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Abstract: Objective: To investigate the efficacy of ischemia-modified albumin (IMA), lipoprotein-associated phos-
pholipase A2 (Lp-PLA2), brain-derived neurotrophic factor (BDNF), and visinin-like protein-1 (VILIP-1) in diagnos-
ing chronic cerebral hypoperfusion (CCH). Methods: This retrospective study included 84 patients with suspected
chronic cerebral ischemia admitted to Sichuan Provincial People’s Hospital between February 2021 and April 2022.
Arterial spin labeling (ASL) imaging and biological examinations were performed. According to the ASL perfusion
imaging patterns, the patients were divided into a CCH group (n = 55) and a non-CCH group (n = 29). Serum mark-
ers of the two groups were compared, and correlation analysis was conducted between ischemic marker levels and
cerebral blood flow (CBF) in the ischemic region, as measured by ASL. Receiver operating characteristic (ROC) curve
analysis was used to evaluate the efficacy of each marker for diagnosing chronic cerebral ischemia. The Delong test
was used to compare AUC size between groups. Results: Compared to the non-CCH group, the CCH group exhibited
higher IMA levels and lower BDNF concentrations (P < 0.05). However, VILIP-1 and Lp-PLA2 concentrations were
not significantly different between the two groups (P > 0.05). Moreover, IMA and BDNF levels were not correlated
with CBF in the hypoperfused area. ROC curve analysis demonstrated that the cut-off values of 24.2915 U/mL and
6.714 ng/L for IMA and BDNF achieved a sensitivity of 83.6% and 41.8% and a specificity of 62.1% and 93.1%,
respectively. Lastly, the areas under the curve for IMA and BDNF were 0.738 (95% confidence interval [CI], 0.627-
0.848) and 0.631 (95% ClI, 0.512-0.751), respectively. Conclusion: IMA and BDNF may have clinical value in the
diagnosis of CCH.
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Introduction functional impairment syndromes without clear
focal neurological signs [2, 3]. Epidemiological
studies in China suggest that two-thirds of the
population aged over 65 years have concurrent
CCH, with incidence rates of 50% and 25% in

those aged 50-65 years and 45-50 years,

Chronic cerebral hypoperfusion (CCH) lacks a
universally accepted definition; however, it is
characterized by chronically inadequate brain
perfusion. CCH primarily involves structural

cerebrovascular abnormalities and/or abnor-
mal blood concentration and hemodynamic
hypoperfusion. These conditions can be attrib-
uted to various reasons, leading to overall or
regional cerebral hypoperfusion in both anteri-
or and posterior circulations, failing to meet the
metabolic needs of normal brain tissue [1].
Consequently, the affected individuals may
experience chronic and fluctuating cerebral

respectively [4]. Clinical manifestations of CCH
are primarily nonspecific. Therefore, imaging
examinations such as computed tomography
(CT) and magnetic resonance (MR) perfusion
imaging, are crucial in CCH diagnosis and can
reveal locally or globally reduced perfusion.
Furthermore, MR perfusion imaging with arteri-
al spin labeling (ASL) can quantitatively analyze
cerebral blood flow (CBF) and reflect the meta-
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bolic activity in brain tissues, thereby aiding in
CCH diagnosis. However, imaging diagnosis of
CCH is costly and carries the risk of contrast-
induced nephropathy, with the patient having
already reached the stage of decompensat-
ed cerebral ischemia at the time of imaging
assessment. In contrast, serum examination is
a more economical and convenient method,
with relatively higher patient compliance. Hen-
ce, research exploring peripheral blood diag-
nostic markers for early CCH diagnosis is piv-
otal [4].

Previous studies have suggested that isch-
emia-modified albumin (IMA), lipoprotein-asso-
ciated phospholipase A2 (Lp-PLA2), brain-de-
rived neurotrophic factor (BDNF), and visinin-
like protein-1 (VILIP-1) could be diagnostic bio-
markers of coronary atherosclerotic heart dis-
ease and acute ischemic stroke [5-8]. However,
their expression levels in patients with CCH
remain unclear. Therefore, this study analyzed
the expression levels of these four biomarkers
in patients with CCH and their potential value in
CCH diagnosis.

Materials and methods
Study patients

This study obtained approval from the ethics
committee of Sichuan Provincial People’s
Hospital (approval number: Ethics Review
[Research] No. 55, 2022) and adopted a retro-
spective research design. Through the hospi-
tal's electronic medical record system, 84
patients suspected of having CCH and treat-
ed in the Department of Neurology between
February 2021 and April 2022 were included.
According to the ASL perfusion imaging pat-
terns, which serve as the gold standard for CCH
diagnosis, patients were divided into a CCH and
a non-CCH group. Inclusion criteria were as fol-
lows: 1) age between 40 and 80 years, 2) pres-
ence of high-risk factors and clinical symptoms
of CCH, 3) completion of ASL examination, and
4) availability of complete medical records and
outcome evaluation data. Exclusion criteria
were: 1) cerebral or myocardial infarction within
the past 3 months; 2) connective tissue dis-
ease or vasculitis; 3) atrial fibrillation or valvu-
lar heart disease; 4) severe infection or organ
dysfunction; 5) pregnancy; or 6) recent use of
statins, aspirin, or clopidogrel within the last 3
months.
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Clinical data collection

General characteristics and information relat-
ed to vascular disease risk factors, such as
age, sex, smoking habit, alcohol consumption,
hypertension, and diabetes, were obtained
from self-reported medical history. Laboratory
examination results, including fasting blood
glucose (FBG), glycated hemoglobin, total cho-
lesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL),
homocysteine (Hcy), and uric acid levels, and
ApoA1/B, were also collected.

MR imaging (MRI) examination and image pro-
cessing protocol

Enhanced ASL imaging was performed using
a 3.0-T MRI scanner (Discovery MR750, GE
Healthcare, Waukesha, WI, United States).
During the procedure, patients were positioned
supine, and head movements were restricted.
The acquisition parameters for routine cranial
MRI were as follows: (1) Tl-weighted images:
repetition time (TR) = 250.00 ms and echo time
(TE) = 2.50 ms; (2) T2-weighted images: TR =
5744.40 msand TE =95.00 ms; (3) T2-weighted
fluid-attenuated inversion-recovery images: TR
=10500.00 ms and TE = 94.00 ms; (4) 3D-ASL
images: TR = 4300 ms, TE = 17.9 ms, field of
view (FOV) = 300 mm x 300 mm, slice thick-
ness = 4.0 mm, bolus duration (BD) = 800 ms,
inversion time (TI) = 1800 ms, flip angle (FA) =
180°, and scan time = 5 min and 14 s.
Additionally, the acquisition parameters for per-
fusion-weighted imaging were as follows: TR =
6000 ms, TE = 17.9 ms, FOV = 300 mm x 300
mm, slice thickness = 4.0 mm, excitation num-
ber = 1, BD = 800 ms, Tl = 4000 ms, FA =
180°, and scan time = 3 min and 42 s. The
raw images obtained from the MR perfusion
scans were imported into MR Station software
(Chengdu Zhongying Medical Technology Co.,
Ltd.) and processed to generate perfusion color
maps, wherein red represented high perfusion
and blue or black denoted low perfusion. The
ASL images were assessed by two deputy chief
physicians of the imaging department and one
deputy chief physician of the neurology depart-
ment to determine the presence of cerebral
hypoperfusion areas and measure the CBF val-
ues in these areas. Normal CBF is approximate-
ly 50-55 mL/100 g of brain tissue/min (mL/100
g/min), with a reduction to 40 mL/100 g/min
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resulting in brain dysbolism. In this study, ASL
positivity was defined as CBF < 40 mL/100 g/
min.

Peripheral blood biomarker examination

Enzyme-linked immunosorbent assay was per-
formed to detect serum levels of IMA (zc-
34490), Lp-PLA2 (zc-54155), BDNF (zc-34227),
and VILIP-1 (zc-35325) using reagent kits pur-
chased from ZCIBIO Technology Co., Ltd.

Classification of test results

In this study, our primary results were IMA,
Lp-PLA2, BDNF, and VILIP-1 concentrations,
while secondary measures included CBF, clini-
cal symptoms, cerebrovascular disease risk
factors, and study population characteristics.

Statistical analysis

All statistical data were analyzed using SPSS
26.0 software. Normally distributed measured
data were presented as mean + standard devi-
ation (x = s) and compared between the two
groups via independent sample t-tests, with the
Pearson correlation test utilized for correlation
analysis. Non-normally distributed measured
data were expressed as medians and inter-
quartile ranges (M [Q1, Q3]), and their between-
group comparisons and correlation analysis
were conducted using the Mann-Whitney U test
and Spearman’s rank correlation test, respec-
tively. Categorical data were denoted as the
number of patients and percentages and com-
pared using the chi-square test. Moreover,
receiver operating characteristic (ROC) curves
were plotted, and the area under the curve
(AUC) was calculated to analyze the diagnostic
efficacy of the serum biomarkers for CCH. The
Delong test was used to compare AUC size
between groups. AUC values > 0.5 and differing
significantly from 0.5 indicated diagnostic value
of the indicator. The cut-off value was deter-
mined based on the point on the ROC curve
where Youden’s index was maximum. Finally, a
p-value of < 0.05 was considered significant,
and all tests were two-sided.

Results
Characteristics of the study population

A total of 84 patients (age, 46-78 [62.29 +
8.21] years) with suspected CCH were includ-
ed. Among them, 55 patients diagnosed with
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CCH based on the enhanced ASL imaging re-
sults were allocated to the CCH group, whereas
29 were categorized into the non-CCH group.
Table 1 presents the detailed characteristics of
the study population grouped according to CCH
diagnosis. The chief complaints of the patients
with CCH were dizziness (n = 30, 54.5%), dizzi-
ness and headache (n = 15, 27.3%), headache
(n =7, 12.7%), and head distension (n = 3,
5.5%). Furthermore, more than half of the
patients with CCH had multiple cerebral hypo-
perfusion areas (n = 34, 61.8%). Lastly, CBF in
the hypoperfusion area ranged from 1.88 to
51.1 mL/100 g/min, with a mean CBF of 24.72
mL/100 g/min.

Comparison of cerebrovascular disease risk
factors between the two groups

As shown in Table 1, the TC, LDL, HDL, and nor-
mal (N)-HDL levels in the CCH group were sig-
nificantly higher than those in the non-CCH
group (P < 0.05). However, no significant differ-
ences were observed in age, sex, smoking
habit, alcohol consumption, hypertension, dia-
betes, ApoA1/B, and FBG, TG, N-HDL, HDL, uric
acid, or Hcy levels between the two groups (P >
0.05).

Comparison of serum markers between the
two groups

Compared to the non-CCH group, the CCH
group demonstrated higher IMA and lower
BDNF levels (P < 0.05), while VILIP-1 and
Lp-PLA2 concentrations did not significantly
differ between the two groups (P > 0.05; Table
2).

Correlation of abnormally expressed serum
markers with CBF in the ischemic regions

As depicted in Table 3, correlation analysis sug-
gested that CBF values in the ischemic brain
region were not associated with IMA and BDNF
levels. Similarly, the stratification of the patients
in the CCH group according to CBF quartiles
(Table 4) showed no significant difference in
the serum IMA and BDNF concentrations
between those with the lowest CBF (< 15.76
mL/100 g/min) and with highest CBF groups (>
32.28 mL/100 g/min).

ROC curve analysis of the diagnostic serum
biomarkers for CCH

As illustrated in Figure 1, the ROC curve analy-
sis revealed that a cut-off value of 24.2915 U/
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Characteristic

Age (years)
Male
Smoking

Alcohol consumption

Hypertension
Diabetes

FBG level (mmol/L)

ApoAl/B

Hcy level (mmol/L)
Uric acid level (mmol/L)

TC level (mmol/L)
TG level (mmol/L)

LDL level (mmol/L)
HDL level (mmol/L)
N-HDL level (mmol/L)

CCH grou Non-CCH grou
(n =g55)p (n= 23) P p-value
63.35 + 7.658 60.28 + 8.964 0.110
23/55 9/29 0.333
13/55 2/29 0.057
15/55 3/29 0.072
21/55 8/29 0.331
7/54 3/29 0.513
5.24 (4.95-5.75) 4.99 (4.6-5.92) 0.240
1.6 (1.3-1.9) 1.8 (1.25-2.1) 0.406
12.4 (10.5-14.7) 11(9.7-13.1) 0.182
312.15 + 70.458 325.48 + 65.034 0.401
5.123 +£ 0.944 4.375 + 1.059 0.001
1.67 (1.12-2.37) 1.44 (1.105-2.15) 0.463
3.219 £ 0.842 2.604 + 0.849 0.002
1.457 £ 0.298 1.302 £ 0.27 0.019
3.666 + 0.899 3.073 + 1.029 0.008

CCH: chronic cerebral hypoperfusion; FBG: fasting blood glucose; Hcy: homocysteine; TC: total cholesterol; TG: triglycerides;

LDL: low-density lipoprotein; HDL: high-density lipoprotein; N-HDL: normal high-density lipoprotein.

Table 2. Comparison of serum marker levels between the CCH and non-CCH groups

Serum marker C((I)qH:g;oSu)p Non(-;)(:)Hzgr)oup p-value
VILIP-1 level (pg/mL) 71.852 + 19.007 63.806 £ 20.786 0.078
BDNF level (ng/mL) 7.606 (6.076-8.897) 7.966 (7.184-8.944) 0.049
IMA level (U/mL) 27.581 (24.921-31.507) 23.417 (21.261-27.545) <0.001
Lp-PLA2 level (ng/mL) 303.475 (254.044-364.351) 278.588 (249.83-319.742) 0.119

CCH: chronic cerebral hypoperfusion; VILIP-1: visinin-like protein-1; BDNF: brain-derived neurotrophic factor; IMA: ischemia-
modified albumin; Lp-PLA2: lipoprotein-associated phospholipase A2.

Table 3. Association between serum marker
levels and CBF in the ischemic regions

Serum marker Correlation coefficient p-value

BDNF level (ng/mL) -0.058 0.672
IMA level (U/mL) -0.078 0.573

CBF: cerebral blood flow; BDNF: brain-derived neurotrophic
factor; IMA: ischemia-modified albumin.

mL for IMA achieved a sensitivity of 83.6%,
specificity of 62.1%, and AUC of 0.738 (95%
confidence interval [Cl], 0.627-0.848). Co-
rrespondingly, a cut-off value of 6.714 ng/L for
BDNF yielded a sensitivity of 41.8%, specificity
of 93.1%, and AUC of 0.631 (95% Cl, 0.512-
0.751), as presented in Figure 2. Additionally,
the combined AUC was 0.803 (95% Cl, 0.708-
0.898; Figure 3), with no significant diagnostic
difference between IMA and BDNF (Z = 1.166;
P > 0.05; Figure 4).
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Predictive efficacy analysis of IMA and BDNF
and their combined model for diagnosing CCH

CCH status served as state variable (CCH group
=1, non-CCH group = 0), while IMA and BDNF
were designated as test variables for ROC
curve analysis. As detailed in Table 5 and
Figure 5, the combined “IMA+BDNF” prediction
model had an AUC of 0.803 (95% CI, 0.708-
0.898; P < 0.001), specificity of 0.655, sensitiv-
ity of 0.855, and a Youden’s index of 0.510 for
diagnosing CCH. Additionally, IMA exhibited an
AUC of 0.738 (95% CI, 0.627-0.848; P < 0.001),
specificity of 0.621, sensitivity of 0.836, and a
Youden’s index of 0.457, along with an optimal
cut-off value of 24.292 U/mL for detecting CCH.
Finally, BDNF displayed an AUC of 0.631 (95%
Cl, 0.512-0.751; P = 0.049), specificity of
0.931, sensitivity of 0.418, and a Youden’s
index of 0.349, using an optimal cut-off value
of 6.714 ng/L for predicting CCH occurrence.
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Table 4. Comparison of abnormally expressed serum marker

Discussion

levels between the lowest (< 15.76 mL/100 g/min) and high-

est CBF (> 32.28 mL/100 g/min) groups

Chronic cerebral hypoperfusion

(CCH) is a pathologic condition in

CBF < 15.76 CBF > 32.28 . .
Serum marker mL/100 g¢/min mL/100 g/min  p-value which oxygen supply to the intracra-
(n=13) (h=12) nial brain parenchyma falls below
BDNF level (ng/mL) 7.467 +1.729  7.011+1.452  0.982 the requisite level for maintaining
IMA level (U/mL)  27.922 + 4308 28.324+4.939 0.112 normal physiological function, po-

CBF: cerebral blood flow; BDNF: brain-derived neurotrophic factor; IMA:

ischemia-modified albumin.
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Figure 1. ROC curve of serum IMA for diagnosing
CCH. ROC: receiver operating characteristic; IMA:
ischemia-modified albumin; CCH: chronic cerebral
hypoperfusion.
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Figure 2. ROC curve of serum BDNF for diagnosing
CCH. ROC: receiver operating characteristic; BDNF:
brain-derived neurotrophic factor; CCH: chronic cere-
bral hypoperfusion.
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tentially due to changes in the in-
tracranial and extracranial vascular
walls, blood flow components, or
blood flow mechanics. However, fur-
ther clarification is required on the pathogene-
sis of CCH, which possibly arises from various
diseases and manifests as an early alteration
in neurological conditions like acute ischemic
stroke, vascular dementia, Alzheimer’s disease,
transient ischemic attack, and cerebrovascular
disease [9, 10]. In this study, we revealed that
the hypoperfusion regions in patients with CCH
were predominantly located in the cerebral cor-
tex areas such as the frontal, parietal, and
occipital lobes, consistent with previous study
findings [11]. The aging population is gradually
increasing, with the population of older adults
aged = 65 years reaching 16.7 billion in 2018
and accounting for 11.9% of the total popula-
tion in China. CCH, as a reversible disease,
commonly occurs in middle-aged and older
people, exhibiting a hidden onset, nonspecific
clinical symptoms, and no obvious neurological
signs during physical examination. However,
detecting lesions using conventional head CT
or MRI can be challenging, thereby hindering
timely screening and administration of clinical
treatment. Therefore, identifying accurate and
effective indicators to aid in the early screening
of CCH in middle-aged and older populations
and provide intervention during the early stage
is critical to improving patient prognosis. CCH
is primarily caused by insufficient CBF in the
whole brain or local regions for maintaining nor-
mal physiological requirements [12].

CCH diagnosis typically relies on confirmation
by imaging techniques. However, these clinical
imaging tests are limited by high cost and risks
associated with contrast-enhanced imaging
[13]. Moreover, patients may have already
reached the stage of decompensated cerebral
ischemia at the time of imaging-based CCH
diagnosis, rendering this approach unsuitable
for the initial screening of suspected CCH
cases. Hence, cost-effective and convenient

Am J Transl Res 2024;16(7):2973-2981
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Figure 3. ROC curves of serum IMA and BDNF and their combination for
diagnosing CCH. ROC: receiver operating characteristic; BDNF: brain-derived
neurotrophic factor; IMA: ischemia-modified albumin; CCH: chronic cerebral
hypoperfusion.
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Figure 4. ROC comparative analysis of serum BDNF and IMA by the DeLong
test (Z = 1.166; P > 0.05). ROC: receiver operating characteristic; BDNF:
brain-derived neurotrophic factor; IMA: ischemia-modified albumin.

serum biomarkers with high sensitivity are war-
ranted for early detection of CCH.

ischemia-reperfusion process
[14]. Thus, IMA is sensitive
to ischemic events. IMA has
been proposed as an early
nonspecific biomarker associ-
ated with ischemia and oxida-
tive stress in various diseas-
es, including myocardial in-
farction, acute ischemic stro-
ke, diabetes, renal failure, and
hyperthyroidism [15, 16]. IMA
has also demonstrated prog-
nostic value in patients with
acute ischemic stroke [17].
Given the possibility of oxida-
tive stress in patients with de-
creased cerebral tissue per-
fusion and CCH [18], we fur-
ther analyzed the diagnostic
ability of IMA for detecting
CCH. The intergroup compari-
son revealed significantly ele-
vated serum IMA levels in the
CCH group. Furthermore, the
ROC curve analysis showed
that serum IMA had a sensi-
tivity of 83.6%, specificity of
62.1%, and AUC of 0.738
for independently diagnosing
CCH. These findings suggest
that IMA can not only serve as
a marker for acute ischemic
events but also have a high
sensitivity for early screening
of CCH.

While IMA proves beneficial
in identifying CCH, it does
not allow quantitative correla-
tion with the degree and dura-
tion of chronic ischemia. Addi-
tionally, a poor correlation exi-
sts between IMA levels and
ASL-estimated CBF in isch-
emic areas, with no differenc-
es found in the IMA levels of

patients with different disease durations. Si-
milar results were reported in myocardial isch-

emia studies, wherein IMA was found to be sen-

IMA can serve as a screening biomarker for
CCH. It is a protein generated due to changes
induced in the amino acid sequence of albumin
by substances such as free radicals, leading
to altered albumin-binding capacity and de-
creased transition metal binding during the
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sitive to myocardial ischemia but could not
reflect the extent of ischemia [19]. This obser-
vation may be attributed to the high sensitivity
of IMA to ischemia, the dynamic changes in
serum IMA levels following acute ischemia, and
IMA susceptibility to interference from concur-
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Table 5. Analysis of the efficacy of IMA and BDNF and their combination for diagnosing CCH

Serum Cut-off 95% Cl s o Youden’s
— — p-value  Specificity Sensitivity ;
marker value Lower limit  Upper limit index
IMA+BDNF 0.803 0.708 0.898 <0.001 0.655 0.855 0.510
IMA 24,292 0.738 0.627 0.848 <0.001 0.621 0.836 0.457
BDNF 6.714 0.631 0.512 0.751 0.049 0.931 0.418 0.349

CCH: chronic cerebral hypoperfusion; BDNF: brain-derived neurotrophic factor; IMA: ischemia-modified albumin.

100
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0 20 40 60 80
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Figure 5. ROC curves of IMA and BDNF and their combination for diagnosing
CCH, with sensitivity and specificity expressed as percentages. ROC: receiver
operating characteristic; IMA: ischemia-modified albumin; BDNF: brain-de-
rived neurotrophic factor; CCH: chronic cerebral hypoperfusion.

rent diseases, medications, and lifestyle habits
[20, 21]. Another study suggested that continu-
ous ischemia and hypoxia could lead to the
accumulation of anaerobic metabolites and the
increased production of free radicals in local
brain tissue. These alterations result in a grad-
ual increase in serum IMA levels within 12 h of
acute CBF reduction, followed by a decline
between 12 h and 24 h owing to the compen-
satory collateral circulation and the decreased
release of free radicals [22]. Similar dynamic
changes in serum IMA levels may also be pres-
ent in CCH, which arises from comparable
mechanisms.

BDNF is another CCH candidate biomarker dis-
playing high specificity, with decreased BDNF
concentration associated with CCH. Our data
revealed diminished BDNF levels in the CCH
group, with BDNF demonstrating a sensitivity of
41.8%, specificity of 93.1%, and AUC of 0.631
for independently diagnosing CCH. BDNF is a
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100

neurotrophic factor critical
— IMA+BDNF for the growth, development,
— IMA U/mL differentiation, maintenance
— BDNF ng/mL ! '

and regeneration of various
types of neurons in the central
nervous system [23]. A previ-
ous study reported that blood
BDNF concentrations could
reflect brain-tissue BDNF lev-
els across species [24]. More-
over, BDNF was recently sug-
gested to induce the endothe-
lium-dependent relaxation of
precontracted peripheral iso-
lated vessels and cerebral
arteries by stimulating pro-
stacyclin production [25, 26].
Other research suggested th-
at BDNF may also exert a pro-
angiogenic effect [27, 28].
Furthermore, low BDNF levels
in healthy individuals are ass-
ociated with an increased risk
of future stroke/transient ischemic attack [29],
and significantly reduced BDNF levels have
been observed in patients with acute ischemic
stroke [8]. Oxidative stress is one of the key fac-
tors causing ischemic brain injury. BDNF may
prevent this oxidative stress reaction by multi-
ple pathways, thereby reducing brain cell dam-
age [30, 31]. However, the high specificity of
BDNF for the diagnosis of CCH implies that its
isolated application may lead to potential
missed diagnosis. Finally, as noted for serum
IMA concentration, BDNF level cannot reflect
the extent of CBF reduction in the ischemic
area.

To our knowledge, this study is the first to in-
vestigate the altered levels and diagnostic effi-
cacy of multiple serum markers in patients with
CCH, offering insights for their clinical applica-
tions. However, this research only included
patients admitted to a single center and had a
small sample size, leading to potential selec-
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tion bias. Therefore, further large-scale, multi-
center studies are warranted to validate these
findings.

Conclusions

Patients with CCH exhibit increased IMA and
decreased BDNF serum levels. While IMA dem-
onstrates high sensitivity and BDNF has high
specificity for CCH screening, both markers
show promise for clinical diagnosis of CCH.

Acknowledgements

This work was supported by Grants from
Department of Sichuan Provincial Science and
Technology (2021YFSO074) and Bureau of
Chengdu Science and Technology (2019-
YF09-00142-SN).

Disclosure of conflict of interest
None.

Address correspondence to: Nengwei Yu, De-
partment of Neurology, Sichuan Academy of Medical
Sciences, Sichuan Provincial People’s Hospital,
32# W. Sec 2, 1st Ring Road, Chengdu 610072,
Sichuan, China. Tel: +86-028-87393999; E-mail:
18981838652@126.com

References

[1]  Feng J. Paying attention to the study of chronic
cerebral ischemia. Chin J Cerebrovasc Dis
2009; 6: 617-619.

[2] LiJ, Zhang J and Liu H. Expert consensus on
clinica | diagnosis and treatment of chronic ce-
rebral ischemia. Chin J Prac NeuroDis 2022;
25: 661-667.

[3] LiG. Expert consensus on diagnosis and treat-
ment of chronic cerebral ischemia with inte-
grated traditional and western medicine. Chin
J Integr Med 2018; 38: 1161-1167.

[4]  Zhou D, MengR, Li SJ, Ya JY, Ding JY, Shang SL,
Ding YC and Ji XM. Advances in chronic cere-
bral circulation insufficiency. CNS Neurosci
Ther 2018; 24: 5-17.

[5] Menon B, Ramalingam K and Krishna V. Study
of ischemia modified albumin as a biomarker
in acute ischaemic stroke. Ann Neurosci 2018;
25: 187-190.

[6] LiX, XuL and Xu Z. The diagnostic and prog-
nostic performance of Lp-PLA2 in acute isch-
emic stroke. Med Clin (Barc) 2021; 156: 437-
443.

[7]1 Jin H, Chen Y, Wang B, Zhu Y, Chen L, Han X,
Ma G and Liu N. Association between brain-

2980

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

derived neurotrophic factor and von Willebrand
factor levels in patients with stable coronary
artery disease. BMC Cardiovasc Disord 2018;
18: 23.

Algin A, Erdogan MO, Aydin |, Poyraz MK and
Sirik M. Clinical usefulness of brain-derived
neurotrophic factor and visinin-like protein-1 in
early diagnostic tests for acute stroke. Am J
Emerg Med 2019; 37: 2051-2054.

Shi X, Ohta Y, Liu X, Shang J, Morihara R, Na-
kano Y, Feng T, Huang Y, Sato K, Takemoto M,
Hishikawa N, Yamashita T and Abe K. Chronic
cerebral hypoperfusion activates the coagula-
tion and complement cascades in Alzheimer’s
disease mice. Neuroscience 2019; 416: 126-
136.

Viticchi G, Falsetti L, Potente E, Bartolini M and
Silvestrini M. Impact of carotid stenosis on ce-
rebral hemodynamic failure and cognitive im-
pairment progression: a narrative review. Ann
Transl Med 2021; 9: 1209.

Volgyi K, Gulyassy P, Todorov MI, Puska G,
Badics K, Hlatky D, Kékesi KA, Nyitrai G,
Czurko A, Drahos L and Dobolyi A. Chronic ce-
rebral hypoperfusion induced synaptic pro-
teome changes in the rat cerebral cortex. Mol
Neurobiol 2018; 55: 4253-4266.

Ciacciarelli A, Sette G, Giubilei F and Orzi F.
Chronic cerebral hypoperfusion: an undefined,
relevant entity. J Clin Neurosci 2020; 73: 8-12.
Haller S, Zaharchuk G, Thomas DL, Lovblad
KO, Barkhof F and Golay X. Arterial spin label-
ing perfusion of the brain: emerging clinical
applications. Radiology 2016; 281: 337-356.
Sharma R, Gaze DC, Pellerin D, Mehta RL,
Gregson H, Streather CP, Collinson PO and
Brecker SJ. Evaluation of ischaemia-modified
albumin as a marker of myocardial ischaemia
in end-stage renal disease. Clin Sci (Lond)
2007; 113: 25-32.

Shevtsova A, Gordiienko |, Tkachenko V and
Ushakova G. Ischemia-modified albumin: ori-
gins and clinical implications. Dis Markers
2021; 2021: 9945424,

Ertekin B, Kocak S, Defne Dundar Z, Girisgin S,
Cander B, Gul M, Doseyici S, Mehmetog|u | and
Kemal Sahin T. Diagnostic value of ischemia-
modified albumin in acute coronary syndrome
and acute ischemic stroke. Pak J Med Sci
2013; 29: 1003-1007.

Nayak AR, Kashyap RS, Kabra D, Purohit HJ,
Taori GM and Daginawala HF. Prognostic sig-
nificance of ischemia-modified albumin in
acute ischemic stroke patients: a preliminary
study. Ann Neurosci 2011; 18: 5-7.

Yu W, LiY, Hu J, Wu J and Huang Y. A study on
the pathogenesis of vascular cognitive impair-
ment and dementia: the chronic cerebral hypo-

Am J Transl Res 2024;16(7):2973-2981


mailto:18981838652@126.com

[19]

[20]

[21]

[22]

(23]

[24]

[25]

New insights into CCH

perfusion hypothesis. J Clin Med 2022; 11:
4742.

Sinha MK, Gaze DC, Tippins JR, Collinson PO
and Kaski JC. Ischemia modified albumin is a
sensitive marker of myocardial ischemia after
percutaneous coronary intervention. Circula-
tion 2003; 107: 2403-2405.

Yang LX, Ma SG, Liu H and Xu W. Influence of
obstructive sleep apnea on serum butyrylcho-
linesterase activity and ischemia-modified al-
bumin levels. Clinics (Sao Paulo) 2013; 68:
968-973.

Ma SG, Yang LX, Bai F, Xu W and Hong B. Isch-
emia-modified albumin in patients with hyper-
thyroidism and hypothyroidism. Eur J Intern
Med 2012; 23: €136-€140.

Zhao W. Application value of ischaemic modi-
fied albumin in acute cerebrovascular diseas-
es 2018.

Patterson SL. Immune dysregulation and cog-
nitive vulnerability in the aging brain: interac-
tions of microglia, IL-13, BDNF and synaptic
plasticity. Neuropharmacology 2015; 96: 11-
18.

Klein AB, Williamson R, Santini MA, Clem-
mensen C, Ettrup A, Rios M, Knudsen GM and
Aznar S. Blood BDNF concentrations reflect
brain-tissue BDNF levels across species. Int J
Neuropsychopharmacol 2011; 14: 347-353.
Prigent-Tessier A, Quirié A, Maguin-Gaté K,
Szostak J, Mossiat C, Nappey M, Devaux S, Ma-
rie C and Demougeot C. Physical training and
hypertension have opposite effects on endo-
thelial brain-derived neurotrophic factor ex-
pression. Cardiovasc Res 2013; 100: 374-382.

2981

[26]

(27]

(28]

[29]

(30]

(31]

Santhanam AV, Smith LA and Katusic ZS.
Brain-derived neurotrophic factor stimulates
production of prostacyclin in cerebral arteries.
Stroke 2010; 41: 350-356.

Marie C, Pedard M, Quirié A, Tessier A, Garnier
P, Totoson P and Demougeot C. Brain-derived
neurotrophic factor secreted by the cerebral
endothelium: a new actor of brain function? J
Cereb Blood Flow Metab 2018; 38: 935-949.
Kim H, Li Q, Hempstead BL and Madri JA. Para-
crine and autocrine functions of brain-derived
neurotrophic factor (BDNF) and nerve growth
factor (NGF) in brain-derived endothelial cells.
J Biol Chem 2004; 279: 33538-33546.

Li Q, Ford MC, Lavik EB and Madri JA. Modeling
the neurovascular niche: VEGF- and BDNF-me-
diated cross-talk between neural stem cells
and endothelial cells: an in vitro study. J Neuro-
sci Res 2006; 84: 1656-1668.

Pikula A, Beiser AS, Chen TC, Preis SR, Vorgias
D, Decarli C, Au R, Kelly-Hayes M, Kase CS,
Wolf PA, Vasan RS and Seshadri S. Serum
brain-derived neurotrophic factor and vascular
endothelial growth factor levels are associated
with risk of stroke and vascular brain injury:
Framingham study. Stroke 2013; 44: 2768-
2775.

Wang K. Serum levels of brain-derived neuro-
trophic factor and its clinical significance in
patients with type 2 diabetes mellitus compli-
cated with acute cerebral infarction. 2020.

Am J Transl Res 2024;16(7):2973-2981



