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Background: Translocator protein (TSPO) is a biomarker of neuroinflammation and brain injury. This study aimed to ascertain the
potential of serum TSPO as a predictor of cognitive impairment after acute intracerebral hemorrhage (ICH).

Methods: In this prospective observational cohort study, 276 patients with supratentorial ICH were randomly assigned to two groups
(184 patients in the study group and 92 in the validation group) in a 2:1 ratio. Serum TSPO levels were gauged at admission, and
cognitive status was assessed using the Montreal Cognitive Assessment Scale (MoCA) post-stroke 3 months. A MoCA score of < 26
was considered indicative of cognitive impairment.

Results: Serum TSPO levels were inversely correlated with MoCA scores (p=—0.592; P<0.001). Multivariate linear regression
analysis showed that serum TSPO levels were independently associated with MoCA scores (B, —0.934; 95% confidence interval
(CI), —1.412-0.455; VIF, 1.473; P<0.001). Serum TSPO levels were substantially higher in patients with cognitive impairment than in
the remaining patients (median, 2.7 versus 1.6 ng/mL; P<0.001). Serum TSPO levels were linearly correlated with the risk of cognitive
impairment under a restricted cubic spline (P=0.325) and independently predicted cognitive impairment (odds ratio, 1.589; 95% CI,
1.139-2.216; P=0.016). Subgroup analysis showed that the relationship between serum TSPO levels and cognitive impairment was not
markedly influenced by other parameters, such as age, sex, drinking, smoking, hypertension, diabetes mellitus, body mass index, and
dyslipidemia (all P for interaction > 0.05). The model, which contained serum TSPO, National Institutes of Health Stroke Scale scores
and hematoma volume, performed well under the receiver operating characteristic curve, calibration curve and decision curve, and
using the Hosmer-Lemeshow test. This model was validated in the validation group.

Conclusion: Serum TSPO level upon admission after ICH was independently associated with cognitive impairment, substantializing
serum TSPO as a reliable predictor of post-ICH cognitive impairment.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is a frequently encountered emergency disorder that represents devastating
cerebrovascular disease.' Cognitive impairment has been believably accepted as a very common complication among
ICH survivors and its emergence severely affects the quality of life among such patients.” A series of molecular reactions
such as inflammation, oxidation, apoptosis, and necrosis contribute to the pathophysiological processes underlying
cognitive impairment.® Conventionally, severity scales such as the National Institutes of Health Stroke Scale (NIHSS)
and hematoma volume are used to predict cognitive impairment in patients with ICH.* Notably, many researchers have
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gradually concentrated on various biomarkers that may aid in the prediction of cognitive impairment during clinical work
of ICH.>’

Translocator protein (TSPO) is a transmembrane protein on the outer mitochondrial membrane that was initially
recognized as a peripheral benzodiazepine receptor.® This mitochondrial protein is involved in varieties of microglial
inflammatory responses, such as cytokine secretion, proliferation, motility, and phagocytosis.”'° Notably, TSPO expres-
sion in the brain has been identified as a marker of brain injury and neuroinflammation in numerous neurological
diseases, including encephalitis, multiple sclerosis, stroke, and head trauma.''"13 Experimentally, TSPO ligands exert
beneficial effects in counteracting neuroinflammation and neuronal damage under many neuropathological conditions
such as ischemic stroke, ICH, and traumatic brain injury.'*'® Interestingly, circulating TSPO has emerged as
a biochemical marker for assessing severity and predicting poor neurologic function in patients with ICH, head trauma,
and stroke.'”'? Here, we enrolled a group of ICH survivors to investigate the predictive value of serum TSPO level for
post-ICH cognitive impairment.

Materials and Methods
Study Design, Ethical Approval, and Participant Selection

Between January 2018 and July 2022, a prospective observational unicentral cohort study was performed to determine
the relationship between serum TSPO levels and cognitive status among ICH survivors at the Shengzhou People’s
Hospital. Patients with ICH were consecutively enrolled, and eligible survivors with ICH were randomly divided into
two groups (study and validation groups) in a 2:1 ratio. The recruitment criteria were as follows: (1) primary
supratentorial intraparenchymal hemorrhage; (2) age > 18 years; (3) first-onset stroke; (4) conservative hematoma
treatment; and (5) hospital admission within 24 h post-ICH. The exclusion criteria were as follows: (1) history of
neuropsychiatric diseases, such as cognitive decline, dementia, psychosis, intracranial tumors, Parkinson’s disease,
intracranial infection, and multiple sclerosis; (2) systemic diseases or severe diseases in other organs, such as malig-
nancies, heart failure, liver cirrhosis, uremia, chronic obstructive pulmonary disease, and ascites; (3) specific conditions,
such as death within 3 months after ICH, refusal to participate, pregnancy, missed visits, incomplete materials, and
unavailable samples; and (4) other conditions affecting the scale assessment, such as aphasia, dysarthria, and visual or
hearing impairment. This study was conducted in compliance with the guidelines of the Declaration of Helsinki and its
amendments. The study protocol was approved by the Ethics Committee of the Shengzhou People’s Hospital (No. 2020-
K-Y-007-01). Patients’ proxies provided written informed consent to participate in this study.

Data Collection and Cognitive Assessment

The registered demographic data included age, sex, educational duration, and body mass index (BMI). BMI was
estimated using the following equation: body weight (kg) divided by height squared (m?). The recorded vascular risk
factors were cigarette smoking, alcohol consumption, hypertension, diabetes mellitus, and dyslipidemia. Previously used
drugs include statins, anticoagulants, and antiplatelet agents. The heart rate, respiratory rate, body temperature, blood
oxygen saturation, and arterial blood pressure at admission were measured noninvasively. Baseline hematoma volume
was calculated using the following equation:0.5%axbxc. Hematoma locations were divided into superficial and deep sites.
Hematoma with subarachnoid or intraventricular extension was observed. Neurological status was assessed using the
NIHSS score. Cognitive status was assessed using the Montreal Cognitive Assessment Scale (MoCA) three months after
ICH. A MoCA score of <26 was defined as cognitive impairment. If the schooling educational time was no longer than
12 years, the MoCA score was added by 1 point to correct the bias of schooling years.>°

Sample Collection and Immune Analysis

Venous blood collected at admission was used to measure the TSPO levels. A 5-mL blood sample was acquired via
antecubital venipuncture, promptly put into a gel-containing biochemistry tube, and then spun for 20 min at 3000 X
g. Separated serum was decanted into an Eppendorf tube and preserved at — 80 °C freezer until assayed. About every
three months, a batch of serum samples was melted, and TSPO levels were quantified using a human TSPO enzyme-
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linked immunosorbent assay kit (SEJ628Hu; Cloud-Clone Corp., USA) following the manufacturer’s instructions. The
detection range varied from 0.312 to 20 ng/mL, detection sensitivity was 0.114 ng/mL, the intra-assay coefficient of
variation was < 10%, and the inter-assay coefficient of variation was < 12%. All measurements were performed in
duplicate by the same skilled personnel who were blinded to patient information. The two measurements were averaged
for subsequent data analysis.

Statistical Analysis
The SPSS 23.0 software (SPSS Inc., Chicago, IL, USA), R 3.5.1, software (https://www.r-project.org), and GraphPad
Prism 7.01 (GraphPad Software Inc., San Diego, California, USA) were used for statistical analysis and figure formation.

MedCalc 20.1 (MedCalc Software, Mariakerke, Belgium) was in use for estimation of sample size. In the current study,
there should be a least sample size at 38 and 49 for bivariate correlation analysis and intergroup comparison respectively.
The least number of cognitive impairment cases should be 51 for multivariate analysis. Hence, the sample size was
enough big for statistical analysis in this study. The Kolmogorov—Smirnov test was done for testing normal distribution
of measurement data. Measurement data conforming to a normal distribution are shown as the mean (standard deviation,
SD), and intergroup comparisons were performed using the independent sample #-test. Those with non-normal distribu-
tions are presented as medians (lower-upper quartiles), and intergroup comparisons were performed using the Mann—
Whitney U-test. Enumeration data were reported as counts (proportions), and the chi-squared test or Fisher’s exact test
was used for intergroup comparisons. Bivariate correlations between the MoCA scores and other variables were analyzed
using Spearman’s rank correlation coefficient. Using MoCA scores as the dependent variable, a multivariate linear
regression model was configured to ascertain the independent correlated factors. Correlations are reported as beta ()
(95% confidence interval, 95% CI) and VIF values. The area under the receiver operating characteristic (ROC) curve
(AUC) was estimated and an optimal value was chosen using the Youden method. Using the restricted cubic spline, the
linear correlation between serum TSPO levels and risk of cognitive impairment was determined. The multivariate logistic
regression model was constructed to explore the factors that independently influenced cognitive impairment.
Associations are presented as odds ratios (OR) (95% CI). Subgroup analysis was performed for age, sex, drinking,
smoking, diabetes mellitus, dyslipidemia, and hypertension using the stratified logistic regression model. Interactions
between the subgroups were tested using the likelihood ratio test. The prediction model, in which the independent factors
of cognitive impairment were incorporated, was described using the nomogram. The prediction efficiency of the model
was assessed using the ROC curve, its prediction fit was determined using the Hosmer-Lemeshow goodness of fit
statistics and calibration curve analysis, and its clinical effectiveness was investigated using the decision curve analysis.
To assess the predictive efficiency of serum TSPO levels and the combination model, AUCs were compared between the
study and validation groups. Differences were considered statistically significant at two-sided P < 0.05.

Results

Patient Recruitment and Baseline Characteristics

During the study period, an aggregate of 436 patients with ICH were consecutively enrolled in accordance with the prespecified
inclusion criteria; based on the presented exclusion criteria, 160 patients were excluded from this study; and finally, 276 patients
were appropriate for further clinical investigation (Figure 1). The demographic, clinical, radiological, and biochemical data are
presented in Table 1. The study group included 184 patients and the validation group comprised 92 patients. There were no
significant differences in the baseline data between the study and validation groups (all P>0.05; Table 2).

Admission Serum TSPO and MoCA Scores 3 Months After ICH

As depicted in Figure 2, serum TSPO levels were highly inversely correlated with the MoCA scores (P<0.001). As
shown in Table 3, the MoCA scores at three months post-stroke were intimately correlated with age, intraventricular
hemorrhage, NIHSS scores, hematoma volume, blood glucose levels, serum C-reactive protein levels, and serum TSPO
levels (all P<0.05). Subsequently, the seven variables were incorporated into the multivariate linear regression model, and
it was revealed that the factors that were independently correlated with the MoCA scores were serum TSPO levels (f,
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(1) primary supratentorial intraparenchymal hemorrhage.
(2) age equal to or greater than eighteen years.

(3) first-onset stroke.

(4) hematoma conservative treatment.

436 consecutively recruited patients
in compliance with inclusion criteria

(5) hospital admission of post-ICH 24 hours.

160 excluded patients:

(1) histories of neuropsychiatric diseases. (33 cases)

»| (2) systemic diseases or severe diseases in other organs. (31 cases)
(3) some specific conditions. (54 cases)

(4) other conditions affecting the scale assessment. (42 cases)

Grouped randomly
in the ratio of 2:1 Study group: 184 cases Validation group: 92 cases

Cognitive impairment:  Cognitive impairment:
L Presence: 98 cases Presence: 52 cases

276 were eligible

Absence: 86 cases Absence: 40 cases

Figure | Flow diagram for selecting appropriate patients with acute intracerebral hemorrhage. A cohort of 436 patients underwent an initial assessment in accordance with
the enrollment criteria, and 276 patients were finally selected as eligible subjects for further clinical study after 160 patients were removed from this study. Subsequently,
they were randomly divided into two group at a ratio of 2:1. The study group comprised 184 patients, 98 with 3-month cognitive impairment after stroke, and the validation
group comprised 92 patients, 52 of whom experienced 3-month cognitive impairment post-stroke.

~0.934; 95% CI, —1.412-0.455; VIF, 1.473; P<0.001), hematoma volume (B, —0.171; 95% CI, —0.330-0.013; VIF, 1.369;
P=0.034), and NIHSS score (B, —0.594; 95% CI, —0.873-0.315; VIF, 3.705; P<0.001).

Admission Serum TSPO Levels and 3-Month Cognitive Impairment After ICH
As shown in Figure 3, serum TSPO levels were markedly higher in patients with 3-month cognitive impairment than in those

without cognitive impairment (P<0.001). As shown in Table 4, compared with patients without cognitive impairment, those with

Table | Basic Data of Patients with Acute Intracerebral

Hemorrhage

All Patients
Age (years) 61.2+10.7
Gender (male/female) 157/119
Body mass index (kg/m?) 23.4+3.6
Educational time (years) 10 (6-13)
Hypertension 173 (62.7%)
Diabetes mellitus 72 (26.1%)
Dyslipidemia 98 (35.5%)
Cigarette smoking 105 (38.0%)
Alcohol drinking 113 (40.9%)
Previous statin use 79 (28.6%)
Previous anticoagulant use 22 (8.0%)
Previous antiplatelet use 54 (19.6%)
Admission time after stroke (h) 10.5 (6.9-14.9)
Sampling time after stroke (h) 12.1 (8.9-17.2)
Systolic arterial pressure (mmHg) 144.9+23.6
Diastolic arterial pressure (mmHg) 86.0£10.9
Hemorrhagic locations (superficial/deep) 81/195
Intraventricular hemorrhage 73 (26.5%)

(Continued)
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Table | (Continued).

All Patients
Subarachnoid hemorrhage 22 (8.0%)
NIHSS scores 7 (5-10)
Hematoma volume (mL) I (7-16)
MoCA scores 25 (20.5-28)
Cognitive impairment 150 (54.4%)
Blood leucocyte count (% 10%/1) 8.4 (6.2-10.7)
Blood glucose levels (mmol/l) 10.3 (8.4-12.2)
Serum C-reactive protein levels (mg/l) 13.5 (9.0-17.1)
Serum translocator protein levels (ng/mL) 2.1 (1.3-3.2)

Notes: Data were shown as counts (percentages), means + standard deviations or
medians (upper-lower quartile).

Abbreviations: NIHSS indicates National Institutes of Health Stroke Scale; MoCA,
Montreal Cognitive Assessment Scale.

Table 2 Basic Data Between Study Group and Validation Group Among Patients with Acute
Intracerebral Hemorrhage

Study Group Validation Group P values
Age (years) 61.8+10.8 60.0+10.4 0.189
Gender (male/female) 107/77 50/42 0.547
Body mass index (kg/m?) 23.2+3.5 23.8+3.7 0.227
Educational time (years) 10 (6-13) 10.5 (6-13) 0.671
Hypertension 109 (59.2%) 64 (69.6%) 0.095
Diabetes mellitus 42 (22.8%) 30 (32.6%) 0.081
Dyslipidemia 65 (35.3%) 33 (35.9%) 0.929
Cigarette smoking 72 (39.1%) 33 (35.9%) 0.599
Alcohol drinking 78 (42.4%) 35 (38.0%) 0.489
Previous statin use 54 (29.4%) 25 (27.2%) 0.706
Previous anticoagulant use 14 (7.6%) 8 (8.7%) 0.753
Previous antiplatelet use 32 (17.4%) 22 (23.9%) 0.198
Admission time after stroke (h) 10.2 (6.9-14.8) 10.6 (7.4-15.4) 0.762
Sampling time after stroke (h) 12.1 (8.7-17.0) 12.2 (8.8-17.5) 0.688
Systolic arterial pressure (mmHg) 143.7+22.8 147.3£24.9 0.220
Diastolic arterial pressure (mmHg) 85.5£10.5 86.9%11.5 0.326
Hemorrhagic locations (superficial/deep) 52/132 29/63 0.575
Intraventricular hemorrhage 46 (25.0%) 27 (29.4%) 0.440
Subarachnoid hemorrhage 15 (8.2%) 7 (7.6%) 0.875
NIHSS scores 7 (5-10) 7.5 (5-10) 0.718
Hematoma volume (mL) 10 (7-16) 12 (7-17) 0.338
MoCA scores 25 (21-27.5) 24 (19.5-28.0) 0.581
Cognitive impairment 98 (53.3%) 52 (56.5%) 0.608
Blood leucocyte count (x10°/1) 8.3 (6.1-10.5) 9.2 (64-11.1) 0.478
Blood glucose levels (mmol/l) 10.4 (8.7-12.6) 9.6 (8.2-11.9) 0.282
Serum C-reactive protein levels (mg/l) 13.5 (9.0-16.7) 13.8 (9.4-17.5) 0.283
Serum translocator protein levels (ng/mL) 2.0 (1.1-3.3) 2.1 (1.5-3.1) 0.301

Notes: Data were shown as counts (percentages), means * standard deviations or medians (upper-lower quartile). Intergroup
comparisons were done using the Chi-square test, Fisher exact test, Student’s t-test or Mann—-Whitney test as appropriate.
Abbreviations: NIHSS, indicates National Institutes of Health Stroke Scale; MoCA, Montreal Cognitive Assessment Scale.

cognitive impairment were significantly older and had a higher ratio of superficial to deep bleeding, NIHSS scores, hematoma
volume, blood glucose levels, serum C-reactive protein levels, and serum TSPO levels (all P<0.05). As shown in Figure 4, serum
TSPO levels were linearly related to the risk of 3-month cognitive impairment under a restricted cubic spline (P=0.325). All the

International Journal of General Medicine 2023:16 heeps: 5393
Dove!


https://www.dovepress.com
https://www.dovepress.com

Zhou et al Dove

[=2]

1 p=-0.592
P<0.001

v

N
1

Serum TSPO levels (ng/ml)

e LTIN
R !:.';
. .o..!’l:
.o
0 L] L] L] L] 1
5 10 15 20 25 30

MoCA scores

Figure 2 Serum translocator protein levels at admission and Montreal Cognitive Assessment Scale scores three months after acute intracerebral hemorrhage. Serum
translocator protein levels at admission were significantly inversely related to three-month Montreal Cognitive Assessment Scale scores following acute intracerebral
hemorrhage (P<0.001).

Abbreviations: TSPO, translocator protein; MoCA, Montreal Cognitive Assessment Scale.

above-mentioned seven significant variables were forced into the binary multivariate logistic regression model, and it was found
that NIHSS scores (odds ratio, 1.238; 95% CI, 1.016-1.509; P=0.009), hematoma volume (odds ratio, 1.139; 95% CI, 1.068—
1.215; P=0.011), and serum TSPO levels at admission (odds ratio, 1.789; 95% CI, 1.139-2.416; P=0.016) were retained as the

three independent predictors of three-month cognitive impairment (using Hosmer-Lemeshow good-of-fit test, P=0.528).

Table 3 Factors in Relation to the Montreal Cognitive Assessment
Scale Scores at Three Months After Acute Intracerebral Hemorrhage

Rho P value
Age (years) —0.171 0.020
Gender (male/female) 0.020 0.786
Body mass index (kg/m?) —0.057 0.440
Educational time (years) 0.065 0.379
Hypertension —0.099 0.182
Diabetes mellitus —0.141 0.057
Dyslipidemia —0.079 0.284
Cigarette smoking 0.098 0.187
Alcohol drinking 0.068 0.362
Previous statin use —0.033 0.661
Previous anticoagulant use —0.051 0.494
Previous antiplatelet use —0.016 0.831
Admission time after stroke (h) —0.036 0.624
Sampling time after stroke (h) —0.031 0.680
Systolic arterial pressure (mmHg) —0.087 0.240
Diastolic arterial pressure (mmHg) —0.062 0.402
Hemorrhagic locations (superficial/deep) —0.143 0.052
Intraventricular hemorrhage —0.165 0.025
Subarachnoid hemorrhage —0.076 0.307
NIHSS scores —0.681 < 0.001
Hematoma volume (mL) —0.638 < 0.001
Blood leucocyte count (x10%/1) —-0.107 0.147
Blood glucose levels (mmol/l) —0.194 0.008
Serum C-reactive protein levels (mg/L) —0.199 0.007
Serum translocator protein levels (ng/mL) —0.592 <0.001

Note: Bivariate correlations were assessed using the Spearman test.
Abbreviation: NIHSS, indicates National Institutes of Health Stroke Scale.
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Figure 3 Serum translocator protein levels at admission and cognitive impairment three months after acute intracerebral hemorrhage. Cognitive impairment was defined as
a Montreal Cognitive Assessment Scale score < 26 points. Serum translocator protein levels at admission were substantially higher in patients with 3-month cognitive
impairment than in those without 3-month cognitive impairment (P<0.001). Serum translocator protein levels were shown as median (lower-upper quartiles).
Abbreviations: Cl, cognitive impairment; TSPO, translocator protein.

Subgroup analysis showed that the relationship between serum TSPO levels and cognitive impairment was not significantly

affected by other parameters, such as age, sex, drinking, smoking, hypertension, diabetes mellitus, body mass index, and

dyslipidemia (all P for interaction > 0.05; Figure 5).

Intracerebral Hemorrhage

Table 4 Factors in Relation to Cognitive Impairment at 3 Months After Acute

Cl Non- CI P values

Age (years) 63.4£10.2 59.9£11.2 0.026
Gender (male/female) 54/44 53/33 0.371

Body mass index (kg/m?) 23.4%3.6 23.0+3.3 0.369
Educational time (years) 10 (6-13) 12 (7-16) 0.064
Hypertension 63 (64.3%) 46 (53.5%) 0.137
Diabetes mellitus 25 (25.5%) 17 (19.8%) 0.354
Dyslipidemia 35 (35.7%) 30 (34.9%) 0.906
Cigarette smoking 32 (32.7%) 40 (46.5%) 0.055
Alcohol drinking 37 (37.8%) 41 (47.7%) 0.174
Previous statin use 28 (28.6%) 26 (30.2%) 0.805
Previous anticoagulant use 7 (7.1%) 7 (8.1%) 0.799
Previous antiplatelet use 15 (15.3%) 17 (19.8%) 0.426
Admission time after stroke (h) 10.7 (7.6-14.8) 9.9 (6.4-14.6) 0.290
Sampling time after stroke (h) 12.3 (9.1-17.1) 11.6 (7.9-16.9) 0.354
Systolic arterial pressure (mmHg) 144.5+23.3 142.7+22.4 0.581

Diastolic arterial pressure (mmHg) 86.0+11.1 85.0+9.8 0.552
Hemorrhagic locations (superficial/deep) 34/64 18/68 0.039
Intraventricular hemorrhage 30 (30.6%) 16 (18.6%) 0.061

Subarachnoid hemorrhage 10 (10.2%) 5 (5.8%) 0.278
NIHSS scores 9 (7-12) 5 (3-8) < 0.001
Hematoma volume (mL) 15 (9-20) 7 (411 < 0.001
Blood leucocyte count (x10/1) 8.5 (6.5-10.8) 7.9 (5.9-10.1) 0.252
Blood glucose levels (mmol/l) 10.8 (8.9-13.4) 10.1 (8.2-11.4) 0.023
Serum C-reactive protein levels (mg/l) 15.2 (10.5-17.4) 1.5 (7.9-16.1) 0.012
Serum translocator protein levels (ng/mL) 2.7 (1.74.1) 1.6 (0.8-2.1) <0.001

Notes: Data were shown as counts (percentages), means * standard deviations or medians (upper-lower quartile).
Intergroup comparisons were done using the Chi-square test, Fisher exact test, Student’s t-test or Mann—Whitney
test as appropriate.

Abbreviations: NIHSS, indicates National Institutes of Health Stroke Scale; CI, cognitive impairment.
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Figure 4 Restricted cubic spline showing the relationship between admission serum translocator protein levels and the likelihood of 3-month cognitive impairment after
acute intracerebral hemorrhage. Serum translocator protein levels at admission were linearly correlated with the risk of cognitive impairment three months after acute
intracerebral hemorrhage (P>0.05).

Abbreviations: TSPO, denotes translocator protein; OR, odds ratio; 95% Cl, 95% confidence interval.

Construction and Validation of the Cognitive Impairment Prediction Model

As shown in Figure 6, serum TSPO levels significantly discriminated the risk of 3-month cognitive impairment (AUC,
0.758; 95% CI, 0.690-0.818; P<0.001). Using the Youden method, serum TSPO levels more than 2.18 ng/mL predicted
cognitive impairment, with a maximum Youden index (0.423). Interestingly, in contrast to NIHSS scores (AUC, 0.788;
95% CI, 0.722—0.845) and hematoma volumes (AUC, 0.782; 95% CI, 0.715-0.840), serum TSPO levels had similar
predictive values (P=0.423 and 0.555, respectively). In addition, serum TSPO levels significantly improved the AUC of
NIHSS scores to 0.824 (95% CI, 0.761-0.876; P=0.012) and that of hematoma volume to 0.821 (95% CI, 0.758-0.874;
P=0.047). Next, a nomogram composed of NIHSS scores, hematoma volume, and serum TSPO levels at admission was
constructed to assess the risk of 3-month cognitive impairment after ICH (Figure 7). The prediction model showed
comparative stability using calibration curve analysis (Figure 8). This prediction model had a significantly higher
predictive ability in terms of AUC than the combination of NIHSS score and hematoma volume (P=0.014; Figure 9).
Furthermore, the prediction model was clinically effective based on the decision curve analysis (Figure 10). As shown in
Table 5, serum TSPO levels had a similar predictive ability and additive effects on NIHSS scores, hematoma volume, and
both the study and validation groups (all P>0.05).

Discussion

TSPO is primarily derived from glial cells, and TSPO has been regarded as a biomarker of brain injury and neuroin-
flammatory responses in the central nervous system.* '® Gradually, circulating TSPO has been accepted as a biochemical
marker that reflects the severity and clinical outcomes of ischemic stroke, traumatic brain injury, and ICH.""~'* We found
some noteworthy results: (1) serum TSPO levels, which were independently correlated with 3-month MoCA scores, were
independently associated with 3-month cognitive impairment after ICH; (2) serum TSPO levels displayed substantial
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Subgroup analysis Total (n) OR (95% ClI) P values P interaction Values

Age >65years 88 2.061 (1.217-3.491) 0.007 H— 0.067
< 65 years 96 1.168 (0.732-1.865) 0.515

Gender Male 107 1.627 (1.024-2.584) 0.039 0.919
Female 77 1.298 (0.750-2.248) 0.351

Alcohol drinking ' Yes 78 2.621 (1.270-5.410) 0.009 1 0.052
No 106 1.224 (0.773-1.939) 0.389 | gl

Cigarette smoking Yes ' 72 2.514 (1.155-5.476)  0.020 —-— 0.098
No 12 1.176 (0.744-1.859) 0.489  HEH

Dyslipidemia Yes 65 1.822 (0.982-3.378) 0.057 +Hi— 0.499
No 119 1.579 (1.041-2.395) 0.032 HEH

Diabetes mellitus Yes 42 2.543 (0.953-6.786) 0.062 +—,— 0.900
No 142 1.589 (1.074-2.350) 0.020 -HEH

Hypertension Yes * 109 1.380 (0.902-2.112) 0.138 - 0.120
No 75 1.838 (0.977-3.460) 0.059 +Hi—

Educational time >12years 69 1.375 (0.864-2.187) 0.179 i 0.206
< 12years 115 2.714 (1.343-5.483) 0.005 11—

BMI >23.2kg/m? 84 " 1.666 (0.930-2.984) 0.086 0.118
<23.2kg/m? 100 1.496 (0.940-2.383) 0.089 I

Hematoma volume > 10 ml 94 1.599 (1.047-2.442) 0.030 -HEH 0.173
<10 mi 90 2.098 (1.221-3.608) 0.007 {HE—

NIHSS score >7 89 1.668 (1.157-2.403) 0.016 {HEH 0.214
<7 95 1.886 (1.292-2.741) 0.011 1HEH

0123456738

Figure 5 Subgroup analysis of the association between serum translocator protein levels and 3-month cognitive impairment after acute intracerebral hemorrhage and
interaction analysis between subgroups. The relationship between serum translocator protein levels and cognitive impairment was not substantially influenced by other
parameters, such as age, sex, drinking, smoking, hypertension, diabetes mellitus, body mass index, and dyslipidemia (all P for interaction > 0.05).

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index; OR, odds ratio; 95% Cl, 95% confidence interval.
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Figure 6 Receiver operating characteristic curve of admission serum translocator protein levels predicting cognitive impairment 3 months following acute intracerebral
hemorrhage. Using the Youden method, serum translocator protein levels > 2.18 ng/mL distinguished the risk of cognitive impairment 3 months after acute intracerebral
hemorrhage with medium-high specificity and sensitivity. The black arrow indicates the cutoff value of serum translocator protein levels.

predictive ability for cognitive impairment at 3 months after ICH, which was verified using a series of statistical methods
in the study group; and (3) additive effects of serum TSPO levels on NIHSS scores and hematoma volume were
demonstrated in both the study and validation groups. Thus, serum TSPO level may be a reliable predictor of cognitive

impairment after ICH.
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Figure 7 Nomogram describing the prediction model of cognitive impairment 3 months after acute intracerebral hemorrhage. A nomogram was constructed to visually
display the prediction model of post-stroke three-month cognitive impairment in which serum translocator protein levels, National Institutes of Health Stroke Scale scores,
and hematoma volume were integrated.

Abbreviations: TSPO, translocator protein; NIHSS, National Institutes of Health Stroke Scale.
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Figure 8 Calibration curve showing stability of the predictive model of cognitive impairment three months after acute intracerebral hemorrhage. The prediction model
remained stable for the prediction of cognitive impairment three months after acute intracerebral the calibration curve.
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Figure 9 Receiver operating characteristic curve with respect to discriminatory ability of the prediction model for cognitive impairment three months after acute
intracerebral hemorrhage. The prediction model, which contained serum translocator protein levels, National Institutes of Health Stroke Scale scores, and hematoma
volume, had a significantly higher predictive ability for cognitive impairment 3 months after acute intracerebral hemorrhage, in contrast to the combination of National
Institutes of Health Stroke Scale scores and hematoma volume (P<0.05).

Note: * P<0.05.

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; TSPO, translocator protein; AUC, area under the curve; 95% Cl, 95% confidence interval.
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Figure 10 Decision curve exhibiting the clinical benefit of the prediction model of cognitive impairment 3 months after acute intracerebral hemorrhage. The prediction
model, which contained serum translocator protein levels, National Institutes of Health Stroke Scale scores and hematoma volume, was clinically beneficial in predicting
cognitive impairment three months after acute intracerebral hemorrhage.
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Table 5 Additive Effects of Serum Translocator Protein Levels Between Study Group and Validation Group with Respect to

Predicting Cognitive Impairment at 3 Months After Acute Intracerebral Hemorrhage

Study Group Validation Group P values
Serum TSPO levels 0.758 (0.690-0.818) | 0.753 (0.652-0.837) 0.927
Serum TSPO levels combined with NIHSS scores 0.824 (0.761-0.876) | 0.819 (0.725-0.892) 0.927
Serum TSPO levels combined with hematoma volume 0.821 (0.758-0.874) | 0.800 (0.703-0.876) 0.690
Serum TSPO levels combined with NIHSS scores and hematoma volume | 0.832 (0.770-0.883) | 0.804 (0.708-0.879) 0.601

Notes: Predictive ability was reported as area under receiver operating characteristic curve (95% confidence interval). Intergroup comparisons were done using
the Z test.
Abbreviations: NIHSS, indicates National Institutes of Health Stroke Scale; TSPO, translocator protein.

Cognitive impairment is a common neurodegenerative disease characterized by a decline in memory and/or other
cognitive processes, and is often associated with poor patients.”! Previously, cognitive impairment was considered
a chronic condition, which is apt to occur in the elderly;** gradually, a new concept was formed that acute brain injury,
whether hemorrhagic or ischemic stroke, can also lead to the occurrence of cognitive impairment.”® The pathophysio-
logical mechanisms implicated in cognitive impairment are complex and may be related to ischemia, hypoxia, neuroin-
flammation, oxidation, apoptosis and necrosis.”* The MoCA is a conventional scale used to assess cognitive
impairment.”® However, early prediction remains a major clinical challenge. For acute brain injury diseases, clinical
and radiological severity scales such as NIHSS and hematoma volume may be potential predictive factors for cognitive
impairment after ICH.* Notably, some biomarkers have drawn extensive interest for decades with respect to their
predictive significance in cognitive impairment.>’

TSPO is mainly expressed in the glial cells of brain tissues.® This expression pattern coincides with microglial
activation.”> Subsequently, brain and even circulating TSPO were reported to be related to the extent of both brain injury
and neuroinflammatory responses in various brain injury illnesses, including brain trauma, hemorrhage and ischemia.''”
131719 Thys, TSPO is identified as a biomarker of brain injury and neuroinflammation."''*"'"'* Accumulating evidence
has shown that TSPO participates in a diverse spectrum of microglial inflammatory responses, including cytokine
secretion, proliferation, motility, and phagocytosis.”®*’ Recently, TSPO ligands have been found to have protective
potential against ischemic stroke, ICH, and traumatic brain injury.'*'® Thus, TSPO may act as a protective receptor
against acute brain injury.

However, results regarding the effects of TSPO on cognitive function are inconsistent. TSPO ligands can reverse
Alzheimer’s related pathologies in mice.”® Another study supported the protective role of TSPO ligands in a tauopathy
mouse model.?’ Similarly, short-term treatment with the TSPO ligand PK11195 effectively improves behavioral and
pathological conditions in aged female mice.*® In addition, an experimental study demonstrated that TSPO may play
pivotal roles in microglial respiratory-glycolytic metabolism and phagocytosis, and its deletion may reduce the removal
of toxic protein aggregates in Alzheimer’s disease, indicating its protective function.>' In contrast, TSPO ligands may
alter synaptic plasticity, thereby causing cognitive impairment and indicating their detrimental effects.’> Overall, TSPO
may play a dual role in the occurrence and development of cognitive impairment. Thus, treatments of cognitive
impairment, which targets TSPO, warrant to be further studied.

Under normal physiological conditions, TSPO is scarcely expressed in brain tissues. Acute brain injuries, such as
ICH, traumatic brain injury, and cerebral ischemia, can increase the expression of TSPO in brain tissues.'* '® In patients
with Alzheimer’s disease, radioligand binding to the brain TSPO is strongly correlated with disease severity.** Also,
a meta-analysis, which contained twenty-eight studies enrolling 318 healthy individuals, 168 subjects with mild cognitive
impairment and 269 patients with Alzheimer’s disease, as well as assessing 37 brain regions, showed that TSPO could be
markedly upregulated throughout the whole brain of patients with mild cognitive impairment or Alzheimer’s disease.>*
The above evidence strongly supports the assumption that TSPO may be a potential biomarker of cognitive impairment.

Clearly, 90-day or 3-month neurological outcome is conventionally used as a prognostic parameter of ICH, because
patients will be at stable state of neurological function after post-ICH 90 days or 3 months.** " In other words, 90-day or
3-month cognitive impairment is believably accepted as a parameter for assessing status of cognitive function among
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ICH patients.*** In our study, the MoCA, which was assessed at 3 months after ICH, was regarded as a categorical or
continuous variable. Multivariate logistic regression analysis showed that apart from NIHSS scores and hematoma
volume, serum TSPO emerged as an independent predictor of cognitive impairment following ICH. Regarding the
additive effects of serum TSPO on NIHSS scores and hematoma volume alone or in combination, serum TSPO showed
significant efficiency in terms of AUC for predicting cognitive impairment after ICH. To effectively predict cognitive
impairment at three months after ICH, a nomogram was configured that incorporated NIHSS scores, hematoma volume,
and serum TSPO. The predictive model performed well in the validation group. Also, on subgroup analysis with
cognitive impairment as a dependent variable, there were no substantial interactions of serum TSPO levels with other
parameters, such as age, sex, drinking, smoking, hypertension, diabetes mellitus, body mass index, and dyslipidemia.
Hypothetically, serum TSPO level may be a promising predictor of cognitive impairment after ICH.

Conclusions

Admission serum TSPO levels, which were significantly inversely correlated with MoCA scores, were markedly
enhanced in patients with a 3-month cognitive impairment after ICH. Serum TSPO, NIHSS scores, and hematoma
volume appeared to be three independent predictors of cognitive impairment at three months following ICH. Moreover,
the prediction model, which was composed of NIHSS scores, hematoma volume, and serum TSPO, effectively predicts
post-ICH 3-month cognitive impairment three months post-ICH in the study and validation groups. Presumably, serum
TSPO may serve as a valuable predictive biomarker of cognitive impairment in patients with ICH.
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