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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-kB) 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.
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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.

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).
May 2022 | Volume 13 | Article 871571
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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 mm 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).
Frontiers in Endocrinology | www.frontiersin.org 3
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
FIGURE 1 | Study participant flowchart. eGFR, estimated glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D.
May 2022 | Volume 13 | Article 871571
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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.

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.

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
Frontiers in Endocrinology | www.frontiersin.org 4
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).

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

Variables Normal group
>20ng/ml (n = 25)

Mild group
10-20ng/ml (n = 49)

Moderate group
5-10ng/ml (n = 49)

Severe group
<5ng/ml (n = 38)

P value

Demographic features
Age (year) 52.64 ± 9.21 56.94 ± 8.57 54.16 ± 9.94 50.19 ± 10.35 0.013
Men (%) 21 (84.0%) 32 (65.3%) 37 (75.5%) 25 (65.8%) 0.281
Course of diabetes (year) 8.00 (3.00-12.00) 10.00 (7.00-15.50) 10.00 (5.00-18.50) 10.00 (5.00-12.5) 0.287
Systolic pressure (mmHg) 133.20 ± 20.83 137.24 ± 19.94 144.20 ± 21.81 144.21 ± 19.51 0.070
Diastolic pressure (mmHg) 83.12 ± 10.84 80.51 ± 9.92 80.94 ± 11.74 83.68 ± 9.55 0.451
Hypertension (%) 10 (40.0%) 22 (44.9%) 28 (57.1%) 26 (68.4%) 0.074
Diabetic retinopathy (%) 5 (20.0%) 26 (53.1%)† 28 (57.1%)† 35 (92.1%) †‡# <0.001
Use of RAAS (%) 20 (80.0%) 38 (77.6%) 43 (89.6%) 28 (73.7%) 0.238

Biochemical findings
HbA1c (%) 7.45 ± 1.56 7.95 ± 1.52 7.84 ± 1.57 8.26 ± 2.01 0.317
Serum creatinine (umol/L) 82.00 (64.50-133.00) 87.00 (62.00-106.50) 121.00 (91.00-162.00)‡ 126.50 (108.25-197.25)†‡ <0.001
Serum uric acid (umol/L) 357.56 ± 81.58 352.06 ± 82.19 409.35 ± 79.57†‡ 395.66 ± 67.89 0.001
Serum urea nitrogen (mmol/L) 6.70 (5.60-8.25) 6.55 (5.02-7.90) 7.30 (5.92-11.10) 9.00(6.87-11.92)†‡ <0.001
eGFR (ml/min/1.73m2) 79.08 ± 38.25 83.39 ± 34.14 61.07 ± 32.56‡ 52.34 ± 25.80†‡ <0.001
UACR (g/g) 0.29 (0.16-0.57) 1.12 (0.40-1.52) 2.59 (1.14-4.34) †‡ 5.61 (4.20-7.70)†‡# <0.001
Hemoglobin (g/L) 137.08 ± 22.29 127.27 ± 19.58 118.35 ± 28.19† 109.95 ± 16.93†‡ <0.001
Serum albumin (g/L) 43.60 ± 3.89 40.78 ± 6.53 37.08 ± 5.85†‡ 31.34 ± 4.43†‡# <0.001
Total cholesterol (mmol/L) 4.79 ± 0.91 4.82 ± 1.34 5.43 ± 1.66 6.26 ± 1.48†‡# <0.001
Triglycerides (mmol/L) 2.06 (1.40-2.95) 1.68 (1.10-2.57) 1.99 (1.41-2.66) 1.88(1.35-3.33) 0.307
Serum calcium (mmol/L) 2.34 ± 0.12 2.26 ± 0.15 2.17 ± 0.12†‡ 2.10 ± 0.14†‡ <0.001
Serum phosphorus (mmol/L) 1.14 ± 0.19 1.16 ± 0.26 1.17 ± 0.18 1.17 ± 0.26‡ 0.920
Parathyroid hormone (pg/mL) 31.75 (24.50-43.93) 32.16 (25.11-44.70) 50.04 (33.17-69.87)†‡ 45.78 (28.13-76.15)‡ <0.001
May 2022 | Volume 13 | Article
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. † 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.
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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
Frontiers in Endocrinology | www.frontiersin.org 5
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).
TABLE 2 | Baseline pathological characteristics of patients with diabetic nephropathy grouped by 25-hydroxyvitamin D level.

Variables Normal group >20ng/ml
(n=25)

Mild group 10-20ng/ml
(n=49)

Moderate group 5-10ng/ml
(n=49)

Severe group <5ng/ml
(n=38)

P
value

Glomerular
classification

0.020

I-IIa 16 (64.0%) 21 (42.9%) 13 (26.5%) 8 (21.1%)
IIb 1 (4.0%) 1 (2.0%) 6 (12.2%) 1 (2.6%)
III 5 (20.0%) 23 (46.9%) 23 (46.9%) 23 (60.5%)
IV 3 (12.0%) 4 (8.2%) 7 (14.3%) 6 (15.8%)
IFTA 0.018
0-1 19 (76.0%) 24 (48.9%) 18 (36.7%) 12 (31.6%)
2 5 (20.0%) 17 (34.7%) 26 (53.1%) 17 (44.7%)
3 1 (4.0%) 8 (16.3%) 5 (10.2%) 9 (23.7%)
Interstitial inflammation 0.485
0-1 17 (68.0%) 36 (73.5%) 35 (71.4%) 21 (55.3%)
2 8 (32.0%) 13 (26.5%) 14 (28.6%) 17 (44.7%)
Arteriolar hyalinosis 0.764
0 3 (12.0%) 10 (20.4%) 7 (14.3%) 5 (13.2%)
1 8 (32.0%) 10 (20.4%) 14 (28.6%) 7 (18.4%)
2 14 (56.0%) 29 (59.2%) 28 (57.1%) 26 (68.4%)
Arteriosclerosis 0.367
0 7 (28.0%) 11 (22.4%) 8 (16.3%) 8 (21.1%)
1 9 (36.0%) 24 (49.0%) 32 (65.3%) 19 (50.0%)
2 9 (36.0%) 14 (28.6%) 9 (18.4%) 11 (28.9%)
M
ay 2022 | Volume 13 | Article
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.
TABLE 3 | Correlation between 25-hydroxyvitamin D level and
clinicopathological parameters in diabetic nephropathy.

Variables Correlation coefficient
(r)

P value

25-
hydroxyvitamin D

Clinical findings
eGFR 0.380 <0.001
UACR -0.762 <0.001
Creatinine -0.424 <0.001
Uric acid -0.194 0.014
Albumin 0.655 <0.001
Hemoglobin 0.402 <0.001
Calcium 0.522 <0.001
Diabetic retinopathy -0.359 0.001
Total cholesterol -0.403 <0.001
Parathyroid
hormone

-0.327 <0.001

urea nitrogen -0.340 <0.001
Pathological
features
Glomerular class -0.217 <0.001
IFTA -0.208 0.001
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.
871571
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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
Frontiers in Endocrinology | www.frontiersin.org 6
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.
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.

Hazard ratios (95% confidence interval) & p value

25(OHD), median (IQR)(g/L) Unadjusted Model 1a Model 2b Model 3c

Per 1 SD 25(OHD) 9.12 (5.13,15.21) 0.261 (0.155,0.441) 0.301 (0.163,0.554) 0.398 (0.208,0.761) 0.369 ( 0.184,0.741)
P<0.001 P<0.001 P = 0.005 P = 0.005

Normal group(>20ng/ml) 24.01 (21.17,26.80) Reference Reference Reference Reference
Mild group(10-20ng/ml) 13.60 (11.81,16.28) 2.921 (0.359,23.798) 3.432 (0.394,29.919) 4.012 (0.453,35.515) 3.446 (0.366,32.406)

P = 0.317 P = 0.264 P = 0.212 P = 0.279
Moderate group(5-10ng/ml) 7.75 (6.15,8.85) 10.597 (1.383,81.179) 9.092 (1.120,73.834) 8.482 (0.925,77.796) 8.009 (0.791,81.102)

P = 0.023 P = 0.039 P = 0.059 P = 0.078
Severe group(≤5ng/ml) 3.24 (2.00,3.93) 20.731(2.760,155.704) 18.451 (2.181,156.091) 14.208 (1.456,138.664) 14.957 (1.364,163.995)

P = 0.003 P = 0.007 P = 0.022 P = 0.027
May 2022 | Volu
Cox analysis was used to explore the relationships between 25(OH)D levels and renal outcomes. 25(OH)D was analyzed as a continuous variable with hazard ratios (HRs) calculated per SD
increment. SD: standard deviation.
aModel 1 adjusted for age, sex, DR, hypertension, cholesterol, triglycerides, duration of DM and use of RAAS;
bModel 2 adjusted for covariates in model 1 plus eGFR、UACR;
cModel 3 adjusted for covariates in model 2 plus renal pathological findings (the glomerular class, IFTA, interstitial inflammation scores, arteriolar hyalinosis).
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(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-a 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.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Endocrinology | www.frontiersin.org 7
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital. The patients/
participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

In the study, YF, QJ, and NW designed the research project. TZ,
LS, ZL, QJ, JJ, and HX performed the study, collected the clinical
data and worked on the follow-up of patients. TZ and LS
analyzed the data. TZ and LS drafted the manuscript. YF and
QJ revised and approved the final version of the manuscript.
FUNDING

This study was supported by National Nature Science
Foundation of China (82170727, 81870504, and 81870468), the
Shanghai Jiao Tong University Gaofeng Talent Training Plan
and a clinical project (20192833), Open Project of Shanghai Key
Laboratory of Sleep Disordered Breathing (SHKSDB-KF-19-04),
Three-year Project of Shanghai TCM Development (ZT(2018-
2020)-FWTX-2003), Star Program of Shanghai Jiao Tong
University (20190102), Open project of National Science and
Technology Infrastructure of translational medicine (Shanghai,
TMSK-2021-109)
ACKNOWLEDGMENTS

The authors thank the patients for participation in our study and
the staff of the department of nephrology at Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital for assistance. All
patients included in this study agreed and signatured informed
consent (NO. 2016-41).
REFERENCES

1. Huang Y, Karuranga S, Malanda B, Williams DRR. Call for Data Contribution
to the IDF Diabetes Atlas 9th Edition 2019. Diabetes Res Clin Pract (2018)
140:351–2. doi: 10.1016/j.diabres.2018.05.033

2. 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

3. Saran R, Robinson B, Abbott KC, Agodoa LY, Albertus P, Ayanian J, et al. US
Renal Data System 2016 Annual Data Report: Epidemiology of Kidney
Disease in the United States. Am J Kidney Dis (2017) 69(3 Suppl 1):A7–a8.
doi: 10.1053/j.ajkd.2016.12.004

4. Zhang L, Long J, Jiang W, Shi Y, He X, Zhou Z, et al. Trends in Chronic
Kidney Disease in China. N Engl J Med (2016) 375(9):905–6. doi: 10.1056/
NEJMc1602469
5. Gregg EW, Li Y, Wang J, Burrows NR, Ali MK, Rolka D, et al. Changes in
Diabetes-Related Complications in the United States, 1990-2010. N Engl J
Med (2014) 370(16):1514–23. doi: 10.1056/NEJMoa1310799

6. Guan X, Yang H, Zhang W, Wang H, Liao L. Vitamin D Receptor and Its
Protective Role in Diabetic Nephropathy. Chin Med J (Engl) (2014) 127
(2):365–9. doi: 10.3760/cma.j.issn.0366-6999.20131859

7. Ucak S, Sevim E, Ersoy D, Sivritepe R, Basat O, Atay S. Evaluation of the
Relationship Between Microalbuminuria and 25-(OH) Vitamin D Levels in
Patients With Type 2 Diabetes Mellitus. Aging Male (2019) 22(2):116–20.
doi: 10.1080/13685538.2018.1479385

8. Dadrass A, Mohamadzadeh Salamat K, Hamidi K, Azizbeigi K. Anti-
Inflammatory Effects of Vitamin D and Resistance Training in Men With
Type 2 Diabetes Mellitus and Vitamin D Deficiency: A Randomized, Double-
Blinded, Placebo-Controlled Clinical Trial. J Diabetes Metab Disord (2019) 18
(2):323–31. doi: 10.1007/s40200-019-00416-z
May 2022 | Volume 13 | Article 871571

https://doi.org/10.1016/j.diabres.2018.05.033
https://doi.org/10.1001/jama.2016.10924
https://doi.org/10.1053/j.ajkd.2016.12.004
https://doi.org/10.1056/NEJMc1602469
https://doi.org/10.1056/NEJMc1602469
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.3760/cma.j.issn.0366-6999.20131859
https://doi.org/10.1080/13685538.2018.1479385
https://doi.org/10.1007/s40200-019-00416-z
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Zhou et al. 25(OH)D Predicts Prognosis of DN
9. Hu X, Liu W, Yan Y, Liu H, Huang Q, Xiao Y, et al. Vitamin D Protects Against
Diabetic Nephropathy: Evidence-Based Effectiveness and Mechanism. Eur J
Pharmacol (2019) 845:91–8. doi: 10.1016/j.ejphar.2018.09.037

10. Mehrotra R, Kermah DA, Salusky IB, Wolf MS, Thadhani RI, Chiu YW, et al.
Chronic Kidney Disease, Hypovitaminosis D, and Mortality in the United
States. Kidney Int (2009) 76(9):977–83. doi: 10.1038/ki.2009.288

11. Drechsler C, Verduijn M, Pilz S, Dekker FW, Krediet RT, Ritz E, et al. Vitamin
D Status and Clinical Outcomes in Incident Dialysis Patients: Results From
the NECOSAD Study. Nephrol Dial Transplant (2011) 26(3):1024–32.
doi: 10.1093/ndt/gfq606

12. Melamed ML, Thadhani RI. Vitamin D Therapy in Chronic Kidney Disease
and End Stage Renal Disease. Clin J Am Soc Nephrol (2012) 7(2):358–65.
doi: 10.2215/cjn.04040411

13. de Boer IH, Katz R, Chonchol M, Ix JH, Sarnak MJ, Shlipak MG, et al. Serum
25-Hydroxyvitamin D and Change in Estimated Glomerular Filtration Rate.
Clin J Am Soc Nephrol (2011) 6(9):2141–9. doi: 10.2215/cjn.02640311

14. Melamed ML, Chonchol M, Gutiérrez OM, Kalantar-Zadeh K, Kendrick J,
Norris K, et al. The Role of Vitamin D in CKD Stages 3 to 4: Report of a
Scientific Workshop Sponsored by the National Kidney Foundation. Am J
Kidney Dis (2018) 72(6):834–45. doi: 10.1053/j.ajkd.2018.06.031

15. Sai AJ, Walters RW, Fang X, Gallagher JC. Relationship Between Vitamin D,
Parathyroid Hormone, and Bone Health. J Clin Endocrinol Metab (2011) 96
(3):E436-446. doi: 10.1210/jc.2010-1886

16. Giugliano D, Maiorino MI, Bellastella G, Esposito K. Comment on
American Diabetes Association. Approaches to Glycemic Treatment.
Sec. 7. In Standards of Medical Care in Diabetes-2016Diabetes Care
2016;39(Suppl. 1):S52-S59. Diabetes Care (2016) 39(6):e86-87.
doi: 10.2337/dc15-2829

17. 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

18. Tan GS, Gan A, Sabanayagam C, Tham YC, Neelam K, Mitchell P, et al.
Ethnic Differences in the Prevalence and Risk Factors of Diabetic Retinopathy:
The Singapore Epidemiology of Eye Diseases Study. Ophthalmology (2018)
125(4):529–36. doi: 10.1016/j.ophtha.2017.10.026

19. Wang Y, Zhou T, Zhang Q, Fei Y, Li Z, Li S, et al. Poor Renal and Cardiovascular
Outcomes in Patients With Biopsy-Proven Diabetic Nephropathy. Kidney Blood
Press Res (2020) 45(3):378–90. doi: 10.1159/000505919

20. An Y, Xu F, LeW, Ge Y, Zhou M, Chen H, et al. Renal Histologic Changes and
the Outcome in Patients With Diabetic Nephropathy. Nephrol Dial
Transplant (2015) 30(2):257–66. doi: 10.1093/ndt/gfu250

21. Kendrick J, Cheung AK, Kaufman JS, Greene T, Roberts WL, Smits G, et al.
Associations of Plasma 25-Hydroxyvitamin D and 1,25-Dihydroxyvitamin D
Concentrations With Death and Progression to Maintenance Dialysis in
Patients With Advanced Kidney Disease. Am J Kidney Dis (2012) 60
(4):567–75. doi: 10.1053/j.ajkd.2012.04.014

22. Ravani P, Malberti F, Tripepi G, Pecchini P, Cutrupi S, Pizzini P, et al.
Vitamin D Levels and Patient Outcome in Chronic Kidney Disease. Kidney Int
(2009) 75(1):88–95. doi: 10.1038/ki.2008.501

23. Agarwal R, Vitamin D. Proteinuria, Diabetic Nephropathy, and Progression of
CKD. Clin J Am Soc Nephrol (2009) 4(9):1523–8. doi: 10.2215/cjn.02010309

24. Xiao X, Wang Y, Hou Y, Han F, Ren J, Hu Z. Vitamin D Deficiency and
Related Risk Factors in Patients With Diabetic Nephropathy. J Int Med Res
(2016) 44(3):673–84. doi: 10.1177/0300060515593765

25. Liyanage P, Lekamwasam S, Weerarathna TP, Liyanage C. Effect of Vitamin D
Therapy on Urinary Albumin Excretion, Renal Functions, and Plasma Renin
Among Patients With Diabetic Nephropathy: A Randomized, Double-Blind
Clinical Trial. J Postgrad Med (2018) 64(1):10–5. doi: 10.4103/
jpgm.JPGM_598_16

26. Li L, Zhang X, Li Z, Zhang R, Guo R, Yin Q, et al. Renal Pathological Implications
in Type 2DiabetesMellitus PatientsWith Renal Involvement. J Diabetes Complicat
(2017) 31(1):114–21. doi: 10.1016/j.jdiacomp.2016.10.024

27. Fiorentino M, Bolignano D, Tesar V, Pisano A, Biesen WV, Tripepi G, et al.
Renal Biopsy in Patients With Diabetes: A Pooled Meta-Analysis of 48 Studies.
Nephrol Dial Transplant (2017) 32(1):97–110. doi: 10.1093/ndt/gfw070

28. Oh SW, Kim S, Na KY, Chae DW, Kim S, Jin DC, et al. Clinical Implications
of Pathologic Diagnosis and Classification for Diabetic Nephropathy. Diabetes
Res Clin Pract (2012) 97(3):418–24. doi: 10.1016/j.diabres.2012.03.016
Frontiers in Endocrinology | www.frontiersin.org 8
29. Inan HC, Mertoğlu C, Erdur ZB. Investigation of Serum Calcium and 25-
Hydroxy Vitamin D Levels in Benign Paroxysmal Positional Vertigo Patients.
Ear Nose Throat J (2021) 100(9):643–6. doi: 10.1177/0145561321989451

30. Koyama S, Kubota T, Naganuma J, Arisaka O, Ozono K, Yoshihara S.
Incidence Rate of Vitamin D Deficiency and FGF23 Levels in 12- to 13-
Year-Old Adolescents in Japan. J Bone Miner Metab (2021) 39(3):456–62.
doi: 10.1007/s00774-020-01173-3
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