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Background: Type 2 diabetes mellitus (T2DM) is closely associated with chronic inflammation. However, the value of low-cost,
readily accessible complete blood count (CBC)-derived inflammatory indicators in predicting all-cause mortality among T2DM
patients has not been fully evaluated. This study evaluated their predictive potential.

Methods: This single-center retrospective cohort included 619 T2DM patients. Associations between nine inflammatory indicators
and all-cause mortality were assessed using multivariable-adjusted Cox regression models. Time-dependent ROC curves, Kaplan-
Meier (K-M) analysis, restricted cubic spline (RCS) models, and subgroup analyses evaluated predictive performance and stability.
Results: Over a median follow-up of 1058 days, 137 deaths (22.1%) occurred. Patients in the highest quartile (Q4) of the systemic
inflammation response index (SIRI, HR=2.486, 95% CI:1.291,4.788), neutrophil-to-lymphocyte ratio (NLR, HR=2.275, 95%
CI:1.217,4.252), and neutrophil-monocyte to lymphocyte ratio (nMLR, HR=2.212, 95% CI:1.200,4.077) had significantly elevated
mortality risk versus the lowest quartile (Q1) after adjustment (P for trend<0.01 for all). RCS confirmed significant positive linear
associations (P for nonlinearity>0.05). Predictive ability attenuated over time per time-dependent ROC. Subgroup analyses demon-
strated consistent associations across clinical subgroups (P for interaction>0.05).

Conclusion: SIRI, NLR, and nMLR can independently predict all-cause mortality in T2DM patients and demonstrate stable
performance across clinical subgroups. These low-cost, routinely tested biomarkers possess the potential to optimize risk stratification
in resource-limited settings.
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Introduction

World Health Organization (WHO) data indicate that type 2 diabetes mellitus (T2DM) has become a major global public health
challenge. According to estimates from the International Diabetes Federation (IDF) in 2022, the global prevalence of diabetes
among adults aged 20—79 years has reached 10.5% (536.6 million patients) and is projected to increase to 12.2% (783.2 million)
by 2045, with the most significant growth in disease burden occurring in low- and middle-income countries." As one of the
countries with the fastest-growing diabetes prevalence, China saw its adult diabetes prevalence climb to 12.4% in 2018, with
a trend towards affecting younger populations; the prevalence among those aged 40-49 years increased by 4.7% compared to
2013.% Traditional risk factors, such as glycated hemoglobin (HbA 1¢), exhibit certain limitations in predicting mortality risk.*
The UK Prospective Diabetes Study (UKPDS) found that even with intensive glycemic control (reducing HbAlc by 0.9%), the
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risk of myocardial infarction was only reduced by 16%.° This suggests the need to identify novel biomarkers independent of the
metabolic memory effect.

Chronic low-grade inflammation is a core mechanism in the development and progression of T2DM.” Macrophage infiltration
in adipose tissue and interleukin-6 (IL-6)/tumor necrosis factor-alpha (TNF-o)-mediated insulin resistance,® coupled with
inflammatory pathways in pancreatic p-cell apoptosis,” collectively drive disease progression. Furthermore, inflammation leads
to endothelial dysfunction via activation of the nuclear factor kappa B (NF-kB) pathway'® and promotes monocyte chemotaxis
involved in atherosclerotic plaque formation,'" significantly increasing the risk of cardiovascular events. However, existing single
inflammatory markers, such as white blood cell count, have notable limitations. C-reactive protein (CRP) may lack sufficient
sensitivity in chronic inflammation,'* while cytokine detection (eg, IL-6) faces challenges in clinical translation due to high costs
and standardization difficulties, particularly in regions with unequal healthcare resources. Low-cost, routine blood test-derived
inflammatory indicators could potentially assist in achieving dynamic risk stratification.'*

Complete blood count (CBC)-derived inflammatory indicators emerge as a potential solution due to their low cost and easy
accessibility. WHO reports indicate that over 90% of healthcare facilities globally can perform CBC testing promptly.'®
Composite indicators, integrating multidimensional information such as neutrophils, monocytes, and lymphocytes, may offer
greater clinical value compared to single parameters like white blood cell count.'* Although indicators like the neutrophil-to-
lymphocyte ratio (NLR) are widely used in cardiovascular disease prognosis,'> ' significant gaps remain in diabetes research.
Existing studies related to diabetes often focus on single indicators, lack systematic comparisons, and the dynamic predictive
value (eg, differences in predictive performance at different time points) remains unexplored.'**°

This study aims to systematically evaluate the predictive efficacy of eight CBC-derived inflammatory indicators and
CRP for all-cause mortality in T2DM patients. By integrating time-dependent receiver operating characteristic (ROC)
curves and restricted cubic spline (RCS) analysis, we seek to reveal the dynamic predictive patterns of these indicators
and explore their time-specific value during the disease course. We hope to preliminarily explore the feasibility of using
low-cost, easy-to-operate inflammatory risk stratification tools in resource-limited settings, thereby promoting precision
medicine practice. This study is expected to provide a novel perspective for T2DM prognosis management.

Methods

Study Design and Population

Study Design

This was a single-center, retrospective cohort study, conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.?! Study participants were recruited from hospitalized
patients diagnosed with T2DM who visited the Air Force Medical Center of the People’s Liberation Army (PLA)
between January 2019 and December 2022. Baseline clinical and laboratory data were extracted from the Electronic
Medical Record (EMR) and the Hospital Laboratory Information System (LIS). All patients were followed up until
February 2024 to obtain mortality outcome data.

Study Population and Participant Selection

Inclusion Criteria

Diagnosis of T2DM according to WHO criteria:**> 1) Fasting blood glucose (FBG) > 7.0 mmol/L, or 2) 2-hour plasma
glucose > 11.1 mmol/L during an oral glucose tolerance test (OGTT), or 3) HbAlc > 6.5%, or 4) Current use of glucose-
lowering medications. And availability of complete baseline routine blood test data within 24 hours of admission.

Exclusion Criteria

1. Acute infection of any cause within 30 days prior to enrollment (defined by antibiotic use or white blood cell count >10x10%L
accompanied by clinical symptoms). 2.Hematological diseases: Anemia (hemoglobin <120 g/L for males, <110 g/L for females),
Thrombocytopenia (<150x10%/L) or thrombocytosis (>450x10%/L), Leukemia, lymphoma, or other myeloproliferative neo-
plasms. 3.Active malignancy within the past five years or history of chemotherapy/radiotherapy. 4.Lost to follow-up (inability to
contact for outcome verification or missing survival data). 5.Death due to novel coronavirus infection or accidents.
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Patient screening was performed by two independent physicians according to predefined criteria. Cases with
eligibility disagreements underwent independent adjudication by a third senior physician.

Ethical Approval and Informed Consent

The study protocol was approved by the Institutional Review Board of the Air Force Medical Center of PLA (2024-56-
PJO1). Given the retrospective nature of the study and the complete anonymization of patient data, the requirement for
informed consent was waived. This practice complies with the Declaration of Helsinki.*?

Variable Definitions

Exposure Variables

Nine inflammatory indicators were derived from routine CBC measurements taken at admission. All CBC measurements
were performed within 24 hours of admission using a Sysmex XN-9000 hematology analyzer (Sysmex Corporation,
Kobe, Japan). Venous blood samples (3 mL) were collected in EDTA-K2 anticoagulant tubes and analyzed within
2 hours of collection to avoid cell degradation. The laboratory participates in the national external quality assessment
(EQA) program organized by the Chinese Center for Clinical Laboratories, with a 100% pass rate in annual assessments.
All cell counts are expressed as absolute values (x10%/L):

Neutrophil-to-lymphocyte ratio (NLR): Neutrophil count / Lymphocyte count. Aggregate index of systemic inflam-
mation (AISI): (Neutrophils x Monocytes x Platelets) / Lymphocytes. Derived neutrophil-to-lymphocyte ratio (ANLR):
Neutrophils / (White blood cell count - Neutrophils). Monocyte-to-lymphocyte ratio (MLR): Monocyte count /
Lymphocyte count. Neutrophil-monocyte to lymphocyte ratio (nMLR): (Neutrophils + Monocytes) / Lymphocytes.
Platelet-to-lymphocyte ratio (PLR): Platelet count / Lymphocyte count. Systemic immune-inflammation index (SII):
(Neutrophils x Platelets) / Lymphocytes. Systemic inflammation response index (SIRI): (Neutrophils X Monocytes) /
Lymphocytes. C-reactive protein (CRP): Measured directly by immunoturbidimetry (mg/L).

Outcome Variable

The primary endpoint was death (excluding deaths due to novel coronavirus infection or accidents). Mortality data were
ascertained through the following methods: 1) Active follow-up: Structured telephone interviews with patients or their families. 2)
Medical record review: Cross-verification with the hospital’s electronic health records. 3) National death registry: Linkage with
the Chinese Center for Disease Control and Prevention (CDC) database for validation. The follow-up period ended in
February 2024.

Confounding Variables and Adjusted Models

Continuous variables: Age, Body mass index (BMI), Red blood cell count (RBC), Hemoglobin (HGB), Hematocrit (HCT),
Platelet count (PLT), Fasting blood glucose (FBG), Blood urea nitrogen (BUN), Serum creatinine (Scr), Uric acid (UA), Total
cholesterol (TC), Triglycerides (TG), High-density lipoprotein (HDL), Low-density lipoprotein (LDL). Categorical variables:
Gender, Smoking status, Diabetic neuropathy (DN), Vascular injury (VI), Diabetic retinopathy (DR), Hypertension, Coronary
artery disease (CAD), Stroke, Dyslipidemia, Venous thrombosis (VT), Glucagon-like peptide-1 receptor agonist (GLP-1RA)
therapy, Sodium-glucose cotransporter-2 inhibitor (SGLT21i) therapy, Antiplatelet therapy (APT), Lipid-lowering therapy (LLT),
Renin-angiotensin-aldosterone system inhibitor (RAASI) therapy. Cox proportional hazards models were sequentially adjusted as
follows: Model 1: Unadjusted. Model 2: Adjusted for Age, Hypertension, CAD, Stroke, DR, and SGLT2i therapy. Model 3:
Further adjusted for RBC, HGB, HCT, BUN, and Scr.

Statistical Analysis

Normally distributed continuous variables are presented as mean (standard deviation, SD), and comparisons between groups were
performed using independent samples t-tests. Skewed continuous variables are presented as median (interquartile range, IQR),
and comparisons between groups were performed using Wilcoxon rank-sum tests. Categorical variables are presented as counts
and frequencies (percentages, %), and comparisons between groups were performed using Chi-square ()?) tests or Fisher’s exact
tests. Variables with more than 10% missing values were excluded from the analysis. For variables with missing values between
5% and 10%, multiple imputation was employed. Missing values constituting less than 5% of the data for a variable were replaced
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with the mean (for continuous variables) or mode (for categorical variables) of that variable. Outlier handling was performed using
the boxplot method. The relationship between inflammatory indicators and mortality risk was assessed using Kaplan-Meier
(K-M) curves and Cox proportional hazards models. Baseline variables showing significant differences (P < 0.05) between
survivors and non-survivors were included in the multivariable models. Furthermore, the variance inflation factor (VIF) was
calculated to check for multicollinearity, ensuring the independence of variables included in the models (VIF < 10 was considered
acceptable). Subgroup analyses and interaction tests were conducted to explore the association between continuous inflammatory
indicators and mortality across different subgroups. RCS analysis with 3 knots was used to further investigate the dose-response
relationship between statistically significant inflammatory indicators and mortality. ROC curve analysis was performed to
compare the predictive ability, sensitivity, and specificity of the inflammatory indicators for mortality. A P-value < 0.05 was
considered statistically significant for all analyses. All statistical analyses were performed using SPSS 27 (IBM Corp., Armonk,
NY, USA) and R 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline Characteristics
The flow diagram of participant selection is presented in Supplementary Figure S1. A total of 619 eligible patients were

included in this study. By the study cutoff date, 137 all-cause deaths were observed (22.1%), with a median follow-up
time of 1058 days. Significant differences (P < 0.05) were observed between the survivor and non-survivor groups for the
following variables: Age, RBC, HGB, HCT, BUN, Scr, CRP, SII, SIRI, nMLR, MLR, NLR, AISI, Hypertension, CAD,
Stroke, DR, and SGLT2i. No statistically significant differences (P > 0.05) were found between the groups for Gender,
BMI, PLT, FBG, UA, TC, TG, HDL, LDL, dNLR, PLR, DN, VI, Dyslipidemia, VT, Smoking status, GLP-1RA, APT,
LLT, and RAASI. Details are presented in Table 1.

Association Between Inflammatory Indicators and All-Cause Mortality

As presented in Table 2, variables demonstrating statistically significant differences in baseline characteristics were
incorporated into multi-stage adjusted models. VIF were computed to evaluate multicollinearity among variables
(detailed in Supplementary Table S1), confirming variable independence (all VIF < 10). Results demonstrated that the

highest quartile group (Q4) of SIRI, NLR, and nMLR remained significantly predictive of all-cause mortality risk in
T2DM patients after full adjustment (Model 3), exhibiting significant trend relationships (P for trend < 0.01). Compared

Table | Baseline Characteristics of the Study Population

Variables Overall Survivor Non-Survivor P
N=619 N = 482 N = 137
Clinical Characteristics
Age (years), mean (SD) 65.59 (12.11) 63.89 (11.90) 71.57 (10.93) <0.001
BMI (kg/m?), mean (SD) 24.56 (3.50) 24.53 (3.45) 24.65 (3.67) 0.728
Gender, n (%) 0418
Male 433.00 (69.95%) | 341.00 (70.75%) 92.00 (67.15%)
Female 186.00 (30.05%) 141.00 (29.25%) 45.00 (32.85%)
DN, n (%) 0.248
No 102.00 (16.48%) 75.00 (15.56%) 27.00 (19.71%)
Yes 517.00 (83.52%) | 407.00 (84.44%) 110.00 (80.29%)
VI, n (%) 0.540
No 194.00 (31.34%) 154.00 (31.95%) 40.00 (29.20%)
Yes 425.00 (68.66%) | 328.00 (68.05%) 97.00 (70.80%)
DR, n (%) 0.026
No 337.00 (54.44%) | 251.00 (52.07%) 86.00 (62.77%)
Yes 282.00 (45.56%) | 231.00 (47.93%) 51.00 (37.23%)
(Continued)
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Table | (Continued).

Variables Overall Survivor Non-Survivor P
N=619 N = 482 N =137
Hypertension, n (%) 0.021
No 180.00 (29.08%) | 151.00 (31.33%) 29.00 (21.17%)
Yes 439.00 (70.92%) | 331.00 (68.67%) 108.00 (78.83%)
CAD, n (%) <0.001
No 445.00 (71.89%) | 371.00 (76.97%) 74.00 (54.01%)
Yes 174.00 (28.11%) | 111.00 (23.03%) 63.00 (45.99%)
Stroke, n (%) <0.001
No 475.00 (76.74%) | 385.00 (79.88%) 90.00 (65.69%)
Yes 144.00 (23.26%) 97.00 (20.12%) 47.00 (34.31%)
Dyslipidemia, n (%) 0.745
No 174.00 (28.11%) | 137.00 (28.42%) 37.00 (27.01%)
Yes 445.00 (71.89%) | 345.00 (71.58%) 100.00 (72.99%)
VT, n (%) 0.698
No 574.00 (92.73%) | 448.00 (92.95%) 126.00 (91.97%)
Yes 45.00 (7.27%) 34.00 (7.05%) 11.00 (8.03%)
Smoking, n (%) 0.661
No 367.00 (59.29%) | 288.00 (59.75%) 79.00 (57.66%)
Yes 252.00 (40.71%) | 194.00 (40.25%) 58.00 (42.34%)
GLP-1RA, n (%) 0.214
No 541.00 (87.40%) | 417.00 (86.51%) 124.00 (90.51%)
Yes 78.00 (12.60%) 65.00 (13.49%) 13.00 (9.49%)
SGLT2i, n (%) 0.031
No 563.00 (90.95%) | 432.00 (89.63%) 131.00 (95.62%)
Yes 56.00 (9.05%) 50.00 (10.37%) 6.00 (4.38%)
APT, n (%) 0.128
No 138.00 (22.29%) | 114.00 (23.65%) 24.00 (17.52%)
Yes 481.00 (77.71%) | 368.00 (76.35%) 113.00 (82.48%)
LLT, n (%) 0.434
No 207.00 (33.44%) | 165.00 (34.23%) 42.00 (30.66%)
Yes 412.00 (66.56%) | 317.00 (65.77%) 95.00 (69.34%)
RAASI, n (%) 0.799
No 277.00 (44.75%) | 217.00 (45.02%) 60.00 (43.80%)
Yes 342.00 (55.25%) | 265.00 (54.98%) 77.00 (56.20%)
Laboratory Parameters
RBC (10'%/L), mean (SD) 3.80 (0.66) 3.86 (0.65) 3.58 (0.62) <0.001
HGB (g/L), mean (SD) 111.66 (19.98) 113.40 (19.79) 105.51 (19.46) <0.001
HCT (%), mean (SD) 0.34 (0.06) 0.34 (0.06) 0.32 (0.07) <0.001
PLT (10°%/L), mean (SD) 307.52 (118.56) 305.77 (118.00) 313.66 (120.78) 0.499
FBG (mmol/L), mean (SD) 9.06 (3.84) 9.07 (3.77) 9.03 (4.07) 0914
BUN (mmol/L), mean (SD) 7.16 (4.04) 6.76 (3.48) 8.56 (5.37) <0.001
Scr (umol/L), median (IQR) 70.00(39.00) 68.00 (33.00) 80.00 (65.00) <0.001
UA (umol/L), mean (SD) 305.94 (99.03) 305.06 (99.28) 309.05 (98.46) 0.676
TC (mmol/L), mean (SD) 3.79 (0.98) 3.79 (0.97) 3.78 (1.02) 0.977
TG (mmol/L), mean (SD) 1.47 (0.75) 1.48 (0.77) 1.42 (0.64) 0.329
HDL (mmol/L), mean (SD) 0.91 (0.25) 0.91 (0.24) 0.91 (0.28) 0.995
LDL (mmol/L), mean (SD) 2.22 (0.76) 2.21 (0.76) 2.24 (0.78) 0.724
CRP (mg/L), median (IQR) 33.00 (49.38) 29.00 (42.10) 46.07 (59.61) 0.003
(Continued)
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Table 1 (Continued).

Variables Overall Survivor Non-Survivor P
N=619 N = 482 N = 137

Inflammatory Indicators

Sll, median (IQR) 930.32 (1245.00) | 864.01 (1144.85) | 1,228.35 (1591.02) | <0.001
SIRI, median (IQR) 1.69 (2.34) 1.55 (2.13) 2.48 (4.43) <0.001
nMLR, mean (SD) 4.96 (4.28) 4.70 (4.29) 5.85 (4.14) 0.005
MLR, mean (SD) 0.40 (0.25) 0.38 (0.23) 0.48 (0.28) <0.001
dNLR, median (IQR) 0.88 (0.06) 0.88 (0.07) 0.88 (0.05) 0.220
NLR, median (IQR) 3.30 3.11) 3.08 (2.62) 4.15 (4.24) <0.001
PLR, mean (SD) 210.77 (115.23) 206.03 (112.31) 227.43 (123.97) 0.070
AlSI, median (IQR) 508.01 (847.67) | 439.43 (782.48) 709.19 (907.25) <0.001

Notes: Continuous variables conforming to normal distribution are presented as mean (standard deviation, SD), while non-
normally distributed continuous variables are expressed as median (interquartile range, IQR). Categorical variables are denoted
by frequency (percentage, %). For intergroup comparisons, independent samples t-test was employed for normally distributed
continuous variables, and Wilcoxon rank-sum test for non-normally distributed continuous variables. Categorical variables were
analyzed using y’-test or Fisher’s exact test. Bold P values indicate statistically significant intergroup differences (P< 0.05).

Table 2 Associations Between Inflammation Biomarkers and All-Cause Mortality

Variables N (%) Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P

AlSI

Ql 155 (25.0)

Q2 155 (25.0) | 1.419(0.803,2.508) | 0.229 | 1.265(0.713,2.245) | 0.422 | 1.264(0.701,2.280) | 0.436

Q3 158 (25.5) | 2.267(1.331,3.862) | 0.003 | 2.328(1.359,3.990) | 0.002 | 1.917(1.076,3.416) | 0.027

Q4 151 (24.4) | 2.639(1.561,4.461) | <0.001 | 2.541(1.496,4.314) | 0.001 1.905(0.991,3.661) | 0.055

P for trend <0.001 <0.001 0.053

dNLR

Ql 155 (25.0)

Q2 155 (25.0) | 1.834(1.108,3.036) | 0.018 | 1.754(1.056,2.914) | 0.030 | 1.851(1.088,3.150) | 0.023

Q3 154 (24.9) | 1.680(1.005,2.809) | 0.048 | 1.572(0.939,2.631) | 0.085 | 1.516(0.874,2.630) | 0.139

Q4 155 (25.0) | 1.812(1.076,3.053) | 0.025 | 1.933(1.144,3.267) | 0.014 | 1.457(0.797,2.665) | 0.222

P for trend 0.049 0.030 0.395

MLR

Ql 156 (25.2)

Q2 154 (24.9) | 1.864(1.043,3.333) | 0.036 | 1.643(0.916,2.947) | 0.096 | 1.588(0.864,2.918) | 0.136

Q3 154 (24.9) | 2.412(1.383,4.208) | 0.002 | 1.982(1.133,3.468) | 0.017 | 1.788(0.992,3.222) | 0.053

Q4 155 (25.0) | 2.908(1.692,5.000) | <0.001 | 2.616(1.518,4.506) | 0.001 1.719(0.913,3.234) | 0.093

P for trend <0.001 <0.001 0.109

NLR

Ql 156 (25.2)

Q2 155 (25.0) | 1.573(0.893,2.769) | 0.117 | 1.535(0.870,2.708) | 0.139 | 1.481(0.817,2.687) | 0.196

Q3 153 (24.7) | 2.058(1.191,3.555) | 0.010 | 2.088(1.203,3.623) | 0.009 | 1.967(1.095,3.533) | 0.024

Q4 I55 (25.0) | 2.988(1.781,5.013) | <0.001 | 2.912(1.730,4.902) | <0.001 | 2.275(1.217,4.252) | 0.010

P for trend <0.001 <0.001 0.006

nMLR

Ql 155 (25.0)

Q2 155 (25.0) | 1.373(0.779,2.418) | 0.273 | 1.336(0.758,2.356) | 0.316 | 1.289(0.711,2.337) | 0.403

Q3 154 (24.9) | 1.869(1.088,3.211) | 0.024 | 1.894(1.098,3.266) | 0.022 | 1.822(1.022,3.246) | 0.042

Q4 155 (25.0) | 2.949(1.778,4.891) | <0.001 | 2.837(1.707,4.716) | <0.001 | 2.212(1.200,4.077) | 0.011

P for trend <0.001 <0.001 0.005
(Continued)
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Table 2 (Continued).

Variables N (%) Model | Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P
PLR
Ql 155 (25.0)
Q2 155 (25.0) | 1.120(0.666,1.884) | 0.670 | 1.146(0.681,1.930) | 0.608 | 1.030(0.598,1.774) | 0.916
Q3 154 (24.9) | 1.656(1.020,2.688) | 0.041 | 1.886(1.158,3.072) | 0.011 | 1.501(0.892,2.526) | 0.126
Q4 155 (25.0) | 1.639(1.010,2.660) | 0.045 1.543(0.948,2.509 | 0.081 | 0.990(0.548,1.788) | 0.974
P for trend 0.016 0.025 0.711
Sll
Ql 155 (25.0)
Q2 155 (25.0) | 1.509(0.867,2.626) | 0.145 | 1.626(0.930,2.841) | 0.088 | 1.542(0.867,2.743) | 0.141
Q3 154 (24.9) | 2.304(1.364,3.890) | 0.002 | 2.423(1.430,4.104) | 0.001 | 1.981(1.123,3.495) | 0.018
Q4 155 (25.0) | 2.339(1.387,3.943) | 0.001 | 2.390(1.413,4.042) | 0.001 | 1.543(0.796,2.991) | 0.200
P for trend <0.001 <0.001 0.127
SIRI
Ql 155 (25.0)
Q2 155 (25.0) | 1.814(1.000,3.289) | 0.050 | 1.658(0.914,3.010) | 0.096 | 1.736(0.936,3.217) | 0.080
Q3 154 (24.9) | 2.528(1.433,4.459) | 0.001 | 2.314(1.310,4.087) | 0.004 | 2.086(1.137,3.825) | 0.018
Q4 155 (25.0) | 3.348(1.930,5.805) | <0.001 | 3.258(1.874,5.664) | <0.001 | 2.486(1.291,4.788) | 0.006
P for trend <0.001 <0.001 0.006
CRP
Ql 155 (25.0)
Q2 157 (25.4) | 1.378(0.815,2.332) | 0.232 | 1.341(0.790,2.274) | 0.277 | 1.066(0.610,1.860) | 0.823
Q3 153 (24.7) | 1.376(0.813,2.328) | 0.235 | 1.444(0.850,2.454) | 0.175 | 1.256(0.722,2.187) | 0.420
Q4 154 (24.9) | 2.139(1.308,3.498) | 0.002 | 1.988(1.210,3.267) | 0.007 | 1.326(0.759,2.317) | 0.322
P for trend 0.003 0.006 0.244

Notes: HR, hazard ratio; Cl, confidence interval; P for trend was tested by modeling inflammatory markers as continuous variables with the
QI group (lowest-level group) as reference. Bold P values denote statistically significant trends (P< 0.05). Model construction: Model I:
Unadjusted. Model 2: Adjusted for age, hypertension, CAD, stroke, DR, and SGLT2i treatment. Model 3: Model 2 with further adjustment for
RBC, HGB, HCT, BUN, and Scr.

to the lowest quartile group (Q1): NLR yielded hazard ratios (HRs) and 95% confidence intervals (CIs) of Q2: 1.481
(0.817-2.687), Q3: 1.967 (1.095-3.533), Q4: 2.275 (1.217-4.252); nMLR yielded HRs (95% CIs) of Q2: 1.289 (0.711-
—2.337), Q3: 1.822 (1.022-3.246), Q4: 2.212 (1.200-4.077); SIRI yielded HRs (95% ClIs) of Q2: 1.736 (0.936-3.217),
Q3: 2.086 (1.137-3.825), Q4: 2.486 (1.291-4.788). These findings indicate that these derived inflammatory indicators
may possess independent predictive value for all-cause mortality in T2DM patients.

As illustrated in Figure 1, K-M analysis was performed for NLR, nMLR, and SIRI using quartile-based groupings,
with all censored data treated as non-informative right-censoring. Results demonstrated that all three inflammation-
related indicators exhibited significant prognostic stratification value in K-M survival analysis (Log rank test P < 0.05 for
each). Patient survival rates showed a dose-dependent decrease with increasing indicator levels. As detailed in
Supplementary Table S2, Hommel-adjusted Log rank tests** revealed that for all indicators, the highest quartile group

(Q4) showed significant survival differences compared to Q1/Q2 groups (P < 0.05). Except for nMLR, the Q3 group also
demonstrated statistically significant differences versus Q1. These findings indicate that elevated NLR, nMLR, and SIRI
values are significantly associated with adverse prognosis, while suggesting that nMLR may have a relatively weaker
stratification capacity.

RCS Curve Analysis

A 3-knot RCS model was employed to analyze the dose-response relationship between the three inflammatory markers
and all-cause mortality risk. As shown in Figure 2, the association patterns between these inflammatory markers and
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Figure | K-M Survival Curves of SIRI, NLR, and nMLR by Quartile Groups in T2DM Patients.

mortality risk demonstrated consistent characteristics: SIRI (P for Overall < 0.001; P for Nonlinear = 0.316), NLR (P for
Overall < 0.001; P for Nonlinear = 0.437), and nMLR (P for Overall = 0.001; P for Nonlinear = 0.348) all exhibited
significant linear dose-response relationships, indicating no need for complex nonlinear modeling. Combined with the
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Figure 2 Restricted Cubic Spline Analysis of Associations Between SIRI, NLR, and nMLR with All-Cause Mortality in T2DM Patients. (A) SIRI; (B) NLR; Subpanel (C) nMLR.
X-axis: Indicator level; Y-axis: Hazard ratio (HR) for all-cause mortality; Shaded area: 95% confidence interval (95% Cl). Overall P<0.05 (SIRI/NLR: <0.001; nMLR: 0.001);
Nonlinear P>0.05 (SIRI: 0.316; NLR: 0.437; nMLR: 0.348), confirming a potential positive linear relationship between each indicator and all-cause mortality.

K-M curve results, these findings suggest that the association between inflammatory marker levels and mortality risk
likely follows a “no safe threshold” gradual pattern.

ROC Curve Analysis

As depicted in Figure 3, univariate ROC curves were constructed for the three indicators. The area under the curve
(AUC) values at 365 days, 1095 days, and 1825 days were as follows: SIRI: 0.656/0.630/0.630; NLR: 0.661/0.624/0.619;
nMLR: 0.657/0.621/0.616. As detailed in Supplementary Table S3, optimal cut-off values determined by maximizing
Youden’s index were 1.82 for SIRI, 4.44 for NLR, and 3.56 for nMLR. Covariates retaining statistical significance in
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Figure 3 Time-Dependent Predictive Performance of SIRI, NLR, and nMLR for All-Cause Mortality in T2DM Patients. (A=C) Univariate ROC at 365/1095/1825 days (AUC:

0.616-0.661); Subpanels (D—F) Multivariate ROC (with base model) at the same time points (AUC: 0.767-0.806). X-axis: |-Specificity (False Positive Rate, FPR); Y-axis:
Sensitivity (True Positive Rate, TPR).
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DN 0.896 0.788 0.799
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Figure 4 Subgroup Analysis of SIRI, NLR, and nMLR in Predicting All-Cause Mortality.

univariate Cox regression were incorporated to establish a base model. Subsequently, each inflammatory marker was
added individually to this base model for multivariate ROC analysis. The combined AUC values with the base model at
365/1095/1825 days were: SIRI: 0.806/0.783/0.768; NLR: 0.806/0.783/0.768; nMLR: 0.805/0.782/0.767. These results
demonstrate a partially time-dependent predictive performance: AUC values for all three markers progressively declined
with prolonged follow-up in both univariate and multivariate models.

Subgroup Analysis

As illustrated in Figure 4, subgroup analysis demonstrated that SIRI, NLR, and nMLR exhibited cross-population
generalizability in predicting all-cause mortality. The HRs remained stable across all clinical subgroups (interaction
P > 0.05 for each). These findings suggest that SIRI, NLR, and nMLR possess potential as universal risk-stratification
tools. Future studies should further validate the modifying effects of therapeutic interventions on the prognostic value of
these inflammatory markers.

Discussion

To our knowledge, this study is the first to explore the time-dependent predictive patterns of CBC-derived inflammatory
indicators for all-cause mortality in Chinese patients with T2DM. We identified SIRI, NLR, and nMLR as potential
independent predictors of all-cause mortality in T2DM, with optimal cut-off values of 1.82, 4.44, and 3.56, respectively.
Time-dependent ROC curves suggested phase-specific predictive utility, while K-M survival curves indicated superior
risk stratification performance for SIRI and NLR compared to nMLR. RCS analysis confirmed a positive linear
relationship between all three markers and mortality risk. Subgroup analysis revealed no significant interaction effects
(P > 0.05) across clinical subgroups, collectively contributing to the theoretical framework for inflammatory risk
stratification in T2DM.

Multiple prior studies demonstrate that intensive glycemic control yields limited reduction in myocardial infarction
risk.®*° This implies constrained predictive capacity of traditional metabolic markers for cardiovascular events, high-
lighting the critical role of inflammatory mechanisms beyond glucose management in prognosis.>® Our findings validate
this hypothesis: after adjusting for HGB, age, cardiovascular comorbidities, and other confounders, NLR, nMLR, and
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SIRI retained independent predictive value. This suggests inflammatory markers may drive mortality risk through
pathways independent of metabolic memory effects (eg, endothelial dysfunction or immunosenescence), positioning
them as complementary tools to traditional metabolic indicators for identifying high-risk patients.?’~®

NLR, one of the earliest systematically validated CBC-derived inflammatory indices, is extensively applied in
prognostic assessment of cardiovascular diseases (eg, heart failure, atherosclerosis).”’ ** In diabetes research, NLR
evidence remains robust but predominantly focuses on single-marker studies.?’**>¢ Aligning with our results, Zhang
et al*’ identified NLR and SIRI as independent predictors of all-cause mortality in T2DM within a US cohort, similarly
reporting non-significant associations for PLR—consistent with our findings in the Chinese population. However, their
study additionally found SII, dNLR, MLR, and AISI to be significant predictors, diverging from our observations. These
discrepancies may stem from population heterogeneity (eg, ethnicity, geographic distribution, lifestyle, socioeconomic
status) or our more comprehensive adjustment for clinical confounders. The predictive value of CRP for T2DM mortality
remains controversial.*** Although CRP exhibits high sensitivity in acute inflammation, its dynamic monitoring utility
in chronic inflammation (eg, T2DM) may be limited—a notion supported by our null findings regarding CRP’s
association with all-cause mortality.

The differential predictive efficacy among CBC-derived inflammatory indicators may be explained by interactions
between their compositional characteristics and pathophysiological dynamics. The prognostic value of NLR likely stems
from the dynamic equilibrium between two cell lineages: neutrophil activation directly damages vascular endothelium
through the release of myeloperoxidase (MPO) and matrix metalloproteinase-9 (MMP-9),** while lymphocytopenia
reflects chronic immunosuppression (eg, reduced CD4+/CD8+ ratio).*' These dual pathways collectively drive cardio-
vascular risk in diabetes.*> Notably, although both SIRI and nMLR integrate myeloid and lymphoid parameters, their
mathematical formulations may confer differential sensitivity to inflammatory phenotypes. The multiplicative term in
SIRI (neutrophils x monocytes / lymphocytes) exhibits high sensitivity to acute synergistic effects, such as transient
bursts of neutrophil extracellular traps (NETs) and monocyte chemotaxis.** Conversely, the additive term in nMLR
(neutrophils + monocytes / lymphocytes) may better capture chronic cumulative damage, exemplified by adipose tissue
macrophage infiltration and sustained neutrophil activation.*'

Specifically, the persistent predictive power of all three markers may arise from their dual representation of
chronic low-grade inflammation and exhaustion of adaptive immunity. On one hand, sustained infiltration of
neutrophils and monocytes exacerbates vascular oxidative stress via NF-xB pathway.'® On the other, lymphocy-
topenia impairs immune surveillance, accelerating atherosclerotic plaque instability and infection-related
mortality.*? Furthermore, the observed attenuation in long-term predictive accuracy for individual markers may
reflect resolution of inflammatory events (eg, NETs clearance) or therapeutic interventions (eg, statin-induced
suppression of monocyte activation).’ Finally, the absence of significant interaction effects across subgroups for all
three inflammatory markers underscores their robust predictive stability, though further validation remains
warranted.

This study systematically evaluates the exploration of low-cost, highly accessible inflammatory markers in relation
to outcomes among hospitalized patients with T2DM in Asian populations. However, several limitations warrant
consideration. First, the single-center cohort’s sample size and follow-up duration constrain the generalizability of
findings. Additionally, this study only included hospitalized T2DM patients, who typically have more severe disease
or comorbidities compared to outpatients. This may introduce selection bias, and the findings may not be general-
izable to patients with mild T2DM. Future multi-center studies with larger samples are needed to validate the stability
of these markers across ethnicities and healthcare systems. Second, the study only recorded baseline measurements,
while therapeutic interventions such as antiplatelet agents and statins may dynamically modulate inflammatory
markers. Moreover, outcome ascertainment through telephone follow-up for some patients may introduce recall
bias. Although adjusted for in Cox models, residual confounding from unmeasured variables cannot be fully
excluded. Lastly, the observational design precludes causal inference, and the biological complexity of these markers
remains incompletely elucidated. Future work should further explore their causal roles in diabetes and its

complications.
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Conclusion

This study provides initial evidence for the prognostic value of CBC-derived inflammatory markers in predicting all-
cause mortality among hospitalized patients with T2DM. After multivariate adjustment, elevated SIRI, NLR, and nMLR
were independently associated with increased all-cause mortality. These markers demonstrated consistent risk-predictive
capacity across diverse clinical subgroups, confirming their broad applicability and stability. As low-cost, readily
accessible biomarkers, SIRI, NLR, and nMLR demonstrate potential for risk stratification in diabetes management.
Future research could be conducted to validate their optimal cut-off values through multi-center cohort studies and to
develop dynamic monitoring protocols integrating these biomarkers, thereby complementing and refining precision
management frameworks for diabetes.

Highlights
e SIRI, NLR, and nMLR independently predict all-cause mortality in T2DM patients.
e These low-cost biomarkers demonstrate stable performance across clinical subgroups.
e They offer potential for risk stratification in resource-limited settings.
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