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Histon deacetylase 4 (HDAC4) modulates memory and cognitive impairment, but its association with post-
stroke cognitive impairment (PSCI) is unclear.  This study aimed to investigate the potential of HDAC4 for 
predicting PSCI risk.  Sixty-nine PSCI patients and 70 control post-stroke (CPS) patients were enrolled in 
this case-control study.  In all stroke patients, HDAC4 in peripheral blood mononuclear cells was detected 
by quantitative polymerase chain reaction; T-helper 17 (Th17) cells were detected by flow cytometry, and 
interleukin-17A was detected by enzyme-linked immunosorbent assay.  HDAC4 was reduced in PSCI 
patients compared with CPS patients (P = 0.001).  In total stroke patients, HDAC4 showed negative 
linkages with age (P = 0.003), history of diabetes (P = 0.012), stroke recurrence (P = 0.001), Th17 cells (P 
= 0.027), and interleukin-17A (P = 0.002).  Additionally, multivariate logistic regression analysis revealed 
that HDAC4 (per unit) [odds ratio (OR) = 0.438, P = 0.024] was independently associated with a lower PSCI 
risk, but age (per unit) (OR = 1.061, P = 0.016) and multifocal disease (yes vs. no) (OR = 2.490, P = 0.014) 
were independently associated with a higher PSCI risk.  By receiver operator characteristic curves, HDAC4 
had an acceptable value for predicting PSCI risk [area under the curve (AUC) = 0.656, 95% confidence 
interval = 0.566-0.746].  The combination of HDAC4, age, and multifocal disease showed a good value for 
predicting PSCI risk (AUC = 0.728, 95% confidence interval = 0.644-0.811).  HDAC4 may serve as a 
potential biomarker for predicting PSCI risk, which could facilitate the early screening and prevention of 
PSCI, thus promoting the management of stroke.
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Introduction
Stroke is a major cause of disability and mortality in 

human beings.  This disease attacks over 12 million cases 
and induces over 6.5 million deaths annually worldwide 
(GBD 2019 Stroke Collaborators 2021).  The treatments for 
stroke mainly include thrombolysis or thrombectomy within 
a certain period of time window for ischemic stroke, as well 
as blood pressure and blood glucose management plus sur-
gery (if necessary) for hemorrhage stroke (Mendelson and 
Prabhakaran 2021; Magid-Bernstein et al. 2022).  However, 
patients with stroke may still develop cognitive impairment 

or even dementia under appropriate treatment (Rost et al. 
2022).  The occurrence of post-stroke cognitive impairment 
(PSCI) is associated with neuron cell death, change of syn-
aptic plasticity, inflammatory response, oxidative stress, and 
dysregulated immune response including high level and 
infiltration of T-helper 17 (Th17) cells (Mijajlovic et al. 
2017; Gottfried et al. 2021; Chi et al. 2023; Goncharov et 
al. 2024).  PSCI may induce sleep disorder, depression, and 
even physical disability, which also poses a huge burden for 
caregivers (Lanctot et al. 2020; Stolwyk et al. 2024).  
Therefore, early prediction of the risk of PSCI is vital for its 
prevention and intervention.
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Histone deacetylase 4 (HDAC4) modulates the tran-
scription of genes through regulating histone acetylation.  It 
participates in the pathogenesis of various diseases, includ-
ing cancers, diabetes mellitus, and cardiovascular diseases 
(Gong et al. 2019; Jiang et al. 2020; Cuttini et al. 2023).  
Moreover, it is also reported that HDAC4 could modulate 
memory and cognitive impairment (Fitzsimons et al. 2013).  
For instance, a previous study reported that either overex-
pression or knockdown of HDAC4 in the mushroom body, 
a vital structure for memory formation, impaired long-term 
memory in drosophila.  This study suggested that a normal 
level of HDAC4 was required for the maintenance of long-
term memory (Fitzsimons et al. 2013).  Another study 
showed that a high level of HDAC4 in the hippocampus 
induced neuronal apoptosis, thus facilitating cognitive 
impairment (Xu et al. 2023).  Apart from that, HDAC4 
could also regulate cognitive impairment through poten-
tially inhibiting Th17 differentiation.  Several studies have 
revealed that HDAC4 was negatively correlated with Th17 
proportion and response (Lu et al. 2015; Pei et al. 2018; 
Dou et al. 2022).  Meanwhile, Th17 cells are responsible 
for neuroinflammation and infiltration of neutrophiles in the 
brain to cause cognitive impairment (Cipollini et al. 2019).  
Based on the above evidence, we supposed that HDAC4 
might serve as a biomarker for PSCI.

The peripheral blood mononuclear cells (PBMCs), 
containing lymphocytes and monocytes, have been consid-
ered as a valuable and easy-acquired specimen of biomark-
ers (Alexovic et al. 2024).  Various studies have used 
PMBCs as specimen to evaluate biomarkers in different 
diseases such as diabetes, stroke, and cancers (Mosallaei et 
al. 2022).  Considering that HDAC4 might regulate cogni-
tive function through Th17, we assume that HDAC4 in 
PMBCs might act as a potential biomarker for PSCI.

The current study detected HDAC4 in PSCI and con-
trol post-stroke (CPS) patients, aiming to investigate the 
potential of HDAC4 for predicting the risk of PSCI.

Materials and Methods
Patients

In this case-control study, a total of 69 PSCI patients 
were enrolled as the case group, which were identified 
according to a Chinese expert consensus (Chinese Society 
of Vascular Cognitive Impairment 2021).  The inclusion 
criteria were: 1) diagnosed with stroke through clinical 
symptoms and imaging examinations; 2) identified as PSCI; 
3) aged more than 18 years old; 4) cooperated with blood 
sample collection.  A total of 70 CPS patients were enrolled 
as the control group.  The inclusion criteria of the control 
group were the same as for the cases except the presence of 
PSCI.  The exclusion criteria for both case and control 
groups were similar, which included: 1) patients with cog-
nitive impairment before stroke; 2) patients with cancers or 
hematological malignancies; 3) female patients who were 
pregnant or lactational.  Patients in both groups were 
enrolled from April 2022 to May 2023 with a ratio set as 

1:1.  Age and sex were not matched by intervention 
between PSCI and CPS groups.  This study obtained Ethics 
Committee approval and written informed consent from 
patients.

Data and sample collection
Clinical characteristics containing demographics and 

factors that commonly affected cognitive impairment in 
stroke patients (both groups) were collected.  These charac-
teristics included age, sex, body mass index (BMI), nation-
ality, education degree, history of smoke, history of hyper-
tension, history of hyperlipidemia, history of diabetes, 
multifocal, stroke recurrence, and stroke type.  Besides, 
peripheral blood samples were collected after enrollment, 
and each sample was divided into two parts for further 
detection.  One part of the blood sample was used to sepa-
rate peripheral blood mononuclear cells (PBMCs) for 
detecting HDAC4 expression by quantitative polymerase 
chain reaction assay and Th17 cells by flow cytometry 
assay; while the other part was used to separate serum for 
detecting interleukin-17A (IL-17A) by enzyme-linked 
immunosorbent assay.

HDAC4 expression detection
The HDAC4 expression in PBMCs was detected using 

the following kits: Trizol (No. Cat: R0016, Beyotime, 
China), cDNA Synthesis Kit with gDNA EZeraser (No. 
Cat: D7180S, Beyotime, China), and Talent qPCR PreMix 
(SYBR Green) (No. Cat: FP209, TianGen Biotech, China).  
GAPDH was set as a reference for normalization, and the 
PBMC HDAC4 expression was figured out via the 2-∆∆Ct 
method (the median value of CPS was set as control ‘1’).  
The list of primers used can be found in Supplementary 
Table S1.

Statistical analysis
Data analyses were completed using SPSS 26.0 (IBM, 

USA) software.  Data were described as mean ± standard 
deviation (SD), median with interquartile range (IQR), or 
number with percentage.  The comparison between groups 
was analyzed by the student t-test, Chi-square test, or 
Mann-Whitney U test.  The correlation analyses were con-
ducted using Spearman’s test.  All the clinical characteris-
tics of stroke patients were included in the univariate logis-
tic regression analyses.  The independent factors of PSCI 
risk were explored by the forward-stepwise multivariate 
logistic regression analysis.  The predictive ability of 
HDAC4 expression or the combined factors (independent 
risk factors in the multivariate analysis) was shown by 
receiver operator characteristic (ROC) curves.  A P value 
less than 0.05 was considered statistical significance.

Results
Characteristics of patients

PSCI patients had a mean age of 68.5 ± 7.5 years, con-
sisted with 35 (50.7%) males and 34 (49.3%) females; there 
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were 43 (62.3%) patients with multifocal disease and 21 
(30.4%) patients with stroke recurrence.  CPS patients had 
a mean age of 63.9 ± 8.4 years with 45 (64.3%) males and 
25 (35.7%) females; 26 (37.1%) patients had multifocal 
disease and 11 (15.7%) patients had stroke recurrence.

PSCI patients had a higher mean age (P = 0.001), less 
advanced education degree (P = 0.034), and higher propor-
tions of history of diabetes (P = 0.026), multifocal disease 
(P = 0.003), and stroke recurrence (P = 0.039) compared 
with CPS patients.  Moreover, the proportion of Th17 cells 

Table 1.  Clinical characteristics of stroke patients.

Characteristics Total stroke patients
(N = 139)

PSCI patients
(n = 69)

CPS patients
(n = 70) Effect size P value

Age (years)   66.2 ± 8.3 68.5 ± 7.5 63.9 ± 8.4 3.428 0.001a

Sex 2.616 0.106b

Male   80 (57.6) 35 (50.7) 45 (64.3)
Female   59 (42.4) 34 (49.3) 25 (35.7)

BMI (kg/m2)   24.3 ± 3.2 24.7 ± 3.4 24.0 ± 3.1 1.275 0.204a

Nationality 0.936 0.333b

Minorities 11 (7.9)   7 (10.1) 4 (5.7)
Han 128 (92.1) 62 (89.9) 66 (94.3)

Education degree 4.515 0.034b

High school and above   67 (48.2) 27 (39.1) 40 (57.1)
Middle school and below   72 (51.8) 42 (60.9) 30 (42.9)

History of smoke 2.684 0.101b

No   86 (61.9) 38 (55.1) 48 (68.6)
Yes   53 (38.1) 31 (44.9) 22 (31.4)

History of hypertension 3.557 0.059b

No   36 (25.9) 13 (18.8) 23 (32.9)
Yes 103 (74.1) 56 (81.2) 47 (67.1)

History of hyperlipidemia 2.096 0.148b

No   81 (58.3) 36 (52.2) 45 (64.3)
Yes   58 (41.7) 33 (47.8) 25 (35.7)

History of diabetes 4.941 0.026b

No   93 (66.9) 40 (58.0) 53 (75.7)
Yes   46 (33.1) 29 (42.0) 17 (24.3)

Multifocal 8.810 0.003b

No   70 (50.4) 26 (37.7) 44 (62.9)
Yes   69 (49.6) 43 (62.3) 26 (37.1)

Stroke recurrence 4.249 0.039b

No 107 (77.0) 48 (69.6) 59 (84.3)
Yes   32 (23.0) 21 (30.4) 11 (15.7)

Stroke type 2.048 0.152b

Ischemic 117 (84.2) 55 (79.7) 62 (88.6)
Hemorrhagic   22 (15.8) 14 (20.3)   8 (11.4)

Th17 cells (%)       2.7 (2.1-4.0)    3.0 (2.4-4.2)    2.4 (2.0-3.6) 2.442 0.015c

IL-17A (pg/mL)         63.8 (46.6-102.5)    71.7 (56.5-94.2)      54.9 (42.5-95.1) 2.837 0.005c

§1. To test the normality of continuous variables, the Kolmogorov-Smirnov test was employed.  Age and BMI were described as 
mean ± standard deviation, which followed a normal distribution. Th17 cells and IL-17A were described as median (interquartile 
range), following nonnormal distribution.  Other dichotomous variables left in the table were described as numbers (percentages).
§2. The superscript ‘a’ represented that the student t-test determined the P value between PSCI patients and CPS patients, and the 
corresponding effect size was ‘t’.  The superscript ‘b’ represented that the Chi-square test determined the P value between PSCI 
patients and CPS patients, and the corresponding effect size was ‘Chi-square’.  The superscript ‘c’ represented that the P value was 
determined by the Mann-Whitney U test between PSCI patients and CPS patients, and the corresponding effect size was ‘Z’. 
§3. The data for Th17 cells were partially missing.  In PSCI patients, data for 6 patients were missing, whereas in CPS patients, data 
for 12 patients were missing.
PSCI, post-stroke cognitive impairment; CPS, control post-stroke; BMI, body mass index; Th17 cells, T helper 17 cells; IL-17A, 
interleukin-17A.
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[median (IQR): 3.0 (2.4-4.2) % vs. 2.4 (2.0-3.6) %, P = 
0.015] and IL-17A level [median (IQR): 71.7 (56.5-94.2) 
pg/mL vs. 54.9 (42.5-95.1) pg/mL, P = 0.005] were both 
higher in PSCI patients compared with CPS patients.  Other 
characteristics, including sex, BMI, nationality, history of 
smoke, history of hypertension, history of hyperlipidemia, 
and stroke type, were not different between PCSI patients 
and CPS patients.  More detailed information is presented 
in Table 1.

HDAC4 expression in stroke patients
The median (IQR) HDAC4 expression in stroke 

patients was 0.90 (0.68-1.36).  Comparison analysis showed 
that HDAC4 expression was reduced in PSCI patients com-
pared with CPS patients [median (IQR): 0.80 (0.55-1.08) 
vs. 1.00 (0.76-1.66), P = 0.001] (Fig. 1).

Relationship of HDAC4 expression with stroke patients’ 
characteristics and Th17 cells

HDAC4 was negatively correlated with age in stroke 
patients (r = 0.247, P = 0.003).  Meanwhile, lower HDAC4 
expression was associated with history of diabetes (P = 
0.012) and stroke recurrence (P = 0.001).  However, no 
relationship was found in HDAC4 expression with BMI, 
sex, nationality, education degree, history of smoke, history 
of hypertension, history of hyperlipidemia, multifocal dis-
ease, or stroke type (all P > 0.05) (Table 2).

Moreover, HDAC4 expression was negatively corre-
lated with Th17 cells (P = 0.027) and IL-17A (P = 0.002).  
Th17 cells and IL-17A were positively correlated with each 

other (P < 0.001) (Table 3).

Factors affecting PSCI risk
HDAC4 expression (per unit), which means every 

increase in HDAC4 expression by 1, was associated with a 
lower PSCI risk [odds ratio (OR) = 0.355, P = 0.003].  Age 
(per unit) (OR = 1.076, P = 0.001), education degree (mid-
dle school and below vs. high school and above) (OR = 
2.074, P = 0.035), history of diabetes (yes vs. no) (OR = 
2.260, P = 0.028), multifocal disease (yes vs. no) (OR = 
2.799, P = 0.003), stroke recurrence (yes vs. no) (OR = 
2.347, P = 0.042), and IL-17A (per unit) (OR = 1.013, P = 
0.022) were associated with a higher PSCI risk (Table 4).  
By multivariate logistic regression analysis, HDAC4 
expression (per unit) (OR = 0.438, P = 0.024) was indepen-
dently associated with a lower PSCI risk; while age (per 
unit) (OR = 1.061, P = 0.016) and multifocal disease (yes 
vs. no) (OR = 2.490, P = 0.014) were independently associ-
ated with a higher PSCI risk (Table 5).

Prediction for PSCI risk
ROC analysis showed that the area under the curve 

(AUC) [95% confidence interval (CI)] of HDAC4 expression 
for predicting PSCI risk was of 0.656 (0.566-0.746), indicat-
ing an acceptable predictive value (Fig. 2A).  Nevertheless, 
after combining HDAC4 expression with age and multifo-
cal disease, the AUC (95% CI) for predicting PSCI risk 
increased to 0.728 (0.644-0.811), indicating a good predic-
tive value (Fig. 2B).

Fig. 1.  HDAC4 expression in total stroke patients, PSCI patients, and CPS patients. 
	 Mann-Whitney U test was used to analyze the difference in HDAC4 expression between CPS and PSCI patients.
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Discussion
Previous studies have identified that HDAC4 was dys-

regulated in patients with diseases associated with cognitive 
impairment (Shen et al. 2016; Wang et al. 2023a).  For 
instance, it was discovered that HDAC4 was markedly ele-
vated in the brain of patients with Alzheimer’s disease 
(Shen et al. 2016).  Another study observed that HDAC4 

was increased in the locus coeruleus and substantia nigra of 
patients with Braak stage 4 and 5 Parkinson’s disease 
(Wang et al. 2023a).  The current study revealed that 
HDAC4 was reduced in PSCI patients compared with CPS 
patients, which was different from the findings of previous 
studies (Shen et al. 2016; Wang et al. 2023a).  The possible 
explanation for this discrepancy could be that: previous 
studies detected HDAC4 in the brain tissues of patients 

Table 2.  Correlation of HDAC4 expression with characteristics of stroke patients.

Characteristics HDAC4 expression Effect size P value

Continuous variables
Age (−) −0.247 0.003a

BMI (−) −0.055 0.516a

Categorical variables
Sex −1.170 0.242b

Male 0.89 (0.71-1.52)
Female 0.90 (0.51-1.20)

Nationality −0.343 0.731b

Minorities 0.73 (0.68-1.35)
Han 0.91 (0.68-1.39)

Education degree −1.458 0.145b

High school and above 0.92 (0.71-1.55)
Middle school and below 0.87 (0.66-1.19)

History of smoke −1.271 0.204b

No 0.93 (0.70-1.37)
Yes 0.79 (0.66-1.32)

History of hypertension −1.856 0.063b

No 1.05 (0.79-1.74)
Yes 0.88 (0.67-1.15)

History of hyperlipidemia −1.079 0.281b

No 0.93 (0.70-1.44)
Yes 0.84 (0.67-1.21)

History of diabetes −2.507 0.012b

No 0.93 (0.73-1.42)
Yes 0.76 (0.46-1.25)

Multifocal −1.498 0.134b

No 0.92 (0.72-1.38)
Yes 0.84 (0.65-1.37)

Stroke recurrence −3.475 0.001b

No 0.95 (0.72-1.47)
Yes 0.71 (0.46-0.93)

Stroke type −0.675 0.500b

Ischemic 0.90 (0.69-1.38)
Hemorrhagic 0.91 (0.50-1.15)

§1. To test the normality of HDAC4 expression, the Kolmogorov-Smirnov test was 
employed. HDAC4 expression was described as median (interquartile range), which 
followed a nonnormal distribution.
§2. The superscript ‘a’ represented that the Spearman test determined the P value 
between HDAC4 expression and continuous variables, and the corresponding effect size 
was ‘r’. The superscript ‘b’ represented that the P value was determined by the Mann-
Whitney U test between HDAC4 expression and categorical variables, and the corre-
sponding effect size was ‘Z’.
HDAC4, histone deacetylase 4; BMI, body mass index.
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with Alzheimer’s disease or Parkinson’s disease (Shen et al. 
2016; Wang et al. 2023a), but the current study compared 
HDAC4 in the PBMCs of PSCI and CPS patients.  The dif-
ference in tissue/cell where HDAC4 was hosted could result 
in the diverse effect of HDAC4 on cognitive impairment.  
In detail, HDAC4 overexpression in the brain tissues pro-
moted apoptosis of hippocampal neurons and impairs syn-
aptic plasticity to induce cognitive impairment (Mielcarek 
et al. 2013; Xu et al. 2023); while HDAC4 insufficiency in 
the cluster of differentiation (CD)4+ T cells might facilitate 

the differentiation of Th17 cells to induce cognitive impair-
ment (Dou et al. 2022; Wang et al. 2023b).

The current study also revealed negative linkages of 
HDAC4 with Th17 cells, IL-17A, age, history of diabetes, 
and stroke recurrence in stroke patients.  The possible 
explanations were as follows: (1) HDAC4 negatively regu-
lated the differentiation of Th17 cells (Dou et al. 2022), 
which resulted in its negative correlation with Th17 cells 
and IL-17A in stroke patients.  (2) HDAC4 was negatively 
correlated with Th17 cells.  Meanwhile, Th17 cells were 

Table 3.  Correlation of HDAC4 expression with Th17 cells and IL-17A of stroke patients.

Items
Th17 cells IL-17A

Effect size P value Effect size P value

HDAC4 expression −0.201 0.027 −0.265 0.002
Th17 cells (−) (−) 0.413 < 0.001

§. The Spearman test determined the P value, and the corresponding effect size was ‘r’.
HDAC4, histone deacetylase 4; Th17 cells, T helper 17 cells; IL-17A, interleukin-17A.

Table 4.  Univariate logistic regression analysis of PSCI risk.

Characteristics OR (95% CI) P value

HDAC4 expression (per unit) 0.355 (0.178-0.710) 0.003
Age (per unit) 1.076 (1.029-1.125) 0.001
Sex (female vs. male) 1.749 (0.886-3.450) 0.107
BMI (per unit) 1.070 (0.964-1.188) 0.204
Nationality (Han vs. minorities) 0.537 (0.150-1.924) 0.339
Education degree (middle school and below vs. high school and above) 2.074 (1.054-4.080) 0.035
History of smoke (yes vs. no) 1.780 (0.890-3.558) 0.103
History of hypertension (yes vs. no) 2.108 (0.964-4.612) 0.062
History of hyperlipidemia (yes vs. no) 1.650 (0.836-3.256) 0.149
History of diabetes (yes vs. no) 2.260 (1.094-4.671) 0.028
Multifocal (yes vs. no) 2.799 (1.408-5.564) 0.003
Stroke recurrence (yes vs. no) 2.347 (1.030-5.344) 0.042
Stroke type (hemorrhagic vs. ischemic) 1.973 (0.769-5.058) 0.157
Th17 cells (per unit) 1.313 (0.991-1.739) 0.057
IL-17A (per unit) 1.013 (1.002-1.024) 0.022

PSCI, post-stroke cognitive impairment; OR, odds ratio; CI, confidence interval; HDAC4, histone deacety-
lase 4; BMI, body mass index; Th17 cells, T helper 17 cells; IL-17A, interleukin-17A.

Table 5.  Multivariate logistic regression analysis of PSCI risk.

Characteristics OR (95% CI) P value

HDAC4 expression (per unit) 0.438 (0.214-0.897) 0.024
Age (per unit) 1.061 (1.011-1.113) 0.016
Multifocal (yes vs. no) 2.490 (1.205-5.146) 0.014

§. HDAC4 expression, sex, body mass index (BMI), nationality, education degree, history 
of smoke, history of hypertension, history of hyperlipidemia, history of diabetes, multi-
focal, stroke recurrence, stroke type, and IL-17A were included in the analysis.
PSCI, post-stroke cognitive impairment; OR, odds ratio; CI, confidence interval; HDAC4, 
histone deacetylase 4.
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involved in age-associated senescence (Lee et al. 2011; Li 
et al. 2017).  Therefore, our study found that HDAC4 was 
negatively correlated with age in stroke patients.  (3) 
HDAC4 might inhibit the pathogenesis of diabetes.  
According to a study, HDAC4 knockdown mice had higher 
levels of circulating glucose, free fatty acid, and insulin 
compared with wild-type mice when treated with a high-fat 
diet.  This study suggested that HDAC4 knockdown facili-
tated insulin resistance and contributed to the pathogenesis 
of diabetes (Luan et al. 2014).  Therefore, our study 
revealed that HDAC4 was negatively associated with his-
tory of diabetes.  (4) Th17 cells were associated with stroke 
recurrence according to a previous study (Yu et al. 2022).  
Therefore, the current study found that HDAC4 was nega-
tively associated with stroke recurrence.

More importantly, our study also found that HDAC4 
showed an acceptable ability to predict the risk of PCSI, 
and it was independently associated with a lower risk of 
PCSI.  These findings could be explained by the ability of 
HDAC4 dysregulation to induce cognitive impairment as 
mentioned above (Mielcarek et al. 2013; Dou et al. 2022; 
Wang et al. 2023b; Xu et al. 2023).  Apart from HDAC4, 
age and multifocal disease were independently and posi-
tively associated with PSCI risk in our study.  These vari-
ables are well-recognized risk factors for PCSI (Mijajlovic 
et al. 2017).  In order to improve the predictive performance 
of HDAC4 to the risk of PCSI, we further combined it with 
age and multifocal disease.  The data revealed that perfor-
mance for predicting PSCI risk was promoted after combin-
ing HDAC4 with age and multifocal disease.  These find-
ings suggested that the combination of HDAC4, age, and 
multifocal disease could serve as a predictive tool to iden-
tify PSCI risk.  In clinical practice, the combination of 
HDAC4, age, and multifocal could be applied as a predic-
tive model for PSCI risk.  Clinicians could use this model 
to identify patients with a high risk of PSCI, thus imple-
menting more radical treatments to these patients, thus 
improving their prognosis.  Nevertheless, the AUC of 

HDAC4 combined with age and multifocal disease was still 
not great enough, which meant that predicting PSCI was 
not an easy issue.  Therefore, further studies are required to 
identify biomarkers with higher performance to predict 
PSCI risk.

Our study revealed the potential of HDAC4 for pre-
dicting PSCI risk, which had not been reported before.  
Meanwhile, our study detected HDAC4 from PBMCs, 
which were easy to acquire.  However, several limitations 
should be clarified.  First, the sample size was not large 
enough, and the predictive value of HDAC4 for PSCI risk 
should be verified in a larger sample size.  Second, the cur-
rent study did not enroll a validation cohort to confirm the 
predictive value of HDAC4 for PSCI risk.  Third, this study 
only enrolled stroke patients, and the predictive value of 
HDAC4 for cognitive impairment in other diseases, such as 
Alzheimer’s disease and Parkinson’s disease, should be fur-
ther investigated.  Fourth, the association of HDAC4 in 
other specimen with PSCI risk, such as cerebrospinal fluid, 
should be explored in further studies.

Collectively, HDAC4 is negatively linked with Th17 
cells, age, history of diabetes, and stroke recurrence in 
stroke patients; meanwhile, its low expression reflects a 
high risk of PSCI.  The findings of this study indicate that 
HDAC4 may be applied for the early screening and preven-
tion of PSCI.
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