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Abstract

Background: Post-stroke cognitive impairment (PSCI) is a common symptom of stroke and affects the quality of life and prognosis of
stroke survivors. In our study, we evaluated the efficacy of Human urinary kallidinogenase (HUK) on cognitive function in acute ischemic
stroke (AIS) patients, and discussed the role of cystatin C (CysC) in improving PSCI.Methods: We enrolled a retrospective cohort with
prospective follow-up. From August 2020 to May 2021, 130 patients completed the final follow-up. Among them, 61 patients received
HUK combined with basic treatment, which we defined as the HUK group, and 69 patients received basic treatment, which we defined
as the control group. We compared the changes of CysC, urea nitrogen and creatinine levels after one week of treatment between the
two groups. Cognitive function was assessed by Montreal Cognitive Assessment (MoCA) at 3-month after AIS. Results: No significant
differences in demographic data and Laboratory tests between two groups before treatment. A total of 67 patients (51.5%) were diagnosed
as PSCI at 3-month follow-up, among which, 25 patients were in the HUK group and 42 patients were in the control group. Compared
with the control group (60.9%), the incidence of PSCI was significantly lower in the HUK group (41.0%). In addition, the serum CysC
level after a week of treatment significantly decreased from baseline in HUK group (p = 0.037), in comparison, the serum CysC level
in the control group was basically unchanged (p = 0.951). There was a significant negative correlation between MoCA score and the
level of CysC after treatment (p = 0.003, r = –0.373). Conclusions: HUK can reduce the risk of PSCI at 3-month in AIS patients. The
decrease of serum CysC level may be one of the mechanisms by which HUK reduces the incidence of PSCI.
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1. Introduction
Acute ischemic stroke (AIS) is one of the diseaseswith

the highest morbidity in the world. Although the incidence
rate of stroke has decreased in recent years, the absolute
number of stroke is gradually increasing. It has become the
main cause of disability in human beings and poses a se-
rious threat to human health [1–3]. Post-stroke cognitive
impairment (PSCI) is one of the common symptoms after
stroke. The prevalence of PSCI ranges from 20 to 80 per-
cent, varying for the difference of countries, ethnicities and
diagnostic criteria [4]. Previous studies have reported that
PSCI may be related to many factors, such as infarct lo-
cation, vascular risk factors, inflammatory mediators [5,6],
etc. At the same time, PSCI is also an independent predic-
tor of recurrent ischemic stroke [7], affecting the quality of
life and prognosis of stroke survivors.

Human urinary kallidinogenase (HUK), one of the
tissue kallikreins, is a glycoprotein extracted from huma-
nurine, which plays a biological role by activating the pos-
itive regulation of the kallikrein–kinin system [8]. Previ-
ous studies have confirmed the positive effects of HUK in
the treatment of AIS, including reducing ischemic cerebral
injury, decreasing recurrence risk and promoting good re-

covery [9,10]. However, the effect of HUK on cognitive
function after AIS has not been reported. Therefore, we de-
signed this experiment to study the influence of HUK on
PSCI. Additionally, since HUK mainly acts on kidney and
blood vessels, and is eliminated through urine [11], we ex-
amined the related indicators of renal function before and
after HUK treatment to observe the influence of HUK on
them.

2. Methods
2.1 Study population

We retrospectively collected the consecutive patients
with AIS who had been hospitalized at the First Affiliated
Hospital of China Medical University from August 2020 to
May 2021 and the demographic data and clinical informa-
tion were collected within a month of discharge from the
hospital. Inclusion criteria included: (1) age ≥18 years
old; (2) those who were first diagnosed as AIS by mag-
netic resonance imaging; (3) onset time less than 72 h; and
(4) those who had the results of peripheral blood on admis-
sion and had the results of CysC, urea nitrogen and crea-
tinine after one week of treatment. Exclusion criteria in-
cluded: (1) patients with cerebral hemorrhage; (2) patients
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with a history of any central nervous system diseases; and
(3) patients who cannot cooperate with clinical examina-
tions due to difficulties in hearing, vision or speaking. We
also excluded the patients who were treated with endovas-
cular therapy or intravenous thrombolysis during hospital-
ization. The survey was approved by the Ethics Committee
of the First Affiliated Hospital of China Medical Univer-
sity, and was conducted in accordance with the Declaration
of Helsinki. Written informed consent was provided by all
participants or their legal representatives.

2.2 Study design and therapeutic methods
We obtained the data of patients from our database

system and baseline data of demographic characteristics,
clinical features, and medication history of the eligible pa-
tients during hospitalization were recorded. We divided
the eligible patients into two groups based on the treatment
they received. Both of the two groups received basic treat-
ment according to their condition, including neuroprotec-
tion, lipid-lowering therapy with statins, antiplatelet ther-
apy, controlling blood pressure and blood glucose. We de-
fined the patients received HUK combined with basic treat-
ment as the HUK group, and the patients received only ba-
sic treatment as the control group. In the HUK group, 0.15
PNA unit of HUK injection plus 100 mL saline in intra-
venous infusion was taken once a day for 7 consecutive
days. Peripheral blood of AIS patients in both groups was
collected respectively on admission and one week after ad-
mission. Biochemical parameters were measured on an au-
tomated haematology analyzer. This was a retrospective
cohort with prospective follow-up. During the follow-up,
we would systematically control the patients’ blood pres-
sure and blood glucose. We compared the differences in
cognitive function between the two groups 3 months after
stroke. We also discussed the changes of CysC, urea nitro-
gen and creatinine level after treatment and the correlation
with PSCI.

2.3 Assessment of outcomes
The primary outcome was cognitive function at 3-

month after AIS. We used the Montreal Cognitive Assess-
ment (MoCA) to assess cognitive function. The total score
of MoCA is 30 points, and the lower the score, the more se-
vere the cognitive impairment [12]. On the basis of criteria,
cognitive function is classified as follows: no cognitive im-
pairment is defined by scores from 27 to 30, PSCI is defined
by scores from 0 to 26, and post-stroke dementia (PSD) is
defined by scores from 0 to 22. In this analysis, a score of
≤26 on the MoCA indicated cognitive impairment [12,13].

2.4 Statistical analysis
Baseline characteristics were compared among the

two groups. Continuous variables were expressed as means
with standard deviations (SD). Differences between groups
were tested using the independent-samples t-test or anal-

ysis of variance (ANOVA). Categorical variables were de-
scribed by frequencies with percentages, and theχ2 test was
used to examine differences. Pearson’s correlation coeffi-
cients and scatter plots were used to investigate the rela-
tionship between CysC and PSCI. For all the analyses, p
< 0.05 was considered statistically significant. Statistical
analyses were performed using the SPSS program (Version
21.0, SPSS Inc., Chicago, IL, USA).

3. Results
During August 2020 to May 2021, a total of 150 pa-

tients were enrolled in this study, of which 130 cases were
eligible for the study. Twenty patients were lost to follow-
up or refused to complete the scale at 3 months. The de-
mographic data and clinical information are shown in Ta-
ble 1. 61 patients were in the HUK group, and 69 patients
were in the control group. No significant differences in age,
sex, smoking, drinking, diabetes, hypertension, cardiovas-
cular disease, atrial fibrillation, National Institute of Health
Stroke Scale (NIHSS) and modified Rankin scale (MRS)
score at admission was found between the two groups. Lab-
oratory indicators at admission, such as uric acid, low-
density lipoprotein cholesterol (LDL-cholesterol) and ho-
mocysteine (HCY), were also not statistically significant
between the two groups.

A total of 67 patients (51.5%) were diagnosed as PSCI
at 3 months follow-up, among which, 25 patients were in
the HUK group and 42 patients were in the control group.
We presented MoCA score of all patients at 3 months in
Table 2. Compared with the control group (60.9%), the in-
cidence of PSCI was lower in the HUK group (41.0%), and
the difference was statistically significant (p = 0.024). Al-
though the incidence of PSD in the HUK group (8.2%) was
lower than that in the control group (10.1%), the difference
was not statistically significant (p = 0.147).

We respectively compared the changes of CysC, urea
nitrogen, creatinine levels in the HUK and control group be-
fore and after treatment in Table 3. The serum CysC level
decreased from baseline in HUK group, and the difference
was statistically significant (p = 0.037). In comparison, the
serum CysC level in the control group was basically un-
changed before and after basic treatment (p = 0.951). Cre-
atinine in control group were also decreased from baseline.
No significant difference in urea nitrogen levels were found
before and after treatment.

Fig. 1 presents linear correlation betweenMoCA score
and the level of CysC after treatment. There was a sig-
nificant negative correlation between MoCA score and the
level of CysC after treatment both in HUKgroup (p = 0.003,
r = –0.373) and control group (p = 0.023, r = –0.274).

4. Discussion
This prospective study showed that patients treated

with HUK had a higher MoCA scores at 3-month com-
pared with control group. There was no significant differ-
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Table 1. Basic characteristics of all patients between the two groups.
Variables* HUK group (n = 61) Control group (n = 69) χ2/t p

Age (year) 63.7 ± 10.93 65.77 ± 9.62 –1.145 0.254
Sex (male) 43 (70.5) 41 (59.4) 1.736 0.188
Current smoking (n, %) 22 (36.1) 23 (33.3) 0.107 0.744
Current drinking (n, %) 7 (11.5) 6 (8.7) 0.278 0.598
Hypertension (n, %) 43 (70.5) 47 (68.1) 0.086 0.770
Cardiovascular disease (n, %) 11 (18) 13 (18.8) 0.014 0.906
Diabetes (n, %) 27 (44.3) 27 (39.1) 0.351 0.553
Atrial fibrillation (n, %) 4 (6.6) 6 (8.7) 0.016 0.899
NIHSS at admission 5.39 ± 4.88 5.32 ± 4.12 0.094 0.925
MRS score 2.38 ± 1.39 2.48 ± 1.24 –0.438 0.662

Lesion location (n, %)
Frontal lobe 6 (9.8) 11 (15.9) 1.062 0.303
Parietal lobe 8 (13.1) 14 (20.3) 1.186 0.276
Temporal lobe 5 (8.2) 6 (8.7) 0.01 0.919
Occipital lobe 3 (4.9) 2 (2.9) 0.02 0.888
Basal ganglia 22 (36.1) 17 (24.6) 2.013 0.156
Brainstem 9 (14.8) 6 (8.7) 1.164 0.281
Cerebellum 5 (8.2) 8 (11.6) 0.415 0.519
Other 3 (4.9) 5 (7.3) 0.034 0.853

Stroke etiology, n (%) 2.435 0.119
Atherosclerosis 38 (62.3) 50 (72.5)
Cardio embolism 4 (6.6) 6 (8.7)
Small vessel occlusion 18 (29.5) 13 (18.8)
Other undetermined etiology 1 (1.6) 0 (0.0)

Laboratory variables
Uric acid, µmol/L 318.46 ± 151.37 322.41 ± 94.66 –0.18 0.857
HDL-cholesterol, mmol/L 1.12 ± 0.62 1.1 ± 0.3 0.234 0.815
Triglyceride, mmol/L 1.63 ± 0.75 1.76 ± 1.12 –0.769 0.443
Total cholesterol, mmol/L 4.8 ± 1.11 4.77 ± 1.42 0.106 0.916
LDL-cholesterol, mmol/L 3.14 ± 0.97 2.99 ± 1.22 0.772 0.442
Glycated hemoglobin, % 6.87 ± 1.63 6.73 ± 1.75 0.451 0.653
HCY, µmol/L 16.18 ± 9.15 14.97 ± 8.86 0.767 0.445
Hemoglobin, g/L 139.59 ± 19.85 131.88 ± 24.73 1.942 0.054
CysC, mg/L 1.37 ± 0.62 1.3 ± 0.6 0.673 0.502
Urea nitrogen, mmol/L 7.85 ± 4.2 6.88 ± 2.85 1.556 0.122
GFR, mL/min per 1.73 m2 76.42 ± 24.48 78.77 ± 23.27 –0.56 0.576
Creatinine, µmol/L 92.79 ± 45.43 91.3 ± 79.46 0.128 0.898
Uric acid, µmol/L 318.46 ± 151.37 322.41 ± 94.66 –0.18 0.857
HDL-cholesterol, mmol/L 1.12 ± 0.62 1.1 ± 0.3 0.234 0.815
Triglyceride, mmol/L 1.63 ± 0.75 1.76 ± 1.12 –0.769 0.443
Total cholesterol, mmol/L 4.8 ± 1.11 4.77 ± 1.42 0.106 0.916
LDL-cholesterol, mmol/L 3.14 ± 0.97 2.99 ± 1.22 0.772 0.442
Glycated hemoglobin, % 6.87 ± 1.63 6.73 ± 1.75 0.451 0.653
HCY, µmol/L 16.18 ± 9.15 14.97 ± 8.86 0.767 0.445
Hemoglobin, g/L 139.59 ± 19.85 131.88 ± 24.73 1.942 0.054
CysC, mg/L 1.37 ± 0.62 1.3 ± 0.6 0.673 0.502
Urea nitrogen, mmol/L 7.85 ± 4.2 6.88 ± 2.85 1.556 0.122
GFR, mL/min per 1.73 m2 76.42 ± 24.48 78.77 ± 23.27 –0.56 0.576
Creatinine, µmol/L 92.79 ± 45.43 91.3 ± 79.46 0.128 0.898
NIHSS, National Institute of Health Stroke Scale; MRS, modified Rankin scale; HDL, high-density lipopro-
tein; LDL, low-density lipoprotein; HCY, homocysteine; HUK, human urinary kallidinogenase; CysC, cys-
tatin C; GFR, glomerular filtration rate. *Continuous variables are expressed as mean ± standard deviation
or median (interquartile range). Categorical variables are expressed as frequency (%).
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Table 2. Outcomes of MoCA score of all patients at 3 months.
HUK group (n = 61) Control group (n = 69) χ2 p

MoCAscore
≤22 5 (8.2) 7 (10.1)

22<Y≤26 20 (32.8) 35 (50.7) 5.237 0.073
>26 36 (59.0) 27 (39.1)

PSCI ≤26 25 (41.0) 42 (60.9) 5.126 0.024
PSD ≤22 5 (8.2) 7 (10.1) 0.147 0.702
HUK, human urinary kallidinogenase; MoCA, Montreal Cognitive Assessment; PSCI, post-stroke
cognitive impairment; PSD, post-stroke dementia.

Table 3. Comparison of CysC, urea nitrogen, creatinine levels before and after treatment.
Group Time CysC (mg/L) Urea nitrogen (mmol/L) Creatinine (µmol/L)

HUK group (n = 61)

Before treatment 1.37 ± 0.62 7.85 ± 4.2 92.79 ± 45.43
After treatment 1.31 ± 0.6 7.19 ± 3.43 88.74 ± 59.69
t value 2.128 1.283 0.909
p value 0.037 0.204 0.367

Control group (n = 69)

Before treatment 1.3 ± 0.6 6.88 ± 2.85 91.3 ± 79.46
After treatment 1.3 ± 0.67 6.61 ± 5.41 84.72 ± 84.15
t value 0.061 0.502 4.274
p value 0.951 0.617 0.000

HUK, human urinary kallidinogenase; CysC, cystatin C.

Fig. 1. Linear correlation between MoCA score and the level of CysC after treatment. There was a significant negative correlation
between MoCA score and the level of CysC after treatment. (a) HUK group. (b) Control group. HUK, human urinary kallidinogenase;
CysC, cystatinC.

ence in PSD at 3-month between the two groups, but PSCI
did, so early scale assessment and related examination is
necessary. At the same time, we found the level of serum
CysCdecreased significantly after treatment, while the con-
trol group did not. And there was a significant negative
correlation between the decreased CysC level and PSCI in
HUKgroup. These results suggest that treatment with HUK
decreased the risk of PSCI, and the serum CysC level dur-
ing treatment may play a role in reducing the morbidity of
PSCI.

HUK has been listed as a state category I new drug
approved by China’s State Food and Drug Administration,

widely used in the treatment of AIS. Previous studies have
demonstrated that HUK can promote good recovery and re-
duce disability rates [9,10]. Recently, a multicenter, phase
IV study which enrolled 1206 eligible patients showed that
HUK not only had an acceptable safety and tolerability pro-
file in patients with AIS, it can also effectively improve neu-
rological function, further confirming its clinical efficacy
in a real-world large population [14]. However, whether
HUK can improve cognitive function in patients after AIS
has not been studied. PSCI has always been a hot research
topic, and PSCI is closely related to poor stroke outcomes
[15]. Previous studies have reported some factors associ-
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ated with PSCI, such as, alkaline phosphatase, vitamin D
and endostatin, but few studies have reported how to reduce
the incidence of PSCI [16–18]. In our study, we reported
that HUK can reduce the incidence of PSCI compared with
the control group, providing treatment for the prevention of
high-risk PSCI patients.

HUK is positively regulated by the kallikrein-kinin
system, and catalyzes the hydrolysis of low molecular
weight kininogens to vasoactive kinins, which activates the
bradykinin B1 and B2 receptors and induces a series of bi-
ological effects [19]. Activation of the kallikrein-kinin sys-
tem can protect neural function, and reduce neuro inflam-
mation and oxidative stress [20]. One animal study showed
that HUK treatment reduced neurodegeneration, necrosis
and apoptosis, and the PI3K/AKT/FoxO1 signaling path-
way may be involved in this process [21]. In addition, it
has been reported that HUK can decreased both Aβ1-40
and Aβ1-42 serum levels, thus preventing the development
and progression of AD [22]. Therefore, HUK may affect
the cognitive function of patients through different mecha-
nisms. In our study, we examined the related indicators of
renal function before and after HUK treatment, and found
that the level of CysC decreased significantly after treat-
ment, while no change was observed in the control group,
suggesting that one of themechanisms of HUK reducing the
incidence of PSCI may be its effect on the level of serum
CysC.

CysC is a new biomarker, which is closely related to
cardiovascular and cerebrovascular diseases, has been paid
more and more attention in recent years [23,24]. Previous
studies found that the increase of CysC was strongly as-
sociated with dementia and cognitive impairment [25–27].
Compared with patients without AIS, the serum CysC lev-
els in patients with A I S is significantly higher, and it can
be used as a predictor of the risk of AIS [28].

Furthermore, one study suggested that high serum
CysC level can increase the risk of vascular dementia af-
ter AIS and detection of CysC and CST3 gene polymor-
phism may contribute to the early diagnosis of vascular de-
mentia [29]. Therefore, reducing CysC levels may reduce
the incidence of PSCI. Our study has confirmed that there
was a significant negative correlation betweenMoCA score
and the level of CysC after treatment in two groups, which
may explain the mechanism of preventing the occurrence
of PSCI under the effect of HUK.

CysC is closely related to kallikrein–kinin system.
CysC and kininogens are all belong to the cystatin super-
family, both of which were inactivated by cathepsin D
[30]. HUK can activate kallikrein–kinin system and trans-
fer kininogens hydrolysis into kinin, then exert biological
effects. How does HUK act on CysC is not clear so far. The
mechanism may be that activated kinin accelerates CysC
degradation, but further researches are needed.

5. Conclusions
In conclusion, HUK can reduce the risk of PSCI at 3-

month in AIS patients. Although the incidence of PSD be-
tween the two groups was not statistically significant, there
was also a decrease in HUK group. Early attention to the
cognitive status of stroke patients is necessary. The de-
crease of CysC may be one of the mechanisms by which
HUK reduces the incidence of PSCI, which may provide a
new mechanism for PSCI prevention.
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