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Objective: Intracerebral hemorrhage (ICH) is a life-threatening complication in patients undergoing maintenance hemodialysis
(MHD), yet reliable biomarkers for early risk stratification remain scarce. The fibrinogen-to-albumin ratio (FAR), a composite
inflammatory and nutritional marker, may offer predictive value for ICH in this high-risk population.

Methods: This retrospective study analyzed a total of 536 MHD patients (ICH group: n=207; non-ICH group: n=329) from June 2019
to June 2024. FAR was calculated based on laboratory parameters. Multivariate Logistic regression analysis was used to identify
independent risk factors for ICH, and ROC curve analysis and restricted cubic spline (RCS) modeling were used to assess the
predictive performance of FAR for cerebral hemorrhage in maintenance hemodialysis patients. Finally, the DeLong test was used to
compare the differences in area under curve (AUC).

Results: Logistic regression analysis revealed that FAR ([OR] 1.07, 95% [CI] 1.03—1.10, p<0.001) was the independent predictor of
ICH. Trend testing showed a dose-response correlation between FAR (p for trend <0.001) and ICH risk. RCS showed a non-linear
correlation between FAR and ICH risk (non-linear p=0.029). ROC analysis demonstrated FAR’s superior accuracy (AUC=0.75)
compared to fibrinogen (AUC=0.67) and albumin (AUC=0.49), identifying 12.2 as the optimal cutoff (sensitivity=0.73, specifi-
city=0.60). The DeLong’s test confirm that FAR exhibits significantly superior discriminatory performance.

Conclusion: FAR may predict the occurrence of ICH in MHD patients. This study explores the application value of FAR in predicting
ICH risk in MHD patients, providing a new biomarker for early identification of high-risk patients in clinical practice.
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Introduction

Intracerebral hemorrhage (ICH) is a non-traumatic brain parenchymal hemorrhage primarily caused by the rupture of
blood vessels due to high blood pressure and small artery sclerosis. Accounting for 10-15% of all stroke cases, ICH is
a significant cause of disability and death worldwide.! ICH has the highest mortality rate among all subtypes, with over
40% of patients dying within a month, while the rest may experience severe disability.?

Globally, dialysis is the most common renal replacement therapy.> ICH is one of the most severe complications in
patients undergoing maintenance hemodialysis (MHD). It has been reported that lipid metabolism and inflammatory
response are important factors in regulating the progression of ICH, as well as subsequent brain injury and brain function
repair.* Despite the continuous development of dialysis technology and the gradual improvement of nursing standards,
the risk of brain damage in MHD patients is about six times higher than that of healthy individuals, with a mortality rate
as high as 41-47%.’
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In MHD patients, traditional factors related to dialysis, such as micro inflammatory state, malnutrition, acceleration of
calcification of renal tubules, response to anticoagulants, and low blood pressure during dialysis, accelerated athero-
sclerosis, which led to a significant increase in brain outflow rate in MHD patients.® Due to factors such as antioxidant
and anti-inflammatory effects, as well as impaired renal filtration function,” MHD patients are in a state of mild
inflammation during the early stages. This may lead to internal injury and atherosclerosis.® This may increase the
incidence rate and mortality of brain tube diseases.” Inflammation and acute stress are important components of the
brain’s pathological and physiological pathways.'’

Elevated fibrinogen promotes hypercoagulability and endothelial activation, while hypoalbuminemia reduces oncotic
pressure, exacerbating endothelial leakage and oxidative stress. The FAR ratio quantifies this imbalance: higher fibrino-
gen amplifies thrombotic and inflammatory cascades, whereas lower albumin diminishes vascular repair capacity. This
combination heightens susceptibility to microvascular rupture, particularly in hemodialysis patients with preexisting
uremic vasculopathy."' Unlike CRP or IL-6, which solely reflect inflammation, FAR captures the interplay between
systemic inflammation and malnutrition, which both prevalent in MHD patients.'?

Research indicates that the fibrinogen to albumin ratio (FAR) is a promising new inflammatory marker, previously
shown to be associated with atherosclerosis, acute lacunar stroke, and cancer.'>'> It has been widely used for evaluating
the prognosis of tumors, coronary heart disease, acute kidney injury and inflammation related diseases, and brain
stroke.'® However, there are currently no relevant reports on predictive analysis of FAR for ICH in MHD patients.
Therefore, the aim of this study is to analyze the value of FAR in predicting ICH risk in MHD patients.

Materials and Methods
Study Design and Population

In this retrospective study, we selected 536 maintenance hemodialysis patients admitted between June 2019 and
June 2024 as the research subjects, and divided them into an observation group (ICH group, n=207) and a control
group (Non-ICH group, n=329) based on whether ICH occurred. All enrolled patients underwent conventional in-center
hemodialysis three times per week, with each session lasting 4 hours. The dialysis parameters included a blood flow rate
of 300-400 mL/min, dialysate flow rate of 500 mL/min, and standard bicarbonate-based dialysate. Patients on peritoneal
dialysis or alternative modalities were excluded. Unfractionated heparin (UFH) was administered as the primary antic-
oagulant (initial bolus: 50 IU/kg; maintenance dose: 1000 IU/hour). For patients with contraindications to heparin,
regional citrate anticoagulation (RCA) was utilized. Patients with bleeding complications within the preceding 3 months
were excluded. The research conducted in this study adhered strictly to the principles outlined in the Helsinki Declaration
and obtained approval from the Ethics Committee at Baoding No.1 Central Hospital (approval number:2024178).

The inclusion criteria are as follows: (1) All participants are aged > 18 years and have no gender restrictions. (2) Dialysis
duration >3 months. (3) Within one week after the onset of cerebral infarction, the brain had undergone at least one head CT
scan or MRI that diagnosed spontaneous cerebral infarction, and the cerebral infarction occurred during dialysis.

The exclusion criteria are as follows: (1) Missing FIB, ALB, or other incomplete clinical data. (2) Existence of
chronic/acute liver failure. (3) ICH related to brain trauma, aneurysms, vascular malformations, Moyamoya disease,
malignant tumors, fluid diseases, and the use of anticoagulants or antiplatelet drugs in violation of medical advice. (4)
Patients with combined mental illness, surgery, severe trauma, and severe infection. (5) Received treatment with
defibrase or human albumin. (6) History of cerebral infarction in the past, to avoid confounding by preexisting
cerebrovascular pathology. Figure 1 illustrates the participant selection process, with 536 patients screened and 207
included in the ICH group.

Data Collection

We conducted a comprehensive survey of all enrolled patients and reviewed their medical records upon admission. The
baseline demographic characteristics of the patients, including age, gender, and body mass index (BMI), were collected and
recorded. Clinical data included the history of hypertension (Use of antihypertensive medications or systolic blood pressure
(SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg on two separate occasions prior to enrollment)'” diabetes
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Assessed for eligibility
(n=650)

Did not fulfill eligibility:

Age < 18 years (n=5)

Hemodialysis age less than 3 months (n=15)
Didn’t undergo any head CT scans (n=19)

Fulfilled inclusion criteria
(n=611)

Excluded:

Incomplete clinical data (n=22)

Presence of chronic/acute liver failure (n=8)
Cerebral hemorrhage from other causes (n=12)
Psychiatric disorders, major surgeries, severe
traumas, and serious infections in patients (n=9)
Receiving treatment with fibrin-lowering enzymes or
human albumin (n=13)

Previous history of cerebral hemorrhage (n=11).

Fulfilled inclusion criteria and
exclusion criteria (n=536)

e

ICH patients Non-ICH patients
(n=207) (n=329)

Figure | The flow chart of participants selection.
Abbreviations: MHD, maintenance hemodialysis; ICH, intracerebral hemorrhage.

(Use of hypoglycemic agents/insulin or fasting plasma glucose (FPG) >7.0 mmol/L or HbAlc >6.5% at enrollment),'®
smoking status, alcohol consumption and end-stage kidney disease (ESKD) etiology. Laboratory tests included hemoglobin
(HB), white blood cell count (WBC), platelet count (PLT), red blood cell distribution width (RDW), fasting glucose (FPG),
albumin (ALB), alanine aminotransferase (ALT), serum creatinine (SCR), serum uric acid (SUA), fibrinogen (FIB), triglycer-
ides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
parathyroid hormone (PTH), and calcium (Ca). For the ICH group, these measurements were obtained after the onset of ICH
but prior to initiating specific interventions for ICH. For the Non-ICH group, blood samples were collected immediately prior
to the mid-week hemodialysis session (ie, after a 2-day interdialytic interval) to standardize metabolic conditions and minimize
acute effects of dialysis on fibrinogen and albumin levels. All the above laboratory tests were conducted within 24 hours of
admission. FAR was calculated as FIB (mg/dL) x 100%/ALB (g/L). Brain computed tomography (CT) scans were analyzed
by two independent neuroradiologists blinded to clinical data. ICH diagnosis and characterization adhered to the SMASH-U
criteria, with hematoma volume quantified using the ABC/2 method. Intraventricular extension was graded via the Graeb
Score. Discrepancies were resolved through consensus or third-party adjudication. For the ICH group, imaging confirmed
spontaneous intracerebral hemorrhage. For the Non-ICH group, baseline CT ruled out acute ICH, and follow-up imaging was
conducted only if new neurological symptoms emerged during dialysis or hospitalization.

Statistical Analysis
The SPSS 27.0 and R language 4.1.3 software were used to conduct all statistical analyses and to generate plots.
Quantitative data conforming to a normal distribution were expressed as mean + standard deviation, and intergroup
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comparisons were conducted using an independent sample ¢-test; Non-normally distributed data were represented by
median values (P25, P75), and intergroup comparisons were tested using rank sum test. The count data were expressed as
frequency (%), and intergroup comparisons were tested using the chi-square test. Firstly, chi square test and independent
sample t-test were used to compare the differences in categorical and continuous variable characteristics between the
non-ICH and ICH groups. FAR was divided into quartiles, and logistic regression analysis was used to further evaluate
the correlation between FAR and ICH risk. The results of adjusting for confounding factors across several models were
displayed as odds ratios (OR) with 95% confidence intervals (CI). Among them, covariates were not adjusted in the
coarse model; Age and gender were adjusted in model 1; history of hypertension and diabetes were included in model 2
on the basis of model 1 adjustment. FIB and RDW were incorporated into model 3 building on the adjustment made in
model 2. The non-linear relationship between FAR and ICH was determined using restricted cubic splines (RCSs). The
hierarchical logistic regression model was used to study the interactions between several subgroups at a hierarchical
level. Receiver operating characteristic (ROC) curves were used to analyze and plot diagnostic performance graphs
related to FIB, ALB, FAR, and ICH. The diagnostic value was evaluated by calculating the area under the curve (AUC)
of the ROC curve. To statistically compare the diagnostic performance of FAR, FIB, and ALB, we performed pairwise
comparisons of the areas under the ROC curves using DeLong’s non-parametric method. A significance level of p<0.05
was considered statistically significant.

Results

Baseline Characteristics

A total of 536 MHD patients were admitted, including 254 female patients and 282 male patients. Table 1 presents the
baseline characteristics of MHD patients with or without ICH. No significant differences were observed in age, sex, BMI,
HB, PLT, ALB, SCR, SUA, TG, TC, LDL-C, HDL-C, Ca, PTH, history of smoking, alcohol consumption and ESKD
etiology between groups. (p>0.05). ICH group patients’ WBC, RDW, ALT, FIB, and FAR both increased, while FPG

Table | Baseline Characteristics of MHD Patients in Two Groups

Variables Non-ICH Group ICH Group P value
(n = 329) (n =207)
Age (years) 68.00 (60.00, 75.00) 68.00 (61.00, 76.00) 0.606
BMI (kg/m?) 23.50 (20.80, 26.30) 23.50 (21.00, 25.51) 0.538
Sex, n(%) 0.655
Male 171 (51.98) 111 (53.62)
Female 158 (48.02) 96 (46.38)
Smoking status, n(%) 0.255
No 133 (40.43) 94 (45.41)
Yes 196 (59.57) 113 (54.59)
Alcohol consumption, n(%) 0.396
No 184 (55.93) 108 (52.17)
Yes 145 (44.07) 99 (47.83)
Hypertension, n(%) <0.001
No 55 (16.72) I (5.31)
Yes 274 (83.28) 196 (94.69)
Diabetes, n(%) 0.025
No 158 (48.02) 79 (38.16)
Yes 171 (51.98) 128 (61.84)
ESKD Etiology, n(%) 0.815
Diabetic nephropathy 133 (40.43) 79 (38.16)
Chronic glomerulonephritis 62 (18.84) 38 (18.36)
(Continued)
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Table | (Continued).

Variables Non-ICH Group ICH Group P value
(n =329) (n =207)

Other causes 134 (40.73) 90 (43.48)

HB (g/L) 89.00 (76.00, 101.00) 85.00 (69.50, 104.50) 0.219
WBC (x10°/L) 6.17 (5.21, 7.50) 6.69 (5.21, 8.28) 0.026
PLT (x10°/L) 189.00 (145.00, 237.00) | 184.00 (139.50, 236.50) | 0.424
RDW (%) 47.80 (44.40, 50.60) 49.00 (45.70, 53.30) <0.001
FPG (mmol/L) 9.78 (747, 12.12) 9.06 (6.38, 12.16) 0.033
ALB (g/L) 34.28 (21.05, 47.47) 35.37 (23.04, 44.56) 0.777
ALT (U/L) 9.80 (5.70, 13.80) 12.10 (7.70, 18.00) <0.001
SCR (umol/L) 619.00 (465.00, 804.00) | 597.60 (448.00, 826.25) | 0.601
FIB (mg/dL) 8.34 (4.48, 13.07) 12.14 (7.36, 16.69) <0.001
SUA (umol/L) 346.20 (250.50, 429.60) | 352.22 (275.00, 463.00) | 0.095
TG (mmol/L) 1.34 (0.94, 1.73) 1.44 (1.06, 1.75) 0.068
TC (mmol/L) 4.77 (3.34, 6.10) 4.95 (3.50, 6.28) 0.242
LDL-C (mmol/L) 2.79 (2.19, 3.26) 2.73 (2.10, 3.24) 0.777
HDL-C (mmol/L) 2.30 (1.39, 3.21) 2.33 (1.55,331) 0.235
PTH (pg/mL) 270.00 (156.00, 434.00) | 257.00 (156.00, 384.50) | 0.242
Ca (mmol/L) 2.26 (1.58, 2.93) 2.13 (1.79, 2.50) 0.133
FAR 9.63 (7.21, 12.54) 14.05 (9.60, 19.10) <0.001

Note: The P values in bold are defined as statistical significance.

Abbreviations: MHD, maintenance hemodialysis; BMI, body mass index; ESKD, end-stage kidney disease; HB,
hemoglobin; WBC, white blood cell count; PLT, platelet count; RDW, red blood cell distribution width; FPG,
fasting glucose; ALB, albumin; ALT, alanine aminotransferase; SCR, serum creatinine; SUA, serum uric acid; FIB,
fibrinogen; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; PTH, parathyroid hormone; Ca, calcium; FAR, fibrinogen to albumin ratio.

decreased (p<0.05). Moreover, there was a significant difference in the history of hypertension, diabetes between MHD
patients with and without ICH (p<0.05).

Logistic Regression Analysis of Univariate and Multivariate
The univariate logistic regression model showed that hypertension, HB, RDW, ALT, ALB, FIB, TG, HDL-C, PTH, and
FAR were significantly correlated with the occurrence of ICH (p<0.05). Multivariate analysis identified FAR (OR=1.07,
95% CI: 1.03-1.10), hypertension (OR=2.98, 95% CI: 1.43-6.20), RDW (OR=1.08, 95% CI: 1.04-1.13), and FIB
(OR=1.13, 95% CI: 1.09-1.18) as independent ICH predictors (p<0.05) (Table 2).

Association Between FAR and the Risk of ICH in Various Models

Further multivariate regression analysis was conducted to verify the relationship between FAR and ICH (Table 3).
In Model 0, without adjustments, high FAR levels were significantly associated with the occurrence of ICH
(medium FAR, OR 9.62, 95% CI 4.37-21.18; high FAR, OR 24.54, 95% CI 11.37-52.96). In Model 1, after
adjusting for age and gender, a significant association was still observed between high FAR levels and ICH risk
(mid FAR, OR 9.62, 95% CI 4.37-21.18; high FAR, OR 24.66, 95% CI 11.42-53.23). In model 2, confounding
factors such as blood pressure and diabetes were further adjusted for. A significant correlation was still observed
between higher FAR levels and ICH risk (mid FAR, OR 9.16, 95% CI 4.16-20.18; high FAR, OR 24.05, 95% CI
11.14-51.95). Add FIB and RDW to the model based to model 2. There is still a significant association between
higher FAR levels and ICH risk (mid FAR, OR 6.55, 95% CI 2.87-14.92; high-FAR, OR 12.21, 95% CI
4.87-30.60) (all p < 0.001).
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Table 2 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for

ICH in MHD Patients

Variables Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value

Sex, n(%) 0.94 (0.66 ~ 1.33) | 0.710

Smoking status, n(%) 0.82 (0.57 ~ 1.16) 0.256

Alcohol consumption, n(%) | 1.16 (0.82 ~ 1.65) 0.396

Hypertension, n(%) 3.58 (1.83 ~7.01) | <0.001 | 298 (1.43 ~6.20) | 0.004

Diabetes, n(%) 1.50 (1.05 ~2.13) | 0.026 1.35 (0.89 ~ 2.05) | 0.152

ESKD Etiology, n(%)

Diabetic nephropathy 1.00

Chronic glomerulonephritis | 1.03 (0.63 ~ 1.69) 0.900

Other causes 1.13 (0.77 ~ 1.66) 0.533

Age (years) 1.01 (0.99 ~ 1.03) 0.379

BMI (kg/m?) 0.99 (0.94 ~ 1.04) | 0.641

HB (g/L) 1.00 (0.99 ~ 1.01) | 0427

WBC (x10%L) 1.00 (0.99 ~ 1.01) | 0.610

PLT (x10°/L) 1.00 (1.00 ~ 1.00) | 0.193

RDW (%) 1.08(1.04 ~ 1.12) | <0.001 1.08(1.04 ~ 1.13) | <0.001

FPG (mmol/L) 0.98 (0.94 ~ 1.02) | 0.358

ALB (g/L) 1.00 (0.99 ~ 1.01) | 0.780

ALT (U/L) 0.99 (0.99 ~0.99) | 0.026 1.00 (0.99 ~ 1.00) | 0.167

SCR (umol/L) 1.00 (1.00 ~ 1.00) | 0.381

FIB (mg/dL) .14 (1.10 ~ 1.18) | <0.001 | 1.13 (1.09 ~ 1.18) | <0.001

SUA (umol/L) 1.00 (1.00 ~ 1.00) | 0.578

TG (mmol/L) 1.35 (0.98 ~ 1.86) | 0.068

TC (mmol/L) 1.05 (0.96 ~ 1.14) | 0.291

LDL-C (mmol/L) 0.98 (0.84 ~ I.15) | 0.824

HDL-C (mmol/L) 1.10 (0.94 ~ 1.29) | 0.227

PTH (pg/mL) 1.00 (1.00 ~ 1.00) | 0.170

Ca (mmol/L) 0.81 (0.62 ~ 1.05) | 0.112

FAR 1.05 (1.02 ~ 1.08) | <0.001 | 1.07 (1.03 ~ 1.10) | <0.001

Note: The P values in bold are defined as statistical significance.(P<0.05).

Abbreviations: ICH, intracerebral hemorrhage; MHD, maintenance hemodialysis; ESKD, end-stage kidney
disease; BMI, body mass index; HB, hemoglobin; WBC, white blood cell count; PLT, platelet count; RDWY, red
blood cell distribution width; FPG, fasting glucose; ALB, albumin; ALT, alanine aminotransferase; SCR, serum
creatinine; SUA, serum uric acid; FIB, fibrinogen; TG, triglycerides; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PTH, parathyroid hormone; Ca, calcium;
FAR, fibrinogen to albumin ratio.

Table 3 Multivariate Logistic Analysis of the Association Between FAR (per-1 SD Increase) and the Presence of ICH

Variables Model 0 Model | Model 2 Model 3

OR (95% ClI) P value OR (95% CI) P value OR (95% ClI) P value OR (95% CI) P value
FAR<7.6 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
76=FAR=11.1 9.62 (4.37 ~ 21.18) <0.001 9.62 (4.37 ~ 21.18) <0.001 9.16 (4.16 ~ 20.18) <0.001 6.55 (2.87 ~ 14.92) <0.001
FAR>I 1.1 24.54 (11.37 ~ 52.96) | <0.001 24.66 (11.42 ~ 53.23) | <0.001 24.05 (11.14 ~ 51.95) | <0.001 12.21 (4.87 ~ 30.60) | <0.001

Notes: Model 0: unadjusted. Model I: Model 0 + age and sex. Model 2: Model | + hypertension and diabetes. Model 3: Model 2 + RDW and FIB. ORs reflected the

associations between FAR (per ISD increase) and different indicators of ICH. The P values in bold are defined as statistical significance.

Abbreviations: ICH, intracerebral hemorrhage; RDW, red blood cell distribution width; FIB, fibrinogen; FAR, fibrinogen to albumin ratio.

RCSs for Analyzing the Relationship Between FAR and the Risk of ICH

To further validate the association between FAR and ICH in MHD patients, we employed restricted cubic spline (RCS)

analysis. The results showed that, There is a non-linear correlation between FAR and ICH risk in MHD patients (p for
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P for overall = 0.001
P for nonlinear = 0.029

3.0

2.5

N
=}

W

Qdds ratio (95% CI)

0.5

0.0

FAR

Figure 2 Restricted cubic spline analysis of the relationship between FAR and ICH risk.
Abbreviations: FAR, fibrinogen to albumin ratio; ICH, intracerebral hemorrhage.

non-linear=0.029; Figure 2). Noteworthy, above the threshold of 12, higher FAR levels were associated with an increased
risk of ICH, suggesting a potential link between FAR levels and the occurrence of ICH.

Exploration of Subgroup Analysis

This study evaluated the interaction terms of important variables that may alter ICH risk to confirm the association
between FAR and ICH risk. According to age, gender, smoking, alcohol consumption, hypertension, diabetes, BMI and
enrollment subgroup analysis. The results are shown in Figure 3. The results showed that all factors had no interactive
effect on ICH risk. This means that FAR alone is a factor that increases the risk of developing ICH in MHD patients.

Predictive Value of FIB, ALB and FAR for the Risk of ICH
ROC analysis revealed FAR’s superior predictive accuracy (AUC=0.75) compared to FIB (AUC=0.67) and ALB
(AUC=0.49) (Figure 4 and Table 4). The optimal FAR cutoff was 12.2 (sensitivity=0.73, specificity=0.60). Formal
statistical comparisons using Delong’s test revealed that FAR exhibited significantly superior discriminatory accuracy
compared to both FIB (Z = 2.15, p = 0.032) and ALB (Z = —7.72, p < 0.001). Conversely, ALB demonstrated
significantly lower predictive value than FIB (Z = —5.20, p < 0.001). (Table 5).

Discussion

This study primarily investigates the correlation between FAR and ICH risk in MHD patients through retrospective
analysis. We found that the combination of hypertension, RDW, FIB, and FAR are significant risk factors for developing
ICH in MHD patients. In addition, there is a non-linear correlation between FAR and ICH insurance. FAR >12.2 is
significantly correlated with increased ICH risk. Among them, FIB, ALB, and FAR are all indicators reflecting the state
of microinflammation and are important predictors of ICH in MHD patients, indicating the presence of malnutrition and
micro inflammation in ICH patients. In recent years, studies have shown that MHD patients generally have a mild
inflammatory state, with an incidence rate of 26% to 35%. High levels of pro-inflammatory cytokines are closely related

to the occurrence of ICH in MHD patients.'**
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Variables  n (%) FAR<12.2 FAR>122 OR(95%CI) P P for interaction

All patients 536 (100.00) 109/316 98/220 1.53 (1.07 ~2.17) —=——  0.019

Sex i 0.285
0 282 (52.61) 61/165 50/117 1.27 (0.78 ~ 2.06) ————— 0329
1 254 (47.39) 48/151 48/103 1.87 (1.12 ~ 3.14) L —— 0017

Smoke i 0213
0 227 (4235) 50/126 44/101 1.17 (0.69 ~ 2.00) F——=——— 0555
1 309 (57.65)  59/190 54/119 1.84 (1.15 ~2.96) | ——= 0011

Drink ; 0.439
0 292 (54.48) 64/185 44/107 132 (0.81 ~2.16) H—e——  0.266
1 244 (45.52) 45/131 54/113 1.75 (1.04 ~2.93) ——=—  0.034

HTN ! 0.644
0 66 (12.31)  6/38 5/28 1.16 (0.32 ~ 4.26) [ - 0.824
1 470 (87.69) 103/278 93/192 1.60 (1.10 ~2.32) —e— 0014

DM i 0217
0 237 (4422) 39/143 40/94 1.98 (1.14 ~ 3.42) | ———= 0015
1 299 (55.78)  70/173 58/126 1.26 (0.79 ~ 2.00) F—e— 0337

Age custom E 0.982
1 2(0.37) 0/2 0/0 NA ; NA
2 534(99.63) 109/314 98/220 1.51 (1.06 ~2.15) —=—— 0.022

BMI custom E 0.573
1 286 (53.36) 57/166 56/120 1.67 (1.03 ~2.71) ——=— 0.036
2 250 (46.64)  52/150 42/100 1.36 (0.81 ~2.30) FH—e—— 0242

Worse better

Figure 3 Subgroup analysis of association between FAR and ICH risk.
Abbreviations: FAR, fibrinogen to albumin ratio; ICH, intracerebral hemorrhage; HTN, hypertension; DM, diabetes; BMI, body mass index.

1
0.8+
3 0.6
=
2
=
i}
s
n 04+
0.2
—FIB, AUC=067
0F —ALB, AUC=049
T T T T T T
0 0.2 04 0.6 0.8 1

1-Specificities

Figure 4 Receiver operating characteristic curves of FIB, ALB and FAR associated with ICH in MHD patients.
Abbreviations: FIB, fibrinogen; ALB, albumin; FAR, fibrinogen to albumin ratio; ICH, intracerebral hemorrhage; MHD, maintenance hemodialysis.
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Table 4 Predictive Value of FAR, ALB and FAR for ICH Risk

Variables AUC(95% CI) Sensitivity(95% CI) | Specificity(95% CI) | Cut off value

ALB 0.49 (0.44 ~0.54) 0.55 (0.50 ~0.60) 0.50 (0.43 ~0.57) 357
FIB 0.67 (0.63 ~0.72) 0.65 (0.60 ~0.70) 0.58 (0.51 ~0.65) 344.5
FAR 0.75 (0.70 ~0.70) 0.73 (0.68 ~0.77) 0.60 (0.54 ~0.67) 12.2

Abbreviations: AUC, area under curve; ALB, albumin; FIB, fibrinogen; FAR, fibrinogen to albumin ratio; ICH, intracer-
ebral hemorrhage; MHD, maintenance hemodialysis.

Table 5 Delong’s Test Results for
Pairwise Comparison of AUCs

Comparison | Z-statistic | P value

ALB vs FIB -5.20 <0.001
FAR vs FIB 2.15 0.032
ALB vs FAR -7.72 <0.001

Note: The P values in bold are defined as statis-
tical significance. (P<0.05).

Abbreviations: AUC, area under curve; ALB,
albumin; FIB, fibrinogen; FAR, fibrinogen to albu-
min ratio.

FIB is the final product of the cascade of glycoproteins and coagulation synthesized in the liver, which rapidly increases in
the presence of injury, infection, or inflammation. It is often used as an inflammation indicator and a risk predictor for
thrombosis.” A high FIB level of is closely related to coronary artery disease and cerebrovascular accidents. A meta-analysis
of a prospective observational study involving 92174 individuals found that fibrinogen level is a strong independent predictor
of myocardial infarction and stroke.”* During the ICH process, fibrinogen not only participates in coagulation, but also in the
post fermentation process, which can consume a large amount of fibrinogen.” In the following period, a large amount of
inflammatory cytokines, including IL-6, will be released, which can increase the permeability of the blood-brain barrier and is
related to the release of fibrinogen. Therefore, the level of fibrinogen may increase due to inflammatory reactions.”* Besides,
high levels of FIB increase the risk of stroke and lead to early deterioration of neurological function in primary cerebral
infarction.?® The multivariate logistic regression in this study showed that FIB is the sole risk factor for ICH. (p<0.001), And in
the ROC curve, the AUC is 0.67, which has good predictive value for the occurrence of ICH.

ALB not only reflects nutritional status, but also participates in the inflammatory response in the body. Inflammation can
lead to malnutrition, which can trigger inflammatory reactions.” Studies have demonstrated that low ALB concentrations are
significantly associated with poor prognosis in ischemic stroke patients.?’ Patients with ICH accompanied by leukopenia have
poor neurological function and poor prognosis. In animal models, albumin treatment can significantly reduce infarct volume
and cerebral edema.*® In addition, ALB can maintain the integrity of the brain barrier, reduce oxidative stress-related neuronal
death, and improve neurological function after [CH. Therefore, patients with low ALB levels who lack protein protection are
more likely to develop ICH.>” However, in the multivariate logistic model, we did not find a significant negative correlation
between ALB and poor prognosis. One possible explanation is that in MHD patients, the occurrence of cerebral hemorrhage is
influenced by multiple factors, such as the use of anticoagulants during dialysis, which may increase the risk of hemorrhage.
Additionally, patients often experience mild inflammation and malnutrition. Inflammatory reactions can promote the synthesis
of acute phase protein in the liver, leading to changes in protein distribution, while malnutrition can cause the loss of protein
synthesis materials, further reducing protein levels. These complex interactions make it difficult for a single protein level to
accurately reflect the risk of cerebral hemorrhage.*

FIB and ALB are indicators of microinflammatory status in MHD patients. However, their specificity is limited when
analyzed independently due to confounding factors. FAR, as the ratio of FIB and ALB, is a novel clinical inflammatory
marker proposed in recent years, and has been proven to be positively correlated with micro inflammation in multiple
previous studies. Furthermore, FAR has been identified as a predictor of adverse outcomes in patients with cardiovascular
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diseases, cancer, sepsis, and stroke.!®?! It has been used to determine medical conditions including malnutrition,
coagulation system, systemic inflammation, and liver dysfunction.*> Compared to traditional micro inflammatory
markers such as CRP, IL-6, TNF - a, and other factors, FAR has advantages such as convenience, affordability, and
easy accessibility.

This is the first study on the predictive value of FAR for ICH in MHD patients. Multiple logistic regression in this
study showed that FAR was the sole risk factor for ICH (p<0.001), and the ROC curve result showed an AUC of 0.75,
which had excellent predictive value for the occurrence of ICH. Therefore, a higher FAR is a new independent predictor
of ICH in MHD patients. This discovery may help assist in clinical evaluation of patient prognosis. This helps clinical
doctors identify and monitor the early risk of ICH in MHD patients, preventing the deterioration of their condition.

Compared to traditional inflammatory markers like CRP or IL-6, FAR offers distinct advantages. While CRP solely
reflects systemic inflammation, FAR encapsulates both inflammatory and nutritional imbalances, which are pivotal in
MHD patients. For example, Celebi et al found FAR to be a stronger predictor of coronary artery disease severity than
CRP, as CRP levels may fluctuate with transient infections unrelated to chronic vascular pathology."® Compared to
previous studies, similar views have also been reported. Researchers found a significant positive correlation between
FAR and C-reactive protein (r=0.527, p<0.001), further confirming that FAR is an inflammation related indicator.’® The
study by Ruan showed that high FAR is independently associated with increased risk of hemorrhagic conversion.
(OR=5.027, 95% CI=5.027 (2.309-10.942), p<0.001). FAR can help clinical doctors make preliminary judgments on
the risk of hemorrhagic transformation in stroke patients.*'** Previous studies have shown that inflammatory response
plays an important role in tumor enlargement. It can damage the blood-brain barrier (BBB), further leading to sustained
damage to the ducts around the initial site of the tumor and delayed exit time, and affecting coagulation function.
Previous studies have shown that high FAR is associated with increased swelling in patients with ICH.* In addition,
research has found that FAR is associated with the spontaneous transformation of cerebral infarction. Elevated FAR is
associated with poor prognosis and the presence of adverse events in patients with cardiovascular disease, cancer, venous
arterial extracorporeal membrane oxygenation, and stroke.'!

In this study, to evaluate the predictive value of FIB, ALB, and FAR for the occurrence of ICH, ROC curve analysis shows
that the AUC of FAR (0.75) is surpassed both FIB (0.67) and ALB (0.49). The DeLong’s test results further validate the
clinical utility of FAR as a composite biomarker. Its significantly higher AUC compared to both FIB and ALB underscores its
ability to integrate complementary prognostic information from FIB and ALB. FAR is more effective than FIB and ALB in
predicting the occurrence of ICH. It has been confirmed that FAR can serve as a laboratory indicator reflecting the
inflammatory status, nutritional status, and hemodynamics of the body. Its predictive value is higher than that of FIB, ALB,
and CRP, and it is easy to obtain for monitoring. It may be one of the new biomarkers for ICH in MHD patients.

In the multi-model correction results of this study: the attenuation of FAR associations in model 3 (including RDW
and FIB) suggests that FAR partially overlaps with these variables in capturing inflammatory and coagulation pathways.
FIB, a component of FAR, is directly associated with hypercoagulable states and endothelial activation, whereas RDW
reflects systemic inflammation and oxidative stress.”? This is consistent with previous studies in which composite
biomarkers (eg, FAR) showed reduced independence when adjusted for their components.'* Nonetheless, FAR had
significant predictive value in Model 3 (OR=12.21), emphasizing its utility as a holistic marker integrating fibrinogen-
driven inflammation and albumin-mediated vascular integrity.

Based on interquartile analyses (eg, OR > 12), although these values reflect the strong correlation between FAR and ICH
risk, they may be influenced by the synergistic effects of fibrinogen-driven hypercoagulability and hypoalbuminemia-induced
endothelial dysfunction.*® Besides, retrospective studies are inherently susceptible to residual confounding, such as unmea-
sured variables like vascular calcification or uremic toxin accumulation, which may lead to inflated effect estimates.

In addition, the multiple logistic regression model of this study also showed that the combination of hypertension and RDW
were the sole risk factors for developing ICH. Among MHD patients with basic diseases, abnormal blood pressure, abnormal
blood lipid and diabetes are the most common, and the combination of these diseases is a risk factor for the occurrence of ICH.
During dialysis treatment, changes in hemodynamics, the precipitation of antihypertensive drugs, and the application of
erythropoietin can cause cerebrovascular diseases when the blood pressure exceeds the load that the tube wall can withstand.
Under the mediation of high blood pressure, it can promote tumor enlargement and increase the risk of brain hemorrhage,
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affecting the prognosis.®® Previous studies have shown that RDW is related to heart failure, myocardial infarction coronary,
atherosclerosis, carotid atherosclerosis and central atherosclerosis. Some studies have found that RDW is related to the risk of
carotid atherosclerosis, and the early stage of carotid atherosclerosis is related to the risk of moderate carotid atherosclerosis.>”
Studies have analyzed that the RDW is positively correlated with cardiovascular events in MHD patients (r=0.439, p<0.05).
Additionally, many research results suggest that the RDW is the sole risk factor for cardiovascular events in MHD patients, and
the two are positively correlated.*® And these previous research conclusions are largely consistent with the results of this study.

Compared to previous similar studies, The strength of this study lies in our validation that FAR is a significant risk
factor for the onset of ICH in MHD patients. In addition, this is the first study to investigate the prediction value of FAR
for ICH in patients on MHD.

However, this study also has some limitations. Firstly, due to its design as a single center cross-sectional study with
a relatively small sample size, the results cannot be used to establish causal relationships, which may lead to variation.
Secondly, calcium-phosphorus product and serum phosphate levels, which are closely linked to vascular calcification in
dialysis patients, were not analyzed due to incomplete retrospective data. This omission may affect the generalizability of
FAR’s predictive role in populations with advanced mineral bone disease. Thirdly, as this was a retrospective study, dynamic
measurements (eg, HbAlc trends or ambulatory blood pressure monitoring) were unavailable. In addition, this study only
analyzes the baseline FAR. The dynamic changes of the FAR during hospitalization are unavailable. FAR values in the ICH
group were measured post-ICH onset, which may reflect acute inflammatory responses triggered by the hemorrhage.
Fourthly, the study did not compare the predictive efficacy of FAR with traditional inflammatory indicators (such as CRP
and IL-6), which limits the demonstration of its clinical specificity. Fifth, while anticoagulation protocols were standardized,
residual heparin effects or individual variations in drug metabolism may confound bleeding risk. Prospective monitoring of
anticoagulant levels and bleeding diaries would strengthen future analyses. Notably, the exclusion of patients with prior
cerebral infarction may introduce selection bias. However, this exclusion was necessary to ensure that observed associations
between FAR and ICH were not confounded by residual effects of prior infarctions. Finally, these results are not applicable to
all types of ICH as they exclude brain injury, aneurysms, vascular malformations, Moyamoya disease, malignant tumors,
fluid diseases, and the use of anticoagulants or antiplatelet drugs in violation of medical advice.

In future research, the sample size can be further expanded, and multi center prospective studies can be conducted to
deeply explore the long-term application value of FAR in predicting ICH risk in MHD patients, and further clarify the
specific molecular mechanism of its impact on ICH development. At the same time, the effectiveness of targeted
measures to reduce ICH risk in MHD patients can be explored.

Conclusions

This study confirms that FAR serves as an independent predictor of ICH in MHD patients, with a significantly
elevated ICH risk when FAR exceeds 12.2. Compared to fibrinogen or albumin alone, FAR demonstrated superior
predictive accuracy (AUC=0.75). Additionally, hypertension, RDW, and fibrinogen were identified as critical risk
factors for ICH. These findings suggest that FAR may act as a potential biomarker for early identification of high-
risk MHD patients, however, its clinical utility needs to be validated by multicenter prospective studies combining
FAR with established predictors, such as ambulatory blood pressure trends and neuroimaging markers. Such
advancements will enhance precision in risk prediction and prevention of ICH in this vulnerable population,
ultimately improving clinical outcomes and advancing nephrology and cerebrovascular research.
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