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Purpose: In this study, we aimed to clarify the association between the Systemic Inflammatory Response Index (SIRI) and the
severity of infection in patients with diabetic foot infection (DFI).

Patients and Methods: A retrospective study was conducted among individuals admitted to The First People’s Hospital of
Changzhou with DFI from March 2021 to October 2025.Two hundred and forty-two patients with DFI were categorized to a severe
infection group (n=110) or a moderate infection group (n=132). The area under the receiver operating characteristic (ROC) curve
(AUC) was used to assess the accuracy of association between SIRI and the risk of severe DFI. Multivariate logistic regression
analysis and restricted cubic spline (RCS) analysis were employed to characterize the relationship between SIRI and the severity of
DFI. Subgroup analyses and interaction analyses were utilized to enhance the reliability of this study. The bootstrap method was
utilized to calculate the confidence interval (CI) of AUC. The optimal cutoff value for the ROC curve was determined based on the
principle of maximizing the Youden index, and the threshold for the RCS curve was defined at the point where the odds ratio equaled
1.

Results: The ROC curve analysis showed that SIRI was highly associated with the severity of DFIL, yielding an AUC of 0.959 (95%
CI: 0.932-0.986). For every 1 unit increase in SIRI, the risk of severe DFI increases to 2.26 times the original risk. Furthermore, as
SIRI increased, the risk of severe DFI increased in the RCS model. There was a nonlinear association between SIRI and the risk of
severe DFI, with an inflection point of SIRI at 3.53 (OR: 0.93, 95% CI: 0.91-0.95). Severe DFI was less likely to occur below this
inflection point. Beyond this point, the risk of developing severe DFI increased significantly. When SIRI exceeded 15.96 (OR: 132.23,
95% CI: 42.94-432.18), the increase plateaued.

Conclusion: SIRI is significantly associated with the severity of DFI in diabetes patients, and it is imperative to maintain a low SIRI
level in order to prevent the occurrence of severe DFI. The importance of maintaining an appropriate SIRI level should not be
overlooked among diabetic foot patients.
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Introduction

Diabetic foot is considered to be one of the most severe complications of diabetes, because of its long duration, high risk of
recurrence, and substantial associated incidences of disability and mortality. Millions of patients worldwide currently are
suffering from diabetic foot ulcer (DFU), which affects about 18.6 million people worldwide every year." It has been established
that between 50% and 60% of patients who develop DFU will develop diabetic foot infection (DFI) within a year. DFI is the
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primary cause of lower limb amputation for non-trauma-related reasons. A previous study showed that 55% of patients with DFI
still had an infected lesion 1 year after diagnosis, and nearly 15% underwent amputation.” This condition has been shown to have
significant deleterious effects on the quality of life of patients, including a loss of independence and psychological distress.
Furthermore, the associated healthcare costs are considerable.*

Despite many studies conducted on topical materials for DFU in recent years, these novel materials have yet to
demonstrate the capacity to halt the progression of disease once a severe DFI has developed.”” Consequently, the early
identification of infection and subsequent prompt management are imperative for reducing major amputation.

Chronic inflammation is a sustained, low-grade immune response that can underlie or exacerbate a wide range of diseases,
including cardiovascular disease, cancer, and autoimmune disorders. It disrupts normal tissue function and promotes cellular
damage, contributing to the progression and severity of these conditions.*'® Previous studies have also shown a close
relationship between DFU and chronic inflammation. Individuals with high levels of markers of inflammation have been
shown to have a higher incidence of DFU. Persistent inflammation has been demonstrated to exacerbate ulceration and impede
wound healing, which is associated with amputation in severe cases.'''* Concurrently, persistent inflammation disrupts the
immune barrier of the body’s local tissue, enabling bacteria to colonize and proliferate at the ulcer site.'*'> When bacteria
proliferate in large numbers and the toxin level exceeds the clearance capacity of local tissues, inflammatory cells (such as
macrophages and neutrophils) are activated, resulting in the release of large amounts of proinflammatory mediators. These
substances have been shown to have a series of deleterious effects on the circulatory system, including vascular endothelial
injury and microcirculatory disorders.'®'” It is well documented that patients with severe infection frequently develop secondary
immunosuppression, making such infections very difficult to control. This secondary immunosuppression is frequently
characterized by impaired antigen presentation, low absolute CD4+ T-cell counts, T- and B-cell apoptosis, the downregulation
of human leukocyte antigen-DR expression, and low concentrations of cytokines, such as TNFa, IFNy, and IL-6.'®!'? Therefore,
it is inappropriate to rely on the measurement of proinflammatory marker levels as the sole means of evaluating DFI, and there is
an urgent need to identify novel approaches for simultaneously evaluating inflammation and the immune status of patients.

Biomarkers of inflammation provide real-time information regarding the intensity of and changes in the systemic
inflammatory response. The simplicity, rapidity, and low cost of measuring the concentrations of these substances, such as
Systemic Inflammatory Response Index (SIRI),'” Systemic immune-inflammation index (SID,* neutrophil (NEU)-to-
lymphocyte (LYM) ratio (NLR),"” Albumin/NEU/LYM Ratio (ANLR),>' NEU percentage-to-albumin ratio (NPAR),*
and Prognostic nutritional index (PNI),?* have led to their use as core predictors of bacterial infections, including sepsis.
SIRI is a novel marker of inflammation that reflects the status of NEU, LYM, and monocyte (MON), and thereby the
inflammatory and immune status of the body. Xu et al** showed that high SIRI was associated with poor outcomes and
severe sepsis in patients with sepsis in intensive care units SIRT was shown to be a superior predictor than conventional
indices, such as the SOFA and AP scores: receiver operating characteristic (ROC) analysis revealed that SIRI was associated
with the largest area under the curve (AUC = 0.682, versus 0.626 and 0.597 for the SOFA and AP scores, respectively).
A study by Zhu et al showed that SIRI is a useful means of assessing the prognosis of patients with sepsis and that there is
a significant correlation between SIRI and 28-day mortality (P<0.001). In addition, ROC curve analysis indicated that the
predictive ability of SIRI surpasses that of the APACHE II and SOFA scores.*® Finally, Hu et al*® showed that high SIRI,
NLR, and PLR scores were all associated with a higher risk of DFU, with SIRI showing the closest association. Subgroup
analysis revealed that the association between high SIRI and the risk of DFU is robust, with no difference between the sexes.
However, to date, there have been no research reports on the relationship between SIRI and severe DFI.

For the first time, we aimed to characterize the association between SIRI and the severity of DFI, whether it is linear
or nonlinear, and to identify the most appropriate threshold value for use in risk stratification. The data obtained should
guide early risk assessment and personalized clinical interventions for patients with DFU.

Patients and Methods

Patients
We performed a retrospective analysis of 305 patients with diabetes who were diagnosed with foot infection at The First
People’s Hospital of Changzhou between March 2021 and October 2025. A total of 242 eligible patients were ultimately
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recruited (Figure 1), and assigned to severe infection (n=110) and moderate infection (n=132) groups. This retrospective
analysis of de-identified human serum was conducted in accordance with the Declaration of Helsinki. The Human
Research and Ethics Committee of The First People’s Hospital of Changzhou approved this retrospective study (ethics
approval number: 2025175). Due to the retrospective nature of the research utilizing biobank-stored serum samples,
informed consent was waived by the approving institution. All data were handled with strict confidentiality to ensure the
anonymity of participants.

Sample size calculation was determined using PASS v21.0.3 (NCSS, LLC, Kaysville, UT, USA). A logistic regres-
sion of severe DFI on SIRI with a sample size of 143 observations achieves 90% power at a 0.05 significance level to
detect an odds ratio of 2.26 when the prevalence of DFI in the population is 0.15.%” We added an allowance of 20% for
loss to follow-up, and therefore a minimum of 179 patients with DFI was required for the investigation (Supplementary
Material 1).

Data Collection
We obtained the demographic and clinical characteristics of the patients from the hospital information system, including
their sex, age, body mass, height, smoking status, alcohol status, duration of diabetic foot, duration of diabetes, history of

Diabetic inpatients who underwent foot infection at The First
People's Hospital of Changzhou between March 2021 and October
2025 (N=305)

excluded:
' incomplete data or
missing values (N=57)
\ 4
N=248
excluded:
> Wagner stage two or
lower (N=2)
N=246
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—— | underwent infections in
other sites (N=3)
N=243
excluded:
had malignant tumors
(N=1)
v
N=242

Figure | Flow of participants.
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cardiovascular disease (CVD), history of peripheral artery disease (PAD), history of chronic renal disease (CRD), history
of foot care, history of systemic antimicrobial use, systolic blood pressure (SBP), diastolic blood pressure (DBP),
hemoglobin Alc (HbAlc) level, serum total cholesterol (TC) concentration, serum triglyceride concentration, serum low-
density lipoprotein cholesterol (LDL-C) concentration, serum high-density lipoprotein cholesterol (HDL-C) concentra-
tion, serum uric acid concentration, albumin, hemoglobin (HGB), culture characteristics (drug-resistance), NEU count,
LYM count, MON count, CRP (C-reactive protein), PCT (procalcitonin). All these values were obtained during
examinations conducted within 24 hours of admission. The blood sampling time for all patients was within 24 hours
after admission. Blood collection time of all patients was within 24 hours of admission. All laboratory detections were
performed by Laboratory Department of our hospital. Complete blood count analysis and PCT were conducted using
Sysmex XN20 (A1) series analyzer (Sysmex Corporation, Kobe, Japan) and MAGLUMI X10 series analyzer (Snibe,
Shenzhen New Industries Biomedical Engineering Co., Ltd., Shenzhen, China), respectively. Albumin and CRP were
measured by a Beckman Coulter AU5800 analyzer (Beckman Coulter, Inc., Brea, CA, USA). Vital signs were measured
by specialized nurses on admission. Well-controlled blood pressure was defined as an SBP <140 mmHg and a DBP
<90 mmHg. Body mass index (BMI) was calculated as body mass divided by height squared. The various inflammatory
scores were calculated as follows:

SIRI = (NEU count x MON count)/LYM count;

SII = (NEU count x Platelet count)/LYM count;

NLR = NEU count/LYM count;

ANLR = albumin (g/dL)/(NEU count/LYM count);

NPAR = NEU percentage (in total white blood cell count) (%) % 100/Albumin (g/dL); and

PNI =Albumin (g/L) + 5 x LYM count.

According to the guidelines of the International Diabetes Federation (IDF) and the International Working Group on
the Diabetic Foot (IWGDF), the severity of DFI was defined as follows.>” 1) Moderate infection: an ulcer extending to
bone and fascia, erythema >2 cm in diameter, and no systemic symptoms. 2) Severe infection: the presence of two or
more systemic symptoms, such as temperature >38°C or <36°C, heart rate >90 beats/min, respiratory rate >20 breaths/
min, partial pressure of carbon dioxide <4.3 kPa (32 mmHg), white blood cell count >12,000 or <4,000 cells/mm3, or the
presence of >10% immature (band) neutrophils.

Statistical Analysis

Statistical analysis was performed using R 4.3.1 software (R Foundation for Statistical Computing, Vienna, Austria).
Missing data within 5% was imputed using the median imputation method. A ROC curve was plotted to evaluate the
ability of SIRI to predict the severity of DFI and to determine the most appropriate cutoff value of SIRI to identify
patients with severe DFI. The 95% CI of the AUC is calculated by the bootstrapping method, and an AUC >0.5 was
considered to indicate an acceptable predictive ability. Bootstrapping methods was used to verify the risk of potential
overfitting. When datasets were normally distributed, the mean + standard deviation was used for data presentation, and
the Student’s #-test was employed for data comparison. When datasets were non-normally distributed, the median and
interquartile range (IQR) were used for data presentation, and the Mann—Whitney U-test was employed for data
comparison. We compared categorical datasets using Pearson’s chi-square test.

Having identified an association between high SIRI and the risk of severe DFI using univariate and multivariate
logistic regression analyses, we generated three multidimensional models to provide a more accurate demonstration of
the effects of various covariates on this risk. The crude model only included SIRI. Model 1 incorporated sex and age.
Model 2 incorporated sex, age, BMI, smoking status, and alcohol status. Model 3 incorporated sex, age, BMI, smoking
status, alcohol status, CVD, PAD, CRD, HbA ¢ level, hypertension, TC, LDL-C, uric acid, history of foot care, history of
systemic antimicrobial use, albumin, HGB and culture characteristics (drug-resistance).

In this way, we evaluated the link between SIRI and the risk of severe DFI. In the multivariate logistic regression analysis,
SIRI was treated as a continuous rather than a categorical variable. We determined the effect of a 1-unit increase in SIRI on
the risk of developing severe DFI, with the intention of enabling clinicians to assess this risk more accurately. Collinearity
diagnostics was further performed to verify the reliability of the regression model. Restricted cubic spline (RCS) analysis was
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used to identify nonlinear interactions and locate inflection points, and stepwise logistic regression was used to identify
threshold effects. The optimal cutoff value for the ROC curve was determined based on the principle of maximizing the
Youden index. The threshold for the RCS curve was defined at the point where the odds ratio equaled 1. Subgroup and
interaction analyses were used as sensitivity analyses to evaluate the robustness of the findings obtained. Subgroup analyses
were conducted on the basis of age, sex, BMI, smoking status, medical history, HbAlc level, LDL-C concentration,
hypertension, serum uric acid concentration, history of systemic antimicrobial use, HGB, and culture characteristics (drug-
resistance). All the statistical tests were two-sided, and P<0.05 was considered to indicate statistical significance.

Results

Association Between SIRI and Severe DFI of Patients

For the model used to assess the ability of SIRI to predict severe DFI, the AUC was 0.959 (0.932-0.986). The
calculated cut-off value was 3.375, with a sensitivity of 0.955 and a specificity of 0.856. To eliminate the risk of
potential overfitting, we calculated 95% CI of AUC in the ROC was 0.932 to 0.986 by using bootstrapping, which
indicated that our results are reliable and stable (Supplementary Figures 1 and 2). SIRI was the most useful
inflammatory index for the prediction of severe DFI. The AUCs of SII, NLR, ANLR, NPAR, PNI, CRP and PCT
were 0.925 (0.892-0.958), 0.929 (0.898-0.960), 0.931 (0.902-0.961), 0.878 (0.835-0.921), 0.783 (0.725-0.842),
0.563 (0.49-0.636), 0.533 (0.459-0.607), respectively. SIRI exhibited greater prognostic value (Figure 2).

Study Sample and the Baseline Characteristics of the Patients

Table 1 provides a summary of the baseline characteristics of the patients. A total of 242 patients with DFI were
studied (176 men and 66 women with a median age of 67 years), of whom 45.5% had severe DFI. The patients
were categorized into two groups according to their SIRI score: those with a score <3.375 were placed in a low
SIRI group, andthose with a score >3.375 were placed in a high SIRI group. Statistical analysis revealed
significant differences in severe DFI, age, BMI, TC, LDL-C, HDL-C, NEU count, LYM count, MON count and
characteristics (drug-resistance) between two SIRI groups (all P<0.05). Specifically, the number of patients with
severe DFI in the high SIRI group is greater than that in the low SIRI group (P<0.001).

Findings of the Logistic Regression Analysis of the Association Between SIR| and the
Severity of DFI

Table 2 presents the findings of the analysis of the association between SIRI and severe DFI. Univariate analyses across
the various models indicated that high SIRI was significantly correlated with severe DFI. Furthermore, for every 1 unit
increase in SIRI, the risk of severe DFI in patients increases to 2.26 times the original risk. We also calculated the
variance inflation factor of the independent variables in the multiple logistic regression, and found that all variance
inflation factor values were less than 5, indicated no substantial multicollinearity.

Findings of the RCS Analysis of the Association Between SIRI and the Severity of DFI
The nature of the association between SIRI and the severity of DFI was further explored using RCS analysis.
Figure 3 shows that there was a nonlinear, inverted L-shaped association between SIRI and the risk of severe DFI
(P<0.001). The occurrence of severe DFI increases as SIRI increases, until an inflection point of SIRI is reached at
3.53 (OR: 0.93, 95% CI: 0.91-0.95). Specifically, when SIRI was <3.53, the risk of severe DFI occurrence was
low, but when SIRI was >3.53, the risk of severe DFI occurrence increased markedly as SIRI increased (by 34%
for every l-unit increase, P=0.02). However, when SIRI reached 15.96 (OR: 132.23, 95% CI: 42.94-432.18), the
increase in risk plateaued (P=0.40). In summary, a high SIRI is associated with a higher risk of severe DFI
occurrence, and a SIRI <3.53 indicates a relatively low risk. More exhaustive details are presented in Table 3.
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Figure 2 Receiver operating characteristic curves of inflammatory markers—SIRI, SII, NLR, ANLR, NPAR, PNI, CRP, and PCT among DFI patients (n = 242).
Abbreviations: SIRI, Systemic Inflammatory Response Index; Sll, Systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; ANLR, Albumin/neutrophil/
lymphocyte Ratio; NPAR, neutrophil percentage-to-albumin ratio; PNI, Prognostic nutritional index; DFI, diabetic foot infection; CRP, C-reactive protein; PCT, procalcitonin;
Cl, confidence interval.

Findings of the Subgroup Analyses to Identify Variables that Might Affect the

Association Between SIRI and the Severity of DFI

Stratified analysis could identify subgroups at a higher risk of developing severe DFI. Figure 4 indicates that the
association was more pronounced in individuals with a history of PAD, those with SBP >140 mmHg (or DBP
>90 mmHg), those with LDL-C >1.8 mmol/L, and those with uric acid <360 umol/L. No significant interaction was
observed between the severity of DFI and sex (P=0.072), age (P=0.376), smoking (P=0.109), alcohol (P=0.607), BMI
(P=0.855), diabetic foot duration (P=0.375), diabetes mellitus duration (P=0.800), history of systemic antimicrobial use
(P=0.154), CVD (P=0.932), CRD (P=0.362), HbAlc (P=0.163), TC (P=0.886), HGB (P=0.086), or culture character-
istics (drug-resistance) (P=0.752).
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Table | Baseline Characteristics of the Study Population (n = 242)

Variables Total (n = 242) SIRI P Value
High (n = 124) Low (n = 118)

Infection, n (%) < 0.001

Moderate 132 (54.55) 19 (15.32) 113 (95.76)

Severe 110 (45.45) 105 (84.68) 5 (4.24)

SIRI, Median (Q1,Q3) 3.60 (1.55,8.45) 8.36 (5.40,15.17) 1.54 (1.01,2.16) < 0.001

NEU, Median (Q1,Q3) (*10°L) 8.16 (5.05, 12.55) 12.4 (9.94, 15.95) 5.06 (3.83, 6.16) < 0.001

LYM, Median (Q1,Q3) (*10%/L) 1.33 (0.96, 1.75) 1.20 (0.85, 1.56) 1.48 (1.07, 1.99) < 0.001

MON, Median (Q1,Q3) (*10°/L) 0.61 (0.44, 0.86) 0.84 (0.67, 1.06) 0.44 (0.34, 0.55) < 0.001

Sex, n (%) 0.844

Male 176 (72.73) 89 (71.77) 87 (73.73)

Female 66 (27.27) 35 (28.23) 31 (26.27)

Age, Median (Q1,Q3) (y) 67 (56, 76) 62.5 (53.75, 72) 71 (58.25, 77.75) < 0.001

Smoke, n (%) 1.000

Yes 47 (19.42%) 24 (19.35%) 23 (19.49%)

No 195 (80.58%) 100 (80.65%) 95 (80.51%)

ALCOHOL, n (%) 0.596

yes 39 (16.12%) 22 (17.74%) 17 (14.41%)

No 203 (83.88%) 102 (82.26%) 101 (85.59%)

BMI, Mean % SD (kg/m?) 2323 375 2371 +3.88 22.74 + 3.55 0.043

Foot duration, Median (Q1,Q3) (d) 15 (7, 60) 15 (7, 60) 15 (7, 60) 0611

Diabetes mellitus duration, Median (Q1,Q3) (y) 13 (8, 20) 11 (6.75, 20) 14 (10, 20) 0.628

PAD, n (%) 0919

Yes 152 (62.81%) 77 (62.10%) 75 (63.56%)

No 90 (37.19%) 47 (37.90%) 43 (36.44%)

CRD, n (%) 1.000

Yes 70 (28.93%) 36 (29.03%) 34 (28.81%)

No 172 (71.07%) 88 (70.97%) 84 (71.19%)

CVD, n (%) 0.648

Yes 141 (58.26%) 70 (56.45%) 71 (60.17%)

No 101 (41.74%) 54 (43.55%) 47 (39.83%)

HbAlc, Median (Q1,Q3) (%) 9.30 (7.50, 11.60) 9.60 (7.97, 11.90) 8.95 (7.32, 11.30) 0.039

SBP, Median (Q1,Q3) (mmHg) 144 (131, 156) 142 (129, 154) 146.5 (134 159) 0.149

DBP, Median (Q1,Q3) (mmHg) 78 (70, 87) 78 (70, 87) 79.5 (71, 88) 0.234

TC, Median (Q1,Q3) (mmol/L) 3.56 (2.97, 4.38) 3.34 (2.77, 4.12) 4.00 (3.07, 4.53) 0.001

TG, Median (QI,Q3) (mmol/L) 1.06 (0.78, 1.44) 1.04 (0.79, 1.44) 1.10 (0.76, 1.46) 0.812

LDL-C, Median (Q1,Q3) (mmol/L) 2.12 (1.61,2.77) 2.06 (1.56, 2.73) 231 (1.70, 2.80) 0.020

HDL-C, Median (Q1,Q3) (mmol/L) 0.94 (0.74, 1.20) 0.84 (0.69, 1.08) 1.01 (0.86, 1.26) < 0.001

UA, Median (Q1,Q3) (umol/L) 303.70 (246.97, 384.78) 326.05 (248.95, 397.85) 294.95 (246.97, 375.25) 0410

PCT, Median (Q1,Q3) (ng/mL) 0.12 (0.06, 0.27) 0.12 (0.05, 0.28) 0.12 (0.06, 0.27) 0.366

CRP, Median (Q1,Q3) (mg/L) 70.7 (20.78, 122.55) 77.25 (25.80, 128.05) 60.65 (15.08, 116.95) 0.122

History of foot care, n (%) 0.744

No 182 (75) 92 (74) 90 (76)

Self-distinfection 37 (15) 21 (17) 16 (14)

Professional care 23 (10) 11 (9) 12 (10)

History of systemic antimicrobial use, n (%) 0.148

No 171 (71) 82 (66) 89 (75)

Yes 71 (29) 42 (34) 29 (25)

Albumin, Mean % SD (g/L) 31.63 £6.13 31.45 £ 555 31.81 £6.72 0.656

HGB, Median (Q1,Q3) (g/L) 113 (94, 125) 113 (93, 125) 112 (96, 125) 0.871

Culture characteristics (drug-resistance), n (%) 0.006

No 190 (79) 88 (71) 102 (86)

Yes 52 (21) 36 (29) 16 (14)

Abbreviations: SIRI, Systemic Inflammatory Response Index; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; BMI, body mass index; PAD, peripheral artery
disease; CRD, chronic renal disease; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol, UA, uric acid; HGB, hemoglobin.
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Table 2 Relationship Between SIRI and Severe DFI Through Logistic Regression Analysis (n =

242)
SIRI OR,95% CI
Crude Modell Model2 Model3
High Ref Ref Ref Ref
Low 0.01 (0.001,0.002) | 0.0l (0.001,0.020) | 0.0l (0.001,0.020) | 0.001 (0.0001,0.010)
Per U increment 1.96 (1.67,2.38) 1.95 (1.66,2.35) 1.96 (1.67,2.39) 2.26 (1.82,2.97)
P for trend <0.001 <0.001 <0.001 <0.001

Notes: Model | incorporated sex and age. Model 2 incorporated sex, age, BMI, smoking, and alcohol consumption. Model 3
incorporated sex, age, BMI, smoking, alcohol consumption, cardiovascular disease, peripheral vascular disease, chronic renal
disease, glycated hemoglobin (HbAlc) level, systolic and diastolic blood pressure, serum total cholesterol, low-density
lipoprotein-cholesterol, uric acid, history of foot care, history of systemic antimicrobial use, albumin, hemoglobin (HGB),

and characteristics (drug-resistance).
Abbreviations: SIRI, Systemic Inflammatory Response Index; DFI, diabetic foot infection.

Discussion
In the present retrospective study, for the first time, SIRI was found to be independently associated with the severity of

DFI, which exhibited an inverted L-shaped association with an inflection point of SIRI near 3.53. When SIRI was <3.53,
the risk of severe DFI was lower; conversely, in patients with SIRI >3.53, there was a positive association between SIRI

200 1

_ 

p for nonlinear <0.0001

likelihood ratio chi-square value=47.77

log(OR) (95% ClI)

0.5

0 3.53 10 15.96 20
SIRI

Figure 3 Association between SIRI and the severity of infection in DFI patients using restricted cubic spline analysis (n = 242).
Abbreviations: SIRI, Systemic Inflammatory Response Index; DFI, diabetic foot infection.
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Table 3 Threshold Effect Analysis of SIRI and
Severe DFI Through Restricted Cubic Spline
Analysis (n = 242)

SIRI Incidence

Per 1U Increment | P Value

<353 11.02 (2.84,89.76) | 0.004
3.53~1596 | 134 (1.08,1.76) 0.020
>15.96 1.5 (0.96,12.69) 0.400

Abbreviations: SIRI, Systemic Inflammatory Response
Index; DFI, diabetic foot infection.

and the risk of developing severe DFI. The results of the subgroup analyses confirmed this significant association
between SIRI and the severity of DFI. To the best of our knowledge, this is the first study to demonstrate a non-linear
association between SIRI and the severity of DFI.

Variable Count Percent OR (95% CI) P value P for interaction
Overall 242 100 N 1.96 (1.64 to 2.34) <0.001
Sex 0.072
1 176 727 e — 1.82 (1.52t0 2.19) <0.001
2 66 273 3.65(1.75 10 7.57) 0.001
Age i 0.376
<=65 14 474 : 213(160102.83)  <0.001
>65 128 52.9 1.81(1.46 to 2.24) <0.001
Smoke.status 0.109
1 a7 19.4 1.58 (1.19 t0 2.10) 0.002
2 195  80.6 2.11(1.70 to 2.62) <0.001
Alcohol status 0.607
1 39 16.1 2.26 (1.26 to 4.08) 0.007
2 203 839 ) 1.93 (1.60 to 2.32) <0.001
BMI 0.855
<28 218 901 : —_— 195(1.62102.35)  <0.001
>=28 24 9.9 2.07 (1.11 t0 3.88) 0.022
Diabeitc.foot.duration 0.375
<=10 108 446 2.15 (1.62 to 2.86) <0.001
>10 134 554 1.83 (1.46 to 2.28) <0.001
Diabetes.mellitus.duration 0.800
<=30 232 959 : 1.99 (1.66102.40)  <0.001
>30 10 4.1 2.85(0.18 to 45.50) 0.458
History of systemic antimicrobial use i 0.154
0 171 707 e — 1.81(1.50 to 2.18) <0.001
1 71 293 H 263 (163t04.24)  <0.001
PAD : 0.004
0 9 372 : —_— 151(1.23t01.84)  <0.001
1 152 62.8 > 2.77(1.93103.97) <0.001
CRD 0.362
0 172 71 2.09 (1.65 to 2.64) <0.001
1 70 28.9 1.77 (1.35t0 2.31) <0.001
CVD : 0.932
0 101 417 2.00 (1.50 to 2.66) <0.001
1 141 583 1.97 (1.57 to 2.46) <0.001
HbAtc 0.163
<=7 41 16.9 3.89 (1.39 to 10.84) 0.010
>7 201 83.1 = 1.85 (1.55 t0 2.21) <0.001
Hypertension 0.017
0 91 376 : _— 160(1.30101.97)  <0.001
1 151 62.4 > 2.58(1.85t0 3.61) <0.001
TC 0.886
<4.5 191 78.9 1.97 (1.61t0 2.43) <0.001
>=4.5 51 211 1.92 (1.38 to 2.67) <0.001
LDL-C : 0.013
<18 84 34.7 ) 1.54 (1.24 to 1.90) <0.001
>=1.8 158 65.3 > 240(1.82103.17) <0.001
UA 0.044
<360 158  65.3 2.33 (1.77 to 3.06) <0.001
>=360 84 347 : —_— 163(1.31102.02)  <0.001
HGB : 0.086
<=90 53 21.9 : 5.58 (1.56 to 19.95)  0.008
>90 189 781 _ 1.81(1.51 t0 2.16) <0.001
Culture characteristics (drug-resistance) 0.752
0 190 78.5 2.01(1.65 to 2.45) <0.001
1 52 215 i 1.86 (1.22 t0 2.84) 0.004
(‘) 0.5 1 1{5 ‘2 2.‘5

Figure 4 Forest plot of subgroup and interaction analyses for the association between SIRI and the severity of DFI (n = 242).
Abbreviations: SIRI, Systemic Inflammatory Response Index; DFI, diabetic foot infection; BMI, body mass index; CVD, cardiovascular disease; PAD, peripheral artery
disease; CRD, chronic renal disease; LDL-C, low-density lipoprotein cholesterol, UA, uric acid; HGB, hemoglobin.
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A number of studies have demonstrated the value of SIRI for the prediction of infection. A retrospective study of 619
patients with ST-segment elevation myocardial infarction (STEMI) revealed that those undergoing percutaneous coronary
intervention (PCI) with SIRI > 4.04 had a significantly higher risk of pneumonia (OR: 5.20, 95% CI: 3.53-7.72, P <
0.001). ROC curve analysis indicated that SIRI was a good predictor of post-PCI pneumonia in patients with STEMI,
with an AUC of 0.766 (95% CI: 0.724-0.808).%® In addition, Shao et al*’ reported the clinical value of NLR, MLR, PLR,
SII, and SIRI for the prediction of Mycoplasma pneumoniae (MP) infection in children, identifying high MLR and SIRI
as risk factors for such infection. The ROC curve analysis showed that SIRI was the superior predictor of MP infection
(AUC=0.892, sensitivity=75.7%, specificity=92.0%). A previous cross-sectional study that used data from the US
National Health and Nutrition Examination Survey database aimed to characterize the relationship between SIRI and
the risk of DFU development. The authors studied data from 1,204 participants, 112 of whom had DFU, and found that
a 1-unit increase in SIRI was associated with a 27% increase in the prevalence of DFU (OR: 1.27, 95% CI: 1.10-1.48,
P=0.001). It has been hypothesized that regular SIRI monitoring may contribute to the early diagnosis and management
of DFUs.?® However, there have been no studies of the association between SIRI and the severity of DFI. In the present
study, we found SIRI exhibited higher sensitivity than other compounding inflammatory makers (including SII, NLR,
ANLR, NPAR, and PNI) and traditional inflammatory makers (including CRP and PCT). Meanwhile, we also identified
a nonlinear relationship between SIRI and the severity of DFI in the study sample. Specifically, when SIRI was <3.53,
there was a lower risk of severe DFI occurrence, whereas when SIRI was >3.53, the patients had a higher risk of severe
DFI occurrence.

Inflammation plays a central role in the pathophysiology of both type 1 and type 2 diabetes, contributing to disease
development and the progression of complications. Research indicates that elevated cytokine levels and dysregulation of
inflammatory pathways are key features in diabetes, impacting immune responses and metabolic disorders.**? Previous
studies have shown that patients with diabetes tend to release numerous NEU extracellular traps, resulting in a significant
increase in NEU numbers, which perpetuates their proinflammatory state.** Patients with DFU are predisposed to
infections and sepsis, and such infections further exacerbate systemic inflammation in these patients, despite the systemic
inflammatory response mediated by extracellular traps.** Three immune cell types, NEU, LYM, and MON, play crucial
roles in the pathogenesis of infection. A high NEU count reflects ongoing inflammation and infection, and MON and
LYM, which are key components of the innate and adaptive immune responses, respectively, participate in inflammatory
responses and immune regulation by modulating immune-related pathways, such as the Janus Kinase-Signal Transducer
and Activator of Transcription (JAK-STAT). SIRI includes all of the NEU, LYM, and MON counts, and thereby provides
a more comprehensive reflection of systemic inflammatory and immune responses than individual markers of
inflammation.**¢

In the present study, a high SIRI was associated with high NEU and MON counts, but a low LYM count. Table 1
shows that the high SIRI group had significantly higher NEU and MON counts (P<0.0001) and a significantly lower
LYM count (P<0.0001) than the low SIRI group. Why, then, is there no further increase in the risk of severe DFI when
SIRI is higher than the inflection point? We propose the following hypothesis on the basis of prior research. A sustained
increase in SIRI may indicate excessive inflammation, and persistent systemic inflammation can induce vascular
endothelial adhesion and the migration of circulating neutrophils into tissues. Infection-related immunosuppression has
been demonstrated to lead to the apoptosis of circulating neutrophils and impaired myelopoiesis, resulting in NEU
paralysis.>” Consequently, as the infection progresses, both the absolute number and function of circulating neutrophils
decrease. Concurrently, other immune cell types may become exhausted and have less capacity to produce inflammatory
mediators, with the consequent suppression of the immune response. Therefore, the risk of severe DFI occurrence may
increase as SIRI increases, but the rate of increase slows after a certain threshold is reached.

The nonlinear association identified between SIRI and the risk of severe DFI involves an inflection point at 3.53,
indicating that patients with DFI have a lower risk of severe infection when SIRI is below this threshold. This newly
identified phenomenon should help facilitate early interventions and the development of personalized treatment strategies
for patients with DFU, thereby making amputation less likely.

The present study has three principal strengths. First, the sample size was adequate, and the data collected were
reliable and quite extensive. Second, we controlled for the influence of potential confounding factors through the use of
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multifactor logistic regression and sensitivity analyses. Third, we identified a novel means of comprehensively assessing
the link between the inflammatory and immune state and the risk of severe DFI. Moreover, the components of SIRI,
namely NEU, LYM, and MON counts, can be readily and inexpensively assessed in clinical settings, making SIRI of
significant practical value.

It is also important to acknowledge the limitations of the present study. First, the study sample was drawn from
a single institution, which limits the generalizability of the findings. Second, although we used multiple methods to
control for confounding, unmeasured biases remain. To evaluate the clinical utility of SIRI in greater depth, it is essential
that prospective studies with larger sample sizes should be conducted.

Conclusion

We have identified a nonlinear association between SIRI and the risk of severe DFI occurrence, with an inflection point
of approximately 3.53: when SIRI is <3.53, there is a lower risk of severe DFI. Maintaining an appropriate SIRI level is
crucial for DFI patients. Patients with SIRI>3.53 had a significantly higher prevalence of severe DFI compared with
those with SIRI<3.53. SIRI can be calculated using parameters that are routinely measured in a blood sample; therefore,
it is a practical and affordable index. Further multicenter, prospective studies are needed to confirm these results.
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