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Purpose: Inflammation plays a role in cerebral small vessel disease (CSVD) pathophysiology. This study aimed to explore the
association of the fibrinogen-to-albumin ratio (FAR), a novel inflammatory marker, with CSVD burden in patients with transient
ischemic attack (TIA).

Patients and Methods: From October 1, 2022, to November 30, 2023, continuous patients with TIA were recruited in the study. The
total CSVD burden score and modified total CSVD burden score were used to assess the severity of CSVD. Multivariable regression
analysis was used to explore the correlation between the FAR and CSVD in TIA patients.

Results: A total of 455 participants were recruited, of whom 225 (48.35%), according to the total CSVD burden score, and 181
(40.67%), according to the modified CSVD burden score were finally identified as moderate-severe CSVD. Spearman correlation
analysis showed that levels of FAR correlated with the total CSVD (r=0.392, P<0.001) and the modified total CSVD burden scores
(r=0.379, P<0.001). Multivariable logistic regression analysis showed that FAR was independently associated with moderate-severe
CSVD, both as a continuous variable and as a tertile variable (P<0.001).

Conclusion: The level of FAR on admission was independently associated with the severity of CSVD in patients with TIA.
Keywords: cerebral small vessel disease, fibrinogen-to-albumin ratio, transient ischemic attack, inflammatory marker

Introduction
Cerebral small vessel disease (CSVD) is a common cerebrovascular disease with an extremely high incidence in the
elderly population, affecting 5% of people aged over 50 and almost 100% of people aged over 90." The diagnosis of
CSVD mainly depends on imaging findings, including recent small subcortical infarct, white matter hyperintensities
(WMHs), lacunes, cerebral microbleeds (CMBs), enlarged perivascular spaces (EPVS), and brain atrophy.”? CSVD has
been proved to cause dementia, gait dysfunction, and mood disorders and is associated with the recurrence and prognosis
of ischemic stroke and TIA.**

Although the underlying mechanism of CSVD is still unclear, increasing evidence suggests that inflammation might
play a crucial role. Many systemic inflammation markers, such as C-reactive protein (CRP), interleukin-6 (IL-6), tumor

necrosis factor a (TNF-a), and vascular endothelial growth factor (VEGF) have been reported to be associated with
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CSVD.’ As a new inflammatory marker derived from fibrinogen and albumin, the FAR has been reported to be associated
with a variety of diseases, including cardiovascular diseases, tumors, and stroke.®® However, the correlation between
FAR and CSVD is still unclear. We designed this prospective cross-sectional study to explore the relationship between
the level of FAR on admission and the severity of CSVD in patients with TIA.

Materials and Methods

Study Design and Participants

From October 2022 to November 2023, patients with first-ever TIA admitted to inpatient department of the First People’s
Hospital of Yancheng were consecutively enrolled in this study. The Ethics Committee of the First People’s Hospital of
Yancheng approved this study. It was conducted in accordance with the principles of the Declaration of Helsinki. All
patients themselves provided written informed consent.

Inclusion criteria included (1) first TIA, (2) admission within 7 days of onset, (3) over 18 years old. The exclusion
criteria were as follows: (1) a history of TIA or ischemic stroke, (2) contraindications to MRI examination, (3) other
diseases with MRI abnormalities, such as brain trauma, brain tumors, multiple sclerosis, cerebral hemorrhage, central
nervous system infection, hydrocephalus, or autoimmune encephalitis, (4) with diseases which might affect inflammatory
conditions, such as blood disease, acute infection, tumors, severe liver or kidney disease and autoimmune diseases, (5)
use of any anticoagulants within one month, (6) incomplete MRI data.

The diagnosis of TIA depends on symptom duration and the absence of acute cerebral infarction on DWI. Transient
focal neurologic deficit symptoms should coincide with corresponding cerebrovascular regions and can be completely
recovered, lasting less than 24 hours.’

Baseline Data Collection

The baseline data were collected by a trained physician on admission using a standardized protocol. We collected
demographic data (age, gender), medical history (hypertension, diabetes, hyperlipidemia, atrial fibrillation, coronary
heart disease), pharmacological treatment history (antiplatelet, statin, antihypertension and antidiabetes), history of
smoking and drinking, and clinical assessment (blood pressure, ABCD2 score).

Fasting venous blood was drawn from all patients the morning after admission. Laboratory data including fibrinogen,
D-Dimmer, albumin, total cholesterol (TC), triglyceride (TG), fasting plasma glucose (FPG), white blood cell count, and
neutrophil count. FAR was calculated by the formula fibrinogen (g/L) / albumin (g/L). Two technicians who were blinded
to the clinical data processed all blood samples in the laboratory department of our hospital.

MRI Acquisition and Assessment

All participants underwent brain MRI including T1-weighted, T2-weighted, T2 fluid-attenuated inversion recovery
(FLAIR), diffusion weighted imaging (DWI) and susceptibility-weighted imaging (SWI) sequences within 3 days of
admission by a 3.0T MRI scanner.

Two trained neuroradiologists blinded to all clinical data processed the MRI imaging data. WMH, including the
periventricular and deep WMH, were evaluated based on T2 and Flair sequences by the Fazekas rating scale. Cerebral
microbleeds (CMBs) were defined as circular-like low-density regions of 2—10 mm in size on the SWI sequence. Lacunae
are round or ovoid fluid-filled cavities in the cortex that resemble cerebrospinal fluid (CSF) signals on T1, T2, or Flair
sequences, ranging from 3 to 20mm in diameter. Enlarged perivascular spaces (EPVS) are linear round or oval spaces
less than 3mm in diameter, similar to the signal of CSF. EPVS are commonly found in the basal ganglia and subcortical
areas.” We assessed the severity of CSVD using the total CSVD burden score proposed by Staals et al and the modified
total CSVD burden score designed by Rothwell et al'®!! Both of them include the four CSVD-associated MRI markers
described above. The total CSVD burden score ranges from 0 to 4. One point was allocated for the presence of each of
the following MRI markers: the presence of lacunae or CMBs (one point for each); moderate-to-severe WMH including
PV-WMH Fazekas 3 or deep-WMH Fazekas >2; and moderate-to-severe basal ganglia EPVS (BG-EPVS) (N>11). While
the modified total CSVD burden score ranges from 0 to 6. One point was assigned to the presence of lacunes, CMB

10442 "= Journal of Inflammation Research 2024:17

Dove!


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

Dove Liu et al

burden (N 1-4), severe BG-EPVS (N>20), modified WMH burden (total WMH grade 3-4), and two points were
allocated for CMB burden (N>5) and modified WMH burden (total WMH grade 5-6).'2 All patients were divided
into no-mild (total CSVD burden score 0—1 or modified total CSVD burden score 0-2) or moderate-moderate (total
CSVD burden score 2—4 or modified total CSVD burden score 3—6) subgroups according to the severity of CSVD.

Statistical Analysis

Statistical analyses were performed by SPSS version 23.0 (IBM, New York, NY, USA). Continuous variables are
presented as the mean + standard deviation or median (interquartile range [IQR]), and categorical variables are presented
as numbers (percentages). All patients were categorized into four subgroups according to quartiles of FAR and divided
into two subgroups named non-mild CSVD and moderate-severe CSVD subgroups based on the total CSVD burden
score and modified total CSVD burden score. The Chi-square test or Fisher’s exact test was used for categorical variables
(such as sex and medical history), one-way ANOVA, variance analysis, the Mann—Whitney U-test, or the Kruskal-Wallis
test was used for continuous variables (such as age). The relationship between FAR and total CSVD burden score or
modified total CSVD burden score was analyzed by spearman’s rank correlation. Univariate and multivariate logistic
regression analyses were performed to identify the relationship between levels of FAR and the severity of CSVD.
Univariate regression analysis was used to screen the risk factors of moderate-severe CSVD. To mitigate potential
confounders, we constructed three regression models: an unadjusted model, a model adjusted for age and sex, and
a multivariate adjusted model with further adjustment for all the pharmacological treatment history and other variables
with a p < 0.1 in the univariate analysis. An association was indicated as the odds ratio (OR) or adjusted odds ratio (aOR)
with the 95% confidence interval (CI). Statistical significance was defined as a two-sided P-value of < 0.05.

Results

Comparison of Characteristics Between FAR Quartiles

From September 2022 to October 2023, A total of 558 TIA patients were consecutively screened in this study. 103
patients were excluded for various reasons according to the exclusion criteria (Figure 1). Finally, 455 participants were
recruited in the study with a median FAR of 8.006, a median age of 63 years, and 296 (65.05%) were male. The FAR was
stratified by quartile, and the quartile levels were as follows: Quartile 1 (FAR<6.65), Quartile 2 (6.66<FAR<8.02),
Quartile 3 (8.02<FAR<9.77), Quartile 4 (9.77<FAR). The results showed that significant differences appeared in the
ABCD?2 score, proportion of previous statin treatment, total CSVD burden, modified total CSVD burden, and levels of
fibrinogen and albumin (all P <0.001). However, there is no significant difference in other characteristics (Table 1). The
inter-observer variability coefficients for assessing of the total and modified total CSVD burden score were found to be
16.7% and 17.4%, respectively, indicating high agreement among the radiologists. The intra-observer variability
coefficients for the repeated measurements of the total and modified total CSVD burden score 9.7% and 10.1%,
respectively, suggesting high reproducibility within the same radiologist.

Comparison of Characteristics Between Patients with Different Severity of CSVD

We divided the patients into non-mild and moderate-severe subgroups based on the total CSVD and modified total CSVD
burden respectively. Compared with the non-mild subgroup, patients in the moderate-severe subgroup had higher levels of
FAR,age, ABCD2 score, systolic blood pressure, FPG, D-dimer, fibrinogen, albumin, as well as a higher proportion of
hypertension, previous antihypertension treatment and previous antiplatelet treatment (all P<0.05), either total CSVD burden
score or modified total CSVD burden score was used as the classification standard. In addition, the moderate-severe subgroup
also had a higher proportion of diabetes (P=0.013) when the modified CSVD score was used as a grouping criterion (Table 2).

Correlation Between FAR and Total CSVD Burden or Modified Total CSVD Burden

Scores
Spearman correlation analysis was used to explore the correlation between FAR and CSVD score or modified CSVD
score. The results showed that FAR was significantly correlated with CSVD burden and modified CSVD burden scores
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17| 455 finally included in the analysis

558 patients with TIA screened

Excluded:86

v

(1) history of TIA or stroke: 31
(2) contraindications to MRI examination: 11

(3) other diseases with MRI abnormalities: 17

(4) Infectious diseases or liver and kidney diseases: 19
(5) use of any anticoagulants: 8

| 472 eligible patients included |

_’l Incomplete MRI data: 17

[ Total CSVD burden score ]

—

—

.

[ Modified Total CSVD burden ]

!

Non-mild
(score:0-1).n=235

moderate-severe

(score:2-4), n=220

Non-mild
(score:0-2), n=274

moderate-severe
(score:3-6), n=181

Figure | Flowchart of the study.

(Figures 2 and 3). The results show that FAR is significantly correlated with both CSVD (r=0.392, P<0.001) and

modified CSVD (r=0.379, P<0.001) when used as a continuous variable.

Associations of FAR with the Severity of CSVD

The results of logistic regression analyses for moderate—severe CSVD with FAR as continuous variables and quartiles
were displayed in Tables 3 and 4. Fibrinogen and albumin were eliminated from the multivariate regression model due to

Table | Bseline Characteristics Among Patients According to Quartiles of FAR

Baseline Characteristics Quartile 1 (n=114) | Quartile 2 (n=114) | Quartile 3 (n=114) | Quartile 4 (n=113) | P
Demographics
Male, n (%) 76 (66.7) 76 (66.7) 76 (66.7) 68 (60.2) 0.665
Age, median (IQR) (years) 62.0(53.0, 69.3) 61.5(51.8, 70.0) 63.0 (52.8, 70.0) 63.0 (54.5, 72.0) 0.670
Medical history, n (%)
Hypertension 80(70.2) 82(71.9) 83(72.8) 84(74.3) 0916
Diabetes mellitus 25(21.9) 20(17.5) 28(24.6) 35(31) 0.115
Coronary artery disease 14(12.3) 8(7) 5(4.4) 11(9.7) 0.158
Atrial fibrillation 6(5.3) 6(5.3) 54.4) 9(8.0) 0.677
Dyslipidemia 57(50) 62(54.4) 65(57) 65(57.5) 0.652
Smoking 51(44.7) 45(39.2) 52(45.6) 44 (38.9) 0.640
Drinking 32(28.1) 25(21.9) 30(26.3) 31(27.4) 0.714
(Continued)
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Table | (Continued).

Baseline Characteristics Quartile | (n=114) | Quartile 2 (n=114) | Quartile 3 (n=114) | Quartile 4 (n=113) | P
Pharmacological treatment history, n (%)

Previous antihypertension 67(58.8) 72(63.2) 74(64.9) 65(56.6) 0.553
Previous antidiabetes 23(20.2) 21(18.4) 27(23.7) 30(26.5) 0.458
Previous statin 34(29.8) 39(34.2) 43(37.7) 20(17.7) 0.006
Previous antiplatelet 24(21.1) 16(14.0) 28(24.6) 16(14.2) 0.102
Clinical characteristics, median (IQR)

Number of episodes I (1,2) 1 (1,2) I (1,2) I (1,2) 0.881
ABCD2 score 2(1.75,4.00) 2(1,3) 3(24) 3(2.54) <0.001
Systolic blood pressure (mmHg) 144.5(135,159.25) 143(129.75,155.0) 147(134.5,166.25) 151(135.5,168.5) 0.063
Diastolic blood pressure (mmHg) | 82(76.75,90) 84(77,92) 86(74.75,92.5) 86(76.5,96) 0.240
Laboratory characteristics, median (IQR)

White blood cell count (x 10°/L) | 6.82(5.30,8.13) 6.98(5.40,8.12) 7.20(5.60,9.00) 7.00(6.00,8.70) 0.064
Neutrophil count (x 10°/L) 4.15(3.20,5.60) 4.10(3.20,5.65) 4.40(3.37,6.12) 4.78(3.74,5.57) 0.081
FPG (mmol/L) 5.70(5.40,6.10) 5.60(5.30,6.00) 5.60(5.40,6.23) 5.80(5.40,6.85) 0.213
TC (mmol/L) 4.61(3.98,5.20) 4.57(3.97,5.48) 4.62(4.08,5.28) 4.69(4.12,5.65) 0.469
LDL-C (mmol/L) 2.58(2.00,3.30) 2.81(2.04,3.57) 2.71(2.08,3.34) 2.91(2.20,3.46) 0.428
D-dimer 0.34(0.22,0.67) 0.36(0.22,0.75) 0.34(0.23,0.53) 0.38(0.27,0.74) 0.486
Fibrinogen (g/L) 2.26(2.07,2.43) 2.74(2.54,2.88) 3.23(2.96,3.46) 4.11(3.69,4.47) <0.001
Albumin (g/L) 39.11(36.53,40.51) 37.55(34.58,39.43) 37.21(34.99,39.02) 34.42(32.94,36.92) <0.001
Imaging characteristics, median (IQR)

Total CSVD score I(1,1.25) 1(1,2) 2(1,3) 2(1,3) <0.001
Modified total CSVD score 2(1,2) 2(1,3) 2(1,3) 3(24) <0.001

Abbreviations: FAR, fibrinogen-to-albumin ratio; IQR, interquartile range; ABCD2 score; CSVD, cerebral small vessel disease;

cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 2 Demographic and Clinical Characteristics According to the Severity of CSVD

FPG, Fasting plasma glucose; TC, total

Characteristics Total CSVD Burden Score P Modified Total CSVD Burden Score P
Non-Mild Moderate-Severe Non-Mild Moderate-Severe
(n=235) (n=220) (n=274) (n=181)

Demographics

Male, n (%) 148 (63.0) 148 (67.3) 0.337 176 (64.2.7) 120 (66.3) 0.651

Age, median (IQR) (years) 56.0(46.0, 66.0) 68.0 (60.0, 74.0) <0.001 | 57.0 (46.75, 67.0) 68.0 (61, 74.0) <0.001

Medical history, n (%)

Hypertension 145(61.7) 184(83.6) <0.001 174(63.5) 155(85.6) <0.001

Diabetes mellitus 49(20.9) 59(26.8) 0.135 54(19.7) 54(29.8) 0.013

Coronary artery disease 15(6.4) 23(10.5) 0.117 19(6.9) 19(10.5) 0.179

Atrial fibrillation 10(4.3) 16(7.3) 0.166 11(4.0) 15(8.3) 0.055

Dyslipidemia 125(53.2) 124(56.4) 0.497 I51(55.1) 98(54.1) 0.839

Smoking 100(42.6) 92(41.8) 0.874 121(44.2) 71 (39.2) 0.297

Drinking 61(26) 57(25.9) 0.991 71(25.9) 47(26) 0.99

Pharmacological treatment history, n (%)

Previous antihypertension 123(52.3) 154(70) <0.001 149(54.4) 128(70.7) 0.001

Previous antidiabetes 46(19.6) 55(25.0) 0.177 53(19.3) 48(26.5) 0.084

Previous statin 64(27.2) 72(32.7) 0.219 82(29.9) 54(29.8) 0.983

Previous antiplatelet 33(14.0) 51(23.2) 0.015 40(14.6) 44(24.3) 0.010
(Continued)
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Table 2 (Continued).

Characteristics Total CSVD Burden Score P Modified Total CSVD Burden Score P
Non-Mild Moderate-Severe Non-Mild Moderate-Severe
(n=235) (n=220) (n=274) (n=181)
Clinical characteristics, median (IQR)
Number of episodes 1(1,2) 1(1,2) 0.429 1 (1,2) 1 (1,2) 0.798
ABCD?2 score 2.0(2.0,3.0) 3.0(2.0,4.0) <0.001 | 2(2,4) 3(24) <0.001
Systolic blood pressure (mmHg) 143.0(129.0,158.0) 149.5(137,166.0) 0.009 143(129.75,158) 150(137.5,167.5) 0.002
Diastolic blood pressure (mmHg) 84(76,92) 85(77,92) 0.89 84(76,92) 85(76.5,92) 0.940
Laboratory characteristics, median (IQR)
White blood cell count (x 10°/L) 7.0(5.60,8.5) 7.00(5.6,8.48) 0.707 7.0(5.68,8.6) 6.87(5.41,8.27) 0.478
Neutrophil count (x 10°/L) 4.3(3.20,5.61) 4.51(3.45,5.90) 0.125 4.40(3.2,5.7) 4.5(3.4,5.9) 0.377
FPG (mmol/L) 5.60(5.30,6.10) 5.80(5.40,6.50) 0.026 5.60(5.40,6.0) 5.80(5.40,6.6) 0.004
TC (mmol/L) 4.65(4.07,5.46) 4.57(4.02,5.31) 0.552 4.64(4.08,5.48) 4.57(4.00,5.28) 0.338
LDL-C (mmol/L) 2.81(2.08,3.43) 2.69(2.06,3.44) 0.597 2.81(2.13,3.48) 2.67(2.01,3.35) 0.279
D-dimer 0.32(0.22,0.53) 0.39(0.25,0.79) 0.001 0.33(0.22,0.56) 0.40(0.25,0.81) 0.002
Fibrinogen (g/L) 2.75(2.35,3.18) 3.24(2.74,3.77) <0.001 | 2.80(2.38,3.23) 3.31(2.75,3.85) <0.001
Albumin (g/L) 38.22(35.89, 39.90) 36.10(33.70, 38.50) | <0.001 | 38.00(35.51, 39.60) 35.81(33.52, 38.68) | <0.001
FAR (%) 7.379(6.157,8.789) 8.562(7.430,10.823) | <0.001 | 7.545(6.173,8.792) 8.990(7.479,11.096) | <0.001

Abbreviations: IQR, interquartile range; ABCD2 score; CSVD, cerebral small vessel disease; FPG, Fasting plasma glucose; TC, total cholesterol; LDL-C, low-

density lipoprotein cholesterol; FAR, fibrinogen-to-albumin ratio.

collinearity with FAR. The multivariate regression analysis, which was adjusted for gender, age, all the pharmacological

treatment history and other variables with P<(.1 in univariable regression analysis, showed that FAR (OR=1.477, 95%
CI=1.323-1.649 for total CSVD burden and OR=1.480, 95% CI=1.329-1.649 for modified total CSVD burden,

respectively) as a continuous variable was independently associated with moderate—severe CSVD. Similarly, when

FAR was included as quartiles in the multivariable regression analysis, the results indicated that compared with the
first quartile of FAR, the other quartiles could significantly increase the risk of moderate-severe CSVD (all P <0.001).

r=0.392,
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P<0.001 . .
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Total CSVD burden score

Figure 2 Spearman correlation analysis between FAR and the total CSVD burden score.
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Figure 3 Spearman correlation analysis between FAR and the modified total CSVD burden score.

Discussion

To our knowledge, insufficient literature has investigated the relationship between the level of FAR and CSVD in the TIA
population. This study is the first prospective cross-sectional study to report an association between FAR and CSVD in
patients with TIA. The results showed that a high level of FAR was independently associated with a higher total and
modified total CSVD burden scores, even after adjusting for variables such as age, sex, and pharmacological treatment
history, and could also increase the risk of moderate-severe CSVD. Consistent with previous reports, we also found that
age and history of hypertension were associated with CSVD."?

CSVD is a group of pathological processes that affect cerebral small arteries, arterioles, capillaries, and cerebral
venules.” Epidemiological data suggest that CSVD can cause dementia, gait dysfunction, and mood disorders and is
associated with the recurrence and prognosis of ischemic stroke and TIA.>*!'* As an overall assessment scale for CSVD,
the total CSVD burden score has also been reported to be correlated to stroke. According to a cohort study with a mean
follow-up of 7.2 years, a higher total CSVD burden score could escalate the risk of stroke, dementia, and death.'
Furthermore, the total CSVD burden score could also predict the recurrence and prognosis of ischemic stroke/TIA.'®

The underlying pathogenesis of CSVD is unclear, but Numerous animal and epidemiological studies have shown that
inflammation is associated with vascular endothelial injury, oxidative stress, and hypoperfusion, all of which can induce

Table 3 Multivariate Regression Analyses for Moderate—Severe CSVD with FAR as Continuous

Variables
FAR Total CSVD Burden Score | Modified Total CSVD Burden Score
OR (95% CI) P OR (95% CI) P
Unadjusted 1.331 (1.217, 1.445) | <0.001 | 1.348 (1.234,1.473) <0.001
Age and gender adjusted | 1.412 (1.275, 1.564) | <0.001 | 1.424 (1.288,1.575) <0.001
Multivariable adjusted* 1.477 (1.323,1.649) | <0.001 | 1.480 (1.329,1.649) <0.001

Notes: Albumin and fibrinogen were not included in the multivariable regression analysis because of collinearity. *Total
CSVD burden score: adjusted for gender, age, hypertension, systolic blood pressure, ABCD2 and D-dimer; Modified total
CSVD burden score: adjusted for gender, age, hypertension, systolic blood pressure, ABCD2, D-dimer, diabetes mellitus,
FPG, atrial fibrillation, previous antihypertension, previous antidiabetes, previous statin and previous antiplatelet.
Abbreviations: CSVD, cerebral small vessel disease; FAR, fibrinogen-to-albumin ratio; OR, odds ratio; Cl, confidence
interval.
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Table 4 Multivariate Regression Analyses for Moderate—Severe CSVD with FAR as Quartiles

FAR Total CSVD Burden Score Modified Total CSVD Burden Score
OR (95% CI) P OR (95% CI) P
Unadjusted
Quartile | Reference <0.001 Reference
Quartile 2 2.863(1.631,5.027) <0.001 | 2.583(1.407,4.743) 0.002
Quartile 3 3.535(2.013,6.209) <0.001 | 2.996(1.638,5.478) <0.001
Quartile 4 6.309(3.533,11.266) <0.001 | 7.777(4.228,14.303) <0.001
Age and sex adjusted
Quartile | Reference <0.001 | Reference
Quartile 2 3.714(1.983,6.958) <0.001 | 3.088(1.589,6.001) 0.001
Quartile 3 4.495(2.408,8.392) <0.001 | 3.506(1.819,6.756) <0.001
Quartile 4 8.788(4.573,6.886) <0.001 | 10.865(5.503,21.454) <0.001
Multivariate adjustedf
Quartile | Reference Reference
Quartile 2 4.019(2.101,7.690) <0.001 | 3.459(1.742,6.867) 0.001
Quartile 3 4.748(2.474,9.115) <0.001 | 3.644(1.843,7.206) <0.001
Quartile 4 11.004(5.477,22.107) | <0.001 | 13.319(6.436,27.565) <0.001

Notes: Albumin and fibrinogen were not included in the multivariable regression analysis because of collinearity. TTotal
CSVD burden score: adjusted for gender; age, hypertension, systolic blood pressure, ABCD2 and D-dimer; Modified
total CSVD burden score: adjusted for gender, age, hypertension, systolic blood pressure, ABCD2, D-dimer, diabetes
mellitus, FPG, atrial fibrillation, previous antihypertension, previous antidiabetes, previous statin and previous
antiplatelet.

Abbreviations: CSVD, cerebral small vessel disease; FAR, fibrinogen-to-albumin ratio; OR, odds ratio; Cl, confidence
interval;

CSVD.'72% Both systemic inflammatory markers and vascular inflammatory markers have been demonstrated to have
certain predictive effects on CSVD.? Low et al ‘s systematic review reported that vascular inflammatory response mainly
plays a role in the formation of CSVD in the basal ganglia, which is different from systemic inflammation, which mainly
plays a role in cerebral amyloid angiopathy (CAA) related cerebral lobe and semi-oval area. Therefore, the association of
systemic inflammatory markers and vascular inflammatory markers with CSVD may originate from different mechan-
isms. However, some studies also reported inconsistent results.'

As mentioned above, fibrinogen is a glycoprotein produced by the liver that plays a role in the inflammatory response
and is considered a systemic inflammatory marker. A previous meta-analysis of 31 prospective studies showed that
elevated fibrinogen was significantly associated with ischemic stroke risk.?' In addition, high levels of fibrinogen might
also correlate to poor prognosis of cardiovascular disease, ischemic stroke, and TIA. Hou et al reported in a large cohort
study involving 10518 patients that high levels of baseline and 90-day fibrinogen levels were independently associated
with poor outcomes in patients with ischemic stroke and TIA.>* However, the correlation between fibrinogen and CSVD
is still controversial. Some research has reported fibrinogen levels were significantly and independently associated with
WMH.?*** A study based on patients from the Framingham Heart Study found a significant association between
fibrinogen and PVS in the basal ganglia but not in the centrum semiovale.”> However, some other studies have failed
to find a correlation between fibrinogen and CSVD.?*?” Albumin is the most abundant serum protein synthesized in the
liver, which has anti-platelet and anti-inflammatory effects. Several studies have explored the potential association
between albumin and stroke. According to a recent large prospective cohort study, low level of albumin could effectively
predict the poor prognosis and mortality of AIS and TIA patients at 3 months and 1 year.”® In addition, preclinical studies
have shown that appropriate albumin treatment after ischemic stroke can effectively reduce brain edema and infarct
volume, thereby improving the prognosis.”’ Unfortunately, clinical studies in humans have not yielded consistent
results.>® Meanwhile, the correlation between CSVD and albumin is unclear because few relevant studies exist.

FAR, a new inflammatory marker converted from fibrinogen and albumin has been reported to be an effective
predictor of the prognosis of tumors and coronary heart disease, with better sensitivity and specificity than fibrinogen or
albumin alone.’' At present, several publications have confirmed that high levels of FAR were associated with poor
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prognosis of tumors, such as breast and digestive system tumors.*>? In addition, elevated FAR has also been reported to
be independently associated with the severity and poor prognosis of coronary heart disease.® > A few recent studies
have found possible correlation between FAR and stroke. A cohort study involving 264 patients with acute pontine
infarction demonstrated that high levels of FAR could effectively predict poor prognosis after 3 months.>> A consistent
conclusion was reached in another study of patients with acute lacunar stroke.*® Moreover, recent studies have found that
high levels of FAR could increase the risk of hemorrhagic transformation after acute ischemic stroke.*’*® This study for
the first time pointed out that FAR was associated with the severity of CSVD in patients with TIA.

The underlying mechanism of the potential association was unclear. Still, we speculated that inflammatory response
played a central role. Meanwhile, high levels of FAR were often accompanied by high fibrinogen and low albumin,
which might also play a potential role. Since CSVD is associated with poor prognosis of TIA, if the effectiveness of FAR
in predicting CSVD in TIA patients is fully confirmed, it may open the door to various brain protective measures for
TIA. Due to the close correlation between FAR and inflammation, appropriate treatment for high-risk patients to reduce
inflammation may reduce the severity of CSVD in TIA patients and improve the prognosis. In addition, the related
treatment strategies of reducing fibrinogen or increasing albumin may also become another new target for TIA treatment.
However, at this stage, because the exact causal relationship between FAR and CSVD cannot be clarified, it seems that it
is not enough to change the direction of treatment. This study provided epidemiological evidence for the association
between FAR and CSVD in TIA patients. However, some limitations should be noted. First, this study was cross-
sectional; the exact causal relationship between FAR and CSVD cannot be clarified. Second, due to the limitation of
sample size, we did not perform subgroup analysis according to the type of CSVD, and further subgroup analysis would
be more conducive to exploring the potential pathogenesis. Third, it is tough to include all risk factors associated with
CSVD. In this study, some potential risk factors including C-reactive protein were not included in the analysis, which
might have a certain impact on the final result. Finally, this is a single-center study with a limited sample size, which still
needs to be further verified by multi-center and large-sample studies.

Conclusion

Our study shows that FAR levels are suggestively associated with the severity of CSVD in patients with TIA,
independent of variables such as pharmacological treatment history, age and sex, with an unclear mechanism. The
results need to be further verified by multi-center and large-sample studies. Further elucidating the mechanism may
provide a new target for the treatment of CSVD.
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