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Aims

To explore the relationship between plasma leucine-rich α-2-glycoprotein 1 (LRG1) level and the degree of urinary albumin excretion in patients with type 2 diabetes.





Methods

We evaluated 332 patients with type 2 diabetes in a cross-sectional study.





Result

The plasma LRG1 level differed significantly according to the quartiles of urinary albumin excretion (Q1 [<7.7 mg/g], 17.1 μg/mL; Q2 [7.7–15.0 mg/g], 17.5 μg/mL; Q3 [15.1–61.4 mg/g], 18.6 μg/mL; Q4 [≥61.5 mg/g], 22.3 μg/mL; p for trend = 0.003) under adjustment with other covariates. A positive correlation was found between plasma LRG1 level and urinary albumin excretion (ρ = 0.256, p <0.001). According to a multivariate model, the association between LRG1 and urinary albumin excretion remained significant, under adjustment for confounding factors (β = 0.285, p <0.001).





Conclusion

Plasma LRG1 level was independently associated with urinary albumin excretion in patients with type 2 diabetes. This study suggests that LRG1 may be associated with increased excretion of urinary albumin in the early stages of diabetic nephropathy.
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Introduction

Leucine-rich α-2-glycoprotein 1 (LRG1), a member of the leucine-rich repeat family, is a secreted glycoprotein (1) with multifunctional signaling properties (2). Its biological functions are still not fully clarified, although it may be implicated in angiogenesis and inflammation (3). Previous studies have shown that an increased concentration of plasma LRG1 was found in inflammatory diseases and cardiovascular diseases, suggesting it may be a potential biomarker (2, 4, 5). Additionally, LRG1 may also be associated with kidney injury (2). In patients with chronic kidney disease, plasma LRG1 level was suggested to be associated with chronic kidney disease progression (6). A longitudinal study of patients with type 2 diabetes mellitus (T2DM) reported that an increased level of plasma LRG1 was associated with albuminuria and chronic kidney disease progression. However, it has not been clarified whether LRG1 is implicated in early-stage diabetic nephropathy in T2DM patients.

Diabetic nephropathy is a leading cause of end-stage renal disease (7), with one of the predominant clinical manifestations being albuminuria, which reflects kidney damage (7, 8). Albuminuria is known to be a significant risk factor for end-stage renal disease and cardiovascular morbidity and mortality in patients with diabetes (9, 10). In addition, recent studies suggest that subtle increases in urinary albumin excretion below the conventional albuminuria threshold (30 mg/g) are associated with an increased risk of cardiovascular events and mortality (11, 12). Moreover, increased urinary albumin excretion within normoalbuminuria has been associated with an increased risk of end-stage renal disease in diabetic populations (13). Therefore, because LRG1 is linked to kidney injury, it is important to evaluate whether LRG1 influences urinary albumin excretion in the normoalbuminuric as well as in the albuminuric range.

This study aimed to investigate the relationships between LRG1 level and degree of urinary albumin excretion in patients with T2DM, while also evaluating the relationships with other clinical indices of patients with T2DM.





Materials and methods




Subjects

A total of 332 individuals with T2DM, enrolled consecutively from our hospital’s diabetes clinic, were evaluated in the cross-sectional study. T2DM was diagnosed in line with the expert committee’s report on the diagnosis and classification of diabetes mellitus (14). Subjects who used glucocorticoids or had recent infection, stroke, heart failure, coronary artery disease, peripheral artery disease, chronic liver disease, nondiabetic renal disease, end-stage renal disease, or malignant tumors were excluded. Subjects who had asthma, rheumatoid arthritis, acute appendicitis and other acute and chronic inflammatory disease or immune disease were also excluded. Hypertension was diagnosed if the patient had a blood pressure of 140/90 mmHg or higher or was taking antihypertensive agents, while hyperlipidemia was assumed if the patient had a total cholesterol level of ≥6.5 mmol/L, triglyceride level ≥2.3 mmol/L, or was using lipid-lowering agents. The study was approved by an ethics committee of Chonnam National University Hospital (No. CNUH-2019-228), and informed consent was acquired from all participants.Measurements.

Venous blood samples were collected after overnight fasting. Glycated hemoglobin levels (HbA1c) were determined using ion-exchange liquid chromatography (Tosoh, Tokyo, Japan), while creatinine levels were measured using the Jaffe method. Plasma LRG1 level was measured by a sandwich enzyme-linked immunosorbent assay kit (Immuno-Biological Laboratories, Hamburg, Germany) following the manufacturer’s instructions. The reported intra- and interassay coefficients of variation were 3.0%–4.9% and 4.2%–5.1%, respectively. Urinary albumin excretion was measured using the urinary albumin-to-creatinine ratio. The mean values for urinary albumin excretion were determined from two spot urine collections acquired on two consecutive mornings. Albuminuria was defined as urinary albumin excretion ≥30 mg/g, while normoalbuminuria was <30 mg/g. The glomerular filtration rate was estimated using the Chronic Kidney Disease Epidemiology Collaboration equation (15).





Statistical analyses

Data are expressed as the mean ± standard deviation (SD), median (interquartile range), or frequency (percentage) unless otherwise indicated. The test for linear trend across increasing categories of plasma LRG1 level treated categories as continuous variables in the model. A linear-by-linear association test was conducted for qualitative parameters and Spearman’s rank correlation analysis was used to evaluate the association between plasma LRG1 level and other clinical variables. An analysis of covariance (ANCOVA) was conducted to compare the average LRG1 level according to the quartiles of urinary albumin excretion. Plasma LRG1 was analyzed after logarithmic transformation because of a skewed distribution. We evaluated the association between LRG1 level and urinary albumin excretion using a multiple linear regression model. Model 1 was adjusted for age and sex; Model 2 was adjusted for age, sex, smoking, body mass index, systolic blood pressure (BP), hyperlipidemia, high-sensitivity C-reactive protein (hs-CRP), and use of angiotensin II receptor blocker (ARB)/angiotensin-converting enzyme inhibitor (ACEi); Model 3 was adjusted for the variables in Model 2 plus the duration of diabetes, HbA1c, and use of OHAs and insulin. The variance inflation factor was used to evaluate multicollinearity. A variance inflation factor > 5 was excluded from the model. All statistical analyses were performed using SPSS version 23.0 (SPSS, Inc.). A p-value of <0.05 denoted statistical significance.






Results

The clinical characteristics of the study participants are presented in Table 1. The systolic BP, DM duration, HbA1c level, and prevalence of hyperlipidemia and ARB/ACEi use tended to increase in patients with higher urinary albumin excretion, while estimated glomerular filtration rate tended to be lower in patients with increased albumin excretion (Table 1). LRG1 level also generally increased from the lowest quartile to the highest quartile of urinary albumin excretion. In addition, age, triglyceride level, and the prevalence of hypertension and insulin use differed significantly according to the quartiles of urinary albumin excretion.


Table 1 | Characteristics of patients with T2DM according to the quartiles of urinary albumin excretion.



Selected significant results of the Spearman correlation analysis for LRG1 and other clinical indices in T2DM patients are shown in Table 2. Plasma LRG1 level in all T2DM patients correlated positively with age (ρ = 0.144, p = 0.009), DM duration (ρ = 0.174, p = 0.001), HbA1c level (ρ = 0.152, p = 0.006), and hs-CRP (ρ = 0.404, p < 0.001), and correlated negatively with total cholesterol (ρ = -0.123, p = 0.025), high-density lipoprotein cholesterol (ρ = -0.127, p = 0.020), low-density lipoprotein cholesterol (ρ = -0.112, p = 0.042), and estimated glomerular filtration rate (ρ = -0.175, p = 0.001). In the subgroups of diabetic patients categorized by albuminuria, a significant correlation of LRG1 with DM duration, total cholesterol, and hs-CRP was only found in subgroups of T2DM patients who did not have albuminuria. A significant correlation of LRG1 with estimated glomerular filtration rate and hs-CRP was only found in the subgroup of T2DM patients with albuminuria. For all T2DM patients, a significantly positive correlation was found between LRG1 and urinary albumin excretion (ρ = 0.256, p < 0.001). The same significant correlation was also found in the T2DM patient subgroups with normoalbuminuria and albuminuria.


Table 2 | Significant correlations between LRG1 and clinical variables in patients with T2DM.



Table 3 shows the average [95% confidence interval (CI)] plasma LRG1 level according to the degree of urinary albumin excretion. The average LRG1 level differed significantly according to the quartiles of urinary albumin excretion (Q1 [<7.7 mg/g], 17.1 μg/mL, 95% CI 15.0–19.1; Q2 [7.7–15.0 mg/g], 17.5 μg/mL, 95% CI 15.5–19.4; Q3 [15.1–61.4 mg/g], 18.6 μg/mL, 95% CI 16.6–20.6; Q4 [≥61.5 mg/g], 22.3 μg/mL, 95% CI 20.3–24.4; p for trend = 0.003), after being adjusted for age, sex, smoking, body mass index, systolic BP, hyperlipidemia, hs-CRP, duration of diabetes, HbA1c, use of ARB/ACEi, OHAs and insulin.


Table 3 | Comparison of means of LRG1 depending on the degree of urinary albumin excretion in patients with T2DM.



We carried out multiple linear regression analysis to investigate independent associations (Table 4), which demonstrated that LRG1 level was an independent determinant for urinary albumin excretion, after being adjusted for age, sex, smoking, body mass index, systolic BP, hyperlipidemia, hs-CRP, duration of diabetes, HbA1c, use of ARB/ACEi, OHAs and insulin (β = 0.285, p < 0.001; Table 4). Alternatively, when hypertension was included as an independent variable in the models and systolic BP and ARB/ACEi use were excluded, LRG1 level was still associated with urinary albumin excretion (Supplementary Table 1).


Table 4 | Multiple linear regression analysis for urinary albumin excretion† in patients with T2DM.







Discussion

In this study, we determined that plasma LRG1 level correlated positively with the degree of urinary albumin excretion and correlated negatively with the estimated glomerular filtration rate. In the individual groups, plasma LRG1 level was positively correlated with urinary albumin excretion in patients with albuminuria and normoalbuminuria. In addition, the multiple regression analysis identified that plasma LRG1 level was independently associated with urinary albumin excretion after adjustments for the conventional confounders.

LRG1 is a secretory glycoprotein with multifunctional properties in a context-dependent manner (2, 3). LRG1 is associated with pathological neovascularization (3). LRG1 is also thought to be involved in cell differentiation, adhesion, migration, and apoptosis (2, 3). Previous studies have noted a close association between LRG1 and cardiovascular disease, demonstrating that increased levels of circulating LRG1 were associated with increased risks for coronary artery disease, heart failure, and mortality (4, 5, 16, 17). These results suggest that LRG1 might be a potential biomarker for cardiovascular disease.

Recent studies have also suggested close associations between LRG1 and renal injury (2). Several studies have shown that LRG1 is expressed in glomerular endothelial cells and an increase in LRG1 expression is found in mouse and human diabetic kidneys (2, 18, 19). In a study of mouse models, genetic ablation of LRG1 attenuated diabetic glomerulopathy (19). In patients with chronic kidney disease, plasma LRG1 level was suggested to be associated with the progression of chronic kidney disease (6). In addition, several studies have reported that LRG1 may be implicated in diabetic nephropathy progression (2, 19, 20). For example, Hong et al. (19) reported that an increased LRG1 level was associated with adverse renal outcomes including a 40% decline in estimated glomerular filtration rate and end-stage renal disease in patients with T2DM, while Liu et al. (20) showed that plasma LRG1 level was associated with albuminuria progression in patients with T2DM. Moreover, we found that plasma LRG1 level was positively correlated with the degree of urinary albumin excretion in patients with T2DM, and in individual groups; this association was observed not only in the patients with albuminuria but also in those with normoalbuminuria. Our findings suggest, therefore, that LRG1 might be associated with increased excretion of urinary albumin in the early stages of diabetic nephropathy. However, further prospective investigations are necessary to validate our findings.

In the present study, we found that LRG1 was associated with glycemic status reflected by HbA1c level and diabetes duration, which are important contributors to diabetic kidney injury (21). An in vitro study showed that LRG1 expression increased in response to hyperglycemic conditions (19). Previous studies have also suggested that increased LRG1 level is observed in patients with a longer duration of T2DM (5, 17). In addition, several studies have shown that LRG1 level is related to age and dyslipidemia (5, 17, 22, 23). Thus, the association between LRG1 level and urinary albumin excretion observed in our study might be partially accounted for by these factors, because these contribute to an increased risk of diabetic nephropathy as well (21). However, the relationship between LRG1 level and urinary albumin excretion remained statistically significant, under adjustment with these confounders in multivariable analyses, implying that these factors did not exert a significant impact on the association between LRG1 level and urinary albumin excretion.

Potential mechanisms could link LRG1 to diabetic nephropathy. First, increased angiogenesis is a trait of diabetic glomerulopathy (24) and occurs in the early stages of diabetic nephropathy (25). LRG1 has been suggested to be mitogenic to endothelial cells and to promote angiogenesis through modulating transforming growth factor (TGF)-β signaling (3). Enhanced abnormal angiogenesis is associated with the growth of immature new vessels (24), and these changes might be implicated in functional and structural abnormalities in glomerular endothelial cells, resulting in impaired filtration barrier and albumin leakage (24). Second, TGF-β accessory receptor endoglin, which LRG1 binds to, is also known to regulate endothelial nitric oxide synthase stability (26). Interaction between LRG1 and endoglin might disrupt the homeostasis of nitric oxide and disturb endothelial cell function (27). In a diabetic mouse model, endothelial nitric oxide synthase deficiency was found to be associated with accelerated nephropathy (28). Third, TGF-β is suggested to be a key regulator of fibrosis (29). Increased LRG1 levels may intensify TGF-β signaling, induce pro-fibrotic pathways, and result in progressive kidney injury (30). Finally, LRG1 is associated with inflammation (2), which is reported to have a critical role in progressive loss of kidney function (31).

CRP has been considered a marker of systemic inflammation (32). Although there is a large body of evidence suggesting connections between inflammation and diabetic nephropathy (31), the findings regarding relationships between CRP and diabetic nephropathy are inconsistent throughout the literature (33, 34). In this study, however, we found that the relationship between LRG1 level and urinary albumin excretion was statistically significant after adjusting for the confounders, including hs-CRP level, in multivariable analysis. As a consequence, our data suggest that LRG1 might be implicated in renal injury through mechanisms independent of CRP. However, because other factors as well as inflammatory stimuli can have an impact on CRP levels (32), further research in this regard is required.

This study has some limitations. First, because this study was performed in a single center and the participants were limited to one ethnic group, our results might not be generalized to other population with diabetes throughout the world. In addition, our results might not be applicable to other types of nephropathy. Second, information about the duration of drug use was not obtained in this study. Third, the causality of the associations between plasma LRG1 level and urinary albumin excretion could not be determined, because this was a cross-sectional study. Finally, even if several potential confounding variables were considered in the regression model, the relationship between LRG1 and urinary albumin excretion could be influenced by confounders that have not yet been measured (35). Despite these limitations, we believe that our findings might provide important information on the relationship between plasma LRG1 level and urinary albumin excretion in T2DM patients.

In conclusion, this study showed that plasma LRG1 level was independently associated with urinary albumin excretion in T2DM patients. Our results suggest that LRG1 level may be an early indicator of diabetic nephropathy in patients with T2DM. However, further large-scale longitudinal studies are necessary to elucidate the precise role of LRG1 in early-stage diabetic nephropathy.





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.





Ethics statement

The studies involving humans were approved by an ethics committee of Chonnam National University 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

JC designed the study, analyzed data, drafted the manuscript, and approved its final version. S-YP and MC contributed to the statistical analyses and interpretation of data. JC, D-HC, DC acquired data. All authors reviewed and approved the final manuscript.





Funding

This study was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (2021R1F1A1062776) and Chonnam National University Hospital Biomedical Research Institute (BCRI22055).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1232021/full#supplementary-material




References

1. Haupt, H, and Baudner, S. [Isolation and characterization of an unknown, leucine-rich 3.1-S-alpha2-glycoprotein from human serum (author’s transl)]. Hoppe Seylers Z Physiol Chem (1977) 358(6):639–46. doi: 10.1515/bchm2.1977.358.1.639

2. Camilli, C, Hoeh, AE, De Rossi, G, Moss, SE, and Greenwood, J. LRG1: an emerging player in disease pathogenesis. J BioMed Sci (2022) 29(1):6. doi: 10.1186/s12929-022-00790-6

3. Wang, X, Abraham, S, McKenzie, JAG, Jeffs, N, Swire, M, Tripathi, VB, et al. LRG1 promotes angiogenesis by modulating endothelial TGF-beta signalling. Nature (2013) 499(7458):306–11. doi: 10.1038/nature12345

4. Bos, S, Phillips, M, Watts, GF, Verhoeven, AJM, Sijbrands, EJG, and Ward, NC. Novel protein biomarkers associated with coronary artery disease in statin-treated patients with familial hypercholesterolemia. J Clin Lipidol (2017) 11(3):682–93. doi: 10.1016/j.jacl.2017.03.014

5. Liu, JJ, Pek, SLT, Wang, J, Liu, S, Ang, K, Shao, YM, et al. Association of plasma leucine-rich alpha-2 glycoprotein 1, a modulator of transforming growth factor-beta signaling pathway, with incident heart failure in individuals with type 2 diabetes. Diabetes Care (2021) 44(2):571–7. doi: 10.2337/dc20-2065

6. Glorieux, G, Mullen, W, Duranton, F, Filip, S, Gayrard, N, Husi, H, et al. New insights in molecular mechanisms involved in chronic kidney disease using high-resolution plasma proteome analysis. Nephrol Dial Transpl (2015) 30(11):1842–52. doi: 10.1093/ndt/gfv254

7. Thomas, MC, Brownlee, M, Susztak, K, Sharma, K, Jandeleit-Dahm, KA, Zoungas, S, et al. Diabetic kidney disease. Nat Rev Dis Primers (2015) 1:15018. doi: 10.1038/nrdp.2015.18

8. Levey, AS, Grams, ME, and Inker, LA. Uses of GFR and albuminuria level in acute and chronic kidney disease. N Engl J Med (2022) 386(22):2120–8. doi: 10.1056/NEJMra2201153

9. Stehouwer, CD, Gall, MA, Twisk, JW, Knudsen, E, Emeis, JJ, and Parving, HH. Increased urinary albumin excretion, endothelial dysfunction, and chronic low-grade inflammation in type 2 diabetes: progressive, interrelated, and independently associated with risk of death. Diabetes (2002) 51(4):1157–65. doi: 10.2337/diabetes.51.4.1157

10. Ninomiya, T, Perkovic, V, de Galan, BE, Zoungas, S, Pillai, A, Jardine, M, et al. Albuminuria and kidney function independently predict cardiovascular and renal outcomes in diabetes. J Am Soc Nephrol (2009) 20(8):1813–21. doi: 10.1681/ASN.2008121270

11. Gerstein, HC, Mann, JF, Yi, Q, Zinman, B, Dinneen, SF, Hoogwerf, B, et al. Albuminuria and risk of cardiovascular events, death, and heart failure in diabetic and nondiabetic individuals. JAMA (2001) 286(4):421–6. doi: 10.1001/jama.286.4.421

12. Schmieder, RE, Schrader, J, Zidek, W, Tebbe, U, Paar, WD, Bramlage, P, et al. Low-grade albuminuria and cardiovascular risk: what is the evidence? Clin Res Cardiol (2007) 96(5):247–57. doi: 10.1007/s00392-007-0510-3

13. Fox, CS, Matsushita, K, Woodward, M, Bilo, HJ, Chalmers, J, Heerspink, HJ, et al. Associations of kidney disease measures with mortality and end-stage renal disease in individuals with and without diabetes: a meta-analysis. Lancet (2012) 380(9854):1662–73. doi: 10.1016/S0140-6736(12)61350-6

14. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes Care (2003) 26 Suppl 1:S5–20. doi: 10.2337/diacare.26.2007.s5

15. Levey, AS, Stevens, LA, Schmid, CH, Zhang, YL, Castro, AF 3rd, Feldman, HI, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med (2009) 150(9):604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

16. Watson, CJ, Ledwidge, MT, Phelan, D, Collier, P, Byrne, JC, Dunn, MJ, et al. Proteomic analysis of coronary sinus serum reveals leucine-rich alpha2-glycoprotein as a novel biomarker of ventricular dysfunction and heart failure. Circ Heart Fail (2011) 4(2):188–97. doi: 10.1161/CIRCHEARTFAILURE.110.952200

17. Liu, JJ, Pek, SLT, Liu, S, Wang, J, Lee, J, Ang, K, et al. Association of plasma leucine-rich alpha-2 glycoprotein 1 (LRG1) with all-cause and cause-specific mortality in individuals with type 2 diabetes. Clin Chem (2021) 67(12):1640–9. doi: 10.1093/clinchem/hvab172

18. Haku, S, Wakui, H, Azushima, K, Haruhara, K, Kinguchi, S, Ohki, K, et al. Early enhanced leucine-rich alpha-2-glycoprotein-1 expression in glomerular endothelial cells of type 2 diabetic nephropathy model mice. BioMed Res Int (2018) 2018:2817045. doi: 10.1155/2018/2817045

19. Hong, Q, Zhang, L, Fu, J, Verghese, DA, Chauhan, K, Nadkarni, GN, et al. LRG1 promotes diabetic kidney disease progression by enhancing TGF-beta-induced angiogenesis. J Am Soc Nephrol (2019) 30(4):546–62. doi: 10.1681/ASN.2018060599

20. Liu, JJ, Pek, SLT, Ang, K, Tavintharan, S, Lim, SC, and study, SD. Plasma Leucine-Rich alpha-2-Glycoprotein 1 Predicts Rapid eGFR Decline and Albuminuria Progression in Type 2 Diabetes Mellitus. J Clin Endocrinol Metab (2017) 102(10):3683–91. doi: 10.1210/jc.2017-00930

21. Ritz, E, and Orth, SR. Nephropathy in patients with type 2 diabetes mellitus. N Engl J Med (1999) 341(15):1127–33. doi: 10.1056/NEJM199910073411506

22. Pek, SL, Tavintharan, S, Wang, X, Lim, SC, Woon, K, Yeoh, LY, et al. Elevation of a novel angiogenic factor, leucine-rich-alpha2-glycoprotein (LRG1), is associated with arterial stiffness, endothelial dysfunction, and peripheral arterial disease in patients with type 2 diabetes. J Clin Endocrinol Metab (2015) 100(4):1586–93. doi: 10.1210/jc.2014-3855

23. Pek, SLT, Cheng, AKS, Lin, MX, Wong, MS, Chan, EZL, Moh, AMC, et al. Association of circulating proinflammatory marker, leucine-rich-alpha2-glycoprotein (LRG1), following metabolic/bariatric surgery. Diabetes Metab Res Rev (2018) 34(7):e3029. doi: 10.1002/dmrr.3029

24. Nakagawa, T, Kosugi, T, Haneda, M, Rivard, CJ, and Long, DA. Abnormal angiogenesis in diabetic nephropathy. Diabetes (2009) 58(7):1471–8. doi: 10.2337/db09-0119

25. Fadini, GP, Albiero, M, Bonora, BM, and Avogaro, A. Angiogenic abnormalities in diabetes mellitus: mechanistic and clinical aspects. J Clin Endocrinol Metab (2019) 104(11):5431–44. doi: 10.1210/jc.2019-00980

26. Toporsian, M, Gros, R, Kabir, MG, Vera, S, Govindaraju, K, Eidelman, DH, et al. A role for endoglin in coupling eNOS activity and regulating vascular tone revealed in hereditary hemorrhagic telangiectasia. Circ Res (2005) 96(6):684–92. doi: 10.1161/01.RES.0000159936.38601.22

27. Yuen, DA, Stead, BE, Zhang, Y, White, KE, Kabir, MG, Thai, K, et al. eNOS deficiency predisposes podocytes to injury in diabetes. J Am Soc Nephrol (2012) 23(11):1810–23. doi: 10.1681/ASN.2011121170

28. Zhao, HJ, Wang, S, Cheng, H, Zhang, MZ, Takahashi, T, Fogo, AB, et al. Endothelial nitric oxide synthase deficiency produces accelerated nephropathy in diabetic mice. J Am Soc Nephrol (2006) 17(10):2664–9. doi: 10.1681/ASN.2006070798

29. Meng, XM, Nikolic-Paterson, DJ, and Lan, HY. TGF-beta: the master regulator of fibrosis. Nat Rev Nephrol (2016) 12(6):325–38. doi: 10.1038/nrneph.2016.48

30. Hong, Q, Cai, H, Zhang, L, Li, Z, Zhong, F, Ni, Z, et al. Modulation of transforming growth factor-beta-induced kidney fibrosis by leucine-rich ⍺-2 glycoprotein-1. Kidney Int (2022) 101(2):299–314. doi: 10.1016/j.kint.2021.10.023

31. Pichler, R, Afkarian, M, Dieter, BP, and Tuttle, KR. Immunity and inflammation in diabetic kidney disease: translating mechanisms to biomarkers and treatment targets. Am J Physiol Renal Physiol (2017) 312(4):F716–F31. doi: 10.1152/ajprenal.00314.2016

32. Pepys, MB. Hirschfield GM. C-reactive protein: a critical update. J Clin Invest (2003) 111(12):1805–12. doi: 10.1172/JCI18921

33. Goldberg, RB. Cytokine and cytokine-like inflammation markers, endothelial dysfunction, and imbalanced coagulation in development of diabetes and its complications. J Clin Endocrinol Metab (2009) 94(9):3171–82. doi: 10.1210/jc.2008-2534

34. Hansen, TK, Thiel, S, Knudsen, ST, Gravholt, CH, Christiansen, JS, Mogensen, CE, et al. Elevated levels of mannan-binding lectin in patients with type 1 diabetes. J Clin Endocrinol Metab (2003) 88(10):4857–61. doi: 10.1210/jc.2003-030742

35. Arora, A, Behl, T, Sehgal, A, Singh, S, Sharma, N, Bhatia, S, et al. Unravelling the involvement of gut microbiota in type 2 diabetes mellitus. Life Sci (2021) 273:119311. doi: 10.1016/j.lfs.2021.119311




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 © 2023 Chung, Park, Cho, Chung and Chung. 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



      		

        Relationship between plasma leucine-rich α-2-glycoprotein 1 and urinary albumin excretion in patients with type 2 diabetes

      

        		

          Aims

        



        		

          Methods

        



        		

          Result

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Subjects

          



          		

            Statistical analyses

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
All T2DM T2DM with T2DM with

patients’ normoalbuminuria® albuminuria®

(n= 334) (n=212) (n=120)
Age 0.144 0.009 0.129 0.061 0.168 0.066
DM duration 0.174 » 0.001 0179 0.009 ‘ 0.102 0.120
HbA,c 0.152 0.006 ‘ 0.104 0.133 0.132 0.152
TC 0123 0.025 -0.144 0.036 -0.077 0.404
HDL-C -0.127 0.020 -0.121 0.080 -0.073 0.429
LDL-C -0.112 0.042 -0.118 0.087 -0.086 0.352
Urinary albumin 0.256 <0.001 0225 0.001 0214 0.019
excretion
Estimated GFR 0175 0.001 -0.043 0529 -0.302 0.001
hs-CRP 0.404 <0.001 0421 <0.001 0342 <0.001

"The value indicates Spearman’s rank correlation coefficient.
GFR, glomerular filtration rate; HbA,,, glycated hemoglobin; HDL-C, high density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low density lipoprotein
cholesterol; LRG1, leucine-rich o-2-glycoprotein 1; T2DM, type 2 diabetes mellitus; T'C, total cholesterol.
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Unadjusted

p-value
LRG1" 0.287 <0.001 0.309 <0.001 0.369 <0.001 0.285 <0.001
Age -0.018 0.737 -0.091 0.105 -0.126 0.026
Sex 0.074 0.232 0.057 0.356 0.081 0.168
Smoking 0.032 0.551 -0.010 0.848
BMI -0.042 0.446 0.006 0.916
Systolic BP 0.229 <0.001 0.223 <0.001
I Hyperlipidemia [ 0.064 0218 0.031 0.544
hs-CRP" -0.128 0.031 -0.118 0.039
ARB/ACEi 0.131 0.017 0.100 0.060
HbA, 0.177 0.001
DM duration” 0.221 0.001
Use of insulin 0.044 0.575
Use of OHAs -0.060 0.443
R’ (adjusted R?) 0.083 (0.080) 0.093 (0.085) 0.193 (0.171) 0.289 (0.260)

"Log-transformed before analysis. B, standardized partial regression coefficient.

Model 1: adjusted for age and sex.

Model 2: additionally adjusted for smoking, body mass index, systolic BP, hyperlipidemia, hs-CRP", and use of ARB/ACEi.

Model 3: adjusted for variables in model 2 and diabetes duration', HbA,, use of OHAs and insulin.

ARB/ACEi, angiotensin II receptor blocker/angiotensin-converting enzyme inhibitor; BP, blood pressure; CI, confidence interval; HbA,, glycated hemoglobin; hs-CRP, high-sensitivity C-
DM, type 2 diabetes mellitus.

reactive protein; OHAs, oral hypoglycemic agent:
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Model 1 Model 2 Model 3

Urinary albumin excretion (mg/g)

Mean (95% CI) Mean (95% CI) Mean (95% CI)
LRG1" (ug/mL) Quartile 1 (<7.7) 16.5 (14.0-19.0) 16.4 (14.4-18.4) 17.1 (15.0-19.1)
Quartile 2 (7.7-15.0) 1622 (13.8-18.6) 17.0 (15.1-18.9) 17.5 (15.5-19.4)
Quartile 3 (15.1-61.4) | 189 (16.4-21.3) 18.9 (17.0-20.9) 18.6 (16.6-20.6)
Quartile 4 (261.5) 238 (21.4-26.2) 23.0 (21.0-25.0) 223 (20.3-24.4)
P for trend p <0.001 p <0.001 p=0.003

Data are mean (95% CI). "Log-transformed before analysis.

Model 1: adjusted for age and sex.

Model 2: additionally adjusted for smoking, body mass index, systolic BP, hyperlipidemia, hs-CRP', and use of ARB/ACEi.

Model 3: adjusted for variables in model 2 and diabetes duration', HbA ., use of OHAs and insulin.

ARB/ACEi, angiotensin 11 receptor blocker/angiotensin-converting enzyme inhibitor; BP, blood pressure; Cl, confidence interval; HbA,, glycated hemoglobin; hs-CRP, high-sensitivity C-
reactive protein; OHAs, oral hypoglycemic agents; T2DM, type 2 diabetes mellitus.
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OEBPS/Images/table1.jpg
Urinary albumin excretion (mg/g)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 gifentend
(<7.7) (7.7-15.0) (15.1-61.4) (>61.5)

n 82 84 83 83

Urinary albumin excretion (mg/g) 54 (4.2, 6.5) 10.8 (89, 12.0) 27.9 (20.3, 41.8) 176.6 (9.0, 590.8) <0.001
Age (years) 559 +13.1 60.8 + 12.6 62.7 +12.6 59.7 £3.5 0.040
Smoking, n (%) 15 (18.3) 7(8.3) 10 (12.0) 13 (15.7) 0.814
Men, n (%) 52 (63.4) 37 (44.0) 43 (51.8) 51 (61.4) 0915
BMI (kg/mz) 260 +37 257 %54 266 +4.1 258 +5.1 0.834
Hyperlipidemia, n (%) 58 (70.7) 69 (82.1) 69 (83.1) 70 (84.3) 0.034
Hypertension, n (%) 43 (524) 55 (65.5) 52 (62.7) 61 (735) 0.011
Systolic BP (mmHg) 127.7 + 165 133.0 + 159 1336 + 16.8 | 140.6 + 19.6 <0.001
Diastolic BP (mmHg) 751 £11.5 76.2 £ 11.0 76.5 £ 11.5 784 + 128 0.081
DM duration (years) 1.3 (0.1, 4.8) 5.0 (0.8, 12.0) 10.0 (3.5, 19.0) 12.0 (4.0, 19.0) <0.001
HbA, . (%) 71+14 73215 83 %21 86+22 <0.001
HbA, (mmol/mol) 55415 57+ 16 67 +23 71+24 <0.001
Triglyceride (mmol/L) 13 (0.9, 1.9) 1.1(08, 1.7) 1.4 (1.0, 2.0) 15 (1.0,22) 0.026
TC (mmol/L) 45+13 42+ 1.0 41+£12 44+15 0.460
LDL-C (mmol/L) 27 £09 24+£07 24+08 25+ 1.0 0.349
HDL-C (mmol/L) 13+03 13+04 13+£03 13403 0.350
LRGI (pg/mL) 13.6 (112, 17.4) 14.7 (11.5, 18.4) 17.2 (13.0, 23.7) 19.7 (12.8, 28.1) <0.001
Estimated GFR (ml/min/1.73m?) 96.4 + 14.0 92.5 +18.6 86.9 +22.2 77.3 +288 <0.001

hs-CRP (mg/dL) 005 (0.02, 0.16) 0.04 (0.02, 0.12) 0.07 (0.03, 0.20) 0.07 (0.03, 0.19) 0.170

Injectable agents

Insulin, n (%) 11 (13.4) 10 (11.9) 20 (24.1) 26 (313) 0.001
GLPI-RA, n (%) 0(0.0) 1(1.2) 0(0.0) 0(0.0) NA
Oral agents

OHAs, n (%) 49 (59.8) 59 (70.2) 53 (63.9) 50 (60.2) 0827

Sulfonylurea, n (%) 16 (19.5) 25 (29.8) 29 (34.9) 24 (289) 0135
Metformin, n (%) 44 (53.7) 54 (64.3) 49 (59.0) 42 (50.6) 0.547
DPP-4i, n (%) 27 (329) 34 (40.5) 35 (42.2) 34 (41.0) 0.286
TZD, n (%) 4(49) 6(7.1) 9 (10.8) 9 (10.8) 0115
SGLT2i, n (%) 9(11.0) 13 (15.5) 10 (12.0) 12 (145) 0678
ARB/ACEi, n (%) 28 (34.1) 38 (45.2) 43 (51.8) 50 (60.2) 0.001
CCB, n (%) 15 (183) 17(202) 17 (205) 24 (289) 0115
Diuretics, n (%) I 3(37) 6(7.1) 7 (84) 8(96) 0133
Beta-blocker, n (%) 0(0.0) 1(12) 0 (0.0) 1(12) NA

Statin, n (%) 52 (63.4) 65 (77.4) 64 (77.1) 60 (723) 0235
Fibrate, n (%) 5(6.1) 3(36) 2(24) 2(24) 0185
Ezetimibe, n (%) 6(7.3) 9 (10.7) 13 (157) 8(96) 0.440

Data = mean + standard deviation or median (interquartile range).

ARB/ACEi, angjotensin II receptor blocker/angiotensin-converting enzyme inhibitor; BMI, body mass index; BP, blood pressure; CCB, calcium channel blocker; DPP-di, dipeptidyl peptidase 4
inhibitor; eGFR, estimated glomerular filtration rate; GLP1-RA, glucagon-like peptide-1 receptor agonist; HbA, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP,
high-sensitivity C-reactive protein; LRG1, leucine-rich o.-2-glycoprotein 1; LDL-C, low-density lipoprotein cholesterol; OHA, oral hypoglycemic agent; T2DM, type 2 diabetes mellitus; SGLT2i,
sodium-glucose cotransporter 2 inhibitor; TC, total cholesterol; TZD, thiazolidinedione; NA, not applicable.





