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Purpose: The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have been extensively studied in a variety of
diseases. However, research on their relationship with diabetic kidney disease (DKD) is limited. The aim of our study was to investigate the
association between these two indicators and renal function in Chinese patients with type 2 diabetes and assess whether they can serve as
predictors of DKD.

Methods: This cross-sectional study enrolled 655 Chinese patients with type 2 diabetes. Subjects were divided into three groups
according to the urinary albumin-to-creatinine ratio (UACR). The differences in the NLR and PLR among the groups and their
correlation with renal function were analyzed. Logistic regression analysis was used to analyze independent risk factors for DKD, and
receiver operating characteristic (ROC) curves were used to assess the predictive values of the NLR and PLR for the disease.
Results: The NLR and PLR were significantly different among the three groups, and they increased with increasing levels of
albuminuria. Pearson’s correlation analysis showed that the NLR and PLR were positively correlated with the UACR but negatively
correlated with the estimated glomerular filtration rate (eGFR) (p<0.001). Logistic regression analysis showed that these two indicators
were independent risk factors for DKD (p<0.001). The results of ROC curve analysis suggested that the NLR (AUC=0.794; 95% ClI,
0.760-0.827; p<0.001) and PLR (AUC=0.665; 95% CI, 0.623-0.706, p<0.001) had important diagnostic value for DKD.
Conclusion: The NLR and PLR were closely associated with renal function among Chinese patients with type 2 diabetes, and high
NLR and PLR values may serve as predictors of DKD.
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Introduction

Diabetes is a chronic, systemic metabolic disease of global concern. As the number of people with diabetes increases
worldwide, the prevalence of diabetic kidney disease (DKD) as its microvascular complication increases each year.
Approximately one-third of patients with diabetes develop DKD, which has become the leading cause of end-stage renal
disease.' In addition to renal risk, DKD significantly increases the rate of infection and the incidence of cardiovascular events
and decreases the quality of life,> which emphasizes the necessity of early diagnosis and proper therapy. Therefore,
considerable attention has been given to the search for biomarkers associated with the onset and progression of DKD.

The etiology of DKD is multifactorial, with chronic inflammation playing an important role in its onset and
development.>* Metabolic disorders in patients with diabetes activate inflammatory signals in the body, and elevated levels
of multiple inflammatory factors drive inflammation and are involved in kidney injury.” Studies have shown that the
pathogenesis of DKD is associated with altered levels of inflammatory cytokines, such as interleukins and tumor necrosis

factor.® However, they are not routinely measured due to the costs and technical difficulties in clinical application. The
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neutrophil-to-lymphocyte ratio (NLR), calculated by leukocyte count, is regarded as a cost-effective, readily measurable
indicator of inflammatory status and is considered a predictor of inflammatory burden in diabetes mellitus, cardiac conditions,
inflammatory bowel disease, thyroiditis, diabetic foot ulcers and SARS COV-2 infection.” '* Similarly, the platelet-to-
lymphocyte ratio (PLR) has been introduced as a novel hemogram-derived inflammatory indicator in various diseases, such
as liver fibrosis, cancer, diabetes mellitus and COVID-19 infection."* '

Although the NLR and PLR have been shown to be closely related to the progression and prognosis of a variety of
diseases, research on their association with DKD is limited. Furthermore, their clinical significance in DKD has not yet
been established. Therefore, the aim of our study was to investigate the association between these two indicators and
renal function in Chinese patients with type 2 diabetes. In addition, we investigated whether they are independent risk

factors for DKD and assessed their potential as predictors of this disease.

Patients and Methods

This cross-sectional study enrolled 655 adult patients with type 2 diabetes who were admitted to the First Affiliated Hospital of
Chongqing Medical University from January 2018 to January 2021. The diagnosis of type 2 diabetes was in accordance with
World Health Organization diagnostic criteria. The diagnosis of DKD was in accordance with KDIGO guidelines,'” that is,
DKD was defined as a persistent urinary albumin-to-creatinine ratio (UACR) >30 mg/g and/or a persistent reduction in
estimated glomerular filtration rate (¢GFR) to below 60 mL/min/1.73m? for more than three months.

For all these individuals, patients with acute complications of diabetes, acute or chronic infection, acute coronary
artery disease, heart failure, cancer, hematologic disorders that affect blood cell counts (eg, leukemia), diseases that
affect urinary protein excretion (eg, nephrotic syndrome), and autoimmune disorders were excluded. Patients taking
drugs that affect blood counts (eg, steroids) were also excluded. The study protocol conformed to the ethical
guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital
of Chongqing Medical University (Approval Number: 2022-K391). Informed consent was obtained from each
subject.

Information on sex, age, the duration of diabetes, medications (eg, antidiabetic drugs and lipid-lowering agents), height and
weight was recorded from the case history, and body mass index (BMI) was calculated by dividing weight by the square of the
height. Fasting venous blood was obtained on the second day after admission. Blood cell characteristics, including neutrophil,
lymphocyte and platelet levels, were measured with SYSMEX XE-2100. The NLR and PLR were calculated. Glycated
hemoglobin (HbAlc) levels were measured with Premier Hb9210. Biochemical parameters, including the levels of total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride
(TG), serum creatinine (Scr), blood urea nitrogen (BUN), serum uric acid (SUA) and fasting plasma glucose (FPG), were
measured with Beckman AU5800. Morning urine samples were collected to measure the levels of urine albumin and creatinine,
and the UACR was calculated. The eGFR was calculated using the equation of Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI)."®

Subjects were divided into three groups according to the UACR as follows: normoalbuminuria (UACR<30 mg/g, 290
cases); microalbuminuria (UACR=30-300 mg/g, 190 cases); and macroalbuminuria (UACR >300 mg/g, 175 cases).
According to the KDIGO guidelines, patients in the latter two groups were clinically diagnosed with DKD.

The Kolmogorov—Smirnov test was used for normality analysis. Continuous variables conforming to a normal
distribution were presented as the mean + standard deviation, and group comparisons were performed via one-way
analysis of variance (ANOVA). Categorical variables were presented as frequencies, and the chi-square test was used for
comparisons among groups. Pearson’s correlation analysis was used to determine correlations among the NLR, PLR and
renal function indexes. Independent risk factors for DKD were determined by logistic regression analysis. The results are
presented as odds ratios (ORs) and 95% confidence intervals (Cls). Receiver operating characteristic (ROC) curve
analysis was used to determine the optimum cutoff levels of the NLR and PLR to predict DKD. The results with a P
value <0.05 were considered statistically significant. SPSS statistical software (SPSS for Windows, version 26.0) was

used for data analysis.
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Figure | The distributions of the NLR and PLR among the three groups. (A) The distributions of the NLR among the three groups. (B) The distributions of the PLR among
the three groups. NLR and PLR increased with increasing albuminuria (all p<0.001).

Results
Characteristics of Subjects Categorized According to the UACR

A total of 655 patients were enrolled in our study. There were 351 men and 304 women, and their mean age was 59.94
+10.63 years old. The distributions of the NLR and PLR among the three groups are shown in Figure 1A and B,
respectively. The NLR and PLR values were significantly higher in those with microalbuminuria and those with
macroalbuminuria than in those with normoalbuminuria (p<0.001). Table 1 summarizes the one-way ANOVA results.
The duration of diabetes, white blood cell (WBC) count, neutrophil count, NLR, and PLR and the Scr, BUN, TG, LDL-
C, FPG and HbAc levels were higher and correlated with increased UACR. However, the lymphocyte count and eGFR
were lower (all p<0.05). The proportion of patients taking angiotensin-converting-enzyme (ACE) inhibitors and

Table | Characteristics of Subjects Categorized by the UACR

Variable Normoalbuminuria (N = 290) | Microalbuminuria (N = 190) | Macroalbuminuria (N = 175) | P-value
Male/Female (N) 154/136 103/87 94/81 0.971
Age (year) 59.04+10.63 60.23x11.39 61.13+9.66 0.111
Duration of diabetes (month) 91.46+82.16 115.81+88.60 138.33+90.09 <0.001
Body mass index (kg/m?) 24.91+3.29 25.09+3.57 25.25+3.05 0.560
Systolic blood pressure (mmHg) 126.89+13.45 128.03£10.65 128.97+10.50 0.181
Diastolic blood pressure (mmHg) 79.36%10.27 80.19£10.33 80.81+7.08 0.269
WBC (x10%/L) 6.26+1.25 6.801.57 6.97+1.59 <0.001
Neutrophil count (% 10%/L) 3.82+0.95 4.56+1.34 4.86%1.33 <0.001
Lymphocyte count (x107/L) 1.970.51 1.76%0.52 1.60£0.48 <0.001
Platelet count (x107/L) 202.87+44.67 204.62+46.18 206.37+40.85 0.704
NLR 221+0.72 3.00x1.12 3.61x1.05 <0.001
PLR 108.78+36.58 122.52+35.37 135.48+41.40 <0.001
Serum creatinine (umol/L) 62.12+13.07 74.94+13.30 89.34+16.38 <0.001
Blood urea nitrogen (mmol/L) 6.05+1.18 6.31%1.57 6.57+1.22 <0.001
Serum uric acid (umol/L) 305.35£60.99 308.09+60.24 312.75+72.41 0.483
eGFR (mL/min/1.73m?) 102.26+12.40 96.75+8.84 76.65+6.68 <0.001
Total cholesterol (mmol/L) 4.40+1.14 4.50+1.39 4.60+£0.89 0.191
Triglyceride (mmol/L) 1.89£1.04 2.05%1.21 2.39+0.96 <0.001
HDL cholesterol (mmol/L) 1.10£0.33 1.09+0.36 1.06+0.37 0.463
LDL cholesterol (mmol/L) 2.68+0.93 2.88+0.82 2.98+0.71 <0.001
Fasting plasma glucose (mmol/L) 8.54+2.32 8.76+2.06 9.12+2.04 0.020
Hemoglobin Alc (%) 8.61+1.88 8.88+2.11 9.10+1.88 0.030
Metformin (%) 61.0 61.6 577 0.710
SGLT-2 inhibitors (%) 22.1 26.8 29.7 0.164
(Continued)
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Table 1 (Continued).

Variable Normoalbuminuria (N = 290) | Microalbuminuria (N = 190) | Macroalbuminuria (N = 175) | P-value
GLP-1 receptor agonists (%) 59 79 8.6 0.494
DPP-4 inhibitors (%) 8.6 12.6 14.9 0.103
Statins (%) 283 305 25.1 0.518
ACE inhibitors (%) 11.4 21.1 28.6 <0.001
ARBs (%) 79 29.5 37.1 <0.001

Notes: P-value: ANOVA for continuous variables or the y* test for categorical variables. The numbers in bold indicate significance.

Abbreviations: WBC white blood cell, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, HDL high-density lipoprotein, LDL low-density lipoprotein,
eGFR estimated glomerular filtration rate, SGLT-2 sodium-glucose cotransporter 2, GLP-1 glucagon-like peptide |, DPP-4 dipeptidyl peptidase-4, ACE angiotensin-converting
-enzyme; ARBs angiotensin-receptor blockers.

angiotensin-receptor blockers (ARBs) were significantly higher in those with microalbuminuria and those with macro-
albuminuria than in those with normoalbuminuria (p<0.001). However, no significant intergroup difference was observed
regarding sex, age, BMI, blood pressure, platelet count or SUA, TC, HDL-C levels or in the proportion of patients taking
statins and antidiabetic drugs.

Relationships Among the NLR, PLR and Renal Function Indexes

We observed a positive correlation between the UACR and NLR (r=0.508, p<0.001), whereas there was a negative
correlation between the eGFR and NLR (r=—0.386, p<0.001). We also observed a positive correlation between the PLR
and the UACR and a negative correlation between the PLR and the eGFR (r=0.287 and r=—0.166, respectively, all
p<0.001) (Table 2). We can draw the same conclusion as that resulting from the data in Figure 2.

Risk Factors for DKD in Patients with Type 2 Diabetes

Further logistic regression analysis of the factors with results of p<0.05 in Table 1 was performed to determine the risk
factors for DKD in type 2 diabetes patients. The results showed that the independent risk factors included the duration of
diabetes, NLR (OR, 3.137; 95% CI, 1.955-5.033; p<0.001), PLR (OR, 1.008; 95% CI, 1.000-1.015; p<0.001) and Scr,
LDL-C and HbAlc levels (Table 3).

Receiver Operating Characteristics Curve Analysis

Figure 3 shows the diagnostic ability of the NLR and PLR for DKD, as analyzed by the ROC curve. The areas under the
ROC curves were 79.4% for the NLR and 66.5% for the PLR. The cutoff with the largest Youden index of the NLR was
2.46 (sensitivity of 76.2% and specificity of 70.7%), and the cutoff with the largest Youden index of the PLR was 125.04
(sensitivity of 51.5% and specificity of 75.5%).

Table 2 Pearson’s Correlation Analysis Between NLR, PLR
and Renal Function Indexes

Variable NLR PLR

r P-value r P-value
eGFR —0.386 <0.001 —-0.166 <0.001
UACR 0.508 <0.001 0.287 <0.001

Abbreviations: NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-
lymphocyte ratio, eGFR estimated glomerular filtration rate, UACR urinary
albumin-to-creatinine ratio.
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Figure 2 Relationship between NLR, PLR and renal function indexes. Relationship between NLR and UACR (A), between NLR and eGFR (B), between PLR and UACR (C),
between PLR and eGFR (D).

Discussion
DKD is a common diabetic microvascular complication with insidious early symptoms. Diagnosis is mainly based on
albuminuria and a progressive decline in eGFR, which can be confirmed by renal biopsy. However, renal biopsy is an
invasive operation. Additionally, urinary albumin excretion is affected by exercise, fever, urinary tract infection and other
factors, and the eGFR changes relatively slowly. Therefore, it is important to identify related biomarkers to detect
patients at risk for DKD at a relatively early stage.

Accumulated evidence has implicated that chronic inflammation plays a key role in DKD and that inflammatory
indicators may contribute to the diagnosis and prognostic assessment of the disease. Novel predictors of inflammation,
such as the C-reactive protein to serum albumin ratio and the fibrinogen to albumin ratio, are considered to be

Table 3 Risk Factors for DKD in Patients with Type 2 Diabetes

Variable P-value OR 95% CI

Duration of diabetes 0.039 1.003 1.000—1.005
NLR <0.001 3.137 1.955-5.033
PLR 0.038 1.008 1.000-1.015
Serum creatinine <0.001 1.092 1.072-1.112
LDL cholesterol 0.011 1.414 1.084-1.844
Hemoglobin Alc 0.016 1.103 1.018-1.195

Notes: OR odds ratio, 95% Cl 95% confidence interval.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
LDL, low-density lipoprotein.
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Figure 3 Receiver operating characteristic (ROC) curve analysis of NLR and PLR for DKD prediction.

independent risk factors for the progression of DKD.'*?° In addition, some hemogram-derived inflammatory markers are
thought to be associated with the development and progression of DKD. For example, the monocyte-to-lymphocyte ratio
(MLR) is positively correlated with microalbuminuria in patients with type 2 diabetes and may serve as a predictor of
renal injury.?’ The NLR and PLR, also derived from hemogram, are considered cost-effective, readily measured
predictors of inflammatory burden in various diseases. Recently, researchers have found that these two indicators are
closely associated with type 2 diabetes and its microvascular complications.”>** Our study provides a new perspective
that the NLR and PLR are closely associated with renal function and that both have predictive value for the development
of DKD.

White blood cells and their subtypes (eg, neutrophils and lymphocytes) are recognized indicators of inflammation.
The NLR integrates two different types of leukocytes and is more stable than a single indicator. Ciray et al** reported that
the NLR was positively correlated with microalbuminuria but negatively correlated with the eGFR in type 2 diabetes
patients, suggesting that the NLR was associated with a progressive decline in renal function. The results of a cross-
sectional survey including more than 4000 adult patients with diabetes showed that a higher NLR level was associated

1% showed that increased NLR levels were associated

with an increased prevalence of DKD.? A study by Huang et a
with DKD and that high NLR values were a predictor of early DKD. Similarly, PLR was considered to be a predictor of
diabetic microvascular complications.*” In a follow-up study of 167 patients with biopsy-proven DKD, the PLR was
found to be an independent risk factor for renal progression and was associated with the prognosis of DKD.?® Our study
exhibited similar results: the NLR and PLR increased with increasing albuminuria in patients with type 2 diabetes, and
their levels were correlated with renal function indexes. Moreover, novel findings in this study were that the NLR and
PLR were independent risk factors for DKD in Chinese patients with type 2 diabetes, and the DKD odds ratio increased
by a factor of 3.137 (95% CI, 1.955-5.033) for every one unit increase in the NLR. In addition, the ROC curve showed
that these two inflammatory markers had diagnostic value for DKD. At an NLR >2.46 or a PLR >125.04, it should be
considered that patients with type 2 diabetes may develop DKD. It appears that these metrics could serve as predictors of
the risk for DKD, and the predictive value of the NLR was greater than that of the PLR in terms of the area under the
curve. The best cutoff values are valuable in getting patients to more tests to clarify the diagnosis. Dynamic monitoring
of the NLR and PLR as early warning factors and clinical predictors of DKD facilitates the early identification and timely
diagnosis and treatment of patients with type 2 diabetes at renal risk by physicians. They are particularly suitable for use
in primary hospitals and outpatient clinics due to the affordability, simplicity and reproducibility.
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The mechanism leading to increased NLR and PLR in DKD patients is still being explored. We assume that this
finding may be related to the inflammatory state present in DKD. Studies have demonstrated that both systemic
inflammation and renal inflammation are closely related to the pathological process of DKD.? Several inflammatory
cytokines (eg, interleukins and tumor necrosis factors) and the NLRP3 inflammasome lead to pathological changes in
kidney structure via multiple inflammatory pathways. They aggravate glomerular sclerosis, renal fibrosis and tubular
damage and increase urinary albumin excretion.*?° Neutrophils are traditional indicators of inflammation and are an
important component of the innate immune response.”° In the early stage of diabetes, renal cellular stress caused by
persistent hyperglycemia initiates an innate immune response and recruits leukocytes to the kidney. This causes renal
damage and promotes the development of DKD. As DKD continues to progress, patients are prone to renal ischemia.
This exacerbates endothelial cell dysfunction and facilitates the renal infiltration of neutrophils, which accelerates renal
damage.’' Neutrophils are involved in the onset and development of DKD, and therefore, a high NLR is closely
associated with this disease.

Platelets are the blood cell component involved in thrombosis and hemostasis, and recent studies have demonstrated
that platelets are involved in inflammation by releasing proinflammatory factors that recruit and activate leukocytes.** In
patients with systemic lupus erythematosus and rheumatoid arthritis, the PLR is strongly correlated with the severity of
systemic inflammation and disease activity.>*** In addition, recent studies have indicated that platelet microparticles,
which are vesicles released by platelets, are associated with the regulation of vascular function. Experiments on animal
models of DKD illustrated that platelet microparticles mediate renal endothelial injury by inducing reactive oxygen
species.®® Due to the hyperactivity of platelets in patients with diabetes,’® we assume that activated platelets may cause
renal damage by promoting inflammatory responses and mediating endothelial injury. Thus, the PLR is closely associated
with DKD as a marker reflecting inflammation.

Current treatments for DKD include lifestyle interventions, appropriate control of blood glucose and blood pressure,
and reduction of albuminuria. ACE inhibitors and ARBs are renin-angiotensin system blockers that can exert renopro-
tective effects by reducing albuminuria and lowering blood pressure and are recommended by the KDIGO guidelines for
the treatment of type 2 diabetes patients with microalbuminuria or macroalbuminuria. More than half of patients with
albuminuria in this study were taking these two classes of drugs. Approximately 60% of patients in this study were taking
metformin, consistent with its use as a first-line treatment for type 2 diabetes. Recent studies have shown that in addition
to lowering blood glucose and attenuating chronic inflammation caused by hyperglycemia, metformin activates AMPK
and inhibits the mTOR pathway, exerting a direct anti-inflammatory effect.>’ Sodium-glucose cotransporter 2 (SGLT2)
inhibitors, glucagon-like peptide 1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors are anti-
diabetic agents that reduce albuminuria and have protective effects on the kidney. In addition, recent studies have found
that SGLT2 inhibitors can attenuate kidney inflammation by reducing the levels of inflammatory cytokines.*® GLP-1
receptor agonists and DPP-4 inhibitors have also been shown to have renoprotective effects that may be partially related
to the reduction of inflammation.>* However, the anti-inflammatory effects and mechanisms of the above drugs still need
further study, and the relationship between antidiabetic drugs and the NLR and PLR needs further follow-up studies.
These could become new directions for research.

In addition, our results suggested that the duration of diabetes and LDL-C and HbAlc levels are independent risk
factors for DKD, indicating that early diagnosis and treatment and proper control of blood glucose and cholesterol levels
can reduce DKD risk.

The limitations of the present study should be considered. First, as a cross-sectional study, our study provides a new
perspective that high NLR and high PLR can be used as predictors of DKD in patients with type 2 diabetes, however, the
conclusion still needs to be confirmed in prospective studies. Therefore, follow-up studies with large sample sizes are
needed to observe the group differences between the high NLR and low NLR groups in the development of type 2
diabetes to DKD, as well as the differences between the high PLR and low PLR groups. This could confirm the current
findings and investigate the causal relationship between high NLR, high PLR and DKD. Second, the patients enrolled in
this study were not diagnosed pathologically, and there may be a small number of patients with nondiabetic kidney

disease, that is, renal dysfunction is not a consequence of the diabetes mellitus. Future studies may need to enroll patients
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with DKD diagnosed by renal biopsy. Last, our study provides new evidence that DKD is associated with inflammatory
markers, but the specific mechanism still needs more research.

In conclusion, the NLR and PLR are cost-effective, readily measured inflammatory markers that are closely
associated with renal function in Chinese patients with type 2 diabetes and can be used as predictors of DKD.
Clinicians should pay attention to the levels and dynamics of these markers and consider them as warning factors.
This could aid in the early assessment of renal risk in patients with type 2 diabetes. These metrics can be used as
adjunctive tests in combination with the UACR and eGFR to clarify the clinical diagnosis of DKD. The conclusions of
this study still need to be confirmed in prospective studies, and the relationship between these two inflammatory markers
and the prognosis of DKD still requires follow-up studies with large sample sizes.
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