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Background: Diabetic kidney disease (DKD), a prevalent microvascular complication of type 2 diabetes (T2DM), is frequently
diagnosed late with irreversible renal damage, underscoring the need for early-stage biomarkers. Anemia commonly occurs in DKD
due to impaired erythropoiesis and reduced hemoglobin levels, while chronic inflammation also plays a key role in its progression. The
white blood cell-to-hemoglobin ratio (WBCHR), derived from full blood examination (FBE), integrates inflammation and anemia
signals in DKD. This study investigates WBCHR’s role in early DKD risk stratification.

Materials and Methods: This observational cross-sectional study included 6257 patients with T2DM from Northwest China from
2013 to 2022 (1721 DKD, 4536 non-DKD). Demographic, metabolic, FBE indices, and renal function parameters were compared.
Spearman correlation and logistic regression analysis were performed to assess the correlation between FBE indices of renal
impairment, and the relationship between WBCHR and DKD occurrence. Receiver operating characteristic (ROC) analysis was
used to calculate the discriminatory performance of WBCHR for DKD presence.

Results: Age, male proportion, T2DM duration, insulin usage, blood pressure, fasting blood glucose and triglycerides were greater in
patients with DKD (P < 0.05). Patients with DKD were more likely to exhibit lower hemoglobin levels and higher inflammatory FBE
indices (P < 0.001). Among all the inflammatory indices, WBCHR showed the strongest association with DKD occurrence and
positively correlated with multiple renal impairment indicators. After adjusting for confounding factors, WBCHR remained indepen-
dently associated with DKD progression (OR: 3.669, 95% CI: 2.407-5.592, P<0,001). Moreover, ROC analysis identified WBCHR as
a potential risk factor for DKD, particularly in patients with T2DM aged>40, with a cut-off value of 0.529 (AUC = 0.641, P<0.001).
Conclusion: WBCHR was significantly associated with an increased risk of DKD, suggesting its potential as a diagnostic and
management indicator for DKD.

Highlights: WBCHR was significantly associated with increased DKD risk in patients with T2DM and remained an independent
factor after confounder adjustment. WBCHR could be adopted as a low-cost screening tool for early DKD risk in routine diabetes
management.
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Introduction

Diabetic kidney disease (DKD), also known as diabetic nephropathy (DN), is a major microvascular complication of diabetes
and affects approximately 40% of patients with type 2 diabetes (T2DM)."* It is projected that by 2040, the global diabetic
population will reach approximately 642 million,® with over 35% of these individuals developing kidney damage.* As the
leading attributable cause of end-stage renal disease, DKD not only contributes to high rates of disability and mortality in

patients with diabetes,” but also imposes a substantial economic burden on healthcare systems.® Current diagnostic approaches
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for DKD often detect kidney damage only after significant morphological changes have occurred, which makes it too late for
effective intervention.' Therefore, identifying accessible biomarkers and modifiable risk factors is critical for early detection
and timely diagnosis of DKD. Such efforts would facilitate targeted preventive strategies, optimize disease management, and
ultimately improve clinical outcomes while preserving patients’ quality of life.

Inflammatory factors play a pivotal role in the pathogenesis of both T2DM and DKD.*’ Chronic inflammation acts as
a core driver of DKD progression, involving dysregulated immune pathways and disrupted intercellular communication.®
Crucially, immune cells, such as macrophages, T cells, and neutrophils, directly mediate renal damage through tissue
infiltration, cytokine release, and bidirectional crosstalk with resident kidney cells, thereby establishing a self-
perpetuating inflammatory loop.” On the other hand, anemia is common in CKD across a wide spectrum of aetiologies,
typically observed CKD of stages 3 or higher (estimated glomerular filtration rate, eGFR < 60 mL/min/1.73 m?) and
becoming more prevalent with worsening renal function.'”

Blood cell variables and their derived indices, such as monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation index (SII), serve as fundamental
indicators of inflammation and have been linked to the development of T2DM or chronic kidney disease (CKD).'' '
Additionally, hemoglobin (Hb), another component of the full blood examination (FBE), reflects renal tubulointerstitial
impairment and has been recognized as a predictive biomarker for early-stage DKD (stage 1-2), even when values
remain within the normal range.'>'® Recently, the white blood cell-to-hemoglobin ratio (WBCHR), a novel systemic
index, has emerged as a potential marker capable of concurrently reflecting inflammatory activity and anemia status.'® '
As a composite metric, WBCHR may offer incremental value beyond its individual components, particularly hemoglo-
bin, by capturing their synergistic interactions. Thus, WBCHR is positioned as a candidate for detecting earlier,
concomitant pathological processes of DKD, although current clinical markers (eg eGFR) are essential for diagnosing
functional decline and structural damage. While existing studies on WBCHR have primarily focused on its prognostic
value in conditions such as heart failure and malignancies, its utility in DKD remains underexplored. Building on our
previous research into endocrine biomarkers for DKD,** we shift our focus to the potential of novel hematological
indices, specifically investigating the WBCHR as an integrative marker of inflammation and anemia in this condition.

To comprehensively investigate the relationship between FBE indices and DKD pathogenesis, we conducted a cross-
sectional study involving over 6000 patients with T2DM stratified by the presence of DKD. We hypothesized that FBE
indices are significantly associated with DKD in this population, and that may hold promise as potential predictive
marker for DKD.

Materials and Methods
Study Design and Participants

This cross-sectional analysis retrospectively screened adult inpatients with a confirmed diagnosis of T2DM based on
standard clinical criteria,”> admitted to the Department of Endocrinology at The First Affiliated Hospital of Xi’an
Jiaotong University over a 10-year period (January 2013 to December 2022). To ensure a clearly defined study
population, individuals meeting any of the following criteria were excluded: (1) presence of recent acute diabetic
complications; (2) presence of non-diabetic renal diseases, such as chronic nephritis, primary glomerulonephritis, urinary
tract infection, urinary tract stones or tumors caused by acute infection and other factors; (3) diagnosis of hematologic
diseases, such as agranulocytosis, aplastic anemia or leukemia; (4) coexistence of major systemic diseases, such as severe
hepatic dysfunction, malignancy, autoimmune diseases, inflammatory disease or immunodeficiency syndromes; (5)
incomplete medical records of renal function, FBE or other important covariables. Following this screening process,
a total of 6257 patients were included in the final cohort (Figure 1).

This study adhered to the ethical principles outlined in the Declaration of Helsinki and received approval from the
Institutional Review Board of the First Affiliated Hospital of Xi’an Jiaotong University (XJTU1AF2018LSK-
055). Furthermore, this study was conducted in accordance with the REporting of studies Conducted using
Observational Routinely-collected health Data (RECORD) guidelines. All participants provided written informed consent
with full knowledge of the study protocol.
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Subjects assessed for eligibility (n=10586)

4329 excluded

(1) recent acute complications of diabetes
or infectious disease (n=1245)

(2) the existence of kidney-related diseases
(n=895)

(3) the existence of hematologic diseases (n=724)

(4) the existence of major diseases (n=298)

(5) the missing records (n=1167)

Total patients included for analysis (n= 6257)

l

1721 patients with DKD 4536 patients without DKD

Figure | Flowchart of the inclusion and exclusion of participants.
Abbreviation: DKD, diabetic kidney disease.

The Definition of DKD

Renal function was obtained from fast venous blood samples, urinalysis results were obtained from urine samples
included fasting morning specimens and 24-hour total collections. A LABOSPECT 008AS automatic biochemical
analyzer (HITACHI, Japan) were used.

Study participants were categorized based on the presence of DKD. DKD was diagnosed based on standard clinical
criteria (ICD-10 code, E11.2),** defined as a reduced estimated glomerular filtration rate (eGFR < 60 mL/min/1.73 m?)
and/or an elevated urinary albumin-to-creatinine ratio (UACR > 30 mg/g) for >3 months. The eGFR was determined
using the Chronic Kidney Disease Epidemiology Collaboration (CKD—EPI) equations.”” Based on this classification, the
cohort was stratified into a non-DKD group (n = 4,536) and a DKD group (n = 1,721).

FBE Parameters and Calculated Indices
FBE parameters were assessed using an XN-20 automated hematology analyzer (SYSMEX, Japan) from fast venous
blood samples: red cell count (RBC), Hb, white cell count (WBC), neutrophil (NEUT), lymphocyte (LYMPH), monocyte
(MONO), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) using a standard assay.

Furthermore, the following indices were derived from the baseline laboratory data:

WBCHR = WBC (x10°/L) / Hb (g/dL),

NLR = NEUT (x10°/L) / LYMPH (x10°/L),

MLR = MONO (x10°/L) / LYMPH (x10°/L).

The Collection of Covariates

Clinical data were systematically extracted from electronic medical records. Demographic information included age, sex,
and T2DM duration. Medication history included the use of insulin and oral hypoglycemic drugs, including biguanides,
sulfonylureas, meglitinides, thiazolidinediones, dipeptidyl peptidase-4 (DPP4) inhibitors, glucagon-like peptide-1 (GLP-1)
analogues, a-glucosidase inhibitors, sodium-glucose cotransporter-2 (SGLT-2) inhibitors. The laboratory examination
results mainly included metabolic parameters: glycated hemoglobin (HbAlc), fasting blood glucose (FBG), glycated
albumin (GA), total cholesterol (TC), triglycerides (TGs), high-density lipoprotein cholesterol (HDL-c) and low-density
lipoprotein cholesterol (LDL-c). The Triglyceride-glucose (TyG) index was derived as In[TG (mg/dL) x FBG (mg/dL)]/2.
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Statistical Analysis

All statistical analyses were conducted using SPSS software. Continuous variables are presented as mean + standard
deviation (SD) and median with interquartile range (IQR) for normally and non-normally distributed data, respectively.
Group differences were analyzed using the Student’s #-test and the Mann—Whitney U-test for normal and non-normally
distributed data, respectively. Categorical variables are summarized as frequencies and percentages, and group differ-
ences were assessed with the Chi-squared test.

Correlations between FBE-derived indices and renal impairment markers were evaluated using Spearman correlation
analysis. Univariate and multivariate logistic regression analyses were performed to identify potential independent risk
factors associated with DKD. The discriminatory power of the WBCHR for detecting DKD was quantified by the area
under the receiver operating characteristic curve (AUC-ROC). A two-tailed P-value of less than 0.05 was considered
statistically significant for all tests.

Results

Clinical Characteristics of the Study Participants

A total of 6257 patients with T2DM were enrolled, including 1721 with DKD and 4536 without DKD. Baseline clinical
characteristics of the two groups are summarized in Table 1. Compared to patients without DKD, patients with DKD
were significantly older, had a longer duration and exhibited a higher male predominance (P < 0.001, P <0.001 and P =
0.043, respectively). Regarding medication use, patients with DKD showed a higher prevalence of insulin and sulfony-
lurea usage (both P < 0.001), but lower utilization of biguanides, meglitinides, DPP4 inhibitors (P < 0.001, P = 0.017 and
P < 0.001, respectively).

Table | Clinical Characteristics of the Study Participants

Non-DKD DKD P value
(N=4536) (N=1721)
Male (n, %) 2931 (64.6%) 1159 (67.3%) 0.043
Age (years) 54.35+14.43 59.55%12.39 <0.001
Duration (years) 6.00 (9.50) 11.00 (11.00) <0.001
Insulin (n, %) 2782 (61.3%) 1404 (81.6%) <0.001
Biguanides (n, %) 2226 (49.1%) 73 (4.2%) <0.001
Sulfonylureas (n, %) 395 (8.7%) 532 (30.9%) <0.001
Meglitinides (n, %) 140 (3.1%) 34 (2.0%) 0.017
a-Glucosidase inhibitors (n, %) | 1152 (25.4%) 396 (23.0%) 0.051
Thiazolidinediones (n, %) 39 (0.9%) 15 (0.9%) 0.964
DPP4 inhibitors (n, %) 664 (14.6%) 172 (10.0%) <0.001
GLP-I analogues (n, %) 173 (3.8%) 55 (3.2%) 0.224
SGLT-2 inhibitors (n, %) 29 (0.6%) 7 (0.4%) 0.277
SBP (mmHg) 130.28+17.41 140.99+21.45 <0.001
DBP (mmHg) 79.29+10.71 82.08£12.43 <0.001
BMI (kg/m?) 24.53+3.69 24.66+3.57 0.242
FBG (mmol/L) 8.37 (6.56) 9.19 (7.30) <0.001
HbAlc (%) 8.89+2.41 9.00£2.21 0.141
GA (%) 24.00+8.89 24.53+10.00 0.077
TG (mmol/L) 1.42 (1.16) 1.45 (1.27) 0.037
TC (mmol/L) 417111 4.23+1.37 0.059
LDL-c (mmol/L) 2.47+0.85 2.49+1.06 0.303
HDL-c (mmol/L) 0.98+0.28 0.98+0.31 0.746
TyG 7.47+0.84 7.59£0.91 0.235
UA (umol/L) 315.50£114.75 | 341.24+162.43 | <0.001
eGFR (mL/min/1.73m?) 107.26+19.43 90.68+29.32 <0.001
(Continued)
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Table | (Continued).

Non-DKD DKD P value
(N=4536) (N=1721)

Cys-C (mg/L) 0.80 (0.28) 0.97 (0.53) <0.001
Blood creatinine (umol/L) 56.00 (19.0) 65.0 (36.0) <0.001
BUN (mmol/L) 5.66+2.35 7.35£3.95 <0.001
Urine creatinine (umol/L) 7697.0 (7302.0) | 5848.0 (5055) <0.001
Microalbumin (mg/L) 1.60 (10.80) 23.90 (176.40) | <0.001
UACR (mg/g) 11.88 (13.65) 151.20 (631.49) | <0.001
24h microalbumin (mg/24h) 15.10 (16.75) 158.10 (751.18) | <0.001
24hU-TP (g/24h) 0.05 (0.05) 0.26 (1.13) <0.001
24h urine output (mL) 2000 (1200) 2000 (1150) 0.311

RBC (10'%1L) 4.55 (1.28) 4.44 (1.57) 0.324

Hb (g/dL) 13.79+1.87 12.75+2.28 <0.001
WBC (10°/L) 6.07 (2.37) 6.49 (2.79) <0.001
LYMPH (10°/L) 1.86 (0.88) 1.69 (0.86) <0.001
NEUT (10°/L) 3.35 (1.85) 4.06 (2.35) <0.001
MONO (10°/L) 0.34 (0.17) 0.36 (0.19) <0.001
ESR (mm/h) 16.00 (33.00) 30.00 (58.00) <0.001
CRP (mg/L) 10.00 (0.00) 10.00 (26.30) <0.001
MLR (Monocyte/Lymphocyte) | 0.18 (0.11) 0.21 (0.15) <0.001
NLR (Neutrophil/Lymphocyte) | 1.86 (1.26) 2.36 (1.99) <0.001
WBCHR (WBC/Hb) 0.44 (0.17) 0.50 (0.25) <0.001

Notes: All data are presented as the mean * standard deviation (SD) or median and inter
quartile range (IQR) for the normally and skewed distributed continuous variables, as well as
frequencies and percentages for the categorical variables, respectively. Comparisons between
the two groups were carried out using Student’s t-test, Mann—Whitney U-test, or Pearson’s Chi-
squared test. The bold P value indicated statistical significance (P < 0.05).

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CRP, C-reactive protein; Cys-C,
cystatin C; DBP, diastolic blood pressure; DKD, diabetic kidney disease; DPP4, dipeptidyl peptidase-4;
eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; FBG, fasting blood
glucose; GA, glycated albumin; GLP-I,glucagon-like peptide I; Hb, hemoglobin; HbAlc, glycated
hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
LYMPH, lymphocyte; MLR, monocyte-to-lymphocyte ratio; MONO, monocyte; NEUT, neutrophil;
NLR, neutrophil-to-lymphocyte ratio; RBC, Red cell count; SBP, systolic blood pressure; SGLT-2,
sodium-glucose cotransporter-2; TC, total cholesterol; TG, triglyceride; TyG, triglyceride-glucose
index; UA, uric acid; UACR, urinary albumin creatinine ratio; WBC, white cell count; WBCHR,
white blood cell-to-hemoglobin ratio; 24hU-TP, 24-hour urine protein.

As shown in Table 1, patients with DKD demonstrated significantly elevated systolic blood pressure (SBP), diastolic blood
pressure (DBP), FBG and TG levels compared to patients without DKD (P < 0.001, P < 0.001, P < 0.001 and P = 0.037,
respectively). Renal function markers further highlighted differences: patients with DKD had the higher uric acid (UA),
cystatin C (Cys-C), serum creatinine, blood urea nitrogen (BUN), urinary albumin-to-creatinine ratio (UACR), urinary
macroglobulin, 24h microalbumin and 24 h urine protein (24hU-TP), alongside reduced eGFR, and urinary creatinine levels
(all P <0.001). No significant between-group differences were observed in HbAlc, GA, TC, LDL-c, HDL-c, or TyG.

Hematologic analysis revealed higher levels of WBC, NEUT, and MONO in patients with DKD, whereas Hb and
LYMPH were lower (all P < 0.001). Additionally, patients with DKD showed elevated ESR and CPR levels (all P <
0.001). RBC did not differ between groups. Furthermore, FBE-derived indices, including MLR (0.18 [0.11] vs. 0.21
[0.15]), NLR (1.86 [1.26] vs. 2.36 [1.99]) and WBCHR (0.44 [0.17] vs. 0.50 [0.25]) were significantly higher in the DKD
group (all P < 0.001).

Univariate Analysis of FBE Indices on the Occurrence of DKD
Univariate logistic regression analyses were performed to assess the association of FBE indices and DKD. As shown in
Figure 2, WBCHR emerged as the most significant positive predictor of DKD risk (odds ratio (OR): 4.736, 95%
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WBCHR*** _—
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Figure 2 Forest graph showing the results of univariate logistic regression analyses of the association between the FBE indices and DKD. *** P < 0.001: significant
correlation between FBE indices and DKD.

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; DKD, diabetic kidney disease; ESR, erythrocyte sedimentation rate; FBE, complete blood cell; Hb,
hemoglobin; LYMPH, lymphocyte; MLR, monocyte-to-lymphocyte ratio, MONO, monocyte; NEUT, neutrophil; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; WBC,
white cell count; WBCHR, white blood cell-to-hemoglobin ratio.

confidence interval (CI): 3.745-5.989, P < 0.001). Other indices associated with increased risk included MONO (OR:
2.615, 95% CI: 1.935-3.535), NEUT (OR: 1.115, 95% CI: 1.091-1.139), WBC (OR: 1.085, 95% CI: 1.064-1.107),
NLR (OR: 1.037, 95% CI: 1.023-1.052), ESR (OR: 1.012, 95% CI: 1.008-1.018) and CRP (OR: 1.004, 95% CI:
1.002—-1.007) (all P < 0.001). In contrast, Hb (OR: 0.781, 95% CI: 0.759-0.803) and LYMPH (OR: 0.673, 95% CI:
0.617-0.733) were negatively correlated with DKD risk. No significant association was observed between MLR and
DKD. It is worth noting that the relatively high OR value for WBCHR may also be associated with its small numerical
range in this population.

Correlation of FBE Indices and Indicators of Renal Impairment

Spearman correlation analysis was conducted to evaluate the associations between FBE indices and renal impairment
indicators (Figure 3 and Tables S1-2). The results revealed that WBCHR, NLR, WBC, NEUT, MONO, CRP, and ESR
exhibited significant positive correlations with Cys-C, UACR, 24hU-TP, 24h microalbumin, BUN, blood creatinine and
UA, as well as significant negative correlations with eGFR and urine creatinine. Conversely, Hb and LYMPH showed
negative correlations with most of these renal impairment indicators. Additionally, WBCHR, NLR, WBC and NEUT
were positively associated with HDL-C, HbAlc¢ and FBG levels.

Multivariate Analysis of the Independent Effect of FBE Indices on the Risk of DKD
To account for confounding factors, multivariate logistic regression models were performed to evaluate the independent
effects of FBE indices on the risk of DKD. Three models were constructed: the Model 1 adjusted for age, gender and
body mass index (BMI); Model 2 adjusted for variables in Model 1 plus duration of T2DM, and HbAlc; and Model 3
adjusted for variables in Model 2 plus SBP, DBP and UACR.

The results of the regression analyses were presented in Table 2. In the fully adjusted Model 3, WBCHR demon-
strated the strongest positive association with DKD (OR = 3.669, 95% CI: 2.407-5.592, P < 0.001), followed by MONO,
NEUT, WBC and NLR. Conversely, Hb exhibited a significant correlation with DKD.
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Figure 3 Heatmap showing the results of correlations between FBE indices and indicators of renal impairment. *P < 0.05, **P < 0.01, ***P < 0.001: significant correlation
between FBE indices and renal impairment indicators.

Abbreviations: BUN, blood urea nitrogen; CRP, C-reactive protein; Cys-C, cystatin C; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; ESR,
erythrocyte sedimentation rate; FBE, full blood examination; FBG, fasting blood glucose; GA, glycated albumin; Hb, hemoglobin; HbAlc, glycated hemoglobin; HDL-c, high-
density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; LYMPH, lymphocyte; MONO, monocyte; NEUT, neutrophil; NLR, neutrophil-to-lymphocyte
ratio; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; UACR, urinary albumin creatinine ratio; WBC, white cell count; WBCHR, white
blood cell-to-hemoglobin ratio; 24hU-TP, 24-hour urine protein.

Receiver Operating Characteristic Analysis to Determine the WBCHR Cut-Off Value
Considering that a higher WBCHR is an independent risk factor for DKD, we performed a ROC analysis (Figure 4a).
The analysis yielded an AUC of 0.627, with an optimal cut-off value of 0.529 (P < 0.001, Youden index = 0.190,
sensitivity = 44.89%, specificity = 74.13%).

We then performed ROC analysis for age-stratified subgroups, with 40 years selected as the cutoff value (Figure 4b and c).
Age 40 serves as a commonly used clinical threshold for defining early-onset T2DM, a condition whose pathophysiological
features often differ from those of late-onset T2DM, and whose incidence has risen notably in recent years.?® Furthermore,
previous research indicated that hematological inflammatory markers are closely associated with the development and
progression of T2DM in patients over 40.2” The results demonstrated that WBCHR had a potential predictive value for
DKD risk in patients aged > 40 years, with an AUC of 0.641 (P < 0.001, Youden index = 0.213, sensitivity = 45.48%, and
specificity = 75.83%), and a consistent cut-off value of 0.529.
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Table 2 Multivariate Analysis of the Association Between FBE Indices and DKD

Models Model | Model 2 Model 3

ESR 1.014 (1.008-1.020) | 1.013 (1.005-1.020) 1.003 (0.993-1.013)
CRP 1.005 (1.002-1.007) | 1.004 (1.000-1.007) 1.004 (1.000-1.008)
NEUT 1.159 (1.126-1.192) | 1.163 (1.125-1.203) 1.105 (1.063-1.149)
MONO 3.456 (2.322-5.145) | 3.191 (2.011-5.064) 2.650 (1.447-4.853)
LYMPH 0.751 (0.675-0.836) | 0.769 (0.680-0.869) 0.948 (0.815-1.102)
NLR 1.066 (1.044-1.089) | 1.060 (1.033-1.087) 1.018 (0.999-1.037)
WBC 1.128 (1.100-1.158) | 1.133 (1.099-1.168) 1.095 (1.056-1.136)
Hb 0.737 (0.709-0.766) | 0.740 (0.708-0.773) 0.851 (0.802-0.902)
WBCHR | 7.264 (5.339-9.883) | 7.759 (5.424-11.100) | 3.669 (2.407-5.592)

Notes: Multivariate logistic regression models were established to analyze the independent effect of FBE
indices on the risk of DKD, in which model | adjusted for age, gender and BMI; model 2 adjusted for age,
gender, BMI, duration of T2DM, and HbAlc; and model 3 adjusted for age, gender, BMI, duration of
T2DM, HbAIlc, SBP, DBP and UACR. Bold indicates a significant P-value < 0.05.

Abbreviations: BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; DKD,
diabetic kidney disease; ESR, erythrocyte sedimentation rate; FBE, full blood examination; Hb, hemoglo-
bin; HbAlc, glycated hemoglobin; LYMPH, lymphocyte; MONO, monocyte; NEUT, neutrophil; NLR,
neutrophil-to-lymphocyte ratio; SBP, systolic blood pressure; T2DM, type 2 diabetes; UACR, urinary
albumin creatinine ratio; WBC, white cell count; WBCHR, white blood cell-to-hemoglobin ratio.

Discussion

In this cross-sectional study involving a cohort of over 6000 patients with T2DM, we identified significant associations
between FBE indices and DKD occurrence. Notably, WBCHR emerged as an independent risk factor for DKD after
multivariable adjustment. Furthermore, WBCHR > 0.529 demonstrated potential predictive performance for DKD in
patients with T2DM aged > 40 years. These findings offer valuable indicators and evidence-based strategies for early risk
stratification and precision management of DKD in patients with diabetes.

Multiple immune-inflammatory FBE indices were positively correlated with DKD occurrence, including WBCHR,
NLR, MONO, WBC and NEUT. Previous clinical studies have linked NEUT and NLR to DKD progression in patients
with diabetes.”®** A UK Biobank-based study demonstrated that NEUT, WBC and MONO were positively associated
with the risk of developing T2DM, and significantly mediated the relationship between dietary patterns and T2DM risk."!
However, evidence on the association between WBCHR and DKD remains scarce. To our knowledge, this is the first
large-scale clinical study (n > 6000) to demonstrate that WBCHR is an independently risk factor for DKD (OR = 3.669,

a ROC curve b ROC curve (age < 40 years) ¢ ROC curve (age > 40 years)
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Figure 4 ROC analysis of the effect of the WBCHR on the risk of DKD in patients of different ages. (a) ROC analysis of all the patients. (b) ROC analysis of the patients
aged <40 years. (c) ROC analysis of the patients aged >40 years.

Abbreviations: AUC, area under the curve; DKD, diabetic kidney disease; ROC, receiver operating characteristic; WBCHR, white blood cell-to-hemoglobin ratio.
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95% CI 2.407-5.592), even after rigorous adjustment for confounders including glycemic control, hypertension and
UACR. Furthermore, WBCHR exhibited a strong predictive value for DKD risk in patients aged >40 years with a cut-off
value of 0.529 (AUC=0.641), which may be attributed to the age-related changes in hematological parameters.>*' These
findings pioneer novel insights into the dual-pathway pathophysiology linking systemic inflammation (via leukocytes)
and anemia (via hemoglobin) to DKD.

Chronic inflammation and leukocyte activity play pivotal roles in DKD pathogenesis.”***> Hyperglycemia and

433 including activation of NF-xB

hemodynamic abnormalities activate intracellular signaling cascades in renal cells,
and JAK/STAT pathways,*®*” which drive excessive production of pro-inflammatory cytokines (eg., TNF-a, IL-1p) and
chemokines (eg., CCL2).>**? Concurrently, endothelial cell activation upregulates the expression of chemokine receptors
and adhesion molecules,”**® facilitating leukocyte transendothelial migration into renal interstitium.*'-** Infiltrated
leukocytes exacerbate renal damage through direct interactions with renal cells, sustained production of reactive oxygen
species (ROS), and release of pro-inflammatory cytokines (TNF-o, IL-1p and IL-17a) and chemokines (CCL2).*™* All
these events amplify the inflammatory response in a positive feedback loop that enhances renal damage.”**

Anemia is prevalent among patients with DKD, and is associated with accelerated progression of renal dysfunction,
cardiovascular complications, and increased mortality.'®*® Studies have shown that patients with advanced-stage CKD (stages
4-5) are more susceptible to anemia and present with a higher proportion of females.*” In DKD, renal tubulointerstitial
damage, characterized by impaired erythropoietin (EPO) production, serves as the primary driver of anemia.*® Biopsy-based
studies further indicate that Hb levels are negatively correlated with renal pathological features, particularly interstitial fibrosis
severity, suggesting Hb is a predictive marker for early-stage DKD.'® Our findings align with prior evidence,'> demonstrating
that even marginally reduced Hb levels within the normal range independently correlate with incident DKD. Mechanistically,
Hb is critical for oxygen transport; its decline predisposes oxygen-dependent renal tissues to chronic hypoxia.*® Hypoxia
triggers pathological cascades involving HIF-1a activation, intermediate metabolite accumulation, ROS overproduction, and
fibrotic remodeling, collectively exacerbating renal injury.**>2

Hypoxia and inflammation are hypothesized to exhibit potent synergism in DKD pathogenesis. Pro-inflammatory
cytokines (eg., IL-6, TNF-a) are known to suppress EPO synthesis, accelerate erythrocyte apoptosis, and stimulate
hepatic hepcidin production, thereby inhibiting iron absorption and macrophage iron release.’* > Chronic inflammation
further disrupts iron dysregulation by enhancing ferritin degradation and reducing bone marrow responsiveness to
EPO.>*>* 1t is plausible that hypoxia-induced HIF activation may stimulate the NF-xB pathway, potentially driving
inflammatory cytokine production.’® Hypoxia might also amplify ROS generation, which could activate the NLRP3
inflammasome and promote IL-1B and IL-18 secretion.”’ Furthermore, hypoxia and inflammation could synergistically
activate the TGF-f/Smad pathway, which is implicated in accelerating renal tubular epithelial-mesenchymal transition
and extracellular matrix deposition, ultimately contributing to fibrosis and DKD progression.”**-*®

WBCHR, integrating inflammatory (leukocytes) and anemic (Hb) signals, emerges as a promising biomarker for DKD
progression. Derived from FBE parameters, WBCHR is a widely accessible, non-invasive, and cost-effective method.
Furthermore, our ROC analysis determined an optimal WBCHR cut-off value of 0.529, providing a simple and easily
memorable threshold for screening of early-stage DKD. Additionally, through age-stratified analysis, we identified individuals
over 40 years as the target population for WBCHR-based screening, and enhanced its precision in clinical application.

Our study has several strengths. First, the large sample size and representative selection of participants enhance the
statistical power and validity of the findings. Second, rigorous adjustments for confounders such as glycemic status,
hypertension, and urinary UACR improve the reliability of the results. However, limitations should be acknowledged. As
a cross-sectional observational study, our design precludes establishing causal relationships between WBCHR and DKD
progression. Additionally, the single-center recruitment of participants from Northwest China may limit the generalizability of
findings to other ethnic or regional populations. Excluding patients with missing data may cause selection bias. Furthermore,
as this study focused on patients with early-stage DKD primarily managed in endocrinology department, detailed stratification
of DKD stages was not conducted, which may affect the granular interpretation of risk across disease progression. Moreover,
the modest sensitivity and specificity of WBCHR limit its potential utility as a stand-alone screening tool in clinical practice.
Although key confounders were adjusted for, residual confounding from unmeasured variables cannot be excluded. Future
prospective cohort studies are warranted to validate the causal role of WBCHR in DKD onset.
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Conclusion

In summary, this study demonstrates that multiple immune-inflammatory FBE indices are positively associated with the
occurrence of DKD, while Hb exhibits an inverse correlation. Notably, WBCHR, a novel composite index integrating
inflammation and hypoxia, emerged a strong positive association with kidney damage progression, and suggested
potential value in early-stage DKD. These findings enhanced our understanding of DKD pathogenesis and highlighted
WBCHR as an easily obtainable biomarker worthy of further investigation for early risk stratification. With additional
validation, WBCHR could support timely clinical assessment and tailored management in patients with diabetes.
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