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Purpose: Although systemic inflammation response index (SIRI) and prognostic nutritional index (PNI) are associated with prognosis 
in various diseases, their role in myasthenia gravis (MG) remains unclear. This study aims to evaluate the predictive value of SIRI 
combined with PNI for MG prognosis.
Methods: 260 MG patients were enrolled in this retrospective study and were categorized into clinical improvement and non-improvement 
groups based on changes in MG-ADL and QMG scores after 6 months’ treatment. Lymphocyte-to-monocyte ratio (LMR), platelet-to- 
lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), SIRI and PNI were calculated from admission blood indices. Clinical 
differences between groups were compared. Logistic regression was used to identify independent predictors of clinical non-improvement. 
The ROC curve was utilized to assess the prognostic predictive value of SIRI, PNI, and their combination. Interaction effects and stratified 
analyses were used to explore the relationship between SIRI, PNI and MG prognosis across distinct subgroups.
Results: Patients without clinical improvement exhibited significantly elevated SIRI, NLR, and PLR, whereas LMR and PNI were 
reduced (p < 0.001). Multivariate logistic regression demonstrated that both SIRI and PNI significantly predicted clinical non- 
improvement (OR = 9.108, 95% CI: 3.412–24.317, p < 0.001; OR = 0.695, 95% CI: 0.601–0.804, p < 0.001). The area under the 
curve (AUC) of SIRI combined with PNI for predicting clinical non-improvement in MG was 0.928 (95% CI:0.896–0.961, sensitivity: 
0.873, specificity: 0.851), which is higher than SIRI (AUC: 0.841, 95% CI: 0.783–0.899, sensitivity: 0.772, specificity: 0.845) and PNI 
(AUC: 0.822, 95% CI: 0.770–0.875, sensitivity: 0.759, specificity: 0.740) alone. A statistically significant interaction was identified 
between SIRI and thymoma (p = 0.009).
Conclusion: SIRI and PNI are independently associated with MG prognosis, particularly in thymoma cases, where SIRI shows a stronger 
correlation. Furthermore, the combination of SIRI and PNI can serve as a valuable predictor of clinical non-improvement in MG.
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Introduction
Myasthenia gravis (MG) develops as an autoimmune condition caused by autoantibodies such as anti-acetylcholine receptor 
(AChR), muscle-specific kinase (MuSK), low-density lipoprotein receptor-related protein 4 (LRP4), titin and ryanodine receptor 
(RyR). Its core pathology lies in the dysfunction of neuromuscular junction (NMJ) signal transmission.1,2 Clinically, the disease 
is marked by skeletal muscle fatigability and fluctuating muscle weakness. In recent years, the introduction of targeted biologics, 
novel immunosuppressants, and other therapies has significantly improved patients’ quality of life. However, some individuals 
still experience adverse outcomes, including disease recurrence, myasthenic crisis, or treatment resistance. Current prognostic 
assessments in MG primarily rely on clinical classifications, antibody titer, and thymic pathology.3,4 Nevertheless, these 
indicators predominantly face limitations such as high costs and insufficient dynamic monitoring, which restrict their clinical 
utility. Therefore, it is crucial to search for practical and reproducible prognostic biomarkers.

Journal of Inflammation Research 2025:18 13319–13333                                                13319
© 2025 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

Received: 24 June 2025
Accepted: 9 September 2025
Published: 26 September 2025

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0009-0000-4913-6417
http://orcid.org/0009-0005-9407-4469
http://orcid.org/0000-0002-9055-9873
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


The dysregulation of immune-inflammatory processes and metabolic homeostasis has been identified as a critical 
contributor to disease advancement in the pathophysiology of MG.5 Prognostic nutritional index (PNI) and systemic 
inflammatory markers, derived from blood routine and biochemical tests, have recently gained public interest due to their 
low cost and easy accessibility.6

Commonly utilized systemic inflammatory indicators, such as the systemic inflammation response index (SIRI), 
lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio (NLR), 
have been applied to assess the severity and prognosis of many diseases.6 Research showed that the NLR in patients with 
MG were markedly elevated compared to healthy individuals and was closely linked to the severity of MG.7–9 In 
addition, NLR could to some extent reflect the severity of the disease and short-term efficacy in children with MG.10 

SIRI, as a novel inflammation index based on NLR, can comprehensively reflect the dynamic balance of pro- 
inflammatory and anti-inflammatory immune states in the body by integrating neutrophil, lymphocyte, and monocyte 
counts. Earlier studies confirmed that SIRI was related to the severity of MG independently.11 PNI, as a indicator for 
assessing both nutritional balance and immunological function, was mainly employed to predict the prognosis of multiple 
cancers.12,13 Interestingly, recent studies have found that it was related to the activity of systemic lupus erythematosus 
(SLE), as well as rheumatoid arthritis (RA),14,15 but there was no literature to clarify the role of PNI in MG. The 
relationship between SIRI, PNI and prognosis of MG remains unclear.

Therefore, this study conducted a retrospective cohort analysis to explore the association between SIRI, PNI and poor 
prognosis in patients with MG, and evaluated their predictive efficacy, in order to provide clinical doctors with a simple 
risk warning tool and theoretical basis for optimizing MG management strategies.

Materials and Methods
Patients
We initially included 347 patients diagnosed with MG in the Neurology Department of the First Affiliated Hospital of 
Guangxi Medical University from January 2020 to October 2024. All patients were diagnosed according to the Chinese 
Guidelines for Diagnosis and Treatment of MG (2020), which met the following criteria: (1) classic clinical symptoms of 
MG (variable muscular weakness), (2) at least one of the following three points: positive neostigmine test, 
Electrophysiological manifestations of attenuated compound muscle action potential amplitude in response to low- 
frequency repetitive electrical stimulation of the nerve or positive serum antibodies such as AChR-Ab, (3) exclusion 
of other diseases. Participants were excluded based on the following criteria: (1) complicated with severe cardiovascular, 
hepatic, or renal disorders, (2) complicated with severe infections such as pneumonia or urinary tract infections, (3) 
complicated with other autoimmune diseases defined by the Global Autoimmune Institute (GAI), (4) complicated with 
malignant tumors other than thymoma, (5) patients with missing data. Ultimately, 260 MG patients were included after 
applying the above criteria (Figure 1).

Data Collection
We collected the clinical data from hospital information system, including demographic characteristics (sex, age, disease 
duration), clinical symptoms, comorbidities (hypertension, diabetes, thymoma, history of thymoma surgery), disease severity, 
history of MG medication, MG activities of daily living (MG-ADL) and the Quantitative MG (QMG) score at baseline and 
after 6 months treatment, blood test data (blood routine, biochemical tests, antibody types), and subsequent treatment methods 
(cholinesterase inhibitors, corticosteroids, intravenous immunoglobulin, immunosuppressants, plasma exchange, targeted 
biologics). Follow-up data were obtained through annual outpatient interviews after 6 months of treatment.

Fasting venous blood samples for blood routine and biochemical tests were obtained on the morning following 
admission. Leukocyte counts, neutrophil counts, platelet counts, lymphocyte counts, monocyte counts and albumin level 
were recorded, and SIRI, PLR, NLR, LMR, PNI were calculated.
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Definition
Based on the Myasthenia Gravis Foundation of America (MGFA) clinical classification, disease severity upon admission 
was categorized as mild (MGFA grades I and II) or moderate to severe (MGFA grades III, IV, and V).

The short-term outcome was assessed based on changes in the MG-ADL score and QMGS after 6 months of 
treatment. In this study, clinical improvement was defined as a decrease of ≥2 points in the MG-ADL score and 
a decrease of ≥3 points in the QMGS; otherwise, the outcome was classified as clinical non-improvement.16,17

SIRI was calculated by (monocytes × neutrophils) / lymphocytes, PLR was defined as platelet count divided by 
lymphocyte count, NLR represented the proportion of neutrophils to lymphocytes, LMR was derived from the ratio of 
lymphocyte count to monocyte count, and PNI was determined by applying the formula: PNI = albumin (g/L) + 5 × 
lymphocyte count.

Statistical Analysis
To evaluate the distributional characteristics of continuous variables, the Shapiro–Wilk test was employed. Continuous 
variables following a normal distribution were reported as mean with standard deviation (SD), whereas those with non- 
normal distributions were summarized as median (Q25, Q75). Continuous variables with a normal distribution were 
analyzed using independent groups t-test for group comparisons, while non-normally data were evaluated through Mann– 
Whitney U-test. Categorical variables were expressed as frequency counts and percentages (n[%]), and their distribution 
patterns between groups were assessed via Pearson’s chi-square test. To assess factors associated with poor prognosis, 
a logistic regression model was constructed with poor outcome as the response variable. Covariates included sex, age, 
hypertension, diabetes, thymus abnormalities, thymectomy history, disease duration, MGFA classification, involved 
muscle groups (ocular, pharyngeal, limb, respiratory), history of MG medication, serum antibodies, leukocytes, neu
trophils, lymphocytes, platelets, monocytes, albumin, SIRI, NLR, PLR, LMR, PNI, and subsequent treatment methods 
(cholinesterase inhibitors, immunosuppressants, corticosteroids, plasma exchange, targeted biologic, intravenous immu
noglobulin). Univariate logistic regression models first evaluated the independent associations of SIRI, PNI, and other 
covariates with poor recovery. Subsequently, multivariate logistic regression analyses specifically examined the inde
pendent effects of SIRI and PNI on poor outcomes. To verify result robustness, adjusted models incorporating multiple 
confounders were implemented to assess the stability of relationships between SIRI and PNI and poor recovery. ROC 
curve analysis was employed to assess the prognostic utility of SIRI, PNI, and their combined model in MG patients. 
Optimal cut-off point for SIRI and PNI were identified by the maximum Youden index when we plotted the ROC curves. 
The predictive performance of each index was assessed through quantification of multiple metrics such as area under the 
curve (AUC), true positive rate, and true negative rate. Finally, we classified the variables into different categories and 

Figure 1 Flowchart of depicting subject enrollment for this study. 
Abbreviations: MG, myasthenia gravis.
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conducted analyses for subgroups and interactions. Statistical analyses were conducted using SPSS 27.0 and GraphPad 
Prism 10.4.2 with significance defined as p < 0.05.

Results
Demographic and Clinical Characteristics of Enrolled Patients
This retrospective analysis enrolled 260 MG patients categorized into clinical improvement (n = 181) and non- 
improvement (n = 79) groups. The cohort demonstrated comparable baseline characteristics with median ages of 48.0 
(IQR 36.5, 58.0) and 51.0 (IQR 37.0, 65.0) years in respective groups, along with similar gender distributions (72 males 
[39.8%] vs 29 males [36.7%]). Compared with the clinical improvement group, patients in the non-improvement group 
exhibited significantly longer disease duration (p < 0.001), higher rate of merging hypertension (p = 0.011) and diabetes 
(p < 0.001). Limb muscle involvement and respiratory muscle involvement were significant (p = 0.022, p = 0.008, 
respectively) associated with clinical improvement compared to cases without such manifestations. Moreover, 
a statistically significant positive correlation was identified between higher MGFA classification distributions and poor 
clinical outcomes (p = 0.009), with Figure 2 illustrating the stratified distribution patterns across study groups through 
a stacked bar chart representation. Hematological and biochemical analyses revealed that patients without clinical 
improvement exhibited significantly elevated leukocyte counts, platelet counts, neutrophil counts, SIRI, NLR, and 
PLR compared to those with clinical improvement (p < 0.05). Conversely, this group demonstrated markedly reduced 
lymphocyte counts, serum albumin levels, LMR, and PNI (p < 0.001), as shown in Figure 3. However, no statistically 
significant variations were noted between the cohorts regarding sex, age, thymoma, prior thymoma surgery, previous MG 

Figure 2 Stacked bar chart of MGFA distribution in patients with clinical improvement and non-improvement. 
Abbreviations: MGFA, Myasthenia Gravis Foundation of America.
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medication use, serum antibody profiles, or monocyte counts. Furthermore, subsequent treatment methods demonstrated 
comparable profiles across both groups, with the exception of intravenous immunoglobulin administration (Table 1).

Association of SIRI and PNI with Short-Term Prognosis of MG
To explore the potential determinants affecting the prognosis of MG, we conducted a univariate analysis, which revealed 
that SIRI (OR = 4.818, 95% CI: 3.098–7.495, p < 0.001), PLR (OR = 1.008, 95% CI: 1.005–1.011, p < 0.001), NLR (OR 
= 1.578, 95% CI: 1.329–1.874, p < 0.001), LMR (OR = 0.354, 95% CI: 0.262–0.476, p < 0.001), PNI (OR = 0.748, 95% 
CI: 0.690–0.811, p < 0.001) were significantly associated with clinical non-improvement. Furthermore, the disease 
duration, limb muscle involvement, respiratory muscle involvement, hypertension, diabetes, MGFA classification, 
leukocyte counts, neutrophil counts, lymphocyte counts, platelet counts, monocyte counts, and albumin level signifi
cantly impacted the poor clinical outcome of MG. However, other variables such as thymoma, history of thymoma 

Figure 3 The violin plot of the distribution of SIRI, PLR, NLR, LMR and PNI among different prognosis groups. 
Note: ****p < 0.001. 
Abbreviations: SIRI, system inflammation response index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; 
PNI, prognostic nutritional index.
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Table 1 Baseline Characteristics of the Clinical Improvement and Non-Improvement Groups

Variables Improvement Group 
(n = 181)

Non-Improvement Group 
(n = 79)

P value

Sex 0.640

Male (n,%) 72 (39.78) 29 (36.71)

Female (n,%) 109 (60.22) 50 (63.29)
Age (years), median (IQR) 48.00 (36.50, 58.00) 51.00 (37.00, 65.00) 0.144

Disease duration (months), median (IQR) 4.00 (2.00, 17.50) 12.00 (3.00, 79.00) <0.001

Involved muscle groups (n,%)
Limb 101 (55.80) 56 (70.89) 0.022

Respiratory 44 (24.31) 32 (40.51) 0.008
Ocular 152 (83.98) 64 (81.01) 0.558

Bulbar 108 (59.67) 47 (59.49) 0.979

Hypertension (n,%) 43 (23.76) 31 (39.24) 0.011
Diabetes (n,%) 11 (6.08) 16 (20.25) <0.001

Thymoma (n,%) 67 (37.02) 32 (40.51) 0.594

Thymectomy (n%) 18 (9.94) 14 (17.72) 0.079
History of MG medication (n%) 109 (60.22) 49 (62.03) 0.784

MGFA 0.009

I+II 116 (64.09) 37 (46.84)
III+IV+V 65 (35.91) 42 (53.16)

Baseline MG-ADL, median (IQR) 7 (6, 10) 7 (4, 11) 0.425

Baseline QMGS, median (IQR) 9 (7, 14) 10 (6, 13) 0.308
Serum antibodies (n,%)

AChR-Ab+ 89(49.17) 42(53.16) 0.554

MuSK-Ab+ 20(11.05) 13(16.46) 0.228
Titin-Ab+ 5(2.76) 0(0) 0.136

RyR-Ab+ 2(1.10) 2(2.53) 0.390

AChR-Ab+ and MuSK-Ab+ 4(2.21) 3(3.80) 0.467
AChR-Ab+ and Titin-Ab+ 42(23.20) 11(13.92) 0.088

Seronegative 19 (10.50) 5 (6.33) 0.286

Subsequent treatment (n,%)
Glucocorticoids 131 (72.38) 63 (79.75) 0.209

AChEIs 172 (95.03) 76 (96.20) 0.678

Immunosuppressants 52 (28.73) 32 (40.51) 0.062
Biological agents 34 (18.78) 10 (12.66) 0.226

Plasma exchange 6 (3.31) 6 (7.59) 0.130

IVIG 30 (16.57) 22 (27.85) 0.037
Leukocyte (×109/L), median (IQR) 6.87 (5.54, 8.37) 8.61 (6.05, 10.14) <0.001

Neutrophil (×109/L), median (IQR) 3.75 (2.95, 5.14) 6.33 (4.02, 8.22) <0.001

Lymphocyte (×109/L), median (IQR) 2.06 (1.61, 2.56) 1.47 (1.07, 1.86) <0.001
Platelet (×109/L), median (IQR) 248.00 (211.85, 296.00) 274.10 (231.00, 339.20) 0.027

Monocyte (×109/L), median (IQR) 0.51 (0.40, 0.63) 0.57 (0.44, 0.69) 0.091

Albumin (g/L), mean (±SD) 39.60±3.51 36.91±3.73 <0.001
SIRI, median (IQR) 0.97 (0.60, 1.41) 2.27 (1.65, 3.74) <0.001

PLR, median (IQR) 121.21 (92.80, 159.68) 187.26 (135.86, 310.07) <0.001

NLR, median (IQR) 1.92 (1.40, 2.59) 3.86 (2.55, 6.41) <0.001
LMR, median (IQR) 4.09 (3.30, 5.16) 2.48 (2.00, 3.52) <0.001

PNI, mean (±SD) 50.32±5.11 44.14±4.31 <0.001

Abbreviations: MG, Myasthenia gravis; MGFA; Myasthenia Gravis Foundation of America; MG-ADL, MG activities of daily living; QMGS, 
Quantitative MG Score; AChR-Ab+, Anti-acetylcholine receptor antibody positive; MuSK-Ab+, Anti-muscle-specific tyrosine kinase positive; 
Titin-Ab+, Anti-titin antibody positive; RyR-Ab+, Anti-ryanodine receptor positive; AChEIs, Acetylcholinesterase inhibitors; IVIG, 
Intravenous immunoglobulin; SIRI, system inflammation response index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to- 
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PNI, prognostic nutritional index.
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surgery, history of MG medication, and the present of serum antibody did not demonstrate significant associations with 
clinical non-improvement (p > 0.05), as detailed in Table 2.

To further explore the correlation between SIRI, PNI, and clinical improvement, we used multiple logistic regression 
model, which include the statistically significant factors in univariate logistic regression and clinically relevant variables 
commonly used in practice. The basic model included SIRI, NLR, PLR, LMR, and PNI, and the results demonstrated the 
impact of SIRI (OR = 7.994, 95% CI: 3.469–18.421, p < 0.001) and PNI (OR = 0.695, 95% CI: 0.612–0.790, p < 0.001) 
on the poor recovery of MG statistically significant. Model 2 was adjusted based on sex, age, disease duration, MGFA 
classification, and the presence of serum antibodies. After adjustment, SIRI (OR = 8.496, 95% CI: 3.573–20.203, p < 
0.001) and PNI (OR = 0.708, 95% CI: 0.621–0.807, p < 0.001) were still significantly correlated with clinical non- 

Table 2 Univariable Logistic Regression of Factors 
Associated with Clinical Non-Improvement in MG

Variables OR 95% CI P value

Sex (Female) 1.139 0.660–1.966 0.641
Age 1.014 0.996–1.032 0.136

Disease duration 1.007 1.003–1.012 0.002

Involved muscle groups
Ocular 0.814 0.409–1.620 0.558

Limb 1.929 1.094–3.401 0.023

Bulbar 0.993 0.579–1.701 0.979
Respiratory 2.120 1.207–3.723 0.009

Hypertension 2.073 1.176–3.653 0.012

Diabetes 3.925 1.728–8.914 0.001
Thymoma 1.158 0.674–1.990 0.594

Thymectomy 1.950 0.916–4.151 0.083

History of MG medication 1.079 0.627–1.857 0.784
MGFA classification 2.026 1.185–3.463 0.010

Serum antibodies 1.736 0.624–4.827 0.291

Subsequent treatment
Corticosteroids 1.503 0.794–2.845 0.211

AChEIs 1.326 0.349–5.033 0.679

Immunosuppressants 1.689 0.972–2.935 0.063
Targeted biologics 0.627 0.293–1.341 0.229

Plasma exchange 2.397 0.748–7.678 0.141

IVIG 1.943 1.036–3.644 0.038
Leukocyte 1.234 1.106–1.377 <0.001

Neutrophil 1.482 1.301–1.688 <0.001

Lymphocyte 0.211 0.127–0.349 <0.001
Platelet 1.005 1.001–1.008 0.009

Monocyte 3.693 1.169–11.667 0.026

Albumin 0.804 0.738–0.876 <0.001
SIRI 4.818 3.098–7.495 <0.001

PLR 1.008 1.005–1.011 <0.001

NLR 1.578 1.329–1.874 <0.001
LMR 0.354 0.262–0.476 <0.001

PNI 0.748 0.690–0.811 <0.001

Abbreviations: MG, Myasthenia gravis; AChEIs, Acetylcholinesterase inhi
bitors; IVIG, Intravenous immunoglobulin; MGFA; Myasthenia Gravis 
Foundation of America; AChR-Ab+, anti-acetylcholine receptor antibody 
positive; MuSK-Ab+, anti-muscle-specific tyrosine kinase positive; SIRI, sys
tem inflammation response index; PLR, platelet-to-lymphocyte ratio; NLR, 
neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PNI, 
prognostic nutritional index; OR, odds ratio; CI, confidence interval.
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improvement. Model 3 further adjusted for diabetes, hypertension, history of MG medication and subsequent treatment 
regimens. Based on the model 3, SIRI (OR = 9.108, 95% CI: 3.412–24.317, p < 0.001) and PNI (OR = 0.695, 95% CI: 
0.601–0.804, p < 0.001) were found to be independent predictors for predicting clinical non-improvement in MG 
(Table 3). Therefore, SIRI and PNI were independently correlated with MG prognosis.

Predictive Value of SIRI, PNI and Their Combined Model for Clinical 
Non-Improvement in MG
According to the ROC curve analysis, the SIRI demonstrated an AUC of 0.841 (95% CI: 0.783–0.899, p < 0.001) for 
predicting clinical non-improvement in MG, with an optimal cut-off value of 1.62, yielding a sensitivity of 0.772 and 
specificity of 0.845. Similarly, the PNI showed an AUC of 0.822 (95% CI: 0.770–0.875, p < 0.001) for prognostic 
prediction, achieving a sensitivity of 0.759 and specificity of 0.740 at its optimal cut-off value of 47.1. Notably, the 
combined detection of SIRI and PNI significantly improved predictive performance, attaining an AUC of 0.928 (95% CI: 
0.896–0.961, p < 0.001) with a sensitivity of 0.873 and a specificity of 0.851 (Table 4, Figure 4), indicating its superior 
predictive value in identifying adverse outcomes in MG.

Subgroup Analysis and Interaction Effects of Prognosis of MG
To investigate the influence of common clinical variables on associations between SIRI, PNI, and MG prognosis, we 
conducted subgroup and interaction analyses. Results demonstrated no statistically significant interactions of SIRI and 
PNI with age, sex, antibody spectrum, hypertension, diabetes, bulbar weakness, medication history, subsequent treatment 
regimens or MGFA classification (all p > 0.05). Notably, a significant interaction emerged between SIRI and thymoma 
(p = 0.009), whereas no such interaction was observed for PNI, as detailed in Tables 5 and 6. These findings indicate 
consistent prognostic relationships across most clinical subgroups, reinforcing the robustness of our conclusions.

Subgroup analysis revealed that patients with thymoma (OR = 17.063, 95% CI: 5.317–54.751, p < 0.001) faced an 
elevated risk of clinical non-improvement with increasing SIRI levels compared to those without thymoma (OR = 3,250, 
95% CI: 2.054–5.141, p < 0.001)(Table 5).

Table 3 Adjusted Logistic Regression Models for the Association of SIRI and PNI with Clinical Non- 
Improvement in MG

Variables Basic Model Model 2 Model 3

OR (95% CI) p OR (95% CI) p OR (95% CI) p

SIRI 7.994 (3.469–18.421) <0.001 8.496 (3.573–20.203) <0.001 9.108 (3.412–24.317) <0.001

PNI 0.695 (0.612–0.790) <0.001 0.708 (0.621–0.807) <0.001 0.695 (0.601–0.804) <0.001

PLR 0.999 (0.993–1.005) 0.719 0.999 (0.993–1.006) 0.772 0.996 (0.989–1.003) 0.284
NLR 0.947 (0.708–1.266) 0.713 0.967 (0.713–1.312) 0.831 1.053 (0.748–1.482) 0.768

LMR 1.005 (0.836–1.208) 0.957 1.018 (0.843–1.230) 0.850 1.057 (0.852–1.311) 0.614

Abbreviations: SIRI, system inflammation response index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; 
LMR, lymphocyte-to-monocyte ratio; PNI, prognostic nutritional index; OR, odds ratio; CI, confidence interval.

Table 4 The Predictive Value of SIRI, PNI and Their Combination for Clinical Non- 
Improvement in MG

Variables AUC Sensitivity Specificity 95% CI P value

SIRI 0.841 0.772 0.845 0.783–0.899 0.000

PNI 0.822 0.759 0.740 0.770–0.875 0.000

SIRI combined with PNI 0.928 0.873 0.851 0.896–0.961 0.000

Abbreviations: SIRI, system inflammation response index; PNI, prognostic nutritional index; AUC, area 
under the curve; CI, confidence interval.
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Discussion
MG is an autoimmune disease involving multiple factors, and poor prognosis can seriously affect the quality of life of 
patients. Therefore, exploring predictive factors for poor prognosis of MG can provide timely intervention measures and 
help improve patient prognosis. Previous studies have mainly focused on investigating the relationship between NLR and 
SIRI and the severity of disease in MG patients, without exploring the role of SIRI and PNI in predicting the prognosis of 

Figure 4 ROC curve of SIRI, PNI, and their their combination for predicting clinical non-improvement in MG. 
Abbreviations: ROC, receiver-operator characteristic curve; AUC, area under curve; SIRI, system inflammation response index; PNI, prognostic nutritional index.

Table 5 Impact of Clinical Variables on the Relationship Between SIRI and Clinical 
Non-Improvement in MG

Variables N OR (95% CI) p value p for Interaction

Sex 0.279
Male 101 3.952 (2.054–7.606) <0.001

Female 159 6.593 (3.425–12.688) <0.001

Age, years 0.401
≥60 60 7.190 (2.518–20.533) <0.001

<60 200 4.385 (2.716–7.082) <0.001

Hypertension 0.805
Yes 74 4.362 (1.960–9.707) <0.001

No 186 4.923 (2.895–8.372) <0.001

Diabetes 0.865
Yes 27 5.408 (1.166–25.072) 0.031

No 233 4.708 (2.969–7.468) <0.001

Thymoma 0.009
Yes 99 17.063 (5.317–54.751) <0.001

No 161 3.250 (2.054–5.141) <0.001

Bulbar weakness 0.841
Yes 155 5.085(2.877–8.986) <0.001

No 105 4.627(2.245–9.537) <0.001

History of MG medication 0.606
Yes 158 5.539 (3.058–10.033) <0.001

No 102 4.337 (2.122–8.863) <0.001

(Continued)
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Table 5 (Continued). 

Variables N OR (95% CI) p value p for Interaction

Serum antibodies 0.236

Positive 236 5.290 (3.260–8.584) <0.001
Negative 24 2.383 (0.698–8.134) 0.166

MGFA classification 0.963

I+II 153 5.103 (2.629–9.909) <0.001
III+IV+V 107 4.992 (2.619–9.515) <0.001

Corticosteroids 0.508

Yes 194 4.558 (2.807–7.403) <0.001
No 66 6.919 (2.218–21.578) <0.001

Immunosuppressants 0.301

Yes 84 6.851 (2.883–16.281) <0.001
No 176 4.029 (2.418–6.714) <0.001

Targeted biologics 0.923

Yes 44 4.707 (1.650–13.423) 0.004
No 216 4.983 (3.035–8.182) <0.001

Plasma exchange 0.457

Yes 12 3.006 (0.851–10.614) 0.087
No 248 5.006 (3.156–7.940) <0.001

IVIG 0.893
Yes 52 4.456 (1.740–11.412) 0.002

No 208 4.794 (2.915–7.884) <0.001

Abbreviations: MG, Myasthenia gravis; MGFA; Myasthenia Gravis Foundation of America; IVIG, Intravenous 
immunoglobulin; OR, odds ratio; CI, confidence interval.

Table 6 Impact of Clinical Variables on the Relationship Between PNI and Clinical 
Non-Improvement in MG

Variables N OR (95% CI) P value P for Interaction

Sex 0.241
Male 101 0.692 (0.587–0.814) <0.001

Female 159 0.774 (0.705–0.851) <0.001

Age, years 0.495
≥60 60 0.706 (0.580–0.859) <0.001

<60 200 0.761 (0.696–0.831) <0.001

Hypertension 0.312
Yes 74 0.795 (0.695–0.908) <0.001

No 186 0.728 (0.656–0.808) <0.001

Diabetes 0.913
Yes 27 0.759 (0.604–0.954) 0.018

No 233 0.749 (0.686–0.817) <0.001

Thymoma 0.692
Yes 99 0.759 (0.672–0.857) <0.001

No 161 0.734 (0.657–0.820) <0.001

Bulbar weakness 0.321
Yes 155 0.768 (0.695–0.849) <0.001

No 105 0.702 (0.607–0.813) <0.001

History of MG medication 0.971
Yes 158 0.747 (0.671–0.831) <0.001

No 102 0.745 (0.655–0.846) <0.001

(Continued)
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MG. As far as we are aware, this study represents the first investigation to combine SIRI and PNI for prognostic 
assessment in MG. We found that in MG patients without clinical improvement, SIRI increased and PNI decreased. ROC 
curve analysis showed that SIRI and PNI had good predictive value for clinical non-improvement in MG, and the 
combination of the two further improved the accuracy of identifying adverse outcomes.

Multiple studies have shown that inflammation is involved in the immunopathological process of MG.5,18 Neutrophils are 
the source of self antigens in many autoimmune diseases19 and play a crucial role in the pathogenesis of various diseases.20,21 

On the one hand, they directly damage the NMJ by releasing reactive oxygen species (ROS) and matrix metalloproteinases 
(MMPs),22,23 on the other hand, they expose their own antigens by forming neutrophil extracellular traps (NETs), thereby 
activating B cells to produce pathogenic autoantibodies.24 A study demonstrated that plasma levels of MMP-9 are elevated in 
MG patients, whereas levels of MMP-2 and tissue inhibitor of metalloproteinase-1 (TIMP-1) are lowered. Notably, the plasma 
concentration of MMP-2 was found to be positively correlated with disease severity.25 These findings suggest that MMPs and 
TIMPs may contribute to MG pathogenesis and might be associated with the risk of clinical deterioration, further highlighting 
the involvement of inflammation in the development of MG. Research has shown that there are infiltrating monocytes at the 
NMJ of MG,26 which exhibit a higher inflammatory activation state during MG crisis.27 Monocytes can secrete various 
cytokines, exacerbating inflammatory damage at the NMJ. They can also act as antigen-presenting cells, activating T cell- 
mediated immune responses and affecting the transmission of nerve impulses. Emerging evidence found notable alterations in 
lymphocyte subpopulations among MG patients,28 coupled with the detection of elevated free light chain (FLC) levels,29 

which is a key biomarker reflecting B-cell activation. These immunological findings collectively underscore the pivotal 
involvement of lymphocyte dysregulation in MG pathogenesis.

Our study found an increase in leukocytes, neutrophils, monocytes, platelets, NLR, and PLR in the MG group without 
clinical improvement, while a decrease was observed in LMR; which is consistent with previous research results.6,10 

SIRI, a recently developed inflammatory biomarker derived from neutrophils, monocytes, and lymphocytes in peripheral 
blood, has been utilized as a prognostic indicator for multiple disease conditions. Research showed that SIRI was 

Table 6 (Continued). 

Variables N OR (95% CI) P value P for Interaction

Serum antibodies 0.283

Positive 236 0.764 (0.705–0.829) <0.001
Negative 24 0.224 (0.024–2.106) 0.191

MGFA classification 0.701

I+II 153 0.740 (0.657–0.833) <0.001
III+IV+V 107 0.764 (0.683–0.854) <0.001

Corticosteroids 0.654

Yes 194 0.755 (0.691–0.825) <0.001
No 66 0.717 (0.583–0.882) 0.002

Immunosuppressants 0.572

Yes 84 0.766 (0.674–0.869) <0.001
No 176 0.729 (0.653–0.814) <0.001

Targeted biologics 0.071

Yes 44 0.869 (0.731–1.033) 0.112
No 216 0.725 (0.660–0.797) <0.001

Plasma exchange 0.878

Yes 12 0.766 (0.565–1.039) 0.087
No 248 0.748 (0.687–0.814) <0.001

IVIG 0.958
Yes 52 0.755 (0.642–0.888) <0.001

No 208 0.751 (0.684–0.825) <0.001

Abbreviations: MG, Myasthenia gravis; MGFA; Myasthenia Gravis Foundation of America; IVIG, Intravenous 
immunoglobulin; OR, odds ratio; CI, confidence interval.
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significantly increased in pregnant women with SLE who had a poor prognosis,30 Additionally, SIRI demonstrated 
a nonlinear positive association with both all-cause and cardiovascular mortality in patients with RA.31 Furthermore, it 
could serve as a reliable indicator for predicting disease activity in MS and NMOSD.32 The findings of the current 
investigation were similar to previous researches. Multiple logistic regression analysis showed that SIRI was an 
important independent predictor of clinical non-improvement in MG (p < 0.05).

Serum albumin serves as a crucial biomarker for assessing nutritional status, immune function, and postoperative risk. 
Inflammatory conditions can diminish albumin levels through dual mechanisms: suppressing hepatic production while 
accelerating its breakdown. Research found that elevated globulin33 and decreased albumin levels34 in patients with MG 
upon admission were risk factors for poor prognosis. Besides, elevated serum albumin concentrations demonstrated 
a positive correlation with immunotherapy efficacy in NMOSD patients.35 PNI is a comprehensive indicator calculated 
based on serum albumin concentration and circulating lymphocyte levels in peripheral blood, serving as a clinical 
assessment tool for monitoring both nutritional conditions and immunological function in patients. Previous studies have 
shown that during active disease phases, patients with SLE and RA exhibit lower PNI levels compared to inactive 
phases.36,37 Furthermore, in middle-aged and elderly populations, PNI demonstrates an inverse association with all-cause 
mortality among RA patients.38 However, there is currently no research on the correlation between PNI and MG. Our 
study found that decreased PNI significantly elevates the risk of clinical non-improvement in patients with MG (p < 
0.05). The speculated reason is that MG patients with lower PNI usually indicate malnutrition and immune dysfunction, 
which may exacerbate the imbalance of autoimmune response, increase the risk of infection, and affect the effectiveness 
of treatments such as immunosuppressants, leading to poorer clinical outcomes.

SIRI reflects the activation status of systemic inflammation, while PNI evaluates nutritional metabolism and immune 
repair ability, which cover key stages of disease progression from inflammation damage and tissue repair respectively. Due 
to inflammation accelerating protein breakdown and malnutrition exacerbating immune dysfunction, we consider that the 
prognosis of MG may be driven by a dual pathway of “inflammation nutrient imbalance”. Therefore, based on the 
foundational assumption that both biomarkers serve as independent predictors for MG, we developed a novel composite 
prognostic index incorporating SIRI and PNI to assess adverse clinical outcomes in MG patients. The subsequent ROC 
analysis revealed novel insights into the predictive capacity based on AUC values. Our study demonstrated that SIRI, PNI, 
and their combined application showed progressively improved predictive efficacy for clinical non-improvement in MG, 
with corresponding AUC values of 0.841, 0.822, and 0.928. The results indicate that both SIRI and PNI have clinical value 
in predicting the prognosis of MG, and the predictive power of the combined indicators is even higher.

Research has shown that patients with MG exhibit a higher prevalence of comorbidities compared to the general 
population. Common comorbidities include hypertension, diabetes mellitus, neurological disease, thymoma, and auto
immune diseases.39 Our study demonstrated that the non-improved group had significantly higher rates of comorbid 
hypertension and diabetes than the improved group, suggesting that the presence of comorbidities frequently influences 
the prognosis of MG. Therefore, screening for hypertension, diabetes, and other comorbidities should be conducted 
regularly and routinely to detect these conditions early, in order to take specific treatment and prevention measures to 
improve the prognosis of MG patients. Patients with thymoma exhibited a significantly lower percentage of Breg cells 
compared to healthy controls.40,41 Previous research has demonstrated a strong correlation between thymoma and both 
increased severity and unfavorable long-term outcomes of MG.42 The results of this study showed that an increase in the 
SIRI was significantly associated with clinical non-improvement in MG, and the presence of thymoma significantly 
strengthened this association. The SIRI-related risk (OR = 17.063) in the combined thymoma group was much higher 
than that in the non-thymoma group (OR = 3.250), and the interaction test was significant (p = 0.009), indicating that 
thymoma had an effect-modifying function on the prognosis prediction of SIRI. We infer that the reason for the above 
results is that patients with thymoma often have more severe immune microenvironment disorders, and pro-inflammatory 
cytokines in the thymoma microenvironment may activate the autoimmune response, thereby amplifying the systemic 
inflammation reflected by SIRI and damaging the NMJ.

This study excluded patients with infectious diseases and autoimmune disorders, given that conditions such as 
pneumonia and hyperthyroidism are known to influence blood routine parameters. Corticosteroids and immunosuppres
sants are commonly used drugs for treating MG.43 Previous study has shown that immunosuppressants can significantly 
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increase neutrophil counts while reducing lymphocyte numbers.44 Another study found that treatment with clinically 
appropriate doses of prednisone led to an increase in lymphocyte counts in patients with SLE.45 Therefore, we conducted 
subgroup analyses stratified by prior use of corticosteroids or immunosuppressants. The findings of this research 
demonstrated that elevated SIRI levels consistently correlated with poorer clinical outcomes in MG patients, irrespective 
of prior corticosteroid or immunosuppressant therapy (OR values were 5.008, 4.515, 18.062, 4.359, all p < 0.05). 
Although previous use of immunosuppressants or corticosteroids showed differential OR in the analysis, their interaction 
with SIRI did not demonstrate statistical significance (p > 0.05). This suggests that while numerical differences between 
groups were observed, the existing evidence does not sufficiently establish that prior corticosteroid or immunosuppres
sant therapy significantly modifies the association between SIRI and clinical prognosis. Similarly, the correlation between 
PNI and clinical non-improvement was not affected by the history of corticosteroids or immunosuppressant use. In 
addition, sex, age, hypertension, diabetes, antibodies, MGFA classification, and follow-up treatment methods had no 
significant interaction with SIRI and PNI (all p > 0.05), which further confirmed the stability of the negative correlation 
intensity between SIRI, PNI and MG prognosis.

Nevertheless, this study has certain limitations requiring acknowledgment.Firstly, as a single-center investigation, the 
findings may lack of broad representativeness. Secondly, the retrospective design may introduce selection and informa
tion biases. Thirdly, the laboratory parameters were collected at a single time point, which could not reflect the dynamic 
changes of inflammatory indicators. Therefore, prospective studies in multiple centers and dynamic monitoring of blood 
routine and serum albumin are needed to better evaluate the association of SIRI and PNI and the prognosis of MG.

Conclusion
Our research findings confirm that SIRI and PNI are independently associated with the short-term prognosis of MG, 
especially in patients with thymoma, where SIRI is more strongly correlated with MG. Both SIRI and PNI perform well 
in assessing unfavorable outcomes of MG, and their combination has a higher predictive power. The integration of SIRI 
and PNI parameters may offer a clinically useful approach for evaluating patient prognosis.
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