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Abstract:
Background: Diabetic Kidney Disease (DKD), a major health concern, leads to renal replacement therapy and increased mortality, primarily due to cardiovascular complications. Despite advances in treatment, a comprehensive understanding of novel biomarkers for DKD progression is essential for effective management. This systematic review aims to integrate emerging research on these biomarkers, considering the complex nature of DKD and the range of therapeutic interventions.
Methods: Adhering to PRISMA Statement 2020 guidelines, this review includes studies focusing on patients with DKD, evaluating novel biomarkers for disease progression. The search covered PubMed, Embase, and the Cochrane Library, including only Randomized Controlled Trials (RCTs) published in the last five years. A narrative synthesis approach was used for data analysis.
Results: Thirteen studies involving various interventions like cholecalciferol, Coenzyme Q10, probiotics, and DPP-4 inhibitors were included. These studies assessed the impact of interventions on biomarkers related to kidney function and disease progression, such as eGFR, albumin-to-creatinine ratio, and various inflammatory markers. Key findings include improvements in angiogenic markers, prognostic value of TNF receptors in CKD progression, and the benefits of treatments on renal and cardiovascular outcomes.
Conclusion: This review highlights the importance of novel biomarkers in understanding and managing DKD. The findings suggest that a multifaceted approach, including a panel of biomarkers and omics-based techniques, is essential for a comprehensive understanding of DKD progression. Future research should focus on validating these biomarkers and methodologies for their integration into clinical practice.
Keywords: Diabetic Kidney Disease, DKD, biomarkers, renal function, disease progression, therapeutic interventions, Randomized Controlled Trials, eGFR, albumin-to-creatinine ratio, angiogenic markers, TNF receptors, Coenzyme Q10, probiotics, DPP-4 inhibitors, omics-based techniques.
Introduction
Diabetic Kidney Disease (DKD), a prevalent and progressive condition, affects a significant portion of the global population, estimated at around one in every seven individuals (1). This disease notably leads to the necessity for renal replacement therapy (RRT) and increases the risk of premature death, primarily due to cardiovascular complications (2). DKD is clinically characterized by the concurrent presence of diabetes and a decline in renal function, as indicated by a reduced estimated glomerular filtration rate (eGFR) of less than 60 mL/min/1.73 m², elevated albuminuria (exceeding 300 mg over 24 hours), or both (3).
The progression of DKD is influenced by multiple factors, including but not limited to hypertension, proteinuria, congestive heart failure, anemia, reduced serum albumin levels, an age below 65 years, and a prolonged duration of diabetes prior to diagnosis (4). Despite these challenges, there have been significant strides in therapeutic interventions that demonstrate a potential to protect renal function and slow the progression of DKD. Among these, angiotensin receptor blockers (ARBs) like losartan and irbesartan have shown promise. Clinical studies have revealed their efficacy in reducing the relative risk of serum creatinine doubling by approximately 25%, diminishing the risk of progressing to end-stage renal disease (ESRD) by about 28%, and achieving a substantial reduction in proteinuria by 35% (5,6).
This systematic review aims to integrate and critically evaluate the emerging research on novel biomarkers in the context of DKD progression, considering the multifaceted nature of the disease and the varied therapeutic approaches that have shown renoprotective effects. The goal is to offer a comprehensive and nuanced understanding of the potential these biomarkers hold in revolutionizing the management and treatment of DKD.
Methods
This systematic review was conducted in adherence to PRISMA Statement 2020 guidelines.
Eligibility Criteria
· Participants: Studies included those involving patients diagnosed with diabetic kidney disease (DKD).
· Interventions: The review focused on studies evaluating novel biomarkers for DKD progression, encompassing both biochemical and genetic markers.
· Study Design: This systematic review considered only Randomized Controlled Trials (RCTs).
· Outcome Measures: The primary outcomes were progression markers of DKD, effectiveness in predicting disease progression, and their association with clinical outcomes in DKD patients.
Information Sources 
A systematic search was conducted in electronic databases including PubMed, Embase, and the Cochrane Library. The search was supplemented with manual reviews of key journals and conference proceedings to capture additional relevant literature. The search was unrestricted by language, however, articles published in the past 5 years only were included. It was limited to studies conducted on human participants.
Search Strategy 
The search strategy was built around key terms related to DKD and its biomarkers, such as "Diabetic Kidney Disease", "DKD", "biomarkers", "renal progression", "kidney disease progression", "type 2 diabetes", and "chronic kidney disease". Both MeSH terms and free-text words were utilized for a thorough and inclusive search. The search period extended until the most recent available date.
Study Selection 
The selection process involved two independent reviewers screening titles and abstracts for relevance. Full-text articles were then assessed against the predefined eligibility criteria. Studies focusing on DKD patients and investigating novel biomarkers for disease progression were included. Exclusion criteria were applied to studies that did not align with the research focus or did not meet the methodological requirements.
Data Extraction and Synthesis 
Data from the included studies were extracted using a structured approach. A narrative synthesis was employed, analyzing and summarizing the findings related to novel biomarkers in DKD. The extracted data included the author, publication year, study design, objectives, sample size, population characteristics, biomarkers studied, and key findings. The results were collated in tables for clarity and ease of interpretation. The review critically evaluated the methodologies, results, and implications of each study, providing a comprehensive understanding of the current landscape of biomarker research in DKD. Furthermore, insights were drawn to guide clinical practices and suggest avenues for future research in this domain.
Results
Of the 962 studies initially identified from database searching, 913 were reviewed for titles and abstracts. Of those, 72 studies were assessed using full texts. Post-review, 59 studies were removed. A total of thirteen studies were included (Figure 1).
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Figure 1. PRISMA Flowchart Depicting the Study Selection Process.
The 13 studies encompass a range of investigations into the treatment and management of chronic kidney disease (CKD) and diabetic nephropathy (DN) (Table 1). They include randomized, controlled trials evaluating the efficacy of various supplements and medications, such as cholecalciferol, Coenzyme Q10, probiotics, carnosine, gemigliptin, linagliptin, and empagliflozin. These studies collectively assessed the impact of these interventions on key biomarkers and outcomes related to kidney function and disease progression, including eGFR, albumin-to-creatinine ratio, and various inflammatory and genetic markers. Key findings include improvements in angiogenic markers with cholecalciferol, the prognostic value of TNF receptors in CKD progression, the potential of urinary TCA cycle organic acids as biomarkers in DKD, and the beneficial effects of various treatments on renal and cardiovascular outcomes in patients with CKD or DKD. The studies highlight the complex interplay of metabolic, genetic, and inflammatory factors in CKD and DN and highlight the potential of targeted therapies in improving patient outcomes in these conditions.
Table 1. Characteristics of the Included Studies.
	Author, Year
	Study Design
	Objective
	Sample Size
	Population Characteristics
	Treatment/
Intervention
	Findings

	Kaur, 2022 (7)
	Randomized, double-blind, placebo-controlled trial
	Investigate the effect of cholecalciferol supplementation on serum levels of angiogenic markers in non-diabetic patients with CKD stage 3-4
	120 patients
	Non-diabetic CKD stage 3-4, vitamin D deficiency
	Cholecalciferol (300,000 IU) or placebo
	Improvement in FMD; Serum 25(OH)D levels increased in cholecalciferol group (mean change: 23.40 ng/ml, 95% CI, 19.76 to 27.06, p<0.001); Decrease in angiopoietin-2 level in cholecalciferol group (mean difference: -0.73 ng/ml, 95%CI, -1.25 to -0.20, p = 0.002)

	Waijer, 2022 (8)
	Analysis of Canagliflozin Cardiovascular Assessment Study trial
	Assess TNF receptor-1, TNF receptor-2, and KIM-1 as prognostic biomarkers for CKD progression in patients with type 2 diabetes and normoalbuminuria
	2553 patients
	Type 2 diabetes, normoalbuminuria, high cardiovascular risk
	Measurement of TNF receptors and KIM-1 in plasma
	TNF receptor-1 hazard ratio: 4.2 (95% CI, 1.8 to 9.6); TNF receptor-2 hazard ratio: 2.3 (95% CI, 1.5 to 3.6); Event rates in highest quartile of TNF receptors significantly higher than in lower quartiles

	Lunyera, 2021 (9)
	Ancillary study to the STOP-DKD Trial
	Assess associations of urine TCA cycle OAs with eGFR and eGFR slope
	132 participants
	Early to moderate DKD, 50% men, 58% Black, mean age 64
	Measurement of urine TCA cycle OAs
	Higher average OA z-score associated with higher eGFR after adjustment (p = 0.01); PC3 associated with lower eGFR (p < 0.001)

	Siriwattanasit, 2021 (10)
	Randomized control trial
	Test the hypothesis that carnosine supplement reduces urinary TGF-β levels among patients with diabetic nephropathy
	40 patients
	Diabetic nephropathy, albuminuria 30-299 mg/day
	Carnosine (2 g/day) or placebo for 12 weeks
	Decrease in urinary TGF-β with carnosine (-17.8% of baseline, between-group difference P < 0.05); No significant change in other renal or biochemical parameters

	Trakarnvanich, 2021 (11)
	Multicenter, prospective, randomized, placebo-controlled
	Evaluate effects of gemigliptin on kidney injury, albuminuria, and vascular inflammation in patients with DKD
	201 participants
	Diabetic kidney disease
	Gemigliptin (50 mg daily) or placebo for 6 months
	Improvement in biomarkers of renal tubular injury and vascular calcification in gemigliptin group; No significant change in eGFR or coronary calcification

	Awal, 2020 (12)
	12 weeks, double-blind, randomized placebo-matched trial
	Investigate cellular mechanisms of DPP4 inhibitors on CVD risk in T2DM patients with CKD.
	31
	T2DM patients (30-70 years), HbA1c 6.5-10%, CKD Stage 1-3.
	Linagliptin (5 mg) vs. placebo.
	- CD34/CD184 cell count increased significantly (p < 0.02). mRNA differences in CD34+ cells showed increased antioxidants and endothelial markers. Arterial stiffness (AI and PWV) improved in LG group (p < 0.04). Reduction in LDL: HDL ratio (p < 0.04). Urinary exosome proteins indicated improved podocyte health.

	Ito, 2020 (13)
	52-week, multicenter, randomized, double-blind study
	Assess the effects of esaxerenone on urinary albumin-to-creatinine ratio in T2DM patients with microalbuminuria.
	455
	T2DM patients with urinary albumin-to-creatinine ratio of 45 to <300 mg/g, treated with renin-angiotensin system inhibitors.
	Esaxerenone (1.25 mg/d to 2.5 mg/d) vs. placebo.
	- 22% in esaxerenone group achieved albumin-to-creatinine ratio remission vs. 4% in placebo (p < 0.001). Percent change in urinary albumin-to-creatinine ratio significantly higher with esaxerenone (-58% vs. 8%). Significant improvement in time to first remission and transition to higher albuminuria levels.

	Raphael, 2020 (14)
	Randomized, double-blinded, placebo-controlled study
	Investigate the effect of sodium bicarbonate on kidney fibrosis and injury markers in diabetic kidney disease patients.
	74
	US veterans with type 1 or 2 diabetes, eGFR of 15-89 ml/min/1.73 m2, UACR ≥30 mg/g, serum total CO2 of 22-28 meq/L.
	Sodium bicarbonate (0.5 meq/kg lean body wt/day) vs. placebo.
	- No significant change in urinary TGF-β1/creatinine, KIM-1-to-creatinine, fibronectin-to-creatinine, NGAL-to-creatinine, or UACR.

	Esfandiari, 2019 (15)
	8-week, randomized, double-blind, placebo-controlled trial
	Examine the effects of Vitamin D3 on metabolic and inflammatory parameters in patients with diabetic nephropathy.
	50
	Diabetic nephropathy patients with marginal vitamin D status.
	Vitamin D3 supplement (50000 IU weekly) vs. placebo.
	- Significant differences in physical activity. No significant differences in HbA1c, insulin, TNF-α, and IL-6. Significant difference in FBS between groups. Lower levels of FBS, insulin, HOMA-IR, TNF-α, and IL-6 in treatment group. Difference in phosphorous and protein percentage change in urine.

	Kadowaki, 2019 (16)
	Randomized, placebo-controlled trial
	Investigate the effects of empagliflozin on kidneys in Asian patients with type 2 diabetes and established cardiovascular disease.
	7,020 (1,517 Asian)
	Asian patients with type 2 diabetes and established cardiovascular disease.
	Empagliflozin (10 mg, 25 mg) vs. placebo.
	- Reduced risk of incident or worsening nephropathy (HR 0.64), progression to macroalbuminuria (HR 0.64), and composite of doubling of serum creatinine, renal-replacement therapy or renal death (HR 0.48) in Asian subgroup. Slower eGFR decline, rapid reduction in urine albumin-to-creatinine ratio, and similar kidney safety profile compared to overall trial population.

	Heidari, 2018 (17)
	Randomized, double-blind, placebo-controlled
	Determine the effects of CQ10 on gene expression related to insulin, lipid, and inflammation in patients with DN.
	40
	Patients with diabetic nephropathy, aged 40 to 85 years old.
	100 mg/d CQ10 vs. placebo
	- CQ10 upregulated gene expression of peroxisome proliferator-activated receptor-γ (P = .02). - Downregulated gene expression of interleukin-1 (P = .003) and tumor necrosis factor-α (P = .02). No significant effects on other measured genes.

	Mafi, 2018 (18)
	Randomized, double-blind, placebo-controlled
	Evaluate the effects of probiotics on metabolic and genetic profiles in DN patients.
	60
	Patients with diabetic nephropathy.
	Probiotic supplements vs. placebo
	- Significant reduction in fasting plasma glucose (P = 0.01), serum insulin (P = 0.01), HOMA-IR (P = 0.007), and increase in insulin sensitivity (P = 0.04). - Significant reduction in triglycerides (P = 0.001), total-/HDL-cholesterol ratio (P < 0.001), and increase in HDL-cholesterol (P < 0.001). - Significant reduction in high-sensitivity C-reactive protein (P = 0.001), malondialdehyde (P < 0.001), advanced glycation end products (P < 0.001), and increase in total glutathione (P < 0.001).

	Yadav, 2018 (19)
	Randomized, double-blind, placebo-controlled
	Analyze the effect of cholecalciferol supplementation on vascular function in non-diabetic CKD stage G3-4 patients.
	120
	Non-diabetic CKD stage G3-4 patients with vitamin D ≤ 20 ng/ml.
	Cholecalciferol vs. placebo
	- No change in sclerostin levels after cholecalciferol supplementation. - Significant decrease in sclerostin level in the placebo group. - Change in sclerostin level correlated negatively with Δ eGFR and positively with Δ uric acid.

	Abbreviations: AI - Augmentation Index; CKD - Chronic Kidney Disease; CQ10 - Coenzyme Q10; CVD - Cardiovascular Disease; DN - Diabetic Nephropathy; DPP4 - Dipeptidyl Peptidase-4; eGFR - Estimated Glomerular Filtration Rate; FBS - Fasting Blood Sugar; FMD - Flow-Mediated Dilation; HbA1c - Hemoglobin A1c; HDL - High-Density Lipoprotein; HOMA-IR - Homeostatic Model Assessment for Insulin Resistance; HR - Hazard Ratio; IU - International Units; KIM-1 - Kidney Injury Molecule-1; LDL - Low-Density Lipoprotein; LG – Linagliptin; NGAL - Neutrophil Gelatinase-Associated Lipocalin; OA - Organic Acids; PC3 - Principal Component 3; PWV - Pulse Wave Velocity; T2DM - Type 2 Diabetes Mellitus; TCA - Tricarboxylic Acid; TGF-β - Transforming Growth Factor Beta; TNF - Tumor Necrosis Factor; UACR - Urinary Albumin-to-Creatinine Ratio; 25(OH)D - 25-Hydroxyvitamin D



In a randomized, double-blind, placebo-controlled trial, Kaur (2022) investigated the effect of cholecalciferol supplementation on serum levels of angiogenic markers in 120 non-diabetic patients with CKD stage 3-4. The study aimed to determine if cholecalciferol (300,000 IU) administration could influence serum angiogenic markers. The results showed an improvement in FMD and a significant increase in Serum 25(OH)D levels in the treatment group. Additionally, a decrease in angiopoietin-2 level was observed in the cholecalciferol group.
Waijer's 2022 study, based on an analysis of the Canagliflozin Cardiovascular Assessment Study trial, assessed TNF receptor-1, TNF receptor-2, and KIM-1 as prognostic biomarkers for CKD progression in 2553 patients with type 2 diabetes and normoalbuminuria. The study focused on evaluating these markers' predictability for CKD progression. Findings indicated significantly higher event rates in the highest quartile of TNF receptors, with hazard ratios of 4.2 for TNF receptor-1 and 2.3 for TNF receptor-2.
Lunyera's 2021 ancillary study to the STOP-DKD Trial involved 132 participants with early to moderate DKD. The research aimed to assess the associations of urine tricarboxylic acid (TCA) cycle organic acids (OAs) with estimated glomerular filtration rate (eGFR) and its slope. The study revealed that a higher average OA z-score was associated with higher eGFR, while PC3 was associated with lower eGFR, highlighting the potential role of TCA cycle OAs in DKD progression.
In a randomized control trial, Siriwattanasit (2021) tested the hypothesis that carnosine supplementation could reduce urinary TGF-β levels among 40 patients with diabetic nephropathy. Patients, characterized by albuminuria, received carnosine (2 g/day) or a placebo for 12 weeks. The study found a decrease in urinary TGF-β with carnosine supplementation, suggesting its potential role in managing diabetic nephropathy.
Trakarnvanich's 2021 multicenter, prospective, randomized, placebo-controlled study involved 201 participants with diabetic kidney disease (DKD). It evaluated the effects of gemigliptin, a DPP-4 inhibitor, on kidney injury, albuminuria, and vascular inflammation. The study concluded that gemigliptin (50 mg daily) administered over six months led to improvement in renal tubular injury and vascular calcification biomarkers, though there were no significant changes in eGFR or coronary calcification.
Awal's 2020 study, a 12-week, double-blind, randomized placebo-matched trial, investigated the cellular mechanisms of DPP4 inhibitors on cardiovascular disease risk in 31 type 2 diabetes mellitus (T2DM) patients with CKD. The study found that linagliptin (5 mg) compared to placebo resulted in a significant increase in CD34/CD184 cell count and mRNA differences in CD34+ cells, indicating increased antioxidants and endothelial markers. The linagliptin group also showed improved arterial stiffness and reduced LDL: HDL ratio, suggesting potential benefits in managing DKD.
In a 52-week, multicenter, randomized, double-blind study, Ito (2020) assessed the effects of esaxerenone on the urinary albumin-to-creatinine ratio in 455 T2DM patients with microalbuminuria. Patients, treated with renin-angiotensin system inhibitors, were administered esaxerenone (1.25 mg/d to 2.5 mg/d) or placebo. The study found that 22% in the esaxerenone group achieved albumin-to-creatinine ratio remission compared to 4% in the placebo group, indicating a significant improvement in managing microalbuminuria.
Raphael's 2020 randomized, double-blinded, placebo-controlled study involved 74 US veterans with type 1 or 2 diabetes and varying stages of CKD. The study investigated the effect of sodium bicarbonate supplementation on kidney fibrosis and injury markers. Results showed no significant change in urinary TGF-β1/creatinine, KIM-1-to-creatinine, fibronectin-to-creatinine, NGAL-to-creatinine, or UACR, suggesting limited effectiveness of sodium bicarbonate in altering these biomarkers in diabetic kidney disease.
Esfandiari's 2019 study, an 8-week, randomized, double-blind, placebo-controlled trial, involved 50 patients with diabetic nephropathy and marginal vitamin D status. The study examined the effects of Vitamin D3 supplementation (50000 IU weekly) on metabolic and inflammatory parameters. Findings included significant differences in physical activity and fasting blood sugar (FBS) levels, with lower levels of FBS, insulin, HOMA-IR, TNF-α, and IL-6 observed in the treatment group.
Kadowaki's 2019 study, part of the EMPA-REG OUTCOME trial, was a randomized, placebo-controlled trial involving 7,020 patients (1,517 Asian) with type 2 diabetes and established cardiovascular disease. The study investigated the effects of empagliflozin (10 mg, 25 mg) on kidney outcomes. Results indicated a reduced risk of incident or worsening nephropathy, progression to macroalbuminuria, and a composite of serious kidney-related events in the Asian subgroup. Additionally, empagliflozin led to a slower decline in eGFR and rapid reduction in urine albumin-to-creatinine ratio, affirming its renal protective role in this population.
Heidari's 2018 randomized, double-blind, placebo-controlled study involved 40 patients with diabetic nephropathy, aged 40 to 85 years. The study determined the effects of Coenzyme Q10 (100 mg/d) on gene expression related to insulin, lipid, and inflammation pathways. Results showed that CoQ10 upregulated the gene expression of peroxisome proliferator-activated receptor-γ and downregulated interleukin-1 and tumor necrosis factor-α, suggesting a potential therapeutic role in diabetic nephropathy.
Mafi's 2018 randomized, double-blind, placebo-controlled trial evaluated the effects of probiotics on 60 patients with diabetic nephropathy. The study focused on the impact of probiotic supplements on metabolic and genetic profiles. Significant reductions were observed in fasting plasma glucose, serum insulin, and HOMA-IR, alongside improvements in lipid profiles and markers of inflammation and oxidative stress, highlighting the beneficial effects of probiotics in managing diabetic nephropathy.
Yadav's 2018 study, a randomized, double-blind, placebo-controlled trial, analyzed the effect of cholecalciferol supplementation on vascular function in 120 non-diabetic CKD stage G3-4 patients with vitamin D deficiency. The study found no change in sclerostin levels after cholecalciferol supplementation but noted a significant decrease in sclerostin levels in the placebo group. The change in sclerostin levels was found to correlate negatively with changes in eGFR and positively with changes in uric acid, providing insights into the complex interactions between vitamin D supplementation and kidney function in CKD patients.
Discussion
The diagnosis of DKD traditionally relies on detecting albuminuria and a decrease in the eGFR, measured via serum creatinine levels. Albuminuria, especially measured through UAE, serves as a robust marker for predicting DKD prognosis and assessing treatment effectiveness. However, the relationship between structural kidney damage and renal function, particularly in the form of eGFR, is more apparent at moderate levels of eGFR reduction. The limitations of albuminuria and eGFR, such as their lack of specificity and sensitivity in early DKD stages and their potential inaccuracies influenced by factors like muscle mass and diet, have led to a push for identifying alternative biomarkers (20).
The need for these novel biomarkers arises from the realization that proteinuria does not always precede renal function decline, hinting at the early involvement of the tubulointerstitial compartment rather than the glomerular. This highlights the limitations of eGFR estimation, especially when using the CKD-EPI equation in type 2 diabetes patients, which tends to underestimate values. The emerging understanding is that changes in current and previous eGFR levels are key predictors of DKD progression, but more accurate and earlier detection methods are required (21).
Recent research has focused on various biomarkers that address specific aspects of DKD's pathophysiology, such as tubular damage, inflammation, or oxidative stress (22,23). These novel biomarkers are categorized into glomerular biomarkers (e.g., Type IV collagen, Fibronectin, Laminin), tubular biomarkers (e.g., NGAL, Urinary cystatin C, KIM-1), biomarkers of oxidative stress (e.g., 8oxodG, Pentosidine), and biomarkers of inflammation (e.g., TNF-α, TNF-α receptors, MCP-1). These markers have shown potential in predicting the onset of microalbuminuria and the progression of DKD (24–26).
In our systematic review, the included studies addressed DKD and CKD presents a nuanced understanding of various therapeutic interventions and the importance of novel biomarkers. Kaur's 2022 research highlighted the positive impact of cholecalciferol supplementation on angiogenic markers in non-diabetic CKD patients, demonstrating improvements in FMD and Serum 25(OH)D levels, along with a decrease in angiopoietin-2 levels. Waijer's study in 2022 provided insights into the prognostic value of TNF receptors and KIM-1 for CKD progression in type 2 diabetes, suggesting the significance of inflammatory markers in disease progression.
Lunyera in 2021 emphasized the role of TCA cycle organic acids in DKD progression, where higher OA z-scores correlated with better renal function. Siriwattanasit's study in the same year indicated the potential of carnosine supplementation in reducing urinary TGF-β levels among patients with diabetic nephropathy, hinting at new therapeutic avenues. Trakarnvanich's 2021 study observed that gemigliptin improved biomarkers of renal tubular injury and vascular calcification in DKD patients, though without significant changes in eGFR or coronary calcification.
Awal's research in 2020 found that linagliptin, a DPP4 inhibitor, improved endothelial markers and lipid profiles, suggesting its utility in DKD management. Ito's 2020 study showed that esaxerenone significantly improved albumin-to-creatinine ratio remission in microalbuminuria among T2DM patients. Raphael, in the same year, reported limited effectiveness of sodium bicarbonate in altering biomarkers like urinary TGF-β1/creatinine in diabetic kidney disease. Esfandiari's 2019 study found Vitamin D3 supplementation to be effective in improving fasting blood sugar and inflammatory markers in diabetic nephropathy patients. Kadowaki's research revealed the renal protective role of empagliflozin in Asian T2DM patients, showing reduced risks of nephropathy and a slower decline in eGFR.
Heidari's 2018 study highlighted the potential of Coenzyme Q10 in modulating insulin, lipid, and inflammation-related gene expressions in diabetic nephropathy. Mafi's research in the same year demonstrated the positive effects of probiotics on metabolic and inflammatory profiles in diabetic nephropathy patients. Lastly, Yadav's 2018 study examined cholecalciferol supplementation in non-diabetic CKD patients and found no significant change in sclerostin levels post-supplementation, but observed a decrease in the placebo group, providing insights into the complex interactions of vitamin D supplementation with kidney function. Together, these studies enrich our understanding of the complex dynamics of DKD and CKD, highlighting the potential of various treatments and the importance of biomarkers in disease management and progression.
Given the complexity and heterogeneity of DKD, a multifaceted approach involving a panel of biomarkers, coupled with advanced omics-based techniques like proteomics and metabolomics, is emerging as a powerful tool in biomarker discovery. These approaches not only facilitate a more comprehensive understanding of DKD progression but also hold the potential for early diagnosis, prognosis, and disease stratification (27–30). However, these novel biomarkers and methodologies still require further validation and larger-scale studies before they can be fully integrated into clinical practice.
Conclusion
In the evolving landscape of DKD diagnosis and management, our systematic review highlights the critical shift from traditional markers like albuminuria and eGFR to novel biomarkers. These emerging markers, targeting specific aspects of DKD pathophysiology such as tubular damage, inflammation, and oxidative stress, offer a more nuanced understanding of the disease's progression and potential therapeutic interventions. The reviewed studies highlight advancements in treatments and the growing importance of diverse biomarkers. For instance, we find cholecalciferol's positive impact on angiogenic markers in non-diabetic CKD patients, while data also elucidated the prognostic value of TNF receptors and KIM-1 in CKD progression. These findings indicate a promising shift towards more targeted and effective management strategies for DKD. They also reflect the necessity of a multifaceted approach in DKD diagnosis and prognosis, emphasizing the potential of biomarker panels and advanced omics-based techniques. However, the integration of these novel biomarkers into clinical practice awaits further validation and larger-scale studies, highlighting an ongoing journey in the quest for improved DKD management.
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