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Purpose: Systemic inflammation indices, including the aggregate index of systemic inflammation (AISI), monocyte-to-lymphocyte
ratio (MLR), neutrophil-to-lymphocyte ratio (NLR), neutrophil-to-platelet ratio (NPR), systemic immune-inflammation index (SII) and
systemic inflammation response index (SIRI) may contribute to the development of metabolic disorders. This study aimed to examine
their associations with adipose tissue insulin resistance (Adipo-IR) and the homeostasis model assessment of insulin resistance
(HOMA-IR).

Patients and Methods: This cross-sectional study included 11416 participants recruited at Beijing Chaoyang Hospital. Multiple
linear and logistic regression models were used to assess associations between six inflammatory indices and both Adipo-IR and
HOMA-IR. Subgroup analyses were performed based on age, sex and BMI to evaluate potential effect modification.

Results: All six inflammation indices were significantly associated with Adipo-IR, with higher levels conferring increased risk of high
Adipo-IR after adjustment for confounding factors. Similar trends were observed for the association of AISI, NLR, NPR, SII, SIRI and
HOMA-IR, whereas MLR showed no significant association. Subgroup analyses indicated that NLR and SII were more strongly
associated with high Adipo-IR in women, and that SII was more strongly associated with both high Adipo-IR and HOMA-IR in
participants aged 18—44 years.

Conclusion: Elevated systemic inflammation indices were positively associated with both Adipo-IR and HOMA-IR. These findings
suggest that routine blood count-derived indices may serve as cost-effective indicators of early metabolic dysfunction.
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Introduction

Insulin resistance (IR) is a central pathological mechanism of type 2 diabetes mellitus (T2DM). Adipose tissue insulin
resistance (Adipo-IR), defined as impaired insulin sensitivity within adipose tissue, is considered an early driver of
systemic IR." Chronic inflammation in adipocytes triggers excessive release of free fatty acids (FFAs) into the circulation
through activation of lipolysis and impairment of lipid storage, thereby inducing lipotoxicity, ectopic fat deposition and
disruption of insulin signaling pathways.? This mechanism establishes a critical link between adipose tissue dysfunction
and systemic metabolic disturbances.

Adipo-IR has been implicated in the development of non-alcoholic fatty liver disease (NAFLD), dyslipidemia and
glucose intolerance.> In addition, our previous studies identified significant associations between Adipo-IR and
hyperuricemia, glycemic abnormalities and thyroid hormone sensitivity, highlighting its pivotal role in metabolic
dysfunction.®™®
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Inflammation is increasingly recognized as a critical mediator of metabolic disease.” In obesity, adipocyte hyper-
trophy promotes chemokine release and macrophage recruitment.'® Under chronic metabolic stress, macrophages shift
toward the pro-inflammatory M1 phenotype, which secretes cytokines such as tumor necrosis factor-alpha (TNF-a) and
interleukin-1B (IL-1p). These cytokines impair insulin signaling, aggravate Adipo-IR and contribute to systemic IR.""

In recent years, systemic inflammatory indices derived from complete blood count (CBC) have attracted increasing
attention, such as the aggregate index of systemic inflammation (AISI), monocyte-to-lymphocyte ratio (MLR), neutro-
phil-to-lymphocyte ratio (NLR), neutrophil-to-platelet ratio (NPR), systemic immune-inflammation index (SII) and
systemic inflammation response index (SIRI). Previous studies have reported positive associations of these indices
with diabetes, cardiovascular diseases, cancers and autoimmune disorders.'>'® However, although inflammation is
known to play a critical role in metabolic disease, the relationships between these indices and Adipo-IR remain unclear.

Therefore, this study aimed to evaluate whether CBC-derived inflammatory indices are independently associated with
insulin resistance, including Adipo-IR and the homeostasis model assessment of insulin resistance (HOMA-IR).

Materials and Methods
Study Population

Participants were selected according to predefined inclusion and exclusion criteria. The inclusion criteria were: (1)
participants who underwent physical examinations at Beijing Chaoyang Hospital between April 2017 and April 2023,
and (2) age > 18 years. The exclusion criteria were: (1) missing data on complete blood count (n = 8); (2) missing data on
fasting blood insulin, FFA or plasma glucose (FPG) (n = 3); (3) history of diabetes (n = 1165); (4) severe renal
dysfunction, defined as an estimated glomerular filtration rate (¢GFR) < 60 mL/min/ 1.73m? (n = 207); (5) severe liver
dysfunction, defined as alanine transaminase (ALT) or aspartate transaminase (AST) levels exceeding three times the
upper limit of normal (n = 45); and (6) presence of infection (n = 1144). Finally, a total of 11416 participants were
included in the analysis. Based on prior research of 779 participants that examined the association between inflammation
indices and IR, the sample size of 11416 in this study was considered sufficient to provide adequate statistical power.'’
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
Beijing Chaoyang Hospital. All participants provided written informed consent.

Measurements of Clinical Parameters

Basic demographic and clinical data were collected for all participants and systematically recorded by qualified
physicians, including sex, age, height, weight, systolic blood pressure, and diastolic blood pressure. All participants
fasted for at least 8 hours before blood collection, which was conducted in the clinical laboratory at Beijing Chaoyang
Hospital following standard procedures. Serum creatinine, total cholesterol (TC), triglyceride (TG), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), ALT, AST, serum uric acid, FPG, glycated
hemoglobin (HbAlc), fasting insulin and FFA levels were measured using an automatic analyzer (Advia 2400, Siemens
Healthcare Diagnostics Inc., Tarrytown, New York, USA).

Variables and Definitions

Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m?). Hypertension was diagnosed
as systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg on two separate measurements, or current
use of antihypertensive medication. Dyslipidemia was defined as TC >5.2 mmol/L, or TG >1.7 mmol/L, or LDL-C
>3.4 mmol/L, or HDL-C <1.0 mmol/L, or non-high-density lipoprotein cholesterol (non-HDL-C) >4.1 mmol/L.'®
Diabetes was diagnosed as FPG >7.0 mmol/L, or HbAlc >6.5%, or random blood glucose >11.1 mmol/L with typical
hyperglycemic symptoms, or use of antidiabetic medications according to the American Diabetes Association (ADA)
guidelines.'” The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.?’ The Adipo-IR index was calculated as fasting insulin (mIU/L) x
FFA (mmol/L). The HOMA-IR was calculated as FPG (mmol/L) x fasting insulin (mIU/L) / 22.5. IR was defined as
HOMA-IR >2.6 (mmol/L x mIU/L).21 AISI was calculated as (neutrophil count (NC, x 109/L) x platelet count (PC, x
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10°/L) x monocyte count (MC, x 10°/L)) / lymphocyte count (LC, x 10°/L). MLR was calculated as MC / LC. NLR was
calculated as NC / LC. NPR was calculated as NC / PC. SII was calculated as (PC x NC) / LC. SIRI was calculated as
(MC x NC) / LC.

Statistical Analysis
In this study, normally distributed variables were presented as mean + standard deviation (SD), while non-normally
distributed variables were presented as median (quartiles). Categorical variables were described as frequencies
(percentages).

Inflammatory indices were categorized into quartiles, with the lowest quartile (Q1) as the reference group
(Supplementary Table 1). In the crude analysis, Kruskal-Wallis test was used to compare the distributions of Adipo-

IR and HOMA-IR across quartiles of inflammation indices. Linear regression models were used to evaluate associations
between the inflammatory indices and continuous outcomes. Participants were further classified into IR (HOMA-IR >
2.6) and non-IR (HOMA-IR < 2.6) groups,”' as well as high Adipo-IR (> 4.023) and low Adipo-IR (< 4.023) groups
based on the median value, and logistic regression models were used to assess associations with binary outcomes. Three
models were constructed, with Model 1 being unadjusted, Model 2 adjusted for age and sex, and Model 3 further
adjusted for BMI, hypertension, hyperlipidemia, serum uric acid and eGFR. The variance inflation factor (VIF) was used
to test multicollinearity and all covariates had VIF values <3. Non-normally distributed continuous variables (AISI,
MLR, NLR, NPR, SII, SIRI, Adipo-IR and HOMA-IR) were log-transformed when they were put in regression models
and when they were considered continuous for analysis. Subgroup analyses were performed stratified by age, sex and
BMI. Interaction terms between the inflammation index and these modifiers were included in the regression models to
test for an interaction effect. All analyses were two-tailed, with a P-value of < 0.05 considered statistically significant.
Data analyses were performed using R software (version 4.4.2) and GraphPad Prism software (version 10.4.0).

Results

Baseline Information

A total of 11416 participants were included, comprising 5770 women (50.5%) and 5646 men (49.5%). The median age
was 41 years, and the median BMI was 23.73 kg/m®. Compared with women, men had higher prevalences of
hypertension (18.3% vs 10.5%) and hyperlipidemia (65.78% vs 46.15%), as well as higher levels of BMI, uric acid,
FPG, fasting insulin and HOMA-IR. Adipo-IR levels were similar between men and women. For inflammatory indices,
men had higher levels of AISI, MLR, NPR and SIRI, and lower levels of SII and NLR than women. The baseline
information was shown in Table 1.

Table | Baseline Information of the Total Subjects

BMI (kg/m?)

Hypertension, n (%)
Hyperlipidemia, n (%)
Biochemical Parameters
TC (mmol/L)

23.73 (2131, 26.30)
1639(14.36%)
6377(55.86%)

4.89 (4.35, 5.52)

22.11 (20.12, 24.59)
606(10.50%)
2663(46.15%)

4.87 (4.32, 5.52)

Total Women Men
(n=11416) (N=5770) (N=5646)
General Characteristics
Age (years) 41 (33, 52) 40 (32, 52) 42 (34, 53)

25.16 (23.18, 27.35)
1033(18.30%)
3714(65.78%)

492 (4.38, 5.53)

HDL-C (mmol/L) 133 (I.11, 1.60) 151 (1.30, 1.80) 1.19 (1.03, 1.39)

LDL-C (mmoliL) 301 (2.48, 3.59) 2.90 (2.36, 3.45) 3.12 (2.60, 3.70)

TG (mmoliL) 1.14 (0.83, 1.67) 0.98 (0.74, 1.36) 1.36 (0.98, 1.97)

AST (U/L) 21 (18, 25) 20 (18, 23) 23 (20, 27)
(Continued)
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Table | (Continued).

HbAlc (%)

FFA (mmol/L)

Fasting insulin (mIU/L)
HOMA-IR

Adipo-IR

AlSI
MLR
NLR
NPR
NI
SIRI

Systemic Inflammation Indices

5.50 (5.30, 5.70)
0.52 (0.40, 0.67)
7.9 (5.6, 11.2)

160 (1.10, 2.34)
4.03 (2.60, 6.28)

132.69 (92.12, 192.67)
0.17 (0.14, 0.21)
1.71 (1.35, 2.17)
0.02 (0.01, 0.02)
408.82 (308.91, 538.87)
0.55 (0.40, 0.78)

5.40 (5.20, 5.70)
0.55 (0.42, 0.71)
7.5 (54, 10.5)

150 (1.05, 2.17)
4.04 (2.69, 6.16)

126.68 (87.31, 184.51)
0.16 (0.13, 0.20)

172 (1.36, 2.17)

0.01 (0.01, 0.02)
42032 (317.75, 554.96)
0.52 (038, 0.72)

Total Women Men
(n=11416) (N=5770) (N=5646)
ALT (U/L) 20 (14, 28) 16 (13, 21) 24 (18, 34)
eGFR (mL/min/I.73m2) 109 (100, 118) 112 (102, 120) 106 (98, 114)
Uric acid (umol/L) 333 (274, 399) 281 (245, 323) 391 (343, 448)
FPG (mmol/L) 4.56 (4.22, 4.96) 451 (4.19, 4.87) 4.63 (4.25, 5.03)

5.50 (5.30, 5.70)
0.49 (0.38, 0.63)
8.4 (5.8, 12.0)

1.72 (1.16, 2.51)
4.03 (2.52, 6.38)

140.00 (96.43, 199.67)
0.18 (0.14, 0.22)
1.70 (1.35, 2.17)
0.02 (0.01, 0.02)
397.11 (301.44, 520.21)
0.60 (0.44, 0.83)

Abbreviations: BMI, body mass index; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; TG, triglyceride; AST, aspartate transaminase; ALT, alanine transaminase; eGFR, estimated glomerular filtration rate; FPG,
fasting plasma glucose; HbAlc, glycated hemoglobin; FFA, free fatty acid; HOMA-IR, homeostasis model assessment of insulin resistance;
Adipo-IR, adipose tissue insulin resistance index; AlSI, aggregate index of systemic inflammation; MLR, monocyte-to-lymphocyte ratio;
NLR, neutrophil-to-lymphocyte ratio; NPR, neutrophil-to-platelet ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflam-
mation response index.

Association Between Six Inflammation Indices and Insulin Resistance by Linear

Regression

As shown in Figures 1 and 2, Adipo-IR and HOMA-IR increased progressively across quartiles of all six inflammation
indices, except for MLR, which showed no significant association with HOMA-IR (P = 0.144). In linear regression
analyses, after adjusting for age, sex, BMI, hypertension, hyperlipidemia, eGFR and uric acid, all six inflammatory
indices were significantly associated with Adipo-IR (Table 2). Specifically, each unit increase in log AISI, log MLR, log
NLR, log NPR, log SII and log SIRI was associated with 1.135 (¢%'?7 = 1.135), 1.052 (¢®%"! = 1.052), 1.151 (*'*! =
1.151), 1.242 (e*?'7 = 1.242), 1.154 (e*'* = 1.154) and 1.141 (*'** = 1.141) units increased in Adipo-IR after full
adjustment, respectively. Consistently, quartile analyses revealed a graded positive association. Participants in the highest
quartile of AISI, MLR, NLR, NPR, SII and SIRI had 1.206 (*'®” = 1.206), 1.041 (*%* = 1.041), 1.128 (¢*'* = 1.128),
1.195 (%78 = 1.195), 1.172 (e*'°° = 1.172) and 1.188 (”'"* = 1.188) higher levels of Adipo-IR, respectively, compared
with those in the lowest quartile.

For HOMA-IR, similar associations were observed (Supplementary Table 2). Each unit increase in log AISI, log
NLR, log NPR, log SII and log SIRI was associated with 1.066 (*°** = 1.066), 1.059 (¢*%7 = 1.059), 1.137 (¢*'*® =
1.137), 1.065 (*°% = 1.065) and 1.068 (e*°° = 1.068) units increased in HOMA-IR after full adjustment, respectively.
In the quartile analysis, participants in the highest quartile of AISI, NLR, NPR, SII and SIRI had 1.101 (*%°° = 1.101),
1.048 (™7 = 1.048), 1.113 (*'%7 = 1.113), 1.069 (**" = 1.069) and 1.099 (¢®%* = 1.099) higher levels of HOMA-IR,
respectively, compared with those in the lowest quartile. In contrast, MLR showed no significant association with
HOMA-IR.
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Figure | Adipo-IR levels across quartiles of six inflammation indices (A) AlSI, (B) MLR, (C) NLR, (D) NPR, (E) SlI, (F) SIRI.

Notes: Adipo-IR were presented as median with 95% confidence intervals and compared across quartiles using the Kruskal-Wallis test.

Abbreviations: AlSI, aggregate index of systemic inflammation; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPR, neutrophil-to-platelet
ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; Adipo-IR, adipose tissue insulin resistance index; QI, the first quartile, Q2,
the second quartile, Q3, the third quartile, Q4, the fourth quartile.

Association Between Six Inflammation Indices and Insulin Resistance by Logistic

Regression
Participants were divided into IR (HOMA-IR > 2.6) and non-IR (HOMA-IR < 2.6) groups, and into low (< 4.023) and
high (> 4.023) Adipo-IR groups.

As shown in Table 3, after full adjustment, each unit increase in log AISI, log MLR, log NLR, log NPR, log SII and
log SIRI was associated with 50.1% (OR = 1.501, 95% CI: 1.394-1.616), 23.9% (OR = 1.239, 95% CI: 1.096-1.401),
54.3% (OR = 1.543, 95% CI: 1.380-1.724), 89.6% (OR = 1.896, 95% CI: 1.665-2.160), 55.7% (OR = 1.557, 95% CI:
1.412-1.718) and 52.7% (OR = 1.527, 95% CI: 1.407-1.658) higher risk of high Adipo-IR, respectively. A similar
pattern was observed in the quartile analyses. Compared with participants in the lowest quartile, those in the highest
quartile of AISI, MLR, NLR, NPR, SII and SIRI had 77% (OR = 1.77, 95% CI: 1.578-1.985), 16.1% (OR = 1.161, 95%
CI: 1.035-1.302), 44.4% (OR = 1.444, 95% CI: 1.289-1.618), 70.9% (OR = 1.709, 95% CI: 1.520-1.921), 64.3% (OR =
1.643, 95% CI: 1.466-1.842) and 72.4% (OR = 1.724, 95% CI: 1.536—1.934) higher risk, respectively.

For HOMA-IR (Supplementary Table 3), after full adjustment, each unit increased in log AISI, log NLR, log NPR,
log SII and log SIRI was associated with 30.6% (OR = 1.306, 95% CI: 1.186—1.438), 24.2% (OR = 1.242, 95% CI:
1.073-1.436), 70.2% (OR = 1.702, 95% CI: 1.435-2.018), 27.2% (OR = 1.272, 95% CI: 1.119-1.445) and 32% (OR =
1.320, 95% CI: 1.186—-1.469) higher risk of IR, respectively. In the quartile analyses, participants in the highest quartile
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Figure 2 HOMA-IR levels across quartiles of six inflammation indices (A) AlSI, (B) MLR, (C) NLR, (D) NPR, (E) SlI, (F) SIRI.

Notes: HOMA-IR were presented as median with 95% confidence intervals and compared across quartiles using the Kruskal-Wallis test.
Abbreviations: AlS|, aggregate index of systemic inflammation; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPR, neutrophil-to-platelet
ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; QI, the first quartile, Q2, the second quartile, Q3, the third quartile, Q4, the

fourth quartile.

of AISI, NPR, SII and SIRI had 49.1% (OR = 1.491, 95% CI: 1.281-1.735), 52.9% (OR = 1.529, 95% CI: 1.308-1.788),
21.1% (OR = 1.211, 95% CI: 1.045-1.403) and 47.9% (OR = 1.479, 95% CI: 1.272-1.721) higher risk compared with
those in the lowest quartile. MLR showed no significant association with IR in either continuous or quartile.

Table 2 Multiple Linear Regression Between Six Inflammation Indices and Adipo-IR

Model | Model 2 Model 3

B (95% CI) P B (95% CI) P B (95% CI) P
Log AISI
Continuous | 0.194 (0.172, 0.215) <0.001 0.200 (0.179, 0.222) <0.001 | 0.127 (0.107, 0.146) <0.001
Quartile 1 Ref Ref Ref
Quartile 2 0.127 (0.093, 0.161) <0.001 0.132 (0.098, 0.166) <0.001 | 0.077 (0.047, 0.107) <0.001
Quartile 3 0.194 (0.160, 0.227) <0.001 0.202 (0.168, 0.236) <0.00!1 | 0.125 (0.095, 0.155) <0.001
Quartile 4 0.286 (0.252, 0.319) <0.001 0.294 (0.261, 0.328) <0.001 | 0.187 (0.156, 0.217) <0.001

(Continued)
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Table 2 (Continued).

Model | Model 2 Model 3

B (95% CI) P B (95% CI) P B (95% CI) P

Log MLR
Continuous | 0.049 (0.012, 0.085) | 0.009 | 0.041 (0.004,0.079) | 0.029 | 0.05I (0.018, 0.084) | 0.003

Quartile | Ref Ref Ref

Quartile 2 —0.002 (—0.036, 0.032) | 0.906 0.000 (—0.034, 0.035) | 0.983 —0.001 (—0.032, 0.029) | 0.932
Quartile 3 0.018 (—0.016, 0.052) 0.307 0.017 (-0.017, 0.051) | 0.332 0.014 (—0.016, 0.045) 0.356

Quartile 4 0.039 (0.005, 0.073) 0.027 0.033 (—0.002, 0.068) | 0.063 0.04 (0.010, 0.071) 0.010
Log NLR

Continuous | 0.162(0.129, 0.196) <0.001 0.156(0.122, 0.189) <0.00!1 | 0.141(0.111, 0.170) <0.001
Quartile | Ref Ref Ref

Quartile 2 0.03(—0.004, 0.064) 0.084 0.029(-0.005, 0.063) | 0.100 0.017(=0.013, 0.047) 0.269
Quartile 3 0.104(0.070, 0.139) <0.001 0.102(0.068, 0.136) <0.001 | 0.071(0.040, 0.101) <0.001

Quartile 4 0.143(0.109, 0.177) <0.001 0.137(0.102, 0.171) <0.001 | 0.12(0.090, 0.151) <0.001
Log NPR

Continuous | 0.28 (0.242, 0.318) <0.001 0.280 (0.241, 0.318) <0.001 | 0.217 (0.183, 0.252) <0.001
Quartile | Ref Ref Ref

Quartile 2 0.11 (0.075, 0.144) <0.001 0.112 (0.078, 0.146) <0.001 | 0.082 (0.052, 0.113) <0.001

Quartile 3 | 0.178 (0.143, 0.213) <0.001 0.180 (0.145, 0.215) <0.001 | 0.121 (0.090, 0.153) <0.001
Quartile 4 | 0.235 (0.200, 0.270) <0.001 0.235 (0.200, 0.270) <0.001 | 0.178 (0.147, 0.209) <0.001
Log SII
Continuous | 0.200 (0.171, 0.229) <0.0001 | 0.206 (0.177, 0.235) <0.001 | 0.143 (0.117, 0.169) <0.001

Quartile | Ref Ref Ref

Quartile 2 | 0.052 (0.018, 0.086) 0.003 | 0.057 (0.023,0.090) | 0.001 | 0.019 (-0.011,0.049) | 0213

Quartile 3 | 0.129 (0.095, 0.163) <0.001 | 0.135 (0.101,0.169) | <0.001 | 0.070 (0.040, 0.100) <0.001
Quartile 4 | 0.224 (0.190, 0.258) <0001 | 023 (0.196,0.264) | <0.001 | 0.159 (0.129, 0.190) <0.001
Log SIRI
Continuous | 0.185 (0.161, 0.209) <0.001 | 0.189 (0.164,0.213) | <0.001 | 0.132 (0.111, 0.154) <0.001

Quartile | Ref Ref Ref

Quartile 2 | 0.113 (0.079, 0.147) <0.001 0.117 (0.083, 0.151) <0.001 | 0.078 (0.048, 0.109) <0.001
Quartile 3 0.179 (0.145, 0.213) <0.001 0.184 (0.150, 0.218) <0.001 | 0.125 (0.095, 0.156) <0.001
Quartile 4 | 0.245 (0.211, 0.278) <0.001 0.248 (0.214, 0.283) <0.001 | 0.172 (0.141, 0.202) <0.001

Notes: AISI, MLR, NLR, NPR, SlI, SIRI and Adipo-IR were log-transformed when included in the models as continuous variables. AlSI, MLR,
NLR, NPR, SlI, and SIRI were analyzed both as log-transformed continuous variables and by quartiles. Model I: unadjusted; Model 2: adjusted
for age and sex; Model 3: Model 2 with further adjustment for hypertension, hyperlipidemia, body mass index, estimated glomerular filtration
rate and uric acid.

Abbreviations: Adipo-IR, adipose tissue insulin resistance index; AlSI, aggregate index of systemic infllammation; MLR, monocyte-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPR, neutrophil-to-platelet ratio; SlI, systemic immune-inflammation index; SIRI,
systemic inflammation response index; Cl, confidence interval; Ref, reference.

Subgroup Analysis

Subgroup analyses stratified by sex, age, and BMI were conducted to assess potential effect modification. As shown in
Figure 3, age significantly modified the association between log SII and the risk of high Adipo-IR (P for interaction =
0.012). Specially, each unit increase in log SII was associated with a higher risk of high Adipo-IR in participants aged
18—44 years (OR = 1.705, 95% CI: 1.490-1.953) compared with those aged >45 years (OR = 1.401, 95% CI:
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Table 3 Multiple Logistic Regression Between Six Inflammation Indices and Adipo-IR

Model | Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Log AlSI
Continuous | 1.68(1.569, 1.799) | <0.001 | 1.709(1.595, 1.831) | <0.001 | 1.501(1.394, 1.616) | <0.001

Quartile | Ref Ref Ref

Quartile 2 1.402(1.262, 1.557) | <0.001 | 1.421(1.279, 1.579) | <0.001 | 1.271(1.135, 1.423) | <0.001
Quartile 3 1.735(1.562, 1.927) | <0.001 | 1.774(1.596, 1.971) | <0.001 | 1.537(1.372, 1.723) | <0.001
Quartile 4 2.096(1.886, 2.330) | <0.001 | 2.145(1.929, 2.385) | <0.001 1.77(1.578, 1.985) | <0.001

Log MLR
Continuous | 1.183(1.059, 1.322) | 0.003 1.163(1.038, 1.302) | 0.009 1.239(1.096, 1.401) | <0.001
Quartile | Ref Ref Ref

Quartile 2 1.006(0.907, 1.117) | 0.905 | 1.011(0.911, 1.122) | 0.835 | 1.015(0.906, 1.136) | 0.799
Quartile 3 1.067(0.962, 1.184) | 0.220 | 1.064(0.958, 1.181) | 0.245 | 1.072(0.957, 1.200) | 0.230
Quartile 4 1.123(1.012, 1.246) | 0.030 | 1.106(0.995, 1.229) | 0.063 | I.161(1.035, 1.302) | 0.011
Log NLR
Continuous | 1.523(1.374, 1.687) | <0.001 | 1.502(1.356, 1.665) | <0.001 | 1.543(1.380, 1.724) | <0.001

Quartile | Ref Ref Ref

Quartile 2 1.047(0.943, 1.161) | 0.389 | 1.043(0.940, 1.158) | 0.424 | 1.015(0.907, 1.136) | 0.796

Quartile 3 1.211(1.092, 1.344) | <0.001 | 1.206(1.087, 1.338) | <0.001 | 1.131(1.010, 1.266) | 0.032
Quartile 4 1.439(1.297, 1.597) | <0.001 | 1.421(1.280, 1.578) | <0.001 | 1.444(1.289, 1.618) | <0.001
Log NPR

Continuous | 2.02(1.794, 2.275) | <0.001 | 2.02(1.791,2.279) | <0.001 | 1.896(1.665, 2.160) | <0.001

Quartile | Ref Ref Ref

Quartile 2 1.277(1.149, 1.419) | <0.001 | 1.284(1.155, 1.427) | <0.001 | 1.218(1.087, 1.365) | <0.001
Quartile 3 1.571(1.410, 1.750) | <0.001 | 1.579(1.416, 1.761) | <0.001 | 1.431(1.272, 1.610) | <0.001
Quartile 4 1.815(1.631, 2.019) | <0.001 | 1.817(1.630, 2.024) | <0.001 | 1.709(1.520, 1.921) | <0.001
Log SlI
Continuous | 1.69(1.544, 1.849) | <0.001 | 1.718(1.569, 1.881) | <0.001 | 1.557(1.412, 1.718) | <0.00I

Quartile | Ref Ref Ref

Quartile 2 | 1.156(1.041, 1.283) | 0.007 | 1.169(1.053, 1.298) | 0.003 | 1.069(0.955, 1.197) | 0.248
Quartile 3 | 1.461(1.316, 1.621) | <0.001 | 1.483(1.335, 1.646) | <0.001 | 1.298(1.159, 1.454) | <0.001
Quartile 4 | 1.802(1.622, 2.001) | <0.001 | 1.834(1.650, 2.037) | <0.001 | 1.643(1.466, 1.842) | <0.001
Log SIRI
Continuous | 1.638(1.520, 1.766) | <0.001 | 1.655(1.533, 1.786) | <0.001 | 1.527(1.407, 1.658) | <0.001

Quartile | Ref Ref Ref

Quartile 2 1.359(1.224, 1.509) | <0.001 | 1.372(1.235, 1.524) | <0.001 | 1.286(1.148, 1.440) | <0.001
Quartile 3 1.629(1.467, 1.809) | <0.001 | 1.649(1.484, 1.833) | <0.001 | 1.504(1.343, 1.685) | <0.001
Quartile 4 1.912(1.721, 2.124) | <0.001 | 1.932(1.737, 2.149) | <0.001 | 1.724(1.536, 1.934) | <0.001

Notes: AISI, MLR, NLR, NPR, Sll and SIRI were log-transformed when included in the models as continuous variables. AlSI, MLR,
NLR, NPR, SlI, and SIRI were analyzed both as log-transformed continuous variables and by quartiles. Model |: unadjusted; Model
2: adjusted for age and sex; Model 3: Model 2 with further adjustment for hypertension, hyperlipidemia, body mass index,
estimated glomerular filtration rate and uric acid.

Abbreviations: Adipo-IR, adipose tissue insulin resistance index; AlSI, aggregate index of systemic inflammation; MLR, monocyte-
to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPR, neutrophil-to-platelet ratio; Sll, systemic immune-inflammation
index; SIRI, systemic inflammation response index; OR, odds ratio; Cl, confidence interval; Ref, reference.
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A D
Variables OR(95%Cl) P P for interaction Variables OR(95%Cl) P P for interaction
Age H 0.227 Age i 0.188
18-44 —— 1.353(1.179,1.553)  <0.001 18-44 —— 1.796(1.513,2.133)  <0.001
245 —— 1.211(1.055,1.390) 0.007 245 | e 1.930(1.576,2.365)  <0.001
Sex 0.266 Sex 0412
Women ! —— 1.365(1.177,1.584)  <0.001 Women Lorem 1.977(1657,2.362)  <0.001
Men | —.—t 1.234(1.085,1.404) 0.001 Men | et 1.707(1.406,2.074)  <0.001
BMI 0.449 BMI 0.850
<185 —a————  0662(0.259,1.681) 0387 <185 e 1.867(1.569,2.239)  <0.001
18.5-24 | —— 1.367(1.141,1.638)  <0.001 18.5-24 | ——e———  2503(1.4424.394)  0.001
224 o 1.410(1.261,1.577)  <0.001 224 —— 1.906(1.569,2.318)  <0.001
0 1 2 0 1 2 3 4 5
B E
Variables OR(95%Cl) P P for interaction Variables OR(95%Cl) P Pforinteraction
Age : 0.247 Age ' 0.012
18-44 bomt 1.199(1.015,1.417)  0.033 18-44 +—e— 1.705(1.490,1.953)  <0.001
245 et 1.245(1.035,1.498)  0.020 245 Ve— 1.401(1213,1.618)  <0.001
Sex 0679 Sex 0.010
Women et 1.259(1.062,1.492)  0.008 Women i —e—> 1.758(1534,2.015  <0.001
Men o 1.168(0.975,1.399)  0.093 Men | ——t 1.355(1.175,1.563)  <0.001
BMI 0278 BMI 0.880
<185 fot 1.174(0.988,1.397)  0.069 <185 ' —e—i 1.634(1.427,1.873)  <0.001
18.5-24 —_—— 1.330(0.771,2307)  0.306 18.5-24 —e——> 1.383(0.8982.142)  0.143
224 50—0—1 1.290(1.077,1.547) 0.006 224 ; —— 1.603(1.384,1.859) <0.001
0 1 2 3 0 1 3
F
C Variables OR(95%Cl) P Pforinteraction Variables OR(95%Cl) P P forinteraction
Age 0.365 Age 0.975
18-44 Lot 1.616(1.387,1.885)  <0.001 18-44 ’ 1.537(1.376,1.718)  <0.001
245 | 1.442(1.2231.701)  <0.001 245 | e 1.473(1.301,1.670)  <0.001
Sex 0.027 Sex 0.161
Women C et 1.733(14852.024)  <0.001 Women ' 1.605(1433,1.798)  <0.001
Men Lt 1.325(1.126,1.560)  <0.001 Men Ve 1.404(1.244,1.585)  <0.001
BMI 0.360 BMI 0.182
<185 b 1.600(1.370,1.868)  <0.001 <185 e 1.503(1.342,1.685)  <0.001
18.5-24 o—o—~ 1.663(1.032,2.694)  0.037 18.5-24 ._._‘ 1.513(1.073,2.145) 0019
>24 o— 1.493(1.263,1.765) <0.001 224 e 1.624(1.436,1.838) <0.001
0 1 2 3 0 1 2 3

Figure 3 Subgroup analyses for the association between six inflammation indices and the risk of high Adipo-IR (A) Log AlSI, (B) Log MLR, (C) Log NLR, (D) Log NPR, (E) Log SlI,
(F) Log SIRI.

Notes: AISI, MLR, NLR, NPR, SlI and SIRI were log-transformed when included in the models as continuous variables.

Abbreviations: Adipo-IR, adipose tissue insulin resistance index; AlSI, aggregate index of systemic inflammation; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; NPR, neutrophil-to-platelet ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; OR, odds ratio; Cl, confidence
interval.

1.213-1.618). Sex significantly modified the associations of log NLR and log SII with high Adipo-IR (P for interaction =
0.027 and 0.01, respectively). In women, the ORs for each unit increase in log NLR and log SII were 1.733 (95% CI:
1.485-2.024) and 1.758 (95% CI: 1.534-2.015), compared with 1.325 (95% CI: 1.126—1.560) and 1.335 (95% CI:
1.175-1.563) in men.

For IR as shown in Supplementary Figure 1, age also modified the association between log SII and the risk of IR

(P for interaction = 0.018). The association was strongest in participants aged 1844 years (OR = 1.417, 95% CI:
1.176-1.707), whereas no significant association was observed in those aged >45 years.

Discussion

This study was the first to comprehensively evaluate six CBC-derived inflammation indices (AISI, MLR, NLR, NPR, SII
and SIR]) in relation to both HOMA-IR and Adipo-IR in a large Chinese adult population. All six indices were positively
associated with Adipo-IR after full adjustment, and AISI, NPR, SII and SIRI were also significantly associated with
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HOMA-IR. Subgroup analyses revealed that the association of SII with high Adipo-IR and HOMA-IR was more
pronounced among younger participants aged 18—44 years compared with older participants. Additionally, NLR and
SII were more strongly associated with high Adipo-IR in women than in men. These findings indicated age-related and
sex-related differences in the inflammatory regulation of insulin resistance.

The link between inflammation and insulin resistance has been extensively investigated. In adipose tissue, pro-
inflammatory M1 macrophages secrete chemokines that recruit monocytes and lymphocytes, thereby amplifying local
inflammation and worsening insulin resistance.!' Elevated platelet counts have also been implicated in promoting
inflammatory responses and are associated with insulin resistance.”>** Consistent with these mechanisms, we found
that all six inflammatory indices from routine blood count were significantly associated with Adipo-IR. Our previous
studies also identified similar associations between Adipo-IR and endocrine-related markers, such as thyroid hormone
sensitivity indices and growth hormone, with effect sizes comparable to those of the inflammatory indices.”** Clinically,
elevated Adipo-IR has been associated with various adverse metabolic outcomes. Prior studies have shown that
individuals in the highest tertile of Adipo-IR had a 324% higher risk of diabetes in overweight or obese women and
a 176% higher risk of metabolic syndrome, as well as an increased risk of hyperuricemia, by 253% in men and 102% in
women, compared to those in the lowest tertile.'*>*® In individuals with hyperlipidemia, each unit increase in log Adipo-
IR was linked to a 385% greater risk of NAFLD in women and a 216% increase in men.® Moreover, Adipo-IR
demonstrated a stronger correlation with liver fibrosis than BMI or hepatic steatosis.* These findings underscore the
clinical utility of Adipo-IR as a sensitive marker for metabolic dysfunction.

HOMA-IR, a sensitive indicator of insulin resistance, was significantly associated with AISI, NPR, SII and SIRI,
consistent with previous findings. A cross-sectional study in a Chinese population identified SII and SIRI as
independent risk factors for insulin resistance.'” Similarly, analyses based on NHANES data reported that SII
increased the risk of T2DM by approximately 4% and insulin resistance by about 5%, particularly in women and
younger individuals,?” consistent with our subgroup analyses. Inflammatory indices have also been linked to diabetic
complications. For example, NLR has been associated with proteinuria and eGFR decline in diabetic nephropathy,®
while SIRI has been strongly correlated with diabetic macular edema.”® Although MLR was not significantly
associated with HOMA-IR in our study, previous reports suggest its involvement in complications such as diabetic
nephropathy and retinopathy.**='

It is important to note that insulin resistance can also promote inflammation. Insulin resistance can promote
inflammatory pathways by impairing glucose uptake in immune cells, thereby shifting their metabolism toward fatty
acid oxidation and fostering a pro-inflammatory state.>> Hyperinsulinemia may also dysregulate immune cell function,
contributing to further metabolic and immune dysfunction.”® These reciprocal mechanisms highlight the complex
interplay between metabolic and inflammatory processes. However, given our cross-sectional study design, causality
cannot be established, and longitudinal or interventional studies are needed to further clarify these relationships.

Our study further found that the associations of log SII with high Adipo-IR and HOMA-IR were stronger in
individuals aged 18-44 years, consistent with the findings of Guo et al and Zhao et al*’>* One possible explanation is
that younger participants in our cohort had higher lymphocyte counts (1.98x10%/L vs 1.87x10°/L, P<0.001), which may
reflect a more responsive immune system and greater capacity for inflammation resolution.”” In contrast, aging is
associated with declines in immune function and structural changes in adipose tissue, potentially weakening the link
between inflammation and insulin resistance.*®> We also observed that the associations of log SII and log NLR with high
Adipo-IR were stronger in women than in men. It may be related to sex-specific differences in fat distribution and
hormonal regulation, rendering female adipose tissue more vulnerable to inflammatory stress.>*>* However, these
remain hypotheses, and the underlying mechanisms for these differences require further investigation.

This study provides novel evidence identifying CBC-based indices as potential surrogate markers of Adipo-IR in
a large general population. As these indices are derived from routine complete blood counts, they are inexpensive, widely
available, and easily implementable in clinical and primary care settings, which may facilitate early detection of insulin
resistance and support timely lifestyle or therapeutic interventions. Furthermore, they may serve as practical tools for
longitudinal monitoring and follow-up. Further studies are warranted to assess their predictive performance, determine
optimal cutoff values and explore their integration into clinical risk stratification models.
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Several limitations should be noted. First, we lacked data on some potential confounders, including diet, physical
activity and socioeconomic status. Second, our study population was recruited from a single center, which may limit the
external validity and generalizability to other populations. Third, the cross-sectional study design limited the capacity to
explore causal relationships. Fourth, we did not have data on circulating inflammatory cytokines, such as interleukin-6
and TNF-q, that could have helped us to better understand the role of systemic inflammation in insulin resistance. Fifth,
we had no information on the use of medications, such as statins and NSAIDs, which may influence inflammation and
insulin resistance. Future large-scale prospective studies are needed to confirm these findings.

Conclusion

In summary, this large cross-sectional study demonstrates a positive association between several systemic inflammation
indices and markers of insulin resistance, including Adipo-IR and HOMA-IR. These findings suggest that routine blood
count-derived indices may hold potential as cost-effective indicators of early metabolic dysfunction. However, due to the
study’s observational nature, further prospective and interventional studies are needed to confirm causality and to
evaluate their clinical utility in screening or risk stratification.
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