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Abstract

Introduction: White matter hyperintensities (WMHs) are common neuroimaging markers of cerebral small vessel disease (CSVD) and are strongly
associated with cognitive impairment. While cerebral hypoperfusion and neuroinflammation are recognized as major contributors to WMH
pathology, the interplay between inflammatory biomarkers and cerebral blood flow (CBF) remains poorly understood. Soluble triggering receptor
expressed on myeloid cells 2 (sSTREM2), a marker of microglial activation, may play a dual role in neuroinflammation and vascular dysfunction.
Methods: A total of 138 participants aged 50-80 years were enrolled, including 75 individuals in WMH group and 63 individuals in healthy
control (HC) group. All subjects underwent magnetic resonance imaging (MRI) including arterial spin labeling(ASL) for CBF quantification and
neuropsychological assessments. Serum sTREM2 levels were measured. Group comparisons, logistic regression, and partial correlation analyses
were performed to explore associations among sTREM2, CBF, and cognitive performance.

Results: Compared to HC group, serum sTREM2 levels were significantly elevated in the WMH group (P = 0.036), and gray matter(GM) CBF was
significantly lower (P = 0.038). Logistic regression identified STREM2 (OR = 1.041, P = 0.006) and age (OR = 1.081, P = 0.018) as independent
risk factors for WMHSs. Partial correlation analyses revealed a positive association between sTREM2 and gray matter CBF in healthy controls,
but a negative association in the WMH group. Additionally, GM CBF was positively correlated with global cognitive scores (MMSE, MoCA) and
executive function (Stroop Test C) in the WMH group.

Conclusion: Our findings suggest that higher serum sTREM2 levels and reduced brain perfusion may be closely linked to the presence and
progression of white matter hyperintensities and associated cognitive decline. Notably, the direction of the relationship between sTREM2 and
perfusion appears to vary by disease status, indicating a possible shift from compensatory to harmful inflammation. These results highlight the
clinical value of combining inflammatory markers and perfusion imaging in identifying individuals at higher risk of small vessel-related cognitive

impairment and may provide useful targets for early intervention and monitoring.
Keywords: Soluble triggering receptor expressed on myeloid cells 2, White matter hyperintensities, cerebral blood flow , Cognitive impairment

Introduction

White matter hyperintensities (WMHs) are among the most
prevalent neuroimaging abnormalities observed in older
adults, typically appearing as hyperintense lesions in cerebral
white matter on T2-weighted or fluid-attenuated inversion
recovery (FLAIR) magnetic resonance imaging (MRI)[1].
WMHs are widely recognized as radiological indicators of
cerebral small vessel disease (CSVD), and their underlying
pathology includes demyelination, gliosis, chronic ischemia,
and microinfarctions[2,3]. With the global acceleration of
population aging, the incidence of cognitive impairment
and dementia continues to rise, and cognitive decline
has emerged as a central concern in aging and neurology
research(4,5]. Increasing evidence suggests that WMHs serve
as independent risk factors for cognitive deterioration[6].

Chronic cerebral hypoperfusion is considered one of the
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principal mechanisms contributing to WMH development[7-9].
Prolonged reductions in cerebral blood flow (CBF) lead to brain
tissue hypoxia and metabolic dysfunction, which in turn initiate
a cascade of pathophysiological processes[10,11]. Studies
have shown that reduced CBF can trigger the release of pro-
inflammatory cytokines, activate the coagulation cascade and
endothelial cells, and promote vascular leakage through the
disruption of endothelial integrity[12,13]. These processes lead
to the extravasation of inflammatory mediators, the release
of proteases and reactive oxygen species, and subsequent
compromise of the blood-brain barrier (BBB). Endothelial
dysfunction and BBB breakdown further facilitate inflammatory
responses and neuronal injury, thereby impairing white matter
metabolism and myelin integrity[14-16]. Ultimately, such
changes disrupt neural network efficiency and contribute
to deficits in executive function, attention, and information
processing speed[17,18]. Accordingly, cerebral perfusion has
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gained increasing recognition as a critical intermediary factor
linking WMH burden to cognitive impairment.

In recent years, circulating biomarkers have shown
promise in the diagnosis and monitoring of WMH-related
pathology[19-21]. Such biomarkers not only reflect the
underlying pathophysiological processes but may also
serve as tools for early detection and prognosis. Triggering
receptor expressed on myeloid cells 2 (TREM2) belongs
to the immunoglobulin superfamily and is cleaved to
generate its soluble form, sTREM2, which is detectable in
cerebrospinal fluid (CSF) and peripheral blood[22,23]. sSTREM2
is a well-established marker of microglial activation and
neuroinflammation, and elevated levels have been reported in
various neurodegenerative diseases, where they are closely
associated with inflammatory responses and neuronal
damage[24-26].

In the context of CSVD and WMHs, elevated sTREM2 levels
have been associated with increased white matter damage,
cerebrovascular dysfunction, and cognitive decline[27,28].
For example, a longitudinal analysis demonstrated that higher
baseline CSF sTREM2 levels were predictive of progression in
CSVD imaging markers—such as cerebral microbleeds(CMBs)
and WMH volume—particularly among individuals with
concurrent Alzheimer’s disease (AD) pathology, including
B-amyloid (AB) deposition and tau phosphorylation[29].
Notably, sSTREM2 may exert stage-dependent effects. In early
AD, elevated sTREM2 levels have been interpreted as part of
a compensatory neuroprotective response, whereas in later
stages, microglial functional exhaustion may lead to reduced
STREMZ2 release[30]. A similar dynamic may be present in
CSVD progression.

Mechanistically, TREM2 signaling regulates microglial
metabolism and inflammatory responses, facilitating
phagocytosis, activation, survival, and proliferation[31-33].
Previous studies have reported positive associations between
WMH volume and plasma sTREM2 concentrations[27].
Moreover, in animal models of chronic cerebral hypoperfusion,
TREM2 appears to play a neuroprotective role[34]. Despite
these findings, human studies investigating the relationship
between sTREM2 and cerebral perfusion remain scarce,
highlighting an important gap in the literature.

Although both sTREM2 and cerebral perfusion are
independently associated with WMH burden and cognitive
function, few studies have explored their combined effects
or potential interactions. Therefore, the present study aims to
investigate the influence of serum sTREM2 levels and cerebral
perfusion on WMH volume and cognitive impairment. By
focusing on the potential interplay between neuroinflammation
and cerebral blood flow, this research seeks to uncover
mechanistic insights into WMH-related cognitive dysfunction
and contribute to the development of biomarkers and
strategies for early detection and intervention.

Methods

Subjects

A total of 138 participants were enrolled in this study, including
75 individuals with WMH confirmed by brain MRI, who were
assigned to the WMH group, and 63 individuals without
significant white matter abnormalities, who served as the
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healthy control (HC) group. Inclusion criteria were as follows:
(1) age between 50 and 80 years; (2) no contraindications to
MRI examination; and (3) ability to cooperate with cognitive
assessments. All participants underwent standardized brain
MRI scanning, and the severity of WMHs was assessed using
the Fazekas scale. Periventricular WMHs (PVWMHSs) and deep
WMHs (DWMHSs) were each rated on a scale from 0 to 3 (0 =
no lesions; 1 = punctate or mild focal lesions; 2 = beginning
confluence of lesions; 3 = large confluent lesions). The sum of
PVWMH and DWMH scores was defined as the total Fazekas
score, which was used to quantify overall WMH burden.
Participants with a total score of 0—2 were classified into the
HC group, while those with scores of 3—-6 were assigned to the
WMH group.

Exclusion criteria included: (1) intracranial conditions such
as traumatic brain injury, acute cerebral infarction, cerebral
hemorrhage, or brain tumors; (2) a history of psychiatric
disorders, such as depression or bipolar disorder; (3)
other neurological diseases, including multiple sclerosis,
neuromyelitis optica spectrum disorders, or hereditary
and metabolic encephalopathies; (4) systemic malignant
tumors; (5) acute or chronic inflammatory diseases of
major organs (heart, liver, kidneys); (6) neurodegenerative
diseases that could cause cognitive impairment, such as
Alzheimer's disease, Parkinson's disease, frontotemporal
dementia, or dementia with Lewy bodies; and (7) severe visual,
auditory, or speech impairments that would interfere with
neuropsychological testing.

As participants were consecutively recruited, no strict
matching was performed for age, sex, or educational level
between groups. Potential confounding variables were
controlled for in the subsequent statistical analyses using
covariate adjustment. The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki and
was approved by the Ethics Committee of the First Affiliated
Hospital of Anhui Medical University (Approval No. PJ2023-
05-22). Written informed consent was obtained from all
participants prior to inclusion.

Cognitive assessments

Neuropsychological evaluations were conducted for all
participants by two senior neurologists, both of whom
had undergone formal training in standardized cognitive
assessment protocols to ensure high reliability and
consistency in test administration. The battery of tests was
designed to comprehensively assess multiple cognitive
domains, including global cognition, memory, attention,
and executive function. Core instruments employed in the
evaluation included the Mini-Mental State Examination (MMSE)
and Montreal Cognitive Assessment (MoCA) for general
cognitive screening[35,36]; the Auditory Verbal Learning Test
(AVLT) for episodic memory; the Stroop Color-Word Test
(SCWT) and Trail Making Test (TMT) for executive functioning
and processing speed; and the Digit Span Test (DST) for
attention and working memory capacity[37-40].

Serum analysis

Following an overnight fast of no less than 8 hours, venous
blood samples were obtained from all participants using
vacuum tubes preloaded with inert separation gel and a
clot activator. Samples were promptly centrifuged at 3500
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revolutions per minute for 8 minutes to separate the serum.
The supernatant was carefully aliquoted into labeled cryotubes
and stored at —80°C until batch analysis. For biochemical
evaluation, serum levels of sSTREM2 were determined.
Quantification of STREM2 was performed via enzyme-linked
immunosorbent assay (ELISA) using standardized protocols,
and all assays were conducted at a certified third-party
laboratory (Anhui Yipu-Nokang Medical Laboratory Co., Ltd.).

Image acquisition and data processing

All participants underwent brain MRI examinations at the
Department of Medical Imaging, The First Affiliated Hospital
of Anhui Medical University, using a 3.0 Tesla MRI scanner
(Discovery MR750w, GE Healthcare, Milwaukee, WI, USA)
equipped with a 24-channel phased-array head coil. During
scanning, participants were positioned supine with their heads
stabilized using foam pads, and earplugs were provided to
reduce motion artifacts and acoustic noise. The imaging
protocol included multiple sequences to capture structural and
microstructural brain features: T1-weighted imaging (T1WI),
T2-weighted imaging (T2WI), T2-fluid-attenuated inversion
recovery (T2-FLAIR), and Arterial spin labeling (ASL). The
detailed MRI acquisition parameters for each sequence were
as follows:(1) T1-weighted imaging (T1WI): acquisition time =
4 min 56 s; number of slices = 188; slice thickness = 1.0 mm;
repetition time (TR) = 8.464 ms; echo time (TE) = 3.248 ms;
flip angle = 12°; field of view (FOV) = 256 x 256 mm?; matrix
size = 256 x 256.(2) T2-weighted imaging (T2WI): acquisition
time = 58 s; number of slices = 19; slice thickness = 5.0 mm;
TR = 3500 ms; TE = 85 ms; flip angle = 90°; FOV = 230 x 184
mm?, matrix size = 512 x 512.(3) T2-fluid-attenuated inversion
recovery (T2-FLAIR): acquisition time = 1 min 57 s; number
of slices = 19; slice thickness = 7.0 mm; TR = 9000 ms; TE =
119.84 ms; flip angle = 160°; FOV = 225 x 225 mm?; matrix size
= 512 x 512.(4) Arterial spin labeling (ASL): acquisition time =
4 min 54 s; number of slices = 50; slice thickness = 3.0 mm; TR
= 5070 ms; TE = 11.48 ms; flip angle = 111°; FOV = 240 x 240
mm?, matrix size = 128 x 128; post-labeling delay (PLD) = 2000
ms.

Preprocessing of arterial spin labeling (ASL) data was initially
performed using the GE scanner’s built-in workstation to
generate CBF maps, following procedures described in
previous studies. Subsequent analyses of the CBF images
were conducted using the Statistical Parametric Mapping
software (SPM8; Wellcome Department of Imaging
Neuroscience, London, UK; https://www.fil.ion.ucl.ac.uk/
spm), implemented in MATLAB. The preprocessing pipeline
included the following key steps: (1) conversion of raw data
from DICOM to NIFTI format and initial quality checks; (2)
spatial normalization of individual CBF maps to the standard
Montreal Neurological Institute (MNI) template using nonlinear
registration; (3) voxel-wise standardization of CBF values by
subtracting the mean global CBF and dividing by the standard
deviation, yielding Z-score normalized maps to reduce inter-
individual variability; (4) application of spatial smoothing with
a 6 mm full-width at half-maximum (FWHM) Gaussian kernel;
and (5) extraction of mean CBF values for the whole brain, gray
matter, and white matter regions.

Statistical analysis
The Shapiro-Wilk test was used to assess the normality of
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all continuous variables. Normally distributed continuous
variables are presented as mean + standard deviation
and compared using two-sample t-test. Non-normally
distributed continuous variables are expressed as median
(interquartile range) and compared using the Mann-Whitney
U test. Categorical variables are described as frequencies
(percentages) [n(%)] and compared using chi-square tests. We
first compared demographic characteristics, serum sTREM2
levels, and CBF between the WMH and HC groups. To further
identify the key risk factors associated with WMH, variables
with significant intergroup differences—along with vascular
risk factors including serum sTREM2, sex, age, education level,
hypertension, diabetes, hyperlipidemia, heart disease, smoking
history, alcohol consumption, and body mass index (BMI)—
were entered into a binary logistic regression model. Finally,
partial correlation analyses were conducted to examine the
associations between sTREM2 and CBF, as well as between
CBF and cognitive function, while adjusting for sex, age, and
years of education as covariates. All statistical analyses
were performed using SPSS version 23.0, with a significance
threshold set at P < 0.05.

Results

Participant demographic and clinical characteristics

A total of 138 participants were enrolled in this study, including
63 in the healthy control (HC) group (36 females; median age:
59 [56,66] years; median years of education: 9 [5,11]) and 75
in the white matter hyperintensity (WMH) group (37 females;
median age: 64 [58,70] years; median years of education: 9
[5,11]). There was a statistically significant difference in age
between the HC and WMH groups (P = 0.004). No significant
differences were found between the two groups in terms of
sex, years of education, body mass index (BMI), hypertension,
diabetes, hyperlipidemia, heart disease, smoking, or alcohol
consumption history (all P > 0.05).The serum sTREM2 level
was significantly higher in the WMH group [30.54(20.53,41.68)
pg/mL] than in the HC group [28.74(16.50,34.45)pg/mL]
(P = 0.036). Regarding neuropsychological assessments,
significant group differences were observed in MMSE (P =
0.028), MoCA (P = 0.006), AVLT-5min (P = 0.016), AVLT-20min
(P = 0.038), AVLT-Recognition (P = 0.009), SCWT-B (P = 0.014),
SCWT-C (P = 0.034), TMT-A (P = 0.003), TMT-B (P = 0.002),
DST-F (P = 0.024), and DST-B (P = 0.024). The WMH Fazekas
score also differed significantly between the two groups (P <
0.001). Detailed results are presented in Table 1.

Binary logistic regression analysis of risk factors for WMH

To further investigate the key risk factors for WMH, variables
that showed intergroup differences and vascular risk factors—
including serum sTREM?2, sex, age, years of education,
hypertension, diabetes, hyperlipidemia, heart disease, smoking
history, alcohol consumption history, and BMI—were included
in a binary logistic regression model (Table 2). The results
indicated that, after adjusting for potential confounders, only
serum sTREM2 (B = 0.040, P = 0.006) and age (B = 0.078, P
= 0.018) remained significant independent risk factors for
vascular WMH.



Table 1. Comparison of demographic characteristics, laboratory indicators, cognitive performance and CSVD imaging markers between groups.
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HC group (n = 63) WMH group (n = 75) P value
Demographics
Female, n (%) 36 (57.14) 37 (49.33) 0.360°
Age (years) 59 (56, 66) 64 (58, 70) 0.004°
Education (years) 9(511) 9(511) 0.387°
BMI (kg/m?) 23.67+2.85 23.90+2.94 0.710°
Serum markers Test
STREM2 (pg/mL) 28.74 (16.50, 34.45) 30.54 (20.53, 41.68) 0.036°
Medical co-morbidities
Hypertension, n (%) 38 (60.12) 50 (66.67) 0.440°
Diabetes mellitus, n (%) 12 (19.05) 7 (9.33) 0.099°
Hyperlipidemia, n (%) 13 (20.63) 21 (28.00) 0.317°
Heart disease, n (%) 7(11.11) 6 (8.00) 0.533°
Smoking, n (%) 16 (25.40) 23 (30.67) 0.493°
Alcohol consumption, n (%) 19 (30.16) 27 (36.00) 0.468°
Cognition
MMSE 28 (26, 29) 27 (26, 29) 0.028"
MoCA 24 (21, 25) 22 (19, 24) 0.006°
AVLT-Immediate 15 (13, 18) 14 (11,17) 0.065°
AVLT-5min 5(4,7) 5(3, 6) 0.016°
AVLT-20min 5.2242.50 4.32+2.54 0.038°
AVLT-Recognition 21 (18, 23) 20 (18, 22) 0.009°
SCWT-A 21.10 (16.54, 25.52) 22.58 (17.74,29.14) 0.189°
SCWT-B 22.89 (19.66, 29.60) 27.23 (21.57,32.91) 0.014"
SCWT-C 34.68 (29.16, 40.59) 38.71(31.11, 48.97) 0.034°
TMT-A 61.12 (46.62, 82.59) 79.91 (58.02, 111.66) 0.003°
TMT-B 120.00 (80.00, 180.64) 180.30 (103.27, 300.00) 0.002°
DST-F 13 (10, 16) 12(9, 14) 0.078°
DST-B 6(5,8) 6 (4,8) 0.038"°
WMH Fazekas score 2(1,2) 4(3,6) <0.001"°

Significant differences are indicated in bold. Abbreviations: BMI: body mass index; STREM2: soluble triggering receptor expressed on myeloid
cells 2; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; AVLT: Auditory Verbal Learning Test; SCWT: Stroop Color
Word Test; TMT: Trail Making Test; DST-F: Digit Span Forward Test; DST-B: Digit Span Backward Test; HC: healthy control; WMH: white matter
hyperintensity; a: two independent samples t-tests; b: Mann—Whitney U test; c: chi-square tests.
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Table 2. Binary logistic regression analysis of risk factors for WMH

B SE Walds P value OR(95% Cl)
sTREM2 0.040 0.014 7.692 0.006 1.041(1.012,1.071)
Sex 0.445 0.617 0.519 0.471 1.560(0.466, 5.225)
Age 0.078 0.033 5.626 0.018 1.081(1.014, 1.153)
Education -0.057 0.062 0.843 0.358 0.945(0.838, 1.066)
Hypertension 0.068 0.497 0.019 0.891 1.070(0.404, 2.835)
Diabetes mellitus -1.217 0.681 3.198 0.074 0.296(0.078, 1.124)
Hyperlipidemia 0.941 0.548 2.945 0.086 2.561(0.875, 7.498)
Heart disease -0.261 0.696 0.140 0.708 0.770(0.197, 3.015)
Smoking 0.143 0.727 0.039 0.844 1.154(0.277, 4.799)
co:slﬁ(rjr:]:tlion -0.451 0.630 0.512 0.474 0.637(0.185,2.189)
BMI -0.010 0.082 0.014 0.905 0.990(0.842, 1.164)

Significant differences are indicated in bold. Abbreviations: sSTREMZ2, soluble triggering receptor expressed on myeloid cells 2; BMI, body mass
index; WMH, white matter hyperintensity; B, regression coefficient; SE, standard error; Wald, Wald chi-square test; OR (95% Cl), odds ratio (95%

confidence interval).

Comparison of CBF between the two groups

cerebral blood flow (CBF) between the HC and WMH groups.  significance (P = 0.134).

Specifically, significant group differences were observed in

Figure 1. Group comparisons of Whole brain CBF (A), GM CBF(B), WM CBF(C). Abbreviations
hyperintensity; CBF: Cerebral Blood Flow; GM: Gray Matter; WM: White Matter; *: p < 0.05.

A * B ¥

0040 0,30 |

0033 0.35

0.030 00 .
0023 .
s -

Q.10

)

0.020

GM CBF

WM CRI

naois
0.05

Whole Brain CBF

00T
(o6
nons

008
Q.00

-0.10

HIC group WMIT group HE: group WMH group

82

: HC: healthy control; WMH: white matter

global CBF (P = 0.018) and gray matter CBF (P = 0.038), while
As shown in Figure 1, there were significant differences in  the difference in white matter CBF did not reach statistical

|
D WMH group

EE

HC group WMH aroup



Partial correlation analysis of STREM2 levels and CBF

After adjusting for sex, age, and years of education as
covariates, partial correlation analyses were performed within
the HC and WMH groups to examine the relationships between
serum sTREM2 levels and whole brain CBF, gray matter (GM)
CBF, and white matter (WM) CBF. The results showed that in
the HC group, sTREM2 levels were positively correlated with
GM CBF, whereas in the WMH group, sTREM?2 levels were
negatively correlated with GM CBF.

Partial correlation analysis of GM CBF and global cognitive
function

After adjusting for sex, age, and years of education as
covariates, partial correlation analyses were conducted within
the HC and WMH groups to examine the relationship between
GM CBF and global cognitive performance. The results showed
that there was no significant correlation between GM CBF and
global cognition (MMSE, MoCA) in the HC group, whereas a
positive correlation was observed in the WMH group.

Partial correlation analysis of GM CBF and cognitive
subdomains

After adjusting for sex, age, and years of education as
covariates, partial correlation analyses were conducted within
the HC and WMH groups to examine the relationship between
GM CBF and cognitive subdomains. The results showed a
significant correlation between GM CBF and SCWT-C in the HC

https://doi.org/10.71321/xbcvcf98

group and WMH group.

Discussion

This study explores the mechanistic role of the inflammatory
marker sTREM2 and CBF in the development of WMH and
associated cognitive impairment. Our results revealed that
serum sTREM2 levels were significantly elevated, while GM
CBF was markedly reduced in the WMH group compared to HC
group. sTREM2 was identified as an independent risk factor
for WMH. Notably, the correlation between sTREM2 and GM
CBF was positive in the HC group but negative in the WMH
group. Moreover, a significant inverse correlation between GM
CBF and cognitive scores (MMSE and MoCA) was observed
only in the WMH group. Partial correlation analyses further
demonstrated associations between GM CBF and Stroop Test
C scores in both groups. These findings suggest a complex
interplay between inflammation and cerebral perfusion that
may be critical in WMH pathogenesis and cognitive decline.

TREM2 is a pattern recognition receptor selectively expressed
by microglia in the central nervous system, involved in
microglial activation, phagocytosis, and proliferation[24]. Upon
activation, microglia polarize into either a pro-inflammatory
M1 phenotype or an anti-inflammatory M2 phenotype. M1
microglia release inflammatory cytokines and neurotoxic
substances, whereas M2 microglia secrete anti-inflammatory

Figure 2. Partial correlation analyses were conducted between serum sTREM2 levels and whole brain CBF (A), gray matter (GM) CBF (B), and
white matter (WM) CBF (C) in the HC group, and between sTREM2 levels and whole brain CBF (D), GM CBF (E), and WM CBF (F) in the WMH
group, with sex, age, and years of education included as covariates. The results revealed a positive correlation between sTREM2 levels and GM
CBF in the HC group (B), and a negative correlation in the WMH group (E). No significant correlations were observed between sTREM2 levels and
whole brain CBF or WM CBF in either group (A, C, D, F). See Figure 2 for details. Abbreviations: sSTREMZ2: soluble triggering receptor expressed on
myeloid cells 2; HC: healthy control; WMH: white matter hyperintensity; CBF: Cerebral Blood Flow; GM: Gray Matter; WM: White Matter.
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Figure 3. Partial correlation analyses were performed between GM CBF and MMSE (A), and MoCA (B) in the HC group, and between GM CBF and
MMSE (C), and MoCA (D) in the WMH group, with sex, age, and years of education included as covariates. No significant correlations were found
between GM CBF and MMSE (A) or MoCA (B) in the HC group. In contrast, positive correlations were observed between GM CBF and both MMSE
(C) and MoCA (D) in the WMH group. See Figure 3 for details. Abbreviations: MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive
Assessment; HC: healthy control; WMH: white matter hyperintensity; CBF: Cerebral Blood Flow; GM: Gray Matter; WM: White Matter.
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Table 3. Partial correlation analysis of GM CBF and cognitive subdomains
HC group WMH group
r P value r P value
AVLT-Immediate -0.157 0.238 0.088 0.467
AVLT-5min -0.104 0.438 0.188 0.116
AVLT-20min -0.074 0.583 0.049 0.686
AVLT-Recognition -0.109 0.414 0.128 0.289
SCWT-A 0.225 0.089 -0.077 0.526
SCWT-B 0.144 0.281 -0.151 0.207
SCWT-C 0.285 0.030 -0.252 0.034
TMT-A -0.008 0.950 -0.128 0.289
TMT-B 0.013 0.923 -0.216 0.070
DST-F 0.106 0.430 0.125 0.297
DST-B 0.106 0.430 0.204 0.088

Significant differences are indicated in bold. Abbreviations: MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; AVLT:
Auditory Verbal Learning Test; SCWT: Stroop Color Word Test; TMT: Trail Making Test; DST-F: Digit Span Forward Test; DST-B: Digit Span Backward
Test; HC: healthy control; WMH: white matter hyperintensity; CBF: Cerebral Blood Flow; GM: Gray Matter.
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and neurotrophic factors, contributing to neuroprotection.
TREM2 is generally considered anti-inflammatory; for instance,
in murine models of cerebral hemorrhage, TREM2 attenuates
neuroinflammation by downregulating the TLR4/NF-«kB
signaling pathway[41]. However, serum sTREM2 represents a
soluble form cleaved from the membrane-bound receptor and
may act as a competitive inhibitor, potentially interfering with
TREM2-mediated anti-inflammatory signaling and diminishing
its protective effects[42].

Tsai[27]et al. reported a positive association between plasma
STREM2 levels and WMH volume in patients with AD and
cerebral amyloid angiopathy or hypertensive small vessel
disease. Additionally, a longitudinal study utilizing data from
the ADNI cohort found that elevated CSF sTREM2 levels
were positively correlated with CSVD progression, especially
CMBI29]. These findings highlight the role of STREMZ2 in the
evolution of CSVD imaging biomarkers, particularly WMH.
In light of current literature and our findings, we propose
that sSTREM2 may exert pro-inflammatory effects under
pathological conditions.

WMH pathogenesis is multifactorial and involves cerebral
hypoperfusion, BBB dysfunction, inflammation, and oxidative
stress[43-45]. These factors interact to induce white
matter injury. Inflammatory responses can compromise
the integrity of cerebral endothelial cells and promote BBB
breakdown. Subsequent endothelial dysfunction impairs
vasoregulatory capacity, leading to chronic hypoxia and
a cascade of inflammatory mediators that exacerbate
demyelination[46-49]. BBB disruption also facilitates the
entry of plasma-derived neurotoxins into brain parenchyma,
amplifying oxidative stress and excitotoxicity, thereby
aggravating white matter damage[50-53]. These processes
collectively disrupt neurovascular coupling and contribute to
cognitive deterioration. In our study, the inverse correlation
between sTREM2 and GM CBF in the WMH group supports
the hypothesis that sTREM2-mediated inflammation
impairs microvascular function and reduces perfusion.
Furthermore, GM CBF was significantly lower in the WMH
group and negatively correlated with MMSE and MoCA scores,
suggesting that hypoperfusion not only reflects structural
damage but may also directly impair cognitive function[54,55].
Of particular interest is the divergent correlation between
sTREM2 and GM CBF: positive in the HC group and negative
in the WMH group. This may indicate a dynamic shift in the
function of STREM2 across disease states. We hypothesize
that in early or non-pathological states, moderate elevations in
sTREM2 may reflect a compensatory immune response, where
activated microglia secrete anti-inflammatory cytokines and
stabilize endothelial function, thereby supporting vasodilation
and cerebral perfusion. However, as pathology progresses,
prolonged and excessive stimulation may cause compensatory
mechanisms to fail. Sustained elevation of STREM2 may then
reflect uncontrolled inflammation, promoting endothelial
injury and reducing perfusion. This transition from an initially
protective response to a maladaptive pro-inflammatory state
may explain the coexistence of high sTREM2 levels with
hypoperfusion in moderate-to-severe WMH cases.

Stroop Test C evaluates the brain’s ability to resolve cognitive
conflict, serving as a sensitive measure of executive
function[56,57]. It requires suppression of automatic
responses and engagement in effortful cognitive control,

https://doi.org/10.71321/xbcvcf98

placing high demand on prefrontal cortex function. Executive
dysfunction is a hallmark of WMH-related cognitive
impairment. This domain relies on intact fronto-subcortical
networks involving the prefrontal cortex, basal ganglia,
and thalamus—regions particularly susceptible to chronic
hypoperfusion and inflammation[58,59]. Our findings showed
that GM CBF was negatively correlated with Stroop Test C
scores in both groups, implying that even in the absence of
overt cognitive deficits, reductions in perfusion may impair
executive functioning. This underscores the early involvement
of cerebral hypoperfusion in cognitive decline.

Integrating our results with existing evidence, we propose
the following pathological cascade: peripheral or central
inflammation activates microglia, leading to the release of
sTREM2 and other inflammatory mediators, which damage
cerebral microvasculature and increase BBB permeability.
BBB disruption facilitates the entry of harmful substances into
brain tissue, exacerbating inflammation and oxidative stress.
This cascade impairs microvascular function and reduces
CBF. Resultant hypoperfusion in white matter promotes
demyelination and axonal degeneration, manifesting as WMH.
Simultaneously, reduced perfusion in gray matter impairs
the metabolic activity of key cognitive regions, especially
the prefrontal cortex, ultimately resulting in global cognitive
decline and executive dysfunction. Clinically, sSTREM2 may
serve as a biomarker of neuroinflammation and a prognostic
indicator for WMH progression and cognitive outcomes. CBF,
as a functional imaging biomarker, reflects the metabolic
integrity and vulnerability of cerebral regions. Combined
monitoring of inflammatory and perfusion markers could
facilitate early identification of WMH and inform personalized
interventions.

Despite its strengths, this study has several limitations. First,
as a cross-sectional design, causality cannot be inferred.
Longitudinal studies are required to elucidate the temporal
relationship between sTREM2 dynamics and WMH-related
cognitive decline. Second, our sample was limited in size
and included only Chinese participants, necessitating
validation in larger, more diverse populations. Third, advanced
neuroimaging techniques, such as diffusion tensor imaging
(DTI)[60,61], were not employed to further elucidate the
coupling between structural and functional alterations.

Conclusion

This study delineates a potential pathogenic pathway linking
sTREM2, inflammation, and cerebral perfusion abnormalities
to the development of WMH and cognitive impairment. Our
findings suggest that inflammation-induced BBB disruption
and CBF reduction may jointly contribute to white matter
damage and subsequent cognitive decline. This mechanistic
insight offers theoretical support for understanding WMH
pathophysiology and highlights potential biomarkers and
intervention targets for individualized clinical strategies.
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