

[image: Remnant Cholesterol and Dyslipidemia Are Risk Factors for Guillain–Barré Syndrome and Severe Guillain–Barré Syndrome by Promoting Monocyte Activation]
Remnant Cholesterol and Dyslipidemia Are Risk Factors for Guillain–Barré Syndrome and Severe Guillain–Barré Syndrome by Promoting Monocyte Activation





ORIGINAL RESEARCH

published: 13 July 2022

doi: 10.3389/fimmu.2022.946825

[image: image2]


Remnant Cholesterol and Dyslipidemia Are Risk Factors for Guillain–Barré Syndrome and Severe Guillain–Barré Syndrome by Promoting Monocyte Activation


Yaowei Ding 1†, Lijuan Wang 1†, Jialu Sun 1, Yijun Shi 1, Guoge Li 1, Xin Luan 1, Guanghui Zheng 1,2,3 and Guojun Zhang 1,2,3*


1 Department of Clinical Diagnosis, Laboratory of Beijing Tiantan Hospital, Capital Medical University, Beijing, China, 2 National Medical Products Administration (NMPA) Key Laboratory for Quality Control of In Vitro Diagnostics, Beijing Tiantan Hospital, Capital Medical University, Beijing, China, 3 Beijing Engineering Research Center of Immunological Reagents Clinical Research, Beijing Tiantan Hospital, Capital Medical University, Beijing, China




Edited by: 

Clio Mavragani, National and Kapodistrian University of Athens, Greece

Reviewed by: 

Luis Del Carpio-Orantes, Delegación Veracruz Norte, Mexico

Hari S. Sharma, Uppsala University, Sweden

*Correspondence: 

Guojun Zhang
 guojun.zhang@ccmu.edu.cn



†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Multiple Sclerosis and Neuroimmunology, a section of the journal Frontiers in Immunology


Received: 18 May 2022

Accepted: 21 June 2022

Published: 13 July 2022

Citation:
Ding Y, Wang L, Sun J, Shi Y, Li G, Luan X, Zheng G and Zhang G (2022) Remnant Cholesterol and Dyslipidemia Are Risk Factors for Guillain–Barré Syndrome and Severe Guillain–Barré Syndrome by Promoting Monocyte Activation. Front. Immunol. 13:946825. doi: 10.3389/fimmu.2022.946825




Background

Guillain–Barré syndrome (GBS) is the most common severe acute paralytic neuropathy, with a mortality rate of 5% and permanent sequelae rate of 10%. Currently, the cause of GBS remains unclear. Therefore, we sought to determine potential predictors for GBS and its severity.



Methods

A case–control study was performed at Tiantan Hospital in Beijing from January 2017 to December 2021. Laboratory and clinical characteristics were assessed in recruited GBS patients and healthy control individuals (matched by sex and age). The potential risk factors for GBS and severe GBS were assessed using a logistic regression analysis. The mRNA levels of toll-like receptor 4 (TLR4), toll-like receptor 2 (TLR2) and nuclear factor κB (NF-κB) in GBS patients and control PBMCs were detected by fluorescence quantitative PCR. THP-1 cells were costimulated with LPS and free cholesterol to demonstrate the effect of free cholesterol on monocyte activation.



Results

A total of 147 GBS patients and 153 healthy individuals were included in the study. Logistic regression analyses showed that preceding infection, alcohol consumption, remnant cholesterol, homocysteine and the dyslipidemia index were correlated with a higher risk of GBS. In contrast, increased HDL cholesterol was correlated with a lower risk of GBS. Moreover, remnant cholesterol and the dyslipidemia index were significantly correlated with severe GBS. The mRNA levels of TLR4, TLR2 and NF-κB in the PBMCs of GBS patients were significantly higher than those of healthy individuals. LPS activated THP-1 cells, and free cholesterol treatment increased the expression of TLR4, TLR2, NF-κB and IL-1β mRNA in LPS-activated THP-1 cells.



Conclusion

Dyslipidemia was correlated with the risk of GBS and severe GBS. Remnant cholesterol may promote the activation of monocytes in GBS patients. It may be valuable to control lipid levels in the prevention of GBS and severe GBS.
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Introduction

Guillain–Barré syndrome (GBS) is an autoimmune demyelinating disease in the peripheral nervous system (PNS). The pathological features are infiltration of inflammatory cells into small blood vessels and demyelination of peripheral nerves and nerve roots (1). The incidence of GBS is 0.8-1.9 (median 1.1) per 100,000 person-years and increases with age. The proportion of GBS patients is higher in males than in females (2, 3). The fatality rate is 5%, and permanent sequelae are observed in 10% of patients. GBS usually follows an abnormal autoimmune response to peripheral nerves and spinal cord roots caused by infection or other immune stimulation. Recent studies have shown that GBS is one of the serious complications of COVID-19 and one of the serious adverse reactions to COVID-19 vaccination (2, 4).

There have been many studies on the clinical epidemiology of GBS, but its cause is not completely clear. A proteomics study of the cerebrospinal fluid of GBS patients showed that the differentially expressed proteins between the GBS and control groups were mainly enriched in pathways closely related to lipid metabolism (5). It is interesting that the concept of cholesterol toxicity was proposed. Excessive accumulation of cholesterol plays a crucial role in the pathogenesis of various diseases (6). The integrity of the blood–brain barrier may be damaged by hypercholesterolemia (7). Very low-density lipoprotein (VLDL) cholesterol and its component apolipoprotein C3 (APOC3) promote inflammation and tissue damage by stimulating interleukin 1β (IL-1β), whereas high-density lipoprotein (HDL) cholesterol and its component apolipoprotein A1 (APOA1) decrease IL-1β release (8). Some studies indicate that APOA1 plays a role in the healing process of nerve and neuronal injury (9).

These results are valuable for basic and clinical studies of GBS but must be validated in as many studies as possible. We hypothesized that common lipid levels are associated with GBS. In this study, we performed an untargeted analysis in a case–control study to explore possible risk and protective factors associated with GBS. Remnant cholesterol and dyslipidemia were identified as potential risk factors for the onset and severity of GBS for the first time. In addition, we validated the effect of free cholesterol on monocyte activation at the cellular level.



Methods


Study Design and Participants

All patients with GBS were prospectively consecutively recruited at Beijing Tiantan Hospital, Capital Medical University from January 1, 2017, to December 31, 2021. The protocol was approved by the Ethics Committee of Beijing Tiantan Hospital (batch number: KY-2022-039-01). The data supporting the findings of this study can be obtained from the corresponding author upon reasonable request.

GBS was diagnosed based on clinical symptoms, electrophysiological characteristics and cerebrospinal fluid characteristics, according to the guidelines published in 2014 (1): progressive weakness of limbs, including areflexia in weak limbs or decreased tendon reflexes (2); typical electromyography (3); albuminocytologic dissociation in cerebrospinal fluid analysis; and (4) absence of other possible neuropathic causes. From January 2017 to December 2021, 223 patients (including 221 adult patients) with GBS-type peripheral neuropathy were admitted to our hospital. Among the 221 adult patients, 22 patients without complete clinical data and 44 patients with chronic inflammatory demyelinating polyradiculoneuropathy or nonfirst-treatment for GBS were excluded. Ultimately, 147 (69.7%) of the 221 adult patients were included in this study (Figure 1). The onset date of GBS refers to the date of admission for symptoms diagnosed as GBS. Healthy individuals (matched by sex and age) from routine physical examinations were used as controls. According to their interviews and medical records, these individuals or their immediate family members did not have GBS or other demyelinating diseases.




Figure 1 | Flow diagram of the study participants.





Data Collection

After resting in a seated position for 15 minutes, diastolic and systolic blood pressure in the right arm were measured with a standard mercury manometer. Peripheral blood samples were collected in the morning after fasting for 12 h. Body mass index (BMI) was calculated as weight (kg)/height (m2). Peripheral venous blood was used to measure the white blood cell count (WBC), lymphocyte count, monocyte count, albumin (ALB), immunoglobulin G (IgG), triglyceride, total cholesterol (CHO), HDL cholesterol, low density lipoprotein (LDL) cholesterol, APOA1, apolipoprotein B (APOB), and homocysteine (Hcy). Remnant cholesterol was calculated by subtracting HDL cholesterol and LDL cholesterol from CHO (10). Dyslipidemia was defined as at least one abnormality in CHO, triglyceride, HDL cholesterol, LDL cholesterol, APOA1 or APOB (11), and the dyslipidemia index was defined as the number of abnormalities for each of the six indicators.

Cerebrospinal fluid (CSF) samples were obtained by lumbar puncture. Lumbar puncture and peripheral blood collection were performed when the patient was in the acute phase and not receiving treatment. CSF samples were used to measure ALB, IgG, intrathecal immunoglobulin G synthesis rate of 24 h (24-h intrathecal IgG) and total protein.

The GBS disability score indicated the severity of disease. The GBS disability score at entry and at discharge were used to assess the functional status of patients with GBS (12, 13). The difference between the disability score at admission and discharge was defined as the disease remission score, which was used to evaluate the patient’s recovery. The evaluation criteria for health status are as follows: no symptoms, 0; mild symptoms and able to run, 1; can walk 10 m or more independently, but cannot run, 2; able to walk 10 m with help, 3; bedridden or wheelchair bound, 4; supplementary ventilation is required for at least part of the day, 5; or dead, 6. A severe condition was defined as a GBS disability score at admission of 3 or more, and fairly good condition was defined as a GBS disability score at admission of 2 or less (14). The Medical Research Council (MRC) sum score was used to assess muscle strength. The MRC sum score was calculated as the sum of MRC scores of 6 muscles of both upper and lower limbs, ranging from 60 (normal) to 0 (quadriplegic) (15).

The clinical features of GBS patients at admission included sex, age, preceding infection, symptoms of preceding infection, hypertension, smoking, alcohol consumption, diabetes, surgery, trauma, heart disease and hyperlipidemia.



Preparation of PBMCs

Approximately 5 mL of peripheral blood was collected from 8 GBS patients and 8 healthy controls (from the above cohort and matched by sex and age) into EDTA-anticoagulated vacuum tubes. Peripheral blood mononuclear cells (PBMCs) were isolated using lymphocyte isolation agent (Sigma–Aldrich, USA).



Cell Culture and Processing

The human monocyte leukemia cell line THP-1 was routinely maintained in RPMI 1640 (Invitrogen, USA) supplemented with 10% heat-inactivated (1 h at 56°C) FBS (AQ, China) and 1% β-mercaptoethanol (Invitrogen, USA) at 37°C in 5% CO2. THP-1 cells were cultured at a density of 5×105 cells/mL in 12-well culture dishes and treated for 24 h with 50 µg/mL free cholesterol (Sigma USA) or 100 ng/mL LPS in the presence or absence of 50 µg/mL free cholesterol.



Quantitative Real-Time PCR (qRT–PCR)

Total RNA was extracted from PBMCs and THP-1 cells using TRIzol reagent (Invitrogen, USA) and reverse transcribed to cDNA using a Takara Prime Script RT Reagent Kit (Takara, Japan). qRT–PCR was conducted using a Roche Light Cycler 480 Real-Time PCR System (Roche, Switzerland) with a TB Green PCR Kit (Takara, Japan). The β-actin gene was used as the endogenous control. We used the 2-ΔΔCT method to calculate the relative gene expression. Primers for qRT–PCR are listed in Table 1.


Table 1 | Clinical and Laboratory Characteristics in Patients With GBS and Healthy Controls .





Statistical Analysis

SPSS software (version 26.0) and GraphPad Prism software (version 8.0) were used for statistical analysis. Continuous data were analyzed using the independent t test or the Wilcoxon test. Categorical data were analyzed using the McNemar test. We performed a forward stepwise conditional logistic regression analysis to explore the independent risk factors for GBS and GBS with severe conditions. The Spearman rank correlation coefficient and Mantel–Haenszel test were performed to analyze the correlation between clinical characteristics and risk factor quartile.




Results


Clinical Characteristics of GBS Patients and Healthy Individuals

There were a total of 147 patients with GBS and 153 healthy controls consecutively included in our study. The characteristics of the GBS patients and univariate factors associated with the risk of GBS are presented in Table 1. The levels of diastolic blood pressure (DBP), systolic blood pressure (SBP), triglycerides, ApoB, and Hcy were higher in GBS patients than in healthy individuals (P<0.05 for all). In addition, patients with GBS have higher rates of smoking, alcohol consumption, surgery, trauma, hyperlipidemia, and preceding infection. Furthermore, CHO, HDL cholesterol and ApoA1 levels were lower in GBS patients. Dyslipidemia was found in 120 (1, 29.9%; 2, 30.6%; ≥3, 21.1%) patients with GBS and 43 (1, 13.1%; 2, 14.4%; ≥3, 21.1%) healthy controls (P<0.001).



Potential Risk Factors for GBS

The adjustment for potential covariates was made (Figure 2), including a history of smoking, surgery, trauma, SBP, DBP, BMI, triglycerides, CHO, APOB and APOA1. The logistic regression analyses showed that increased remnant cholesterol (odds ratio [OR], 1.383 [95% CI, 1.012–1.892]; P=0.042), Hcy (OR, 2.141 [95% CI, 1.640–2.794]; P<0.001) and dyslipidemia index (P=0.001) were correlated with the risk of GBS. The higher the dyslipidemia index, the higher the risk of GBS. In contrast, increased HDL cholesterol (OR, 0.703 [95% CI, 0.583-0.849]; P<0.001) was correlated with a lower risk of GBS.




Figure 2 | Logistic regression analysis of the risk of GBS and severe GBS. (A) After adjusting for multiple factors, preceding infection, alcohol consumption, remnant cholesterol, Hcy and the dyslipidemia index were independent risk factors for GBS. As the dyslipidemia index increased, the OR value increased. (B) Remnant cholesterol and a dyslipidemia index of 2 or ≥3 were independent risk factors for severe GBS.





Analysis of Predictors for Severe GBS

Of 147 patients with GBS, 91 (61.9%) had severe GBS, and 56 (38.1%) had mild GBS. The univariate logistic regression analysis showed that SBP (OR, 1.021 [95% CI: 1.021]; P=0.042), triglycerides (OR, 1.128 [95% CI: 1.059-1.203]; P<0.001), HDL cholesterol (OR, 0.848 [95% CI: 0.747-0.963]; P=0.011), remnant cholesterol (OR, 1.886 [95% CI, 1.448-2.455]; P=0.042) and the dyslipidemia index (P<0.001) were correlated with severe GBS (Table 2). The multivariate logistic regression analysis showed that remnant cholesterol (OR, 1.787 [95% CI: 1.353-2.361]; P<0.001) and the dyslipidemia index (P=0.021) were significantly correlated with severe GBS (Figure 2).


Table 2 | Univariate Logistic Regression Analysis of Predictors for Severe GBS.





Clinical Characteristics of GBS Patients Based on Remnant Cholesterol Quartiles and the Dyslipidemia Index

The clinical characteristics of GBS patients based on the remnant cholesterol quartiles are shown in Table 3. Remnant cholesterol quartiles were positively correlated with age, WBC count, monocyte count, GBS disability score at entry, GBS disability score at discharge and MRC sum score. The clinical characteristics of GBS patients based on the dyslipidemia index are shown in Table 4. The dyslipidemia index was positively correlated with the GBS disability score at entry and at discharge. Crucially, the proportion of severe GBS patients increased with the increase in the remnant cholesterol scale and dyslipidemia index (Figure 3).


Table 3 | Characteristics of Patients with GBS According to Remnant Cholesterol Quartile.




Table 4 | Characteristics of Patients with GBS According to Dyslipidemia Index.






Figure 3 | Proportional distribution of severe GBS. (A) Remnant cholesterol scale was set according to the quartile levels of the enrolled GBS patients. The proportion of severe GBS tended to increase with increasing remnant cholesterol levels. (B) The proportion of severe GBS tended to increase with an increase in the dyslipidemia index.





Free Cholesterol Increases LPS-Induced THP-1 Cells

Serum total cholesterol included conjugated cholesterol and free cholesterol. Depending on how remnant cholesterol was calculated, it mainly included free cholesterol and conjugated cholesterol from intermediate density lipoprotein cholesterol, VLDL cholesterol and chylomicrons. Free cholesterol is a key component of remnant cholesterol. To investigate the potential effect of remnant cholesterol on the activation of monocytes in PBMCs from patients with GBS, we measured the mRNA expression of TLR4, TLR2 and NF-κB in PBMCs and cultured cells. The results showed that the mRNA levels of TLR4, TLR2 and NF-κB associated with monocyte activation in the PBMCs of GBS patients were significantly higher than those of healthy controls (Figure 4). Moreover, THP-1 cells were treated with LPS, LPS/free cholesterol, and free cholesterol. Emerging experimental evidence has indicated that LPS activates THP-1 cells, and that free cholesterol treatment can increase the expression of TLR4, TLR2 and NF-κB mRNA in LPS-activated THP-1 cells (Figure 4). In addition, we found that free cholesterol increased the mRNA expression of IL-1β in the presence or absence of LPS (Figure 4).




Figure 4 | Free cholesterol promoted monocyte activation. (A) The mRNA levels of TLR2, TLR4 and NF-κB in the PBMCs of GBS patients were higher than those of healthy controls. *p<0.05, **p<0.01. (B) Compared with LPS stimulation alone, TLR2, TLR4 and NF-κB mRNA levels of THP-1 cells increased with free cholesterol and LPS costimulation. **: p < 0.01, compared to the control group; #: p<0.05, compared to the LPS group; ##: P<0.01, compared to the LPS group. (C) Free cholesterol increased the mRNA expression of IL-1β in the presence or absence of LPS. **: p < 0.01, compared to the control group; #: p<0.05, compared to the LPS group.






Discussion

GBS is the most common severe acute paralytic neuropathy, with a mortality rate of 5% and permanent sequelae rate of 10%. In the context of the COVID-19 pandemic, GBS is one of the serious sequelae (16, 17). It is of great importance to explore the risk factors for GBS disease and severe GBS. In our previous study on the proteomics differences between the CSF samples of GBS patients and the control group, it was found that the differential proteins were mainly enriched in lipid metabolism-related pathways (5). In this study, we explored the potential risk factors for GBS and severe GBS, taking serum lipid factors into account. The GBS patients included in this study reflected previously reported demographic and clinical characteristics (18). We found that preceding infection, alcohol consumption, increased remnant cholesterol, increased Hcy and an increased dyslipidemia index were correlated with a higher risk of GBS. In contrast, increased HDL cholesterol was associated with a lower risk of GBS. Furthermore, increased remnant cholesterol and an increased dyslipidemia index were correlated with a higher incidence of severe GBS. To explore the role of remnant cholesterol in the pathogenesis of GBS, we verified the function of free cholesterol in activating peripheral blood monocytes in patients with GBS. The mRNA levels of TLR4, TLR2 and NF-KB in the PMBCs of GBS patients were significantly higher than those of healthy controls, which is consistent with previous studies (19–21). Furthermore, free cholesterol significantly promoted monocyte activation induced by LPS and increased the mRNA expression of IL-1β.

The potential etiological factors of GBS were revealed in the results of our case–control study. Although many studies have been conducted on GBS, the cause of GBS is not fully understood. The majority of patients have had an event including preceding infection, vaccination and surgery in the four weeks before the onset of neurological symptoms of GBS (18, 22). GBS induced by preceding infections, particularly Campylobacter jejuni (C. jejuni), may be due to molecular mimicry between neural and microbial antigens. The glycans expressed on lipooligosaccharides (LOSs) of preceding infectious organisms were capable of inducing an antibody response to axolemmal surface molecules (23, 24). Campylobacter jejuni infection occurred frequently in the population, but acute motor axonal neuropathy after infection was rare. This was because ganglioside mimics were only present in a small percentage of C. jejuni strains, and there was a general immune tolerance to glycans on LOS in the population (25).

Our results suggest that alcohol consumption may be an independent risk factor for GBS. Repeated alcohol consumption can damage the central and peripheral nervous systems. The main consequences of long-term alcohol consumption are sleep disturbances, chronic pain, cognitive and behavioral disorders, stroke, and damage to peripheral nerves and muscles. The pathogenesis of alcoholic neuropathy remains controversial. It is currently primarily associated with nutritional deficiencies and the toxic effects of alcohol. Recent studies have suggested that alcohol consumption may lead to axonal degeneration resulting from oxidative stress, the release of proinflammatory cytokines and the activation of protein kinase C (26). Furthermore, alcohol-induced GBS has been reported in some cases (27, 28). These relationships make alcohol consumption a risk factor for GBS.

There is strong evidence that high Hcy may cause sensory and motor peripheral nerve dysfunction (29). Although it is unclear how increased Hcy leads to GBS, some explanations can be proposed. Low levels of vitamin B12 or folic acid can increase Hcy levels, and vitamin B12 deficiency can cause myelin damage due to inadequate methylation of myelin basic protein (30). Resulting from its special sensitivity to the nervous system, extracellular homocysteine may cause many harmful effects such as promoting excitatory toxicity by stimulating the n-methyl-D-aspartate receptor (NMDA) and damaging neuronal DNA to induce apoptosis (31). Hcy is considered an inflammatory marker, and Hcy itself can cause the breakdown of the blood–brain barrier (32). In this study, we demonstrated that increased Hcy in GBS patients significantly increases the risk of GBS. Moreover, many studies have shown that high Hcy levels are associated with the risk of multiple sclerosis, Alzheimer’s disease, skeletal muscle malfunction, and ocular diseases (33–36). Therefore, high homocysteine may be related to GBS.

Most importantly, our study suggested that various lipid levels were possible risk or protective factors for GBS. Compared with controls, patients with GBS had higher levels of triglycerides, LDL cholesterol, APOB and remnant cholesterol and lower HDL cholesterol and APOA1 levels. After considering the lipid levels as a dyslipidemia index, GBS patients had a higher dyslipidemia index. In addition, increased remnant cholesterol levels and an increased dyslipidemia index were associated with the incidence of severe GBS. Increased remnant cholesterol and dyslipidemia were associated with increased GBS disability scores. Furthermore, the proportion of patients with severe GBS increased with increasing remnant cholesterol and increasing dyslipidemia index. Some studies have shown a link between altered lipid metabolism and peripheral nerve dysfunction. The protective role of HDL cholesterol and apolipoproteins in established and early MS has been demonstrated. LDL cholesterol and serum total cholesterol were correlated with cognitive impairment in MS patients (37). In type 2 diabetes, dyslipidemia and hyperglycemia may damage dorsal root ganglion neurons and induce mitochondrial dysfunction (38). The risk of Alzheimer’s disease in old age was increased by elevated levels of LDL cholesterol in middle age (39). ApoA1 and HDL cholesterol play an important role in maintaining cerebrovascular integrity and reducing the risk of Alzheimer’s disease by reducing amyloid (Aβ) plaques and Aβ-mediated inflammation in the cerebrovascular system (40). In addition, various components of blood lipids may induce or inhibit systemic inflammation. VLDL cholesterol and its component APOC3 promote inflammation and tissue damage by stimulating IL-1β, whereas HDL cholesterol and its component apoA1 reduce IL-1β release (8). Immune dysfunction may be caused by excess cholesterol accumulation. Statins have been used in autoimmune diseases for decades with studies reporting beneficial effects on inflammatory and autoimmune diseases. This conclusion has been validated in multiple sclerosis, rheumatoid arthritis and systemic lupus erythematosus (6). Cholesterol crystals lead to activation of the NLRP3 inflammasome and lysosomal destruction and activate the complement pathway, both of which lead to subsequent caspase-1 activation and IL-1β release (41). Our results suggest that elevated levels of remnant cholesterol are associated with an increased number of white blood cells and monocytes in the blood. The mRNA levels of TLR2, TLR4 and NF-κB in PBMCs of GBS patients were higher than those of controls, which is consistent with previous reports. In addition, free cholesterol promoted LPS-induced monocyte activation and IL-1B release. These findings suggest that controlling lipid levels, particularly remnant cholesterol levels, may reduce the risk of GBS and severe GBS.



Conclusions

In conclusion, preceding infection, alcohol consumption, remnant cholesterol, homocysteine and the dyslipidemia index were independent risk factors for GBS, and HDL-cholesterol was an independent protective factor for GBS. Furthermore, high remnant cholesterol levels and an elevated dyslipidemia index were associated with an increased risk of severe GBS. The mRNA levels of TLR2, TLR4, and NF-KB associated with monocyte activation were increased in GBS patients, and free cholesterol may promote this process.



Limitations

There are several limitations in this study. First, because GBS is a rare disease, an insufficient number of cases were included in the study; this study was a case–control study. Second, this was a single-center study, which could lead to bias in the results due to regional differences. Finally, the effect of dyslipidemia on the pathogenesis of GBS should be demonstrated by additional cell experiments and animal experiments.
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Characteristics All patients Q1 (<0.37) Q2 (0.37-0.49) Q3 (0.49-0.62) Q4 (>0.62)
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GBS disability score at entry 0.002
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GBS disability score at discharge < 0.001
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2 18(12.2) 4(12.1) 7(17.5) 5(14.3) 2(5.1)
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Yes 62 (42.2) 15 (48.4) 14 (35) 13 (28.9) 20
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WBC, white blood cell; CSF, cerebrospinal fluid; ALB, albumin; 24-h intrathecal IgG, intrathecal Immunoglobulin G synthesis rate of 24 hours;Pro, total protein.
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Controls Patients with GBS

Characteristics N=153 N=147 Yz/x? P value
Demographic

Agey 47.0 (31.5-60.0) 48.0 (33.0-60.0) -0.535 0.592
Sex,male 85 (55.6) 82 (55.8) 0.002 0.968
Medical history, n (%)

Hypertension 36 (23.5) 39 (26.5) 0.360 0.548
Diabetes mellitus 25(16.3) 19 (12 9) 0.698 0.403
Heart disease 12(7.8) 9 6.1 0341 0.559
Cigarette smoking 25 (16.3) 41 (27. 9) 6487 0.011
Alcohol consumption 16 (10.5) 36 (24.5) 10.302 0.001
Surgery 10(6.5) 36 (24.5) 18.615 < 0.001
Trauma 10.7) 19 (12.9) 18.114 < 0.001
Hyperlipidemia 15(9.8) 11 (7.5) 0510 0.475
Preceding infection 28 (18.3) 91 (61.9) 59.561 <0.001
Clinical features

SBP, mmHg 119.86 + 15.19 133.44 +17.32 -9.858 <0.001
DBP, mmHg 7242 £9.72 84.22 + 11.00 -7.226 < 0.001
BMI, kg/m? 23.50 (20.85-25.60) 24.22 (21.48-26.45) -2.104 0.035
Laboratory results

Triglyceride, mmol/L 0.88 (0.63-1.21) 1.24 (0.88-1.93) -6.838 <0.001
Total cholesterol, mmol/L 4.41+0.69 4.20 +0.87 2315 0.021
HDL cholesterol, mmol/L 1.56 (1.37-1.78) 1.09 (0.93-1.25) -11.175 <0.001
LDL cholesterol, mmol/L 2.48 +0.66 2.55+0.78 -0.831 0.406
Remnant cholesterol, mmol/L 0.36 (0.29-0.43) 0.49 (0.37-0.62) -6.949 < 0.001
ApoA1, g/L 1.49 (1.35-1.63) 1.14 (1.02-1.28) -10.902 < 0.001
ApoB, g/L. 0.74 £0.17 0.89 £ 0.21 -6.779 < 0.001
Homocysteine, umol/L 7.60 (6.79-8.41) 11.01 (8.70-12.69) -10.450 < 0.001
Dyslipidemia index, n (%) 95.223 < 0.001
0 110 (71.9) 7 (18.4)

1 20 (18.1) 4 (29.9)

2 22 (14.4) 45 (30.6)

>3 1(0.6) 1 (21.1)

Data presented as mean = SD, median (Q1-Q3) or percentage. DBP, diastolic blood pressure; SBP, systolic blood pressure; BMI, Body mass index; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; GBS, Guillain-Barré syndrome; APOA1, apolipoprotein A1; APOB, apolipoprotein B.





