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Background: Peroxiredoxin 2 (Prdx2) functions as an antioxidant and may be involved in acute brain injury. This study aimed to 
investigate whether Prdx2 can act as a serological marker for assessing the severity and forecasting stroke-associated pneumonia 
(SAP), early neurological deterioration (END), and neurological outcomes in acute intracerebral hemorrhage (ICH).
Methods: A collective of 167 patients with ICH and 61 controls underwent quantifications for serum Prdx2 levels. In addition, 61 of 
them allowed Prdx2 measurements on days 1, 3, 5, 7, 10, and 14 post-ICH. Admission National Institutes of Health Stroke Scale 
(NIHSS) score and hematoma size were documented, and the modified Rankin Scale (mRS) at six-month mark following ICH was 
registered. Correlations between serum Prdx2 and END, SAP, and poor prognosis (mRS scores of 3–6) were determined using 
multivariate models.
Results: Serum Prdx2 levels of patients rapidly increased after stroke, with the highest levels on day 3, and were substantially higher 
during the initial 14 days than those of controls. Prdx2 levels were closely related to NIHSS scores, hematoma size, and mRS scores, 
were linearly relevant to likelihoods of SAP, END, and poor prognosis, and were independently predictive of SAP, END, and poor 
prognosis. These associations were not markedly affected by age, sex, hypertension, or other factors using subgroup analysis. 
Moreover, the possibilities of END, SAP, and poor prognosis were efficiently distinguished by Prdx2 levels. Its discrimination 
efficiency was similar to those of the NIHSS scores and hematoma size. The combination of the three variables displayed a higher 
predictive ability than the combination of NIHSS scores and hematoma volume for prognosis prediction.
Conclusion: A marked increase in serum Prdx2 levels after ICH may accurately mirror hemorrhagic severity and effectively predict 
END, SAP, and poor neurological outcomes, solidifying serum Prdx2 as a prognosticator of ICH.
Keywords: peroxiredoxin 2, intracerebral hemorrhage, outcome, severity, biomarkers

Introduction
Spontaneous intracerebral hemorrhage (ICH) is unquestionably admitted as one of the most fatal cerebrovascular 
accidents and is characterized by a lower incidence but higher mortality and disability rates than acute ischemic 
stroke.1 Following hemorrhagic injury to brain tissues, a plethora of adverse molecular events occur, including intense 
inflammatory responses, excessive oxidative stress, necrosis imbalance, and acceleration of apoptosis.2 Severity 
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evaluation using the National Institutes of Health Stroke Scale (NIHSS) or hematoma volume is a widely accepted 
approach for discriminating the likelihood of adverse prognosis following ICH.3 In addition, the modified Rankin Scale 
(mRS) has been strongly recognized as a clinical metric for assessing neurological functional outcomes in patients.4 

Early neurological deterioration (END) and stroke-associated pneumonia (SAP), both of which frequently occur post- 
ICH, are strongly associated with poor patients.5,6 Owing to the easy obtainability and usability of blood in clinical 
practice, blood biomarkers have attracted a great deal of attention because of their excellent performance in severity 
assessment and precise outcome prediction of ICH.7–9

Peroxiredoxin 2 (Prdx2) is an antioxidant enzyme that is extensively distributed in various cell types including 
vascular smooth muscle cells, red blood cells, and neurons.10 Intracellular Prdx2 exerts pivotal antioxidant effects under 
pathological conditions such as abdominal aortic aneurysm, rheumatoid arthritis, and sepsis.11–13 However, extracellular 
Prdx2, a damage-associated molecule, can function as an inflammatory mediator by enhancing the production of various 
pro-inflammatory factors.14–16 Prdx2 has been gradually studied in some central nervous system diseases such as 
experimental ICH, Alzheimer’s disease, ischemic stroke, and subarachnoid hemorrhage.17 Similarly, Prdx2 can potently 
catalyze hydrogen peroxide and diminish the generation of reactive oxygen species, with simultaneous participation in 
the regulation of numerous signaling pathways in neurons, thereby defending neurons against injuries caused by 
oxidative stress and inflammation.18–20 In contrast, spillage of Prdx2 from damaged neurons following brain injury 
can strongly promote the release of inflammatory mediators from glial cells, possibly via activation of the Toll-like 
receptor 4 (TLR4) /nuclear factor-kappa B (NF-κB) signaling pathway.21–23 Notably, Prdx2 expression in neurons is 
significantly upregulated in the cerebral cortex, hippocampus, cerebellum, basal ganglia, and substantia nigra of animals 
after neurodegenerative disorders.24,25 Prdx2 levels are dramatically elevated in cerebrospinal fluid samples of human 
patients with aneurysmal subarachnoid hemorrhage or traumatic brain injury.26 Overall, Prdx2 may serve as 
a biochemical marker for brain injury. Herein, the implications of serum Prdx2 levels as predictors of END, SAP, and 
poor prognosis were revealed in a cohort of patients with ICH.

Materials and Methods
Study Design, Subject Enlistments and Ethical Acquirements
This observational analytical clinical study was conducted at the Shengzhou Hospital of Traditional Chinese Medicine 
(Shengzhou, China) from March 2020 to March 2023. Theoretically, this study comprises two parts. The first was 
a cross-sectional study, with the objective of unveiling the evolutionary trajectory of post-ICH serum Prdx2 levels. 
The second was a prospective cohort study with the purpose of unraveling the significance of admission serum Prdx2 as 
a serological marker in assessing the severity and prediction of END, SAP and six-month poor neurological functional 
outcomes following ICH. In accordance with the study type and enrollment criteria shown in Figure 1, patients with ICH 
and control subjects were recruited to achieve the two study goals. Here, all patients consented for supplying blood 
specimens at admission and some of them also allowed to provide blood samples on days 1, 3, 5, 7, 10 and 14 after ICH. 
This study was conducted in compliance with local and institutional ethical and lawful regulations, as well as the 
guidelines set forth in the Declaration of Helsinki and its follow-up amendments. The study protocol was in advance 
granted with permission by the Ethics Committee at the Shengzhou Hospital of Traditional Chinese Medicine 
(Shengzhou, China) (opinion number: SZZYK-2022-005). The patients’ legal representatives and controls were notified 
of the study contents, and subsequently signed consent forms were garnered from them separately.

Data Collection and Registration
Recordable data, which could be immediately obtained upon arrival of patients at the emergency center, included age, 
sex, smoking habits, alcohol consumption, medical history of hypertension, diabetes, dyslipidemia, chronic obstructive 
pulmonary disease, ischemic heart disease, and hyperuricemia, as well as premorbid use of statins, anticoagulants, and 
antiplatelet agents. Alternatively, the time of arrival at the hospital since the onset of stroke symptoms and interval 
between blood collection and stroke occurrence were recorded. Non-invasive systolic arterial blood pressure and diastolic 
arterial blood pressure were read as baseline data at the patients’ entrance to the emergency center. Vomiting was 
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recorded, and dysphagia was diagnosed using a swallowing test. Head computed tomography (CT) was performed 
according to neuroradiological guidelines. Based on the initial CT imaging, the amount of bleeding was calculated using 
a previously established equation as follows: 07×a×b×c,27 bleeding sites were classified into two categories (superficial 
and deep), and blood clots were observed for possible entry into the intraventricular or subarachnoid cavity. The NIHSS 
score at admission was estimated.28 Patients who had an enhancement of at least 4 points in the NIHSS scores or died 
within 24 h after hospital admission were considered to have END.29 In compliance with the guidelines set forth by the 
consensus group, SAP was defined as the appearance of infections that influence the lower airways within the first 7 days 
post-ICH.30 Assessment of neurological functional conditions by mRS was completed six months after ICH via telephone 
visits by applying structured inquiry. The follow-up results were dichotomized into good prognosis (scores 0–2) and poor 
prognosis (scores 3–6).31

Blood Drawing, Sample Processing and Immune Analysis
At the emergency center, 5 mL of venous blood was drawn via venipuncture in the antecubital area of each patient, and 
venous blood samples were extracted on days 1, 3, 5, 7, 10, and 14 from a fraction of the patients who were allowed for 
blood collection at various time points after the onset of ICH. In addition, the controls underwent blood drawing by 

Figure 1 Study plan diagram describing the study design and enrollment process in a clinical study regarding serum peroxiredoxin 2 as a prognostic biomarker for acute 
intracerebral hemorrhage. This study encompassed two sub-studies, a cross-sectional study and a prospective cohort study, with an attempt to discover temporal alterations 
in serum peroxiredoxin 2 levels following acute intracerebral hemorrhage and its prognostic effects. 
Abbreviations: ICH, intracerebral hemorrhage; TBI, traumatic brain injury; CNS, central nervous system.
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applying the same approaches as the patients at their entrance into our clinical investigation. Blood specimens were 
placed into 5 mL gel-refilled biochemistry tubes. When blood clots were observed, the blood samples were centrifuged at 
2000 × g for ten minutes. The next step was to quickly suck the supernatants and then transfer them into Eppendorf tubes 
for further preservation at −80 °C for later measurements. To avoid protein decomposition, a batch of serum samples, 
which were obtained in a quarter, was melted to quantify the serum Prdx2 levels. Enzyme-Linked Immunosorbent Assay 
(ELISA) was used for detection. The kit was obtained from Shanghai Zeye Biotechnology Co., Ltd. (Catalogue no. 
ZY72367H). The detection range was 0.312–20 ng/mL, with intra- and inter-assay coefficients of variation of less than 
10%. Optical density was measured at 450 nm using an ELISA reader (Biobase Meihua Trading Co., Ltd., China). All 
ELISA measurements were performed in duplicate by an identical professional technician who did not permit access to 
the study contents.

Statistical Analysis
The SPSS (version 23.0; SPSS Inc., Chicago, IL, USA) was used for conventional data processing. Numbers (proportions) 
are displayed to represent categorical variables. The Kolmogorov–Smirnov test was performed to determine whether the 
quantitative variables were normally distributed. At the base of normality patterns of data distribution, measurement 
variables were presented as either means (standard deviations, SDs) or medians (percentiles 25th-75th) where appropriate. 
Statistical methods for comparing differences between two groups were the chi-square test and Fisher’s exact test for 
categorical variables and the independent-sample Student’s t-test and Mann–Whitney U-test for continuous variables. The 
Kruskal–Wallis test was used to ascertain the differences in serum Prdx2 levels among multiple subgroups. The outcome 
variables of interest in the current study were SAP, END, and poor six-month prognosis. The exploratory strategy was to 
consolidate all significant parameters in the univariate analyses into binary multivariable logistic regression models to 
discern independent predictors of the preceding outcome variables. Bivariate correlation assessments were performed using 
the Spearman’s test. With the assistance of R 3.5.1 (https://www.r-project.org), restricted cubic splines (RCSs) were painted 
to outline the linearity association, and forest plots for subgroup analysis were drawn to delineate interactional effects. 
Discrimination effectiveness was determined within the framework of receiver operating characteristic (ROC) curve 
analysis using MedCalc 20 (MedCalc Software, Ltd., Ostend, Belgium). ROC curves, scatter plots, and violin plots were 
generated using GraphPad Prism 7.01 (GraphPad Software, Inc., San Diego, California, USA). In the current study, all 
patients agreed with blood-drawings at admission and some of them also agreed to proffer blood specimens on days 1, 3, 5, 
7, 10, and 14 after ICH. Only the univariate analysis was performed for analyzing change of serum Prdx2 levels in those 
patients permitting blood-drawings at multiple time points. Univariate analysis and subsequent multivariate analysis were 
carried out for assessing prognosis-related data of all patients. Differences with a two-tailed P value less than 0.05, signified 
statistically noteworthy differences.

Results
Study Populations and Baseline Features
In light of the inclusion criteria in Figure 1, 216 patients, who were diagnosed with primary supratentorial intrapar
enchymal hemorrhage, were consecutively enlisted, and a subsequent elimination of forty-nine subjects was actualized on 
the basis of the exclusion requirements in Figure 1. The final selection of 167 patients was completed to conduct a range 
of epidemiological studies. The baseline characteristics of the all patients are shown in Table 1. In compliance with 
voluntariness principles, a cumulative of sixty-one patients allowed various time-interval blood drawings. These 61 
patients presented with similar basic features as all 167 patients (all P>0.05; Table 1). In addition, the enrollment of 61 
controls was finalized in accordance with the eligibility requirements in Figure 1. The controls were aged from 44 to 77 
years (median, 58 years; percentiles 25th-75th, 49–67 years), comprised of 33 males and 28 females, and consisted of 22 
tobacco smokers and 23 alcohol consumers. Statistically, 61 controls had negligible distinctions over those 61 patients in 
terms of age, sex ratio, and the percentages of smokers and consumers (all P>0.05).
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Temporal Alteration of Serum Prdx2 Levels and Its Relation to ICH Severity
As displayed in Figure 2, there were non-statistically significant disparities in serum Prdx2 levels at admission between 
all 167 patients and those 61 patients consenting for blood-samplings at multiple time points (P>0.05); among those 61 
patients, serum Prdx2 levels were markedly increased shortly following ICH, had subsequent promotion at day 1, reached 
the highest status on day 3, and afterwards, displayed slow reduction until day 14. Serum Prdx2 levels of those 61 
patients maintained an extremely higher state during 14 days than those of 61 controls (P<0.001). As shown in Table 2, 
the admission NIHSS scores and hematoma volumes of those 61 patients were significantly positively correlated with 
their serum Prdx2 levels at admission and on days 1, 3, 5, 7, 10, and 14 after ICH (all P<0.05). Among all 167 patients, 
admission NIHSS scores and hematoma volumes were also substantially positively related to admission serum Prdx2 
levels (both P<0.001; Figures 3 and 4).

Serum Prdx2 Levels and Post-ICH Six-month Poor Prognosis
The mRS scores at six months after ICH varied from 0 to 6 (median, 2; lower-upper quartiles, 2–4) among all 167 
patients. The scores ranged from 0 to 6 (median, 3; lower-upper quartiles, 1–5) among those 61 patients agreeing with 
blood-collections at several time points. The difference in mRS scores was not significant between all 167 patients and 
those 61 patients (P=0.835). The post-ICH mRS scores of those 61 patients were positively correlated with serum Prdx2 

Table 1 Baseline Features Between All Patients and Patients Consenting for Blood-Drawings at Multiple Time Points as Well as 
Between Poor Prognosis and Good Prognosis Patients After Acute Intracerebral Hemorrhage

Components Patient Group Clinical Outcome

All Patients Certain Patients P values mRS 3–6 mRS 0–2 P values

Age ≥ 65 years 61 (36.5%) 22 (36.1%) 0.949 39 (48.1%) 22 (25.6%) 0.002
Gender (male/female) 96/71 32/29 0.498 44/37 52/34 0.422

Cigarette consumption 59 (35.3%) 19 (31.1%) 0.556 31 (38.3%) 28 (32.6%) 0.440

Alcohol consumption 60 (35.9%) 20 (32.8%) 0.660 26 (32.1%) 34 (39.5%) 0.317
Hypertension 107 (64.1%) 42 (68.9%) 0.502 51 (63.0%) 56 (65.1%) 0.772

Diabetes mellitus 39 (23.4%) 16 (26.2%) 0.653 25 (30.9%) 14 (16.3%) 0.026

Dyslipidemia 58 (34.7%) 21 (34.4%) 0.966 32 (39.5%) 26 (30.2%) 0.208
COPD 7 (4.2%) 3 (4.9%) 0.813 6 (7.4%) 1 (1.2%) 0.044

Ischemic heart ischemic 12 (7.2%) 5 (8.2%) 0.797 8 (9.9%) 4 (4.7%) 0.191

Hyperuricemia 17 (10.2%) 8 (13.1%) 0.530 12 (14.8%) 5 (5.8%) 0.055
Previous statin use 48 (28.7%) 13 (21.3%) 0.262 25 (30.9%) 23 (26.7%) 0.557

Previous anticoagulant use 15 (9.0%) 7 (11.5%) 0.572 9 (11.1%) 6 (7.0%) 0.350

Previous antiplatelet use 28 (16.8%) 13 (21.3%) 0.429 13 (16.0%) 15 (17.4%) 0.810
Hospital admission time (h) 8.5 (5.5–14.5) 8.5 (5.0–12.5) 0.692 8.5 (5.0–12.5) 9.5 (5.5–16.5) 0.142

Blood sampling time (h) 9.5 (6.5–15.5) 9.5 (6.0–13.5) 0.620 9.5 (6.0–13.5) 10.5 (6.5–17.5) 0.168

Dysphasia 34 (20.4%) 16 (26.2%) 0.343 23 (28.4%) 11 (12.8%) 0.012
Vomiting 36 (21.6%) 18 (29.5%) 0.211 21 (25.9%) 15 (17.4%) 0.183

Systolic arterial pressure (mmHg) 140 (133–156) 140 (131–159) 0.632 138 (131–154) 143 (136–159) 0.159

Diastolic arterial pressure (mmHg) 84 (80–93) 84 (80–94) 0.954 83 (79–94) 84 (80–93) 0.695
Hemorrhagic locations (superficial/deep) 52/115 21/40 0.638 28/53 24/62 0.353

Intraventricular extension of hematoma 25 (15.0%) 12 (19.7%) 0.394 20 (24.7%) 5 (5.8%) 0.001

Subarachnoidal extension of hematoma 12 (7.2%) 5 (8.2%) 0.797 7 (8.6%) 5 (5.8%) 0.479
NIHSS scores 12 (8–14) 12 (8–14) 0.956 13 (12–16) 9 (7–12) <0.001

Hematoma volume (mL) 11 (9–19) 11 (9–19) 0.628 15 (11–20) 9 (6–11) <0.001
Blood leucocyte count (×109/l) 6.4 (4.5–8.7) 6.4 (4.4–9.4) 0.992 7.0 (4.4–9.0) 5.8 (4.5–7.9) 0.258

Blood glucose levels (mmol/l) 8.5 (6.7–11.9) 9.0 (6.8–10.9) 0.946 9.7 (6.6–13.8) 8.1 (6.7–9.7) 0.016

Serum peroxiredoxin 2 levels (ng/mL) 23.8 (12.5–52.7) 23.0 (13.7–60.7) 0.582 41.5 (20.4–73.6) 16.5 (9.0–31.5) <0.001

Notes: Variables were summarized in form of count (percentage), mean ± standard deviation or median (upper-lower quartiles). The Chi-square test, Fisher exact test, 
Student’s t-test or Mann–Whitney test was in utilization for data comparisons. Certain patients refer to those patients consenting for blood-drawings at multiple time points. 
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; COPD, chronic obstructive pulmonary disease.
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levels at all seven time points (all P<0.01; Table 2). Moreover, serum Prdx2 levels at admission were profoundly 
increased in the order of mRS scores from 0 to 6 in all 167 patients (P<0.001; Figure 5). Among those 61 patients, there 
were thirty-one patients with development of poor prognosis at six-month mark following ICH. As shown in Figure 6, 
serum Prdx2 levels at all seven time points in those 61 patients were markedly higher in patients with poor prognosis 
than in those with good prognosis (all P<0.05). As listed in Table 3, serum Prdx2 levels at admission displayed a similar 
area under the ROC curve compared to those at the remaining six time points among those 61 patients (all P>0.05). Of all 
167 patients, 81 had poor prognosis. Compared with patients with a good prognosis, those with a poor prognosis had 

Figure 2 Longitudinal change of serum peroxiredoxin 2 levels subsequent to acute intracerebral hemorrhage. Among the 167 patients, 61 cases in agreement with blood 
drawing at various time points were designated for comparison with controls. Serum peroxiredoxin 2 levels significantly increased immediately upon admission for 
intracerebral hemorrhage, with the highest levels on day 3, and the significantly higher levels over controls persisted until day 14 (***P<0.001). 
Abbreviations: ICH, intracerebral hemorrhage; ns, non-significant.

Table 2 Relationship Between Modified Rankin Scale Scores, National Institutes of Health Stroke Scale Scores, Hematoma 
Volume and Serum Peroxiredoxin 2 Levels After Acute Intracerebral Hemorrhage in 61 Patients Accepting for Numerous- 
Time-Point Blood-Collections

Serum Prdx2 Levels Admission NIHSS Scores Admission Hematoma Volume Post-ICH Six-Month mRS Scores

ρ P values ρ P values ρ P values

Admission 0.559 <0.001 0.586 <0.001 0.556 <0.001
Day 1 0.656 <0.001 0.606 <0.001 0.588 <0.001

Day 3 0.628 <0.001 0.665 <0.001 0.573 <0.001

Day 5 0.579 <0.001 0.588 <0.001 0.552 <0.001
Day 7 0.552 <0.001 0.618 <0.001 0.496 <0.001

Day 10 0.282 0.030 0.425 0.001 0.344 0.008

Day 14 0.339 0.009 0.421 0.001 0.348 0.007

Note: Bivariate correlative assessment was of completion by using the Spearman test. 
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; Prdx2, peroxiredoxin 2; mRS, modified Rankin Scale; ICH, intracerebral hemorrhage.
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Figure 3 Relationship between admission serum peroxiredoxin 2 levels and baseline National Institutes of Health Stroke Scale scores in all 167 patients with acute 
intracerebral hemorrhage. With the application of the Spearman test, serum peroxiredoxin 2 levels at admission had a substantially positive correlation with the baseline 
National Institutes of Health Stroke Scale scores in all 167 subjects following acute intracerebral hemorrhage (P<0.001). 
Abbreviation: NIHSS, National Institutes of Health Stroke Scale.

Figure 4 Relation of admission serum peroxiredoxin 2 levels to baseline hematoma amount among all 167 patients with acute intracerebral hemorrhage. Using the 
Spearman test, the interconnection between serum peroxiredoxin 2 levels at admission and baseline hematoma size was markedly positive in all 167 subjects following 
intracerebral hemorrhage (P<0.001).
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markedly higher chances of age ≥ 65 years, diabetes mellitus, chronic obstructive pulmonary disease, dysphasia, and 
intraventricular expansion of hematoma, as well as dramatically higher NIHSS scores, hematoma volume, blood glucose 
levels, and serum Prdx2 levels (all P<0.05; Table 1). With the entry of the above nine significantly distinct variables into 
the binary logistic regression model, NIHSS scores [odds ratio (OR), 1.279; 95% confidence interval (CI), 1.104–1.481; 
P=0.001], hematoma volume (OR, 1.066; 95% CI, 1.013–1.122; P=0.015), and serum Prdx2 levels (OR, 1.030; 95% CI, 
1.014–1.067; P=0.017) were independent predictors of poor prognosis at six months post-ICH. In addition, no significant 
interaction effects were found between serum Prdx2 levels and other traditional variables (all P >0.05; Table 4). 
Alternatively, serum Prdx2 levels effectively discriminated the likelihood of poor prognosis, and an appropriate criterion 

Figure 5 Variation of serum peroxiredoxin 2 levels among patients with distinct modified Rankin Scale scores post-acute intracerebral hemorrhage among all 167 patients. 
Serum peroxiredoxin 2 levels were relatively low in patients with a modified Rankin Scale score of 0, with gradual incremental levels as the scores increased, and remained 
significantly higher in those with a score of 6 (P<0.001).

Figure 6 Serum peroxiredoxin 2 levels between cases with poor prognosis and those presenting with good prognosis at six-month mark after intracerebral hemorrhage in 
those sixty-one patients. Serum peroxiredoxin 2 levels were dramatically highest in individuals with a six-month poor prognosis than in those with a good prognosis at 
admission and on days 1, 3, 5, 7, 10, and 14 after acute intracerebral hemorrhage among those sixty-one patients (*P<0.05, **P<0.01).
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was identified using the Youden method, which was distinguishable from poor prognosis with medium-to-high sensitivity 
and specificity (Figure 7). Serum Prdx2 levels were linearly linked to the possibility of poor prognosis in the context of 
RCS assessment (P for nonlinear >0.05; Figure 8). In the ROC curve, the predictive ability of serum Prdx2 levels 
resembled that of hematoma volume and NIHSS scores (both P>0.05; Figure 9), and the predictive ability of serum 
Prdx2 levels combined with hematoma volume and NIHSS scores substantially surpassed that of serum Prdx2 levels, 
NIHSS scores, hematoma volume, and NIHSS scores combined with hematoma volume alone (all P<0.05; Figure 9).

Serum Prdx2 Levels and SAP After ICH
Among those 61 patients willing to supply blood-drawings at many time points, eighteen cases were subjected to SAP 
after ICH. As shown in Figure 10, serum Prdx2 levels at all prespecified time points were significantly higher in patients 
with SAP than in those without SAP (all P<0.05). As shown in Table 3, the area under the ROC curve of serum Prdx2 
levels at admission was equivalent to those at the remaining six time-points of those 61 patients (all P>0.05). Of all 167 
patients, 45 developed SAP. In contrast to patients without SAP, those with SAP had substantially higher opportunities 
for age ≥ 65 years, diabetes mellitus, dysphasia, and intraventricular hematoma expansion, as well as significantly higher 
NIHSS scores, hematoma volume, blood glucose levels, and serum Prdx2 levels (all P<0.05; Table 5). When the eight 
substantially different factors were included in the binary logistic regression model, NIHSS scores (OR, 1.217; 95% CI, 

Table 3 Differences in Terms of Areas Under Receiver Operating Characteristic Curve of Serum Peroxiredoxin 2 Levels at Several 
Time-Points Among 61 Voluntary Patients With Acute Intracerebral Hemorrhage

Serum Prdx2 Levels Six-Month Poor Prognosis Stroke-Associated With Pneumonia Early Neurological Deterioration

AUC (95% CI) P values AUC (95% CI) P values AUC (95% CI) P values

Admission 0.761 (0.632–0.862) Reference 0.721 (0.589–0.830) Reference 0.728 (0.596–0.835) Reference
Day 1 0.749 (0.620–0.853) 0.843 0.735 (0.604–0.842) 0.796 0.760 (0.631–0.862) 0.563

Day 3 0.763 (0.635–0.864) 0.973 0.756 (0.627–0.858) 0.647 0.747 (0.616–0.851) 0.809

Day 5 0.715 (0.582–0.825) 0.535 0.674 (0.540–0.791) 0.539 0.684 (0.550–0.799) 0.616
Day 7 0.709 (0.576–0.820) 0.505 0.738 (0.608–0.844) 0.841 0.725 (0.593–0.833) 0.975

Day 10 0.676 (0.541–0.792) 0.328 0.680 (0.546–0.796) 0.701 0.669 (0.535–0.786) 0.586

Day 14 0.663 (0.528–0.781) 0.266 0.719 (0.587–0.829) 0.989 0.701 (0.568–0.813) 0.796

Note: Intergroup comparisons were achieved by applying the Z test. 
Abbreviations: AUC, area under curve; Prdx2, peroxiredoxin 2; 95% CI, 95% confidence interval.

Table 4 Intersubgroup Interaction Analysis Between Serum Peroxiredoxin 2 Levels and 6-month 
Poor Prognosis After Acute Intracerebral Hemorrhage

Subgroup Analysis Total (n) OR (95% CI) P value P interaction value

Age ≥ 65 years 61 1.021 (0.998–1.044) 0.080 0.371

< 65 years 106 1.039 (1.017–1.062) 0.001

Gender Male 96 1.037 (1.013–1.068) 0.003 0.301
Female 71 1.020 (0.997–1.045) 0.092

Cigarette consumption Yes 59 1.023 (0.991–1.056) 0.162 0.164

No 108 1.031 (1.012–1.050) 0.001
Alcohol consumption Yes 60 1.016 (0.996–1.037) 0.122 0.327

No 107 1.036 (1.008–1.065) 0.011

Hypertension Yes 107 1.031 (1.001–1.061) 0.042 0.662
No 60 1.021 (1.002–1.040) 0.033

Diabetes mellitus Yes 39 1.011 (0.990–1.032) 0.319 0.135

No 128 1.047 (1.013–1.082) 0.007
Dyslipidemia Yes 58 1.015 (0.973–1.059) 0.482 0.079

No 109 1.030 (1.012–1.048) 0.001

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
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1.074–1.379; P=0.011), hematoma volume (OR, 1.085; 95% CI, 1.029–1.145; P=0.017), and serum Prdx2 levels (OR, 
1.019; 95% CI, 1.004–1.035; P=0.022) were independently associated with the occurrence of SAP. In addition, serum 
Prdx2 levels did not significantly interact with the other conventional parameters (all P >0.05; Table 6). Alternatively, 
serum Prdx2 levels efficiently distinguished patients at risk of SAP, and by applying the Youden method, an optimal 
value was generated to efficiently predict the appearance of SAP post-ICH (Figure 11). A linear relationship was 

Figure 7 Predictive ability of serum peroxiredoxin 2 levels for poor prognosis at six months post-acute intracerebral hemorrhage among all 167 patients. Under the 
receiver operating characteristic curve, a poor prognosis was effectively predicted by serum peroxiredoxin 2 levels. In addition, an appropriate value was identified that was 
predictive of a poor prognosis with the maximum Youden index. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; 95% CI, 95% confidence interval.

Figure 8 Restricted cubic spline in assessment of linearity relationship between serum peroxiredoxin 2 levels and risk of a poor prognosis at six months after acute 
intracerebral hemorrhage in all 167 patients. There was a statistical demonstration of a linear relationship between serum peroxiredoxin 2 levels and the possibility of poor 
prognosis (P for nonlinear >0.05).
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observed between serum Prdx2 levels and SAP probability in the background of RCS assessment (P for nonlinear >0.05; 
Figure 12). Within the framework of ROC curve analysis, the discrimination efficiency of serum Prdx2 levels was similar 
to that of hematoma volume and NIHSS scores (both P>0.05; Figure 13), and the predictive power of serum Prdx2 levels 

Figure 9 Differences in discriminatory effects of serum peroxiredoxin 2 levels, other variables and combination model on a poor prognosis at six months following acute 
intracerebral hemorrhage among all 167 patients. In the context of the receiver operating characteristic curve analysis, the predictive ability of serum peroxiredoxin 2 levels 
was not significantly different from that of the National Institutes of Health Stroke Scale scores or hematoma volume (both P>0.05). Serum peroxiredoxin 2 levels combined 
with National Institutes of Health Stroke Scale scores and hematoma volume had a substantially higher predictive capability than serum peroxiredoxin 2 levels, National 
Institutes of Health Stroke Scale scores, hematoma volume, or consolidation of National Institutes of Health Stroke Scale scores with hematoma volume (*P<0.05, **P<0.01) 
in this cohort of 167 patients with acute intracerebral hemorrhage. 
Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; ns, non-significant; NIHSS, National Institutes of Health Stroke Scale.

Figure 10 Change of serum peroxiredoxin 2 levels across stroke-associated pneumonia following acute intracerebral hemorrhage of those sixty-one patients. Cases 
diagnosed with stroke-associated pneumonia exhibited profoundly incremental increases in serum peroxiredoxin 2 levels at all time points, namely, at admission and on days 
1, 3, 5, 7, 10, and 14 after acute intracerebral hemorrhage among those 61 patients (*P<0.05, **P<0.01). 
Abbreviation: SAP, stroke-associated pneumonia.
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Table 5 Factors in Relation to Stroke-Associated Pneumonia and Early Neurological Deterioration After Acute Intracerebral 
Hemorrhage

Components Stroke-Associated Pneumonia Early Neurological Deterioration

Presence Absence P values Presence Absence P values

Age ≥ 65 years 26 (57.8%) 35 (28.7%) 0.001 24 (49.0%) 37 (31.4%) 0.031
Gender (male/female) 31/14 65/57 0.070 33/16 63/55 0.097

Cigarette consumption 21 (46.7%) 38 (31.3%) 0.063 20 (40.8%) 39 (33.1%) 0.339

Alcohol consumption 21 (46.7%) 39 (32.0%) 0.079 22 (44.9%) 38 (32.2%) 0.120
Hypertension 28 (62.2%) 79 (64.8%) 0.762 31 (63.3%) 76 (64.4%) 0.889

Diabetes mellitus 16 (35.6%) 23 (18.9%) 0.024 17 (34.7%) 22 (18.6%) 0.026

Dyslipidemia 14 (31.1%) 44 (36.1%) 0.551 18 (36.7%) 40 (33.9%) 0.726
COPD 2 (4.4%) 5 (4.1%) 0.921 1 (2.0%) 6 (5.1%) 0.371

Ischemic heart ischemic 3 (6.7%) 9 (7.4%) 0.875 2 (4.1%) 10 (8.5%) 0.317

Hyperuricemia 3 (6.7%) 14 (11.5%) 0.362 2 (4.1%) 15 (12.7%) 0.093
Previous statin use 9(20.0%) 39 (32.0%) 0.129 13 (26.5%) 35 (29.7%) 0.684

Previous anticoagulant use 6 (13.3%) 9 (7.4%) 0.232 7 (14.3%) 8 (6.8%) 0.122

Previous antiplatelet use 11 (24.4%) 17 (13.9%) 0.107 12 (24.5%) 16 (13.6%) 0.085
Hospital admission time (h) 9.5 (6.0–15.5) 8.5 (5.0–14.0) 0.331 9.5 (6.0–17.5) 8.5 (5.0–13.5) 0.118

Blood sampling time (h) 10.0 (7.5–18.0) 9.5 (6.5–15.5) 0.369 10.5 (8.0–18.5) 9.5 (6.5–14.5) 0.112

Dysphasia 16 (35.6%) 18 (14.8%) 0.003 12 (24.5%) 22 (18.6%) 0.393
Vomiting 13 (28.9%) 23 (18.9%) 0.162 14 (28.6%) 22 (18.6%) 0.155

Systolic arterial pressure (mmHg) 139 (129–154) 141 (133–156) 0.525 144 (135–162) 140 (133–154) 0.392

Diastolic arterial pressure (mmHg) 84 (80–88) 84 (79–94) 0.937 84 (81–92) 84 (78–93) 0.300
Hemorrhagic locations (superficial/deep) 11/34 41/81 0.257 16/33 36/82 0.785

Intraventricular extension of hematoma 13 (28.9%) 12 (9.8%) 0.002 13 (26.5%) 12 (10.2%) 0.007

Subarachnoidal extension of hematoma 2(4.4%) 10 (8.2%) 0.405 4 (8.2%) 8 (6.8%) 0.753
NIHSS scores 14 (12–16) 10 (8–14) <0.001 14 (12–16) 10 (8–13) <0.001

Hematoma volume (mL) 19 (12–23) 10 (8–14) <0.001 19 (11–24) 10 (7–14) <0.001
Blood leucocyte count (×109/l) 7.1 (4.4–9.2) 6.2 (4.5–8.6) 0.511 7.2 (4.4–9.4) 6.2 (4.5–8.2) 0.346

Blood glucose levels (mmol/l) 10.4 (7.3–16.7) 8.2 (6.5–10.4) 0.010 10.1 (7.1–16.7) 8.3 (6.3–10.4) 0.010

Serum peroxiredoxin 2 levels (ng/mL) 43.5 (25.0–78.4) 19.2 (10.6–42.3) <0.001 53.5 (23.1–82.8) 19.5 (10.9–40.2) <0.001

Notes: Data were presented as count (percentage), mean ± standard deviation or median (upper-lower quartiles). The Chi-square test, Fisher exact test, Student’s t-test 
or Mann–Whitney test was used for intergroup comparison. 
Abbreviations: NIHSS indicates National Institutes of Health Stroke Scale; SAP, stroke-associated pneumonia; COPD, chronic obstructive pulmonary disease.

Table 6 Intersubgroup Interaction Analysis Between Serum Peroxiredoxin 2 Levels and Stroke- 
Associated Pneumonia After Acute Intracerebral Hemorrhage

Subgroup Analysis Total (n) OR (95% CI) P value P interaction value

Age ≥ 65 years 61 1.003 (0.981–1.026) 0.775 0.372
< 65 years 106 1.029 (1.006–1.053) 0.014

Gender Male 96 1.019 (1.000–1.039) 0.048 0.571

Female 71 1.030 (1.007–1.054) 0.011
Cigarette consumption Yes 59 1.016 (0.996–1.036) 0.127 0.157

No 108 1.026 (1.002–1.050) 0.031

Alcohol consumption Yes 60 1.005 (0.986–1.025) 0.610 0.095
No 107 1.030 (1.013–1.048) 0.001

Hypertension Yes 107 1.029 (1.002–1.057) 0.034 0.144

No 60 1.014 (0.990–1.039) 0.261
Diabetes mellitus Yes 39 1.008 (0.987–1.030) 0.436 0.146

No 128 1.028 (1.001–1.056) 0.039

Dyslipidemia Yes 58 1.005 (0.986–1.025) 0.610 0.326
No 109 1.043 (1.007–1.080) 0.020

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
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consolidated with hematoma volume and NIHSS scores profoundly exceeded that of serum Prdx2 levels, NIHSS scores, 
and hematoma volume alone (all P<0.05; Figure 13), but was not significantly higher than that of NIHSS scores 
combined with hematoma volume (P>0.05; Figure 13).

Figure 11 Discrimination efficiency of serum peroxiredoxin 2 levels for stroke-associated pneumonia risk in all 167 patients diseased of intracerebral hemorrhage. Based on 
the receiver operating characteristic curve, the likelihood of stroke-associated pneumonia was efficiently predicted by the serum peroxiredoxin 2 levels. Alternatively, the 
optimal threshold was chosen based on the maximum Youden index for predicting stroke-associated pneumonia. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; 95% CI, 95% confidence interval.

Figure 12 Restricted cubic spline appraising linear correlation of serum peroxiredoxin 2 levels with possibility of stroke-associated pneumonia after acute intracerebral 
hemorrhage in all 167 patients. The relationship between serum peroxiredoxin 2 levels and the likelihood of stroke-associated pneumonia was statistically linear (P for 
nonlinear >0.05).
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Serum Prdx2 Levels and END Following ICH
Of those 61 patients, who voluntarily continued to offer blood-samples at several time points, nineteen individuals had END after 
ICH. As outlined in Figure 14, serum Prdx2 levels at all predefined seven points were significantly higher in patients with END 
than in the remaining patients (all P<0.05). Table 3 shows that the area under the ROC curve of admission serum Prdx2 levels was 
equal to those at the remaining six time-points of those 61 patients (all P>0.05). Forty-nine of all 167 patients experienced END 

Figure 13 Disparity in discriminatory abilities of serum peroxiredoxin 2 levels, other factors and joint model on stroke-associated pneumonia following acute intracerebral 
hemorrhage of all 167 patients. Within the framework of the receiver operating characteristic curve analysis, the predictive capability of serum peroxiredoxin 2 levels was 
not significantly different from that of the National Institutes of Health Stroke Scale scores or hematoma volume (both P>0.05). Serum peroxiredoxin 2 levels consolidated 
with National Institutes of Health Stroke Scale scores and hematoma volume had a markedly elevated predictive value compared to that of serum peroxiredoxin 2 levels, 
National Institutes of Health Stroke Scale scores, or hematoma volume (all *P<0.05), but not when compared to the combination of National Institutes of Health Stroke 
Scale scores and hematoma volume (P>0.05) in this cohort of 167 patients diagnosed with acute intracerebral hemorrhage. 
Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; ns, non-significant; NIHSS, National Institutes of Health Stroke Scale.

Figure 14 Variability of serum peroxiredoxin 2 levels across early neurological deterioration following intracerebral hemorrhage of those sixty-one patients. Individuals with 
the development of early neurological deterioration, relative to those without, had a significant increase in serum peroxiredoxin 2 levels at any one of the seven designated 
time-points, namely, at admission and on days 1, 3, 5, 7, 10, and 14 following acute intracerebral hemorrhage among those sixty-one patients (*P<0.05, **P<0.01). END 
stands for early neurological deterioration.
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following ICH. Compared to patients without END, those presenting with END tended to have extremely elevated percentages of 
age ≥ 65 years, diabetes mellitus, and intraventricular hematoma expansion, as well as markedly increased NIHSS scores, 
hematoma volume, blood glucose levels, and serum Prdx2 levels (all P<0.05; Table 5). When the above-mentioned seven 
variables of significant disparity were added into the binary logistic regression model, NIHSS scores (OR, 1.203; 95% CI, 
1.066–1.357; P=0.012), hematoma volume (OR, 1.076; 95% CI, 1.003–1.155; P=0.040) and serum Prdx2 levels (OR, 1.021; 
95% CI, 1.006–1.037; P=0.017) remained independently related to END emergence. Statistically, serum Prdx2 levels showed no 
significant interaction with the other conventional variables (all P interactions >0.05; Table 7). Alternatively, serum Prdx2 levels 
powerfully differentiated END probability, and with the assistance of the Youden method, an applicable value was produced for 
the accurate identification of END occurring post-ICH (Figure 15). A linear relationship was found between serum Prdx2 levels 
and END possibility based on RCS assessment (P for nonlinearity >0.05; Figure 16). In the ROC curve analysis, the predictive 
power of serum Prdx2 levels was in the range of hematoma volume and NIHSS scores (both P>0.05; Figure 17), and the 

Table 7 Intersubgroup Interaction Analysis Between Serum Peroxiredoxin 2 Levels and Early 
Neurological Deterioration After Acute Intracerebral Hemorrhage

Subgroup Analysis Total (n) OR (95% CI) P value P interaction value

Age ≥ 65 years 61 1.005 (0.983–1.027) 0.647 0.073

< 65 years 106 1.031 (1.006–1.055) 0.013

Gender Male 96 1.023 (1.005–1.043) 0.015 0.364
Female 71 1.025 (1.000–1.051) 0.052

Cigarette consumption Yes 59 1.007 (0.978–1.037) 0.641 0.157

No 108 1.026 (1.007–1.046) 0.008
Alcohol consumption Yes 60 1.021 (1.000–1.043) 0.053 0.374

No 107 1.035 (1.007–1.062) 0.012
Hypertension Yes 107 1.019 (1.001–1.038) 0.039 0.442

No 60 1.029 (0.997–1.062) 0.079

Diabetes mellitus Yes 39 1.017 (0.994–1.040) 0.146 0.342
No 128 1.027 (1.002–1.053) 0.035

Dyslipidemia Yes 58 1.021 (1.000–1.042) 0.051 0.426

No 109 1.025 (1.006–1.045) 0.011

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.

Figure 15 Receiver operating characteristic curve concerning assessment of predictive ability of serum peroxiredoxin 2 levels on early neurological deterioration of all 167 
patients post-acute intracerebral hemorrhage. There was a satisfactory predictability of serum peroxiredoxin 2 levels in early neurological deterioration following acute 
intracerebral hemorrhage. In addition, an applicable cutoff value was obtained, accompanied by the maximum Youden index. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; 95% CI, 95% confidence interval.
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distinguishable performance of serum Prdx2 levels merged with hematoma volume and NIHSS scores was obviously higher than 
that of serum Prdx2 levels, NIHSS scores, and hematoma volume alone (all P<0.05; Figure 17), but was not substantially superior 
to that of NIHSS scores combined with hematoma volume (P>0.05; Figure 17).

Figure 16 Statistical evaluability of linearity relationship between serum peroxiredoxin 2 levels and probability of early neurological deterioration under restricted cubic 
spline in this group of 167 patients suffering from acute intracerebral hemorrhage. From a statistical perspective, a linear relationship was found between serum 
peroxiredoxin 2 levels and the risk of early neurological deterioration in patients with acute intracerebral hemorrhage patients (P for nonlinear >0.05).

Figure 17 Receiver operating characteristic curve analysis with respect to variances in predictive performances of serum peroxiredoxin 2 levels, other variables and merged 
model on early neurological deterioration following acute intracerebral hemorrhage to all 167 patients. Serum peroxiredoxin 2 levels were comparable to the National 
Institutes of Health Stroke Scale scores and hematoma volumes (both P>0.05). Serum peroxiredoxin 2 levels combined with National Institutes of Health Stroke Scale scores 
and hematoma volume had a predictive ability to substantially exceed serum peroxiredoxin 2 levels, National Institutes of Health Stroke Scale scores, and hematoma volume 
(all *P<0.05), but did not exceed the combination of National Institutes of Health Stroke Scale scores with hematoma volume (P>0.05) in the entire group of 167 patients 
with acute intracerebral hemorrhage. 
Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; ns, non-significant; NIHSS, National Institutes of Health Stroke Scale.
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Discussion
To the best of our knowledge, no data are available regarding blood Prdx2 levels in patients with brain injury, and we 
proceeded with the exploration of temporal variations in serum Prdx2 levels following ICH. To accomplish this clinical 
investigation, a fraction of patients were willing to draw blood at many time points after ICH. This portion of the 
patients, with analogous baseline features as all patients, held admission serum Prdx2 levels similar to all patients, 
signifying that this portion of patients could represent the whole group of current patients to some extent from a statistical 
perspective. Here, serum Prdx2 levels were evidently increased during the early phase after ICH, continued to ascend, 
reached a peak value, and thereafter slowly decreased until day 14 post-ICH, and were still substantially higher during 14 
days than those of controls. These results offer scientific evidence to support the hypothesis that blood Prdx2 levels may 
be elevated in patients with ICH.

The protective or detrimental effects of Prdx2 principally rely on its intracellular or extracellular.17 Intracellular Prdx2 
may display protective functions via antioxidation,18–20 whereas extracellular Prdx2 derived from the spillage of 
damaged cells may confer detrimental properties by facilitating inflammation.21–23 In the central nervous system, 
Prdx2 has become a therapeutic target for diseases such as cerebral infarction, traumatic brain injury, ICH, and 
Alzheimer’s disease.17 A succession of evidence has accumulated regarding the abundant expression of Prdx2 in 
neurons.24,25 Moreover, there has been a plethora of data showing that Prdx2 expression in neurons could be drastically 
increased in response to experimental brain injury attributable to trauma, hemorrhage, or ischemia.21–23 Prdx2 can be 
found in the cerebrospinal fluid of patients with aneurysmal subarachnoid hemorrhage or traumatic brain injury, and its 
levels are decisively enhanced in such a state.26 Prdx2 can spill from damaged neurons secondary to brain injury.17 

Clearly, blood brain barrier permeability is disrupted by acute ICH.32 Thus, it is possible that Prdx2 leakage into the 
peripheral blood system via the damaged blood-brain barrier may in part contribute to the elevation of blood Prdx2 levels 
subsequent to ICH.

Peripheral cells such as vascular and red blood cells are rich in Prdx2.10 Reportedly, Prdx2 may be released from 
erythrocyte lysate following aneurysmal subarachnoid hemorrhage.33 Systemic inflammatory response syndrome speci
fically mirrors the resultant systemic injury after ICH, in which the immune system becomes overactive, thereby 
incurring excessive release of cytokines.34–36 This type of anomalous response frequently leads to cell destruction, tissue 
damage, and organ dysfunction.34–36 Thus, it is reasonable to assume that a portion of Prdx2 in peripheral blood may 
originate from peripheral cells.

Extracellular Prdx2 acts as a damage-associated molecule, potentiating it as a ligand to promote macrophages and 
glial cells to generate a cascade of inflammatory cytokines.21–23 The molecular mechanisms underlying this condition 
may be related to the activation of the TLR4/NF-κB signaling pathway.21–23 Our finding of an intensive elevation in 
serum Prdx2 levels in response to acute ICH indicates whether spilling of Prdx2 from injured neurons or other peripheral 
cells or leakage of Prdx2 to the peripheral system from the central nervous system may strongly enhance the release of 
inflammatory mediators from glial cells or macrophages, thereby aggravating neuroinflammation and even systemic 
inflammation. Overall, Prdx2 may be a crucial component of the mechanisms involved in secondary brain injury 
following ICH.

The clinical application of the NIHSS score and hematoma volume in the assessment of ICH severity is well 
acknowledged.37–39 In the current study, baseline NIHSS scores and hematoma volume were strongly correlated with 
serum Prdx2 levels at all seven pre-specified time points in those 61 patients with ICH, and the two baseline indicators 
were highly related to admission serum Prdx2 levels in all 167 patients. Therefore, serum Prdx2 levels may reflect ICH 
severity. The mRS is an excellent metric of neurological functional status.40,41 The mRS scores at six months post-ICH 
were highly correlated with serum Prdx2 levels at all seven predefined time intervals in those 61 patients with ICH. 
Additionally, serum Prdx2 levels at admission significantly increased in the order of mRS scores. Thus, it is reasonable to 
assume that serum Prdx2 levels may mirror the clinical outcome of ICH.

In our study, a mRS scores of 3–6 indicated a poor prognosis. Poor prognosis, along with two other adverse effects of 
ICH, END and SAP, were selected as the three outcome variables of interest. Among those 61 patients, serum Prdx2 
levels at admission possessed analogous predictive capability under the ROC curve for poor prognosis, END, and SAP as 
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those on days 1, 3, 5, 7, 10, and 14 after ICH. Therefore, serum Prdx2 level at admission should be a powerful tool for 
predicting the clinical outcomes of ICH. Statistically, linear correlations were verified between admission serum Prdx2 
levels and the preceding outcome variables in all 167 patients diagnosed with ICH. Furthermore, their independent 
associations were demonstrated with admission serum Prdx2 levels. Up to now, there has been a paucity of data available 
as regards the mechanisms of Prdx2’s relevance to SAP and END. However, occurrences of SAP and END are 
powerfully related to heightened inflammation,42,43 and Prdx2, upon spillage from damaged cells, can exert deleterious 
effects on cells via promoting inflammation.21–23 Thus, it is reasonably believed that links between Prdx2, SAP and END 
may be interpreted by inflammatory activation. Nevertheless, such a hypothesis should be confirmed in future.

Given that the NIHSS score and hematoma volume are the two strong prognostic determinants of ICH,37–39 they were 
considered as two comparative objects. Admission serum Prdx2 levels efficiently discriminated the risks of poor 
prognosis, END, and SAP as well as had similar predictive ability as NIHSS scores and hematoma volume. 
Alternatively, NIHSS scores and hematoma volumes were merged to form a combination model. In addition, these 
two approaches, together with serum Prdx2 levels at admission, were combined to build a consolidation model. By 
comparing the two models, it is possible that serum Prdx2 levels were more advantageous in predicting poor prognosis 
than in forecasting END and SAP. In summary, serum Prdx2 levels may confer high merits for predicting clinical 
outcomes after acute ICH.

This study has several strengths and disadvantages. The strengths are that (1) this may be the first series to discern the 
relationship between serum Prdx2 levels and clinical outcomes of acute brain injury diseases; subsequently, serum Prdx2 
as a prognostic candidate of ICH was verified; and (2) for the sake of determining prognostic implications of serum 
Prdx2 in prognosticating clinical outcomes, three outcome variables, that is, SAP, END, and poor prognosis, were chosen 
together, all associations were verified by aidance of multivariate analysis, and ROC curve analysis and restricted cubic 
spline were applied. Therefore, this study is considered to hold acceptable conclusions. The disadvantages are as follows: 
(1) although a dynamic variation in serum Prdx2 levels was discovered here, the sample size of those 61 patients 
consenting for suppling blood samples at several time points may not be sufficient as expected; thus, increasing the 
patient number is a worthily recommended mode; and (2) a collective of 167 cases may be statistically fully accepted to 
be adequate for clinical analysis, but a larger cohort study is conventionally warranted to further validate the conclusions 
for generalization. Moreover, as reported in this study, SAP and END had relatively low incidence, so, comparatively 
speaking, the total patient number should be increased to obtain stronger statistical power.

Conclusions
There is a dynamic alteration in serum Prdx2 levels within 14 days after acute ICH, with the highest levels observed 
on day 3. Admission serum Prdx2 levels, in firm relation to NIHSS scores and hematoma volume, are independently 
predictive of post-ICH SAP, END, and six-month poor prognosis, with excellent predictive efficiency for worse clinical 
outcomes. In summary, serum Prdx2 may be a powerful link to ICH severity and adverse clinical outcomes, solidifying 
serum Prdx2 as a prognostic biomarker with good prospects during the management of ICH.
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