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Abstract

Objective: This study aimed to explore the relationship between systemic

inflammation markers and clinical activity, respiratory failure, and prognosis in

patients with myasthenia gravis (MG). Methods: One hundred and seventeen

MG patients and 120 controls were enrolled in this study. Differences in the

four immune-related markers of two groups based on blood cell counts: neu-

trophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), lympho-

cyte to monocyte ratio (LMR), and systemic immune-inflammation index (SII)

were measured. The stability of the associations between systemic inflammation

markers and respiratory failure in MG patients was confirmed by adjusted

logistic regression analysis. Moreover, Kaplan–Meier curve and multivariate

COX regression models were applied to assess the factors affecting the outcome

of MG. Results: NLR, PLR, and SII were higher in MG patients than those in

controls and were positively associated with MGFA classification, but not LMR.

Adjusted logistic regression analysis showed that PLR was an independent pre-

dictor of MG with respiratory failure. The ROC curve demonstrated that PLR

showed good sensitivity and specificity for the diagnosis of MG with respiratory

failure. Kaplan–Meier curve showed that GMG, positive AchR-Ab, respiratory

failure, high NLR, PLR, SII, and IVIg exposure correlated with the risk for poor

outcomes in MG patients. The multivariate COX regression models indicated

that GMG and high SII was a risk factor for poor outcome of MG. Interpreta-

tion: The systemic inflammation markers expressed abnormally in MG patients,

in which PLR may be an independent predictor of respiratory failure, and high

SII and GMG were predictive risk factors for poor outcomes in MG patients.

Introduction

Myasthenia gravis (MG) is an autoimmune disease

mediated by antibodies attacking the postsynaptic mem-

brane, which leads to neuromuscular junction transmis-

sion dysfunction.1 The clinical characteristics of this

disease are fluctuating skeletal muscle fatigue and weak-

ness that can be aggravated by activity, but these clinical

features can vary.2 Currently, acetylcholine receptor

(AChR) antibodies, muscle-specific receptor tyrosine

kinase (MuSK) antibodies, and low-density lipoprotein

receptor-related protein 4 (LRP4) antibodies are

considered the most sensitive and specific pathogenic

factors leading to the onset of MG.3 Although the etiol-

ogy of MG is unknown, inflammation has been consid-

ered a key component of MG pathogenesis.4,5 Under the

microenvironment of MG, inflammatory factors express

abnormally, which eventually enhances B cell activation

and contributes to autoantibody production.6 At present,

the treatment of MG aims at reducing inflammation

and neutralizing antibodies, but the therapeutic response

often varies.7 Therefore, precise monitoring of inflamma-

tory activity is crucial for customizing the therapeutic

strategy.
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The systemic inflammation markers based on blood cell

counts include NLR, PLR, LMR, and SII.8 These indices

have been reported as systemic inflammatory response

biomarkers playing important roles in various autoim-

mune diseases.9–11 NLR is the ratio of the number of

neutrophils to lymphocytes from the circulating blood

cells. Previous studies have described the association

between NLR and neuroimmunology diseases.11–13 As a

useful inflammatory marker, NLR has been applied to

evaluate the severity and prognosis of different dis-

eases.10,11,14 PLR is the ratio of platelet count to lympho-

cyte count. LMR is calculated with absolute lymphocyte

count to monocyte count. Similar to NLR, PLR and LMR

are also considered a marker for predicting the severity

and prognosis of inflammatory diseases.10,15,16 SII as a

new diagnostic marker was calculated with (platelet 9

neutrophil)/lymphocyte. Previous study has shown that

SII was associated with disease severity and response to

immunotherapy in autoimmune encephalitis (AE).17

Moreover, a recent study has also shown that the SII

serves as a reliable assessment tool for the diagnosis and

evaluation of disease activity.18 Although these systemic

inflammation markers are widely used to evaluate the

severity and prognosis of autoimmune diseases, there is

almost no evidence in the literature to clarify the role of

NLR, PLR, LMR, or SII in MG.

In the present study, considering the clinical hetero-

geneity of MG patients, we first explore the relationship

between systemic inflammation markers and different

clinical subtypes in a large cohort of MG patients. Mean-

while, we also analyzed the predictive value of these

inflammatory indicators for respiratory failure and prog-

nosis in MG patients for the first time.

Patients and Methods

Patients

This retrospective study included 225 patients with MG

who were diagnosed at the Department of Neurology,

Affiliated Hospital of Xuzhou Medical University. Diag-

nosis of MG was in accord with international guide-

lines.19 All patients’ data on sex, age, disease duration,

antibody type, Myasthenia Gravis Foundation of America

classification (MGFA),20 and MG subtypes including ocu-

lar MG (OMG), generalized MG (GMG), early onset MG

(EOMG), late-onset MG (LOMG), and thymoma-

associated MG (TAMG) was collected from the MG data-

base. Eventually, 117 MG patients were included in this

study according to the exclusion criteria. The patients

coexisting the following criteria are excluded: (a) patients

with incomplete baseline records (b) severe heart, liver,

kidney disease, other autoimmune diseases, tumor except

thymoma, thymectomy, or hematologic disease; (c)

receive immunosuppressive therapy 3 months before

blood routine test. Meanwhile, 120 controls were also

enrolled from the physical examination center in our hos-

pital. This study was approved by the Ethics Committee

of Affiliated Hospital of Xuzhou Medical University

(XYFY2016-KL009, XYFY2019-KL021). This was a retro-

spective study, patients were not required to provide

informed consent.

Laboratory data and the patient follow-up

Complete blood pictures of all participants at admission

were measured in the hospital laboratory by standard

methods before treatment. Data on the number of white

blood cell (WBC), lymphocyte, neutrophil, monocyte and

platelet were recorded. NLR was defined as the number

of neutrophil to lymphocyte ratio, PLR was defined as the

number of platelet to lymphocyte ratio, LMR was defined

as the ratio of lymphocyte to monocyte, while SII was cal-

culated with (platelet 9 neutrophil)/lymphocyte.

Patients with respiratory failure during hospitalization

were also collected. Respiratory failure was defined as

receiving noninvasive or invasive ventilation or arterial

blood gas analysis suggesting that pH < 7.35 and

PaCO2 > 45 mmHg, or PaO2/FiO2 < 200.21 The follow-

up started when patients received immunotherapy, up to

24 months or the time achieving good outcome. We usu-

ally follow up patients by phone or WeChat every month,

and the patients come to our center every 1–3 months

for re-examination and evaluation to manage the whole

course of MG patients. The prognosis of MG patients was

assessed using the MGFA-PIS scale.19,20 Complete Stable

Remission (CSR), Pharmacologic Remission (PR), and

Minimal Manifestations (MM) status were considered a

good outcome and status below MM was considered a

poor outcome.22

Statistical analysis

Data were expressed as mean � SEM or median and

interquartile ranges. Categorical variables were analyzed

by chi-squared tests. Independent sample t test or or one-

way ANOVA normal was used for normal distribution

data. Mann–Whitney U tests or Kruskal–Wallis test was

used for skewness distribution data. Spearman’s correla-

tion analysis was used to evaluate the relationship

between NLR, PLR, LMR, and SII and MGFA classifica-

tion. Adjusted logistic regression analysis and ROC curve

were used to evaluate the risk factors of respiratory failure

in MG. Probability curves for poor outcomes were esti-

mated using the Kaplan–Meier method with a log-rank

test. COX regression models were used to assess relative
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risk. All statistical data were analyzed with SPSS software

(version 19, SPSS, Chicago, IL) and Graphpad Prism 8.0

(Graphpad Software, La Jolla, CA). P < 0.05 was consid-

ered significant.

Results

Patient characteristics and laboratory data

Two hundred and twenty-five MG patients were screened

according to the exclusion criteria, and 117 MG patients

were eventually enrolled in this study. After the long-term

follow-up, 90 patients completed follow-up information

(Fig. 1). The detailed characteristics of MG patients are

summarized in Table 1. Among these individuals, the

clinical subtypes of MG patients include 31 EOMG and

86 LOMG patients, 58 OMG and 59 GMG patients, 37

TAMG and 80 non-TAMG patients, 112 AchR-Ab posi-

tive MG and 5 AchR-Ab negative MG patients, and the

distribution of the MG patients in different MGFA classi-

fication categories at admission (I:II:III:IV:V) was

58:22:16:13:8. No differences were observed in age, gen-

der, and monocyte counts between the HC and MG

patients (P > 0.05). However, WBC, neutrophils, platelets,

NLR，PLR, and SII were higher in MG than in HC

(P < 0.05), but lymphocytes and LMR were lower in MG

than in HC (P < 0.05).

Correlations of NLR, PLR, LMR, and SII with
different disease subtypes in MG patients

Our study showed that NLR and SII in OMG and GMG

patients were significantly higher than those in HC

(P < 0.001, Fig. 2A1,D1), but no difference was observed

between OMG and GMG (P > 0.05, Fig. 2A1,D1). PLR

and LMR in OMG and GMG patients had no difference

(P > 0.05, Fig. 2B1,C1), but PLR in GMG was higher

than HC (P < 0.001, Fig. 2B1) and LMR in GMG was

lower than HC (P < 0.01, Fig. 2C1). NLR and SII in

EOMG and LOMG patients were higher than those in

HC (P < 0.05, Fig. 2A2,D2), but NLR and SII showed no

significant difference between EOMG and LOMG

(P > 0.05, Fig. 2A2,D2). PLR and LMR in EOMG and

LOMG patients had no difference (P > 0.05, Fig. 2B2,

D2), but PLR in GMG was higher than HC and LMR in

GMG was lower than HC (P < 0.01, Fig. 2B2,D2). NLR,

PLR, and SII in non-TAMG and TAMG patients were

higher than those in HC (P < 0.05, Fig. 2A3,B3,D3), but

NLR, PLR, and SII showed no significant difference

between non-TAMG and TAMG (P > 0.05, Fig. 2A3,B3,

Figure 1. Flowchart of the study.
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D3). LMR in non-TAMG and TAMG patients had no dif-

ference (P > 0.05, Fig. 2C3), but LMR in non-TAMG was

lower than in HC (P < 0.01, Fig. 2C3). NLR, PLR, SII,

and LMR in male and female MG patients had no differ-

ence (P > 0.05, Fig. 2A4–D4), while NLR and SII in male

and female MG patients were higher than those in HC

(P < 0.01, Fig. 2A4,D4), PLR in female MG patients were

higher than in HC (P < 0.001, Fig. 2B4), and LMR in

male MG patients were lower than in HC (P < 0.01,

Fig. 2C4). NLR, PLR, SII, and LMR in AchR-Ab-positive

and AchR-Ab-negative MG patients had no difference

(P > 0.05, Fig. 2A5–D5), while NLR, PLR, and SII in

AchR-Ab-positive MG patients were higher than in HC

(P < 0.01, Fig. 2A5–C5), and LMR in AchR-Ab-positive

MG patients were lower than in HC (P < 0.01, Fig. 2C5).

Correlations of NLR, PLR, LMR, and SII with
MGFA classification at admission in MG
patients

Spearman’s correlation analysis showed that NLR, PLR,

and SII were positively correlated with MGFA classifica-

tion at admission (rs = 0.280, P = 0.002; rs = 0.287,

P = 0.002; rs = 0.311, P = 0.001, Fig. 3A,B,D) and LMR

was negatively correlated with MGFA classification at

admission (rs = �0.185, P = 0.047, Fig. 3C).

Table 1. Characteristics of MG patients and controls.

Characteristics Controls (n = 120) MG (n = 117) t/z/v2 P

Age, years 54 (49.00, 62.00) 58 (49.50, 69.00) �1.918 0.055

Sex, n (%) 0.007 0.931

Female 66 (55.00) 65 (55.56)

Male 54 (45.00) 52 (44.44)

Age of onset, n (%)

EOMG (age<50 years) 31 (26.50)

LOMG (age ≥ 50 years) 86 (73.50)

Type, n (%)

OMG 58 (49.57)

GMG 59 (50.43)

MGFA at admission, n

I:II:III:IV:V 58:22:16:13:8

Worst MGFA during hospitalization, n

I:II:III:IV:V 58:20:15:3:21

Thymoma, n (%)

Without 80 (68.38)

With 37 (31.62)

AchR-Ab, n (%)

Positive, n (%) 112 (95.73)

Negative, n (%) 5 (4.27)

WBC (9109/L) 5.65 (4.90, 6.80) 6.70 (5.40, 8.90) �4.701 0.000

Neutrophils (9109/L) 3.25 (2.56，4.01) 4.19 (3.36, 5.75) �5.903 0.000

Lymphocytes (9109/L) 1.85 (1.60, 2.30) 1.80 (1.40, 2.20) �2.078 0.038

Plateles (9109/L) 218.15 � 44.93 234.62 � 53.21 �2.578 0.011

Monocyte (9109/L) 0.34 (0.30, 0.43) 0.38 (0.28, 0.53) �1.739 0.082

NLR 1.70 (1.37, 2.04) 2.22 (1.73, 3.78) �5.829 0.000

PLR 110.91 (91.51, 137.84) 133.13 (97.63, 179.67) �3.516 0.000

LMR 5.31 (4.63, 6.97) 4.85 (3.62, 5.94) �3.093 0.002

SII 378.25 (285.35, 452.72) 501.60 (347.74, 917.13) �6.108 0.000

EOMG, early onset myasthenia gravis; LOMG, late-onset myasthenia gravis; OMG, ocular myasthenia gravis; GMG, generalized myasthenia gravis;

MGFA, Foundation of America Clinical Classification; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte

ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic immune-inflammation index.

Figure 2. Correlations of NLR, PLR, SII, and LMR with different disease subtypes in MG patients. (A1–D1) NLR, PLR, SII, and LMR among the HC,

OMG, and GMG. (A2–D2) NLR, PLR, SII, and LMR among the HC, EOMG, and LOMG. (A3–D3) NLR, PLR, SII, and LMR among the HC, non-

TAMG, and TAMG. (A4–D4) NLR, PLR, SII, and LMR among the HC, male MG, and female MG. (A5–D5) NLR, PLR, SII, and LMR among the HC,

AchR-Ab+MG, and AchR-Ab-MG.
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Predictive factors for respiratory failure in
MG patients

Among 117 patients with MG, 8 patients with MGFA

Class V have emerged respiratory failure at the beginning

of hospitalization, and 13 patients (2 with MGFA Class

III and 11 with MGFA Class IV) were in disease progres-

sion, the severity of respiratory failure was not reached at

admission, but the condition became worse and respira-

tory failure occurred during hospitalization. Eventually,

21 patients (17.9%) experienced respiratory failure during

hospitalization. NLR, PLR, and SII in MG patients with

respiratory failure were significantly higher than those in

nonrespiratory failure (P < 0.001, Table 2). LMR in MG

patients with respiratory failure and nonrespiratory failure

had no difference (P > 0.05, Table 2). To further assess

the association of NLR, PLR, and SII with respiratory fail-

ure, we employed a model of logistic regression. The

unadjusted model demonstrated that PLR and SII were

associated with respiratory failure (P < 0.01, Table 3). We

then adjusted multiple confounders (age, sex, EOMG/

LOMG, thymoma, antibody category, and respiratory

infection), adjusted model showed that PLR was an inde-

pendent predictor for predicting respiratory failure after

MG (P < 0.05, Table 3). According to the ROC curve,

PLR with a cut-off value of 181.91 and an area under the

curve (AUC) of 0.838 indicated sensitivity (71.4%), speci-

ficity (88.5%), positive predictive value (57.7%), and neg-

ative predictive value (93.4%) for the diagnosis of MG

with respiratory failure (Fig. 4, Table 4).

Predictive factors for outcome in MG
patients

Among the 90 MG patients who completed the follow-

up, 64 had a good outcome and 26 had a poor outcome,

and the mean follow-up time was 13.89 � 7.76 months.

NLR, PLR, and SII in MG patients with poor outcomes

were significantly higher than those in the good outcome

group (P < 0.001, Table 5). LMR in MG patients with

poor outcome was lower than those in the good outcome

group (P < 0.01, Table 5). Given that no unified labora-

tory reference value, NLR, PLR, LMR, and SII used to

identify MG patients with the good or poor outcome

Figure 3. Correlations of NLR, PLR,

LMR, and SII with MGFA

classification in MG patients. (A–D)

Spearman’s correlation analysis

between NLR, PLR, LMR, and SII and

MGFA classification in MG patients.
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were limited. Hence, we determined the cutoff values of

NLR, PLR, LMR, and SII by the ROC analysis (Fig. 5A).

In Table S1, the AUC of NLR, PLR, LMR, and SII were

0.762, 0.753, 0.298, and 0.785. Due to the AUC of LMR

was less than 0.50, we did not include LMR in the follow-

ing analysis. The optimal cutoff values were 3.10, 140.28,

and 948.01 for NLR, PLR, and SII respectively. The high-

est sensitivity and specificity were 0.730 and 0.828, 0.846

and 0.656, 0.692 and 0.891, and the positive and negative

predictive values were 0.633 and 0.883, 0.500 and 0.913,

0.720 and 0.877 for NLR, PLR, and SII respectively (see

Table S1).

To identify independent clinical factors associated with

outcome, age of onset, sex, OMG/GMG, antibody type,

thymoma, respiratory failure, NLR, PLR, SII, glucocorti-

coid, immunosuppressant, rituximab, and IVIg exposure

were analyzed by the Kaplan–Meier curve (Fig. 5B–N).
The results showed that GMG, positive AchR-Ab, respi-

ratory failure, high NLR, PLR and SII, and IVIg expo-

sure correlated with the risk for poor outcome in MG

patients (Fig. 5D,E,G,H,I,J,N). The multivariate COX

regression models indicated that GMG (HR 2.176, 95%

CI 1.188–3.985) and high SII (HR 3.834, 95% CI 1.047–
14.035) were risk factors for poor outcome of MG

(Table 6).

Table 2. Characteristics of respiratory failure and non-respiratory failure groups in MG patients.

Characteristics Respirator failure (n = 21) Non-respiratory failure (n = 96) z/t/v2 P

Age, years 52.19 � 16.01 58.85 � 14.81 1.840 0.068

Sex, n (%) 6.686 0.010

Male 4 (19.00) 48 (50.00)

Female 17 (81.00) 48 (50.00)

Age of onset, n (%) 5.864 0.015

EOMG (age<50 years) 10 (47.62) 21 (21.88)

LOMG (age ≥ 50 years) 11 (52.38) 75 (78.12)

Type, n (%) 25.160 0.000

OMG 0 (0.00) 58 (60.42)

GMG 21 (100.00) 38 (39.58)

Worst MGFA during hospitalization, n (%)

I 0 (0.00) 58 (60.42)

II 0 (0.00) 20 (22.92)

III 0 (0.00) 15 (14.58)

IV 0 (0.00) 3 (2.08)

V 21 (100.00) 0 (0.00)

Thymoma, n (%) 0.035 0.852

Without 14 (66.70) 66 (68.80)

With 7 (33.30) 30 (31.20)

AchR-Ab, n (%) 1.725 0.189

Positive, n (%) 19 (90.50) 93 (96.90)

Negative, n (%) 2 (9.50) 3 (3.10)

Respiratory infection, n (%) 9 (42.86) 19 (19.79) 5.165 0.023

NLR 5.06 (3.38, 12.50) 2.04 (1.67, 2.76) �4.965 0.000

PLR 232.22 (149.63, 364.31) 123.61 (90.44, 159.11) �4.840 0.000

LMR 4.94 (2.07, 6.40) 4.00 (3.76, 5.93) �1.634 0.102

SII 1137.01 (1008.07, 2196.73) 466.57 (333.33, 6 59.26) �5.355 0.000

EOMG, early onset myasthenia gravis; LOMG, late-onset myasthenia gravis; OMG, ocular myasthenia gravis; GMG, generalized myasthenia gravis;

MGFA, Foundation of America Clinical Classification; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-

monocyte ratio; SII, systemic immune-inflammation index.

Table 3. Adjusted logistic regression models for the association of

NLR, PLR, and SII with respiratory failure in MG patients.

Variables

Unadjusted model Adjusted model*

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

NLR 0.772 (0.535–

1.116)

0.169 0.744 (0.352–

1.572)

0.744

PLR 1.017 (1.005–

1.030)

0.007 1.026 (1.003–

1.049)

0.026

SII 1.003 (1.001–

1.005)

0.005 1.004 (1.000–

1.007)

0.066

*Adjusted for age, sex, EOMG/LOMG, thymoma, antibody category,

and respiratory infection.

OR, odds ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte

ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-

inflammation index.

104 ª 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

Systemic Inflammation Markers in Myasthenia Gravis X. Huang et al.



Discussion

The systemic inflammation markers as easily available

biomarkers have been reported as highly sensitive mea-

sures of inflammation in several autoimmune dis-

eases.10,23 However, the role of NLR, PLR, LMR, and SII

in MG was seldom investigated. In our study, we first

reported that NLR, PLR, and SII were significantly higher

in MG patients. Moreover, the rise in NLR, PLR, and SII

was positively associated with increasing MGFA classifica-

tion grade. Another important finding was that PLR can

indicate risk of respiratory failure in MG patients.

Besides, GMG and high SII were independent risk factors

for poor outcomes in MG patients.

Under systemic inflammation, WBC and subtype

counts will undergo relative changes, which has a vital

role in inflammatory diseases.24 It is common knowledge

that neutrophils, as the most abundant type of WBC, rep-

resent the part of the innate system.25 When responding

to a microbial invasion, activated neutrophils can release

oxygen-free adicals, lytic enzymes, and cytokines, all of

which promote the inflammatory response.26 More

importantly, it is known that neutrophil-derived cytokines

are closely related to the pathogenesis of MG.26,27 Besides,

neutrophils participate in the activation, regulation, and

effector functions of immune cells, which has caused a

renewed interest in their role in autoimmune disease.28

Lymphocytes usually represent the status of the adaptive

system. When inflammation occurs, the number of

peripheral lymphocytes usually shows a low level.29 More-

over, evidence has shown that lymphocyte subset derang-

ment is the trigger factor of MG development, which can

be used as an “alarm signal” to reflect the inflammatory

state of MG patients.30 Platelets and monocytes also have

regulatory effects on the immune system, which consid-

ered as a pro-inflammatory duplex releasing many differ-

ent cytokines at sites of inflammation.31 The stability of

NLR, PLR, LMR, and SII was rarely affected by physio-

logical, pathological, and physical factors, so they are gen-

erally considered to be superior to the single parameters

of neutrophil, lymphocyte, monocyte, or platelet.9,32,33

Thus, increasing attention has been directed to these

inflammation markers to reflect the degree of inflamma-

tion.

Consistent with prior work,34 NLR was also increased

in MG patients in our study and correlated with disease

severity, as defined by MGFA classification grade. Besides,

we newly discovered that the PLR and SII were increased,

Figure 4. ROC curve was used to

evaluate the accuracy of PLR to

predict respiratory failure in MG

patients.

Table 4. Diagnostic value of PLR in MG patients with respiratory failure.

Characteristics AUC 95% CI Cut-off value Sensitivity Specificity Positive predictive value Negative predictive value P

PLR 0.838 0.731–0.945 181.91 0.714 0.885 0.577 0.934 0.000

AUC, area under the curve; CI, confidence interval; PLR, platelet-to-lymphocyte ratio.
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but LMR decreased in MG patients. Recently, the NLR,

PLR, LMR, and SII have drawn wide attention as novel

nonspecific inflammatory markers. Jiang et al. showed

that it was more economical to use NLR to reflect disease

severity and the short-time curative effect of MG in chil-

dren.35 Besides, a large number of studies also have

demonstrated the value of changes in NLR, PLR, LMR,

and SII in assessing the severity and co-infections in

autoimmune diseases.9,16,36 Based on our findings and

above opinions, we have reason to infer that an interac-

tion exists between MG pathogenesis and NLR, PLR,

LMR, and SII. Considering the clinical heterogeneity of

MG patients and driving personalized medicine, we then

analyzed the correlation between NLR, PLR, LMR, and

SII and the clinical characteristics of MG for the first

time. Our study indicated that disease classification, age

of onset, thymoma, sex, and antibody type had no effect

on the NLR, PLR, LMR, and SII in MG patients. Interest-

ingly, we found that NLR, PLR, and SII showed an

increasing trend with the increase of MGFA classification

grade, but not obvious in LRM.

Respiratory failure leading to myasthenia gravis crisis

(MC) is still one of the important threats to the public

health of MG patients.37 At present, the first-line therapy

for MC includes IVIg and plasma exchange.38 However, the

expensive price and unavailability of plasma exchange and

IVIg place a heavy burden on the health system.39 There-

fore, exploring a standard biomarker that can be calculated

easily and less costly to predict the occurrence of respiratory

failure will contribute to medical resource allocation and

clinical decision-making. The previous study has shown

that NLR and PLR may be independent predictors of respi-

ratory failure in Guillain-Barr�e syndrome (GBS).40 Besides,

A recent publication demonstrated that SII may be a novel

independent indicator to predict the occurrence of respira-

tory failure in GBS patients.41 Then, we also compared the

NLR, PLR, and SII in MG patients with respiratory failure

and explored the risk factors of respiratory failure in MG

patients. Our study indicated that PLR showed good pre-

dictive value for the diagnosis of MG with respiratory fail-

ure. What is more important, we also observed the factors

affecting the prognosis of MG patients. It seems that the

disease classification and SII may be a helpful prognostic

biomarkers of patients with MG according to our study. As

mentioned above, SII reflected the complex interplay and

potential synergy among platelets, neutrophils, and lym-

phocytes systemically.41 Thereby, compared with NLR and

PLR, SII might reflect the interaction between the inflam-

matory response and immune response more objectively.

Our study has some limitations. First, this was a single-

center study and the number of patients included was rela-

tively low. Second, the elimination of patients based on

coexistent diseases limits the value of these systemic inflam-

mation markers. Third, if the coexisting immunosuppres-

sion is also not considered, the value of these systemic

inflammation markers is compromised for the many

patients presenting for exacerbations. Fourth, this study

was designed from a retrospective view and it would be bet-

ter to take the prospective plan to find more evidence. Fifth,

this study found that predictive values of these systemic

inflammation markers were low, which may be due to the

small sample size. Later, the large sample size by the multi-

Table 5. Characteristics of good and poor outcome in MG patients.

Characteristics

Good

outcome

(n = 64)

Poor

outcome

(n = 26) z/v2 P

Age, years 58 (48.75,

68.75)

57 (47.50,

66.75)

�0.481 0.631

Sex, n (%) 0.106 0.745

Male 27 (42.19) 10 (38.46)

Female 37 (57.81) 16 (61.54)

Age of onset, n (%) 1.631 0.202

EOMG

(age<50 years)

16 (25.00) 10 (38.46)

LOMG

(age ≥ 50 years)

48 (75.00) 16 (61.54)

Type, n (%) 13.846 0.000

OMG 40 (62.50) 5 (19.23)

GMG 24 (37.50) 21 (80.77)

Thymoma, n (%) 0.652 0.419

Without 45 (70.31) 16 (61.54)

With 19 (29.69) 10 (38.46)

AchR-Ab, n (%) 1.261 0.262

Positive, n (%) 61 (95.31) 26 (100.00)

Negative, n (%) 3 (4.69) 0 (0.00)

NLR 2.03 (1.60,

2.76)

4.06 (2.40,

9.77)

�3.886 0.000

PLR 120.32

(86.45,

164.25)

180.84

(145.01,

180.84)

�3.748 0.000

LMR 5.38 (4.12,

6.80)

4.00 (2.76,

4.97)

�2.987 0.003

SII 466.57

(324.44,

637.77)

1099.01

(639.02,

1819.75)

�4.229 0.000

Respiratory failure, n

(%)

5 (7.81) 14 (53.85) 23.53 0.000

Treatment, n (%)

Glucocorticoid 61 (95.31) 25 (96.15) 0.031 0.861

Immunosuppressant 39 (60.94) 18 (69.23) 0.548 0.459

Rituximab 7 (10.94) 4 (15.38) 0.341 0.559

IVIg 8 (12.50) 16 (61.54) 22.736 0.000

Thymectomy 19 (29.69) 10 (38.46) 0.652 0.419

EOMG, early onset myasthenia gravis; LOMG, late-onset myasthenia

gravis; OMG, ocular myasthenia gravis; GMG, generalized myasthenia

gravis; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic

immune-inflammation index.
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center cooperation needs to be carried out to further verify

whether these systemic inflammatory markers possess clini-

cal recommendation value.

Conclusions

In conclusion, our study demonstrated that these systemic

inflammation markers as easily measurable, available, and

cost-effective parameters expressed abnormally in MG

patients. PLR may be an independent predictor of respi-

ratory failure, and high SII and GMG were predictive risk

factors for poor outcomes in MG patients.
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