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Context

Diabetic retinopathy (DR) and diabetic nephropathy (DN), are major microvascular complications of diabetes. DR is an important predictor of DN, but the relationship between the severity of DR and the pathological severity of diabetic glomerulopathy remains unclear.





Objective

To investigate the relationship between severity of diabetic retinopathy (DR) and histological changes and clinical indicators of diabetic nephropathy (DN) in patients with type 2 diabetes mellitus (T2DM)





Methods

Patients with T2DM (n=272) who underwent a renal biopsy were eligible. Severity of DR was classified as non-diabetic retinopathy, non-proliferative retinopathy, and proliferative retinopathy (PDR). Relationship between DN and DR and the diagnostic efficacy of DR for DN were explored.





Results

DN had a higher prevalence of DR (86.4%) and DR was more severe. The sensitivity and specificity of DR in DN were 86.4% and 78.8%, while PDR was 26.4% and 98.5%, respectively. In DN patients, the severity of glomerular lesions (p=0.001) and prevalence of KW nodules (p<0.001) significantly increased with increasing severity of DR. The presence of KW nodules, lower hemoglobin levels, and younger age were independent risk factors associated with more severe DR in patients with DN.





Conclusion

DR was a good predictor of DN. In DN patients, the severity of DR was associated with glomerular injury, and presence of KW nodules, lower hemoglobin levels and younger age were independent risk factors associated with more severe DR.





Trial registration

ClinicalTrails.gov, NCT03865914.
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Introduction

The global prevalence of diabetic nephropathy (DN) has risen substantially over the past few decades, mostly driven by an increase in the prevalence of type 2 diabetes mellitus (T2DM). The incidence of DN in patients with diabetes is 35-40% (1, 2), with diabetes and DN representing major causes of end stage renal disease (ESRD) (3). The early symptoms of DN are not easy to detect, but gross proteinuria identifies patients at risk of progression to ESRD (4). Many patients eventually need maintenance dialysis or kidney transplantation, resulting in a considerable clinical and economic burden (5).

Diabetic retinopathy (DR) and DN are major microvascular complications of diabetes. Both DR and DN have an insidious onset and a gradual progression to irreversible damage. The incidence of DR in patients with diabetes is 34.6%, and the incidence of proliferative diabetic retinopathy (PDR) is 7%. Globally, PDR is the most frequent cause of new cases of blindness (6). Early diagnosis and treatment can delay the occurrence and progression of DN and DR, and improve prognosis in patients with diabetes.

The current gold standard for diagnosing DN is renal pathology; however, the approach is invasive, which limits its application. Retinal blood vessels can be observed using non-invasive imaging. This procedure may inform on the development of other microvascular complications of diabetes, including DN. Accordingly, some evidence suggests that the retinal vascular fractal dimension is a shared biomarker of diabetic microvasculopathy, indicating a possible common pathogenic pathway (7). In patients with type 1 diabetes mellitus (T1DM), retinal vessel diameters were associated with renal structural changes. Specifically, baseline central retinal arteriolar diameter was correlated with changes in the glomerulopathy index, and central retinal venule diameter was correlated with changes in the mesangial matrix volume fraction (8). The pathological manifestations of T1DM without proteinuria, including glomerular basement membrane (GBM) thickness and mesangial matrix volume fraction, increased with increasing severity of DR (9).

DR is classified as nonproliferative and proliferative, defined by the absence or presence of neovascularization and retinal changes. Pathological classification of DN evaluates diabetic glomerular lesions, tubulointerstitial injury, vascular lesions, and non-diabetic glomerular lesions (10). Studies investigating the correlation between DR and the clinical manifestations of DN are limited. One report demonstrated that a greater fraction of the glomerulus was occupied by the mesangium (mesangial fractional volume [Vv (Mes/glom]) in patients with T2DM and DR compared to no DR (11). A literature search showed no reports describing the association between severity of DR and diabetic glomerular lesions in T2DM. The objective of this study was to investigate the relationship between severity of DR and histological changes and clinical indicators of DN in patients with T2DM. We hypothesized that the severity of DR is associated with microvascular lesions within glomeruli. Findings are expected to inform diagnostic clinical prediction tools and management of patients with DM.





Materials and methods




Study population

A total of 272 patients with T2DM who underwent a renal biopsy at the Chinese People’s Liberation Army General Hospital (Beijing, China) between January 2016 and November 2020 were eligible for this study (Figure 1). All patients provided written informed consent for a renal biopsy. Inclusion criteria were: 1) male or female, aged >18 years; 2) biopsy-proven renal lesion; and 3) underwent a fundus examination. Exclusion criteria were: 1) incomplete data or lack of a fundus examination; 2) severe cataracts or other diseases that affect a fundus examination; or 3) pathological diagnosis was DN combined with non-diabetic renal disease (NDRD). The study was approved by the Ethics Committee of the Chinese People’s Liberation Army General Hospital (No. S2017-133-01). All patients provided written informed consent. Included patients were categorized as DN, defined as patients with T2DM and DN only, or NDRD, defined as patients with T2DM and NDRD only.




Figure 1 | Flow chart of patient selection.







Demographic, clinical and laboratory information

Patients’ demographic and clinical characteristics were recorded, including: gender, age, medical history of DM, family history, body mass index (BMI), presence/absence of hypertension, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure, and presence/absence of retinopathy. Laboratory parameters, including hemoglobin, serum creatinine, estimated glomerular filtration rate (eGFR, calculated by the CKD-EPI formula), serum albumin, glycated hemoglobin, 24-h urine protein and presence/absence of glomerular hematuria, were collected at the time of renal biopsy.





Renal biopsy and pathological evaluation

All patients underwent a renal biopsy after they signed the informed consent form. Renal biopsies were performed by an experienced physician. All renal biopsy specimens were reviewed independently by two pathologists. Disagreements were solved by discussion until consensus was reached. DN was diagnosed based on the following criteria: mesangial proliferation, diffuse capillary glomerulosclerosis, presence or absence of Kimmelstiel-Wilson (KW) nodules, diffuse thickening of the GBM, and exudative injury such as fibrous cap or/and hyaline thrombi. Pathological findings were evaluated according to the Pathologic Classification of Diabetic Nephropathy (10).





Measurement, evaluation, and diagnosis of DR

DR was diagnosed based on the results of fundus photography and/or fluorescein imaging. 45° mydriatic fundus photographs in 7 standard fields were taken with a Japanese KOWA fundus camera (VX-20; nonmyd 7). 45° fundus fluorescein angiography images were taken with the German Heidelberg Laser Ophthalmological Diagnostic Apparatus (SPECTRALIS HRA). Fundus photography and fluorescein imaging were performed by professional ophthalmologists who had undergone strict training to ensure consistency across images. Severity of DR was classified into 5 categories according to the International Clinical DR Severity Scale: “no retinopathy”, “mild non-proliferative DR”, “moderate non-proliferative DR”, “severe non-proliferative DR”, or “proliferative DR” (12). The diagnosis and evaluation of DR was performed by two ophthalmologists. Disagreements were solved by discussion with a senior ophthalmologist. In patients where DR severity was inconsistent in the two eyes, diagnosis and evaluation were based on the worst eye.





Statistical analysis

All statistical analyses were performed using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). Continuous variables with a normal distribution were expressed as mean ± standard deviation (SD), and differences between groups were compared using analysis of variance or t−test. Multiple comparisons adopted the least significant difference method. Continuous variables with a non-normal distribution were expressed as median (Q1, Q3), and differences between groups were compared using the Kruskal–Wallis test or Mann–Whitney U−test. Qualitative data were expressed as absolute values and percentages and were compared using the Chi−square test. Clinical parameters that were significant at the 0.05 level on univariate logistic regression analysis were assessed to evaluate their contributions to severity of retinopathy. Diagnostic efficacy of DR for DN was estimated by calculating the sensitivity, specificity, positive predictive value, and negative predictive value. All P values were two-sided, with values <0.05 considered statistically significant.






Results




Pathology on renal biopsy

On renal biopsy, 140 patients (51.5%) were histologically diagnosed with DN, and132 patients (48.5%) were histologically diagnosed with NDRD. Among the patients diagnosed with NDRD, membranous glomerulonephritis (51 patients, 38.6%) was the most common glomerular NDRD, 33 (25.0%) patients were diagnosed with immunoglobulin A nephropathy, 19 patients (14.4%) were diagnosed with focal segmental glomerulosclerosis, and 7 patients (5.3%) were diagnosed with interstitial nephritis (Table 1).


Table 1 | Pathology on renal biopsy.







Clinical characteristics in patients with DN or NDRD

Compared to patients with NDRD, patients with DN had a significantly longer duration of DM [156 (75, 204) vs. 48 (12, 96)months; p<0.001], significantly higher SBP [142 (135,160) vs. 132 (120,145) mmHg; p<0.001] and mean arterial pressure [104.5 ± 13.5 vs. 99.4 ± 13.7 mmHg; p=0.002], significantly higher HbA1c [7.0 (6.3, 8.0) vs. 6.6 (6.0,7.2)%; p<0.001], urea nitrogen [9.9 (6.8,12.9) vs. 6.6 (5.1, 8.3)µmol/L; p,0.001], serum creatinine[159.8 (102.3, 224.1) vs. 94.3 (77.7,125.4) µmol/L; p<0.001] and urine protein [4.3(2.2,6.4) vs. 2.6 (1.0, 4.9)g/24h; p<0.001] levels, and a significantly higher prevalence of DR[86.4% vs. 21.2%; p<0.001]. Compared to patients with NDRD, patients with DN had a significantly lower BMI[26.1 (23.9, 28.6) vs. 26.9 (25.2, 29.1) kg/m2; p=0.013] significantly lower hemoglobin [113.4 ± 20.2 vs. 133.3 ± 20.9 g/L; p<0.001], total cholesterol [4.5(3.7, 5.4) vs. 5.0 (4.0, 6.1) mmol/L; p=0.006], triglyceride [1.8 (1.2, 2.5) vs. 2.1 (1.5, 3.2)mmol/L; p=0.001] and low density lipoprotein [2.7 (2.0, 3.7) vs. 3.1 (2.4, 4.1)mmol/L; p=0.008]levels, and a significantly lower eGFR [42.0 (24.6,67.7) vs. 72.5 (55.1,92.2) ml/min/173m2; p<0.001] (Table 2).


Table 2 | Clinical characteristics of patients with DN or NDRD.







Severity of DR

Compared to patients with NDRD [n=28/132 (21.2%)], patients with DN had a significantly higher prevalence of DR [n=121/140 (86.4%)] (p<0.001), and DR was more severe (Table 2).





Diagnostic efficacy of DR for DN

The sensitivity and specificity of DR to detect DN were 86.4% and 78.8%, the positive predictive value was 81.2%, and the negative predictive value was 84.6%, indicating that the probability of a pathological diagnosis of DN in patients with DR is 82.7%. The sensitivity and specificity of PDR to detect DN were 26.4% and 98.5%, the positive predictive value was 94.9%, and the negative predictive value was 55.8%, indicating that the probability of a pathological diagnosis of DN in patients with PDR was 61.4% (Table 3).


Table 3 | Diagnostic efficacy of DR for DN.







Pathological manifestations of DN according to stage of DR

Patients with DN were classified according to stage of DR, as NDR, NPDR, and PDR. The severity of glomerular lesions (p=0.001) and prevalence of KW nodules (p<0.001) significantly increased with increasing severity of DR. There were no significant differences in interstitial fibrosis and inflammatory infiltration, vascular hyalinosis, or vascular sclerosis (Table 4).


Table 4 | Pathological manifestations of DN according to stage of DR .







Clinical features of DR in patients with DN

In patients with DN and NDR, NPDR or PDR, there were significant differences in age, HbA1c, hemoglobin, albumin, total cholesterol, urea nitrogen, and urine protein (P<0.05). Compared to patients with PDR, patients with NDR or NPDR were significantly older and had significantly higher hemoglobin levels and albumin levels, and significantly lower total cholesterol levels, and patients with NDR had significantly lower urea nitrogen and urine protein levels. Compared to patients with NPDR, patients with NDR had significantly higher hemoglobin levels and significantly lower urine protein levels, and patients with PDR had significantly lower hemoglobin levels (Table 5).


Table 5 | Clinical features of DN according to stage of DR.







Multivariate analysis of patients with DN and different stages of DR

Multivariate analysis was performed with stage of DR as the dependent variable (NDR group=1, NPDR group=2, PDR group=3), and the factors that were significant on univariate analysis as independent variables. Findings on ordinal logistic regression (x2 = 11.245, p=0.259) satisfied the parallel regression assumption. After controlling for age, HbA1c, hemoglobin, total cholesterol and urea nitrogen levels, 24h proteinuria, and glomerular classification, presence of KW nodules (OR=5.774, 95% CI: 1.394-23.913, χ2 = 5.848, p=0.016), lower hemoglobin levels (OR=0.971, 95% CI: 0.946-0.996, χ2 = 5.020, p=0.025), and younger age (OR=0.946, 95% CI: 0.907-0.987, χ2 = 6.525, p=0.011) were independent risk factors associated with more severe DR (Table 6).


Table 6 | Multivariate analysis of DN patients with different DR stages.








Discussion

Accumulating evidence suggests that DR is an important predictor of DN (13, 14). The present study showed that DR can predict DN with high sensitivity (86.4%), and PDR can predict DN with high specificity (98.5%). As DR and DN are major microvascular complications of diabetes that share similar underlying pathophysiological mechanisms, and DR is useful for diagnosing DN, the present study explored the relationship between the severity of DR and histological changes and clinical indicators of DN in patients with T2DM. Findings will further our understanding of microvascular complications of diabetes.

Retinal blood vessels can be observed on non-invasive imaging and are commonly used clinically to assist in the diagnosis of other microvascular complications of diabetes. Previous studies have investigated the relationship between DR and DN. Findings showed a higher incidence of KW nodules in patients with T2DM and DR compared to no DR (15, 16), a greater Vv (Mes/glom) in normo-microalbuminuric patients with T2DM and DR compared to no DR (11), and that the severity of renal pathology in patients with T1DM increased with the severity of DR (9). Currently, the relationship between the severity of DR and DN in patients with T2DM is unclear. Due to the common pathogenesis of advanced glycation end products (AGEs), oxidative stress, activation of polyol pathways, inflammatory factors, hemodynamic changes, and PKC (17, 18), there is likely a similarity between DR and DN disease progression.

The present study suggests that severity of DR in T2DM is associated with glomerular injury and has no correlation with renal tubular injury or vascular lesions. We speculate that DR is predictive of glomerular lesions, and interstitial changes occur as later renal pathology. The prevalence of KW nodules in patients with DN increased with severity of DR, indicating that patients with a pathological manifestation of KW nodules are more likely to have severe DR. After adjusting for age, HbA1c, hemoglobin, total cholesterol and urea nitrogen levels, 24h proteinuria, and glomerular classification, multivariate analysis showed that patients with KW nodules had a 5.77-fold higher risk of developing more severe DR compared to patients with no KW nodules. Consistent with our findings, previous reports showed that patients with T2DM, microalbuminuria and DR had established diabetic lesions on light microscopic morphometric analysis of renal biopsies and an increased mesangial volume fraction on electron microscopic morphometric analysis (11); 90% of patients with T2DM and nodular glomerular lesions had DR compared to 14% of patients with diffuse glomerulosclerosis (16); and patients with DR and concomitant microalbuminuria showed typical diabetic glomerulosclerosis and progressive renal dysfunction (11). These data suggest the severity of DR can predict the pathological changes of nephropathy, especially in patients with positive urine protein.

Our results showed that low hemoglobin level was an independent risk factor for severe DR in patients with T2DM and DN. Notably, hemoglobin was lower in patients with DN compared to NDRD, potentially due to the long course of diabetes, disorder of splanchnic innervation, or impaired release of erythropoietin (EPO) (19). Anemia is a common complication of diabetes. Consistent with our findings, previous reports identified anemia as an independent risk factor for DR (20–23). In patients with T2DM, anemia was associated with increased risk of NPDR (OR=1.75, 95% CI=1.18–2.58) and PDR (OR=3.71, 95% CI=2.23–6.18) (24), and hemoglobin was the only hematological variable that showed a significant inverse association with the severity of DR [beta-coefficient=-0.52, P value=0.003] and retinal ischemia [beta-coefficient=-0.49, P value=0.001] (23). Compared to healthy individuals, patients with diabetes have decreased red blood cell deformability, the aggregation ability of erythrocytes is increased, and the affinity of erythrocytes for oxygen is decreased, which leads to a reduction in blood oxygen carrying capacity and local hypoxia (25). Hypoxia in the retina leads to the release of inflammatory factors, vascular endothelial growth factor (VEGF), and erythropoietin, resulting in increased vascular permeability and severe DR (26). Anemia treatment may impact the severity of DR (22); therefore, we recommend that routine evaluation and treatment of anemia be performed to reduce the occurrence of microvascular complications in patients with DM.

In our study, the mean age of patients with T2DM, DN and NPDR or PDR was younger than patients with NDR, and younger age was an independent risk factor for severe DR in patients with T2DM and DN. Consistent with our findings, previous reports showed that patients with early-onset DM are at risk of developing premature DR (27–32). In patients with T2DM, the risk of DR was highest in patients who developed diabetes aged 31–45 years (OR=1.815, 95% CI=1.139–2.892]; p = 0.012) (33), patients with early-onset T2DM, defined as age of diagnosis < 40 years, had a higher prevalence of overall retinopathy after 10 years of diagnosis (27), and among patients diagnosed with diabetes before 30 years of age who developed PDR, 60% developed DN, 23% developed renal failure requiring dialysis, 24% become blind, and 10% developed atherosclerotic vascular disease (15). The tendency for patients with early-onset DM to develop microvascular complications may result from inadequate disease self-management and glycaemic control. In the present study, patients with PDR had lower HbA1c levels, possibly due to earlier detection of microangiopathy and thus tighter glycemic control. We recommend implementing strategies that help patients diagnosed with diabetes at a younger age to overcome the challenges associated with diabetes self-management by taking a whole person and behavioral health approach. This should allow patients to manage diet and medication schedules and monitor blood glucose while perusing education or a career, and raising a family.

This study was limited by sample size, despite this, to our knowledge, this is the largest published study investigating the relationship between DR and DN in patients with T2DM. Patients had a pathological diagnosis of DN on renal biopsy, and DR was diagnosed based on fundus photography and/or fluorescein imaging. Patients also had proteinuria, a decline in glomerular filtration rate, and Class II-IV glomerular lesions; therefore, injury to renal tissue varied from mild to advanced. Existing research has confirmed that progression of DN and DR are related to a decline in renal function, but have not studied the associations between the pathological characteristics of DN and DR severity. Our study was currently the largest study with fine renal biopsy indexes and DR fine grading, which filled this gap to a certain extent. Future studies will include a larger sample size and investigate the relationship between the clinical features of lesions of the ocular fundus, such as exudation and hemorrhage, and changes in renal pathology. Findings will provide insights into the pathophysiological mechanisms underlying microvascular complications of diabetes.

In patients with T2DM, DR was a good predictor of DN, and PDR predicted DN with high specificity. In patients with T2DM and DN, the severity of DR was associated with glomerular injury, but had no correlation with renal tubular injury or vascular lesions, and presence of KW nodules, lower hemoglobin levels and younger age were independent risk factors associated with more severe DR.





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 authors.





Ethics statement

The studies involving humans were approved by the Chinese People’s Liberation Army General Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

QW: Data curation, Formal analysis, Writing – original draft, Funding acquisition. HC: Data curation, Formal analysis, Writing – original draft. SJ: Writing – review & editing, Visualization. LZ: Writing – review & editing. XML: Data curation, Writing – review & editing. PC: Data curation, Writing – review & editing, Supervision, Visualization. JL: Data curation, Writing – review & editing, Visualization. YL: Writing – review & editing, Supervision, Validation. XCL: Writing – review & editing, Validation, Visualization. LW: Writing – review & editing, Resources, Visualization. ZL: Writing – review & editing, Resources, Visualization. GC: Writing – review & editing. XC: Conceptualization, Project administration, Writing – review & editing, Funding acquisition. ZD: Conceptualization, Writing – review & editing, Funding acquisition, Project administration.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Science & Technology Project of Beijing, China (No. Z221100007422121, D171100002817002), Beijing Natural Science Foundation (No. L222133, L232122), and National Natural Science Foundation of China (No. 62250001, 81700629).




Acknowledgments

The authors are grateful to all participants for their time and effort. We thank Medjaden Bioscience Limited for editing and proofreading the manuscript text.





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.





References

1. de Boer, IH, Rue, TC, Hall, YN, Heagerty, PJ, Weiss, NS, and Himmelfarb, J. Temporal trends in the prevalence of diabetic kidney disease in the United States. Jama (2011) 305(24):2532–9. doi: 10.1001/jama.2011.861

2. Federation, ID. Idf Diabetes Atlas — 9th Edition: International Diabetes Federation (2019) (2019). Available at: https://diabetesatlas.org/en/.

3. Afkarian, M, Zelnick, LR, Hall, YN, Heagerty, PJ, Tuttle, K, Weiss, NS, et al. Clinical manifestations of kidney disease among us adults with diabetes, 1988-2014. JAMA (2016) 316(6):602–10. doi: 10.1001/jama.2016.10924

4. Buyadaa, O, Magliano, DJ, Salim, A, Koye, DN, and Shaw, JE. Risk of rapid kidney function decline, all-cause mortality, and major cardiovascular events in nonalbuminuric chronic kidney disease in type 2 diabetes. Diabetes Care (2020) 43(1):122–9. doi: 10.2337/dc19-1438

5. Global, Regional, and National Burden of Chronic Kidney Disease, 1990-2017. A systematic analysis for the global burden of disease study 2017. Lancet (2020) 395(10225):709–33. doi: 10.1016/s0140-6736(20)30045-3

6. Zhang, X, Saaddine, JB, Chou, CF, Cotch, MF, Cheng, YJ, Geiss, LS, et al. Prevalence of diabetic retinopathy in the United States, 2005-2008. Jama (2010) 304(6):649–56. doi: 10.1001/jama.2010.1111

7. Broe, R, Rasmussen, ML, Frydkjaer-Olsen, U, Olsen, BS, Mortensen, HB, Peto, T, et al. Retinal vascular fractals predict long-term microvascular complications in type 1 diabetes mellitus: the danish cohort of pediatric diabetes 1987 (Dcpd1987). Diabetologia (2014) 57(10):2215–21. doi: 10.1007/s00125-014-3317-6

8. Klein, R, Knudtson, MD, Klein, BE, Zinman, B, Gardiner, R, Suissa, S, et al. The relationship of retinal vessel diameter to changes in diabetic nephropathy structural variables in patients with type 1 diabetes. Diabetologia (2010) 53(8):1638–46. doi: 10.1007/s00125-010-1763-3

9. Klein, R, Zinman, B, Gardiner, R, Suissa, S, Donnelly, SM, Sinaiko, AR, et al. The relationship of diabetic retinopathy to preclinical diabetic glomerulopathy lesions in type 1 diabetic patients: the renin-angiotensin system study. Diabetes (2005) 54(2):527–33. doi: 10.2337/diabetes.54.2.527

10. Tervaert, TW, Mooyaart, AL, Amann, K, Cohen, AH, Cook, HT, Drachenberg, CB, et al. Pathologic classification of diabetic nephropathy. J Am Soc Nephrol (2010) 21(4):556–63. doi: 10.1681/asn.2010010010

11. Moriya, T, Matsubara, M, Kishihara, E, Yoshida, Y, and Ouchi, M. Type 2 diabetic patients with diabetic retinopathy and concomitant microalbuminuria showed typical diabetic glomerulosclerosis and progressive renal dysfunction. J Diabetes Complications (2016) 30(6):1111–6. doi: 10.1016/j.jdiacomp.2016.04.007

12. Wilkinson, CP, Ferris, FL 3rd, Klein, RE, Lee, PP, Agardh, CD, Davis, M, et al. Proposed international clinical diabetic retinopathy and diabetic macular edema disease severity scales. Ophthalmology (2003) 110(9):1677–82. doi: 10.1016/s0161-6420(03)00475-5

13. Liang, S, Zhang, XG, Cai, GY, Zhu, HY, Zhou, JH, Wu, J, et al. Identifying parameters to distinguish non-diabetic renal diseases from diabetic nephropathy in patients with type 2 diabetes mellitus: A meta-analysis. PloS One (2013) 8(5):e64184. doi: 10.1371/journal.pone.0064184

14. He, F, Xia, X, Wu, XF, Yu, XQ, and Huang, FX. Diabetic retinopathy in predicting diabetic nephropathy in patients with type 2 diabetes and renal disease: A meta-analysis. Diabetologia (2013) 56(3):457–66. doi: 10.1007/s00125-012-2796-6

15. Yokoyama, H, Okudaira, M, Otani, T, Takaike, H, Miura, J, Saeki, A, et al. Existence of early-onset niddm Japanese demonstrating severe diabetic complications. Diabetes Care (1997) 20(5):844–7. doi: 10.2337/diacare.20.5.844

16. Hong, D, Zheng, T, Jia-qing, S, Jian, W, Zhi-hong, L, and Lei-shi, L. Nodular glomerular lesion: A later stage of diabetic nephropathy? Diabetes Res Clin Pract (2007) 78(2):189–95. doi: 10.1016/j.diabres.2007.03.024

17. Volpe, CMO, Villar-Delfino, PH, Dos Anjos, PMF, and Nogueira-MaChado, JA. Cellular death, reactive oxygen species (Ros) and diabetic complications. Cell Death Dis (2018) 9(2):119. doi: 10.1038/s41419-017-0135-z

18. Geraldes, P, and King, GL. Activation of protein kinase C isoforms and its impact on diabetic complications. Circ Res (2010) 106(8):1319–31. doi: 10.1161/circresaha.110.217117

19. Mehdi, U, and Toto, RD. Anemia, diabetes, and chronic kidney disease. Diabetes Care (2009) 32(7):1320–6. doi: 10.2337/dc08-0779

20. He, BB, Wei, L, Gu, YJ, Han, JF, Li, M, Liu, YX, et al. Factors associated with diabetic retinopathy in chinese patients with type 2 diabetes mellitus. Int J Endocrinol (2012) 2012:157940. doi: 10.1155/2012/157940

21. Ranil, PK, Raman, R, Rachepalli, SR, Pal, SS, Kulothungan, V, Lakshmipathy, P, et al. Anemia and diabetic retinopathy in type 2 diabetes mellitus. J Assoc Physicians India (2010) 58:91–4.

22. Lee, MK, Han, KD, Lee, JH, Sohn, SY, Jeong, JS, Kim, MK, et al. High hemoglobin levels are associated with decreased risk of diabetic retinopathy in korean type 2 diabetes. Sci Rep (2018) 8(1):5538. doi: 10.1038/s41598-018-23905-2

23. Traveset, A, Rubinat, E, Ortega, E, Alcubierre, N, Vazquez, B, Hernández, M, et al. Lower hemoglobin concentration is associated with retinal ischemia and the severity of diabetic retinopathy in type 2 diabetes. J Diabetes Res (2016) 2016:3674946. doi: 10.1155/2016/3674946

24. Wang, J, Xin, X, Luo, W, Wang, R, Wang, X, Si, S, et al. Anemia and diabetic kidney disease had joint effect on diabetic retinopathy among patients with type 2 diabetes. Invest Ophthalmol Vis Sci (2020) 61(14):25. doi: 10.1167/iovs.61.14.25

25. Goldstein, M, Leibovitch, I, Levin, S, Alster, Y, Loewenstein, A, Malkin, G, et al. Red blood cell membrane mechanical fluctuations in non-proliferative and proliferate diabetic retinopathy. Graefes Arch Clin Exp Ophthalmol (2004) 242(11):937–43. doi: 10.1007/s00417-004-0946-3

26. Garcia-Ramirez, M, Hernandez, C, and Simo, R. Expression of erythropoietin and its receptor in the human retina: A comparative study of diabetic and nondiabetic subjects. Diabetes Care (2008) 31(6):1189–94. doi: 10.2337/dc07-2075

27. Song, SH, and Gray, TA. Early-onset type 2 diabetes: high risk for premature diabetic retinopathy. Diabetes Res Clin Pract (2011) 94(2):207–11. doi: 10.1016/j.diabres.2011.07.030

28. Zheng, Y, Lamoureux, EL, Lavanya, R, Wu, R, Ikram, MK, Wang, JJ, et al. Prevalence and risk factors of diabetic retinopathy in migrant Indians in an urbanized society in asia: the Singapore Indian eye study. Ophthalmology (2012) 119(10):2119–24. doi: 10.1016/j.ophtha.2012.04.027

29. Khan, R, Singh, S, Surya, J, Sharma, T, Kulothunga, V, and Raman, R. Age of onset of diabetes and its comparison with prevalence and risk factors for diabetic retinopathy in a rural population of India. Ophthalmic Res (2019) 61(4):236–42. doi: 10.1159/000496732

30. Xu, J, Wei, WB, Yuan, MX, Yuan, SY, Wan, G, Zheng, YY, et al. Prevalence and risk factors for diabetic retinopathy: the beijing communities diabetes study 6. Retina (2012) 32(2):322–9. doi: 10.1097/IAE.0b013e31821c4252

31. Feng, RF, Liu, HY, Liu, YL, Xu, Q, Qiao, L, Gong, CJ, et al. Diabetes onset at an earlier age and high hba1c levels as risk factors of diabetic retinopathy. Int J Ophthalmol (2021) 14(2):269–76. doi: 10.18240/ijo.2021.02.14

32. Cai, X, Han, X, Zhang, S, Luo, Y, Chen, Y, and Ji, L. Age at diagnosis and C-peptide level are associated with diabetic retinopathy in chinese. PloS One (2014) 9(3):e91174. doi: 10.1371/journal.pone.0091174

33. Zou, W, Ni, L, Lu, Q, Zou, C, Zhao, M, Xu, X, et al. Diabetes onset at 31-45 years of age is associated with an increased risk of diabetic retinopathy in type 2 diabetes. Sci Rep (2016) 6:38113. doi: 10.1038/srep38113




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 © 2024 Wang, Cheng, Jiang, Zhang, Liu, Chen, Liu, Li, Liu, Wang, Li, Cai, Chen and Dong. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The relationship between diabetic retinopathy and diabetic nephropathy in type 2 diabetes

      

        		

          Context

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Trial registration

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study population

          



          		

            Demographic, clinical and laboratory information

          



          		

            Renal biopsy and pathological evaluation

          



          		

            Measurement, evaluation, and diagnosis of DR

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Pathology on renal biopsy

          



          		

            Clinical characteristics in patients with DN or NDRD

          



          		

            Severity of DR

          



          		

            Diagnostic efficacy of DR for DN

          



          		

            Pathological manifestations of DN according to stage of DR

          



          		

            Clinical features of DR in patients with DN

          



          		

            Multivariate analysis of patients with DN and different stages of DR

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
95% p-

Confidence interval  value

NDR group =1 0.006
NPDR group =2 0.307
Age 0.946 0.907-0.987 0.011
Glycated 1.002 0.769-1.307 0.988
hemoglobin
Hemoglobin 0971 0.946-0.996 0.025
Urea nitrogen 1.027 0.942-1.120 0.540
Total cholesterol 1.322 0.996-1.754 0.053
Urine protein 0.984 0.859-1.127 0.813
(g/24h)
K-W lesions 5.774 1.394-23.913 0.016
Glomerular classification
Class II 1#
Class 11T 0.587 0.107-3.200 0.538
Class IV 1.035 0.223-4.801 0.965

1# Reference variable.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
racteristic

Sex, (male %) 110 (78.6%) 102 (77.3%) 0.796
Age(years) 53 (47.0,58.8) 54 (46.0,60.0) 0.739
Duration of diabetes (month) 156 (75,204) 48 (12,96) <0.001
SBP(mmHg) 142 (135,160) 132 (120,145) <0.001
DBP(mmHg) 83.7 + 124 82.7 £ 122 0.527
Mean arterial pressure(mmHg) 104.5 £+ 13.5 99.4 +13.7 0.002
BMI (kg/rnz) 26.1 (23.9,28.6) 269 (25.2,29.1) 0.013
Hemoglobin (g/L) 113.4 £ 202 133.3 £ 209 <0.001
Fasting plasma glucose(mmol/L) 6.0 (47,8.2) 5.6 (4.8,6.6) 0.077
HbAlc (%) 7.0 (6.3,8.0) 6.6 (6.0,7.2) <0.001
Total cholesterol (mmol/L) 4.5 (3.7,5.4) 5.0 (4.0,6.1) 0.006
Triglyceride (mmol/L) 18 (12,2.5) 2.1 (1.5,3.2) 0.001
High density lipoprotein (mmol/L) ‘ 1.0 (0.9,1.2) 1.0 (0.8,1.2) 0.546
Low-density lipoprotein (mmol/L) 2.7 (203.7) 3.1 (24,4.1) 0.008
Albumin(g/l) 335+62 34579 0.274
Urea nitrogen(umol/L) ‘ 9.9 (6.8,12.9) 6.6 (5.1,8.3) <0.001
Serum creatinine(umol/L) 159.8 (102.3,224.1) 94.3 (77.7,125.4) <0.001
Uric acid(umol/L) 381.2+91.6 385.8 £ 93.8 0.685
eGFR(ml/min/173m?) 42.0 (24.6,67.7) 72.5 (55.1,92.2) <0.001
Urine protein (g/24h) 4.3 (2.2,6.4) 2.6 (1.0,4.9) <0.001
DR (%) 121 (86.4%) 28 (21.2%) <0.001
Mild-NPDR (%) 5 (3.6%) 8 (6.1%) 0.336

Moderate-NPDR (%) 28 (20.0%) 14 (10.6%) 0.032

Severe-NPDR (%) 51(36.4%) 4 (3.0%) <0.001

PDR (%) 37 (26.4%) 2 (1.5%) <0.001

No-DR (%) 19 (13.6%) 104 (78.8%) <0.001

Values were shown as median (Q1, Q3), mean * SD, or n (%).
BMI, body mass index; DBP, diastolic blood pressure; DR, diabetic retinopathy; GER, glomerular filtration rate; HbALc, glycated hemoglobin; SBP, systolic blood pressure.





OEBPS/Images/fendo-15-1292412-g001.jpg
Patients with type 2 diabetes
undergone renal biopsy from
January 2016 to November 2020
(n=514)

Excluded 242cases:

Include patients with complete
pathology and fundus data
(n=272)

Pathological diagnosis of
DN patients
(n=140)

(n=132)

Incomplete clinical data or fundus
data (n=168);

Severe cataract and other diseases
that affect fundus examination
(n=9);

Pathological diagnosis of DN
combined with NDRD (n=65)

Pathological diagnosis of
NDRD patients






OEBPS/Images/table4.jpg
NPDR (n=8.

Glomerular classification, % 0.001
1 - - -
11 8 (42.1%) 14 (16.7%) 0 (0%)
it 7 (36.8%) 52 (61.9%) 22 (59.5%)
v 4(21.1%) 18 (21.4%) 15 (40.5%)
IFTA, % 0.117
1 5(26.3%) 13 (15.5%) 1(2.7%)
2 7 (36.8%) 38 (45.2%) 22 (59.5%)
3 7 (36.8%) 33 (39.3%) 14 (37.8%)
Arteriolar hyalinosis, % 0793
0 2 (10.5%) 3(3.6%) 2 (5.4%)
1 9 (47.4%) 46 (54.8%) 20 (54.1%)
2 8 (42.1%) 35 (41.7%) 15 (40.5%)
Arteriosclerosis, % 0.081
0 2 (10.5%) 5 (6.0%) 7 (18.9%) i
1 2 (10.5%) 26 (31.0%) 7 (18.9%)
2 15 (78.9%) 53 (63.1%) 23 (62.2%)
KW lesion, % 8 (42.1%) 59 (70.2%) 35 (94.6%) <0.001

IFTA, Interstitial fibrosis and tubular atrophy.





OEBPS/Images/table3.jpg
e predictive value  Negative predictive value = Youden index Accurac

DR 86.4% 78.8% 81.2% 84.6% 0.652 82.7%

PDR 26.4% 98.5% 94.9% 55.8% 0.249 61.4%





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2024.1292412_cover.jpg
& frontiers | Frontiers in Endocrinology

The relationship between diabetic
retinopathy and diabetic nephropathy in
type 2 diabetes





OEBPS/Images/table1.jpg
Kidney pathology n (%)

DN 140

NDRD 132
Membranous nephropathy 51 (38.6%)
IgA nephropathy 33 (25.0%)
Focal segmental glomerulosclerosis 19 (14.4%)
Interstitial nephritis 7 (5.3%)
Minimal change glomerulopathy 4 (3.0%)
hypertensive renal damage 3(2.3%)
Membranoproliferative 3(2.3%)
glomerulonephritis
Focal glomerulosclerosis 3 (2.3%)
Obesity related glomerulopathy 2 (1.5%)
Purpuric nephritis 2 (1.5%)
Mesangial 2 (1.5%)

proliferative glomerulonephritis
Endothelial cell disease 1 (0.8%)

C3 nephropathy 1 (0.8%)





OEBPS/Images/table5.jpg
Sex(male %)

Age(years)

BMI (kg/m?)

Duration of diabetes (month)
SBP(mmHg)

DBP(mmHg)

Mean arterial pressure(mmHg)
HbAlc (%)

Hemoglobin (g/L)

Albumin(g/l)

Fasting plasma glucose(mmol/L)
Total cholesterol (mmol/L)
Triglyceride (mmol/L)

High density lipoprotein (mmol/L)
Low-density lipoprotein (mmol/L)
Urea nitrogen(umol/L)

Serum creatinine(umol/L)

Uric acid(umol/L)
€GFR(ml/min/173m’)

Urine protein (g/24h)

17 (89.5%)

552+ 8.8*
27.6+28

126.6 + 57.5

140.0 (130.0,155.0)
80.0 (73.5,90.0)
100.1 (94.0,106.7)
7.2 (688.5)

127.0 (117.5, 149.5)*#
36.9 % 5.3*

6.4 (5.1,7.9)
4112

2.1 (14,25)

0.8 (0.7,1.0)

22 (1.43.4)

6.9 (5.9,12.9) *
107.7 (87.5, 226.00)
387.8 + 826

64.9 (26,5, 79.8)

2.1 (0.65.7)#*

Values were shown as median (Q1, Q3), mean + SD, or n (%).

vs. NPDR, p<0.05; * vs. PDR, p<0.05.

68 (81.0%)

538+ 9.4*

260 + 33

1526 + 86.6

143.0 (135.0,157.0)
825 (78.5,90.0)
1033 (94.3,112.3)
73 (6582)

115.0 (101.0, 128.0)*
34.0 £ 59*

6.0 (4.7, 83)

45+ 14

1.7 (1.1, 2.5)

1.0 (0.9,13)
25(1.93.7)

9.7 (7.2,12.6)

159.8 (104.3, 221.9)
3747 + 927

42.0 (24.1, 67.8)

4.1 (23,64)

25 (67.6%)

472+ 89

259 + 3.8

1310 + 745

147.0 (134.0,166.5)
85.0 (75.5,93.5)
1067 (96.3,117.5)
66 (587.4)

104.0 (93.5,120.0)%
30.6 + 6.31

55 (45,7.2)

52+ 14

21 (14,27)

1.0 (0.8,1.3)

30 (2539)

114 (8.3,13.9)
1820 (116.8, 241.0)
3927 + 945

35.0 (25.0, 59.8)

50 (27,7.0)

0.117

0.001

0.160

0.251

0.270

0.276

0.342

0.026

<0.001

0.001

0.459

0.025

0.159

0.251

0.064

0.015

0.077

0.583

0.086

0.004





