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Background: Meige syndrome (MS) is a complex neurological disorder with

unclear etiology. Accurate prediction of MS risk is essential for facilitating early

diagnosis. This study aimed to develop and validate a nomogram for predicting

the risk of MS based on oxidative stress markers.

Methods: This retrospective, cross-sectional study included 424 patients with

MS and 848 age- and sex-matched healthy controls, with data collected from

January 2022 to December 2023. Clinical and laboratory data were extracted

from electronic medical records. The MS patients and healthy controls were

randomly allocated to the training and validation sets at a 7:3 ratio using random

stratified sampling. A nomogram was developed using a multivariate logistic

regression model based on data from the training set. Model performance was

validated through fivefold cross-validation, receiver operating characteristic

(ROC) curves, calibration plots, and decision curve analysis (DCA).

Results: Univariate and multivariate logistic regression analyses identified

albumin, gamma-glutamyl transferase (GGT), total bilirubin (TBIL), and the urea

nitrogen-to-creatinine ratio as independent predictors of MS. A nomogram was

constructed based on these four variables. The cross-validation confirmed the

model’s reliability. The model demonstrated high predictive accuracy, with an

area under the curve (AUC) of 0.930 for the training set and 0.914 for the

validation set. The calibration curve and DCA results indicate that the model has

strong consistency and significant potential for clinical application.

Conclusions: This study developed a nomogram based on four risk predictors,

GGT, TBIL, albumin, and the urea nitrogen-to-creatinine ratio, to forecast the risk

of MS and enhance the accuracy of MS risk prediction.
KEYWORDS

meige syndrome, oxidative stress marker, nomogram, albumin, gamma-glutamyl
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Introductions

Meige syndrome (MS), initially reported by the French

neurologist Henri Meige in 1910, is an infrequent and debilitating

neurological condition characterized by involuntary contractions of

the eyelids and facial muscles (1), which ultimately leads to

significant functional impairment and psychosocial distress for

affected individuals. Generally, the condition is more prevalent

among individuals aged 40 to 70, with a higher incidence in

women than in men (2). Currently, the etiology and pathogenesis

of MS remain unknown. It has been suggested that a disruption in

the balance of neurotransmitters in the brain, particularly

dopamine and acetylcholine, may be involved (3). This

neurochemical imbalance has been associated with multiple

factors, such as specific medications, psychological stress, dental

interventions, and trauma (4). Diagnosis of MS currently depends

largely on patients’ clinical symptoms, and there is no definitive

diagnostic test available. Consequently, there is a pressing need to

identify reliable biomarkers for MS diagnosis.

Impairment of the basal ganglia and related neural pathways

plays a key role in the development of MS (5). Research indicates

that MS may be linked to an imbalance between acetylcholine and

dopamine, while other studies suggest that changes in neuronal

plasticity and decreased cortical inhibition could contribute to the

condition (3, 6). A variety of neurological disorders have been

linked to neuronal cell death due to oxidative stress (7, 8). Many

studies have demonstrated that oxidative stress is a key factor in the

progression of various neurological disorders, including

Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS),

Parkinson’s disease (PD), Huntington’s disease (HD), ischemic

stroke, and multiple sclerosis (9). The central nervous system

(CNS) exhibits heightened sensitivity to oxidative stress, a result

of its high metabolic rate, rich presence of substances susceptible to

oxidation, and constrained antioxidant capabilities (10). Reactive

nitrogen species (RNS) and reactive oxygen species (ROS) reactive

can lead to oxidative stress, which inflicts damage on cellular

constituents such as lipids, proteins, and DNA, ultimately

resulting in cellular impairment and apoptosis (11). Oxidative

stress can also modify the activity of ion channels, which are

essential for preserving neuronal excitability and signal

transmission (12). Oxidative stress-induced alterations in ion

channel regulation can exacerbate the progression of neurological

diseases (13).

In recent years, biomarkers such as albumin, gamma-glutamyl

transferase (GGT), total bilirubin (TBIL), uric acid (UA), and the

urea nitrogen-to-creatinine ratio have emerged as significant

indicators of oxidative stress in the context of neurological

diseases (14–16). Although these markers have been extensively

studied in various contexts, their potential as predictors for MS has

not been fully explored. The present study innovatively investigates

the relationship between these oxidative stress markers and MS,

revealing their potential as novel predictive indicators for MS. To

the best of our knowledge, this is the first study to explore the

association between these oxidative stress markers in blood and MS,

with the largest sample size of MS cases reported to date. Given the
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lack of definitive diagnostic tests for MS and the critical importance

of early diagnostic for improved patient outcomes, our nomogram-

a powerful predictive tool-provides a quantitative and reliable

method for clinicians to assess MS risk based on these oxidative

stress markers. This innovation facilitates early intervention and

personalized management strategies.
Materials and methods

Study population

This retrospective, cross-sectional study included 530

consecutive patients diagnosed with MS who were admitted to

the Third People’s Hospital in Henan Province, from January 2022

to December 2023. The study received clearance from the Research

Ethics Committee at the Third People’s Hospital of Henan Province

(2024-SZSYKY-009) and adhered to the Declaration of Helsinki, as

well as the pertinent institutional protocols. Due to the retrospective

and observational design of the study, the requirement for informed

consent was waived. To safeguard participant privacy, all data

extracted from the medical record system were anonymized,

ensuring the protection of patient confidentiality.

Participants were included if they were diagnosed with primary

MS by a clinician based on clinical criteria. Exclusions were made

for patients with: (1) acute infections, (2) malignant tumors, (3)

severe hepatic or renal insufficiency, and (4) incomplete data for key

variables such as albumin, GGT, TBIL, indirect bilirubin (IBIL),

direct bilirubin (DBIL), total protein, UA, creatinine (CREA), and

urea nitrogen (UREA). After applying these exclusions, the study

ultimately comprised 424 individuals with MS. Furthermore, data

from 848 healthy individuals, matched for age and sex, who had

routine medical examinations at the same hospital were gathered

for the study. Using a random stratified sampling with a 7:3 ratio,

the MS patients and healthy controls were divided into two groups:

a training set comprising 296 MS patients and 595 healthy controls,

and a validation set consisting of 128 MS patients and 253 healthy

controls (Figure 1).
Data extraction

Clinical and laboratory data for all patients were extracted from

the electronic medical record system. The clinical data included

information on age, sex, and BMI. The laboratory data included

GGT (reference range, 7 to 58 U/L), TBIL (reference range, 2 to 20.5

µmol/L), DBIL (reference range, 0.4 to 6.9 µmol/L), IBIL (reference

range, 1.7 to 13.2 µmol/L), total protein (reference range, 60 to 85 g/

L), albumin (reference range, 35 to 55 g/L), CREA (reference range,

44 to 106 µmol/L), UREA (reference range, 1.7 to 8.2 mmol/L), and

UA (reference range, 149 to 369 µmol/L) (Beckman AU680, USA).

The urea nitrogen-to-creatinine ratio was calculated as follows: urea

nitrogen-to-creatinine ratio = urea nitrogen/creatinine. Data related

to epidemiology, clinical assessments, and laboratory tests were

collected from each patient’s single visit.
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Statistical analyses

The Shapiro-Wilk test used to evaluate the normality of the

data. In cases where the data conformed to a normal distribution,

we documented the mean and standard deviation (mean ± SD) and

employed the Student’s t-test to discern differences between the two

groups. When the data did not follow a normal distribution, we
Frontiers in Immunology 03
applied the Wilcoxon-Mann-Whitney U test and presented the

results as median and interquartile range, denoted as [M (P25,

P75)]. For categorical data, comparisons were conducted using

Pearson’s chi-square test, and the results were expressed in terms

of frequency (percentage). To initially filter variables, a univariate

logistic regression analysis was performed, and in combination with

the Spearman’s rank correlation coefficient and the variance

inflation factor (VIF), predictors for the final model were chosen.

Subsequently, the RMS package in R was employed to create

nomograms, and the internal validity of the model was confirmed

by conducting fivefold cross-validation. The performance of the

nomogram was appraised through the analysis of receiver operating

characteristic (ROC) curves, calibration plots, and decision curve

analysis (DCA). Statistical analyses were performed using SPSS

version 25.0, and model construction and validation were

conducted using R software (version 4.2.1). The threshold for

statistical significance was established at P < 0.05.
Results

Patient characteristics

A total of 530 patients with MS were initially screened for

eligibility. Of these, 3 patients with infectious diseases, 4 patients with

PD, and 1 patient with renal insufficiency impairment were excluded.

Additionally, 98 patients with incomplete data were excluded from the

analysis. Ultimately, this study included 424 MS patients and 848

healthy controls (HCs) (Table 1). There were no significant differences
TABLE 1 Characteristics of the patients with MS and healthy controls.

Characteristics Meige syndrome N=424 Healthy control N=848 P value

Sex 1.000

Male 102 (24.1%) 204 (24.1%)

Female 322 (75.9%) 644 (75.9%)

Age 59 (53, 65) 59 (53, 65) 1.000

BMI 24.26 (22.3, 26.318) 24.3 (22.5, 26.6) 0.554

GGT (U/L) 16 (13, 22) 20 (16, 28) < 0.001

TBIL (µmol/L) 13.7 (11.6, 16.7) 16.15 (13.4, 18.3) < 0.001

DBIL (µmol/L) 3.7 (3, 4.6) 4.5 (3.6, 5.9) < 0.001

IBIL (µmol/L) 10 (8.475, 12) 11.5 (9.7, 12.6) < 0.001

TP (g/L) 67.4 (64.4, 70.4) 74.55 (72.1, 77) < 0.001

ALB (g/L) 40.6 (38.675, 42.5) 44.8 (43.4, 46.6) < 0.001

UA (µmol/L) 288.85 (245.1, 331.88) 300.3 (256.6, 346.1) 0.005

CREA (µmol/L) 51.8 (44.5, 60.15) 56.85 (50.375, 65.525) < 0.001

UREA (mmol/L) 5.23 (4.42, 6.015) 4.835 (4.09, 5.61) < 0.001

UCR ×100 9.865 (8.25, 12.22) 8.26 (7.11, 9.6425) < 0.001
Medians and interquartile ranges are utilized to represent continuous variables, while frequencies and percentages are employed to depict categorical variables.
GGT, gamma-glutamyl transferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; ALB, albumin; UA, uric acid; CREA, creatinine; UREA, urea nitrogen;
UCR, urea nitrogen-to-creatinine ratio.
FIGURE 1

Study flow chart.
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regarding sex, age, and BMI between the groups (P > 0.05). The MS

group exhibited higher levels of UREA and the urea nitrogen-to-

creatinine ratio compared to HCs (P < 0.05), whereas levels of albumin,

total protein, GGT, IBIL, DBIL, TBIL, UA, and CREA were

significantly lower in the MS group (P < 0.05). Subsequently, MS

patients and HCs were randomly allocated to the training and

validation sets at a 7:3 ratio using random stratified sampling. No

significant differences were observed between the two groups of MS

patients (Table 2).
Logistic regression analyses in the MS

We conducted a univariate analysis to identify variables with

statistically significant differences (P < 0.05). These variables were

subsequently incorporated into a multivariate logistic regression

analysis to ascertain the independent predictors (P < 0.05)

(Supplementary Figure S1). To assess multicollinearity, we

employed VIF assessment (VIF < 5) and Spearman correlation

analysis (r > 0.5) (Supplementary Table S1, Supplementary Figure

S2). After excluding variables with multicollinearity, the

multivariate logistic regression identified albumin, GGT, TBIL

and urea nitrogen-to-creatinine ratio as independent predictive

factors. Specifically, lower levels of albumin (OR, 0.453; 95% CI,

0.410–0.500; P < 0.001), GGT (OR, 0.941; 95% CI, 0.919–0.964; P <

0.001), and TBIL (OR, 0.928; 0.877–0.982; P = 0.009), along with

higher levels of the urea nitrogen-to-creatinine ratio (OR, 1.461;

95% CI, 1.352–1.579; P < 0.001), were recognized as independent

predictors of disease risk for MS (Table 3). Patients with MS were
Frontiers in Immunology 04
categorized into two groups based on disease duration and whether

they had received botulinum toxin injections. The impact of these

factors on the four independent variables predicting disease risk for

MS was compared. Results indicated that neither disease duration

nor botulinum toxin injection status significantly affected the

aforement ioned indicators (Supplementary Table S3,

Supplementary Table S4).
Construction of the MS-predicting
nomogram

In the multivariate analysis, four variables with statistically

significant differences (P < 0.05), including albumin, GGT, TBIL,

and the urea nitrogen-to-creatinine ratio, were used to construct a

nomogram for predicting the risk of MS using data from the training

set. Based on the nomogram, a comprehensive scoring table was

developed, with the total score for the model reaching 260 points. At

total score thresholds of 197, 203, and 208 points, the respective

predicted probabilities for the development of MS were 30%, 50%,

and 70%. In our study, the nomogram was developed using the

subsequent formula: prediction probability = 1/(1+exp (0.84464 ×

albumin + 0.051268 × GGT + 0.040896 × TBIL - 0.3057 × the urea

nitrogen-to-creatinine ratio - 34.263)). To illustrate its application, a

patient was randomly selected from the dataset for development

purposes. The patient had a GGT value of 14 U/L. Additionally, the

TBIL value was 11.9 µmol/L, the albumin value was 41.1 g/L, and the

urea nitrogen-to-creatinine ratio value was 9.92. From the

calculations using the formula, the predicted probability of MS was
TABLE 2 Characteristics of patients with MS in the training and validation sets.

Characteristics
Training set Meige syndrome
N=296

Validation set Meige syndrome
N=128

P value

Sex 0.765

Male 70 (23.6%) 32 (25.0%)

Female 226 (76.4%) 96 (75.0%)

Age 59 (53, 66) 58 (53, 65) 0.307

BMI 24.26 (22.308, 26.045) 24.28 (22.285, 26.67) 0.679

GGT (U/L) 16 (12.75, 22) 16.5 (13, 21) 0.812

TBIL (µmol/L) 13.6 (11.6, 16.925) 13.85 (11.6, 16.175) 0.854

DBIL (µmol/L) 3.7 (3, 4.7) 3.75 (3, 4.5) 0.892

IBIL (µmol/L) 10.05 (8.4, 12.1) 10 (8.575, 11.8) 0.891

TP (g/L) 66.9 (64.4, 70) 68 (64.4, 70.9) 0.399

ALB (g/L) 40.539 ± 2.5195 40.988 ± 2.8769 0.127

UA (µmol/L) 288.9 (244, 329.9) 285.9 (247.67, 347.27) 0.884

CREA (µmol/L) 51.85 (44.1, 60.65) 51.55 (44.9, 59.225) 0.820

UREA (mmol/L) 5.22 (4.39, 6.0625) 5.28 (4.57, 5.95) 0.414

UCR ×100 9.81 (8.1, 12.287) 10.055 (8.7075, 12.1) 0.484
GGT, gamma-glutamyl transferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; ALB, albumin; UA, uric acid; CREA, creatinine; UREA, urea nitrogen;
UCR, urea nitrogen-to-creatinine ratio.
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0.776 (Figure 2). This score offers crucial information for subsequent

clinical evaluations and decision-making processes.
Internal prediction model validation

To validate the reliability and robustness of our predictive

model, we conducted internal validation using a fivefold cross-

validation method. This approach involves dividing the dataset

randomly into five equal subsets. During each round of cross-

validation, one of the subsets is designated as the validation set, and

the other four subsets are combined to form the training set. This

cycle is iterated 100 times, making certain that each data point is

utilized once for training and once for validation. The performance

of our model was evaluated using the area under the curve (AUC).

The AUC values obtained from each of the five folds were averaged

to provide a single estimate of the model’s performance. The mean

AUC across all folds was 0.93, indicating a high discriminatory

power of our model in predicting MS risk based on oxidative stress

marker (Supplementary Figure S3).
Validation of the MS-predicting nomogram

The nomogram demonstrated robust discriminative ability across

both datasets. For the training set, the nomogram achieved an AUC

of 0.930 (95% CI: 0.913–0.948), with a sensitivity of 83.8%, specificity

of 89.2%, positive predictive value (PPV) of 84.6%, negative

predictive value (NPV) of 88.0%, and a Brier score of 0.092. For
Frontiers in Immunology 05
the validation set, the AUC was 0.914 (95% CI: 0.885–0.942), with a

sensitivity of 78.90%, specificity of 87.70%, PPV of 80.7%, NPV of

86.5%, and a Brier score of 0.110 (Figure 3, Supplementary Table S2).

The calibration curves were constructed to compare the nomogram’s

predicted probabilities with actual outcomes in both datasets.

Predicted probabilities were categorized into bins, and the mean

predicted probability for each bin was plotted against the

corresponding observed frequency. The resulting curves closely

approximated the 45-degree line, indicating good calibration.

Calibration slopes were close to 1 and intercepts were close to 0,

further confirming the nomogram’s reliability for outcome prediction

(Figures 4A, B). Furthermore, DCA was used to evaluate the practical

application of the nomogram for predicting MS. With a range of

threshold probabilities from 0 to 0.97, the net benefit was positive,

indicating the model’s superior clinical value for MS prediction

(Figures 4C, D). These results indicate that the nomogram

possesses robust predictive and discriminative capabilities.
Discussion

Studies have suggested that oxidative stress plays a significant

role in the pathological mechanisms of various neurological

disorders (9). Given its high metabolic activity and oxygen

demand, the brain is particularly susceptible to oxidative stress.

Excessive ROS, including superoxide, hydrogen peroxide, and

hydroxyl radicals, can damage vital biomolecules such as proteins,

lipids, and DNA (16). This damage initiates a cascade that can result
TABLE 3 Univariate and multivariate logistic regression analyses for MS.

Characteristics
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Male 1.000 (0.761 – 1.314) 1.000

Age 1.000 (0.987 – 1.014) 1.000

BMI 0.980 (0.943 – 1.019) 0.317

ALB (g/L) 0.470 (0.432 – 0.511) < 0.001 0.453 (0.410 – 0.500) < 0.001

TP (g/L) 0.628 (0.596 – 0.662) < 0.001

GGT (U/L) 0.915 (0.898 – 0.932) < 0.001 0.941 (0.919 – 0.964) < 0.001

IBIL (µmol/L) 0.832 (0.788 – 0.879) < 0.001

DBIL (µmol/L) 0.642 (0.583 – 0.707) < 0.001

TBIL (µmol/L) 0.858 (0.827 – 0.891) < 0.001 0.928 (0.877 – 0.982) 0.009

UA (µmol/L) 0.997 (0.995 – 0.999) 0.001 1.003 (1.000 – 1.005) 0.058

CREA (µmol/L) 0.951 (0.940 – 0.962) < 0.001

UREA (mmol/L) 1.381 (1.244 – 1.533) < 0.001

UCR ×100 1.341 (1.274 – 1.412) < 0.001 1.461 (1.352 – 1.579) < 0.001
GGT, gamma-glutamyl transferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; ALB, albumin; UA, uric acid; CREA, creatinine; UREA, urea nitrogen;
UCR, urea nitrogen-to-creatinine ratio.
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in cellular dysfunction and, ultimately, neurodegeneration.

However, current evidence does not link peripheral blood

oxidative stress markers to MS. Thus, investigating the

relationship between these markers and MS is crucial.

In this study, compared with HCs, the serum levels of

antioxidants, such as GGT, TBIL, albumin, and UA were
Frontiers in Immunology 06
significantly reduced in patients with MS, while the pro-oxidant

the urea nitrogen-to-creatinine ratio was markedly increased. This

finding lends credence to the hypothesis that oxidative damage

could be a significant factor in the development of MS. Multivariate

logistic regression analysis identified GGT, TBIL, albumin, and urea

nitrogen-to-creatinine ratio as independent risk predictors for MS.

These biomarkers are readily accessible and have potential for broad

clinical application. We integrated these variables into a nomogram

to develop a predictive model. The model demonstrated strong

discriminative ability, with ROC curve areas of 0.930 (95% CI:

0.913–0.948) for the training set and 0.914 (95% CI: 0.885–0.942)

for the validation set. Calibration curves and DCA indicated that

the model has good consistency and clinical utility.

Serum albumin, the most abundant protein in circulation, has

antioxidant properties that significantly mitigate reoxygenation

injury (17–19). albumin’s antioxidant properties are due to its

molecular structure. The reduced Cys34 residue, the largest pool

of thiols in circulation, enables albumin to scavenge nitric oxide

(NO), ROS, other reactive nitrogen species, and prostaglandins via

this cysteine residue (20–22). Albumin exhibits neuroprotective

effects, partly due to its modulation of intracellular signaling in

neuronal and glial cells and its antioxidant capabilities (23). In

recent years, an increasing amount of evidence has indicated that

albumin plays a crucial role in neurological diseases. Some studies

have linked lower serum albumin levels to a higher risk of cognitive

impairment and dementia (24). Furthermore, research has shown

that serum albumin levels are notably reduced in patients with PD

and are considered independent risk factors for the condition (25).

Similarly, we observed that MS patients had significantly lower

albumin levels in their peripheral blood compared to HCs. This
FIGURE 3

ROC curves for the training and the validation sets. The dot on the
curve indicates the point corresponding to the optimal cutoff value.
FIGURE 2

A predictive nomogram for MS. A score is allocated to each variable on a point scale, with the aggregate of these scores yielding the total points.
These total points are then mapped to the predicted probability of MS. The red lines represent values of a randomly selected patient from the
development dataset who is GGT of 14 U/L (52 points), with TBIL of 11.9 u mol/L (49 point), ALB of 41.1 g/L (62 points), and UCR of 9.92 (48 points).
These values when plotted, correspond to the points scale and points are then summed to give a total point score. The presented patient has a total
point’s score of 211. The red line indicates that the MS predicted probability corresponding to the total score of this example is 0.776. GGT, gamma-
glutamyl transferase; TBIL, total bilirubin; ALB, albumin; UCR, urea nitrogen-to-creatinine ratio.
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reduction in albumin implies a weakened antioxidant capacity,

which may exacerbate oxidative stress, induce neural tissue

damage, and impede neural recovery, thereby potentially

promoting MS development. The potential link between albumin

levels and MS risk underscores the importance of further

investigating albumin as a biomarker for MS diagnosis and

risk assessment.

Bilirubin, a potent endogenous antioxidant, is found in biological

fluids throughout the body and ranks among the strongest natural

antioxidants (25). TBIL is the breakdown product of aging red blood

cells (26), exhibits potent antioxidant capabilities, enabling it to

neutralize harmful oxidative stress byproducts, shield the body’s

organs from injury (27), and has direct antioxidant properties in

the brain (28). Under normal conditions, the human body possesses

an antioxidant defense mechanism that maintains a dynamic

equilibrium between oxidizing agents and antioxidants, thereby

preventing harm to the body. However, a disruption in this balance

can result in heightened oxidative processes, which can lead to tissue
Frontiers in Immunology 07
damage (29). Our research indicated that compared to the HCs, the

TBIL levels in MS are reduced, aligning with prior studies (15). This

reduction may be associated with increased oxidative stress and tissue

damage in MS. Additionally, elevated TBIL levels have been reported

in patients with Parkinson’s disease (PD), potentially due to

dopaminergic substitution therapy (30). Two plausible explanations

for the altered TBIL levels in neurological disorders are: First,

bilirubin exhibits cytoprotective effects against injury caused by

oxidative stress. Second, bilirubin has anti-inflammatory properties.

The latter has been particularly evident in brain tissue, as

demonstrated in models of experimental autoimmune

encephalomyelitis, where bilirubin exhibits potent anti-

inflammatory activity (31). Therefore, the deficiency of TBIL in MS

patients could exacerbate oxidative stress and inflammation,

contributing to disease progression. Further investigation into the

relationship between TBIL and MS may provide valuable insights

into the pathogenesis of MS and identify TBIL as a potential

biomarker or therapeutic target for the disease.
FIGURE 4

Calibration curve for the training set (A). Calibration curve for the validation set (B). DCA curve for the training set (C). DCA curve for the validation
set (D).
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GGT primarily facilitates the “glutathione cycle,” which

operates at the plasma membrane and is crucial for maintaining

cysteine homeostasis, thereby preserving intracellular glutathione

levels and the cell’s redox balance (32). Recent studies indicate that

GGT contributes significantly to antioxidant defense and the

metabolism of xenobiotics (33). As a key antioxidant, GGT serves

as an indicator of oxidative stress, with numerous studies linking its

activity to the development of a range of diseases, including

cardiovascular disease, cancer, lung inflammation, and

neurological disorders (14). In our study, MS patients exhibited

lower GGT levels compared to HCs, implying that reduced GGT

might be a risk factor for MS. However, this finding differs from the

results observed in other neurological disorders. Previous studies

have shown that higher GGT levels have been correlated with

dementia risk (34). The observed discrepancy may be attributed

to the dual nature of GGT, which can promote pro-oxidant activity

through the degradation of glutathione in the extracellular space

under specific conditions (14). In MS, the reduced GGT levels could

indicate a diminished antioxidant capacity, potentially exacerbating

oxidative stress and contributing to disease progression.

UREA and CREA are end products of nitrogen-containing

compounds in the human body and serve as accessible

biomarkers for renal function in clinical settings (35). The urea

nitrogen-to-creatinine ratio, a laboratory biomarker, has

traditionally been used to assess dehydration (36). Recently, it has

also been identified as an independent prognostic factor for adverse

outcomes in patients with various conditions, such as stroke (16)

and heart failure (37). Other research has determined that a reduced

level of the urea nitrogen-to-creatinine ratio could potentially

elevate the risk of ischemic stroke (38). However, there is

inconsistency in the effects of urea nitrogen-to-creatinine ratio on

various diseases, and the role of the urea nitrogen-to-creatinine

ratio in MS patients remained uncertain. In MS, the role of the urea

nitrogen-to-creatinine ratio was previously unexplored. Our study

revealed significantly higher serum the urea nitrogen-to-creatinine

ratio levels in MS patients compared to HCs, suggesting its potential

as a biomarker for MS susceptibility. Previous studies suggested that

urea nitrogen-to-creatinine ratio levels correlate with oxidative

stress (39), abnormal inflammation (40), and endothelial

dysfunction (41) in patients, which could be potential

mechanisms underlying the association between elevated the urea

nitrogen-to-creatinine ratio andMS risk. Given the established links

between the urea nitrogen-to-creatinine ratio and various adverse

outcomes, as well as its association with oxidative stress and

inflammation, our findings highlight the potential importance of

the urea nitrogen-to-creatinine ratio as a biomarker for MS risk.

This study was the first to build an MS prediction model based

on oxidative stress markers. The independent predictors included in

our model are easily accessible, thereby enhancing the ease of using

the model. However, given that this study is a retrospective, single-

center analysis, it also has certain limitations. The single-center

origin of the data limits the generalizability of the study results, and
Frontiers in Immunology 08
the lack of external validation further underscores the need for

future studies to employ multicenter data for further verification.

Moreover, due to its retrospective nature and the fact that the

normal controls were individuals undergoing health check-ups, we

were unable to accurately obtain data regarding several potential

confounding factors, such as medication history prior to admission

and dietary habits.
Conclusions

Our study successfully developed a nomogram incorporating

GGT, TBIL, albumin, and the urea nitrogen-to-creatinine ratio to

predict the risk of MS. This model offers a clinically valuable tool for

risk assessment, demonstrating robust performance with high

AUCs in both training and validation cohorts. The calibration

curves and the DCA results demonstrate that the model exhibits

strong concordance and possesses significant clinical application

value, ultimately highlighting its potential utility in MS predict.
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