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Background: Emerging evidence suggests a potential role of immune response
and inflammation in the pathogenesis of diabetic kidney disease (DKD). The
systemic immune-inflammation index (Sll) offers a comprehensive measure of
inflammation; however, its relationship with the prognosis of DKD patients
remains unclear.

Methods: Using data from the National Health and Nutrition Examination Survey
(NHANES) spanning 1999 to 2018, this cross-sectional study involved adults
diagnosed with DKD. Cox proportional hazards models were utilized to assess
the associations between Sll and all-cause or cardio-cerebrovascular disease
mortality. Additionally, restricted cubic spline, piecewise linear regression, and
subgroup analyses were performed.

Results: Over a median follow-up duration of 6.16 years, 1338 all-cause deaths
were recorded. After adjusting for covariates, elevated Sl levels were significantly
associated with increased risks of all-cause and cardio-cerebrovascular disease
mortality. Specifically, per one-unit increment in natural log-transformed SlI
(InSl1), there was a 29% increased risk of all-cause mortality (P < 0.001) and a 23%
increased risk of cardio-cerebrovascular disease mortality (P = 0.01) in the fully
adjusted model. Similar results were observed when Sl was analyzed as a
categorical variable (quartiles). Moreover, nonlinear association was identified
between Sll and all-cause mortality (P<0.001) through restricted cubic spline
analysis, with threshold value of 5.82 for InSll. The robustness of these findings
was confirmed in subgroup analyses. Likewise, the statistically significant
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correlation between SlI levels and cardio-cerebrovascular disease mortality
persisted in individuals with DKD.

Conclusion: Increased Sll levels, whether examined as continuous variables or
categorized, demonstrate a significant association with elevated risks of all-cause
and cardio-cerebrovascular disease mortality among DKD patients. These
findings imply that maintaining Sl within an optimal range could be crucial in
reducing mortality risk.

systemic immune-inflammation index, diabetes mellitus, diabetic kidney disease,
population-based study, NHANES, all-cause mortality, cardio-cerebrovascular

disease mortality

1 Introduction

In recent decades, the surge in diabetes mellitus (DM) cases has
propelled it into a critical global health concern, imposing substantial
economic burdens worldwide (1). Among its complications, diabetic
kidney disease (DKD) looms large, affecting individuals with both type
1 and type 2 DM. Patients with DKD, especially those receiving
dialysis, endure a substantial symptom burden and frequent hospital
admissions stemming from prevalent comorbidities such as
hypertension, coronary artery disease, congestive heart failure, and
cerebrovascular disease (2-6). These comorbidities frequently
contribute to psychological issues, disabilities, and substantial
healthcare costs, markedly impairing patients’” quality of life. Despite
current clinical management strategies, which include renin-
angiotensin system blockade and meticulous control of hypertension,
hyperglycemia, and dyslipidemia, DKD remains a primary contributor
to end-stage renal disease (ESRD) necessitating renal replacement
therapy (1). The ongoing therapeutic hurdles highlight the
pressing necessity for a more profound understanding of DKD’s
pathophysiological intricacies, from its onset to advanced renal
failure, to identify potential risk factors for screening and
intervention. Bridging this knowledge gap is essential for developing
novel and effective strategies to prevent and manage the progression of
DKD in clinical practice.

Recent investigations have implicated various factors, including
metabolic disruptions and hemodynamic irregularities triggered by
hyperglycemia and insulin resistance (IR), in the pathogenesis of
DKD (7-9). Moreover, IR is closely associated with chronic low-
grade inflammation marked by heightened levels of mediators like
interleukin-1, interleukin-6, and tumor necrosis factor-ot (10, 11).
The evolving understanding of DKD portrays it as a disorder driven
by metabolic and immunological interplay. Both systemic and
localized renal inflammation are recognized as pivotal in DKD
progression (12), wherein numerous novel pro-inflammatory
signaling pathways have been implicated, including the NOD-like
receptor family pyrin domain-containing 3 (NLRP3)
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inflammasome activation (13), the nuclear factor kappa B (NF-
KB) signaling pathway (14), toll-like receptor 4 (TLR4) signaling
pathway (15), adenosine 5’-monophosphate-activated protein
kinase signaling pathway (16), and the hypoxia-inducible factor-1
signaling pathway (17).

The diabetic microenvironment, marked by hyperglycemia,
fluctuating glucose levels, and IR, triggers both systemic and
localized inflammatory responses through the TLR4/NF-xB/
NLRP3 pathway. These cascades activate platelets, an atypical
first-line inflammatory biomarker that may attach to leukocytes
and endothelial cells, modifying their pro-inflammatory activities
(18-20). For instance, platelet activating factor (PAF), a pro-
inflammatory mediator significantly increased by activated
platelets, exaggerates leukocyte chemotaxis, complement
activation, reactive oxygen species and eicosanoids production in
DKD (21-23). PAF also stimulates lymphocytes to produce
immunoglobulins and elevates circulating pro-inflammatory
cytokines such as interleukin-1, interleukin-6, and tumor necrosis
factor-at (24). These cytokines not only amplify platelet activation
but also co-stimulate lymphocytes, further exacerbating renal
inflammation (25-27). Platelet-derived platelet factor 4 (PF4), a
potent chemoattractant produced by platelet that promotes
neutrophil adhesion to endothelial cells and lymphocyte
chemotaxis (21, 28), has been found to be markedly elevated in
DKD patients with macroalbuminuria (23). Neutrophils, which
comprise the majority of white blood cells and are critical in
initiating and regulating inflammatory processes, release
neutrophil elastase-a key player in chronic inflammation and
potential contributor to renal damage in DKD (29). Lymphocytes
are inflammatory mediators that do have regulatory or protective
functions for preventing the progression of chronic kidney disease
(30). More importantly, DKD patients exhibit significantly higher
neutrophils and platelet counts alongside notably lower lymphocyte
counts compared to healthy populations (29-33), indicating
heightened inflammation and an imbalance in immune
regulation. Taken together, the diabetic milieu orchestrates a
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broad variety of inflammatory responses, including secretion of
pro-inflammatory cytokines, platelet-lymphocyte interaction, and
platelet-neutrophil interaction, all of which synergistically
contribute to the deterioration of renal function. These findings
collectively underscore the critical role of inflammation and
immune cells interaction in driving DKD progression.

The systemic immune-inflammation index (SII), an innovative
inflammatory marker derived from platelet count x neutrophil
count/lymphocyte count, has emerged as a comprehensive
measure of inflammation. Initially utilized to assess prognosis in
hepatocellular carcinoma patients (34), SII has shown prognostic
utility in various cancers and is recognized for its precision in
gauging inflammatory status. Recent studies have further linked
higher SII with increased incidence of metabolic syndrome (35),
cardiovascular disease (36), nonalcoholic fatty liver disease (37),
DM (38), urinary albumin excretion (39), diabetic retinopathy (40),
and other DM-related complications (41, 42). Moreover,
prospective cohort studies have associated SII with elevated risks
of cardiovascular, cardio-cerebrovascular, and all-cause mortality in
DM individuals (43) and the general population (44). However, the
relationship between SII and mortality outcomes in individuals with
DKD remains unexplored. Examining the relationship between SII
and long-term mortality risk in individuals with DKD is crucial as it
provides a deeper understanding of the impact of inflammation and
immune status on the health outcomes of DKD patients.
Furthermore, such research provides valuable insights for
improving clinical management and intervention approaches for
DKD patients. To bridge this gap, the present study investigates the
association between SII, a novel index reflecting systemic
inflammatory state, and all-cause mortality and cardio-
cerebrovascular disease mortality in individuals with DKD, using
data from the National Health and Nutrition Examination Survey
(NHANES) database.

NHANES 1999-2018

10.3389/fendo.2024.1399832

2 Materials and methods
2.1 Study population

The NHANES database serves as a comprehensive, population-
based cross-sectional survey meticulously designed to capture
insights into the health and nutritional status of the United States
household population (45). Data collection occurs through
structured interviews conducted in participants’ homes,
complemented by physical examinations conducted at mobile
centers and laboratory assessments, all structured within a
multistage probability sampling framework. The NHANES
protocol has received ethical approval from the National Center
for Health Statistics ethics review board, with all participants
providing written informed consent. The dataset spans NHANES
surveys conducted from 1999 to 2018, encompassing a total of
101316 participants. Through rigorous inclusion criteria, we
excluded 42112 individuals under the age of 18, 7634 participants
with missing data on pertinent variables and survival status, 43727
individuals who were pregnant or without DM, and 4648 ineligible
participants. Consequently, our study enrolled 3195 eligible
participants for analysis. Figure 1 provides a visual representation
of the detailed participant selection process.

2.2 Definition of systemic immune-
inflammation index

Lymphocyte, neutrophil, and platelet counts were determined
using automated hematology analysis devices. The SII was derived
by multiplying the platelet count by the neutrophil count and then
dividing by the lymphocyte count, following established
methodologies outlined in prior studies (43).
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FIGURE 1

A flow chart of sample selection of eligible participants from the NHANES 1999-2018.
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2.3 Definition of diabetes mellitus and
diabetic kidney disease

DM was defined as meeting any of the following criteria: (1) a
documented diagnosis by healthcare professionals; (2) fasting
plasma glucose levels > 7.0 mmol/L; (3) glycosylated hemoglobin
levels > 6.5%; or (4) currently taking medications for diabetes
management (46, 47). The urine albumin-to-creatinine ratio
(UACR) was utilized to determine UACR values. Estimated
glomerular filtration rate (eGFR) scores were calculated using the
Chronic Kidney Disease Epidemiology Collaboration algorithm.
The diagnosis of DKD in patients with diabetes was established
based on UACR levels > 30 mg/g and/or eGFR < 60 mL/min/
1.73m? (48).

2.4 Determination of mortality outcomes

Mortality outcomes were identified using death certificate
records obtained from the National Death Index. All-cause
mortality was assessed by examining publicly accessible death
data linked to the NHANES datasets until December 31, 2019.
Cardio-cerebrovascular disease mortality was determined based on
the International Classification of Diseases, 10th Revision (ICD-10)
codes 100-109, 111, 113, 120-151, or 160-169.

2.5 Definition of other variables

This investigation encompassed various covariates potentially
influencing the relationship between SII and DKD. Demographic
parameters comprised age, sex, race, body mass index (BMI),
poverty income ratio, education, smoking status, alcohol, physical
activity, and frailty. Ethnicity categories were delineated as White,
Black, Hispanic, Mexican, and others. BMI (kg/mz) was calculated
by dividing weight by height squared and categorized according to
World Health Organization standards: < 18.5 (underweight), 18.5-
24.9 (healthy weight), 25-29.9 (overweight), and > 30 (obese) (49).
Poverty income ratio is a pre-defined continuous variable in
NHANES and is based on the ratio of the family household
income to the poverty level set by the US Department of Health
and Human Services. Educational level was stratified into less than
high school, high school or equivalent, and college or above.
Smoking habits were classified as never, former, or current.
Alcohol consumption patterns were categorized as never, former,
mild, moderate, or heavy drinking. Physical activity was categorized
as vigorous, moderate or no. Frailty status was constructed based on
the previous standard procedure (50). The frailty index consisted of
49 deficits with a value ranging from 0 (no frailty) to 1 (frailty)
according to the severity of the deficit, and a cut-oft point of 0.21 on
the frailty index value divided participants into two groups of frailty
or not. Health risk factors included hypertension, hyperlipidemia,
cardiovascular disease (CVD), and SII status. DM-related
treatments encompassed the usage of anti-inflammatory and anti-
diabetic medications. Previous disease history, including
hypertension, hyperlipidemia, and CVD, was obtained from
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health-related questionnaires or test results. Hypertension was
defined as meeting at least one of the following criteria: (1)
systolic blood pressure > 140 mmHg and/or diastolic blood
pressure > 90 mmHg after repeated examination or a prior
diagnosis by a physician (51); (2) self-reported history of
hypertension; (3) current use of antihypertensive medications.
Hyperlipidemia was defined by total cholesterol > 240 mg/dL,
triglycerides > 200 mg/dL, LDL-cholesterol > 160 mg/dL, HDL-
cholesterol < 40 mg/dL, or a physician’s diagnosis. Due to the
variability in participants’ medication regimens, anti-inflammatory
or anti-diabetic therapy was dichotomized into “no” (participants
not taking anti-inflammatory or anti-diabetic drugs) and “yes”
(participants receiving anti-inflammatory or ani-diabetic drugs).
Detailed measurement techniques for these variables are accessible
at www.cdc.gov/nchs/nhanes/.

2.6 Statistical analyses

Normally distributed continuous variables were reported as
weighted means + standard error, while non-normally distributed
continuous variables were reported as median [Interquartile range
(IQR)]. Categorical variables were expressed as frequency and
percentage. We utilized weighted Student’s t-test for normally
distributed continuous variables, Mann-Whitney U test for non-
normally distributed continuous variables, and chi-square test for
categorical variables to compare baseline characteristics between
survivors and deceased DKD subjects.

Associations between SIT and the risk of all-cause mortality or
cardio-cerebrovascular disease mortality were assessed using
multivariate Cox proportional hazard models to estimate hazard
ratios (HRs) and 95% confidence intervals (CIs). We examined the
proportional hazard assumption using Schoenfeld residual methods.
Given the right-skewed distribution of SII, the variable was assessed
in its continuous form after applying a natural log-transformation
(InSII), and the InSII variable was grouped into four quartiles, which
were included in models as both continuous and categorical variables.
The first quartile of InSII (Q1) served as the reference group, with
median values assigned to each category to evaluate linear trends.
Baseline variables clinically relevant to prognosis were adjusted in the
multivariable Cox proportional hazard model. Model 1 adjusted for
sex, age, and race, while model 2 further adjusted for BMI, poverty
income ratio, education level, smoking status, alcohol consumption,
physical activity, frailty status, hypertension, hyperlipidemia,
cardiovascular disease, usage of anti-inflammatory drugs and anti-
diabetic drugs. To explore dose-response associations between InSII
and mortality, restricted cubic spline (RCS) with 4 knots (5th, 35th,
65th, 95th) was employed. If nonlinear associations are detected, the
“segmented” package was applied to identify inflection points and
perform segmented Cox proportional hazard regression.

Stratified analyses were conducted by age (< 60 years and > 60
years), sex (male and female), BMI (= 25 and < 25), hypertension
(yes and no), hyperlipidemia (yes and no), usage of anti-
inflammatory drugs (yes and no), usage of anti-diabetic drugs
(yes and no), and frailty status (yes and no). Potential
interactions were tested by likelihood ratio tests. Statistical
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analysis was performed with R software, Version 4.2.1. Two-sided 3.2 Associations between Sll and morta[ity
P <0.05 was considered statistically significant.

As depicted in Table 2, the natural logarithm of the SII exhibited
a significant association with an elevated risk of all-cause mortality

3 Results in the crude model (HR = 1.31, 95% CI = 1.19-1.45). Following

multivariable adjustment, this association remained robust and
3.1 Baseline characteristics of statistically significant in both Model 1 (HR = 1.36, 95% CI =
study participants 1.23-1.50) and Model 2 (HR = 1.29, 95% CI = 1.17-1.42). Moreover,

we transformed InSII from a continuous variable to a categorical

A total of 3195 participants diagnosed with DKD were included ~ variable and constructed several models to assess the independent

in the study, with a median age of 67.00 years and a gender effects of SII on mortality. Compared to individuals in the first
distribution of 1720 (53.8%) male patients and 1475 (46.2%)  quartile of InSIT (Q1), those in the fourth quartile (Q4) exhibited
female patients. Among these participants, 1857 (58.1%) were  notably higher multivariate-adjusted HRs, as evidenced by Model 1
classified as survivors during a median follow-up period of 6.16  (HR = 1.66, 95% CI = 1.43-1.94, P for trend < 0.001) and Model 2
years. Table 1 presents the demographic and clinical characteristics ~ (HR = 1.58, 95% CI = 1.35-1.84, P for trend < 0.001). Similarly, this
of the participants stratified by all-cause mortality. Significant  statistically significant association with InSII in DKD individuals
differences were observed between survivors and deceased  persisted for cardio-cerebrovascular disease mortality (Table 2).
subjects in terms of age, sex, race, BMI, poverty income ratio,  Each one-standard deviation increase in InSII was associated with a
education level, smoking status, alcohol consumption, physical  17% elevated risk of cardio-cerebrovascular disease mortality in the
activity, frailty status, hypertension, hyperlipidemia, crude model (HR = 1.24, 95% CI = 1.05-1.46). After adjusting for
cardiovascular disease, and SII (all P < 0.05). However, there were ~ multiple variables, this correlation remained strong and statistically
no significant differences in the use of anti-inflammatory drugs and  significant in both Model 1 (HR = 1.29, 95% CI = 1.10-1.53) and
anti-diabetic drugs between survivors and deceased DKD subjects. ~ Model 2 (HR = 1.23, 95% CI = 1.04-1.45). In contrast to individuals

TABLE 1 Baseline demographic and clinical characteristics of study populations by presence of DKD.

Survivors during = Deceased during

Variables All participants follow-up follow-up P value
Number of participants 3195 1857 1338
Age (median [IQR]) 67.00 [59.00, 76.50] 63.00 [53.00, 72.00] 74.00 [65.00, 80.00] <0.001
Sex (%) ‘ 0.009
Female 1475 (46.2) 894 (48.1) 581 (43.4)
Male 1720 (53.8) 963 (51.9) 757 (56.6)
Race (%) ‘ <0.001
White 1234 (38.6) 570 (30.7) 664 (49.6)
Black 788 (24.7) 475 (25.6) 313 (23.4)
Hispanic 260 (8.1) 191 (10.3) 69 (5.2)
Mexican 642 (20.1) 412 (22.2) 230 (17.2)
Others 271 (8.5) 209 (11.3) 62 (4.6)
Body mass index (%) <0.001
Obese (> 30) 1837 (57.5) 1153 (62.1) 684 (51.1)
Overweight (> 25 to < 30) 881 (27.6) 482 (26.0) 399 (29.8)
Healthy weight (> 18.5 to < 25) 465 (14.6) 219 (11.8) 246 (18.4)
Underweight (< 18.5) 12 (0.4) 3(0.2) 9(0.7)
Poverty income ratio (%) <0.001
>3.0 709 (22.2) 463 (24.9) 246 (18.4)
1.0-3.0 1749 (54.7) 962 (51.8) 787 (58.8)
<10 737 (23.1) 432 (23.3) 305 (22.8)

(Continued)
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TABLE 1 Continued

Survivors during  Deceased during

Variables All participants follow-up follow-up P value
Education (%) <0.001

College or above 1157 (36.2) 751 (40.4) 406 (30.3)
High school or equivalent 708 (22.2) 421 (22.7) 287 (21.4)
Less than high school 1330 (41.6) 685 (36.9) 645 (48.2)

‘ Smoking status (%) ‘ ‘ <0.001
Current 482 (15.1) 279 (15.0) 203 (15.2)
Former 1199 (37.5) 624 (33.6) 575 (43.0)
Never 1514 (47.4) 954 (51.4) 560 (41.9)

‘ Alcohol (%) ‘ ‘ ‘ <0.001
Heavy 308 (9.6) 223 (12.0) 85 (6.4)
Moderate 215 (6.7) 155 (8.3) 60 (4.5)
Mild 813 (25.4) 512 (27.6) 301 (22.5)
Former 1283 (40.2) 645 (34.7) 638 (47.7)
Never 576 (18.0) 322 (17.3) 254 (19.0)

‘ Physical activity (%) ‘ ‘ ‘ <0.001
No 2190 (68.5) 1200 (64.6) 990 (74.0)
Moderate 766 (24.0) 478 (25.7) 288 (21.5)
Vigorous 239 (7.5) 179 (9.6) 60 (4.5)

‘ Frailty (%) ‘ ‘ ‘ <0.001
Yes 1974 (61.8) 1008 (54.3) 966 (72.2)
No 1221 (38.2) 849 (45.7) 372 (27.8)

‘ Hypertension (%) ‘ ’ ‘ 0.001
Yes 2594 (81.2) 1472 (79.3) 1122 (83.9)
No 600 (18.8) 385 (20.7) 215 (16.1)

‘ Hyperlipidemia (%) ‘ ‘ ‘ 0.62
Yes 2853 (89.3) 1663 (89.6) 1190 (88.9)
No 342 (10.7) 194 (10.4) 148 (11.1)

‘ Cardiovascular disease (%) ‘ ’ ‘ <0.001
Yes 1117 (35.0) 484 (26.1) 633 (47.3)
No 2078 (65.0) 1373 (73.9) 705 (52.7)

‘ Taking anti-inflammatory drugs (%) ‘ ‘ ‘ 0.496
Yes 261 (8.2) 146 (7.9) 115 (8.6)
No 2934 (91.8) 1711 (92.1) 1223 (91.4)

‘ Taking anti-diabetic drugs (%) ‘ ‘ ‘ 0.429
yes 2246 (70.3) 1316 (70.9) 930 (69.5)
no 949 (29.7) 541 (29.1) 408 (30.5)

(Continued)
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TABLE 1 Continued

10.3389/fendo.2024.1399832

Survivors during

Deceased during

Variables All participants follow-up follow-up P value
Systemic immune-inflammation index (%) <0.001
Q1 [17.38, 362.62) 799 (25.0) 506 (27.2) 293 (21.9)
Q2 [362.62, 524.36) 799 (25.0) 492 (26.5) 307 (22.9)
Q3 [524.36, 753.82) 798 (25.0) 463 (24.9) 335 (25.0)
Q4 [753.82, 11700.00) 799 (25.0) 396 (21.3) 403 (30.1)

Data presented as numbers (percentages) unless otherwise indicated. All estimates accounted for complex survey designs, and all percentages were weighted. IQR, interquartile range.

in the first quartile of InSII (Q1), those in the fourth quartile (Q4)
showed significantly higher multivariate-adjusted HRs, as
demonstrated by Model 1 (HR = 1.40, 95% CI = 1.09-1.81, P for
trend = 0.003) and Model 2 (HR = 1.32, 95% CI = 1.02-1.71, P for
trend = 0.021).

3.3 Dose-response relationship between SlI
and mortality

As illustrated in Figure 2A, after adjustment for multiple
potential confounders, we observed a statistically significant
nonlinear and U-shaped association between the InSII and all-
cause mortality (P for nonlinear < 0.001). By contrast, a linear
association emerged between InSII and cardio-cerebrovascular
0.086, Figure 2B). The

disease mortality (P for nonlinear

Segmented Cox proportional hazard model analysis presented in
Table 3 unveiled that the risk of all-cause mortality initially declined
(HR = 0.58, 95% CI = 0.43-0.78), reaching its inflection at a InSII
value of 5.82, before subsequently escalating with increasing InSIT
levels (HR = 1.69, 95% CI = 1.48-1.93).

3.4 Subgroup analysis

As depicted in Figure 3, subgroup analyses were conducted to
assess whether various demographic and clinical characteristics
could influence the relationship between SII and all-cause
mortality. Our subgroup analysis revealed significant interaction
between SII and BMI (P for interaction < 0.05). For those DKD
patients with higher BMI (= 25), there was a significant association
between SII and all-cause mortality. For DKD patients with lower

TABLE 2 Multivariable Cox proportional hazard model analyses for all-cause mortality and cardio-cerebrovascular disease mortality among

DKD participants.

Number of deaths/

LSl Total participants HR (95% CI)

Crude model

P value

Model 1
HR (95% Cl)

Model 2

Pvalue HR (95% Cl) P value

All-cause mortality
Continuous 1338/3195 1.31 (1.19, 1.45) <0.001 1.36 (1.23, 1.50) <0.001 1.29 (1.17, 1.42) <0.001
Q1 293/799 Ref Ref Ref
Q2 307/799 0.98 (0.84, 1.15) 0.827 1.09 (0.93, 1.28) 0.310 1.11 (0.94, 1.31) 0213
Q3 335/798 1.12 (0.96, 1.31) 0.145 1.10 (0.94, 1.29) 0.231 1.08 (0.92, 1.27) 0.331
Q4 403/799 1.49 (1.28, 1.73) <0.001 1.66 (1.43, 1.94) <0.001 1.58 (1.35, 1.84) <0.001
P for trend <0.001 <0.001 <0.001
Cardio-cerebrovascular mortality
Continuous 485/3195 1.24 (1.05, 1.46) 0.01 1.29 (1.10,1.53) 0.002 1.23 (1.04, 1.45) 0.014
Q1 117/799 Ref Ref Ref
Q2 111/799 0.89 (0.69, 1.16) 0.384 0.99 (0.76, 1.29) 0.937 1.02 (0.78, 1.33) 0.887
Q3 122/798 1.03 (0.80, 1.32) 0.839 1.00 (0.78, 1.30) 0.971 0.98 (0.75, 1.27) 0.856
Q4 135/799 1.25 (0.98, 1.60) 0.076 1.40 (1.09, 1.81) 0.009 1.32 (1.02, 1.71) 0.032
P for trend 0.02 0.003 0.021

SII was assessed in its continuous form after applying a natural log-transformation (InSII). Crude Model: unadjusted. Model 1: adjust for age, sex, race. Model 2: adjust for age, sex, race, body
mass index, poverty income ratio, education level, smoking status, alcohol consumption, physical activity, frailty status, hypertension, hyperlipidemia, cardiovascular disease, usage of anti-
inflammatory drugs and anti-diabetic drugs. SII, systemic immune inflammation index; HR, hazard ratio; 95% CI, 95% confidence interval.
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4 P for non-linear = 0.086

HR of cardio-cerebrovascular
mortality (95%Cl)

Restricted cubic spline regression of the relationship between InSll and all-cause mortality (A) or cardio-cerebrovascular disease mortality (B). SIl was
assessed in its continuous form after applying a natural log-transformation (InSll). SII, systemic immune-inflammation index; HR, hazard ratio; 95%

Cl, 95% confidence interval.

BMI (< 25), the association between SII and risk of death was not
significant. Furthermore, the stratified analyses revealed no
significant interactions between SII and the stratified components
including age, sex, hypertension, hyperlipidemia, taking anti-
inflammation drug, taking anti-diabetic drug, and frailty (all P for
interaction > 0.05). This finding aligns with previously published
studies in other population types (52, 53), indicating that these
stratified variables did not significantly influence the positive
association between SII and all-cause mortality.

4 Discussion

In this study, we for the first time conducted a novel
investigation into the relationship between the SII and both all-
cause mortality and cardio-cerebrovascular disease mortality in
individuals diagnosed with DKD using data from the NHANES
database. Our analysis unveiled notable findings: a U-shaped
correlation between SII levels and the risk of all-cause mortality
in DKD individuals was observed, and the inflection point of InSII

TABLE 3 Segmented Cox proportional hazard regression analyses for
the effect of Sll on all-cause mortality among DKD participants.

HR (95% CI) P value

InSIl below 5.82

Crude model 0.51 (0.39, 0.66) < 0.001

Model 1 0.59 (0.45, 0.77) < 0.001

Model 2 0.58 (0.43, 0.78) < 0.001
InSIl above 5.82

Crude model 1.78 (1.56, 2.04) < 0.001

Model 1 1.84 (1.61, 2.10) < 0.001

Model 2 1.69 (1.48, 1.93) < 0.001

SII was assessed in its continuous form after applying a natural log-transformation (InSII).
Crude Model: unadjusted. Model 1: adjust for age, sex, race. Model 2: adjust for age, sex, race,
body mass index, poverty income ratio, education level, smoking status, alcohol consumption,
physical activity, frailty status, hypertension, hyperlipidemia, cardiovascular disease, usage of
anti-inflammatory drugs and anti-diabetic drugs. SII, systemic immune inflammation index;
HR, hazard ratio; 95% CI, 95% confidence interval.
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with the lowest HR was 5.82, indicating that both excessively low
and high concentrations were associated with an increased risk.
This relationship remained consistent across various stratified
analyses. Additionally, we found a linear correlation between SII
levels and the risk of cardio-cerebrovascular disease mortality.
Taken together, these findings suggest that SII could serve as a
predictive marker for mortality risk in DKD patients and may
represent a potential target for interventions aimed at improving
health outcomes.

Emerging evidence suggests that chronic immune cell
overactivation and subsequent low-grade inflammation may underlie
the pathogenesis of DKD and its dire prognosis (15, 54-56).
A comprehensive analysis of multiple genome-wide association
studies revealed that a significant portion of single nucleotide
polymorphisms associated with DKD are directly or indirectly linked
to inflammation and immunity (57, 58). Numerous clinical and
epidemiological investigations have consistently shown elevated levels
of plasma inflammatory markers (59), such as C-reactive protein (60),
high-sensitivity C-reactive protein (61), and interleukin-6 (62) in DKD
patients. Although large-scale clinical trials specifically targeting
therapies for DKD are lacking, the Finerenone in Reducing Kidney
Failure and Disease Progression in Diabetic Kidney Disease (FIDELIO-
DKD) trial has indicated that DKD patients derive greater benefit from
anti-inflammatory treatment with Finerenone, a first novel, highly
potent, selective mineralocorticoid receptor antagonist (63). This
previous evidence suggests a potential synergistic relationship
between inflammation levels and progression of DKD.

The SII is derived from the counts of three circulating immune
cell types: neutrophils, lymphocytes, and platelets. It provides a
comprehensive assessment of immune and inflammatory status,
offering more clinical insights than single or dual peripheral blood
parameters. Elevated SII levels often coincide with thrombocytosis,
neutrophilia, or lymphopenia, reflecting heightened inflammatory
responses and serving as a valuable diagnostic biomarker for
systemic inflammatory activity (44). Particularly, numerous
studies have underscored SII’s predictive capacity, linking higher
SIT levels to increased risks of various renal disease subtypes,
including contrast-induced nephropathy (64), renal cell
carcinoma (65), and peritoneal dialysis-treated chronic kidney
disease patients (66). Moreover, several previous studies have
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Subgroup HR (95% Cl) P for interaction
Age 0.754

< 60 years —= 1.18 (0.86, 1.62)
> 60 years —a— 1.28 (1.15, 1.42)
Sex 0.052
Male —— 1.39 (1.23, 1.58)
Female —a— 1.16 (0.99, 1.35)
Body mass index 0.006*
225 —— 1.39 (1.24, 1.56)
<25 — & 0.94 (0.76, 1.16)
Hypertension 0.066
Yes —a— 1.35 (1.21, 1.51)
No —— 1.01(0.80, 1.28)
Hyperlipidemia 0.112
Yes —— 1.26 (1.13, 1.40)
No 1.65(1.21, 2.26)
Taking anti-inflammation drug 0.687
Yes 1 1.48 (1.06, 2.08)
No —— 1.28 (1.16, 1.43)
Taking anti-diabetic drugs 0.936
Yes —— 1.28 (1.14, 1.45)
No —a— 1,31 (1.10, 1.56)
Frailty 0.676
Yes —— 1.28 (1.15, 1.44)
No ‘ ‘—F : . ‘ 1.27 (1.02, 1.59)
0.5 1.0 1.5 2.0 25
FIGURE 3

Forest plot for subgroup analysis of associations between [nSIl and all-cause mortality. Hazard ratios (HR) were calculated using multivariate Cox
proportional hazards models adjusted for variables in model 2 except for the variable used for stratification. SIl was assessed in its continuous form
after applying a natural log-transformation (InSll). SlI, systemic immune-inflammation index; 95% Cl, 95% confidence interval.

shown the close relationship between SII and the incidence and
severity of DKD, suggesting SII as a widely available, non-invasive,
cost-effective, and straightforward approach to detecting and
monitoring DKD (54, 55, 67). Accordingly, the therapeutic
potential of anti-inflammation-based regimen is promising,
emphasizing the importance of addressing systemic inflammation
for better mortality risk prevention and prediction of DKD.
Nevertheless, the relation between SII and clinical outcomes in
DKD individuals remains largely undetermined.

In our current study, we for the first time identified a positive
association between SII and increased risk of all-cause mortality,
coupled with a linear association between SII and increased risk of
cardio-cerebrovascular disease mortality, which underscores the
value of SII in identifying high-risk individuals in DKD
populations, thereby enabling early intervention. It is noteworthy
that we observed a U-shaped relation between SII and all-cause
mortality. Specifically, below the threshold value of 5.82 for InSII,
higher SII was significantly associated with lower all-cause mortality,
while above the thresholds, SII was positively associated with all-
cause mortality. Consistent with our present results, a previous study
by Chen et al. revealed a U-shaped correlation between SII and all-
cause mortality in populations with DM (43). Besides, Yan et al.
observed that higher SII was closely associated with an increased risk
of the presence and severity of DKD in Chinese population (67).
These pieces of evidence, in conjunction with our findings, support
the notion that SII holds promise as a potential biomarker for DKD.
Importantly, both low and high SII levels might elevate mortality risk
in individuals with DKD or DM, which aligns with the understanding
that low platelet levels are typically associated with a heightened risk
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of bleeding that could contribute to higher all-cause mortality. While
our study contributes to understanding the relationship between SII
and mortality, the precise mechanisms underlying this association
remain enigmatic and warrant further investigation.

Our study revealed an intriguing interaction between the SII and
BMI in our subgroup analysis, highlighting the intricate relationship
between inflammation and obesity in the development of DKD (35).
This finding supports previous research indicating a complex interplay
between SII and BMI, with BMI serving as a critical mediator in the
association between SII and the risk of DM (68). Additionally,
Kong et al’s study identified SII as an independent risk factor for
both all-cause and CVD-specific mortality in obese populations (53).
Furthermore, numerous preclinical studies have underscored the
pivotal role of dysregulated inflammatory responses in obesity-
related pathogenesis (69). Intriguingly, the paradoxical association
was observed when we seek to investigate the independent impact of
BMI on the prognosis among the DKD cohorts. As illustrated in
Supplementary Figure 1A, the association between BMI and all-cause
mortality in DKD cohorts exhibits a U-shaped pattern. Specifically,
the relationship between BMI levels on a continuous scale and the risk
of all-cause mortality in the DKD cohort is U-shaped (P for
nonlinearity = 0.003); both low and high BMI levels were linked to
an increased risk of all-cause mortality (Supplementary Figure 1A). The
BMI level associated with the lowest risk of incident all-cause mortality
was 35.04 in the fully adjusted analyses. In contrast, as shown in
Supplementary Figure 1B, BMI appears to have no correlation with
cardio-cerebrovascular mortality. The obesity paradox observed in our
study among DKD subjects aligns with numerous previous studies that
demonstrate a significant association between BMI and all-cause
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mortality risk in diabetes cohorts (70, 71), chronic kidney disease
cohorts (72-74), and the general population (75). However, elucidating
the precise mechanisms underlying this interplay between
inflammation and obesity in exacerbating DKD pathogenesis
warrants further investigation.

Our study presents several strengths. Firstly, we analyzed a
substantial sample size of 3195 individuals, ensuring robust
representation of the population. Secondly, meticulous attention
was paid to controlling for confounding variables, enhancing the
reliability of our findings. Thirdly, our investigation is pioneering in
its exploration of both linear and nonlinear relationships between the
SII and mortality in DKD populations, evolving methodologically
over time. Lastly, SII serves as an easily accessible, cost-effective
measure with potential therapeutic implications or as an early
warning indicator.

However, several limitations warrant consideration. Firstly, the
observational nature of our study precludes establishing causal
relationships. Secondly, despite efforts to adjust for various
confounding factors, the influence of unmeasured variables such
as diabetes duration, dietary habits, and treatment modalities
remains a concern. Thirdly, while SIT offers ease of measurement,
factors affecting neutrophil, lymphocyte, and platelet counts could
introduce selection bias. Lastly, our reliance on data from a single
blood test may not fully capture temporal fluctuations in SII levels
due to the short lifespan of blood cells. Continuous monitoring
could provide more robust evidence than a one-time assessment.

5 Conclusions

In conclusion, our study revealed a U-shaped relationship
between the SII and all-cause mortality, with threshold values of
5.82 for InSII. Additionally, higher concentrations of SII exhibited a
linear association with increased risk of cardio-cerebrovascular
disease mortality. These findings underscore the independent
prognostic significance of SII for patients with DKD. However,
further extensive prospective investigations are warranted to
validate and consolidate our findings.
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