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Purpose: Myasthenia gravis (MG) is a chronic autoimmune disease caused by neuromuscular junction (NMJ) dysfunction. Our
current understanding of MG’s inflammatory component remains poor. The systemic inflammatory response index (SIRI) presents
a promising yet unexplored biomarker for assessing MG severity. This study aimed to investigate the potential relationship between
SIRI and MG disease severity.

Patients and Methods: We conducted a retrospective analysis of clinical data from 171 MG patients admitted between January 2016
and June 2021. Patients with incomplete data, other autoimmune diseases, or comorbidities were excluded. Disease severity was evaluated
using the Myasthenia Gravis Foundation of America (MGFA) classification and Myasthenia Gravis Activities of Daily Living (MG-ADL)
on admission. The association between SIRI and disease severity was assessed through logistic regression analysis, along with receiver
operating characteristic (ROC) curve and decision curve analysis (DCA) comparisons with established inflammation indicators.
Results: After exclusion, 143 patients were analyzed in our study. SIRI levels significantly differed between patients with higher and lower
disease severity (p < 0.001). Univariate logistic regression showed that SIRI had a significant effect on high disease severity (OR = 1.376, 95%
CI 1.138-1.664, p = 0.001). This association remained significant even after adjusting for age, sex, disease duration, history of MG medication
and thymoma (OR = 1.308, 95% CI 1.072-1.597, p =0.008). Additionally, a positive correlation between SIRT and MG-ADL was observed (r =
0.232, p = 0.008). Significant interactions were observed between SIRI and immunosuppressor (p interaction = 0.001) and intravenous
immunoglobulin (p interaction = 0.005). DCA demonstrated the superior net clinical benefit of SIRI compared to other markers when the
threshold probability was around 0.2.

Conclusion: Our findings indicate a strong independent association between SIRI and disease severity in MG, suggesting SIRI’s
potential as a valuable biomarker for MG with superior clinical benefit to currently utilized markers.

Keywords: inflammation, myasthenia gravis foundation of America, MGFA, blood cell count, correlation, systemic inflammatory
response index

Introduction

Myasthenia gravis (MQ) is a chronic autoimmune disease in which antibodies attack the postsynaptic membrane causing skeletal
muscle weakness.! Antibodies targeting the acetylcholine receptor (AChR), muscle-specific kinase (MuSK), lipoprotein-related
protein 4 (LRP4), or agrin have been recognized as crucial contributors to MG pathogenesis.”> While the involvement of
inflammatory processes in MG is well-established, therapeutic options specifically targeting key inflammatory molecules remain
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limited, with only a handful reaching clinical trials.*> This underlines the critical need for identifying novel biomarkers
associated with the inflammatory response, which could potentially pave the way for more effective and targeted therapeutic
strategies in MG.

The neutrophil-to-lymphocyte ratio (NLR) has emerged as a well-established indicator of inflammation in MG
patients and researches have demonstrated its association with disease severity and activity in adults and disease severity
in children.®® Further evidence suggests that several systemic inflammatory markers, including platelet-to-lymphocyte
ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and systemic immune-inflammation index (SII) are linked to
respiratory failure and outcome in MG patients.” Beyond these established markers, the systemic inflammatory response
index (SIRI) has recently gained attention as a novel inflammatory biomarker. Notably, its elevation has been observed in
various diseases, including malignancies, cardiovascular diseases, rheumatoid arthritis, and hypertension, and is asso-

ciated with poorer clinical manifestations and outcomes,'® ! 16,17

while its decrease was associated with better prognosis.

While research on systemic inflammation markers like NLR and others has established their link to MG severity, the
relationship between SIRI and MG remains unexplored. This paucity of research highlights the need for further
investigations into SIRI’s potential as a biomarker and we aimed to carry out comparisons between SIRI and other
inflammation indicators to investigate in which aspects that SIRI has its specific advantages.

The main purpose of this study was to explore the relationship between SIRI and the disease severity of MG as well
as the impact of MG on patients’ daily living, and the secondary purpose was to carry out comparisons between SIRI and
other inflammation indicators. This study lays the groundwork for further exploration of the inflammatory mechanisms

underlying MG, paving the way for more informed and targeted therapeutic interventions.

Materials and Methods

Study Population

This retrospective study examined data from 171 inpatients diagnosed with MG at the First Affiliated Hospital of Wenzhou
Medical University between January 2016 and June 2021. For those who had multiple hospitalizations within the recruitment
period, only the first record was included. According to the Chinese MG Diagnostic and Treatment Guidelines 2020, the
diagnostic criteria encompassed the following conditions: On the basis of the typical clinical features of MG (fluctuating
myasthenia), a diagnosis can be made if any of the following three points are met, including pharmacological examination,
electrophysiological characteristics, and serum antibody testing such as acetylcholine receptor (AChR) antibodies. Clinical
diagnosis of MG was established in patients exhibiting typical clinical characteristics of MG along with pharmacological and/
or neuroelectrophysiological features. The exclusion criteria were: (1) patients with incomplete data; (2) patients with other
autoimmune diseases on the list recognized by the Global Autoimmune Institute (GAI). (3) patients with severe heart disease,
hepatic insufficiency, renal insufficiency, and malignant neoplasms except thymoma.

Definition

Disease severity was assessed using the clinical classification of Myasthenia Gravis Foundation of America (MGFA).'®
In this study, MGFA type I, type II and type III were categorized as mild to moderate in severity, type IV and type V were
classified as severe. The impact of MG on daily activities was evaluated using the Myasthenia Gravis Activities of Daily
Living (MG-ADL) scale. SIRI was a ratio calculated as (monocyte x neutrophil / lymphocyte) which represents the level
of peripheral inflammation. NLR was defined as the number of neutrophils to lymphocyte ratio. PLR is the ratio of
platelet count to lymphocyte count. LMR is calculated with absolute lymphocyte count to monocyte count, and SII was
calculated with (platelet x neutrophil) / lymphocyte. Subgroup criteria for analysis encompassed individuals aged over
60, male participants, those with a history of prehospital infection occurring either upon admission or within 48 hours
thereafter, individuals receiving prior treatment for MG, including cholinesterase inhibitors and/or immunosuppressants,
smokers irrespective of current smoking status, patients with a history of hypertension upon admission, and those

administered glucocorticoids, immunosuppressants, or intravenous immunoglobulin were administered upon admission.
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Data Collection

Clinical data and patient demographics were retrospectively retrieved from the medical record system, encompassing
age, sex, disease duration, time since last onset, smoking and drinking habits, medical history of hypertension and
diabetes, current medication use, presence of thymoma and history of thymectomy. MGFA classification, level of anti-
AChHR antibody and ADL scores were collected upon admission, and the blood routine test results of the patients were
collected on the first day of hospitalization.

Ethic Approvals

The study was approved by the Institutional Ethics Committee review board of the First Affiliated Hospital of Wenzhou
Medical University (Ethics number: KY2023-R124) and was performed under the Declaration of Helsinki. All partici-
pants provided written informed consent for their participation in this study.

Statistical Analysis

Data were presented as mean + standard deviation (SD) for normally distributed variables and median and interquartile ranges
for skewed data. The confirmation of data normality provided by the Shapiro—Wilk test. Independent sample t tests analyzed
normally distributed data comparing groups, while the Mann—Whitney U-test was used for skewed distributions. Chi-square
tests compared categorical variables between groups. To assess the association between SIRI and severe disease state, adjusted
logistic regression analysis was performed. Subgroup analysis further explored the relationship between SIRI and mild and
moderate states. Spearman correlation analysis evaluated the correlation between SIRI and ADL score. The Youden index of
the receiver operating characteristic (ROC) curve determined the optimal SIRI cut-off value for diagnosis. Additional metrics
like area under the curve (AUC), sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were calculated for each model to assess their diagnostic efficiency. Finally, decision curve analysis (DCA) evaluated the
clinical utility of each model, determining whether its use for intervention decisions would benefit patients.'® In our study,
DCA demonstrated the net benefit of each model at various threshold probabilities. All statistical analysis were performed
using IBM SPSS statistics 25, MedCalc 20.022, and RStudio 2021.09.0. P < 0.05 was statistically significant.

Data Availability

The data that support the findings of this study are available from the corresponding author Yiyun Weng on reasonable request.

Results

Baseline Characteristic
Among 143 MG patients, the mean age was 53.23 years, and males comprised 42.66% of the population. Comparing
patients with varying disease severity levels, those with worse severity exhibited significantly longer disease duration
(p = 0.023), more recent onsets (p = 0.039) and higher ADL score (p < 0.001). Additionally, they showed a higher
prevalence of prior MG medication use (p = 0.036) and prehospital infections (p < 0.001). Notably, no significant
difference was observed in drug use (cholinesterase inhibitor, glucocorticoid, immunosuppressor, azathioprine, tacroli-
mus and intravenous immunoglobulin) between the two groups. Analysis of blood cell counts revealed significantly
higher levels of neutrophils (p = 0.001), SIRI (p < 0.001), NLR (p < 0.001), PLR (p = 0.002), and SII (p < 0.001), along
with lower levels of lymphocytes (p = 0.005) and LMR (p = 0.001) in patients with worse disease severity (Table 1).
Employing a ROC curve-derived cutoff value of 2.753, we categorized the patients into two groups (SIRI <2.753,n=123
and SIRI > 2.753, n = 20). Subsequent 1:3 propensity score matching based on age and sex yielded a balanced cohort of 57
patients (SIRI1 <2.753, n =40, SIRI > 2.753, n = 17). Consistent with the MGFA < III versus MGFA > III comparison, patients
with higher SIRI exhibited longer disease duration (p = 0.005), increased prevalence of prior MG medication (p = 0.006),
higher ADL scores (p < 0.001), and a greater frequency of prehospital infections (p = 0.001). Additionally, these individuals
displayed elevated monocyte and neutrophil levels (p = 0.016, p < 0.001, respectively) and decreased lymphocyte levels
(» < 0.001) (Table 2). Notably, compared to the MGFA < III versus MGFA > III comparison, the higher SIRI group had
a significantly higher proportion of patients with a history of thymectomy (p = 0.002). Moreover, a significant positive
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Table | Characteristics of Moderate and Severe MG Patients

Total (n = 143) MGFA < Il (n = 129) MGFA > Il (n = 14) p value
Age (years) 5323 + 1542 53.20 + 14.98 53.50 + 19.65 0.580
Sex (male, n%) 61 (42.66) 56 (43.41) 5 (35.71) 0.826
Disease duration (months) 6.00 (1.00-36.00) 6.00 (1.00-24.00) 30.00 (4.75-132.00) 0.023
Recent onset (months) 0.67 (0.25-2.00) 0.67 (0.29-2.00) 0.37 (0.16-0.63) 0.039
Primary onset (n%) 28 (19.58) 26 (20.16) 2 (14.29) 0.864
History of MG medication (n%) 42 (29.37) 34 (26.36) 8 (57.14) 0.036
Smoking (n%) 33 (23.08) 32 (24.81) I (7.14) 0.248
Drinking (n%) 24 (16.78) 24 (18.60) 0 (0.00) 0.164
Hypertension (n%) 50 (34.97) 46 (36.66) 4 (28.57) 0.816
Diabetes mellitus (n%) 22 (15.38) 21 (16.28) 1 (7.14) 0.610
Thymoma (n%) Il (7.69) 9 (6.98) 2 (14.29) 0.655
Thymectomy (n%) 17 (11.89) 13 (10.08) 4 (28.57) 0.110
Prehospital infection (n%) 27 (18.88) 16 (12.40) 11 (78.57) < 0.001
Cholinesterase inhibitor (n%) 113 (79.02) 102 (79.07) 11 (78.57) 1.000
Glucocorticoid (n%) 71 (49.65) 62 (48.06) 9 (64.29) 0.249
Immunosuppressor (n%) 34 (23.78) 29 (22.48) 5 (35.71) 0.439
Azathioprine 5 (3.50) 4 (3.10) 1 (7.14) 0317
Tacrolimus 13 (9.09) 13 (10.08) 0 (0.00) 0.619
Intravenous immunoglobulin (n%) 47 (32.87) 41 (31.78) 6 (42.86) 0.590
Monocyte (x10%/L) 0.47 (0.36-0.63) 0.47 (0.36-0.62) 0.54 (0.40-0.73) 0.226
Neutrophil (x10°/L) 4.19 (3.11-5.90) 3.96 (3.09-5.24) 7.01 (5.17-11.49) 0.001
Lymphocyte (x10°/L) 1.85 + 0.68 1.90 + 0.65 1.37 £ 0.78 0.005
Platelet (x107/L) 236.00 (196.00-281.00) | 233.00 (196.00-276.50) 269.50 (193.50-349.75) 0.173
SIRI 1.15 (0.64-1.89) 1.11 (0.60-1.68) 3.88 (1.24-6.55) < 0.001
NLR 2.20 (1.57-3.46) 2.13 (1.51-3.12) 5.71 (2.69-13.39) < 0.001
PLR 130.41 (96.84—173.45) 129.18 (95.37-159.95) 232.87 (115.87-357.75) 0.002
LMR 3.87 (2.73-5.42) 3.94 (2.92-5.55) 2.38 (1.20-3.58) 0.001
N 551.40 (348.94-861.45) | 502.09 (341.91-801.27) | 1790.48 (623.79-3555.58) | < 0.001
MG-ADL on admission 6.00 (3.00-10.00) 6.00 (3.00-8.50) 18.00 (14.00-18.50) < 0.001

Abbreviations: MG, Myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; SIRI, system inflammation response index; NLR, neutrophil-
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; Sll, systemic immune-inflammation index; MG-ADL,
Myasthenia Gravis Activities of Daily Living.

association was observed between the distribution of MGFA classification and SIRI (p <0.001) (Table 2). Figure 1 depicts the
detailed distribution of MGFA classifications within each SIRI group, presented as a stacked bar chart.

There were 30 AChR antibody-positive patients, accounted for 20.98%. 20 of them had antibody level tested, and the
median level of AChR antibody was 8.744 nmol/L with inter-quartile range: 0.265-11.587 nmol/L. The level of AChR
antibody had no correlation with SIRI (Spearman r = 0.196, p = 0.407). Due to a significant number of patients without
antibody detection, and the level of AChR antibody heavily biased, further analysis could not be carried out.

Correlation between SIRI and disease severity
The association between SIRI and other potential influencing factors with disease severity was assessed using univariate and
multivariate logistic regression analysis. In the univariate analysis, SIRI demonstrated a significant association with high disease
severity (OR = 1.376, 95% CI 1.138-1.664, p = 0.001). Additionally, disease duration (OR = 1.009, 95% CI 1.003-1.016,
p = 0.0006), history of MG medication (OR = 3.725, 95% CI 1.205-11.517, p = 0.022) and prehospital infection (OR = 25.896,
95% CI 6.516-102.911, p < 0.001) were identified as independent predictors of high disease severity (Table 3).

To elucidate whether SIRI independently influenced disease severity, we performed multivariate logistic regressions
adjusted for age, sex, disease duration, history of MG medication and thymoma. SIRI remained statistically significant
after adjusting for these confounding factors (OR = 1.308, 95% CI 1.072—1.597, p = 0.008) (Table 3). This finding was
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Table 2 Characteristics of MG Patients with High and Low SIRI

SIRI < 2.753 (n = 40) | SIRI > 2.753 (n = 17) | p value
Age (years) 55.00 (44.50, 64.25) 54.00 (37.00, 64.00) 0.965
Sex (male, n%) 15 (37.50) 7 (41.18) 1.000
Disease duration (months) 6.00 (2.75, 24.00) 84.00 (6.00, 120.00) 0.005
Recent onset (months) 1.00 (0.33, 3.00) 0.50 (0.17, 1.60) 0.196
Primary onset (n%) 8 (20.00) 2 (11.76) 0.713
History of MG medication (n%) 9 (22.50) Il (64.71) 0.006
Smoking (n%) 4 (10.00) 0 (0.00) 0.432
Drinking (n%) 5 (12.50) 0 (0.00) 0.310
Hypertension (n%) 11 (27.50) 6 (35.29) 0.786
Diabetes mellitus (n%) 7 (17.50) 4 (23.53) 0.872
Thymoma (n%) 2 (5.00) 2 (11.76) 0.728
Thymectomy (n%) 2 (5.00) 7 (41.18) 0.002
Prehospital infection (n%) 5 (12.50) 10 (58.82) 0.001
Monocyte (x10%/L) 0.38 (0.32, 0.55) 0.60 (0.41, 0.70) 0.016
Neutrophil (x10°/L) 3.49 (2.95, 4.28) 8.75 (7.44, 11.79) < 0.001
Lymphocyte (x10/L) 1.90 (1.38, 2.31) 0.73 (0.52, 1.65) < 0.001
Platelet (x10°/L) 236.50 (195.75, 263.50) | 265.00 (216.00, 306.00) 0.078
Cholinesterase inhibitor (n%) 31 (77.50) 13 (76.47) 1.000
Glucocorticoid (n%) 20 (50.00) 13 (76.47) 0.119
Immunosuppressor (n%) 10 (25.00) 6 (35.29) 0.639
Azathioprine 2 (5.00) 4 (23.53) 0.107
Tacrolimus 4 (10.00) 3 (17.65) 0.716
Intravenous immunoglobulin (n%) 13 (32.50) 9 (52.94) 0.249
MGFA < 0.001
I, L0 39 (97.50) 9 (52.94)
A% I (2.50) 8 (47.06)
MG-ADL on admission 6.00 (4.00, 8.00) 14.00 (8.50, 18.00) < 0.001

Notes: Propensity score matching based on age and sex.
Abbreviations: MG, Myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; SIRI, system inflammation
response index; MG-ADL, Myasthenia Gravis Activities of Daily Living.

further corroborated when excluding patients experiencing crisis, with SIRI again exhibiting independent statistical
significance (OR = 1.592, 95% CI 1.166-2.174, p = 0.003) (Supplementary Table 1). These results suggest that, within
our study, higher SIRI levels independently correlate with greater disease severity.

Correlation between SIRl and ADL score

The relationship between SIRI and ADL scores was explored using Spearman rank correlation analysis. A significant
positive correlation was observed (Spearman’s r = 0.232, p = 0.008; linear fitting: Y = 0.1970*X + 0.3198, p < 0.001), as
depicted in Figure 2A. This positive association persisted even after excluding patients experiencing crisis (Spearman’s
r=0.196, p = 0.028; linear fitting: Y = 0.1731*X + 0.4508, p < 0.001), as shown in Supplementary Figure 1. Further
analysis within various subgroups revealed a similar positive correlation between SIRI and ADL scores in specific patient

groups. This association was significant in patients under 60 years old (Spearman’s r = 0.211, p = 0.050), males
(Spearman’s r = 0.319, p = 0.016), individuals without a history of MG medication (Spearman’s r = 0.227, p =
0.027), individuals with no smoking history (Spearman’s r = 0.235, p = 0.020), and patients without hypertension
(Spearman’s r = 0.224, p = 0.036). Notably, a stronger positive correlation was observed in patients receiving
glucocorticoids on admission (Spearman’s r = 0.329, p = 0.007) and those not receiving immunosuppressants
(Spearman’s r = 0.282, p = 0.004) (Supplementary Table 2).

Journal of Inflammation Research 2024:17 hetps: 2567

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=449324.docx
https://www.dovepress.com/get_supplementary_file.php?f=449324.docx
https://www.dovepress.com/get_supplementary_file.php?f=449324.docx
https://www.dovepress.com
https://www.dovepress.com

Huang et al Dove

100+
MGFA |
MGFA Il
80+ s MGFA I
== MGFA IV
= == MGFAV
ST
(]
(o))
©
c 3
3
5 40+
o
7
20+
39
0 1

L] L]
Low SIRI (n=123) High SIRI (n = 20)

Figure | Stacked bar chart of MGFA distribution in patients with high and low SIRI. The number marked on the chart is the individuals of each classification. Patients with
higher SIRI had higher disease severity (Chi square, p < 0.001).

Clinical efficiency comparison between SIRI and other inflammation indicators

To evaluate the diagnostic utility of SIRI compared to other established inflammation markers, ROC curve analysis and
DCA were employed. Prior to constructing the ROC curves, prediction probabilities for each of the five indicators were
generated, adjusting for age, sex, disease duration, history of MG medication, and thymoma. SIRI demonstrated the

Table 3 Logistic Regression Analysis Assessing Different Factors of Worse Disease Severity

Univariate Logistic Regression | Multivariate Logistic Regression
OR 95% CI p value OR 95% CI p value

Age (years) 1.001 0.966—1.038 0.945 0.997 0.954-1.042 0.896
Sex (male, n%) 0.724 0.230-2.281 0.581 0.658 0.171-2.528 0.542
Disease duration (months) 1.009 1.003-1.016 0.006 1.005 0.997-1.014 0.206
Recent onset (months) 0.684 0.373-1.254 0.219
Primary onset (n%) 0.66 0.139-3.134 0.601
History of MG medication (n%) 3.725 1.205-11.517 0.022 1.621 0.377-6.976 0.516
Smoking (n%) 0.233 0.029-1.853 0.169
Hypertension (n%) 0.722 0.214-2.431 0.599
Diabetes mellitus (n%) 0.396 0.049-3.189 0.384
Thymoma (n%) 2222 | 0.430-11.491 0.341 4.004 | 0.593-27.017 0.154
Thymectomy (n%) 3.569 | 0.979-13.012 0.054
Prehospital infection (n%) 25.896 | 6.516-102.911 | < 0.001
Cholinesterase inhibitor (n%) 1.030 0.268-3.955 0.965
Glucocorticoid (n%) 0.514 0.163-1.618 0.255
Immunosuppressor (n%) 0.522 0.162—-1.680 0.276

Azathioprine 0.524 0.057-4.835 0.569

Tacrolimus 0.672 0.135-3.340 0.627
Intravenous immunoglobulin (n%) | 0.621 0.202-1.907 0.405
SIRI 1.376 1.138-1.664 0.001 1.308 1.072—-1.597 0.008
NLR 1.080 0.017-1.147 0.012
PLR 1.005 1.002-1.008 0.003
LMR 0.452 0.278-0.734 0.001
NI 1.000 1.000-1.001 0.004

Abbreviations: MG, Myasthenia gravis; SIRI, system inflammation response index; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; Sll, systemic immune-inflammation index.
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Figure 2 (A) Scatter plot of the correlation between SIRI and ADL. Spearman correlation analysis showed a strong correlation between SIRl and ADL (r = 0.232, p = 0.008).
The results of linear fitting (Y = 0.1970%¥X + 0.3198, p < 0.001) also support the positive correlation between them. (B) The evaluation effectiveness of different models for
disease severity. After adjusting for confounders (age, sex, disease duration, history of MG medication and thymoma), accuracy of models with different inflammation indicators
varied in diagnosing disease severity of MG. The model with SIRI showed the highest AUC of all (AUC = 0.824, all p value of Delong test > 0.05).

highest AUC (0.824, 95% CI 0.751-0.882, p = 0.003) and followed by PLR (0.823, 95% CI 0.751-0.882, p = 0.004),
LMR (0.817, 95% CI 0.744-0.877, p = 0.003), NLR (0.774, 95% CI 0.696-0.839, p = 0.021) and SII (0.771, 95% CI
0.693-0.837, p = 0.008) (Figure 2B and Supplementary Table 3). Although pairwise comparisons did not reach statistical

significance, due to potential data limitations, this ranking suggests SIRI’s potential as a superior diagnostic tool.
Furthermore, within the adjusted models, SIRI exhibited the highest sensitivity (92.9%) and negative predictive value
(98.83%). This superior performance indicates that SIRI may be a valuable screening indicator for diagnosing MG
severity.

To comprehensively assess the practical utility of SIRI compared to other inflammation markers, we conducted DCA
across multiple models: a baseline model (adjusting for age, sex, disease duration, history of MG medication and
thymoma), the SIRI model (adding SIRI to the baseline), and individual models for each other marker (NLR, PLR, LMR,
SII) (Figure 3). While the net benefit of intervention based on any model declines with increasing threshold probability,
the SIRI model exhibits comparable or slightly superior performance to NLR, PLR, and LMR models for threshold
probabilities above 0.25. Compared to the SII model, the SIRI model offers superior benefits around a 0.2 threshold
probability. However, adding SIRI to the baseline model can yield negative impacts at probabilities exceeding 0.32, and
the SIRI model’s net benefit is less stable at very low thresholds below 0.1. Overall, incorporating SIRI in the model
demonstrates optimal performance across a wider range of threshold probabilities (0.1-0.25) and is not inferior to these
models of other inflammation indicators.

Subgroup analysis and interaction effects

To identify potential heterogeneity within subgroups of mild and moderate MG patients and explore interactions between
these subgroups and SIRI, we conducted a subgroup analysis adjusted for age, sex, disease duration, history of MG
medication and thymoma. The results revealed no statistically significant interaction between SIRI and age, gender,
history of MG medication, smoking, hypertension, prehospital infection or glucocorticoid use (all p interaction > 0.05).
However, significant interaction effects were observed with immunosuppressant use (p interaction = 0.001) and
intravenous immunoglobulin use (p interaction = 0.005). This suggests that the findings were generally consistent across
most subgroups, except for those receiving immunosuppressants and intravenous immunoglobulin, and strengthens the
reliability of the conclusions. Further analysis identified specific patient groups within which SIRI demonstrated
a stronger association with disease severity. This was evident in younger patients (< 60 years old) (OR = 0.630, 95%
CI 0.432-0.921, p = 0.017), females (OR = 0.557, 95% CI 0.320-0.969, p = 0.038), individuals with a history of MG
medication (OR = 0.771, 95% CI 0.596-0.997, p = 0.048), non-smokers (OR = 0.785, 95% CI 0.639-0.964, p = 0.021)
and those without hypertension (OR = 0.671, 95% CI 0.474-0.949, p = 0.024). Interestingly, the association between
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Figure 3 Decision curve analysis with SIRI and other inflammation indicators. All models adjusted with age, sex, disease duration, history of MG medication and thymoma.
(A) SIRI compared with NLR, (B) SIRI compared with PLR, (C) SIRI compared with LMR, (D) SIRI compared with Sll. Compared with NLR, PLR and LMR, SIRI showed more
benefits in wide ranges of threshold probability (A—C). Compared with SlI, SIRI performed better with a threshold probability at around 0.2.

SIRI and disease severity remained statistically significant in both groups receiving (OR = 0.789, 95% CI 0.626-0.994,
p = 0.044) and not receiving (OR = 0.269, 95% CI 0.093-0.778, p = 0.015) glucocorticoids, suggesting a potential
complex interplay between these factors. These findings are presented in detail in Table 4.

Table 4 Subgroup Analysis of the Association Between SIRI and Mild and Moderate State

Subgroup Total n (%) SIRI OR (95% CI) p value | p interaction
Age (> 60) 0.494
Yes 52 45 (87) | 1.186 (0.607-1.814) 0.736 (0.506—1.070) 0.109
No 91 84 (92) | 1.153 (0.643-1.901) 0.630 (0.432-0.921) 0.017
Sex (male) 0.172
Yes 6l 56 (92) | I.I151 (0.645-1.662) 0.723 (0.509-1.027) 0.070
No 82 73 (89) | 1.177 (0.601-1.902) 0.557 (0.320-0.969) 0.038
History of MG medication 0.751
Yes 42 34 (81) | 1.759 (0.909-3.618) 0.771 (0.596-0.997) 0.048
No 101 95 (94) | 1.006 (0.604—1.524) 0.795 (0.545-1.161) 0.235
Smoking 0.636
Yes 33 32 (97) | 0.842 (0.617-1.356) | 2.642 (0.007—1059.078) 0.751
No 110 97 (88) | 1.226 (0.637-1.988) 0.785 (0.639-0.964) 0.021
Hypertension 0.580
Yes 50 46 (92) | 1.301 (0.785-1.912) 0.805 (0.518-1.251) 0.336
No 93 83 (89) | 1.019 (0.589-1.649) 0.671 (0.474-0.949) 0.024
(Continued)
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Table 4 (Continued).

Subgroup Total n (%) SIRI OR (95% CI) p value | p interaction
Prehospital infection 0.752
Yes 27 16 (59) | 1.826 (0.756—4.735) 0.878 (0.721-1.069) 0.195
No 16 113 (97) | 1.076 (0.600-1.585) 0.980 (0.293-3.279) 0.973
Glucocorticoid 0.178
Yes 71 62 (87) | 1.204 (0.678-2.318) 0.789 (0.626-0.994) 0.044
No 72 67 (93) | 1.067 (0.615-1.547) 0.269 (0.093-0.778) 0.015
Immunosuppressor 0.001
Yes 34 29 (85) | 1.373 (0.705-2.408) I.181 (0.644-2.167) 0.591
No 109 100 (92) | 1.088 (0.620-1.675) 0.239 (0.098-0.584) 0.002
Intravenous immunoglobulin 0.005
Yes 47 41 (87) | 1.448 (0.756-3.615) 0.787 (0.550-1.126) 0.190
No 96 88 (92) | 0.987 (0.597-1.579) 0.174 (0.052-0.581) 0.004

Notes: Adjusted for age, sex, disease duration, history of MG medication and thymoma.
Abbreviations: MG, Myasthenia gravis; SIRI, system inflammation response index.

Discussion

The innovation of our study was to explore the correlation between SIRI and MG disease severity, demonstrating its
consistent independent association in adjusted models and often superior performance compared to NLR. Notably,
subgroup analysis revealed SIRI’s lack of interaction with other factors and its enhanced prognostic value in younger
patients, females, individuals with prior MG medication, and non-smokers or those without hypertension.

Monocytes, a subset of circulating leukocytes, play a pivotal role in both innate and adaptive immunity, primarily
functioning in immune defense, inflammation, and tissue remodeling.20 Their categorization into classical, intermediate,
and non-classical subsets is based on the expression of surface markers CD14 and CD16.>' Neutrophils, integral to innate
immunity alongside monocytes, participate in infection defense through processes such as phagocytosis and the release of
neutrophil extracellular traps (NETs), which may contribute to tissue damage inappropriately during inflammation.?*
Neutrophils have also been viewed as terminal effector cells of an acute inflammatory response, playing a crucial role in
the pathogenesis of a broad range of diseases, including those resulting from autoimmunity and chronic inflammation.? Tt has
been established that dysregulated neutrophil resolution programs, evidenced by elevated frequencies of neutrophil-associated
proteases, cell-free DNA and autoantibodies in diverse pathologies, contribute to the exacerbation of multiple pathological
conditions.* In the context of innate immunity, matrix metalloproteinases (MMPs) have been implicated in immune cell
infiltration, basement membrane breakdown and autoimmune pathogenesis. Studies have indicated elevated levels of MMP9,
MMP2, and MMP3 in some subtypes of MG patients.** The elevated levels of monocytes and neutrophils observed in MG
patients might be partially explained by the increased MMP activity, which contributes to tissue inflammation. Additionally,
the decrease in lymphocyte count, a hallmark of systemic inflammatory response,*® is commonly observed in MG. Notably,
a growing body of evidence suggests significant variations within lymphocyte subpopulations in MG patients.”’ >’ Besides,
elevated free light chains (FLC), a biomarker of B cell activation, have been detected in MG patients and hold promise as

diagnostic indicators,>*!

suggesting the important role of lymphocytes in morbidity of MG. SIRI, by integrating three key
inflammatory blood cell counts, provides a more comprehensive and sensitive reflection of the inflammatory state within the
human body. The combined elevation of monocytes and neutrophils alongside the reduction in lymphocytes strengthens
SIRI’s ability to monitor and potentially predict the inflammatory status in MG patients.

Decision curve analysis, introduced in 2006, is a valuable tool for evaluating the clinical utility of prediction models
and diagnostic tests.>” It surpasses traditional statistical measures, which often lack direct translation to clinical benefit.**
DCA visualizes the relationship between threshold probability and net benefit, a metric incorporating both correctly
identified and misdiagnosed patients.'” Threshold probability denotes the minimum disease probability at which an

intervention is chosen. In our study, the SIRI model demonstrated favorable net benefit across a range of threshold
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probabilities (0.1-0.3), indicating clear clinical value. Notably, when compared to NLR, SIRI exhibited a slight
advantage in terms of net benefit within the threshold range of 0.1 to 0.25.

While disease duration is a frequent metric in retrospective and cross-sectional studies, the influence of time since the last
onset and history of MG medication remains less explored. This study demonstrates a significant association between both
longer disease duration and higher SIRI with increased disease severity (p = 0.023, p = 0.005, respectively). Notably, it is
highly conceivable that there is an interplay between these factors. Individuals experiencing their first MG episode generally
exhibit a consistent disease course, where the “time of last onset” coincides with the overall disease duration. Conversely, for
patients with recurrent episodes, the time gap between the most recent onset and study admission tends to be shorter than the
total disease duration. These latter individuals are also more likely to have a history of MG medication use. Consistently, we
found that patients with greater disease severity demonstrated a shorter time gap between onset and admission (p = 0.039) and
a higher prevalence of MG medication history (p = 0.036). Similarly, a positive association between higher SIRI and MG
medication history was observed (p = 0.006). In an overall review, while disease severity may not directly correlate with
whether a patient is experiencing their first MG episode, it appears to be influenced by the time elapsed since the most recent
onset and, more significantly, by a history of MG medication use. This suggests a potential link between disease severity and
the cumulative effects of recurrent episodes and prior interventions.

MG is known to be associated with various comorbidities, including hypertension and diabetes.** However, research
on the specific impact of hypertension in MG remains relatively sparse. Herein, we observed a significant association
between low SIRI and better disease severity solely in the subgroup of patients without hypertension (p = 0.024). This
suggests a potential interaction between SIRI and hypertension that warrants further investigation. While existing
literature supports the notion that diabetes mellitus exacerbates experimental autoimmune MG via modulating both
adaptive and innate immunity and aggravates humoral immune response in MG by promoting differentiation and
activation of circulating Tth cells.>>~*® Unfortunately, our study did not yield any statistically significant findings related
to diabetes. This may be attributed to potential uneven data distribution due to the limited size of our cohort.

Previous research has established a robust association between thymoma and more severe clinical presentations in MG
patients, with thymectomy demonstrating efficacy in improving prognosis regardless of thymoma presence.>’ >° A pivotal
study® further highlighted the correlation between thymoma and worse myasthenic symptoms and long-term outcomes.
Notably, within our cohort, although a higher SIRI was associated with a greater likelihood of thymectomy (p = 0.002),
subgroup analysis including thymoma status was not feasible due to the limited number of participants with this
comorbidity (7.69% compared to 10% reported in the literature'). This discrepancy may be attributed to two potential
factors: firstly, a lower baseline prevalence of thymoma within our study population compared to others, and secondly, the
possibility of undiagnosed cases due to infrequent pathological investigations in these patients. Unfortunately, our analysis
did not reveal any significant associations between SIRI and diabetes, which may be due to potential imbalances within the
data distribution resulting from the relatively small study population size.

The existing literature has established a connection between infection and MG exacerbations, with studies demonstrating
the potential for infections to trigger MG onset and worsen its course.*'*> COVID-19 infection, in particular, has been
associated with an increased risk of new-onset MG, myasthenic crisis, respiratory failure, and higher mortality rate due to
cytokine storms in MG patients.** These findings highlight the potential role of infection in MG pathogenesis. On the other
hand, investigations have suggested immunosuppressive therapy, a mainstay treatment for MG, may be a risk factor for severe
COVID-19 infection, though not for SARS-CoV-2 infection itself.** This underscores the complex interplay between
infection and the immune system in MG patients. Considering the established association between infection and MG, and
its potential influence on disease severity, we undertook a sub-analysis within our study population focused on patients with
pre-hospital infections. Our analysis revealed a significant association between pre-hospital infection and both disease severity
and elevated SIRI levels (p <0.001, p=0.001). Given this strong correlation, we opted not to adjust for pre-hospital infection
in our multivariate logistic regression analysis to avoid potential confounding bias. Our findings further support the hypothesis
that infection plays a crucial role in the pathogenesis and progression of MG, warranting further investigation into its specific
mechanisms and potential as a modifiable risk factor.

While highlighting the significant association between SIRI and MG severity, this study acknowledges certain
limitations: (1) As a retrospective study, the selection of experimental population lacks randomness and the available
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clinical scores are limited. (2) The small amount of population cannot support more detailed statistics. (3) As a single-
center study, there is a deficiency in external validation. (4) Due to the insufficient amount of antibody data, we are
currently unable to carry out more detailed analysis. Future investigations are encouraged to explore the inflammatory
pathogenesis of MG and elucidate the relationship between SIRI and other crucial aspects like prognosis.

Conclusion

In our study, we found that SIRI was independently associated with disease severity of MG on admission and while interacting
with immunosuppressor and intravenous immunoglobulin, was robust in most populations, which indicates SIRI may be
a reliable and effective biomarker in MG. In addition, the results of DCA supported the clinical value of SIRI.
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