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Objective: Systemic immune-inflammation index (Sll), a novel inflammatory
marker, has been reported to be associated with diabetic kidney disease
(DKD) in the U.S., however, such a close relationship with DKD in other
countries, including China, has not been never determined. We aimed to
explore the association between Sl and DKD in Chinese population.

Methods: A total of 1922 hospitalized patients with type 2 diabetes mellitus
(T2DM) included in this cross-sectional study were divided into three groups
based on estimated glomerular filtration rate (eGFR) and urinary albumin-to-
creatinine ratio (ACR): non-DKD group, DKD stages 1-2 Alb group, and DKD-
non-Alb+DKD stage 3 Alb group. The possible association of SII with DKD
was investigated by correlation and multivariate logistic regression analysis,
and receiver-operating characteristic (ROC) curves analysis.

Results: Moving from the non-DKD group to the DKD-non-Alb+DKD stage 3
Alb group, Sl level was gradually increased (P for trend <0.01). Partial
correlation analysis revealed that Sl was positively associated with urinary
ACR and prevalence of DKD, and negatively with eGFR (all P<0.01).
Multivariate logistic regression analysis showed that SlII remained
independently significantly associated with the presence of DKD after
adjustment for all confounding factors [(odds ratio (OR), 2.735; 95%
confidence interval (Cl), 1.840-4.063; P < 0.01)]. Moreover, compared with
subjects in the lowest quartile of SII (Q1), the fully adjusted OR for presence of
DKD was 1.060 (95% CI 0.773-1.455) in Q2, 1.167 (95% Cl 0.995-1.368) in Q3,
1.266 (95% Cl 1.129-1.420) in the highest quartile (Q4) (P for trend <0.01).
Similar results were observed in presence of DKD stages 1-2 Alb or presence
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of DKD-non- Alb+DKD stage 3 Alb among SlI quartiles. Last, the analysis of
ROC curves revealed that the best cutoff values for Sl to predict DKD, Alb
DKD stages 1- 2, and DKD-non-Alb+ DKD stage 3 Alb were 609.85
(sensitivity: 48.3%; specificity: 72.8%), 601.71 (sensitivity: 43.9%; specificity:
72.3%), and 589.27 (sensitivity: 61.1%; specificity: 71.1%), respectively.

Conclusion: Higher SlI is independently associated with an increased risk of
the presence and severity of DKD, and SIl might be a promising biomarker for
DKD and its distinct phenotypes in Chinese population.

KEYWORDS

systemic immune-inflammation index, diabetic kidney disease, distinct phenotypes,
Chinese population, biomarker

Introduction

Diabetic kidney disease (DKD) is one of the most common and
severe chronic diabetic microvascular complications that is
clinically characterized by a gradual decline in renal function,
with or without proteinuria (1), affecting approximately 20%-40%
of people with type 2 diabetes mellitus (T2DM) (2, 3). Currently,
DKD has become the leading cause of chronic kidney disease
(CKD) and end-stage renal disease (ESRD) requiring dialysis or
transplantation (2, 4), and also is a major risk factor for
cardiovascular events and mortality (1, 2), resulting in a
significant burden on the public health and economic systems of
countries throughout the world. However, DKD is asymptomatic in
early stages and its treatment option is limited (3), and thus a
complete cure for DKD is an unmet medical need that urgently
requires the discovery of novel reliable biomarkers that can guide
the early identification and further treatment of DKD.

The systemic immune- inflammation index (SII), a novel
inflammatory biomarker integrating three different cells,
including neutrophil, lymphocyte, and platelet, was originally
used to estimate the prognosis of patients with hepatocellular
carcinoma by Hu et al. in 2014 (4, 5), and then has been
developed to predict the prognosis in other malignant tumors
types, such as colorectal cancer, cervical cancer, lung cancer,
esophageal cancer, oropharyngeal cancers, epithelial ovarian
cancer, papillary thyroid carcinoma, and melanoma (4, 6, 7).
Now, SII is thought to better and more objectively reflect the
state of inflammation and immune balance in the body compared
with white blood cells and its subtypes (neutrophil and lymphocyte)
as well as the neutrophil-to- lymphocyte ratio and platelet-to-
lymphocyte (5, 8, 9), and predict the prognosis of certain
autoimmune disorders, such as autoimmune encephalitis,
systemic lupus erythematosus, and adult-onset Still’s disease, and
inflammatory diseases, such as acute pancreatitis, ulcerative colitis,
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and chronic obstructive pulmonary disease (4, 10-15).
Recently, growing evidence suggests that SII may be associated
with metabolic disorder and its components, such as central obesity,
nonalcoholic fatty liver disease, metabolic syndrome, dyslipidemia,
and hypertension (15-19), all of which have been reported to be
involved in the development and progression of DKD (20).
Furthermore, it has been demonstrated that elevated SII levels are
associated with subclinical atherosclerosis, and can efficiently
predict the development, prognosis and clinical outcomes of
various atherosclerotic macrovascular diseases, such as acute
coronary syndrome, myocardial infarction, coronary artery
disease (CAD), heart failure (HF), stroke, peripheral arterial
disease (PAD), and diabetic foot infections (4, 8-10, 13, 15, 16,
18, 21-27), all of which were closely related to DKD (28, 29). Given
that chronic inflammation and metabolic disorder are involved in
the pathogenesis of DKD, and that atherosclerotic macro- and
microvascular diseases share multiple common pathogenetic
pathways and risk factors, it is reasonable to hypothesize that
T2DM individuals with high SIT would have a high risk for DKD.
Indeed, only a cross-sectional study from the National Health and
Nutrition Examination Survey (NHANES) between 2011 and 2018
in the U.S. showed that higher SII level was associated with DKD
among 3937 T2DM patients (4). However, it could not be
determined whether there is a graded association between SII
quartiles and risk of DKD and its distinct phenotypes, and
whether SII could predict the presence of distinct phenotypes of
DKD. Moreover, no study thus far has evaluated the associations
between SIT and DKD in China, where early onset of type 2 diabetes
was reported and patients with T2DM have a higher prevalence of
DKD, albuminuria, and a faster deterioration of renal function than
their Caucasian counterparts in the U.S.

Therefore, to fill this gap in knowledge, we conducted a cross-
sectional study to explore the association between SIT and DKD and
distinct phenotypes of DKD in Chinese adults with T2DM.
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Methods
Study population

A total of 3514 adult inpatients with T2DM who had visited the
hospital’s department of endocrinology between August 2012 and
September 2015 were initially selected. T2DM was defined as fasting
blood glucose (FBG) >7.0 mmol/L, 2-h plasma glucose level on their
oral glucose tolerance test (OGTT) >11.1 mmol/L, self-reported
diagnosis of diabetes by a physician, or use of antidiabetic
medications (30). All participants underwent the face-to-face
questionnaire interview, systematic physical examinations, blood
and urine sample collection, and diabetic complications
examinations. The exclusion criteria were as follows: (1) type 1
diabetes mellitus, gestational diabetes, and other specific types of
diabetes, acute diabetic complications; (2) non-diabetic kidney
disease (such as membranous and IgA nephropathy, systemic
lupus erythematosus, ANCA-associated vasculitis), recent history
ofdialysis for acute kidney failure or a kidney transplant; (3) liver
and gallbladder diseases; (4) inflammatory diseases, infectious
disease, presence of stressful conditions (recent surgery, trauma);
(5) symptomatic chronic heart failure, acute cardiovascular events
(such as hospitalization for heart failure, myocardial infarction,
andstroke within three months), severe respiratory failure; (6)
autoimmune disease, immunosuppressant, use of systemic
glucocorticoid; (7) thromboembolic disease, hematological system
diseases; (8) malignant tumours; (9) pregnancy or lactation; and
(10) missing baseline data and without available information.
Subsequently, 1922 participants (975 men and 947 women) were
included in the analysis.

This study was in accordance with the principles of the
Declaration of Helsinki, and was approved by the Ethics
Committee of the Affiliated Hospital of Southwest Medical
University. All patients completed the signing of informed
consent form before being enrolled.

General clinical and
biochemical measurements

A face-to-face interview was carried out by well-trained
interviewers to collect information on demographic data (sex,
age), lifestyle factors (smoking status, alcohol consumption, etc.),
personal medical history [coronary heart disease (CHD), stroke,
and symptomatic PAD], medication history, and family history
(diabetes, hypertension, etc.) with a standard questionnaire. Body
weight and height were measured following standardized
procedures, and body mass index (BMI) was calculated as weight
divided by height squared (30, 31). The patients’ systolic and
diastolic blood pressure (SBP, DBP) were measured three times
using a mercury sphygmomanometer while the subject in a sitting
position for at least 5 min, and the mean value was recorded (21,
31). Mean arterial pressure (MAP) and pulse pressure (PP) were
calculated: PP = SBP — DBP and MAP = DBP + (1/3) PP (32).
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Biochemical indicators, including FBG, 2h postprandial blood
glucose (PBG), total cholesterol (TC), triglyceride (TG), high
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), apolipoprotein A (apoA), apolipoprotein
B (apoB), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), serum creatinine
(Cr), glycated hemoglobin A1C (HbAlc), neutrophil count,
lymphocyte count, hemoglobin (Hb) and platelet (PLT) count,
were assayed through venous blood samples obtained in the
morning after an overnight fast (= 8h). ApoB/A is the ratio
between the concentrations of apoB and apoA. The SII was
calculated as platelet x neutrophil/lymphocyte counts (4, 5, 9, 17,
21). The glycemic exposure (GE) index was calculated using the
following equation: GE index = (HbAlc) 12¢ (duration of DM in
years) 1/8 (33). Metabolic score for insulin resistance (METS-IR)
was calculated as (In [(2 x FBG) + TG)] x BMI)/(In [HDL-C])
(FBG, TG, and HDL-C levels expressed as mg/dL and BMI as kg/m*
in the equation) (34).

Assessment and diagnostic criteria of DKD

The estimated glomerular filtration rate (¢GFR; mL/min/1.73 m?)
was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation that includes age, sex, and race
(4, 17, 31). Urinary albumin-to-creatinine ratio (ACR) was measured
by random spot urine for three times with at least two positive results
out of three tests (31). DKD was diagnosed with low eGFR (eGFR <60
mL/min/1.73 m?), albuminuria (urinary ACR 230 mg/g), or both in
T2DM patients (4, 31, 35).

Definitions of clinical variables

Patients were considered to have overweight/obesity when BMI
> 24 kg/m® (36). Hypertension was defined as SBP > 140 mmHg
and/or DBP > 90 mmHg and/or presence of anti-hypertensive drug
treatment (8, 18, 36). Glycaemic control was assessed in terms of the
HbAlclevel and poor glycaemic control was defined as HbAlc >7%
according to the American Diabetes Association (37).
Dyslipidaemia was defined as either incident abnormal lipid
laboratory results (comprised of TC >200 mg/dL, TG >150 mg/
dL, LDL-C >130 mg/dL, or HDL-C <40 mg/dL) or incident lipid-
lowering medications prescriptions (consisting of prescription of
statins, bile acid resins, and fibrates) (18, 38). In accordance to the
AHA/ACC 2018 cholesterol management guidelines,
atherosclerotic cardiovascular disease (ASCVD) consisted of CHD
(myocardial infarction, angina, or coronary revascularization),
stroke (hemorrhagic and ischemic stroke), and symptomatic PAD
(i.e., a history of PAD with claudication, gangrene or ulceration,
peripheral artery revascularization, or major amputation secondary
to PAD) (39, 40). DR was determined by using fundus photography
(Canon Inc., Kanagawa, Japan), which was performed by an
ophthalmologist (31).
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Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) (version 20.0; IBM, Chicago,
IL). Continuous variables were expressed as mean * standard
deviation (SD), and compared by Student’s t test, Mann-Whitney
U, one-way analysis of variance (ANOVA), and Kruskal-Wallis H
tests, while categorical variables were described using number
(percentage), and compared by chi-squared test. The correlations
between SII and other variables with significant differences were
determined using Spearman’s correlation and partial correlation
analysis. The univariate and multivariable logistic regression
analyses were conducted to investigate the association of SII and
other variables with the risk of presence of DKD, reporting the data
as odds ratio (OR) with a 95% confidence interval (CI). All
participants were divided into DKD group and non-DKD (eGFR
>60 mL/min/1.73 m* and UACR < 30 mg/g), and then DKD group
was categorized into three subgroups: DKD-non-Alb (eGFR < 60
mL/min/1.73 m* and urinary ACR < 30 mg/g) subgroup; Alb DKD
stage 3 (DKD stage 3 Alb, eGFR < 60 mL/min/1.73 m* and urinary
ACR 2= 30 mg/g) subgroup; and Alb DKD stages 1- 2 (DKD stages
1-2 Alb, eGFR =60 mL/min/1.73 m2 and urinary ACR > 30 mg/g)
subgroup (35, 41). DKD-non-Alb subgroup and DKD stage 3 Alb
subgroup were merged into a group called DKD-non-Alb+DKD
stage 3 Alb subgroup due to limited sample sizes of DKD-non-Alb
subgroup (n=56). A multivariate logistic regression model was used
to estimate ORs and 95% ClIs for the association of SII as a
continuous variable with DKD and different stages of DKD.
Then, SII was classified into four quartiles, and the associations
between SII quartiles and DKD and different stages of DKD was
investigated, with the lowest quartile as the reference group. Last,
the receiver operating characteristic (ROC) curves were constructed
to evaluate the sensitivity and specificity of SII in predicting DKD,
DKD stages 1-2 Alb, and DKD-non-Alb+DKD stage 3 Alb, and
area under the curve (AUC) was estimated. A two-sided p-
value<0.05 was deemed to be of statistical significance.

Results
Clinical and laboratory characteristics

A total of 1922 participants were enrolled, of whom 1063
(55.31%), 724 (37.67%), and 339 (17.64%) patients had DKD,
DKD stages 1-2 Alb, and DKD-non-Alb+DKD stage 3 Alb,
respectively. Table 1 and Figure 1 displayed the SII levels and
other clinical and laboratory characteristics of the 3 evaluated
groups. Among three groups, differences with statistical
significance were observed in age, duration of diabetes, family
history of diabetes, SBP, MAP, PP, HDL-C, apoA, apoB/A, FBG,
PBG, HbAlc, GE index, neutrophil and lymphocyte count, SII,
ALT, TBIL, Hb, serum Cr, eGFR, urinary ACR, prevalence of poor
glycaemic, hypertension, dyslipidaemia, DR, and ASCVD (P<0.01
or P<0.05). The subgroup with eGFR <60 mL/min/1.73 m> (DKD-
non-Alb and DKD stage 3 Alb) tended to be older, with a longer
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duration of diabetes, a higher SBP, PP, apoB/A, FBG, PBG,
HbAlc, neutrophil count, SII, serum Cr, urinary ACR,
prevalence of poor glycaemic, hypertension, and ASCVD, and a
lower lymphocyte count, ALT, TBIL, Hb, and eGFR compared
with the DKD stages 1-2 Alb and non-DKD subgroups (P<0.01 or
P<0.05). Of note, SII levels in T2DM patients with DKD (DKD
stages 1-2 Alb, and DKD-non-Alb and DKD stage 3 Alb) were
significantly higher than those in T2DM patients with non-DKD
(P<0.01; Figure 1). The DKD-non-Alb and DKD stage 3 Alb
subgroup was less likely to have a family history of diabetes,
tended to have a higher MAP, GE index, prevalence of
dyslipidaemia and DR, and a lower apoA compared with the
non-DKD subgroup (P<0.01 or P<0.05). Compared with the non-
DKD subgroup, the DKD stages 1-2 Alb subgroup had a lower
HDL-C (P<0.05). Supplementary Table 1 displayed the SII levels
and other clinical characteristics in T2DM patients with Non-
DKD and DKD. Compared with T2DM patients with non-DKD,
those with DKD had significantly longer diabetic duration, higher
age, SBP, MAP, PP, TG, apoB/A, METS-IR, GE index, neutrophil
count, SII, serum Cr, urinary ACR, prevalence of hypertension,
dyslipidaemia, DR, and ASCVD, and lower HDL-C, apoA,
lymphocyte count, ALT, TBIL, Hb, and eGFR (P<0.01 or P<0.05).

The relationships between Sll and DKD-
related risk factors

We used Spearman correlation analysis to test the correlation
between SII and cardiometabolic risk factors. The results showed
that SII was positively associated with age, SBP, PP, apoB/A, FBG,
PBG, HbAlc, GE index, neutrophil count, PLT count, serum Cr,
urinary ACR, prevalence of low eGFR, albuminuria, DKD, poor
glycaemic, and hypertension, and negatively with BMI, drinking,
TC, TG, apoA, METS-IR, lymphocyte count, ALT, AST, TBIL, Hb,
eGFR, and prevalence of overweight/obesity (P<0.01 or P<0.05;
Table 2). Partial correlation analysis controlling for sex, age, BMI,
and duration of diabetes demonstrated that SII was positively
associated with apoB/A, FBG, PBG, HbAlc, GE index, METS-IR,
neutrophil count, PLT count, serum Cr, urinary ACR, prevalence of
low eGFR, albuminuria, DKD, and poor glycaemic, and inversely
correlated with TC, HDL-C, lymphocyte count, TBIL, Hb, and
eGFR (P<0.01 or P<0.05; Table 2).

Univariate and multivariate logistic analysis
of factors associated with DKD

Table 3 showed univariable and multivariable analyses of factors
associated with DKD. On univariable analysis, age, duration of
diabetes, GE index, hypertension, dyslipidaemia, METS-IR, apoB,
apoA, apoB/A, ALT, TBIL, Hb, SII, PP, DR, and ASCVD were
significantly associated with DKD (P<0.01 or P<0.05). SII remained
independently significantly associated with an increased risk of
DKD on multivariable analysis (OR = 2.735, 95% CI 1.840-
4.063; P<0.01).
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TABLE 1 Baseline characteristics of study participants stratified by DKD phenotype.

Non-DKD DKD stages 1-2 Alb on-Alb+DKD stage 3 Alb

Characteristic ) 50 A (n =724) (n =339)

- s (37.67%) (17.64%)
Male, n (%) 457 (53.20) 353 (48.76) 165 (48.67) 0.150
Age (years) 57.84 + 10.93 61.18 + 11.20** 67.06 + 9.56*## 0.000
BMI (kg/m?) 24.26 + 346 2435 + 422 24,65 + 3.63 0.276
Duration of diabetes (years) 6.41 + 5.75 8.77 + 6.34*F 11.08 + 7.25%*## 0.000
FZ:SL:’S:’Z;)? 241 (28.06) 192 (26.52) 67 (19.76)* 0.012
hj;::l;:;;oz (‘;fo) 82 (9.55) 76 (10.50) 32 (9.44) 0.782
Smoking, n (%) 180 (20.95) 164 (22.65) 63 (18.58) 0311
Drinking, n (%) 149 (17.35) 119 (16.44) 49 (14.45) 0.478
SBP (mmHg) 127.73 + 1973 135.87 + 21.81** 143.37 + 24.65"## 0.000
DBP (mmHg) 71.76 + 11.97 73.15 + 1256 72.15 + 14.64 0.069
MAP (mmHg) 90.42 + 12.70 94.06 + 13.42** 95.89 + 16,00 0.000
PP (mmHg) 55.98 + 16.99 62.75 + 19.42%* 71.23 + 20,0744 0.000
TC (mmol/L) 475+ 1.22 477 + 145 482+ 1.63 0.681
TG (mmol/L) 221 +2.40 247 +3.01 2.14 + 148 0.061
HDL-C (mmol/L) 1.18 035 114 £ 0.38* 117 % 048 0.010
LDL-C (mmol/L) 274 + 0.92 2.69 + 1.02 2.81 %126 0276
ApoA (g/L) 1.36 + 0.35 1.26 + 0.32** 1.26 + 0.33** 0.000
ApoB (g/L) 0.88 + 0.25 091 + 035 0.92 + 0.34 0.627
ApoB/A 0.69 + 0.25 0.76 + 0.36** 0.77 + 0.35%*## 0.000
FBG (mmol/L) 10.63 + 4.77 1113 £ 531 10.01 + 6.24## 0.000
PBG (mmol/L) 15.89 + 5.20 1649 + 521 14.90 + 4,53 ## 0.000
HbAlc (%) 932 + 244 9.62 + 257 8.55 + 2.39%*## 0.000
GE index 347 £0.78 3.80 + 0.77%* 372 % 0.75% 0.000
METS-IR 40.72 + 8.64 42,06 + 10.58 4138 + 8.81 0.105
Neutrophil (*10°/L) 418 + 1.89 4.89 + 251 5.63 + 3.16%*## 0.000
Lymphocyte (*10°/L) 171 + 0.67 161 + 0.61% 1.38 + 0.56%*## 0.000
PLT (x10°/L) 194,47 + 6427 208.58 + 87.29 202.96 + 83.58 0.118
SII 563.07 + 18.43 807.95 + 36.19** 1070.36 + 74.42**## 0.000
ALT (U/L) 2537 + 24.25 2381 +27.38% 19.16 + 14.48**## 0.000
AST (U/L) 2238 + 16.68 23.68 + 23.60 2247 + 26,04 0435
TBIL (umol/L) 1321 4577 11.87 + 5.98* 9.80 + 4.62**## 0.000
Hb (g/L) 13482 + 17.12 124,99 + 19,32+ 10841 + 22.18%## 0.000
Serum Cr (imol/L) 60.52 + 15.85 65.26 + 18.52* 194.81 + 146.56*## 0.000
(a. /nfiiiis ) 101.25 + 16.60 94.44 + 20,15 37.10 £ 16.27## 0.000
Urinary ACR (mg/g) 1334 + 7.59 37.93 % 31.00%* 153.64 + 11.30"# 0.000

(Continued)
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TABLE 1 Continued

Non-DKD DKD stages 1-2 Alb DKD-non-Alb+DKD stage 3 Alb
Characteristic (n = =

. o n =724) (n =339)

(n =859) {44.69%) (37.67%) (17.64%)
Overwigg/t/;’b“ity’ 411 (47.85) 348 (48.07) 154 (45.43) 0.321
Poor glycaemic control, n (%) 707 (82.31) 616 (85.08) 234 (69.03)**## 0.000
Hypertension, n (%) 371 (43.19) 451 (62.29)* 283 (83.48)**## 0.000
Dyslipidaemia, n (%) 578 (67.29) 512 (70.72) 257 (75.81)* 0.016
DR, n (%) 69 (8.03) 116 (16.02)** 67 (19.76)** 0.000
ASCVD, n (%) 211 (24.56) 259 (35.77)* 171 (50.44)*## 0.000

Data are mean # SD. SD, standard deviation; DKD, Diabetic kidney disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP,
pulse pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; apoA, apolipoprotein A; apoB, apolipoprotein B;
apoB/A, apolipoprotein B-to-apolipoprotein A ratio; FBG, fasting blood glucose; PBG, 2 hour postprandial blood glucose; HbA1c, glycated hemoglobin Alc; GE index, glycemic exposure index;
METS-IR, metabolic score for insulin resistance; PLT, platelet; SII, systemic immune-infammation index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin;
Hb, hemoglobin; Cr, creatinine; eGFR, estimated glomerular filtration rate; ACR, albumin- to-creatinine ratio; DR, diabetic retinopathy; ASCVD, atherosclerotic cardiovascular disease. vs. non-

DKD: *P< 0.05, **P< 0.01, vs. Alb DKD stages 1- 2: “P< 0.05, “P< 0.01.

Adjusted ORs and 95% Cls for DKD, DKD
stages 1-2 Alb, and DKD-non-Alb+DKD
stage 3 Alb according to Sll quartiles

Multivariate logistic regression analysis showed that the SII,
whether considered as a categorical or continuous variable, remained
significant after adjusting for confounders (Table 4). As a continuous
variable, SIT was associated with a 4.2-fold increased risk of DKD in the
partially adjusted regression model 1, and a 2.8-fold increased risk of
DKD in fully adjusted model 4. As a categorical variable, compared
with subjects in the lowest quartile (Q1), the partially adjusted OR for
DKD was 1.134 (95% CI 0.859-1.496) in the second quartile (Q2),
1.233 (95% CI 1.072-1.417) in the third quartile (Q3), and 1.407 (95%
CI 1.276-1.553) in the highest quartile (Q4), respectively. The increased
risk of DKD from QI to Q4 was statistically significant (P for
trend<0.01). A similar pattern was observed in fully adjusted model
4 (Q2: OR=1.060, 95% CI 0.773-1.455; Q3: OR=1.167, 95% CI 0.995-
1.368; Q4: OR=1.266, 95% CI 1.129-1.420; P for trend <0.01).
Moreover, we further divided DKD group into two subgroups: DKD

stages 1-2 Alb subgroup and DKD-non-Alb+DKD stage 3 Alb
subgroup, and studied the associations between the SII and different
stages of DKD. The result revealed that SII was associated with a 2.3-
fold increased risk of DKD stages 1-2 Alb (P < 0.01), and there was a
graded association with DKD stages 1-2 Alb and increase in SII
quartiles infully adjusted model 4 (P for trend < 0.01). Participants
in the Q4 of SII had a significantly higher risk of DKD stages 1-2 Alb
compared with those in the Q1 (OR = 1.211, 95% CI 1.073-1.366).
Similarly, SIT was associated with a 4.2-fold increased risk of DKD-
non-Alb+DKD stage 3 Alb (P < 0.01), and the increased risk of DKD-
non-Alb+DKD stage 3 Alb from QI to Q4 was also statistically
significant in fully adjusted model 4 (P for trend < 0.01).

Predictive value of Sll in screening for the
presence of DKD in T2DM patients

To further explore the predictive value of SII for DKD and
different stages of DKD, the ROC curve analysis was performed. As
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FIGURE 1

(A) Systemic immune-inflammatory index (SlI) levels in T2DM patients with non-DKD and DKD. (B) SlI levels in T2DMpatients with non-DVD Alb DKD
stages 1-2, and DKD-non-Alb+DKD stage 3 Alb. Data are expressed as means + SD. *P<0.01 vs. non-DKD, *P<0.01 vs. Alb DKD stages 1-2.
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TABLE 2 The relationships between SIl and DKD- related risk factors.

10.3389/fendo.2023.1307692

Variables r P-value Adjusted r djusted P-value
Age 0.100 0.000
Sex 0.041 0.071
Duration of diabetes 0.020 0.381
BMI -0.127 0.000
Family history of -0.020 0.381 0.007 0.772
diabetes
Family history of -0.008 0.726 0.009 0.721
hypertension
Smoking -0.013 0.571 -0.009 0.729
Drinking -0.056 0.014 -0.031 0.229
SBP 0.056 0.015 -0.008 0.746
DBP -0.035 0.124 -0.023 0.365
MAP 0.011 0.619 -0.006 0.816
PP 0.085 0.000 0.017 0.496
TC -0.098 0.000 -0.060 0.019
TG -0.127 0.000 -0.009 0.737
HDL-C 0.002 0.948 -0.109 0.000
LDL-C -0.004 0.846 -0.011 0.653
ApoA -0.157 0.000 -0.253 0.000
ApoB 0.005 0.824 0.018 0.475
ApoB/A 0.116 0.000 0.226 0.000
FBG 0.113 0.000 0.165 0.000
PBG 0.103 0.000 0.105 0.000
HbAlc 0.087 0.000 0.119 0.000
GE index 0.084 0.000 0.097 0.000
METS-IR -0.096 0.000 0.125 0.000
Neutrophil 0.722 0.000 0.705 0.000
Lymphocyte -0.468 0.000 -0.329 0.000
PLT 0.548 0.000 0.447 0.000
ALT -0.204 0.000 -0.023 0.366
AST -0.211 0.000 0.020 0.432
TBIL -0.191 0.000 -0.075 0.003
Hb -0.221 0.000 -0.225 0.000
Serum Cr 0.165 0.000 0.104 0.000
eGFR -0.202 0.000 -0.132 0.000
Urinary ACR 0.226 0.000 0.104 0.000
Low eGFR 0.199 0.000 0.133 0.000
Albuminuria 0.204 0.000 0.157 0.000
DKD 0.220 0.000 0.166 0.000
DR 0.014 0.547 -0.032 0.216
(Continued)
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TABLE 2 Continued

Variables r P-value Adjusted r Adjusted P-value
Overweight/obesity -0.119 0.000 -0.034 0.157
Poor glycaemic control 0.071 0.002 0.091 0.000
Dyslipidaemia -0.020 0.394 0.004 0.872
Hypertension 0.090 0.000 0.022 0.398
ASCVD 0.035 0.121 0.035 0.168

shown in Figure 2, the best cut-off value of SIT was 609.85 for  Discussion

predicting DKD (sensitivity: 48.3%; specificity: 72.8%; and AUC:

0.627; Figure 2A), 601.71 (sensitivity: 43.9%; specificity: 72.3%; and The current study was the first to investigate the associations of
AUC: 0.596; Figure 2B) for predicting DKD stages 1-2 Alb, and  SII, as an indicator of inflammatory marker, with the presence of
589.27 (sensitivity: 61.1%; specificity: 71.1%; and AUC: 0.695; DKD and its distinct phenotypes in Chinese population with
Figure 2C) for predicting DKD-non-Alb+DKD stage 3 Alb. T2DM. We discovered that moving from the non-DKD group to

TABLE 3 Univariate and multivariate logistic analysis of factors associated with DKD.

Univariate analysis Multivariate analysis
Variables
OR (95%Cl) P-value OR (95%Cl) P-value
Female sex 0.179 1.196 (0.999-1.432) 0.051 -0.435 0.648 (0.501-0.837) 0.001
Age 0.043 1.044 (1.035-1.053) 0.000
BMI 0.012 1.012 (0.987-1.037) 0.338
Duration of diabetes 0.081 1.084 (1.067-1.101) 0.000 0.035 1.036 (1.010-1.063) 0.007
Family history of diabetes -0.191 0.826 (0.673-1.013) 0.067
Family history of hypertension 0.069 1.072 (0.792-1.450) 0.654
Smoking 0.024 1.024 (0.822-1.277) 0.831
Drinking -0.112 0.894 (0.703-1.139) 0.365
HbAlc -0.006 0.994 (0.959-1.030) 0.726
GE index 0.501 1.650 (1.463-1.861) 0.000 0.197 1.218 (1.011-1.467) 0.038
Hypertension 1.077 2.935 (2.433-3.540) 0.000 0.590 1.804 (1.386-2.347) 0.000
Dyslipidaemia 0.245 1.277 (1.045-1.561) 0.017
METS-IR 0.013 1.013 (1.003-1.024) 0.013 0.023 1.023 (1.009-1.038) 0.001
apoA -0.912 0.402 (0.298-0.541) 0.000 -1.003 0.367 (0.175-0.770) 0.008
apoB 0.320 1.377 (1.014-1.868) 0.040 1.298 3.661 (1.329-10.086) 0.012
apoB/A 0.908 2.479 (1.772-3.468) 0.000
ALT -0.006 0.994 (0.990-0.999) 0.009
AST 0.002 1.002 (0.998-1.007) 0.353
TBIL -0.065 0.937 (0.920-0.954) 0.000 -0.021 0.979 (0.959-0.999) 0.036
Hb -0.041 0.960 (0.955-0.965) 0.000 -0.036 0.965 (0.957-0.972) 0.000
SII 1.525 4.597 (3.361-6.288) 0.000 1.006 2.735 (1.840-4.063) 0.000
PP 0.027 1.028 (1.023-1.033) 0.000
DR 0.867 2.381 (1.776-3.192) 0.000 0.573 1.773 (1.247-2.523) 0.001
ASCVD 0.735 2.086 (1.712-2.543) 0.000 0.312 1.366 (1.051-1.774) 0.020

B is the standardized coefficient and measures the influence of each variables on DKD; OR is the odds ratio and refers to the risk of DKD.
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TABLE 4 Adjusted ORs and 95% CI for DKD according to SII quartiles.

OR (95% Cl)

10.3389/fendo.2023.1307692

Model 1 Model 2 Model 3 Model 4
DKD
Continuous 4.234 (3.002-5.973)** 3.389 (2.328-4.933)** 2.681 (1.793-4.010)** 2.780 (1.855-4.166)**
Categories
Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Q2 1.134 (0.859-1.496) 1.086 (0.809-1.459) 1.076 (0.788-1.470) 1.060 (0.773-1.455)
Q3 1.233 (1.072-1.417)** 1.179 (1.014-1.371)* 1.161 (0.991-1.359) 1.167 (0.995-1.368)
1.342
4 1.407(1.276-1.553)** 1.263 (1.128-1.414)** 1.266 (1.129-1.420)**
Q ( ) (1.206-1.494)** ( ) ( )
P for trend 0.000 0.000 0.000 0.000
DKD stages 1-2 Alb
Continuous 3.391 (2.351-4.891)** 2.642 (1.766-3.952)** 2.197 (1.438-3.357)** 2.289 (1.494-3.506)**
Categories
Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.062
Q2 (0.793-1.423) 1.013 (0.743-1.382) 1.028 (0.746-1.419) 1.023 (0.738-1.417)
Q3 1.138 (0.980-1.320) 1.095 (0.933-1.286) 1.089 (0.923-1.285) 1.095 (0.927-1.293)
Q4 1.326 (1.195-1.471)** 1.265 (1.129-1.417)** 1.205 (1.070-1.357)** 1.211 (1.073-1.366)**
P for trend 0.000 0.000 0.002 0.002
DKD-non-Alb+DKD stage 3 Alb
Continuous 9.323 (5.393-16.116)** 7.273 (3.982-13.284)** 3.966 (2.003-7.854)** 4.220 (2.118-8.409)**
Categories
Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Q2 1.606 (0.965-2.674) 1.664 (0.957-2.895) 1.514 (0.745-3.081) 1.457 (0.709-2.993)
Q3 1.648 (1.293-2.101)** 1.560 (1.194-2.037)** 1.537 (1.124-2.101)** 1.541 (1.125-2.110)**
Q4 1.684 (1.435-1.977)** 1.582 (1.324-1.892)** 1.414 (1.148-1.740)** 1.439 (1.164-1.779)**
P for trend 0.000 0.000 0.001 0.000

Logistic regression analysis with DKD group and each DKD subgroup in contradistinction to non-DKD group to investigate the association between SII quartiles and DKD stages 1-2 Alb or
DKD-non-Alb+DKD stage 3 Alb. Data are expressed as OR (95% CI), unless stated otherwise. OR, odds ratio; CI, confidence interval.
Model 1 adjusted for sex, age, BMI, duration of diabetes, family history of diabetes, family history of hypertension, smoking, drinking;

Model 2 adjusted for factors listed in Model 1 plus HbAlc, GE, hypertension, dyslipidaemia, apoA, apoB, apoB/A, METS-IR;

Model 3 adjusted for factors listed in Model 2 plus ALT, AST, TBIL, Hb;
Model 4 adjusted for factors listed in Model 3 plus PP, DR, ASCVD;

*P < 0.05.

P <0.01.

the DKD-non-Alb+DKD stage 3 Alb group, SII level was gradually
increased, and SII remained independently significantly associated
with the presence of DKD after adjustment for confounding factors.
Additionally, the risk of DKD and its distinct phenotypes increased
progressively across SII quartiles. Last, the ROC curve analysis
revealed that SII could predict DKD and its distinct phenotypes.
Our finding suggested that SII may be a useful biomarker of DKD
and its distinct phenotypes, and high SII may be associated with an
increased risk of DKD and its distinct phenotypes in Chinese adults
with T2DM.

Frontiers in Endocrinology

As mentioned earlier, SII is a relatively novel inflammation
biomarker based on peripheral lymphocyte, neutrophil, and platelet
counts in clinical applications, which largely reflects three pathways
of inflammatory response, thrombus formation and adaptive
immune response in the host (5, 22, 27, 42). In the last decade,
SII has been demonstrated to predict the prognosis and clinical
outcomes of various malignant tumors types, certain inflammatory
and autoimmune diseases, atherosclerosis, cardio-cerebrovascular
diseases (5, 8-16, 22, 23, 25, 27). Recently, some studies have
reported the association between SII and kidney diseases with
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(A) ROC analysis of systemic immune-inflammatory index (Sll) to indicate DKD. AUC = 0_627; 95% Cl: 0.603-0.652; P<0.01; identified SlI cutoff
value = 609.85; Youden index = 0.211; sensitivity: 48.3%; specificity: 72.8%. (B) ROC analysis of indicate Alb DVD stages 1-2. AUC = 0.596; CL:
0.568-0.624; P <0.01; identified SlI cutoff value = 601.71; Youden index = 0.162; sensitivity: 43.9%; specificity: 72.3%. (C) ROC analysis of Sll to
indicate DKD-non-Alb+DKD stage 3 Alb. AUC = 0.695; 95% CI: 0.661-0.729; P<0.01; identified SlI cutoff value = 589.27; Youden index = 0.322;

sensitivity: 61.1%; specificity: 71.1%.

varying epidemiological methods and target populations (5, 43-46).
More recently, SIT has been reported to be associated with metabolic
disorder, such as metabolic syndrome, obesity, hepatic steatosis,
dyslipidemia and hypertension, and diabetic vascular
complications, such as diabetic retinopathy, diabetic macular
edema, peripheral arterial disease, and diabetic foot infections
(15-19, 22, 24-27, 47, 48). Considering the role of SII in the
development and progression of autoimmune and inflammatory
diseases and kidney diseases, and the close relationship between
DKD and metabolic disorder, diabetic vascular complications, it
seems appropriate that SIT may be associated with DKD, and high
SIT may be an early signal for being at risk for DKD. In the present
study, we found that SII levels were significantly. higher in T2DM
patients with DKD than those with non-DKD, and SII levels were
further increased in T2DM patients with DKD-non-Alb and DKD
stage 3 Alb compared to those with DKD stages 1-2 Alb, suggesting
that SII might be related to DKD and its distinct phenotypes.
Moreover, SII was positively associated with serum Cr, urinary
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ACR, an early hallmark of DKD, prevalence of low eGFR,
albuminuria, and DKD, and inversely with eGFR. In addition, the
multivariate logistic regression analysis showed that SII had an
independent positive correlation with DKD in T2DM patients, and
ROC curve analysis revealed that the SII could effectively predict the
presence of DKD. These findings were consistent with a previous
cross-sectional study from the NHANES in the U.S. that reported
that a high SII level was associated with increased likelihood of
DKD among 3937 T2DM patients (4). All the above findings
suggested that a higher SII was significantly associated with an
increased risk of having DKD, which supported the hypothesis that
SIT may serve as a promising biomarker for identifying patients at a
higher risk of DKD. However, it could not be determined whether
there is a graded association between SII quartiles and risk of
presence of DKD and its distinct phenotypes, and whether SII could
predict the presence of distinct phenotypes of DKD. Our study filled
this gap and demonstrated for the first time that the risk of
prevalence of DKD increased progressively across SII quartiles,
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and participants in the highest quartile was at a significantly
increased risk of prevalent DKD compared to those in the lowest
quartile, even after adjusting for potential confounding factors. A
similar pattern was observed regarding the association of SII
quartiles with distinct phenotypes of DKD, including DKD stages
1-2 Alb, and DKD-non-Alb+DKD stage 3 Alb. Besides, SII was
found to effectively predict the presence of distinct phenotypes of
DKD, especially DKD-non-Alb+DKD stage 3 Alb, with good
sensitivity and specificity. Such discoveries suggested that high SII
could be linked to an increased risk of DKD and its distinct
phenotypes, and SII might be a potential indicator for identifying
Chinese patients with T2DM at a higher risk of DKD and its
distinct phenotypes.

Growing evidence has implicated the role of chronic
inflammation andoxidative stress in the pathogenesis of DKD (49,
50), and inflammation and oxidative stress may be considered as a
hub of the different pathogenic pathways that contribute to DKD
(51). The imbalance of of several pro-and anti-inflammatory
cytokines, such as tumor necrosis factor alpha (TNF-o),
interleukin 6 (IL-6), C reactive protein (CRP), neutrophils,
lymphocytes, and platelet cells, and pro- and anti-oxidants, such
as superoxide dismutase (SOD), malondialdehyde (MDA), and 8-
OHAG-8-hydroxy-2'-deoxyguanosine (8-OHdG) have previously
been reported to be related to the development of DKD (4, 5, 49, 52,
53). Hb, an iron-containing protein in blood, may serve as a
nitricoxide scavenger, and its ability of Hb to bind the main low-
molecular-weight thiol of the cell glutathione, both covalently and
noncovalently, is not only an important part of the antioxidant
protection of red blood cells, but also affects its affinity for oxygen in
both cases (54, 55). It has been reported that decreased Hb was
correlated with a higher incidence of rapid renal function decline,
and could predict the development and progression of DKD (56).

Bilirubin, a byproduct of normal Hb breakdown that plays an
important physiologic role as a strong antioxidant and anti-
inflammatory molecule through efficiently scavenging of peroxyl
radicals and suppression of oxidation, inhibiting platelets, and
regulating immunity (57), has been demonstrated to be involved
in the development and progression of DKD (58). The present
study provided evidence that inflammation and oxidative stress
correlated with DKD and its distinct phenotypes, since we found
that T2DM patients with DKD had significantly higher neutrophil
count, and lower lymphocyte count, TBIL, and Hb than those with
non-DKD, and neutrophil count was further increased and
lymphocyte count, TBIL, and Hb were further decreased in
T2DM patients with DKD-non-Alb and DKD stage 3 Alb
compared to those with DKD stages 1-2 Alb, and TBIL and Hb
were independently significantly associated with the presence of
DKD. In addition, we demonstrated that SII was positively
associated with neutrophil and PLT count, and inversely
correlated with lymphocyte count, TBIL, and Hb, which was
consistent with previous studies that reported that the subjects
with higher quartile of SII have significantly higher neutrophil
count, PLT count, and lower lymphocyte count, Hb and TBIL
than those with lower quartiles, and SII levels were positively related
to CRP, erythrocyte sedimentation rate, and 8-OHdG in patients
with tumors, hypertension, diabetic foot infections, systemic lupus
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erythematosus, and alveolar hydatid disease (11, 22, 24, 59-62),
suggesting that SII may be associated with chronic inflammation
and oxidative stress, and chronic inflammation and oxidative stress
might at least partially mediate the potential relationship between
SII and DKD; However, the mechanism of action needs to be
further investigated.

Evidence to date has suggested that hyperglycaemia,
hypertension, dyslipidaemia, and IR are important risk factors for
DKD (49, 63). Hyperglycemia is a widely accepted modifiable risk
factor for the initiation and promotion of DKD through triggering
three cardinal and inter-related pathways including overproduction
of ROS, activation of apoptotic pathway and initiation of
autophagy, especially in people with poor glycemic control (64).
Elevated blood pressure and dyslipidemia were also identified as
other major modifiable risk factors associated with the development
and progression of DKD in T2DM individuals (64). Some studies
have found that antihypertensive and lipid-lowering therapy can
reduce the risk of albuminuria, kidney function decline, and
progression to ESRD (35, 65). It has been recognized that IR is
closely interrelated with hyperglycaemia, hypertension, and
dyslipidaemia, and can increase the hydrostatic pressure of the
glomerulus and permeability of the renal vessels, leading to
glomerular hyperfiltration and subsequently microalbuminuria
and DKD (66, 67). The apoB/apoA ratio has been reported to be
significantly associated with IR in certain population including
Chinese population, independent of traditional risk factor (68).
Chronic glycemic exposure (the degree and duration of plasma
hyperglycemia), as reflected by GE index, is thought to be the
important modifiable risk covariate for diabetic complications (69).
Our study provided further evidence that supported the potential
role of hyperglycemia, hypertension, dyslipidaemia, and IR in the
pathogenesis of CKD, since we found that the subjects with DKD
had significantly higher SBP, MAP, TG, apoB/A, METS-IR, GE
index, prevalence of hypertension, and dyslipidaemia, and lower
HDL-C and apoA, and GE index, apoB, apoA, hypertension, and
METS-IR, a novel inexpensive and reliable surrogate indicator of IR
(34), remained independently significantly associated with the
presence of DKD after adjustment for confounding factors.
Moreover, partial correlation analysis controlling for sex, age,
BMI, and duration of diabetes demonstrated that SII was
positively associated with apoB/A, FBG, PBG, HbAlc, GE index,
poor glycaemic control, METS-IR, and inversely correlated with TC
and HDL-C, suggesting that SII might be correlated with metabolic
disorders, especially IR, hyperglycemia, and dyslipidaemia, and
metabolic disorders might at least partially mediate the
relationship between SII and DKD. Our findings were consistent
with previous studies that reported the potential relationship
between SII and metabolic disorders (70-79). Some studies have
demonstrated that the subjects with the highest quartile of SII have
significantly higher homeostatic model assessment index of IR
(HOMA-IR) than those with the lower quartiles in
perimenopausal and postmenopausal women (70, 71), and the
U.S. general population (72), and SII was positively associated
with HOMA-IR in children with obesity (15). Furthermore, Yang
and colleagues also found that CAD patients after coronary
intervention with SII > 694.3 had significantly higher glucose
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levels and rate of diabetes, and lower lipid profiles than those with
SIT < 694.3 in Taiwan (73). Similar results were reported in 9107
critically ill patients with HF from the Medical Information Mart
for Intensive Care III (MIMIC III) database (74). SII was also
considerably higher in patients with low HDL-C in rural areas from
the Northeast China Rural Cardiovascular Health Study (NCRCHS)
(17). However, some investigations have suggested significant
opposite or no association between SII and dyslipidaemia, lipid
profiles, and diabetes and its related indexes (FBG, HbAlc) in
patients with different pathogenic conditions, such as hypertension,
ASCVD, acute coronary syndrome patients with CKD, myocardial
infarction, HF, and acute ischemic stroke (74-79). The
discrepancies between the above-mentioned studies and ours may
be due to the differences in study design and population
characteristics, diabetic duration, races, regions, dietary habits,
sample size, statistical methods, diagnostic methods for
Dyslipidaemia and diabetes, and confounding factors adjusted.
Large-scale and multi-center longitudinal studies are warranted to
confirm the role of metabolic disorders in the relationship between
SII and DKD.

Limitations of our study must be appreciated for an accurate
interpretation of the data. First, we cannot infer causal associations
between SII and DKD due to the cross-sectional design of this study.
Further prospective studies are required to confirm this association.
Second, we did not obtain information on educational level, dietary
habits, lifestyle (smoking, drinking, and exercise), and consumption of
various medicines, such as hypoglycemic agents, antihyperlipidemic
drugs, anti-hypertension drugs, and antiplatelet drugs, which may have
reduced our ability to explore other risks or protective factors. Third,
participants in our study were from a single center and the great
majority of them were middle-age or elderly, and hospitalized for
relative poor glycemic control, its generalizability should be verified by
involving outpatients or community patients in the future. Fourth,
DKD-non-Alb subgroup and DKD stage 3 Alb subgroup were
combined into a group called DKD-non-Alb+DKD stage 3 Alb
group due to limited sample sizes of DKD-non-Alb subgroup.
Therefore, prospective studies with larger sample size of DKD and
each distinct phenotypes of DKD are still required to clarify the
associations between SII and DKD and its distinct phenotypes. Last,
the lack of classical inflammation and oxidative stress markers, such as
TNF-0, IL-6, CRP, SOD, MDA, and 8-OHdG, make it difficult to
further explore the association mechanism of SII and inflammation
and oxidative stress in T2DM patients with DKD. Despite these
limitations, our analyses also have some noteworthy strength. A key
finding was that our study was the first study to assess the association of
SII with DKD and its distinct phenotypes in Chinese patients with
T2DM, which may provide additional information to identify those at
risk for DKD and its distinct phenotypes, and thereby potentially
institute earlier therapies. In addition, we recruited a relatively large
clinical sample of patients with T2DM and performed this study with a
comprehensive and standardized clinical assessment protocol, which
can raise the reliability of our findings.

In conclusion, our data delineate that T2DM patients with DKD
had significantly higher SII levels, and its levels were gradually
increased moving from the non-DKD group to the DKD-non-Alb
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+DKD stage 3 Alb group. Moreover, SII was independently
significantly associated with the presence of DKD and its distinct
phenotypes after adjustment for confounding factors. These
findings indicate that SII could be potentially used as an easy
biomarker to identify those patients at high risk for DKD and its
distinct phenotypes that further can help in choosing effective
treatment options to delay the development and progression of
DKD. However, further research is needed to perform for exploring
their exact underlying mechanisms between SII and DKD in
Chinese adults with T2DM.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Affiliated
Hospital of Southwest Medical University. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

PY: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Writing -
original draft, Writing - review & editing. YY: Data curation,
Formal analysis, Investigation, Writing — original draft. XZ: Data
curation, Formal analysis, Investigation, Writing - original draft.
YZ: Data curation, Formal analysis, Investigation, Writing -
original draft. JL: Data curation, Formal Analysis, Investigation,
Writing - original draft. ZW: Data curation, Formal analysis,
Investigation, Writing - original draft. XD: Data curation,
Project administration, Writing - original draft. XW: Data
curation, Project administration, Writing — original draft. XC: Data
curation, Project administration, Writing — original draft. SL:
Data curation, Project administration, Writing — original draft. YX:
Data curation, Project administration, Writing — original draft.
QW: Data curation, Project administration, Writing — original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study is
supported by the grants from the Ministry Science and Technology
of China (2016YFC0901200, 2016YFC0901205), Key Research and
Development Program of Science and Technology Department of
Sichuan Province (2022YFS0612).

frontiersin.org


https://doi.org/10.3389/fendo.2023.1307692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yan et al.

Acknowledgments

The authors would like to thank all the colleagues in clinical
laboratory center and endocrine laboratory, and all the nurses in
our department for their hard work and valuable assistance with
this study. In addition, the authors would like to thank Song Fan
(PhD, assistant professor at School of Public Health, Southwest
Medical University, Luzhou, Sichuan, China) for providing
statistical consultation and statistical analysis assistance to us.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Luo W, Tang S, Xiao X, Luo S, Yang Z, Huang W, et al. Translation animal models of
diabetic kidney disease: biochemical and histological phenotypes, advantages and limitations.
Diabetes Metab Syndr Obes (2023) 16:1297-321. doi: 10.2147/DMS0.5408170

2. Roy A, Maiti A, Sinha A, Baidya A, Basu AK, Sarkar D, et al. Kidney disease in
type 2 diabetes mellitus and benefits of sodium-glucose cotransporter 2 inhibitors: A
consensus statement. Diabetes Ther (2020) 11(12):2791-827. doi: 10.1007/s13300-020-
00921-y

3. Cleveland KH, Schnellmann RG. Pharmacological targeting of mitochondria in
diabetic kidney disease. Pharmacol Rev (2023) 75(2):250-62. doi: 10.1124/
pharmrev.122.000560

4. Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, et al. Systemic immune-
inflammation index is associated with diabetic kidney disease in Type 2 diabetes
mellitus patients: Evidence from NHANES 2011-2018. Front Endocrinol (Lausanne)
(2022) 13:1071465. doi: 10.3389/fendo.2022.1071465

5. Qin Z, Li H, Wang L, Geng ], Yang Q, Su B, et al. Systemic immune-inflammation
index is associated with increased urinary albumin excretion: A population-based
study. Front Immunol (2022) 13:863640. doi: 10.3389/fimmu.2022.863640

6. Yeh P, Chang CM, Liao L], Wu CY, Hsieh CH, Shueng PW, et al. A predictive survival
model for patients with stage IV oropharyngeal squamous cell carcinoma treated with
chemoradiation. Eur Arch Otorhinolaryngol (2023). doi: 10.1007/s00405-023-08187-3

7. Lee JH, Hyung S, Lee J, Choi SH. Visceral adiposity and systemic inflammation in
the obesity paradox in patients with unresectable or metastatic melanoma undergoing
immune checkpoint inhibitor therapy: a retrospective cohort study. J Immunother
Cancer (2022) 10(8):€005226. doi: 10.1136/jitc-2022-005226

8. Yasar E, Bayramoglu A. Systemic immune-inflammation index as a predictor of
microvascular dysfunction in patients with cardiac syndrome X. Angiology (2022) 73
(7):615-21. doi: 10.1177/00033197221087777

9. Yi HJ, Sung JH, Lee DH. Systemic inflammation response index and systemic
immune-inflammation index are associated with clinical outcomes in patients treated
with mechanical thrombectomy for large artery occlusion. World Neurosurg (2021)
153:282-9. doi: 10.1016/j.wneu.2021.06.113

10. Mei Y, Yang J, Yuan Y, Liu Y, Liu X, Li M, et al. Systemic inflammation index
values are associated with worsened disease severity and poor response to autoimmune
encephalitis treatment. Front Neurol (2021) 12:709553. doi: 10.3389/fneur.2021.709553

11. Ozdemir A, Baran E, Kutu M, Celik S, Yilmaz M. Could systemic immune
inflammation index be a new parameter for diagnosis and disease activity assessment in
systemic lupus erythematosus? Int Urol Nephrol (2023) 55(1):211-6. doi: 10.1007/
s11255-022-03320-3

12. Kim JW, Jung JY, Suh CH, Kim HA. Systemic immune-inflammation index
combined with ferritin can serve as a reliable assessment score for adult-onset Still's
disease. Clin Rheumatol (2021) 40(2):661-8. doi: 10.1007/s10067-020-05266-2

13. Biyik M, Biyik Z, Asil M, Keskin M. Systemic inflammation response index and
systemic immune inflammation index are associated with clinical outcomes in patients
with acute pancreatitis? ] Invest Surg (2022) 35(8):1613-20. doi: 10.1080/
08941939.2022.2084187

14. Ye C, Yuan L, Wu K, Shen B, Zhu C. Association between systemic immune-
inflammation index and chronic obstructive pulmonary disease: a population-based
study. BMC Pulm Med (2023) 23(1):295. doi: 10.1186/s12890-023-02583-5

Frontiers in Endocrinology

13

10.3389/fendo.2023.1307692

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2023.
1307692/full#supplementary-material

15. Nicoara DM, Munteanu Al, Scutca AC, Mang N, Juganaru I, Brad GF, et al.
Assessing the relationship between systemic immune-inflammation index and
metabolic syndrome in children with obesity. Int ] Mol Sci (2023) 24(9):8414.
doi: 10.3390/ijms24098414

16. Xie R, Xiao M, Li L, Ma N, Liu M, Huang X, et al. Association between SII and
hepatic steatosis and liver fibrosis: A population-based study. Front Immunol (2022)
13:925690. doi: 10.3389/fimmu.2022.925690

17. Wang P, Guo X, Zhou Y, Li Z, Yu S, Sun Y, et al. Monocyte-to-high-density
lipoprotein ratio and systemic inflammation response index are associated with the risk
of metabolic disorders and cardiovascular diseases in general rural population. Front
Endocrinol (Lausanne) (2022) 13:944991. doi: 10.3389/fend0.2022.944991

18. Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, et al. Association between
systemic immunity-inflammation index and hyperlipidemia: A population-based study
from the NHANES (2015-2020). Nutrients (2023) 15(5):1177. doi: 10.3390/
nul5051177

19. Xu JP, Zeng RX, Zhang YZ, Lin SS, Tan JW, Zhu HY, et al. Systemic
inflammation markers and the prevalence of hypertension: A NHANES cross-
sectional study. Hypertens Res (2023) 46(4):1009-19. doi: 10.1038/s41440-023-
01195-0

20. Katsiki N, Anagnostis P, Kotsa K, Goulis DG, Mikhailidis DP. Obesity, metabolic
syndrome and the risk of microvascular complications in patients with diabetes mellitus.
Curr Pharm Des (2019) 25(18):2051-9. doi: 10.2174/1381612825666190708192134

21. Ma M, Liu Y, Wang L, Yang R, Li Z, Gao S, et al. Relationship between
monocyte-to-lymphocyte ratio as well as other leukocyte-derived ratios and carotid
plaques in patients with coronary heart disease: A RCSCD-TCM study. J Inflammation
Res (2022) 15:5141-56. doi: 10.2147/JIR.S375759

22. Cirakoglu OF, Yilmaz AS. Systemic immune-inflammation index is associated
with increased carotid intima-media thickness in hypertensive patients. Clin Exp
Hypertens (2021) 43(6):565-71. doi: 10.1080/10641963.2021.1916944

23. Murat B, Murat S, Ozgeyik M, Bilgin M. Comparison of pan-immune-
inflammation value with other inflammation markers of long-term survival after ST-
segment elevation myocardial infarction. Eur ] Clin Invest (2023) 53(1):e13872.
doi: 10.1111/eci.13872

24. Aragon-Sanchez ], Viquez-Molina G, Lopez-Valverde ME, Rojas-Bonilla JM.
Systemic immune-inflammation index in diabetic foot infections and osteomyelitis. Int
J Low Extrem Wounds (2023) 15347346231179280. doi: 10.1177/15347346231179280

25. Ozer Balin S, Ozcan EC, Ugur K. A new inflammatory marker of clinical and
diagnostic importance in diabetic foot infection: systemic immune-inflammation
index. Int | Low Extrem Wounds (2022) 15347346221130817. doi: 10.1177/
15347346221130817

26. SongY, Zhao Y, Shu Y, Zhang L, Cheng W, Wang L, et al. Combination model of
neutrophil to high-density lipoprotein ratio and system inflammation response index is
more valuable for predicting peripheral arterial disease in type 2 diabetic patients: A
cross-sectional study. Front Endocrinol (Lausanne) (2023) 14:1100453. doi: 10.3389/
fendo.2023.1100453

27. Zhang Z, Chen Z. Higher systemic immune-inflammation index is associated
with higher likelihood of peripheral arterial disease. Ann Vasc Surg (2022) 84:322-6.
doi: 10.1016/j.avsg.2021.12.011

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1307692/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1307692/full#supplementary-material
https://doi.org/10.2147/DMSO.S408170
https://doi.org/10.1007/s13300-020-00921-y
https://doi.org/10.1007/s13300-020-00921-y
https://doi.org/10.1124/pharmrev.122.000560
https://doi.org/10.1124/pharmrev.122.000560
https://doi.org/10.3389/fendo.2022.1071465
https://doi.org/10.3389/fimmu.2022.863640
https://doi.org/10.1007/s00405-023-08187-3
https://doi.org/10.1136/jitc-2022-005226
https://doi.org/10.1177/00033197221087777
https://doi.org/10.1016/j.wneu.2021.06.113
https://doi.org/10.3389/fneur.2021.709553
https://doi.org/10.1007/s11255-022-03320-3
https://doi.org/10.1007/s11255-022-03320-3
https://doi.org/10.1007/s10067-020-05266-2
https://doi.org/10.1080/08941939.2022.2084187
https://doi.org/10.1080/08941939.2022.2084187
https://doi.org/10.1186/s12890-023-02583-5
https://doi.org/10.3390/ijms24098414
https://doi.org/10.3389/fimmu.2022.925690
https://doi.org/10.3389/fendo.2022.944991
https://doi.org/10.3390/nu15051177
https://doi.org/10.3390/nu15051177
https://doi.org/10.1038/s41440-023-01195-0
https://doi.org/10.1038/s41440-023-01195-0
https://doi.org/10.2174/1381612825666190708192134
https://doi.org/10.2147/JIR.S375759
https://doi.org/10.1080/10641963.2021.1916944
https://doi.org/10.1111/eci.13872
https://doi.org/10.1177/15347346231179280
https://doi.org/10.1177/15347346221130817
https://doi.org/10.1177/15347346221130817
https://doi.org/10.3389/fendo.2023.1100453
https://doi.org/10.3389/fendo.2023.1100453
https://doi.org/10.1016/j.avsg.2021.12.011
https://doi.org/10.3389/fendo.2023.1307692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yan et al.

28. Ren J, Liu D, Li G, Duan ], Dong J, Liu Z. Prediction and risk stratification of
cardiovascular disease in diabetic kidney disease patients. Front Cardiovasc Med (2022)
9:923549. doi: 10.3389/fcvm.2022.923549

29. Hirano T, Satoh N, Kodera R, Hirashima T, Suzuki N, Aoki E, et al. Dyslipidemia
in diabetic kidney disease classified by proteinuria and renal dysfunction: A cross-
sectional study from a regional diabetes cohort. ] Diabetes Investig (2022) 13(4):657-67.
doi: 10.1111/jdi.13697

30. Wang L, Cong HL, Zhang JX, Hu YC, Wei A, Zhang YY, et al. Triglyceride-
glucose index predicts adverse cardiovascular events in patients with diabetes and acute
coronary syndrome. Cardiovasc Diabetol (2020) 19(1):80. doi: 10.1186/s12933-020-
01054-z

31. Yan P, Wu Y, Dan X, Wu X, Tang Q, Chen X, et al. Aspartate aminotransferase/
alanine aminotransferase ratio was associated with type 2 diabetic peripheral
neuropathy in a Chinese population: A cross-sectional study. Front Endocrinol
(Lausanne) (2023) 14:1064125. doi: 10.3389/fend0.2023.1064125

32. Higg-Holmberg S, Dahlstrom EH, Forsblom CM, Harjutsalo V, Liebkind R,
Putaala J, et al. The role of blood pressure in risk of ischemic and hemorrhagic stroke in
type 1 diabetes. Cardiovasc Diabetol (2019) 18(1):88. doi: 10.1186/512933-019-0891-4

33. Lee KO, Nam JS, Ahn CW, Hong JM, Kim SM, Sunwoo IN, et al. Insulin
resistance is independently associated with peripheral and autonomic neuropathy in
Korean type 2 diabetic patients. Acta Diabetol (2012) 49(2):97-103. doi: 10.1007/
500592-010-0176-6

34. Zhang M, Liu D, Qin P, Liu Y, Sun X, Li H, et al. Association of metabolic score
for insulin resistance and its 6-year change with incident type 2 diabetes mellitus. J
Diabetes (2021) 13(9):725-34. doi: 10.1111/1753-0407.13161

35. Yoshida Y, Kashiwabara K, Hirakawa Y, Tanaka T, Noso S, Ikegami H, et al.
Conditions, pathogenesis, and progression of diabetic kidney disease and early decliner
in Japan. BM] Open Diabetes Res Care (2020) 8(1):e000902. doi: 10.1136/bmjdrc-2019-
000902

36. Zheng ], Hu Y, Xu H, Lei Y, Zhang ], Zheng Q, et al. Normal-weight visceral
obesity promotes a higher 10-year atherosclerotic cardiovascular disease risk in patients
with type 2 diabetes mellitus-a multicenter study in China. Cardiovasc Diabetol (2023)
22(1):137. doi: 10.1186/512933-023-01876-7

37. Kim SH, Baek CO, Lee KA, Park TS, Baek HS, Jin HY. Clinical implication of
elevated CA 19-9 level and the relationship with glucose control state in patients with
type 2 diabetes. Endocrine (2014) 46(2):249-55. doi: 10.1007/s12020-013-0058-0

38. Xu E, Xie Y, Al-Aly Z. Risks and burdens of incident dyslipidaemia in long
COVID: a cohort study. Lancet Diabetes Endocrinol (2023) 11(2):120-8. doi: 10.1016/
$2213-8587(22)00355-2

39. Yao X, Shah ND, Gersh BJ, Lopez-Jimenez F, Noseworthy PA. Assessment of
trends in statin therapy for secondary prevention of atherosclerotic cardiovascular
disease in US adults from 2007 to 2016. JAMA Netw Open (2020) 3(11):e2025505.
doi: 10.1001/jamanetworkopen.2020.25505

40. Muntner P, Orroth KK, Mues KE, Exter J, Shannon ED, Zaha R, et al. Evaluating
a simple approach to identify adults meeting the 2018 AHA/ACC cholesterol guideline
definition of very high risk for atherosclerotic cardiovascular disease. Cardiovasc Drugs
Ther (2022) 36(3):475-81. doi: 10.1007/s10557-021-07167-1

41. Cherney DZI, Dagogo-Jack S, Cosentino F, Pratley RE, Frederich R, Maldonado
M, et al. Heart and Kidney Outcomes With Ertugliflozin in People with Non-
albuminuric Diabetic Kidney Disease: A post hoc Analysis from the Randomized
VERTIS CV Trial. Kidney Int Rep (2022) 7(8):1782-92. doi: 10.1016/j.ekir.2022.05.007

42. Huang L. Increased systemic immune-inflammation index predicts disease
severity and functional outcome in acute ischemic stroke patients. Neurologist (2023)
28(1):32-8. doi: 10.1097/NRL.0000000000000464

43. Jia L, Li C, Bi X, Wei F, Meng ], Sun G, et al. Prognostic value of systemic
immune-inflammation index among critically ill patients with acute kidney injury: A
retrospective cohort study. J Clin Med (2022) 11(14):3978. doi: 10.3390/jcm11143978

44. Chen JB, Tang R, Zhong Y, Zhou YO, Zuo X, Luo H, et al. Systemic immune-
inflammation index predicts a reduced risk of end-stage renal disease in Chinese
patients with myeloperoxidase-anti-neutrophil cytoplasmic antibody-associated
vasculitis: A retrospective observational study. Exp Ther Med (2021) 22(3):989.
doi: 10.3892/etm.2021.10421

45. Lu L, Feng Y, Liu YH, Tan HY, Dai GH, Liu SQ, et al. The systemic immune-
inflammation index may be a novel and strong marker for the accurate early prediction
of acute kidney injury in severe acute pancreatitis patients. J Invest Surg (2022) 35
(5):962-6. doi: 10.1080/08941939.2021.1970864

46. Oztiirk R, Inan D, Giingér B. Systemic immune-inflammation index is a
predictor of contrast-induced nephropathy in patients with ST-segment elevation
myocardial infarction. Angiology (2022) 73(2):125-31. doi: 10.1177/
00033197211029094

47. Elbeyli A, Kurtul BE, Ozcan SC, Ozarslan Ozcan D. The diagnostic value of
systemic immune-inflammation index in diabetic macular oedema. Clin Exp Optom
(2022) 105(8):831-5. doi: 10.1080/08164622.2021.1994337

48. Ozata Giindogdu K, Dogan E, Celik E, Alagéz G. Serum inflammatory marker
levels in serous macular detachment secondary to diabetic macular edema. Eur ]
Ophthalmol (2022) 32(6):3637-43. doi: 10.1177/11206721221083465

49. Swaminathan SM, Rao IR, Shenoy SV, Prabhu AR, Mohan PB, Rangaswamy D,
et al. Novel biomarkers for prognosticating diabetic kidney disease progression. Int
Urol Nephrol (2023) 55(4):913-28. doi: 10.1007/s11255-022-03354-7

Frontiers in Endocrinology

14

10.3389/fendo.2023.1307692

50. Stenvinkel P, Chertow GM, Devarajan P, Levin A, Andreoli SP, Bangalore S,
et al. Chronic inflammation in chronic kidney disease progression: role of Nrf2. Kidney
Int Rep (2021) 6(7):1775-87. doi: 10.1016/j.ekir.2021.04.023

51. Su S, Ma Z, Wu H, Xu Z, Yi H. Oxidative stress as a culprit in diabetic kidney
disease. Life Sci (2023) 322:121661. doi: 10.1016/j.1fs.2023.121661

52. Zhu Q, Li XH, Chen HY, Jin QY. The effects of compound centella formula on
OxInflammation and silent information regulator 1 in a high-fat diet/streptozotocin-
induced diabetic kidney disease rat model. Exp Ther Med (2021) 22(3):962.
doi: 10.3892/etm.2021.10394

53. Ren H, Shao Y, Wu C, Lv C, Zhou Y, Wang Q. VASH-1 regulates oxidative stress
and fibrosis in diabetic kidney disease via SIRT1/HIF1o. and TGFB1/Smad3 signaling
pathways. Front Mol Biosci (2020) 7:137. doi: 10.3389/fmolb.2020.00137

54. Singh N, Bhatla SC. Hemoglobin as a probe for estimation of nitric oxide emission
from plant tissues. Plant Methods (2019) 15:39. doi: 10.1186/s13007-019-0425-9

55. Kuleshova ID, Zaripov PI, Poluektov YM, Anashkina AA, Kaluzhny DN, Parshina
EY, et al. Changes in hemoglobin properties in complex with glutathione and after
glutathionylation. Int J Mol Sci (2023) 24(17):13557. doi: 10.3390/ijms241713557

56. Zhang T, Wang X, Zhang Y, Yang Y, Yang C, Wei H, et al. Establishment of a
potent weighted risk model for determining the progression of diabetic kidney disease.
Transl Med (2023) 21(1):381. doi: 10.1186/s12967-023-04245-w

57. Tsai MT, Tarng DC. Beyond a measure of liver function-bilirubin acts as a
potential cardiovascular protector in chronic kidney disease patients. Int ] Mol Sci
(2018) 20(1):117. doi: 10.3390/ijms20010117

58. Riphagen IJ, Deetman PE, Bakker SJ, Navis G, Cooper ME, Lewis JB, et al.
Bilirubin and progression of nephropathy in type 2 diabetes: a post hoc analysis of
RENAAL with independent replication in IDNT. Diabetes (2014) 63(8):2845-53.
doi: 10.2337/db13-1652

59. Bumbasirevic U, Bojanic N, Simic T, Milojevic B, Zivkovic M, Kosanovic T, et al.
Interplay between comprehensive inflammation indices and redox biomarkers in
testicular germ-cell tumors. J Pers Med (2022) 12(5):833. doi: 10.3390/jpm12050833

60. Uzun F, Giiner A, Pusuroglu H, Demir AR, Giindiiz S, Giirbak i, et al.
Association of red blood cell distribution width, systemic-immune-inflammation
index and poor cardiovascular outcomes in patients with newly diagnosed
hypertension. Clin Exp Hypertens (2022) 44(6):530-8. doi: 10.1080/
10641963.2022.2079668

61. Zhang K, Hua YQ, Wang D, Chen LY, Wu CJ, Chen Z, et al. Systemic immune-
inflammation index predicts prognosis of patients with advanced pancreatic cancer. J
Transl Med (2019) 17(1):30. doi: 10.1186/s12967-019-1782-x

62. Ren B, Chen X, Lei P, Hou L, Wang H, Zhou Y, et al. The relationship between
preoperative systemic immune inflammation index and prognostic nutritional index
and the prognosis of patients with alveolar hydatid disease. Front Immunol (2021)
12:691364. doi: 10.3389/fimmu.2021.691364

63. Penno G, Solini A, Orsi E, Bonora E, Fondelli C, Trevisan R, et al. Insulin
resistance, diabetic kidney disease, and all-cause mortality in individuals with type 2
diabetes: a prospective cohort study. BMC Med (2021) 19(1):66. doi: 10.1186/s12916-
021-01936-3

64. Hui D, Zhang F, Lu Y, Hao H, Tian S, Fan X, et al. A multifactorial risk score
system for the prediction of diabetic kidney disease in patients with type 2 diabetes
mellitus. Diabetes Metab Syndr Obes (2023) 16:385-95. doi: 10.2147/DMSO0.S391781

65. Khoo CM, Deerochanawong C, Chan SP, Matawaran B, Sheu WH, Chan J, et al.
Use of sodium-glucose co-transporter-2 inhibitors in Asian patients with type 2
diabetes and kidney disease: An Asian perspective and expert recommendations.
Diabetes Obes Metab (2021) 23(2):299-317. doi: 10.1111/dom.14251

66. Tsuda A, Ishimura E, Uedono H, Ochi A, Nakatani S, Morioka T, et al
Association of albuminuria with intraglomerular hydrostatic pressure and insulin
resistance in subjects with impaired fasting glucose and/or impaired glucose
tolerance. Diabetes Care (2018) 41(11):2414-20. doi: 10.2337/dc18-0718

67. Adeva-Andany MM, Fernandez-Fernandez C, Funcasta-Calderon R,
Ameneiros-Rodriguez E, Adeva-Contreras L, Castro-Quintela E. Insulin resistance is
associated with clinical manifestations of diabetic kidney disease (Glomerular
hyperfiltration, albuminuria, and kidney function decline). Curr Diabetes Rev (2022)
18(7):€171121197998. doi: 10.2174/1573399818666211117122604

68. Hwang YC, Ahn HY, Kim W], Park CY, Park SW. Increased apoB/A-I ratio
independently associated with Type 2 diabetes mellitus: cross-sectional study in a Korean
population. Diabetes Med (2012) 29(9):1165-70. doi: 10.1111/j.1464-5491.2012.03622.x

69. Dyck PJ, Davies JL, Clark VM, Litchy W], Dyck PJ, Klein CJ, et al. Modeling
chronic glycemic exposure variables as correlates and predictors of microvascular
complications of diabetes. Diabetes Care (2006) 29(10):2282-8. doi: 10.2337/dc06-0525

70. Du YN, Chen Y], Zhang HY, Wang X, Zhang ZF. Inverse association between
systemic immune-inflammation index and bone mineral density in postmenopausal
women. Gynecol Endocrinol (2021) 37(7):650-4. doi: 10.1080/09513590.2021.1885642

71. Chen Y, Yu J, Shi L, Han S, Chen ], Sheng Z, et al. Systemic inflammation
markers associated with bone mineral density in perimenopausal and postmenopausal
women. J Inflammation Res (2023) 16:297-309. doi: 10.2147/JIR.S385220

72. Xiao S, Wang X, Zhang G, Tong M, Chen ], Zhou Y, et al. Association of systemic
immune inflammation index with estimated pulse wave velocity, atherogenic index of
plasma, triglyceride-glucose index, and cardiovascular disease: A large cross-sectional
study. Mediators Inflammation (2023) 2023:1966680. doi: 10.1155/2023/1966680

frontiersin.org


https://doi.org/10.3389/fcvm.2022.923549
https://doi.org/10.1111/jdi.13697
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.3389/fendo.2023.1064125
https://doi.org/10.1186/s12933-019-0891-4
https://doi.org/10.1007/s00592-010-0176-6
https://doi.org/10.1007/s00592-010-0176-6
https://doi.org/10.1111/1753-0407.13161
https://doi.org/10.1136/bmjdrc-2019-000902
https://doi.org/10.1136/bmjdrc-2019-000902
https://doi.org/10.1186/s12933-023-01876-7
https://doi.org/10.1007/s12020-013-0058-0
https://doi.org/10.1016/S2213-8587(22)00355-2
https://doi.org/10.1016/S2213-8587(22)00355-2
https://doi.org/10.1001/jamanetworkopen.2020.25505
https://doi.org/10.1007/s10557-021-07167-1
https://doi.org/10.1016/j.ekir.2022.05.007
https://doi.org/10.1097/NRL.0000000000000464
https://doi.org/10.3390/jcm11143978
https://doi.org/10.3892/etm.2021.10421
https://doi.org/10.1080/08941939.2021.1970864
https://doi.org/10.1177/00033197211029094
https://doi.org/10.1177/00033197211029094
https://doi.org/10.1080/08164622.2021.1994337
https://doi.org/10.1177/11206721221083465
https://doi.org/10.1007/s11255-022-03354-7
https://doi.org/10.1016/j.ekir.2021.04.023
https://doi.org/10.1016/j.lfs.2023.121661
https://doi.org/10.3892/etm.2021.10394
https://doi.org/10.3389/fmolb.2020.00137
https://doi.org/10.1186/s13007-019-0425-9
https://doi.org/10.3390/ijms241713557
https://doi.org/10.1186/s12967-023-04245-w
https://doi.org/10.3390/ijms20010117
https://doi.org/10.2337/db13-1652
https://doi.org/10.3390/jpm12050833
https://doi.org/10.1080/10641963.2022.2079668
https://doi.org/10.1080/10641963.2022.2079668
https://doi.org/10.1186/s12967-019-1782-x
https://doi.org/10.3389/fimmu.2021.691364
https://doi.org/10.1186/s12916-021-01936-3
https://doi.org/10.1186/s12916-021-01936-3
https://doi.org/10.2147/DMSO.S391781
https://doi.org/10.1111/dom.14251
https://doi.org/10.2337/dc18-0718
https://doi.org/10.2174/1573399818666211117122604
https://doi.org/10.1111/j.1464-5491.2012.03622.x
https://doi.org/10.2337/dc06-0525
https://doi.org/10.1080/09513590.2021.1885642
https://doi.org/10.2147/JIR.S385220
https://doi.org/10.1155/2023/1966680
https://doi.org/10.3389/fendo.2023.1307692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yan et al.

73. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, et al. Systemic
immune-inflammation index (SII) predicted clinical outcome in patients with coronary
artery disease. Eur ] Clin Invest (2020) 50(5):€13230. doi: 10.1111/eci.13230

74. Yuan M, Ren F, Gao D. The value of SII in predicting the mortality of patients
with heart failure. Dis Markers (2022) 2022:3455372. doi: 10.1155/2022/3455372

75. Cao Y, Li P, Zhang Y, Qiu M, LiJ, Ma S, et al. Association of systemic immune
inflammatory index with all-cause and cause-specific mortality in hypertensive
individuals: Results from NHANES. Front Immunol (2023) 14:1087345. doi: 10.3389/
fimmu.2023.1087345

76. Wang Z,QinZ,Yuan R, Guo J, Xu S, Lv Y, et al. Systemic immune-inflammation
index as a prognostic marker for advanced chronic heart failure with renal dysfunction.
ESC Heart Fail (2023) 10(1):478-91. doi: 10.1002/ehf2.14217

Frontiers in Endocrinology

15

10.3389/fendo.2023.1307692

77. Orhan AL, Saylik F, Cig¢ek V, Akbulut T, Selcuk M, Cmar T. Evaluating the
systemic immune-inflammation index for in-hospital and long-term mortality in
elderly non-ST-elevation myocardial infarction patients. Aging Clin Exp Res (2022)
34(7):1687-95. doi: 10.1007/s40520-022-02103-1

78. Zhang L, Lyu Q, Zhou W, Li X, Ni Q, Jiang S, et al. High systemic immune-
inflammation index is associated with carotid plaque vulnerability: New findings based
on carotid ultrasound imaging in patients with acute ischemic stroke. Front Neurol
(2022) 13:959531. doi: 10.3389/fneur.2022.959531

79. He L, Xie X, Xue J, Xie H, Zhang Y. Association of the systemic immune-
inflammation index with all-cause mortality in patients with arteriosclerotic
cardiovascular disease. Front Cardiovasc Med (2022) 9:952953. doi: 10.3389/
fcvm.2022.952953

frontiersin.org


https://doi.org/10.1111/eci.13230
https://doi.org/10.1155/2022/3455372
https://doi.org/10.3389/fimmu.2023.1087345
https://doi.org/10.3389/fimmu.2023.1087345
https://doi.org/10.1002/ehf2.14217
https://doi.org/10.1007/s40520-022-02103-1
https://doi.org/10.3389/fneur.2022.959531
https://doi.org/10.3389/fcvm.2022.952953
https://doi.org/10.3389/fcvm.2022.952953
https://doi.org/10.3389/fendo.2023.1307692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association of systemic immune-inflammation index with diabetic kidney disease in patients with type 2 diabetes: a cross-sectional study in Chinese population
	Introduction
	Methods
	Study population
	General clinical and biochemical measurements
	Assessment and diagnostic criteria of DKD
	Definitions of clinical variables
	Statistical analysis

	Results
	Clinical and laboratory characteristics
	The relationships between SII and DKD- related risk factors
	Univariate and multivariate logistic analysis of factors associated with DKD
	Adjusted ORs and 95% CIs for DKD, DKD stages 1–2 Alb, and DKD-non-Alb+DKD stage 3 Alb according to SII quartiles
	Predictive value of SII in screening for the presence of DKD in T2DM patients

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


