogram model in predicting the\prognosis 
in patients with HICH.
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Figure 7. Evaluation of the performance of the clinical nomogram score constructed based on only clinical data for 
predicting adverse outcome in patients with hypertensive intracerebral hemorrhage (HICH). A: The clinical nomo-
gram score model constructed based on only clinical data for predicting adverse outcome in patients with HICH. B: 
The performance of the receiver operating characteristic curve (ROC) for the nomogram score model constructed 
based on clinical data in predicting adverse outcome in patients with HICH. C: The calibration curves for the nomo-
gram model constructed based on clinical data for predicting adverse outcome in HICH patients. D: The decision 
curve analysis to assess the clinical utility of the nomogram model constructed based on only clinical data in predict-
ing the prognosis in patients with HICH.

for HICH and establish a robust prognostic 
model.

A reliable predictive model is crucial for accu-
rately determining the prognosis of patients 
with HICH, as prognosis is typically unfavorable 
in these patients. Ding et al. developed a prog-
nostic model for patients with HICH by incorpo-
rating variables such as cerebral hemorrhage 
volume, blood glucose level, and D dimer level. 
The predictive accuracy of their model, indicat-
ed by an AUC value of 0.816 (95% CI: 0.760-
0.872), required further improvement [20]. 
Nevertheless, relying solely on data related to 
HICH characteristics and indicators of routine 
clinical tests is not sufficient for accurately pre-
dicting the prognosis in HICH patients. Con- 
sidering the complicated pathogenesis of HICH, 
the results of Liu et al. suggested that incorpo-
rating the genes associated with HICH as model 
variables could enhance the precision of prog-
nostic prediction models for HICH patients [21]. 
Previous studies have indicated that TIMP-1, 
PPBP, PDLIM1 are linked to inflammatory reac-
tion [22-26]. In this study, the analysis of DEGs 
and WGCNA of GEO data revealed three hub 
genes, namely PPBP, PDLIM1, and TIMP-1, 
which exhibited a significant correlation to 
HICH. However, none of these studies have 
explored the use of these factors as variables 

in the construction of prognostic models for 
HICH patients. Therefore, the present study pio-
neers in proposing the incorporation of PPBP, 
PDLIM1, and TIMP-1 in the construction of 
prognostic models for HICH patients.

In this study, HICH patients were categorized 
into two groups based on their mRS score: the 
good prognosis group and the poor prognosis 
group. Interestingly, a significant increase in 
the transcription levels of PPBP was noted in 
patients with poor prognosis, while the tran-
scription levels of PDLIM1 and TIMP-1 were sig-
nificantly decreased in the poor prognosis 
group. These findings suggest that these hub 
genes can be used for constructing prognostic 
models. Accordingly, it was inferred that these 
indicators may possess predictive value for 
determining HICH prognosis. Importantly, we 
found a strong correlation of HICH prognosis 
with NIHSS score, GCS score, blood loss, preva-
lence of diabetes, and the transcription levels 
of PPBP, PDLIM1, and TIMP1. However, unlike 
in Wang’s research [27], we did not find an 
impact of age on prognosis. We speculate that 
this may be due to the small age range of the 
selected population, making it difficult to show 
differences. Therefore, the three hub genes 
PPBP, PDLIM1, and TIMP-1 were used along 
with the clinical indices to construct a nomo-

Figure 8. Comparison of the post-treatment clinical characteristics among hypertensive intracerebral hemorrhage 
(HICH) patients at different risks based on predictive models. A: The relationship between the post-treatment Na-
tional Institute of Health Stroke Scale (NIHSS) scores and risk scores determined using the nomogram score. B: 
Differences in the Glasgow Coma Scale (GCS) scores between the low-risk group and high-risk group. C: Relation-
ship between post-treatment blood loss and the risk score determined using the nomogram score. VS low-risk, **P 
< 0.01.
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gram score for predicting HICH prognosis. A 
comprehensive analysis revealed that the pre-
dictive model exhibited a remarkable level of 
efficiency and accuracy, indicating the great 
potential of this model for clinical application. 
The C-index of the predictive model construct-
ed in the present study was 0.980, which is sig-
nificantly higher than that of the aforemen-
tioned models [28, 29]. A clinical nomogram 
score model was constructed in the present 
study based on the NIHSS score, GCS score, 
blood loss, and prevalence of diabetes. The 
predictive model demonstrates a strong asso-
ciation with both NIHSS and GCS scores, indi-
cating the model’s alignment with established 
methods for evaluating cerebral hemorrhage. 
Interestingly, we confirmed that the clinical no- 
mogram score model exhibited a strong predic-
tive ability, similar to the models reported by Hu 
and Zhang [28, 30]. Moreover, identifying the 
other HICH-related hub genes would assist in 
developing further accurate models for predict-
ing treatment outcomes in HICH patients.

Since the prognosis of HICH patients is influ-
enced by factors such as bleeding volume and 
age [31-33], it is imperative to explore the pre-
dictive ability of this model in HICH patients 
with varying clinical characteristics. However, 
research on gender-specific prognostic factors 
associated with ICH patients is limited [34]. 
Therefore, in the current study, the predictive 
risk model for HICH was applied to a diverse 
patient population, considering their gender, 
and a favorable predictive performance was 
noted in both male and female patients. These 
results validate the significance of the predic-
tive model constructed in the present study as 
a crucial tool for managing HICH, while also 
highlighting its accuracy in predicting prognosis 
and outcome in HICH patients.

However, the present has some limitations. 
First, the study relied on data from the public 
database GEO, which had a relatively small 
sample size. This could have introduced bias in 

the univariate analysis of patients with varying 
prognoses during the construction of predictive 
models. Moreover, while subsequent clinical 
cohort studies corroborated the prognostic sig-
nificance of the three hub genes identified 
based on differentially expressed genes from 
GEO datasets, incorporating more genes from 
different databases would further improve the 
predictive accuracy of the model. Further, to 
improve the clinical utility of the prognostic 
model, it is imperative to incorporate more hub 
genes relevant to HICH and validate them both 
internally and externally. This will result in a 
more refined and broadly applicable prognostic  
model.

Conclusion

The present study developed a further precise 
prognostic model for patients with HICH using 
hub genes (PPBP, PDLIM1, and TIMP1) and clin-
ical data. The prognostic accuracy and effec-
tiveness of the constructed model were robust 
in patients with HICH. Importantly, the con-
structed nomogram score system was superior 
to clinicopathologic features for predicting 
HICH prognosis. Notably, the predictive model 
exhibited remarkable predictive capability in 
HICH patients of different genders and ages. 
Therefore, this tool may be utilized by health-
care professionals to predict outcome for 
patients with HICH, guide clinical decisions, 
optimize the allocation of medical resources, 
and ultimately deliver optimal treatment.
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Figure 9. Predictive value of the new nomogram score in HICH patients with different clinical characteristics. The 
performance of receiver operating characteristic curve (ROC) for the newly established nomogram score model in 
male patients with HICH (A) and female patients with HICH (B). The performance of the ROC curves for the newly es-
tablished nomogram score model in HICH patients with age > 63 (C) and HICH patients with age ≤ 63 (D). Calibration 
plot for the nomogram score model for male patients with HICH (E) and female patients with HICH (F). Calibration 
plot for the nomogram score model for HICH patients with age > 63 (G) and HICH patients with age ≤ 63 (H). Deci-
sion curve analysis of the nomogram scores of male patients with HICH (I) and female patients with HICH (J). Deci-
sion curve analysis of the nomogram scores of HICH patients with age > 63 (K) and HICH patients with age ≤ 63 (L).
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Supplementary Table 1. Basic information of the GSE24265 and GSE125512 from GEO
GEO Organism Submission date Platforms Samples Control HICH Experiment type
GSE24265 Homo sapiens Sep 24, 2010 GPL570 11 7 4 Array
GSE125512 Homo sapiens Jan 23, 2019 GPL15433 22 11 11 High throughput sequencing
Note: GEO, Gene Expression Omnibus; HICH, Hypertensive intracerebral hemorrhage.

Supplementary Table 2. Primer sequences
Gene name Primer name Primer Sequence (5’-3’)
PPBP Forward TCAGACCTACATCGTCCTGC

Reverse GCGCAACAAGGATCAGGC
PDLIM1 Forward CTAGTGACCGAGGAGGGGAA

Reverse CGGTAGGGCTGTTGTACTGG
TIMP1 Forward AGCGCCCAGAGAGACACC

Reverse CCACTCCGGGCAGGATT
GAPDH Forward CGGAGTCAACGGATTTGGTCGTAT

Reverse AGCCTTCTCCATGGTGGTGAAGAC
Note: PPBP, Pro-platelet basic protein; PDLIM1, PDZ and LIM domain protein 1; TIMP1, Metalloproteinase 1; GAPDH, Glyceral-
dehyde-3-phosphate dehydrogenase.


