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Background: Type 2 diabetes mellitus (T2DM) is associated with chronic low-grade inflammation and increased arterial stiffness,
both of which have been independently linked to declining renal function in diabetic nephropathy. This study aims to investigate
whether arterial stiffness mediates the relationship between systemic inflammation and renal function in patients with T2DM,
potentially revealing a novel pathophysiological pathway.

Methods: In this cross-sectional study of 307 T2DM patients, neutrophil-to-lymphocyte ratio (NLR) was calculated as an inflam-
matory marker, ambulatory arterial stiffness index (AASI) was derived from 24-hour ambulatory blood pressure monitoring, and
estimated glomerular filtration rate (¢GFR) was determined. Multiple linear regression models were used to examine the relationships
between NLR, AASI, and eGFR. Mediation analysis with bootstrap resampling (5000 replications) was performed to assess whether
AASI mediated the association between NLR and eGFR.

Results: Patients with lower eGFR had significantly higher NLR and AASI than those with higher eGFR. After adjusting for
confounders, both NLR (B =—8.27, 95% CI: —12.32 to —4.22, P < 0.001) and AASI (B = —22.55, 95% CI: —43.67 to —1.43, P = 0.037)
were independently associated with reduced eGFR. Mediation analysis revealed that AASI accounted for 8.17% of the total effect in
the fully adjusted model (mediation effect: —0.717, 95% CI: —1.570 to —0.067, P = 0.024), demonstrating a partial mediation of the
relationship between NLR and eGFR.

Conclusion: AASI partially mediates the association between NLR and eGFR in T2DM patients, providing new insights into the
pathophysiological links between inflammation, vascular dysfunction, and kidney damage. Therapeutic strategies targeting inflamma-
tion and arterial stiffness might offer synergistic benefits for preserving renal function.

Keywords: type 2 diabetes mellitus, neutrophil-to-lymphocyte ratio, ambulatory arterial stiffness index, estimated glomerular
filtration rate, mediation analysis

Introduction

Type 2 diabetes mellitus (T2DM) represents a global health epidemic affecting over 400 million individuals worldwide,
with diabetic kidney disease (DKD) standing as one of its most devastating complications." As the leading cause of end-
stage renal disease (ESRD), DKD progression is characterized by declining estimated glomerular filtration rate (eGFR)
and the presence of albuminuria.” Despite significant advances in understanding DKD pathophysiology, the mechanisms
driving kidney dysfunction in T2DM remain incompletely elucidated. Compelling evidence increasingly suggests that
chronic low-grade inflammation and vascular dysfunction, particularly arterial stiffness, play pivotal roles in DKD

progression.>*
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The neutrophil-to-lymphocyte ratio (NLR) has emerged as a powerful marker of systemic inflammation, reflecting the
delicate balance between pro-inflammatory and anti-inflammatory processes.” NLR demonstrates remarkable stability in
chronic metabolic conditions and exhibits superior sensitivity and specificity for detecting early diabetic microvascular
damage compared to conventional inflammatory markers.® While NLR has limitations as a nonspecific marker potentially
influenced by acute stressors and comorbidities, its clinical utility in diabetes remains well-established. This enhanced
diagnostic performance stems from NLR’s ability to simultaneously capture neutrophil-mediated inflammatory activation
and impaired lymphocyte-dependent immunoregulation—both critical in diabetic vascular pathology.” Elevated NLR has
been consistently associated with poor outcomes across various chronic diseases, including T2DM and its
complications.®” In T2DM patients, increased NLR correlates strongly with DKD progression, microvascular complica-
tions, and cardiovascular events.'™'" The underlying mechanisms likely involve neutrophil-mediated oxidative stress,
endothelial dysfunction, and lymphocyte-mediated immune dysregulation-all contributing to renal injury and eGFR
decline."*'* However, the precise pathways through which NLR influences kidney function remain inadequately
characterized, and potential mediators in this relationship warrant comprehensive investigation.

Arterial stiffness, a hallmark of vascular aging and diabetes-related vascular damage, has been implicated in DKD
pathogenesis. The ambulatory arterial stiffness index (AASI), derived from 24-hour ambulatory blood pressure monitor-
ing (ABPM), represents a clinically accessible measure of arterial stiffness with predictive value for cardiovascular and
renal outcomes in T2DM patients.'>'® While AASI offers advantages in its derivation from routine ABPM data without
specialized equipment, it has limitations compared to pulse wave velocity (PWV), the gold standard for arterial stiffness
assessment.'’ AASI calculations can be influenced by blood pressure variability patterns and nocturnal dipping status,
potentially affecting measurement precision.'® Nevertheless, elevated AASI reflects increased arterial rigidity, which
impairs the vasculature’s ability to accommodate pulsatile blood flow, leading to disrupted renal hemodynamics and
subsequent kidney damage."’

Emerging evidence suggests that AASI may serve as a critical link between systemic inflammation and renal
dysfunction, as inflammatory pathways—including pro-inflammatory cytokine activation and oxidative stress—directly
contribute to vascular remodeling and increased arterial stiffness in T2DM.?*2! Several studies have provided indirect
evidence supporting this potential mediating pathway. Peyster et al* demonstrated that inflammatory markers (IL-6, CRP)
were independently associated with arterial stiffness in chronic kidney disease patients, suggesting inflammation-induced
vascular changes. Similarly, Georgianos et al** identified arterial stiffness as an independent risk factor for kidney injury
progression, proposing mechanisms including altered renal microcirculation and glomerular hemodynamics. In the
context of diabetes, Amorim et al*®> highlighted the cross-linking between inflammation, vascular dysfunction, and
kidney disease, but did not specifically test the mediating relationships among these factors.

Despite substantial evidence implicating both NLR and AASI in DKD progression, their interrelationship remains
poorly understood. The potential mediating role of arterial stiffness in the association between systemic inflammation and
renal function decline in T2DM represents a knowledge gap that warrants investigation. Understanding this pathway
could inform therapeutic strategies targeting both inflammation and vascular dysfunction to preserve renal function. This
study evaluates whether AASI mediates the relationship between NLR and eGFR in patients with T2DM, hypothesizing
that systemic inflammation promotes arterial stiffening, which subsequently contributes to renal dysfunction.

Methods
Study Population and Design

We consecutively enrolled patients with type 2 diabetes who visited the Department of Endocrinology at Cangzhou
Central Hospital (Hebei, China) from January 2021 to December 2023. Type 2 diabetes diagnosis was established
according to the American Diabetes Association criteria. Exclusion criteria comprised: (1) type 1 diabetes; (2) acute
diabetic complications; (3) severe hepatic dysfunction (alanine aminotransferase or aspartate aminotransferase >3 times
the upper limit of normal); (4) advanced renal impairment (eGFR <30 mL/min/1.73 m?); (5) malignancy; (6) autoimmune
disease; (7) acute or chronic infection; (8) pregnancy or lactation; and (9) incomplete critical medical data. This study
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received approval from the ethics committee of Cangzhou Central Hospital and strictly adhered to the Declaration of
Helsinki principles. The requirement for informed consent was waived due to the study’s cross-sectional nature.

Data Collection and Definitions

Demographic information, medical history, and specific clinical parameters were systematically extracted from patients’
electronic health records. The collection encompassed historical health events, including hypertension, diabetes mellitus
duration, smoking status, and alcohol consumption. These self-reported historical details were subsequently corroborated
through medical records.

Fasting venous blood samples were collected to measure plasma levels of fasting blood glucose (FBG), glycated
hemoglobin (HbAlc), blood urea nitrogen (BUN), serum creatinine, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and complete blood count, including neutrophil and lymphocyte counts. The neutrophil-
to-lymphocyte ratio (NLR) was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count.**
All laboratory parameters were measured using standardized laboratory methods.

The estimated glomerular filtration rate (¢GFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.25 The albumin-to-creatinine ratio (ACR) was measured using an immune turbidi-
metry assay (Hitachi 7070E; Hitachi High-Technologies, Tokyo, Japan) from a single urine specimen collected on the
same day as the blood sample. Based on urinary ACR values, patients were categorized as having either normal
albuminuria (ACR < 30 mg/g) or microalbuminuria (ACR 30-300 mg/g). Patients with macroalbuminuria (ACR >
300 mg/g) were excluded from this study.

Patients with macroalbuminuria (ACR > 300 mg/g) were excluded to focus on earlier stages of diabetic kidney
disease where the relationships between inflammation, arterial stiffness, and renal function may be less confounded by
advanced pathological processes. In established nephropathy, multiple concurrent pathways and complex treatment
regimens could potentially obscure the specific associations under investigation. This approach, while enhancing internal
validity, does limit our findings’ applicability primarily to patients with early to moderate stages of diabetic kidney
disease.

24-Hour ABPM and AASI Calculation

All patients underwent 24-hour ambulatory blood pressure monitoring (ABPM) using an oscillometric device (Spacelabs
90217, Spacelabs Healthcare, USA). Blood pressure readings were obtained at 15-minute intervals during the day
(06:00-22:00) and 30-minute intervals during the night (22:00-06:00). ABPM recordings with at least 70% successful
readings were considered valid for analysis. For AASI calculation, systolic and diastolic blood pressure readings from
each identical time point were paired. Individual readings were excluded if they met any of the following criteria: systolic
blood pressure <70 or >250 mmHg, diastolic blood pressure <40 or >150 mmHg, pulse pressure <20 mmHg, or readings
flagged as technical errors by the device.”® The ambulatory arterial stiffness index (AASI) was calculated as one minus
the regression slope of diastolic blood pressure on systolic blood pressure from individual 24-hour ABPM recordings.?’
Mean arterial pressure (MAP) was calculated as diastolic blood pressure plus one-third of pulse pressure.

Statistical Analysis

Continuous variables were characterized by the mean + standard deviation (SD) or the median with interquartile range
(IQR) based on data distribution normality. Group differences were analyzed using #-tests, or Mann—Whitney U-tests as
appropriate. Categorical variables were summarized as frequencies and percentages, with between-group comparisons
performed using the chi-square (¥?) test or Fisher’s exact test.

Based on eGFR levels, participants were stratified into three groups: Low eGFR, Middle eGFR, and High eGFR,
using tertile cutoff values. One-way analysis of variance (ANOVA) or the Kruskal-Wallis test was employed to compare
continuous variables across the three groups. In contrast, the chi-square test was used for categorical variables.
Correlations among variables, including NLR, AASI, and clinical parameters, were evaluated using Spearman correlation
coefficients. Additionally, a heatmap was generated to represent each correlation coefficient visually.
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Restricted cubic spline analyses were performed to visualize potential nonlinear relationships between NLR, AASI,
and eGFR. Multiple linear regression models assessed the relationship between NLR, AASI, and eGFR. Effect estimates
(B) with 95% confidence intervals (CI) were calculated. We implemented multiple adjusted models to evaluate the
robustness and reliability of the findings thoroughly. Additionally, several subgroup analyses were conducted to explore
whether the relationship between NLR, AASI, and eGFR remained consistent across various demographic and clinical
subgroups. Interaction terms were introduced into the regression models to test for heterogeneity.

To assess the impact of NLR (exposure) on eGFR (outcome) via AASI (mediator), we employed mediation analysis
for continuous variables. This method involved fitting two distinct regression models: one for the mediator and another
for the outcome. The significance of the mediating effect was assessed by examining bootstrap samples with 5000
replications.

In multiple linear regression analysis, subgroup analysis, and mediation analysis, we employed multiple adjusted
models with various independently adjusted covariates to thoroughly evaluate the robustness and reliability of the
findings. Covariates were selected based on either a >10% change in the regression coefficient of the primary predictor
after inclusion in the basic model (or removal from the full model) or if the covariate’s regression coefficient demon-
strated a p-value <0.05 to the outcome. During this process, we evaluated several additional potential confounding factors
including other medications (calcium channel blockers, beta-blockers, statins), detailed lifestyle parameters beyond
smoking and alcohol consumption, additional comorbidities, and other inflammatory markers. These variables were
ultimately excluded as they either did not significantly alter the primary predictor coefficients, showed no significant
association with eGFR, or had limited availability across our study population. In all adjusted models, model I was
adjusted for age, sex, and BMI; Model II was adjusted for age, sex, BMI, diabetes duration, HbAlc, hypertension, total
cholesterol, LDL cholesterol, microalbuminuria, RAAS antagonists, and SGLT2 inhibitors.

All analyses were performed using the statistical software package R (http://www.R-project.org, The R Foundation)

and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). P values less than 0.05 (two-

sided) were considered statistically significant.

Results

Baseline Characteristics

307 patients with type 2 diabetes were stratified into three groups based on eGFR levels (low, middle, and high). As
shown in Table 1, patients with low eGFR were significantly older and had longer diabetes duration compared to those
with middle and high eGFR (P < 0.001 for both). Interestingly, despite longer diabetes duration, the low eGFR group
exhibited lower HbAlc levels (7.91 + 1.79%) compared to the middle (8.43 + 1.78%) and high (8.58 + 1.88%) eGFR
groups (P = 0.009), a finding that contrasts with the typical association between poor glycemic control and DKD
progression. The low eGFR group also demonstrated higher 24-hour SBP (P < 0.001) and higher prevalence of
hypertension (P < 0.001). Notably, both inflammatory and arterial stiffness markers were elevated in the low eGFR
group, with significantly higher NLR (P = 0.003) and AASI (P < 0.001) compared to the middle and high eGFR groups.
RAAS antagonist use was also more prevalent in the low eGFR group (P = 0.017). Furthermore, the correlation matrix
heatmap (Figure 1) demonstrates significant negative correlations between NLR and eGFR (r=-0.21, P <0.001), as well
as between AASI and eGFR (r = —0.28, P < 0.001).

Association of NLR and AASI with eGFR

Restricted cubic spline analyses examined potential nonlinear relationships between NLR, AASI, and eGFR (Figure 2).
NLR demonstrated a significant linear inverse relationship with eGFR (P for overall < 0.001, P for nonlinearity = 0.995)
(Figure 2A). The high P-value for nonlinearity (>0.05) indicates the absence of a significant non-linear relationship,
supporting the appropriateness of using linear models in subsequent analyses. As NLR increased, eGFR decreased in
a dose-dependent manner. Similarly, AASI exhibited a significant inverse relationship with eGFR (P for overall < 0.001,
P for nonlinearity = 0.663) (Figure 2B), again with no evidence of significant nonlinearity. The relationship between
NLR, AASI, and eGFR was assessed using multiple linear regression analysis (Table 2). In the unadjusted model, NLR
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Table | Baseline Characteristics of Participants Stratified by eGFR Levels

Characteristic Low eGFR TI Middle eGFR T2 High eGFR T3 P-value
(N=102) (N=102) (N=103)

Age (years) 63.33 £ 11.07 5731 £ 11.86 49.72 = 13.11 <0.001

BMI (kg/m?) 26.15 + 3.66 26.44 + 3.77 26.77 £ 3.67 0.573

Sex 0.924

Male 47 (46.08%) 47 (46.08%) 45 (43.69%)

Female 55 (53.92%) 55 (53.92%) 58 (56.31%)

Smoking 0.104

No 67 (65.69%) 79 (77.45%) 79 (76.70%)

Yes 35 (34.31%) 23 (22.55%) 24 (23.30%)

Alcohol Drinking 0.353

No 70 (68.63%) 67 (65.69%) 77 (74.76%)

Yes 32 (31.37%) 35 (34.31%) 26 (25.24%)

Diabetes Duration (years) 10.00 (4.00-16.75) 8.00 (1.00-15.00) 4.00 (0.75-10.00) <0.001

HbAlc (%) 791 £ 1.79 843 + 1.78 8.58 + .88 0.009

ALT (U/L) 20.40 (16.47-29.00) 23.70 (16.75-32.86) 25.30 (18.50-35.49) 0.024

AST (U/L) 19.40 (15.80-23.20) 21.40 (17.15-27.45) 20.40 (16.05-26.02) o0.101

BUN (mmol/L) 6.67 +2.52 5.09 + .14 4.67 £ 1.22 <0.001

Creatinine (umol/L) 7948 + 23.11 56.90 + 8.23 46.84 £ 7.71 <0.001

eGFR (mL/min/1.73 m?) 84.76 + 18.33 121.78 £ 7.13 157.27 £ 19.21 <0.001

TC (mmol/L) 471 £ 1.12 495 % I.19 522 + 1.38 0.035

TG (mmol/L) 1.61 (1.18-2.17) 1.85 (1.21-3.02) .51 (1.04-2.71) 0.290

HDL (mmol/L) 1.14 £ 0.25 1.17 £ 0.30 I.16 £ 0.26 0.869

LDL (mmol/L) 2.81 +0.93 292 + 098 324+ 1.13 0.018

Neutrophils (x10°/L) 3.71 £ 1.58 3.64 + 1.33 3.77 £ 1.40 0.875

Lymphocytes (x109/L) 1.84 + 0.83 2.20 + 0.94 224 +0.72 <0.001

NLR 2.17 £ 0.97 1.82 £ 0.71 1.76 + 0.69 0.003

24-Hour SBP (mmHg) 134.75 £ 13.97 130.22 £ 11.74 127.76 £ 11.70 <0.001

24-Hour DBP (mmHg) 73.74 + 8.86 75.29 +9.17 75.63 + 8.58 0.311

24-Hour HR (bpm) 71.99 £ 932 73.58 + 9.07 76.01 £9.71 0.009

24-Hour MAP (mmHg) 94.11 £ 9.15 93.59 £ 8.96 93.01 £8.73 0.682

AAS| 0.52 £ 0.15 0.43 £0.16 041 £0.17 <0.001

Hypertension <0.001

No 17 (16.67%) 22 (21.57%) 40 (38.83%)

Yes 85 (83.33%) 80 (78.43%) 63 (61.17%)

Microalbuminuria 0.101

No 59 (57.84%) 73 (71.57%) 70 (67.96%)

Yes 43 (42.16%) 29 (28.43%) 33 (32.04%)

RAAS antag 0.017

No 43 (42.16%) 53 (51.96%) 64 (62.14%)

Yes 59 (57.84%) 49 (48.04%) 39 (37.86%)

SGLT2i 0.055

No 62 (60.78%) 75 (73.53%) 77 (74.76%)

Yes 40 (39.22%) 27 (26.47%) 26 (25.24%)

was inversely associated with eGFR (B = —8.02, 95% CI: —12.45 to —3.59, P < 0.001). This association remained
significant after adjustment for age, sex, and BMI (Model I: = —7.97, 95% CI: —12.03 to —3.91, P < 0.001) and after
further adjustment for diabetes duration, HbAlc, hypertension, total cholesterol, LDL cholesterol, microalbuminuria,
RAAS antagonists, and SGLT2i (Model II: B = —8.27, 95% CI: —12.32 to —4.22, P < 0.001). Similarly, AASI showed
a significant inverse association with eGFR in both the unadjusted model (B = —50.63, 95% CI. —72.53 to —28.72, P <
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Figure | Correlation heatmap of clinical and laboratory parameters in patients with type 2 diabetes. The color intensity indicates the strength and direction of correlations
between variables, with red indicating positive correlations and green indicating negative correlations. The numerical values represent Spearman correlation coefficients.
Abbreviations: SGLT2i, sodium-glucose cotransporter-2 inhibitor; RASS antag, renin-angiotensin-aldosterone system antagonists; AASI, ambulatory arterial stiffness index;
HbAlc, glycated hemoglobin; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; TC, total cholesterol; LDL, low-density lipoprotein; NLR,
neutrophil-to-lymphocyte ratio; BMI, body mass index; TG, triglycerides.

0.001) and the adjusted models (Model I: B = —25.78, 95% CI: —46.81 to —4.76, P = 0.017; Model II: B = —22.55, 95%
CIL: —43.67 to —1.43, P = 0.037).

Subgroup Analyses

To identify potential effect modifiers, we conducted subgroup analyses stratified by demographic and clinical character-
istics (Table 3). A significant interaction was observed between alcohol drinking status and the association between NLR
and eGFR (P for interaction = 0.026). The negative association between NLR and eGFR was significant in non-drinkers
(B =-12.87, 95% CI: —18.06 to —7.68, P < 0.001) but not in alcohol drinkers (f = —2.35, 95% CI: —10.35 to 5.66, P =
0.565). The association between AASI and eGFR varied by SGLT2i use (P for interaction = 0.035). The negative
association between AASI and eGFR was more potent in patients using SGLT?2 inhibitors (§ = —82.20, 95% CI: —124.01
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P for overall < 0.001 P for overall < 0.001
P for nonlinear = 0.995 P for nonlinear = 0.663

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

B 0:5 1.0 15 20 25 3.0 35 4.0 4.5 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8
NLR AASI

Figure 2 Restricted cubic spline analyses of the association between inflammatory and arterial stiffness markers with renal function. (A) Association between neutrophil-to-
lymphocyte ratio (NLR) and estimated glomerular filtration rate (eGFR). (B) Association between ambulatory arterial stiffness index (AASI) and eGFR. The solid red lines
represent the regression coefficients (B), and the pink shaded areas represent the 95% confidence intervals. P for overall indicates the significance of the entire relationship,
while P for nonlinear indicates the significance of nonlinear components of the relationship.

to —40.38, P < 0.001) compared to those not using SGLT2 inhibitors (f = —30.65, 95% CI. —56.84 to —4.47, P = 0.022).
These findings suggest potentially important biological interactions whereby alcohol consumption may attenuate
inflammation-related renal effects, while SGLT2i treatment appears to modify the relationship between vascular stiffness
and kidney function. These unexpected interactions, particularly the enhanced AASI-eGFR relationship in SGLT2i users,

highlight mechanistic complexities that warrant further investigation.

Mediation Analysis

The mediation analysis demonstrated that AASI partially mediated the relationship between NLR and eGFR across
different adjustment models (Figure 3). In the unadjusted model (Figure 3A), the direct effect of NLR on ¢eGFR was
—8.100 [95% CI: (—11.644, —4.428), P < 0.001], while the mediation effect through AASI was —1.746 [95% CI: (-2.956,
—0.706), P < 0.001], accounting for 17.73% of the total effect. In Model I (Figure 3B) adjusted for age, sex, and BMI, the
direct effect was —7.600 [95% CI: (—11.321, —3.664), P < 0.001], with a mediation effect of —0.897 [95% CI: (=12.207,
—4.618), P < 0.004], accounting for 10.56% of the total effect. In the fully adjusted Model II (Figure 3C), which
additionally controlled for diabetes duration, HbA l¢, hypertension, total cholesterol, LDL cholesterol, microalbuminuria,
RAAS antagonists, and SGLT2 inhibitors, the direct effect remained significant at —8.052 [95% CI: (—11.793, —=3.991),

Table 2 Relationship Between NLR, AASI, and eGFR Levels

Variables NLR AASI

B (95% CI) P B (95% CI) P
Unadjusted —8.02 (—12.45, —-3.59) | <0.001 | —50.63 (-72.53, —28.72) | <0.001
Adjust Model | | —=7.97 (—12.03, —=3.91) | <0.001 | —25.78 (—46.81, —4.76) 0.017
Adjust Model Il | —8.27 (—12.32, —4.22) | <0.001 | —22.55 (—43.67, —1.43) 0.037

Notes: Model | was adjusted for age, sex, and BMI. Model Il was adjusted for variables in Model | plus
diabetes duration, HbAlc, hypertension, total cholesterol, LDL cholesterol, microalbuminuria, RAAS
antagonists, and SGLT2 inhibitors. Effect (B) coefficients with 95% confidence intervals (Cl) represent
the change in eGFR (mL/min/1.73 m?) per unit increase in NLR or AASI.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AASI, ambulatory arterial stiffness index; eGFR,
estimated glomerular filtration rate; BMI, body mass index; HbAlc, glycated hemoglobin; TC, total
cholesterol; LDL, low-density lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT2i, sodium-
glucose cotransporter-2 inhibitor.
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Table 3 Subgroup Analysis of the Relationship Between NLR, AASI, and eGFR by Demographic and Clinical Factors

Characteristic NLR AASI
B (95% CI) P P for interaction | B (95% CI) P P for interaction
Sex 0.107 0.072
Male —13.66 (—20.24, —7.08) | <0.001 —67.09 (—100.37, —33.81) | <0.001
Female —6.42 (—12.39, —0.46) | 0.035 —27.30 (-57.19, 2.58) 0.074
Age (years) 0.454 0.449
<60 —8.38 (—13.74, -3.02) | 0.002 —40.61 (—70.78, —10.43) | 0.008
260 —11.51 (-=17.96, =5.05) | <0.001 —24.37 (-55.71, 6.97) 0.128
BMI (kg/m?) 0.946 0.698
<25 —10.31 (—18.34, —2.28) | 0.012 —42.07 (—79.08-5.05) 0.026
225, <30 —9.84 (—15.83, -3.86) | 0.001 —52.27 (—83.23, -21.32) | 0.001
230 —8.12 (—19.09, 2.85) 0.148 —23.82 (—87.82, 40.19) 0.466
Alcohol Drinking 0.026 0.375
No —12.87 (—18.06, —7.68) | <0.001 —51.96 (=79.53, —24.39) | <0.001
Yes —2.35 (—10.35, 5.66) 0.565 —31.80 (—69.15, 5.54) 0.096
Smoking 0.343 0.867
No =115 (—16.67, —5.63) | <0.001 —45.56 (—72.35, —18.78) | <0.001
Yes —6.84 (—14.11, 0.43) 0.066 —41.60 (—82.00, —1.20) 0.044
Diabetes duration (years) 0.969 0.206
Low —9.51 (-17.82, —1.21) | 0.025 —57.37 (-97.80, —16.94) | 0.005
Middle —8.85 (—17.99, 0.29) 0.058 —12.10 (—55.60, 31.41) 0.586
High —10.20 (—16.52, —3.88) | 0.002 —55.46 (—88.75, —22.18) | 0.001
HbAlc (%) 0.656 0.781
<8 —10.81 (—17.50, —4.13) | 0.002 —42.07 (-73.14,-11.01) | 0.008
28 —8.83 (—14.71, —2.94) | 0.003 —48.12 (-79.74, —16.49) | 0.003
Hypertension 0.689 0.521
No —11.23 (-20.12, —2.34) | 0.014 —58.33 (—105.67, —10.98) | 0.016
Yes —9.21 (—14.23, -4.19) | <0.001 —41.40 (—66.60, —16.19) | 0.001
Microalbuminuria 0.622 0.058
No —8.76 (—14.57, —2.95) | 0.003 —30.79 (-57.75, —3.83) 0.025
Yes —11.02 (—17.98, —4.06) | 0.002 —75.63 (—114.98, —36.29) | <0.001
RASS antag 0.961 0.870
No —9.58 (—16.10, —3.06) | 0.004 —43.30 (—74.31, —12.28) | 0.006
Yes -9.79 (-15.71, -3.87) | 0.001 —46.91 (-79.10, —14.73) | 0.004
SGLT2i 0.607 0.035
No —8.86 (—14.32, —3.40) | 0.002 —30.65 (—56.84, —4.47) 0.022
Yes —11.30 (—18.96, —3.64) | 0.004 —82.20 (—124.01, —40.38) | <0.001

Notes: All models were adjusted for age, sex, BMI, hypertension, diabetes duration, HbAlc, TC, LDL, microalbuminuria, RAAS antagonists, and SGLT2 inhibitors, except
for the stratification variable. Diabetes duration was categorized into tertiles. Effect (B) coefficients with 95% confidence intervals (Cl) represent the change in eGFR
(mL/min/1.73 m?) per unit increase in NLR or AASI. P for interaction was calculated by including the product term of the stratification variable and NLR or AASI in the
regression models.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AASI, ambulatory arterial stiffness index; eGFR, estimated glomerular filtration rate; BMI, body mass index; HbAlc,
glycated hemoglobin; TC, total cholesterol; LDL, low-density lipoprotein; RAAS, renin-angiotensin-aldosterone system; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

P < 0.001], with a mediation effect of —0.717 [95% CI: (—1.570, —0.067), P = 0.024], accounting for 8.17% of the total
effect.

Discussion

In this cross-sectional study of patients with type 2 diabetes, we demonstrated that both systemic inflammation (measured
by NLR) and arterial stiffness (measured by AASI) were independently associated with reduced renal function (eGFR).
Furthermore, our mediation analysis revealed that AASI partially mediated the relationship between NLR and eGFR,
with the proportion of the total effect mediated by AASI ranging from 8.17% in the fully adjusted model to 17.73% in the

https: Journal of Inflammation Research 2025:18

10814



Guo et al

A B
Mediation effect Mediation effect Mediation effect
-1.746 (-2.956, -0.706) P<0.001 -0.897 (-12.207, -4.618) P<0.004 -0.717 (-1.570, -0.067) P<0.024
AASI AASI AASI

Proportion mediate Proportion mediated Proportion mediated

17.73% 10.56% 8.17%
NLR —» eGFR  NLR —— > eGFR NLR ——» eGFR
Direct effect Direct effect Direct effect
-8.100 (-11.644, -4.428) P<0.001 -7.600 (-11.321, -3.664) P<0.001 -8.052 (-11.793, -3.991) P<0.001
Total effect Total effect Total effect
-9.847 (-13.306, -6.049) P<0.001 -8.498 (-12.207, -4.618) P<0.001 -8.770 (-12.450, -4.772) P<0.001

Figure 3 Mediation analysis of the relationship between NLR, AASI, and eGFR in patients with type 2 diabetes. (A) Unadjusted model. (B) Model adjusted for age, sex, and
BMI. (C) Model adjusted for age, sex, BMI, diabetes duration, HbAlc, hypertension, TC, LDL, microalbuminuria, RAAS antagonists, and SGLT2 inhibitors. Direct effects,
mediation effects, and total effects are presented with their corresponding 95% confidence intervals and P values. The proportion mediated represents the percentage of the
total effect of NLR on eGFR that is mediated through AASI.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AASI, ambulatory arterial stiffness index; eGFR, estimated glomerular filtration rate.

unadjusted model. These findings provide novel insights into the pathophysiological mechanisms underlying diabetic
kidney disease (DKD) and highlight the complex interplay between inflammation, vascular dysfunction, and renal
impairment in patients with type 2 diabetes.

Our study’s inverse association between NLR and eGFR aligns with previous investigations demonstrating the
predictive value of elevated NLR for kidney function decline in various populations, including those with
diabetes.'"** For instance, Gao et al*’ demonstrated that Higher NLR levels are associated with an increased prevalence

of chronic kidney disease (CKD) in diabetic patients. Similarly, Li et al*°

found NLR is positively correlated with urinary
albumin-to-creatinine ratio and negatively correlated with estimated glomerular filtration rate, suggesting its potential as
a predictor of diabetic kidney disease. NLR, as an accessible and cost-effective marker of systemic inflammation, reflects
the balance between neutrophil-mediated inflammatory responses and lymphocyte-dependent immune regulation.”' In the
diabetic milieu, persistent low-grade inflammation contributes to endothelial dysfunction, oxidative stress, and fibrotic
changes within the kidney, accelerating the decline in renal function.

The underlying mechanisms through which systemic inflammation impacts renal function involve multiple pathways.
Neutrophils, when activated, release reactive oxygen species, proteolytic enzymes, and pro-inflammatory cytokines that
can directly damage renal parenchyma.>® Additionally, neutrophil extracellular traps (NETs) formation in the diabetic
kidney may further exacerbate tissue injury and promote fibrosis.>* Conversely, lymphocytes, particularly regulatory
T cells, mitigate inflammatory responses and promote tissue repair.>> Therefore, an elevated NLR represents increased
pro-inflammatory processes and decreased immunoregulatory capacity, creating an environment conducive to progressive
kidney damage.

Arterial stiffness, as reflected by AASI, independently predicted reduced eGFR in our cohort, consistent with
previous studies linking vascular dysfunction to renal impairment. The ambulatory arterial stiffness index (AASI) has
been identified as an independent risk factor for renal failure in non-proteinuric patients with type 2 diabetes.'® In
Chinese patients with chronic kidney disease, AASI correlated with reduced estimated GFR, elevated serum cystatin C,
and increased left ventricular mass index.*® Due to their unique hemodynamic characteristics with high perfusion rates
and low vascular resistance, the kidneys are particularly vulnerable to alterations in arterial elasticity.*” Increased arterial
stiffness results in enhanced transmission of pressure pulsatility to the glomerular microcirculation, leading to baro-
trauma, endothelial damage, and progressive nephron loss.”

A significant contribution of our study is the novel finding that AASI partially mediates the relationship between NLR
and eGFR in patients with type 2 diabetes. This mediation effect suggests that systemic inflammation contributes to renal
dysfunction partly by exacerbating arterial stiffness. Several potential mechanisms could explain this relationship in the
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diabetic milieu. Chronic inflammation promotes vascular remodeling through enhanced collagen deposition, elastin
degradation, and calcification of the arterial wall, all of which increase arterial stiffness and subsequently impair renal
microcirculation.®® The inflammatory cytokines prevalent in diabetic nephropathy, including TNF-a, IL-6, and IL-1,
stimulate vascular smooth muscle cell proliferation and extracellular matrix production while reducing elastin synthesis,
accelerating arterial stiffening.** Additionally, inflammation impairs endothelial function by reducing nitric oxide
bioavailability and increasing oxidative stress, a process significantly amplified in the presence of hyperglycemia and
insulin resistance.*’ Furthermore, inflammation-induced alterations in vascular tone through effects on the sympathetic
nervous system and renin-angiotensin-aldosterone system may exacerbate arterial stiffness, promoting sodium retention,
vasoconstriction, and glomerular hypertension that further compromise renal function in diabetic patients.*'

The complex interplay between inflammation, arterial stiffness, and renal function in diabetes likely involves
additional bidirectional and feed-forward mechanisms. For instance, renal impairment can amplify systemic inflamma-
tion through reduced clearance of pro-inflammatory cytokines and uremic toxins, which may further worsen arterial
stiffness.*? Furthermore, shared pathogenic factors in diabetes, such as hyperglycemia, advanced glycation end products,
and oxidative stress, simultaneously promote inflammation, vascular dysfunction, and renal injury through interconnected
molecular pathways.”® The relatively small proportion of the total effect mediated by AASI (8.17—17.73%) indicates that
other pathways likely play substantial roles in the inflammation-renal function relationship. From a clinical perspective,
this partial mediation suggests that therapeutic strategies targeting arterial stiffness alone, while potentially beneficial,
would address only a fraction of inflammation-mediated renal damage in T2DM patients. A more comprehensive
approach addressing multiple pathophysiological mechanisms—including direct effects of inflammatory mediators on
tubular epithelial cells, podocytes, and mesangial cells; alterations in intraglomerular hemodynamics; and metabolic
disruptions—would likely provide more substantial renoprotection.*® This interpretation aligns with the emerging clinical
paradigm of combination therapy in DKD, where agents with complementary mechanisms of action (such as RAAS
inhibitors, SGLT2 inhibitors, and anti-inflammatory medications) show synergistic benefits for preserving renal
function.** Additionally, chronic inflammation may influence renal function through metabolic pathways, including
insulin resistance and dyslipidemia,*> which were not fully captured in our mediation analysis.

Our subgroup analyses revealed interesting interactions that deserve mechanistic consideration. The attenuated NLR-
eGFR relationship in alcohol drinkers might reflect alcohol’s complex immunomodulatory effects, potentially reducing
pro-inflammatory cytokine production and modifying immune cell function.*® Meanwhile, the stronger AASI-eGFR
association in SGLT2i users could be explained by SGLT2 inhibitors’ unique renal hemodynamic effects, including
afferent arteriolar vasoconstriction and altered glomerular pressure dynamics.*” These hemodynamic adaptations might
enhance kidney sensitivity to arterial stiffness. Additionally, SGLT2i-induced modulation of the renin-angiotensin-
aldosterone system could strengthen the pathophysiological connection between vascular dysfunction and renal
impairment.*® Alternatively, our SGLT2i users might represent a subpopulation with more advanced vascular pathology.
These preliminary mechanistic hypotheses require validation in larger, prospective studies.

Beyond the subgroup interactions observed, another intriguing finding from our baseline data warrants attention.
Patients in the low eGFR group exhibited significantly lower HbAlc levels (7.91 + 1.79%) compared to middle (8.43 +
1.78%) and high eGFR groups (8.58 + 1.88%). This counterintuitive observation likely reflects more intensive diabetes
management in patients with early renal function decline, as clinicians typically escalate monitoring and treatment when
initial signs of diabetic kidney disease emerge.*” The higher prevalence of RAAS antagonists in the low eGFR group
may further contribute to this finding. This observation underscores the complex interplay between clinical management
and pathophysiological processes in diabetic patients with varying degrees of renal function.

Several limitations of our study warrant consideration. First, the cross-sectional design precludes definitive conclu-
sions about causality or the temporal sequence of NLR, AASI, and eGFR changes. The relationships observed might be
bidirectional, as declining renal function could exacerbate inflammation and vascular stiffness. Longitudinal studies are
needed to clarify whether interventions targeting inflammation or arterial stiffness can preserve renal function in patients
with diabetes. Second, while NLR is a widely used marker of systemic inflammation, it does not capture the full
spectrum of inflammatory processes relevant to diabetic kidney disease. Future studies incorporating comprehensive
inflammatory panels (including IL-6, TNF-a, CRP) and tissue-specific markers would provide deeper insights into the
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inflammatory mechanisms underlying renal dysfunction. Third, AASI as a measure of arterial stiffness has inherent
limitations, influenced by nocturnal blood pressure dipping patterns and heart rate variability. Fourth, our study
population consisted exclusively of Chinese patients with type 2 diabetes and excluded those with advanced renal
impairment (eGFR <30 mL/min/1.73 m?), potentially limiting the generalizability of our findings to other ethnic groups
or patients with more severe kidney disease. Finally, residual confounding cannot be excluded despite adjusting for
multiple confounders. Unmeasured factors such as medication adherence, dietary habits, physical activity levels, and
other antihypertensive medications might influence the observed relationships between inflammation, arterial stiffness,
and renal function.

Several priority directions for future research emerge from our findings and limitations. Longitudinal studies with
repeated measurements of inflammatory markers, arterial stiffness, and renal function are essential to establish causality
and temporal relationships in this pathway. Interventional trials targeting specific inflammatory mediators (such as IL-1f
or TNF-a) while monitoring arterial stiffness and renal outcomes would provide valuable mechanistic insights.
Additionally, studies employing gold-standard arterial stiffness measures (eg, pulse wave velocity) alongside compre-
hensive inflammatory panels in diverse diabetic populations, including those with advanced renal impairment, would
enhance the generalizability and clinical applicability of our findings.

Conclusion

In conclusion, our findings demonstrate that arterial stiffness, as measured by AASI, partially mediates the association
between systemic inflammation (NLR) and renal function (¢GFR) in patients with type 2 diabetes. This novel insight into
the pathophysiological pathways linking inflammation, vascular dysfunction, and kidney damage in diabetes provides
a foundation for developing integrated therapeutic strategies. Future interventional studies should explore whether
combined approaches targeting both inflammation and arterial stiffness offer synergistic benefits for preserving renal
function in patients with diabetes, potentially slowing the progression to diabetic kidney disease and its associated
complications.

Data Sharing Statement
All data relevant to the study are included in the article. Some or all of the datasets generated and/or analyzed in the
current study are not publicly available, but are available on reasonable request by the relevant authors.

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of Cangzhou Central Hospital. The Ethics Committee specifically
exempted the requirement for informed consent due to the cross-sectional and retrospective nature of the study, as the
research involved no more than minimal risk to subjects and utilized existing clinical data. This exemption is in
accordance with Article 39 of the “Measures for the Ethical Review of Biomedical Research Involving Humans™ issued
by the National Health Commission of the People’s Republic of China (Order No. 11), which states that informed consent
may be waived for “retrospective studies that do not affect the rights and interests of the subjects”. This waiver is also
consistent with international guidelines, including: The Council for International Organizations of Medical Sciences
(CIOMS) Guidelines, specifically Guideline 10 on modifications and waivers of informed consent. The World Health
Organization (WHO) Standards and Operational Guidance for Ethics Review of Health-Related Research with Human
Participants. All patient data were de-identified before analysis and handled in compliance with the principles of the
Declaration of Helsinki. Patient privacy and confidentiality were strictly maintained throughout the study process.

Acknowledgments
This work is supported by the Empower-Stats platform (http:/www.empowerstats.com, X&Y Solutions, Inc.,
Boston, MA).

Funding
This study was supported by the Key R&D Program Guidance Project of Cangzhou City (213106032).

Journal of Inflammation Research 2025:18 hetps: 10817


http://www.empowerstats.com

Guo et al

Disclosure
The authors declare no competing interests in this work.

References

1.

2.

oo

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sun H, Saeedi P, Karuranga S, et al. IDF diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections
for 2045. Diabet Res Clin Pract. 2022:183109119. doi:10.1016/j.diabres.2021.109119

Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: challenges, progress, and possibilities. Clin J Am Soc Nephrol. 2017;12
(12):2032-2045. doi:10.2215/CJN.11491116

.LiJ, Wang X, Jia W, et al. Association of the systemic immuno-inflammation index, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte

ratio with diabetic microvascular complications. Front Endocrinol. 2024:151367376. doi:10.3389/fendo0.2024.1367376

. Peyster E, Chen J, Feldman HI, et al. Inflammation and arterial stiffness in chronic kidney disease: findings from the CRIC study. Am J Hypertens.

2017;30(4):400-408. doi:10.1093/ajh/hpw164

. Buonacera A, Stancanelli B, Colaci M, Malatino L. Neutrophil to lymphocyte ratio: an emerging marker of the relationships between the immune

system and diseases. Int J Mol Sci. 2022;23(7):3636. doi:10.3390/ijms23073636

. Huang W, Huang J, Liu Q, et al. Neutrophil-lymphocyte ratio is a reliable predictive marker for early-stage diabetic nephropathy. Clin Endocrinol.

2015;82(2):229-233. doi:10.1111/cen.12576

. Azab B, Daoud J, Nacem FB, et al. Neutrophil-to-lymphocyte ratio as a predictor of worsening renal function in diabetic patients (3-year follow-up

study). Ren Fail. 2012;34(5):571-576. doi:10.3109/0886022X.2012.668741

. Mahajan M, Prasad MK, Ashok C, et al. The correlation of the neutrophil-to-lymphocyte ratio with microvascular complications in patients with

diabetes mellitus. Cureus. 2023;15(9):e44601. doi:10.7759/cureus.44601

. Adane T, Melku M, Worku YB, et al. The association between neutrophil-to-lymphocyte ratio and glycemic control in type 2 diabetes mellitus:

a systematic review and meta-analysis. J Diabetes Res. 2023:20233117396. doi:10.1155/2023/3117396

. Chittawar S, Dutta D, Qureshi Z, et al. Neutrophil-lymphocyte ratio is a novel reliable predictor of nephropathy, retinopathy, and coronary artery

disease in Indians with type-2 diabetes. Indian J Endocrinol Metab. 2017;21(6):864-870. doi:10.4103/ijem.IJEM_197_17

. Li X, Wang L, Liu M, Zhou H, Xu H. Association between neutrophil-to-lymphocyte ratio and diabetic kidney disease in type 2 diabetes mellitus

patients: a cross-sectional study. Front Endocrinol. 2023;141285509. doi:10.3389/fend0.2023.1285509

. Revesz C, Kaucsar T, Godo M, et al. Neutrophils and NADPH oxidases are major contributors to mild but not severe ischemic acute kidney injury

in mice. Int J Mol Sci. 2024;25(5):2948. doi:10.3390/ijms25052948

. Rizzoni D, De Ciuceis C, Szczepaniak P, et al. Immune system and microvascular remodeling in humans. Hypertension. 2022;79(4):691-705.

doi:10.1161/HYPERTENSIONAHA.121.17955

. Akase T, Kawamoto R, Ninomiya D, Kikuchi A, Kumagi T. Neutrophil-to-lymphocyte ratio is a predictor of renal dysfunction in Japanese patients

with type 2 diabetes. Diabetes Metab Syndr. 2020;14(4):481-487. doi:10.1016/j.dsx.2020.04.029

. Boos CJ, Thiri-Toon L, Steadman CD, et al. The relationship between ambulatory arterial stiffness index and cardiovascular outcomes in women.

Cardiol Res. 2021;12(3):161-168. doi:10.14740/cr1189

. Nakao K, Uzu T, Araki S, et al. Arterial stiffness and renal impairment in non-proteinuric type 2 diabetic patients. J Diabetes Investig. 2012;3

(1):86-91. doi:10.1111/j.2040-1124.2011.00146.x

. Townsend RR, Wilkinson IB, Schiffrin EL, et al. Recommendations for improving and standardizing vascular research on arterial stiffness:

a scientific statement from the American heart association. Hypertension. 2015;66(3):698—722. doi:10.1161/HYP.0000000000000033

.Boos CJ, Hein A, Khattab A. Ambulatory arterial stiffness index, mortality, and adverse cardiovascular outcomes; Systematic review and

meta-analysis. J Clin Hypertens. 2024;26(2):89-101. doi:10.1111/jch.14755

. Eriksen BO, Stefansson VTN, Jenssen TG, et al. High ambulatory arterial stiffness index is an independent risk factor for rapid age-related

glomerular filtration rate decline in the general middle-aged population. Hypertension. 2017;69(4):651-659. doi:10.1161/
HYPERTENSIONAHA.117.09020

Song Y, Zhao Y, Shu Y, 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. 2023:141100453.
doi:10.3389/fendo.2023.1100453

Balta S, Celik T, Mikhailidis DP, et al. The relation between atherosclerosis and the neutrophil-lymphocyte ratio. Clin Appl Thromb Hemost.
2016;22(5):405-411. doi:10.1177/1076029615569568

Georgianos PI, Sarafidis PA, Liakopoulos V. Arterial stiffness: a novel risk factor for kidney injury progression? Am J Hypertens. 2015;28
(8):958-965. doi:10.1093/ajh/hpv004

Amorim RG, Guedes GDS, Vasconcelos SML, Santos JCF. Kidney disease in diabetes mellitus: cross-linking between hyperglycemia, redox
imbalance and inflammation. Arq Bras Cardiol. 2019;112(5):577-587. doi:10.5935/abc.20190077

Zhang X, Wei R, Wang X, et al. The neutrophil-to-lymphocyte ratio is associated with all-cause and cardiovascular mortality among individuals
with hypertension. Cardiovasc Diabetol. 2024;23(1):117. doi:10.1186/s12933-024-02191-5

Horio M, Imai E, Yasuda Y, Watanabe T, Matsuo S. Modification of the CKD epidemiology collaboration (CKD-EPI) equation for Japanese:
accuracy and use for population estimates. Am J Kidney Dis. 2010;56(1):32-38. doi:10.1053/j.ajkd.2010.02.344

O’Brien E, Parati G, Stergiou G, et al. European society of hypertension position paper on ambulatory blood pressure monitoring. J Hypertens.
2013;31(9):1731-1768. doi:10.1097/HJH.0b013e328363e964

Li Y, Wang JG, Dolan E, et al. Ambulatory arterial stiffness index derived from 24-hour ambulatory blood pressure monitoring. Hypertension.
2006;47(3):359-364. doi:10.1161/01.HYP.0000200695.34024.4¢c

Leucuta DC, Fumeaux PA, Almasan O, Popa SL, Ismaiel A. Inflammatory markers as predictors of diabetic nephropathy in type 2 diabetes
mellitus: a systematic review and meta-analysis. Medicina. 2025;61(2):216. doi:10.3390/medicina61020216

Gao JL, Shen J, Yang LP, et al. Neutrophil-to-lymphocyte ratio associated with renal function in type 2 diabetic patients. World J Clin Cases.
2024;12(14):2308-2315. doi:10.12998/wjcc.v12.i14.2308

10818 ‘s Journal of Inflammation Research 2025:18


https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.2215/CJN.11491116
https://doi.org/10.3389/fendo.2024.1367376
https://doi.org/10.1093/ajh/hpw164
https://doi.org/10.3390/ijms23073636
https://doi.org/10.1111/cen.12576
https://doi.org/10.3109/0886022X.2012.668741
https://doi.org/10.7759/cureus.44601
https://doi.org/10.1155/2023/3117396
https://doi.org/10.4103/ijem.IJEM_197_17
https://doi.org/10.3389/fendo.2023.1285509
https://doi.org/10.3390/ijms25052948
https://doi.org/10.1161/HYPERTENSIONAHA.121.17955
https://doi.org/10.1016/j.dsx.2020.04.029
https://doi.org/10.14740/cr1189
https://doi.org/10.1111/j.2040-1124.2011.00146.x
https://doi.org/10.1161/HYP.0000000000000033
https://doi.org/10.1111/jch.14755
https://doi.org/10.1161/HYPERTENSIONAHA.117.09020
https://doi.org/10.1161/HYPERTENSIONAHA.117.09020
https://doi.org/10.3389/fendo.2023.1100453
https://doi.org/10.1177/1076029615569568
https://doi.org/10.1093/ajh/hpv004
https://doi.org/10.5935/abc.20190077
https://doi.org/10.1186/s12933-024-02191-5
https://doi.org/10.1053/j.ajkd.2010.02.344
https://doi.org/10.1097/HJH.0b013e328363e964
https://doi.org/10.1161/01.HYP.0000200695.34024.4c
https://doi.org/10.3390/medicina61020216
https://doi.org/10.12998/wjcc.v12.i14.2308

Guo et al

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

4.
43.
44,
45.
46.
47.
48.

49.

Li L, Shen Q, Rao S. Association of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio with diabetic kidney disease in Chinese
patients with type 2 diabetes: a cross-sectional study. Ther Clin Risk Manag. 2022;181157-181166. doi:10.2147/TCRM.S393135

. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future perspectives. Bratisl Lek Listy. 2021;122(7):474-488. doi:10.4149/

BLL_2021_078

Elmarakby AA, Sullivan JC. Relationship between oxidative stress and inflammatory cytokines in diabetic nephropathy. Cardiovasc Ther. 2012;30
(1):49-59. doi:10.1111/j.1755-5922.2010.00218.x

Segel GB, Halterman MW, Lichtman MA. The paradox of the neutrophil’s role in tissue injury. J Leukoc Biol. 2011;89(3):359-372. doi:10.1189/
j1b.0910538

Salazar-Gonzalez H, Zepeda-Hernandez A, Melo Z, Saavedra-Mayorga DE, Echavarria R. Neutrophil extracellular traps in the establishment and
progression of renal diseases. Medicina. 2019;55(8):431. doi:10.3390/medicina55080431

Lei H, Schmidt-Bleek K, Dienelt A, Reinke P, Volk HD. Regulatory T cell-mediated anti-inflammatory effects promote successful tissue repair in
both indirect and direct manners. Front Pharmacol. 2015;6184. doi:10.3389/fphar.2015.00184

Wang C, Zhang J, Li CC, et al. The ambulatory arterial stiffness index and target-organ damage in Chinese patients with chronic kidney disease.
BMC Nephrol. 2013:14257. doi:10.1186/1471-2369-14-257

Natale F, Lo Priore E, Aronne L, et al. A new character on the scene of cardiorenal syndrome. Hypertens Res. 2011;34(9):996. doi:10.1038/
hr.2011.93

Lo Cicero L, Lentini P, Sessa C, et al. Inflammation and arterial stiffness as drivers of cardiovascular risk in kidney disease. Cardiorenal Med.
2025;15(1):29-40. doi:10.1159/000542965

Navarro-Gonzalez JF, Mora-Fernandez C. The role of inflammatory cytokines in diabetic nephropathy. J Am Soc Nephrol. 2008;19(3):433—442.
doi:10.1681/ASN.2007091048

Potenza MA, Gagliardi S, Nacci C, Carratu MR, Montagnani M. Endothelial dysfunction in diabetes: from mechanisms to therapeutic targets. Curr
Med Chem. 2009;16(1):94-112. doi:10.2174/092986709787002853

. Aroor AR, Demarco VG, Jia G, et al. The role of tissue renin-angiotensin-aldosterone system in the development of endothelial dysfunction and

arterial stiffness. Front Endocrinol. 2013:4161. doi:10.3389/fendo.2013.00161

Inserra F, Forcada P, Castellaro A, Castellaro C. Chronic kidney disease and arterial stiffness: a two-way path. Front Med. 2021;8765924.
doi:10.3389/fmed.2021.765924

Meng XM. Inflammatory mediators and renal fibrosis. Adv Exp Med Biol. 2019;1165381-1165406. doi:10.1007/978-981-13-8871-2 18

Blazek O, Bakris GL. Slowing the progression of diabetic kidney disease. Cells. 2023;12(15):1975. doi:10.3390/cells12151975

Manabe I. Chronic inflammation links cardiovascular, metabolic and renal diseases. Circ J. 2011;75(12):2739-2748. doi:10.1253/circj.cj-11-1184
Bell S, Daskalopoulou M, Rapsomaniki E, et al. Association between clinically recorded alcohol consumption and initial presentation of 12
cardiovascular diseases: population based cohort study using linked health records. BMJ. 2017:356j909. doi:10.1136/bmj.j909

Cherney DZ, Perkins BA, Soleymanlou N, et al. Renal hemodynamic effect of sodium-glucose cotransporter 2 inhibition in patients with type 1
diabetes mellitus. Circulation. 2014;129(5):587-597. doi:10.1161/CIRCULATIONAHA.113.005081

Ferrannini E, Baldi S, Frascerra S, et al. Renal handling of ketones in response to sodium-glucose cotransporter 2 inhibition in patients with type 2
diabetes. Diabetes Care. 2017;40(6):771-776. do0i:10.2337/dc16-2724

ElSayed NA, Aleppo G, Aroda VR, et al. 4. comprehensive medical evaluation and assessment of comorbidities: standards of care in diabetes-2023.
Diabetes Care. 2023;46(Suppl 1):S49-S67. doi:10.2337/dc23-S004

Journal of Inflammation Research DOVepI'eSS
Taylor & Francis Group

Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2025:18 [ £] X in a 10819


https://doi.org/10.2147/TCRM.S393135
https://doi.org/10.4149/BLL_2021_078
https://doi.org/10.4149/BLL_2021_078
https://doi.org/10.1111/j.1755-5922.2010.00218.x
https://doi.org/10.1189/jlb.0910538
https://doi.org/10.1189/jlb.0910538
https://doi.org/10.3390/medicina55080431
https://doi.org/10.3389/fphar.2015.00184
https://doi.org/10.1186/1471-2369-14-257
https://doi.org/10.1038/hr.2011.93
https://doi.org/10.1038/hr.2011.93
https://doi.org/10.1159/000542965
https://doi.org/10.1681/ASN.2007091048
https://doi.org/10.2174/092986709787002853
https://doi.org/10.3389/fendo.2013.00161
https://doi.org/10.3389/fmed.2021.765924
https://doi.org/10.1007/978-981-13-8871-2_18
https://doi.org/10.3390/cells12151975
https://doi.org/10.1253/circj.cj-11-1184
https://doi.org/10.1136/bmj.j909
https://doi.org/10.1161/CIRCULATIONAHA.113.005081
https://doi.org/10.2337/dc16-2724
https://doi.org/10.2337/dc23-S004
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Population and Design
	Data Collection and Definitions
	24-Hour ABPM and AASI Calculation
	Statistical Analysis

	Results
	Baseline Characteristics
	Association of NLR and AASI with eGFR
	Subgroup Analyses
	Mediation Analysis

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Funding
	Disclosure

