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Background

Diabetic nephropathy (DN) represents one of the most prevalent microvascular complications of type 2 diabetes mellitus (T2DM). The pathogenesis of DN is significantly influenced by the inflammatory response. Thus, the current meta-analysis aimed to assess the diagnostic accuracy of neutrophil-to-lymphocyte ratio (NLR) in early DN and DN.





Methods

Cochrane, Pubmed, Embase, and Web of Science were retrieved from database establishment to August 31, 2024. The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) was utilized to assess the quality of included studies. This meta-analysis was carried out via Stata16.0 and Revman 5.3 software.





Results

Finally, this meta-analysis incorporated 18 studies, of which 5 were early DN studies, involving 232 patients with early DN, and 13 were DN studies, involving 4,818 patients with DN. The results indicated that the diagnostic sensitivity of NLR for early DN was 0.83 [95% CI: 0.60-0.94], the specificity was 0.76 [95% CI: 0.61-0.86], and the area under the receiver operating characteristic curve (AUROC) was 0.85 [95% CI: 0.81-0.88]. The diagnostic sensitivity of NLR for DN was 0.73 [95% CI: 0.67-0.79], the specificity was 0.70 [95% CI: 0.59-0.79], and the AUROC was 0.78 [95% CI: 0.74-0.81].





Conclusions

NLR exhibited moderate performance in diagnosing both early DN and DN, and its diagnostic accuracy was higher in early DN than in DN. Due to the limitations of existing studies, further studies are required to verify the findings.





Systematic Review Registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42024591926.
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1 Background

Globally, type 2 diabetes mellitus (T2DM) is becoming a more severe chronic disease. The International Diabetes Federation (IDF) projects that the global prevalence of diabetes mellitus (DM) will reach 600 million by 2035 (1) and 783 million by 2045 (2). Approximately 40% of T2DM patients will develop diabetic nephropathy (DN), the most severe chronic microvascular complication of the disease (3). Approximately 20%-50% of DM patients have DN, which is the primary cause of end-stage renal disease (ESRD) (4). Currently, the criteria for diagnosing DN include a urinary albumin excretion rate (UAER) ≥ 30 mg/24 h or a random urinary albumin-to-creatinine ratio (UACR) ≥ 30 mg/g and/or an estimated glomerular filtration rate (eGFR) < 60 mL•min-1•(1.73 m2)-1 (5). However, these indicators have their limitations. First, the calculation of eGFR is mainly based on serum creatinine levels, age, and other intrinsic factors, while serum creatinine levels are strongly influenced by diet and muscle condition, which in turn affect the calculation of eGFR (6). Second, eGFR usually changes when significant kidney damage occurs, and its ability to detect DN in an early stage, when intervention is most beneficial, is limited (7). In addition, there are many factors that influence proteinuria, including hypertension, exercise, high protein diet, fever, urinary tract infection, and congestive heart failure (5). Therefore, new diagnostic indicators are necessary to diagnose DN, given the limitations of eGFR and UACR.

Traditionally, T2DM was considered a chronic metabolic disease, but current study indicates that T2DM is characterized by chronic inflammation (8). Inflammatory indicators such as neuregulin-4 (9), the ratio of serum uric acid to high-density lipoprotein cholesterol (10), and the prognostic nutritional index (11) are associated with microvascular complications and DN in T2DM. The inflammatory response in DN manifests as infiltration of inflammatory cells such as neutrophils, lymphocytes, and macrophages, the release of pro-inflammatory cytokines such as interleukin-1 (IL-1), IL-8, and tumor necrosis factor-a (TNF-a) (12, 13), the production of chemokine (CeC motif) ligand 2 (CCL-2) (14), intercellular adhesion molecule 1 (ICAM-1) (15), transforming growth factor-b (TGF-b), and vascular endothelial growth factor (16), and tissue damage (4). Conversely, the production of these inflammatory factors promotes the infiltration and differentiation of inflammatory cells in kidney tissue (17). Therefore, the role of inflammatory cells in the pathogenesis and diagnosis of DN has become a research hotspot in recent years.

The exploration of more convenient, faster and more economical diagnostic methods has revealed a reliable indicator of systemic inflammation, the neutrophil-to-lymphocyte ratio (NLR), which has a potential to predict cardiovascular diseases and metabolic syndrome (18, 19). Furthermore, NLR is also associated with inflammatory diseases such as thyroid disorders (20), irritable bowel syndrome (21), and T2DM (22). Recent studies indicated the efficacy of NLR in predicting the inflammatory response of DN. A meta-analysis on the correlation of NLR with DN and diabetic retinopathy (DR) demonstrated that compared to T2DM patients and non-DN patients, DN patients had higher NLR values, and NLR was significantly associated with the severity of DN (23). However, current evidence regarding the diagnostic value assessment of NLR is still controversial. The study by Mattared et al. (24) showed that the diagnostic efficacy of NLR for early DN was as high as 0.98. However, the study by Assulyn et al. (25) suggested that the diagnostic efficacy of NLR for early DN was low, only 0.68. The study by Akbas et al. (26) demonstrated that the diagnostic efficacy of NLR for DN was 0.66. Additionally, the available data indicate that NLR exhibited better diagnostic accuracy for low-eGFR, UACR, and DN in T2DM patients in the United States when compared to other hematological indicators (platelets/lymphocytes: PLR, systemic immune inflammation index: SII, monocytes/lymphocytes: MLR, systemic inflammatory response index: SIRI, and total systemic inflammation index: AISI) (27). To sum it up, while the diagnostic value of NLR for DN is unclear in some studies, it has shown a high level of performance in DN diagnosis when compared to other inflammatory markers. Consequently, further studies on the potential role of NLR as a DN-related inflammatory marker are reasonable and well-founded.

Currently, the prediction results of NLR in DN vary greatly, and no study has yet comprehensively analyzed the diagnostic effect of NLR in early DN and DN. Based on the status quo, the current study aimed to collect all available data via an evidence-based meta-analysis and assess the diagnostic accuracy of NLR for early DN and DN, so as to provide recommendations for clinical diagnosis and management of DN.




2 Methods

This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses Diagnostic Test Accuracy (28). The protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO, ID: CRD42024591926).



2.1 Literature retrieval

Cochrane, Pubmed, Embase, and Web of Science were retrieved up to August 31, 2024. A combination of subject terms and free terms was applied, including: (Diabetic Nephropathies OR Diabetic Kidney Disease OR Diabetic Kidney Diseases OR Diabetic Nephropathy) AND (Neutrophil/Lymphocyte OR Neutrophil/lymphocyte ratio OR Neutrophil-to-lymphocyte ratio OR Neutrophil-lymphocyte ratio). The specific strategy is presented in Supplementary Table 1.




2.2 Eligibility criteria

Inclusion criteria: 1) Subjects: Adults diagnosed with early DN or DN. 2) Diagnostic indicator: NLR. 3) Golden standard for diagnosis: UAER≥30 mg/24 h or UACR≥30 mg/g, and/or eGFR <60 mL·min-1·(1.73 m2)-1. When UACR<30 mg/g, the diagnosis is no proteinuria; when albumin-to-creatinine ratio (ACR)=30-300 mg/g, the diagnosis is microproteinuria or early DN; when ACR>300 mg/g, the diagnosis is macroproteinuria or intermediate and advanced DN. 4) Outcome indicators: Obtaining sensitivity, specificity, etc. to evaluate diagnostic accuracy, and considering information from raw data, including true positives, false positives, true negatives, and false negatives. 5) Study type: Observational study, such as case-control or cross-sectional studies.

Exclusion criteria: 1) Reviews, research progress, meeting summaries, pathology reports, correspondence, guidelines, experiences, animal experiments, etc. 2) Articles that are duplicates and cannot be obtained in full text. 3) Articles with inconsistent biomarkers or diseases. 4) Articles with outcome indicators unavailable. 5) Non-English literature.




2.3 Literature screening

All retrieved data were entered into Endnote20 software. First, duplicates were removed. Then, according to the eligibility criteria, ineligible studies were removed by reviewing the titles and abstracts. Finally, after reading the full text, studies not meeting the eligibility criteria were removed, and those meeting the criteria were identified. The screening was completed by two investigators (YW. and XHL) independently, and any disagreement was resolved with the participation of a third investigator (ZWX).




2.4 Data extraction

Two investigators (YW and XHL) extracted information from the included studies, which comprised basic information on studies (first author, publication year, and country), subjects’ information (patient name, age, gender), and diagnosis method (diagnostic sensitivity and specificity of outcome indicators). Any disagreements during this process were resolved with the third investigator’s (ZWX) participation.




2.5 Quality evaluation

Eligible studies were evaluated by two investigators (YW and XHL) for quality and applicability via the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) tool (29). The risk of bias (ROB) and clinical applicability were evaluated. The former encompassed experiments to be evaluated, case selection, golden standard, case flow and progression, while the latter incorporated case selection, criteria to be evaluated, and golden standard. The evaluation yielded a low risk for scenarios where the answer of all markers within a range was “yes” and a high risk for scenarios where the answer to any question was “no”. Scenarios lacking sufficient information were designated as “unclear”. Any disagreement arising from the process was addressed with the participation of a third investigator (ZWX). All evaluations were conducted via Revman 5.3 software.




2.6 Statistical analysis

The Meta-Disc 1.4 and Stata 16.0 software with the MIDAS module of a bivariate mixed effect model was employed to analyze all diagnosis-related data. The model not only considered factors including threshold effects, sample size, and inter-study heterogeneity, but also kept the bivariate nature of raw data unchanged throughout the process, thereby producing reliable statistical indicators. Forest plots were created to calculate diagnostic odds ratio (DOR), combined sensitivity, specificity, diagnostic score (DS), negative likelihood ratio, and positive likelihood ratio (PLR). Higher DS and DOR values indicated a stronger diagnostic effect. The area under the curve (AUC) was acquired by plotting a summary receiver operating characteristic (SROC) curve. The diagnostic power was categorized as low (AUC=0.5-0.7), medium (AUC=0.7-0.9), and high (AUC=0.9-1.0). Sensitivity analyses were performed to observe the stability of summary statistics and assess how individual studies affected the overall results. To determine the threshold effects, Spearman’s rank correlation coefficient (Spearman ρ) and its corresponding P-value were adopted. P>0.05 suggested no heterogeneity among studies due to threshold effects. Heterogeneity was quantified statistically via Higgins I2 and Cochran’s Q test. P<0.10 or I2 > 50% indicated high heterogeneity, and a random effect model was adopted. In other cases, a fixed effect model was utilized. When heterogeneity was high, meta-regression and subgroup analysis were performed to determine its sources. Publication bias (PB) was evaluated via a Deeks funnel plot, and P<0.05 was considered statistically significant.





3 Results



3.1 Literature screening

The database retrieval produced 457 articles and after excluding 159 duplicates, 298 remained. Then, 213 articles were removed by reviewing the titles and abstracts in the initial screening, leaving 85 articles. Subsequently, 67 articles were excluded by reviewing the full text, including 19 due to inconsistent disease, 42 due to inconsistent outcome indicators, 2 due to no extractable data, and 4 due to inconsistent biomarkers. Finally, 18 articles were incorporated, including 5 on early DN (24, 25, 30–32) and 13 on DN (26, 27, 33–43). The specifics are presented in Figure 1.

[image: Flowchart depicting the identification of studies via databases and registers. In the identification phase, records from Cochrane, PubMed, Embase, and Web of Science totaled 457, with 159 duplicate records removed. During screening, 298 records were screened, with 213 excluded. No records were unretrieved. In the eligibility phase, 85 reports were assessed, with 67 excluded due to various incompatibilities. The inclusion phase concluded with five studies of early DN and thirteen studies of DN included in the review.]
Figure 1 | Screening process of articles.




3.2 Basic characteristics of studies

Eighteen studies (24–27, 30–43) were included in the meta-analysis, with 5 on early DN (24, 25, 30–32) and 13 on DN (26, 27, 33–43). Of the 5 studies on early DN, 4 were conducted in Asia (25, 30–32) and one in Africa (24). The mean age was in a range between 54.8 and 64.0 years, and the NLR cutoff was in a range between 1.56 and 2.54. Of the 13 studies on DN, 12 were conducted in Asia (26, 33–43) a and 1 in North America (27). The mean age was in a range between 48.9 and 71.9 years, and the NLR cutoff was in a range between 1.61 and 3.35. The specifics are outlined in Table 1.


Table 1 | Characteristics of studies.
	Study
	Country
	Study design
	Sample size
	Age (y)
	Gender (F/M)
	Disease
	NLR cutoff
	Diagnostic basis


	Case control



	Chen et al., 2022 (30)
	China
	CC
	49
	134
	54.8
	70/113
	Early DN
	1.56
	UACR


	Chollangi et al., 2023 (31)
	India
	CS
	45
	45
	62.2
	37/53
	Early DN
	2.13
	UACR


	Mattared et al., 2019 (29)
	Egypt
	CC
	30
	50
	59.4
	_
	Early DN
	_
	24h-UAER


	Jaaban et al., 2021 (32)
	Syria
	CC
	50
	108
	57.1
	66/92
	Early DN
	2.20
	UACR


	Assulyn et al., 2020 (25)
	Israel
	CC
	58
	110
	64.0
	84/84
	Early DN
	2.54
	UACR, 24h-UAER


	Bhattacharyya et al., 2021 (33)
	India
	CS
	39
	41
	59.9
	33/47
	DN
	2.44
	UACR


	Akbas et al., 2014 (26)
	Turkey
	CS
	68
	132
	57.3
	103/97
	DN
	1.70
	UACR


	Li et al., 2022 (34)
	China
	CS
	365
	290
	59.9
	304/351
	DN
	2.46
	UACR


	RAKESH et al., 2024 (35)
	India
	CS
	52
	52
	53.3
	28/76
	DN
	2.92
	UACR


	Tutan et al., 2023 (36)
	Turkey
	CC
	108
	219
	61.0
	179/148
	DN
	1.93
	UACR


	Fang, et al., 2024 (37)
	China
	CS
	60
	30
	64.1
	43/47
	DN
	2.24
	UACR


	Singh et al., 2022 (38)
	India
	CS
	146
	390
	56.1
	_
	DN
	3.28
	24h-UAER


	Huang et al., 2017 (39)
	China
	CS
	187
	134
	56.6
	135/186
	DN
	1.76
	UACR, Scr


	Ayad M et al., 2017 (43)
	Iraq
	CS
	58
	72
	59.9
	59/71
	DN
	3.35
	UACR


	Li et al., 2023 (27)
	United States
	CS
	2271
	4882
	48.9
	3959/3194
	DN
	1.35
	UACR, eGFR


	Wan et al., 2020 (40)
	China
	CS
	1222
	3575
	67.0
	2585/2212
	DN
	1.70
	UACR, eGFR


	Chittawar et al., 2017 (41)
	India
	CS
	110
	155
	51.1
	144/121
	DN
	2.00
	UACR, eGFR


	Gao et al., 2024 (42)
	China
	CS
	132
	908
	71.9
	550/490
	DN
	1.61
	eGFR





CS, Cross-sectional; CC, Case-control; DN, Diabetic nephropathy; UACR, Urinary albumin-to-creatinine ratio; 24 h-UAER, 24 h-urinary albumin excretion rate; Scr, Serum creatinine; eGFR, Estimated glomerular filtration rate.






3.3 Quality evaluation

The quality of studies was assessed via Revman 5.3 software. The results indicated a high risk of bias for all 18 included studies regarding experiments to be evaluated and case selection. For case selection, the reason was an answer of “No” to both “avoiding case-control studies for cases” and “avoiding unreasonable exclusions for studies”. For experiments to be evaluated, the reason was an answer of “No” to “results of experiments to be evaluated were interpreted without knowing the results of golden standard experiments”. All 18 studies yielded an answer of “unclear” to “the golden standard interpretation was blinded”. Two of five studies on early DNs (24, 25) and 6 of 13 studies on DNs (26, 27, 38–41) were at high risk in terms of “case flow and progression”. Notably, all 18 studies were at “low risk” regarding clinical applicability. The quality evaluation is detailed in Figure 2.

[image: Matrix charts assess risk of bias and applicability concerns in two panels, A and B. Panel A includes five studies; Panel B includes eleven. Each chart categorizes concerns into patient selection, index test, reference standard, and flow and timing, marked as high (red), unclear (yellow), or low (green). Below each chart, bar graphs summarize the percentage of each concern type.]
Figure 2 | Quality assessment of literature (A) Quality assessment for studies on early DN (B) Quality assessment for studies on DN Quality assessment of included studies, for each study, ROB and applicability concerns were classified as low, unclear or high. Top: Quality assessment of included studies based on the quality assessment of diagnostic accuracy studies criterion. For each study, ROB and applicability concerns were classified as low, unclear or high. Bottom: Each bar represents the percentage of studies considered as high risk, low risk or unclear for both ROB and applicability concerns.

Quality assessment of included studies, for each study, ROB and applicability concerns were classified as low, unclear or high. Top: Quality assessment of included studies based on the quality assessment of diagnostic accuracy studies criterion. For each study, ROB and applicability concerns were classified as low, unclear or high. Bottom: Each bar represents the percentage of studies considered as high risk, low risk or unclear for both ROB and applicability concerns.




3.4 Results of meta-analysis



3.4.1 Diagnostic effect of NLR on early DN

Five studies examined the diagnostic effect of NLR in early DN. The sensitivity and specificity of the combined NLR were 0.83 [95% CI: 0.60-0.94] (I2 = 93.73%) and 0.76 [95% CI: 0.61-0.86] (I2 = 94.38%), respectively. The PLR, NLR, and DOR were 3.4 [95% CI: 1.9-6.0], 0.23 [95% CI: 0.09-0.60], and 15 [95% CI: 4-56], respectively. The AUC was 0.85 [95% CI: 0.81-0.88]. The forest plot is presented in Figure 3A, and the AUC is illustrated in Figure 3B. The Spearman ρ was -0.100, and the P-value was 0.873, indicating no heterogeneity caused by threshold effects.

[image: Panel A shows a forest plot with sensitivity and specificity data of different studies on a diagnostic test. Sensitivity ranges from 0.40 to 0.97, and specificity ranges from 0.46 to 0.93. Panel B displays a Summary Receiver Operating Characteristic (SROC) curve with prediction and confidence contours. A summary operating point indicates sensitivity at 0.83 and specificity at 0.76, with the area under the curve (AUC) of 0.85. Circles represent observed data points.]
Figure 3 | (A) Forest plot for diagnostic performance of NLR on early DN; (B) AUC for diagnostic performance of NLR on early DN.

Significant heterogeneity was noted. Subgroup analysis was conducted based on blood sugar controlled for negative controls (HbA1c>7% indicating uncontrolled blood sugar), diagnosis of early DN based on UACR, diagnosis of early DN based on a single indicator, and cases from Asia, type of case study to identify potential reasons for heterogeneity. The results indicated that the contributors to a high specificity heterogeneity were cases from Asia (P=0.04) and the diagnosis of early DN based on UACR (P=0.04). Among these articles, 4 incorporated UACR in the diagnosis, while 1 did not. The specificities were 0.70 [95% CI: 0.58-0.83] and 0.91 [95% CI: 0.78-1.00], respectively. The specificity for articles without UACR in the diagnosis was higher than that for articles with UACR (P=0.04), and statistically significant differences were observed. There were 4 articles including cases from Asia and 1 including cases from non-Asia regions. The specificities were 0.91 [95% CI: 0.78-1.00] and 0.70 [95% CI: 0.58-0.83], respectively. The specificity for cases from Asia was higher than that for cases from non-Asia regions (P=0.04), and statistically significant differences were observed. The high sensitivity heterogeneity was attributed to the diagnosis of early DN based on a single indicator (P=0.01). Four articles included the diagnosis of early DN based on a single indicator and 1 did not. The sensitivities were 0.87 [95% CI: 0.80-0.95] and 0.40 [95% CI: 0.14-0.65], respectively. Furthermore, the sensitivity for articles based on a single indicator outperformed that for articles not based on a single indicator (P=0.01), with statistically significant differences observed. The results are illustrated in Table 2. The combined sensitivity (Se) for UACR in diagnosing early DN was 0.83 [95% CI: 0.76-0.89], and the specificity (Sp) was 0.61 [95% CI: 0.54-0.67].


Table 2 | Subgroup analysis for the source of heterogeneity in early DN.
	Subgroup factors
	No. of articles
	Sen.
	P
	Spe.
	P



	Incorporation of UACR in the diagnosis
	Yes
	4
	0.76 [0.58 - 0.95]
	0.25
	0.70 [0.58-0.83]
	0.04


	No
	1
	0.97 [0.90 - 1.00]
	0.91 [0.78 - 1.00]


	Single indicator
	Yes
	4
	0.87 [0.80 - 0.95]
	0.01
	0.75 [0.60 - 0.89]
	0.62


	No
	1
	0.40 [0.14 - 0.65]
	0.79 [0.55 - 1.00]


	Cases from Asia
	Yes
	4
	0.76 [0.58 - 0.95]
	0.25
	0.70 [0.58 - 0.83]
	0.04


	No
	1
	0.97 [0.90 - 1.00]
	0.91 [0.78 - 1.00]





Bold value indicates that P<0.05 was considered statistically significant.






3.4.2 Diagnostic performance of NLR on DN

Thirteen studies investigated the diagnostic effect of NLR in DN. The sensitivity and specificity of the combined NLR were 0.73 [95% CI: 0.67-0.79] (I2 = 93.97%) and 0.70 [95% CI: 0.59-0.79] (I2 = 98.60%), respectively. The PLR, NLR, and OR were 2.4 [95% CI: 1.8-3.3], 0.38 [95% CI: 0.30-0.48], and 6 [95% CI: 4-11], respectively. The AUC was 0.78 [95% CI: 0.74-0.81]. The forest plot is presented in Figure 4A, and the AUC is illustrated in Figure 4B. The Spearman ρ was 0.280, and the P-value was 0.354, indicating no heterogeneity caused by threshold effects.

[image: Panel A shows a forest plot with sensitivity and specificity data for various studies, each marked with confidence intervals. Panel B displays an SROC curve with prediction and confidence contours, indicating pooled sensitivity and specificity. The summary operating point is highlighted, and the area under the curve (AUC) is marked as 0.78 with confidence intervals.]
Figure 4 | (A) Forest plot for diagnostic performance of NLR on DN; (B) AUC for diagnostic performance of NLR on DN.

The summary indicated significant heterogeneity. Subgroup analysis was performed based on gender, patients from China or Asia, additional complications for negative controls, diagnosis of DN based on UACR, diagnosis of DN based on a single indicator, and type of case study. Regression analysis was conducted based on time, age, country, continent, race, DN diagnosis basis and type of case study to identify possible sources of heterogeneity. The results indicated that patients from China (P=0.01) and the diagnosis of DN based on a single indicator (P=0.01) were significant contributors to the high sensitivity heterogeneity. Among the articles, 5 involved patients from China and 8 involved patients from non-China regions. The sensitivities were 0.72 [95% CI: 0.63-0.81] and 0.74 [95% CI: 0.67-0.82], respectively. The diagnostic sensitivity for articles including patients from non-China regions was higher than that for articles including patients from China (P=0.01), and statistically significant differences were observed. Nine articles included the diagnosis of DN based on a single indicator, and 4 did not. The sensitivities were 0.72 [95% CI: 0.65-0.80] and 0.76 [95% CI: 0.66-0.85], respectively. The sensitivity for articles with the diagnosis of DN not based on a single indicator was higher than that for articles with the diagnosis of DN based on a single indicator (P=0.01), and statistically significant differences were observed. The results are presented in Table 3. The combined Se for UACR in diagnosing DN was 0.67 [95% CI: 0.60-0.74], and the Sp was 0.74 [95% CI: 0.64-0.82]. The Se for the combined diagnosis of UACR and eGFR was 0.71 [95% CI: 0.70-0.73], and the Sp was 0.49 [95% CI: 0.48-0.50].


Table 3 | Subgroup and regression analyses for sources of heterogeneity in DN.
	Subgroup factors
	No. of literature
	Sen.
	P
	Spe.
	P



	Patients from China
	Yes
	5
	0.72 [0.63-0.81]
	0.01
	0.72 [0.56-0.87]
	0.51


	No
	8
	0.74 [0.67-0.82]
	0.69 [0.56-0.81]


	Single indicator
	Yes
	9
	0.72 [0.65-0.80]
	0.01
	0.71 [0.59-0.82]
	0.55


	No
	4
	0.76 [0.66-0.85]
	0.68 [0.50-0.86]





Bold value indicates that P<0.05 was considered statistically significant.







3.5 PB

PB was visualized via a funnel plot, which indicated PB in the diagnosis of both early DN (P=0.02) and DN (P=0.01) by NLR, as shown in Figure 5.

[image: Two Deeks' funnel plot asymmetry tests show regression lines and study data points. The first graph has a p-value of 0.02, and the second has a p-value of 0.01. Both plots assess diagnostic odds ratios on the x-axis against one over the square root of ESS on the y-axis.]
Figure 5 | Funnel plots for diagnosis of early DN and DN by NLR The top is the funnel plot for diagnosis of early DN by NLR, and the bottom is the funnel plot for diagnosis of DN by NLR.





4 Discussion

Recent findings have emphasized the role of glucose dysregulation and systemic inflammation in the development of subclinical organ damage in patients with metabolic disorders. In familial hypercholesterolemia, altered glycemic status has been shown to influence the distribution of atherosclerotic burden, with peripheral vascular injury being more frequent in insulin-resistant individuals (44). Similarly, in the context of acute hyperbilirubinemia, early subclinical renal impairment has been demonstrated using tubular injury biomarkers, even in the absence of overt changes in eGFR or serum creatinine (45). These findings support the rationale for implementing complementary biomarkers to enhance early detection and risk stratification in diabetic nephropathy.

In recent years, studies on the inflammatory response mechanism in DN have led to the development of numerous hematological inflammatory diagnostic indicators for early DN and DN, including red blood cell distribution width (RDW) (31) PLR (27), MLR (27), mean platelet volume (MPV) (46), platelet distribution width (PDW) (46), SII (47), NLR, and others. Among these inflammatory indicators, NLR has received the most research attention. It possesses independent diagnostic value and a higher predictive value for DN (27). The current meta-analysis aimed to determine the diagnostic power of NLR in early DN and DN via an evidence-based approach. A pooled analysis of 18 studies was performed. Of these, 5 studies focused on early DN, involving 232 early DN patients, and 13 studies focused on DN, involving 4,818 DN patients. The results indicated that the diagnostic sensitivity of NLR for early DN was 0.83 [95% CI: 0.60-0.94], the specificity was 0.76 [95% CI: 0.61-0.86], and the AUC was 0.85 [95% CI: 0.81-0.88]. The diagnostic sensitivity of NLR for DN was 0.73 [95% CI: 0.67-0.79], the specificity was 0.70 [95% CI: 0.59-0.79], and the AUC was 0.78 [95% CI: 0.74-0.81]. Since there was high heterogeneity of NLR for both early DN and DN diagnosis, the reasons were explored via subgroup analyses. The results indicated that in the diagnosis of early DN by NLR, the diagnosis of early DN based on UACR (P=0.04) and cases from Asia (P=0.04) were the sources of high heterogeneity for specificity; the diagnosis of early DN based on a single indicator was the source for high sensitivity heterogeneity (P=0.01). In the diagnosis of DN by NLR, patients from China (P=0.01) and the diagnosis of DN based on a single indicator (P=0.01) were the sources of high heterogeneity for sensitivity.

Metabolic abnormalities, hemodynamic changes, and inflammatory responses are all involved in the pathogenesis of DN, with inflammatory responses playing a significant role (3, 48, 49). Neutrophils (N) are the first line of defense for the innate immune system, responsible for non-specific inflammatory responses that primarily involve phagocytosis and apoptosis (50). First, growth factors, cytokines, and chemokines are elevated in renal biopsies (16). Cytokines, including interleukin-1 (IL-1), IL-6, IL-16, and IL-18, have been implicated in the pathogenesis of DN (3). For example, IL-6 has been shown to recruit N infiltrates in the tubule interstitium, which is linked to podocyte hypertrophy and glomerular basement membrane thickening (51). These changes finally lead to proteinuria and decreased renal function. Secondly, the recruitment of monocytes and macrophages in kidney tissue is a key step in the pathophysiological process of DN (52). Monocytes coordinate the immune cell response at the glomeruli and vascular interface, including the recruitment and activation of N (53). Lymphocytes (L) are primary cells in the adaptive immune response, comprising T lymphocytes and B lymphocytes. Numerous studies have demonstrated the pivotal role of T lymphocytes in the development of DN, and elevated T lymphocyte levels in the blood correlated with UAC (54–56). Lampropoulou et al. (57) found that T lymphocytes and tumor necrosis factor-α (TNF-α) are activated in the early stages of DN. Consequently, N and L have a role in the pathogenesis of DN. NLR refers to the ratio of N count to L count in peripheral blood and is a ratio of chronic inflammation between two different immune pathways. Compared to N count, L count, or white blood cell (WBC) count alone, NLR is less affected by unknown factors of various physiological or pathological states. As a novel, straightforward, and cost-effective inflammatory marker (58), NLR has gained significant attention for its diagnostic accuracy in DN.

Ayad M. Gaidan et al. (43) and Fang et al. (37) indicated the independent predictive value of NLR for DN. Jaaban et al. (32), Gao et al. (42), and Singh et al. (38) demonstrated a positive correlation between NLR and proteinuria levels, as well as a negative correlation between NLR and eGFR levels. Wan et al. (40) revealed that NLR was positively linked to cardiovascular disease and DN in T2DM, while it was not correlated with DR. Chittawar et al. (41) found that NLR performed best in predicting DN, followed by DR. Huang et al. (39) discovered that NLR could be used as a predictor of DN and DR and correlated with the severity of the disease. These findings indicated the clinical value of NLR in the diagnosis of early DN and DN, aligning with this meta-analysis.

DN has two distinct phenotypes. One is the proteinuria phenotype, and renal biopsy studies have indicated that only 30%-50% of patients with T2DM and DN have typical diabetic glomerulopathy. The other is the “atypical diabetic nephropathy pattern”, which is characterized by severe tubulointerstitial and/or arteriole and vascular abnormalities with mild or no glomerulopathy. Notably, not all patients with DN and reduced eGFR experience increased urine protein, and there is no complete consistency between the two (59). The combined use of the two indicators is more sensitive in diagnosing DN than the use of any one alone (5). This finding aligns with the observation in this meta-analysis, i.e., the sensitivity for articles not based on a single indicator was higher than that for articles based on a single indicator in the diagnosis of DN by NLR. However, it was contradictory to the finding in the diagnosis of early DN by NLR. The reasons may be as follows: Firstly, there was only one study not based on a single indicator in the diagnosis of early DN, and the number was limited. Secondly, the diagnostic indicators of early DN in this meta-analysis incorporated UACR or 24 h-UAER, both of which measured the content of urine protein. The indicator eGFR was not adopted, so the diagnosis of early DN cannot play a complementary role. Similarly, in the analysis on the diagnostic accuracy of NLR in early DN, there was only one study on factors such as early DN from Asia and the diagnosis of early DN based on UACR. The limited body of literature may be attributable to the high specificity heterogeneity observed. In the diagnosis of DN by NLR, the high sensitivity heterogeneity was attributable to the factor of patients from China. The reason might be that all Chinese patients were yellow, while individuals from other racial groups were not. Furthermore, the majority of studies in the current meta-analysis focused on Asian populations. Only one study was from Africa, and one was from North America. The high sensitivity heterogeneity may be caused by the differences in race. Thus, it is anticipated that more studies from other continents will be included.

Although NLR, as an independent diagnostic indicator for DN, has certain limitations in practical clinical applications, it can be incorporated into DN diagnostic models along with other indicators to predict DN diagnosis and prognosis. Zhou et al. (60) and Xu et al. (61) developed models that incorporate various indicators, enabling them to make excellent predictions of DN risk factors and diagnosis. Consequently, NLR can be incorporated as a new indicator into these models for adjustment and update to enhance the value of predicting DN. Given the different reference ranges of NLR in different races and countries, as well as variations in laboratory testing techniques, these factors should be fully considered when adding it to predictive modeling studies. However, this provides a new foundation for the development of prediction models.

The primary advantage of this meta-analysis was that it is the first one of its kind to assess the diagnostic power of NLR in early DN and DN via evidence-based methods. However, there are still some limitations. First, given that the included studies were mostly of high risk, primarily involving case-control study types and assessment of results without blinding, this has a certain impact on the interpretation of the results of this study, and the interpretation of the results should be more cautious. The included studies varied significantly in sensitivity and specificity. Despite conducting heterogeneity analyses, no relevant sources were identified based on currently available data. The significant heterogeneity observed may be primarily attributed to the variety of single and combined diagnostic indicators employed for early DN and DN diagnosis. We anticipate the results of future studies on combined diagnostic indicators, which will serve to verify the conclusions of this study. Second, the number of studies on early DN was 5, and more studies are required to gain a better understanding of this condition. Third, the included studies were all in English, which might introduce selection bias. Fourthly, given that NLR is the ratio of neutrophil to lymphocyte counts and ACR the ratio of urinary albumin to creatinine, the reference ranges vary between different countries and races. Additionally, there are differences in the detection values between different instruments, which leads to variability in the detection values of NLR and ACR. Finally, while the impact of NLR cutoffs on results was explored, it was not determined according to current data. The range of NLR cutoffs that have been summarized in this study is from 1.35 to 3.35. Due to the inability to perform subgroup analysis, a specific analysis of several articles with the largest differences in NLR values was conducted. The results indicated that the larger the NLR cutoff, the higher the AUC, sensitivity, and specificity for the diagnosis of early DN and DN. The most effective NLR cutoff was not confirmed, and further exploration in this area is anticipated.




5 Conclusions

NLR exhibited moderate diagnostic power for both early DN and DN, with its diagnostic power for early DN being superior to that for DN. It is anticipated that further studies will examine the diagnostic effect of NLR on early DN or DN from aspects of unified cutoffs and disease diagnostic standards.





Data availability statement

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





Author contributions

YW: Data curation, Investigation, Software, Visualization, Writing – original draft. XL: Software, Supervision, Validation, Writing – review & editing. ZX: Conceptualization, Methodology, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by 2024 Jinan Third People’s Hospital Science and Technology Plan Project (grant number 2024-08).





Conflict of interest

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





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1564170/full#supplementary-material




References

	 Zhou B, Lu Y, Hajifathalian K, Bentham J, Cesare MD, Danaei G, et al. Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based studies with 4.4 million participants. Lancet. (2016) 387:1513–30. doi: 10.1016/s0140-6736(16)00618-8, PMID: 27061677


	 Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119, PMID: 34879977


	 Wang N, Zhang C. Recent advances in the management of diabetic kidney disease: slowing progression. Int J Mol Sci. (2024) 25:3086–119. doi: 10.3390/ijms25063086, PMID: 38542060


	 Yang M, Zhang C. The role of innate immunity in diabetic nephropathy and their therapeutic consequences. J Pharm Anal. (2024) 14:39–51. doi: 10.1016/j.jpha.2023.09.003, PMID: 38352948


	 Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH, Goldstein-Fuchs J, et al. Diabetic kidney disease: a report from an ADA Consensus Conference. Diabetes Care. (2014) 37:2864–83. doi: 10.2337/dc14-1296, PMID: 25249672


	 Rheinberger M, Böger CA. Diabetic nephropathy: new insights into diagnosis, prevention and treatment. Dtsch Med Wochenschr. (2014) 139:704–6. doi: 10.1055/s-0034-1369841, PMID: 24668430


	 Luo Y, Zhang W, Qin G. Metabolomics in diabetic nephropathy: Unveiling novel biomarkers for diagnosis (Review). Mol Med Rep. (2024) 30:1–13. doi: 10.3892/mmr.2024.13280, PMID: 38963028


	 Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, et al. Systemic immune-inflammation index is associated with diabetic kidney disease in Type 2 diabetes mellitus patients: Evidence from NHANES 2011-2018. Front Endocrinology. (2022) 13:1071465. doi: 10.3389/fendo.2022.1071465, PMID: 36561561


	 Kocak MZ, Aktas G, Atak BM, Duman TT, Yis OM, Erkus E, et al. Is Neuregulin-4 a predictive marker of microvascular complications in type 2 diabetes mellitus? Eur J Clin Invest. (2020) 50:e13206. doi: 10.1111/eci.13206, PMID: 31999832


	 Aktas G, Yilmaz S, Kantarci DB, Duman TT, Bilgin S, Balci SB, et al. Is serum uric acid-to-HDL cholesterol ratio elevation associated with diabetic kidney injury? Postgrad Med. (2023) 135:519–23. doi: 10.1080/00325481.2023.2214058, PMID: 37170820


	 Aktas G. Association between the prognostic nutritional index and chronic microvascular complications in patients with type 2 diabetes mellitus. J Clin Med. (2023) 12:5952–69. doi: 10.3390/jcm12185952, PMID: 37762893


	 Tang SC, Leung JC, Chan LY, Tsang AW, Lai KN. Activation of tubular epithelial cells in diabetic nephropathy and the role of the peroxisome proliferator-activated receptor-gamma agonist. J Am Soc Nephrol. (2006) 17:1633–43. doi: 10.1681/asn.2005101113, PMID: 16687627


	 Navarro JF, Milena FJ, Mora C, León C, Claverie F, Flores C, et al. Tumor necrosis factor-alpha gene expression in diabetic nephropathy: relationship with urinary albumin excretion and effect of angiotensin-converting enzyme inhibition. Kidney Int Suppl. (2005) 99):S98–102. doi: 10.1111/j.1523-1755.2005.09918.x, PMID: 16336586


	 Tang SC, Chan LY, Leung JC, Cheng AS, Lan HY, Lai KN. Additive renoprotective effects of B2-kinin receptor blocker and PPAR-γ agonist in uninephrectomized db/db mice. Lab Invest. (2011) 91:1351–62. doi: 10.1038/labinvest.2011.81, PMID: 21537328


	 Chow FY, Nikolic-Paterson DJ, Ozols E, Atkins RC, Tesch GH. Intercellular adhesion molecule-1 deficiency is protective against nephropathy in type 2 diabetic db/db mice. J Am Soc Nephrol. (2005) 16:1711–22. doi: 10.1681/asn.2004070612, PMID: 15857924


	 Tang SC, Chan LY, Leung JC, Cheng AS, Chan KW, Lan HY, et al. Bradykinin and high glucose promote renal tubular inflammation. Nephrol Dial Transplant. (2010) 25:698–710. doi: 10.1093/ndt/gfp599, PMID: 19923143


	 Wang Y, Cui J, Liu M, Shao Y, Dong X. Schisandrin C attenuates renal damage in diabetic nephropathy by regulating macrophage polarization. Am J Transl Res. (2021) 13:210–22., PMID: 33527019


	 Afari ME, Bhat T. Neutrophil to lymphocyte ratio (NLR) and cardiovascular diseases: an update. Expert Rev Cardiovasc Ther. (2016) 14:573–7. doi: 10.1586/14779072.2016.1154788, PMID: 26878164


	 Buyukkaya E, Karakas MF, Karakas E, Akçay AB, Tanboga IH, Kurt M, et al. Correlation of neutrophil to lymphocyte ratio with the presence and severity of metabolic syndrome. Clin Appl Thromb Hemost. (2014) 20:159–63. doi: 10.1177/1076029612459675, PMID: 22992349


	 Gao Q, Quan M, Zhang L, Ran Y, Zhong J, Wang B. Neutrophil-to-lymphocyte ratio as a prognostic indicator in thyroid cancer. Cancer Control. (2024) 31:10732748241309048. doi: 10.1177/10732748241309048, PMID: 39696882


	 Aktas G, Duman T, Atak B, Kurtkulagi O, Bilgin S, Basaran E, et al. Irritable bowel syndrome is associated with novel inflammatory markers derived from hemogram parameters. Family Med Primary Care Review. (2020) 22:107–10. doi: 10.5114/fmpcr.2020.95311


	 Basaran E, Aktas G. The relationship of vitamin D levels with hemogram indices and metabolic parameters in patients with type 2 diabetes mellitus. AIMS Med Science. (2024) 11:47–57. doi: 10.3934/medsci.2024004


	 Liu J, Liu X, Li Y, Quan J, Wei S, An S, et al. The association of neutrophil to lymphocyte ratio, mean platelet volume, and platelet distribution width with diabetic retinopathy and nephropathy: a meta-analysis. Biosci Rep. (2018) 38:BSR20180172. doi: 10.1042/bsr20180172, PMID: 29581246


	 Mattared AM, Esheba NE, Elshora OA, Mohamed WS. Mean platelet volume and neutrophil to lymphocyte ratio in prediction of early diabetic nephropathy in type 2 diabetics. Diabetes Metab Syndr. (2019) 13:1469–73. doi: 10.1016/j.dsx.2019.02.029, PMID: 31336508


	 Assulyn T, Khamisy-Farah R, Nseir W, Bashkin A, Farah R. Neutrophil-to-lymphocyte ratio and red blood cell distribution width as predictors of microalbuminuria in type 2 diabetes. J Clin Lab Anal. (2020) 34:e23259. doi: 10.1002/jcla.23259, PMID: 32096579


	 Akbas EM, Demirtas L, Ozcicek A, Timuroglu A, Bakirci EM, Hamur H, et al. Association of epicardial adipose tissue, neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio with diabetic nephropathy. Int J Clin Exp Med. (2014) 7:1794–801., PMID: 25126182


	 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 (Lausanne). (2023) 14:1285509. doi: 10.3389/fendo.2023.1285509, PMID: 38239986


	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Bmj. (2021) 372:n71. doi: 10.1136/bmj.n71, PMID: 33782057


	 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med. (2011) 155:529–36. doi: 10.7326/0003-4819-155-8-201110180-00009, PMID: 22007046


	 Chen X, Wang Q, Li C. A retrospective analysis of hematologic parameters in patients with early diabetic kidney disease. Clin Appl Thromb Hemost. (2022) 28:10760296221083681. doi: 10.1177/10760296221083681, PMID: 35249376


	 Chollangi S, Rout NK, Satpathy SK, Panda B, Patro S. Exploring the correlates of hematological parameters with early diabetic nephropathy in type 2 diabetes mellitus. Cureus. (2023) 15:e39778. doi: 10.7759/cureus.39778, PMID: 37398707


	 Jaaban M, Zetoune AB, Hesenow S, Hessenow R. Neutrophil-lymphocyte ratio and platelet-lymphocyte ratio as novel risk markers for diabetic nephropathy in patients with type 2 diabetes. Heliyon. (2021) 7:e07564. doi: 10.1016/j.heliyon.2021.e07564, PMID: 34368476


	 Bhattacharyya S, Jain N, Verma H, Sharma K. A cross-sectional study to assess neutrophil lymphocyte ratio as a predictor of microvascular complications in type 2 diabetes mellitus patients. J OF Clin AND Diagn Res. (2021) 15:59–62. doi: 10.7860/JCDR/2021/47046.15266


	 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 Manage. (2022) 18:1157–66. doi: 10.2147/tcrm.S393135, PMID: 36597513


	 Rakesh BM, Pradeep N, Nischal GJ. Correlation between neutrophil to lymphocyte ratio and urine albumin to creatinine ratio in diabetic nephropathy patients: A cross-sectional study. J Clin Diagn Res. (2024) 18:33–7. doi: 10.7860/JCDR/2024/68347/19405


	 Tutan D, Doğan M. Evaluation of neutrophil/lymphocyte ratio, low-density lipoprotein/albumin ratio, and red cell distribution width/albumin ratio in the estimation of proteinuria in uncontrolled diabetic patients. Cureus. (2023) 15:e44497. doi: 10.7759/cureus.44497, PMID: 37791152


	 Fang Y, Wang B, Pang B, Zhou Z, Xing Y, Pang P, et al. Exploring the relations of NLR, hsCRP and MCP-1 with type 2 diabetic kidney disease: a cross-sectional study. Sci Rep. (2024) 14:3211. doi: 10.1038/s41598-024-53567-2, PMID: 38332001


	 Singh A, Jha AK, Kalita BC, Jha DK, Alok Y. Neutrophil lymphocyte ratio: a reliable biomarker for diabetic nephropathy? Int J Diabetes Developing Countries. (2022) 42:523–8. doi: 10.1007/s13410-021-01000-z


	 Huang L, Xie Y, Dai S, Zheng H-J. Neutrophil-to-lymphocyte ratio in diabetic microangiopathy. Int J Clin Exp Pathol. (2017) 10:1223–32.


	 Wan H, Wang Y, Fang S, Chen Y, Zhang W, Xia F, et al. Associations between the neutrophil-to-lymphocyte ratio and diabetic complications in adults with diabetes: A cross-sectional study. J Diabetes Res. (2020) 2020:6219545. doi: 10.1155/2020/6219545, PMID: 32405503


	 Chittawar S, Dutta D, Qureshi Z, Surana V, Khandare S, Dubey TN. 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) 21:864–70. doi: 10.4103/ijem.IJEM_197_17, PMID: 29285450


	 Gao JL, Shen J, Yang LP, Liu L, Zhao K, Pan XR, et al. Neutrophil-to-lymphocyte ratio associated with renal function in type 2 diabetic patients. World J Clin Cases. (2024) 12:2308–15. doi: 10.12998/wjcc.v12.i14.2308, PMID: 38765748


	 Gaidan AM, Al-Husseiny IA. Red cell distribution width and neutrophil-lymphocyte ratio as markers for diabetic nephropathy: doi.org/10.26538/tjnpr/v4i8.3. Trop J Natural Product Res (TJNPR). (2020) 4:338–42. doi: 10.26538/tjnpr/v4i8.3


	 Di Giacomo Barbagallo F, Bosco G, Di Marco M, Scilletta S, Miano N, Musmeci M, et al. Evaluation of glycemic status and subclinical atherosclerosis in familial hypercholesterolemia subjects with or without LDL receptor mutation. Cardiovasc Diabetol. (2025) 24:126. doi: 10.1186/s12933-025-02683-y, PMID: 40114220


	 Scilletta S, Leggio S, Di Marco M, Miano N, Musmeci M, Marrano N, et al. Acute hyperbilirubinemia determines an early subclinical renal damage: Evaluation of tubular biomarkers in cholemic nephropathy. Liver Int. (2024) 44:2341–50. doi: 10.1111/liv.16005, PMID: 38837303


	 Wei S, Pan X, Xiao Y, Chen R, Wei J. The unique association between the level of plateletcrit and the prevalence of diabetic kidney disease: a cross-sectional study. Front Endocrinol (Lausanne). (2024) 15:1345293. doi: 10.3389/fendo.2024.1345293, PMID: 38726343


	 Yan P, Yang Y, Zhang X, Zhang Y, Li J, Wu Z, et al. Association of systemic immune-inflammation index with diabetic kidney disease in patients with type 2 diabetes: a cross-sectional study in Chinese population. Front Endocrinol (Lausanne). (2023) 14:1307692. doi: 10.3389/fendo.2023.1307692, PMID: 38239983


	 Mazzieri A, Porcellati F, Timio F, Reboldi G. Molecular targets of novel therapeutics for diabetic kidney disease: A new era of nephroprotection. Int J Mol Sci. (2024) 25:3969–86. doi: 10.3390/ijms25073969, PMID: 38612779


	 Naaman SC, Bakris GL. Diabetic nephropathy: update on pillars of therapy slowing progression. Diabetes Care. (2023) 46:1574–86. doi: 10.2337/dci23-0030, PMID: 37625003


	 Rungelrath V, Kobayashi SD, DeLeo FR. Neutrophils in innate immunity and systems biology-level approaches. Wiley Interdiscip Rev Syst Biol Med. (2020) 12:e1458. doi: 10.1002/wsbm.1458, PMID: 31218817


	 Tuttle KR, Agarwal R, Alpers CE, Bakris GL, Brosius FC, Kolkhof P, et al. Molecular mechanisms and therapeutic targets for diabetic kidney disease. Kidney Int. (2022) 102:248–60. doi: 10.1016/j.kint.2022.05.012, PMID: 35661785


	 Rayego-Mateos S, Morgado-Pascual JL, Opazo-Ríos L, Guerrero-Hue M, García-Caballero C, Vázquez-Carballo C, et al. Pathogenic pathways and therapeutic approaches targeting inflammation in diabetic nephropathy. Int J Mol Sci. (2020) 21:3798–831. doi: 10.3390/ijms21113798, PMID: 32471207


	 Turner-Stokes T, Garcia Diaz A, Pinheiro D, Prendecki M, McAdoo SP, Roufosse C, et al. Live imaging of monocyte subsets in immune complex-mediated glomerulonephritis reveals distinct phenotypes and effector functions. J Am Soc Nephrol. (2020) 31:2523–42. doi: 10.1681/asn.2019121326, PMID: 32868399


	 Navarro JF, Mora C, Gómez M, Muros M, López-Aguilar C, García J. Influence of renal involvement on peripheral blood mononuclear cell expression behavior of tumor necrosis factor-alpha and interleukin-6 in type 2 diabetic patients. Nephrol Dial Transplant. (2008) 23:919–26. doi: 10.1093/ndt/gfm674, PMID: 17911088


	 Goldwich A, Burkard M, Olke M, Daniel C, Amann K, Hugo C, et al. Podocytes are nonhematopoietic professional antigen-presenting cells. J Am Soc Nephrol. (2013) 24:906–16. doi: 10.1681/asn.2012020133, PMID: 23539760


	 Ye LL, Wei XS, Zhang M, Niu YR, Zhou Q. The significance of tumor necrosis factor receptor type II in CD8(+) regulatory T cells and CD8(+) effector T cells. Front Immunol. (2018) 9:583. doi: 10.3389/fimmu.2018.00583, PMID: 29623079


	 Lampropoulou IT, Stangou M, Sarafidis P, Gouliovaki A, Giamalis P, Tsouchnikas I, et al. TNF-α pathway and T-cell immunity are activated early during the development of diabetic nephropathy in Type II Diabetes Mellitus. Clin Immunol. (2020) 215:108423. doi: 10.1016/j.clim.2020.108423, PMID: 32304735


	 Öztürk ZA, Kuyumcu ME, Yesil Y, Savas E, Yıldız H, Kepekçi Y, et al. Is there a link between neutrophil-lymphocyte ratio and microvascular complications in geriatric diabetic patients? J Endocrinol Invest. (2013) 36:593–9. doi: 10.3275/8894, PMID: 23511196


	 Fiorentino M, Bolignano D, Tesar V, Pisano A, Biesen WV, Tripepi G, et al. Renal biopsy in patients with diabetes: a pooled meta-analysis of 48 studies. Nephrol Dial Transplant. (2017) 32:97–110. doi: 10.1093/ndt/gfw070, PMID: 27190327


	 Zhou DM, Wei J, Zhang TT, Shen FJ, Yang JK. Establishment and validation of a nomogram model for prediction of diabetic nephropathy in type 2 diabetic patients with proteinuria. Diabetes Metab Syndr Obes. (2022) 15:1101–10. doi: 10.2147/dmso.S357357, PMID: 35431563


	 Xu W, Zhou Y, Jiang Q, Fang Y, Yang Q. Risk prediction models for diabetic nephropathy among type 2 diabetes patients in China: a systematic review and meta-analysis. Front Endocrinol (Lausanne). (2024) 15:1407348. doi: 10.3389/fendo.2024.1407348, PMID: 39022345







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


Copyright © 2025 Wang, Liu and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1564170-g004.jpg
Studyld SENSITIMITY (95% Cl) Studyld SPECIFICITY (35% CI)

Jin-Li Ga'2024 0.79(0.71-0.85) Jin-Li Gao/2024 041(0.38-044]

Sachin Chittawar /2017 0.86(0.79-0.92] Sachin Chittawar /2017 0.69(0.61-0.76]

Heng Wan /2020 0.68(0.65-0.71] Heng Wan /2020 0.48(0.46 - 0.49]
Xiaowan Li/2023 0.72(0.70-0.74) Xiaowan Li/2023 049(048-051)

Ayad M/2020 0.69(0.55-0.80] Ayad M/2020 0.89(0.79-0.95]

Lingling Huang/2017 0.75(0.69-0.81) Lingling Huang/2017 0.93(0.87 - 0.96]
Ashutosh Singh/2022 0.90(0.84 - 0.94] Ashutosh Singh/2022 0.70(0.65-0.74]
Yaxuan Fang/2024 0.58(0.45-0.71] Yaxuan Fang/2024 0.90(0.73-0.98]

Duygu Tutan2023 057(048-067) Duygu Tutan/2023 0.68(0.62-0.75]

BM RAKESH/2024 0.62(0.47-0.75] BM RAKESH/2024 0.73(0.59 - 0.84]

Lan Li/2022 0.76(0.71-0.80) Lan Lif2022 0.71[0.65-0.76]

Emin Murat Akbas/2014 062(0.49-0.73] Emin Murat Akbas/2014 0.70[0.62-0.78]
Sutanay Bhattacharyya/2021 0.85(0.69-0.94] Sutanay Bhattacharyya/2021 049(0.33-0.65)
COMBINED 0.73[0.67-0.79) COMBINED 0.70{0.59 - 0.79]

Q=199.13, df = 12.00,p = 0.00 Q =856.56, df = 12.00, p= 0.00

12=9397(91.79- 95.16] 12 = 9860 [98.28 - 98.92)

SENSITIVITY ; SPECIFICITY

SROC with Prediction & Confidence Contours

Sensitivity

Observed Data

Summary Operating Point
SENS =0.73[0.67 - 0.79]
SPEC =0.70[0.59 - 0.79]

SROC Curve
AUC =0.78 [0.74 - 0.81]

95% Confidence Contour

95% Prediction Contour

0.5
Specificity






OEBPS/Images/cover.jpg
& frontiers | Frontiers in Endocrinology

Diagnostic accuracy of neutrophil-to-
lymphocyte ratio in type 2 diabetic
nephropathy: a meta-analysis





OEBPS/Images/fendo-16-1564170-g002.jpg
Risk of Bias Applicability Concerns

Risk of Bias Applicability Concerns

Reference Standard
Flow and Timing
Patient Selection
Reference Standard

Index Test
Index Test

Ashutosh Singh 2022

Ayad M 2020

Reference Standard
Reference Standard

€
2
=
5]
2
]
5]
-
€
2
=
©
o

Flow and Timing
Patient Selection

Index Test
Index Test

BM RAKESH 2024

Duygu Tutan 2023
Emin Murat Akbas 2014

Heng Wan 2020

Jin-Li Gao 2024
Lan Li 2022
Lingling Huang 2017

Sachin Chittawar 2017

0000000000
slelslslelslslelslolsls
0000000000000

Sutanay Bhattacharyya 2021

Xiaowan Li 2023

Yaxuan Fang 2024

| @ High @ unclear ®Low I

Patient Selection

Index Test

Reference Standard
pasient Setocton N
incex Test N

Flow and Timing

¥ = =+ o ! -+ .y ¥ 1 2 randers [
0% 2% S0%  T5%  100% 0% 2% S0%  7s%  100% vt —
Risk of Bias Applicability Concerns vy 2% % % 100% 0% 2% 0% % 100%
- High . Unclear . o Risk of Bias Applicability Concerns.

Wrion [Dunciear | [






OEBPS/Images/fendo-16-1564170-g001.jpg
Identification

(=]
£
=
Q
o
o
(/2]

Records identified from:
Cochrane (n =9)
Pubmed (n =94 )
Embase (n =180 )

Web of science (n =174 )

Records screened
(n=298)

Reports sought for retrieval
(n =85)

Reports assessed for eligibility
(n=85)

Studies of early DN included in
review(n =5)

Studies of DN included in
review(n =13)

Records removed before
screening.
Duplicate records removed
(n=159)

Records excluded
(n=213)

Reports not retrieved
(n=0)

Reports excluded:
Disease incompatibility
(n=19)
Outcome indicators
incompatibility (n =42)
No data can be extracted
(n=2)
Biomarker incompatibility
(n=4)






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1564170-g005.jpg
Deeks' Funnel Plot Asymmetry Test

pvalue = 0.02

08
O Study
_____ Regression
Line

09
n
w
Ll
>~ A&
o
=
~
h

1

A2

1 . 10 A 100 N 1000
Diagnostic Odds Ratio
Deeks' Funnel Plot Asymmetry Test
pvalue = 0.01
\ O Study
_____ Regression
Line

1/root(ESS)

1000

Dia";;nostic Odds ngtio





OEBPS/Images/fendo-16-1564170-g003.jpg
Studyld | SENSITIVITY (95% CI) Stucyld | SPECIFICITY (95% Cl)

| |
| |
| |
| |
| |
| |
| |

Tikva Assulyn /2020 — : 0.40[0.27 - 0.53] Tikva Assulyn /2020 —:j— 0.79[0.70 - 0.86]
| |
| |

Marwa Jaaban /2021 p—l[ 0.72[0.58 - 0.84) Marwa Jaaban /2021 —:._— 0.78 (066 -0.87)
| |
| |
| - |

Amira M Mattared /2019 r—l.f‘ 0.97(0.83- 1.00] Amira M Mattared /2019 | —— 0.90[0.79-0.97]
| |
| |

i I

Susmitha Chollangi /2023 —f—a— 0.89[0.76 - 0.96] Susmitha Chollangi /2023 —i® 0.78 (0.63-0.89]
| |
| |
| |

XuChen /2022 _'__._— 0.90(0.78-0.97] Xu Chen /2022 —® | 046 [0.38 - 0.55]
|
|
|
|
|
|

Q=63.79,df =4.00,p = 0.00 Q=71.17,df=4.00,p = 0.00

12 = 93.73(89.79 - 97 66]

T T T T

; 4 10
SENSITIVITY SPECIFICITY

12 = 94.38(90.96 - 97 80)

|
|
|
|
|
|
COMBINED Q 0.830.60 - 0.94] COMBINED <> 0.76[0.61 - 0.86)
|
|
|
|
|
|
|
i

SROC with Prediction & Confidence Contours

Sensitivity

Observed Data

Summary Operating Point
SENS = 0.83 [0.60 - 0.94]
SPEC =0.76 [0.61 - 0.86]

SROC Curve
AUC =0.85[0.81 - 0.88]

95% Confidence Contour

95% Prediction Contour

0.5
Specificity





