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Aims

This study aims to investigate the role of 25-hydroxyvitamin D (25(OH)D) levels in predicting renal survival in biopsy-proven diabetic nephropathy (DN) with type 2 diabetes mellitus (DM).



Methods

In this retrospective study, a total of 161 biopsy-proven DN patients were enrolled and divided into four groups (normal group: 25(OH)D>20ng/ml; mild group: 10<25(OH)D ≤ 20ng/ml; moderate group: 5<25(OH)D ≤ 10 ng/ml; severe group: 25(OH)D ≤ 5 ng/ml). The effect of the 25(OH)D level on renal survival was evaluated by multivariate Cox regression.



Results

A total of 161 type 2 DM patients with biopsy-proven DN were enrolled in this study. Patients with lower 25(OH)D levels had higher serum creatinine, urinary albumin creatinine ratio (UACR), total cholesterol, and parathyroid hormone levels as well as lower estimated glomerular filtration rate (eGFR), hemoglobin, albumin, and calcium levels and were more prone to diabetic retinopathy (DR). Rather than proteinuria and renal function, glomerular class and interstitial fibrosis and tubular atrophy (IFTA) had a significant correlation with 25(OH)D levels. Multivariate Cox regression indicated that severe deficiency of 25(OH)D levels was associated with adverse renal outcomes. Compared to the level in the normal group, after adjusting for clinicopathological characteristics, a lower 25(OH)D level remained a risk factor for renal outcomes. The HRs were 3.446 (95% CI 0.366-32.406, p=0.279) for the mild group, 8.009 (95% CI 0.791-81.102, p=0.078) for the moderate group, and 14.957(95%CI 1.364-163.995, P=0.027) for the severe group.



Conclusion

Levels of 25(OH)D less than 5 ng/ml were correlated with worse renal function, more pathological injury and poorer renal prognosis in patients with biopsy-proven DN.
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Introduction

Diabetes mellitus (DM) is a key public health problem worldwide, predicted to affect more than 700 million patients by 2045 (1).As one of the most common microvascular complications of DM, diabetic nephropathy (DN) has become a primary cause of end-stage renal disease (ESRD), and approximately 40% of hemodialysis patients have DN (2–4). DN has an insidious onset, lacks typical clinical symptoms and progresses slowly in the early stage, which is easy to ignore. Once DN progresses to ESRD, it seriously affects the quality of life and safety of patients. Although there are many hypoglycemic drugs with renal protective effects, the risk of DN progressing to ESRD and the economic burden of DN are still increasing (5). Therefore, it is urgent to further understand the pathogenesis of DN and the risk factors affecting the progression of DN for promoting clinical diagnosis and treatment.

Vitamin D, a fat-soluble vitamin essential for human growth, mainly binds with intracellular specific Vitamin D receptor (VDR) to form hormone receptor complex and play a biological role. As the main target organ of Vitamin D, VDR is selectively expressed in glomerular mesangial cells, podocytes, proximal and distal convoluted tubules, collecting tubules and other renal structures (6). The protective effect of Vitamin D and VDR in DN has attracted wide attention. Low level of Vitamin D has been found to be negatively correlated with the risk of DN (7). Supplementation of Vitamin D or its active analogues can improve endothelial cell damage, reduce proteinuria, and alleviate renal fibrosis, thus delaying the progression of DN (6, 8). Animal studies showed that active vitamin D can reduce the synthesis of renin and inhibit renin angiotensin aldosterone system (RAAS) to protect kidney from injury via inhibiting nuclear factor-kappa B (NF-κB) mediated anti-inflammation pathway (6, 9).

Prior studies have depended on the measurement of serum 25-hydroxyvitamin D (25(OH)D) when evaluating the relationships of vitamin D status with health outcomes. 25(OH)D is thought to be a stored and inactive form of vitamin D in the human body. 25(OH)D deficiency is common in all subsequent stages of chronic kidney disease (CKD), including ESRD (10). Lower levels of 25(OH)D in patients with CKD have been associated with a higher risk of all-cause mortality and faster progression of kidney disease (11). In previous studies of patients with CKD due to any cause, lower 25(OH)D levels were associated with an increased risk of incident ESRD (12) and contributed to decreased estimated glomerular filtration rate (eGFR) in early and advanced stages of CKD (13). However, few studies have explored the role of 25(OH)D in evaluating disease severity or progression in DN, and the relationship between 25(OH)D and the long-term prognosis of patients with DN is still unclear.

Therefore, in the current study we examined whether 25(OH)D deficiency was an indicator that not only reflects disease severity and pathological injury in DN, but also predicts disease prognosis in patients with biopsy-proven DN. This new finding will improve the management and renal outcomes of DN patients.



Materials and Methods


Study Design and Patients

This is a retrospective cohort study comprised of 227 patients with biopsy-proven DN and type 2 DM at Shanghai Sixth People’s Hospital from January 2013 to October 2021. 161 of 227 type 2 DN cases were finally eligible for the enrollment (Figure 1). We divided the 161 patients into four groups on the basis of 25(OH)D level [normal group: 25(OH)D > 20 ng/ml; mild group: 10 < 25(OH)D ≤ 20 ng/ml; moderate group: 5 < 25(OH)D ≤ 10 ng/ml; and severe group: 25(OH)D ≤ 5 ng/ml] according to the cutoff value of renal endpoint events and some authoritative studies (14, 15). The diagnosis of type 2 DM was in accordance with the criteria of the American Diabetes Association (16), while DN was defined according to the standard of the Renal Pathology Society (RPS) (17) and diabetic retinopathy (DR) was diagnosed if one of the following lesions was observed: soft/hard exudates, retinal hemorrhage, microaneurysms, or vitreous hemorrhage (18). All patients with type 2 DM and biopsy-proven DN who were over 18 years old were reviewed. The exclusion criteria were patients with coexisting nondiabetic renal disease (NDRD) and paranephros or thyroid diseases combined with malignancy and serious infections and those who had taken vitamin D, calcium, or folic acid within 6 months. Patients who had incomplete data or unclear medical history, follow-up time less than 1 year, less than 5 glomeruli in the biopsy specimens, or eGFR < 15ml/min/1.73 m2 were also excluded, as were patients who had undergone dialysis or renal transplant before renal biopsy.




Figure 1 | Study participant flowchart. eGFR, estimated glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D.



The study protocol was reviewed and approved by the Ethics Committee of the Shanghai Jiao Tong University Affiliated Sixth People’s Hospital and was in full accordance with the Declaration of Helsinki. All patients included in this study provided signed informed consent (NO. 2016-41).



Clinical and Pathological Data

All data was collected from patients record files. Baseline clinical data were collected at the time of biopsy, including age, gender, presence of hypertension, systolic pressure, diastolic pressure, course of diabetes, presence of DR, and use of RAAS inhibitors. Serum albumin, total cholesterol, triglycerides, serum calcium, serum phosphorus, hemoglobin were measured via an automated analyzer using standard methods. Glycosylated hemoglobin A1c was measured using the Variant II Hemoglobin Analyzer of Bio-Rad Company in the United States (High Performance Liquid Chromatography). 25(OH)D, serum creatinine, urinary creatinine, urinary albumin, serum uric acid and parathyroid hormone (PTH) were determined by electrochemiluminescence (Roche, Germany, COBAS e601). Urinary albumin creatinine ratio (UACR) is calculated from urine albumin and urine creatinine. eGFR was calculated according to the CKD-EPI formula of the American Chronic Kidney Disease Epidemiology Collaborative Working Group. All biopsy samples were independently reviewed by two different pathologists. The pathological classification of DN was based on the RPS proposed in 2010 (17).



Renal Biopsy and Follow-up

All patients enrolled in this study had undergone ultrasound-guided percutaneous renal puncture when they were in the hospital, and the biopsy indications were as follows (19, 20): 1) sudden onset of overt proteinuria; 2) the presence of glomerular hematuria; 3) a rapid decline in eGFR over a 3-month period; 4) no diabetic nephropathy; and 5) renal function decreasing rapidly with a short course of DM (<5 years). All biopsy specimens were cut into 3 μm sections, which were stained with Masson’s trichrome, periodic acid–Schiff and hematoxylin and eosin (H&E).

The average follow-up time was 38 months. Renal endpoint events were defined as a twofold increase in creatinine, ESRD (eGFR < 15ml/min/1.73 m2 or first onset of dialysis) and death.



Statistical Analysis

At present, there is no unified international grading standard for 25(OH)D levels. However, in the literatures that have been published, they put the cut-off value for mild 25(OH)D deficiency between 10-20ng/ml (14, 15, 21). Based on comprehensive literature reports, combined with measurement methods of our hospital, we defined 25(OH)D>20ng/ml as normal value and 10-20ng/ml as mild deficiency. In addition, the area under the receiver operating characteristic curve (AUC) was analyzed by using logistic regression to identify the relationship between 25(OH)D and renal endpoints, the cutoff value was 5ng/ml. Given that, the patients in this study were divided into 4 groups according to the level of 25(OH)D: normal group(<20ng/ml), mild group(10-20ng/ml), moderate group(5-10ng/ml) and severs group(<5ng/ml).

SPSS software (version 21.0; SPSS Inc., IL, USA) was used for analysis of all data. For continuous variables, those with a normal and skewed distribution are described using the mean and standard deviation (SD) and median and interquartile ranges (Q1-Q3), respectively. Categorical variables are presented as frequencies (percentages). Differences in means for quantitative variables were evaluated using ANOVA or the Kruskal-Wallis H test, as appropriate. Categorical variables were compared with the chi-squared test. Correlations of the 25(OH)D level with clinicopathological findings were analyzed by Spearman’s correlation analysis and Kendall’s tau-b analysis. Kaplan–Meier curves were used to analyze cumulative renal survival, with comparisons between groups being made by the log-rank test. Cox analysis was used to explore the relationships between 25(OH)D levels and renal outcomes. The 25(OH)D level was first calculated as a continuous variable with hazard ratios (HRs) that resulted from each SD increment, and the different 25(OH)D groups were used as categorical variables, with the normal group regarded as a reference. A P value<0.05 was considered indicative of a significant difference, and the Holm-Bonferroni method was applied to reduce the risk of a type 1 statistical error.




Results


Baseline Clinical Characteristics

A total of 161 type 2 DM patients with biopsy-proven DN were enrolled in this study. The mean age was 53.48 years old at the time of renal biopsy. The median duration of the diabetes course was 10 years, and the mean HbA1c was 7.87%. The mean eGFR was 68.97 ml/min/1.73 m2, the median serum creatinine was 107 µmol/l, the median UACR was 2.58 g/d, and the mean serum calcium was 2.22 mmol/l at baseline. Patients with lower 25(OH)D levels had higher serum creatinine, UACR, total cholesterol, and PTH levels as well as lower eGFR, hemoglobin, albumin, and calcium levels and were more prone to DR (shown in Table 1). The average follow-up time was 38 months, and a total of 42 patients progressed to renal endpoints during follow-up.


Table 1 | Baseline clinical characteristics in the groups stratified according to the 25-hydroxyvitamin D level.





Baseline Histological Characteristics

Regarding the pathological characteristics of DN, we found that the severe group had more serious pathological injury. Patients with lower 25(OH)D levels had more serious glomerular lesions (glomerular classification III-IV) and increased interstitial fibrosis and tubular atrophy (IFTA) scores (score 2-3). In the severe group, glomerular classification III-IV and IFTA score 2-3 account for the vast majority of patients with biopsy-proven DN. The pathological characteristics of patients with different serum 25(OH)D levels are presented in Table 2.


Table 2 | Baseline pathological characteristics of patients with diabetic nephropathy grouped by 25-hydroxyvitamin D level.





Correlation Between 25-Hydroxyvitamin D Level and Clinicopathological Factors

The correlations between 25(OH)D levels and clinicopathological factors of DN patients are shown in Table 3. The 25(OH)D level showed a significant positive correlation with the eGFR (p<0.001), calcium (p<0.001), and hemoglobin (p<0.001) as well as a slightly stronger positive correlation with albumin (p<0.001). In addition, the 25(OH)D level had a strong negative correlation with the UACR (p<0.001) and a weak inverse correlation with creatinine (p<0.001), uric acid (p=0.014), DR (p=0.001), glomerular class (p<0.001) and IFTA (p=0.001).


Table 3 | Correlation between 25-hydroxyvitamin D level and clinicopathological parameters in diabetic nephropathy.





25-Hydroxyvitamin D Level and Renal Outcomes

Survival curves of the renal endpoints are presented in Figure 2. The Kaplan–Meier survival analysis indicated that renal survival significantly deteriorated as the level of 25(OH)D decreased (log-rank test, P<0.001). Univariate Cox regression analysis showed that 25(OH)D could significantly impact the renal outcome in these patients with biopsy-proven DN [HR, per SD 25(OH)D 0.261, 95% CI 0.155-0.441, p<0.001]. As the 25(OH)D level decreased, the risk of renal endpoints (double creatinine, ESRD or first onset of dialysis and death) increased; the HRs were 2.921(0.359-23.798, p=0.317) for the mild group, 10.597 (1.383-81.179, p=0.023) for the moderate group, and 20.731 (2.760-155.704, p=0.003) for the severe group, compared to the normal group. In model 3, after adjusting for clinical variables, including age, sex, DR, RAAS, eGFR, UACR, hypertension, cholesterol, triglycerides, duration of DM and pathological characteristics, a lower 25(OH)D level remained a risk factor for renal outcomes. The HRs were 3.446 (95% CI 0.366-32.406, p=0.279) for the mild group, 8.009 (95% CI 0.791-81.102, p=0.078) for the moderate group, and 14.957(95%CI 1.364-163.995, P=0.027) for the severe group. These results are shown in Table 4 and indicate that the level of 25(OH)D was an independent protective factor for renal endpoints either in univariate analysis or multivariate analysis.




Figure 2 | Renal survival in DN patients with different 25-hydroxyvitamin D levels. Kaplan–Meier curves were used to analyze cumulative renal survival, with comparisons between groups being made by the log-rank test.




Table 4 | Association between 25-hydroxyvitamin D and renal outcomes.






Discussion

In this study, we assessed the relationship of the 25(OH)D level with the clinical characteristics and renal survival of 161 type 2 DM patients with biopsy-proven DN. Our study showed that the 25(OH)D level had a significant positive correlation with eGFR, albumin, and calcium and a negative correlation with the UACR, creatinine, uric acid, PTH, etc. The results also demonstrated that DN patients with lower levels of 25(OH)D were more prone to progress to renal endpoints, which was independent of age, sex, course of diabetes, DR, creatinine, UACR, eGFR and pathological damage. Clinicians often pay more attention to the impact of proteinuria and renal function on DN but ignore some other indicators. Recently, studies have shown that 25(OH)D deficiency is a prominent feature in patients with CKD and even proved the protective role of 25(OH)D in patients with DN (22, 23). Xiao X et al. found that 25(OH)D was significantly positively correlated with eGFR and negatively correlated with the UACR (24). A double-blind, randomized, placebo-controlled trial of 155 DN patients demonstrated that 25(OH)D can reduce proteinuria and serum creatinine by inhibiting the RAAS (25). In agreement with all these studies, we suggested that patients with severe 25(OH)D deficiency should be followed up carefully and given active treatment.

Our study is the first to explore the relationship between renal pathological classification and 25(OH)D levels in patients with biopsy-proven DN. We found that the 25(OH)D level had a significant correlation with pathological features. The lower the 25(OH)D level is, the more serious the glomeruli damage is, exhibiting corresponding degrees of mesangial expansion, Kimmelstiel-Wilson (K-W) nodules and glomerular sclerosis. The IFTA score, which reflects the extent of tubulointerstitial injury, increased as the level of 25(OH)D decreased. These results all suggest that the level of 25(OH)D has a close association with the severity of renal pathological damage. The diagnosis of DN is traditionally dependent on clinical manifestations rather than renal pathology. Considering that NDRD is common in diabetes with renal biopsy (26–28), the results of these studies might be less convincing. Therefore, the finding in our study from biopsy-proven DN patients could be more reliable.

In consist with previous studies, we confirmed that 25(OH)D is associated with the serum level of calcium (29) and PTH (30). Low level of 25(OH)D is usually related to the clinical symptoms of vitamin D deficiency (31). In addition to the regulation of bone metabolism, calcium and phosphorus metabolism, the effects of 25(OH)D on the cell cycle, immune regulation, maintenance of neuromuscular function and inhibition of the production of inflammatory factors have attracted increasing attention in recent years (6, 8, 32). A lower level of 25(OH)D might be caused by ineffective synthesis in skin upon exposure to ultraviolet B radiation and reduced nutritional intake (33). The deregulation of Fibroblast growth factor 23 (FGF23), an essential regulator to maintain phosphate and calcium homeostasis (34), could be another important reason to suppress the conversion of inactive 25(OH)D into active 1,25(OH)2D in diabetic patients (35). In our study, we also demonstrated that low level of 25(OH)D is an important risk factor for massive proteinuria and renal function decline. The level of 25(OH)D was correlated with renal function, UACR and glomerular pathological classification, which may provide some explanation for the association between 25(OH)D deficiency and renal outcome in DN patients. In addition, we also found that 25(OH)D levels were negatively correlated with the severity of DR in DN patients, which is consistent with other clinical studies (36, 37). The mechanism is probably due to the expression of the vitamin D receptor in the human retina (38). Thus, early detection of the 25(OH)D level is also very important for the prevention of DR.

How 25(OH)D exerts a protective role in diabetic kidney disease is still unclear. Studies have shown that 25(OH)D can ameliorate glomerular and tubular injury in murine models of kidney diseases. For example, 25(OH)D attenuated podocyte loss and apoptosis and reduced glomerular fibrosis in diabetic mice (39). In the CKD model of 5/6 nephrectomy rats, the vitamin D analog paricacitol could reduce proteinuria and protect glomeruli and tubules from injury by inhibiting the activation of RAAS in the kidney (40). In experimental models, the use of vitamin D analogs to block RAAS activation exerts a therapeutic effect by enhancing the action of RAAS blockers (41). Lower 25(OH)D levels are particularly pernicious in the setting of RAAS activation and hyperfiltration in diabetic mice (42). Nakai et al. (43) showed that the vitamin D analog masalone can reduce the oxidative stress response through the Nrf2-Keap1 pathway to delay the progression of DN in diabetic rats. In another clinical study of a group of DN patients, the expression of IL-17, IL-6, IL-1 and TNF-α was found to be significantly decreased by adding paricalcitol, suggesting the immune regulation and anti-inflammatory effect of 25(OH)D (44). All these findings demonstrated that 25(OH)D can ameliorate glomerular and tubular injury and that improving the level of 25(OH)D is beneficial to the treatment of DN. However, the underlying mechanism of renal protection of 25(OH)D needs to be further clarified.

There are still some limitations of this study. Firstly, this is a retrospective study with the inevitable bias of choice. Secondly, the sample size of DN patients was relatively small. Multicenter and prospective studies can further explore the relationship between 25(OH)D and DN prognosis, and sample validation from other research centers is required. Finally, some potential confounders, such as outdoor exercise, sunshine exposure, nutritional status, smoking status, and season of 25(OH)D measurement, were not included in the analysis.



Conclusions

In conclusion, our study is the first to explore the association of 25(OH)D levels and renal pathological findings in patients with biopsy-proven DN. We found that a 25(OH)D level less than 5 ng/ml was correlated with worse renal function, more severe glomerular and tubular pathological injury scores and poorer renal prognosis in patients with biopsy-proven DN. These new findings will provide potential management strategies that may improve renal outcomes in DN patients. Further clinical studies are needed to assess whether additional supplementation with 25(OH)D could improve renal survival in these patients.
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IFTA, interstitial fibrosis and tubular atrophy. P<0.05 was considered statistically significant. Categorical variables are presented as frequencies (percentages), which were compared with
the chi-squared test.
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Cox analysis was used to explore the relationships between 25(0OH)D levels and renal outcomes. 25(0H)D was analyzed as a continuous variable with hazard ratios (HRs) calculated per SD
increment. SD: standard deviation.

*Model 1 adjusted for age, sex, DR, hypertension, cholesterol, triglycerides, duration of DM and use of RAAS;

“Model 2 adjusted for covariates in model 1 plus eGFR, UACR;

°Model 3 adjusted for covariates in model 2 plus renal pathological findings (the glomerular class, IFTA, interstitial inflammation scores, arteriolar hyalinosis).
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eGFR, estimated glomerular filtration rate; UACR, urinary microalbumin creatinine ratio;
IFTA, interstitial fibrosis and tubular atrophy. P<0.05 was considered statistically
significant. Correlations of the 25(OH)D level with clinicopathological findings were
analyzed by Spearman’s correlation analysis and Kendall’s tau-b analysis.
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RAAS, renin angiotensin aldosterone system; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio. P<0.05 was considered
statistically significant. 1 P<0.05 versus the normal group. ¥ P<0.05 versus the mild group. # P<0.05 versus the moderate group. For continuous variables, those with a normal and skewed
distribution are described using the mean and standard deviation (SD) and median and interquartile ranges (Q1-Q3), respectively. Categorical variables are presented as frequencies
(percentages). Differences in means for quantitative variables were evaluated using ANOVA or the Kruskal-Wallis H test, as appropriate. Categorical variables were compared with the chi-

squared test.





