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Abstract

Background: Impaired vitamin D metabolism may contribute to the development and
progression of chronic kidney disease. The purpose of this study was to determine associations of
circulating vitamin D with the degree of proteinuria and estimated glomerular filtration rate
(eGFR) in patients with biopsy-proven glomerular diseases.

Methods: Clinical and biochemical data including blood samples for 25-hydroxyvitamin D
(25(OH)D) and 1,25-dihydroxyvitamin D (1,25(OH),D) levels were collected from patients at the
time of kidney biopsy.

Results: Serum 25(OH)D levels were not different according to eGFR. However, renal function
was significantly decreased with lower serum 1,25(OH);D levels (P < 0.001). The proportions of
nephrotic-range proteinuria and renal dysfunction (eGFR < 60 mL/min/1.73 m? progressively
increased with declining 1,25(OH),D but not 25(OH)D. Multivariable linear regression analysis
showed that 25(OH)D was significantly correlated with serum albumin and total cholesterol (8 =
0.224, P = 0.006; B = -0.263, P = 0.001) and 1,25(OH),D was significantly correlated with eGFR,
serum albumin and phosphorus (3 = 0.202, P = 0.005; 3 = 0.304, P < 0.001; 3 = -0.161, P = 0.024).
In adjusted multivariable linear regression, eGFR and 24hr proteinuria were independently
correlated only with 1,25(OH),D (8 = 0.154, P = 0.018; 3 =-0.171, P = 0.012), but not 25(OH)D.
The lower level of 1,25(OH),D was associated with the frequent use of immunosuppressive agents
(P <0.001).

Conclusion: It is noteworthy in these results that circulating 1,25(OH);D may be superior to
25(OH)D as a marker of severity of glomerular diseases.
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Introduction

Vitamin D has been recognized for decades as a  la-hydroxylase is predominately, although not

key player in the control of bone metabolism through
regulating calcium and phosphate homeostasis [1].
Vitamin D is hydroxylated to 25-hydroxyvitamin D
(25(OH)D) in the liver and converted into its active
form, 1,25-dihydroxyvitamin D (1,25(OH).D), by the
enzyme la-hydroxylase [2]. The fact that

exclusively, found in renal tubular epithelial cells has
suggested renal involvement in the process of vitamin
D metabolism [3]. Indeed, the kidney plays a central
role in vitamin D metabolism and in regulating its
circulating levels, and thus any form or severity of
renal disease may affect vitamin D metabolism
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through reduced la-hydroxylase activity, subsequent
loss of renal capacity to generate 1,25(OH).D and
resultant decreases in serum 1,25(OH).D, tissue
vitamin D receptor (VDR) content and their actions
[3-5]. On the contrary, given that a number of
experimental studies suggest that vitamin D axis has a
renoprotective role [6-8], prosurvival vitamin D
activity such as inhibiting the renin-angiotensin
system (RAS), attenuating interstitial inflammation
and reducing proteinuria help to maintain kidney
health [3]. Thus, impaired vitamin D metabolism may
contribute to the development and progression of
kidney disease.

It is known that vitamin D-deficient individuals
with normal renal function have low serum 25(OH)D
levels in spite of normal glomerular filtration rates
(GFRs) [3]. These low serum 25(OH)D levels result in
marked reduction of the levels of 25(OH)D filtered
and available for uptake by proximal kidney tubular
cells, thereby compromising the activation of
25(CH)D to 1,25(0OH).D and the VDR induction of
renal megalin for urinary protein reabsorption [2, 3].
These findings may lay the foundation for pursuing
serum vitamin D levels as potential markers of renal
injury. Currently, both serum 25(OH)D and
1,25(0OH)2D can be measured to evaluate vitamin D
status. Because the 25-hydroxylation of vitamin D is
mainly substrate dependent and 25(OH)D has a
longer half-life than 1,25(OH).D, circulating levels of
25(OH)D are used to determine vitamin D status and
the biological effects of vitamin D in clinical practice
[9]. Some epidemiological studies have placed
emphasis on monitoring serum 25(OH)D levels,
because serum 25(OH)D has been thought to correlate
well with clinical parameters including bone mineral
density and immune system function [2]. However,
some data have shown no definite association
between serum 25(OH)D and kidney function after
adjustment for confounders [10, 11]. Rather, the level
of 1,25(0OH):D has been reported to decline even in the
early stage of chronic kidney disease (CKD), and this
finding indicates that serum 1,25(OH).D levels are
closely associated with renal dysfunction [11].

The purpose of the present study was to
investigate the relationships between circulating
vitamin D levels and severity of glomerular diseases
confirmed by kidney biopsy. Until now, few studies
have been conducted to determine the usefulness of
serum vitamin D levels as a renal injury indicator in
patients with pathologically confirmed renal diseases.
We compared levels of 25(OH)D and 1,25(OH).D to
determine which better reflected renal function
parameters such as proteinuria and GFRs in patients
with non-diabetic glomerular diseases.

Materials and Methods

Study design

A total of 199 adult patients underwent
percutaneous native renal biopsies at The Catholic
University of Korea Yeouido St. Mary’s Hospital
during the period from September 2011 to February
2015. The indications for kidney biopsy were isolated
hematuria, proteinuria or renal dysfunction of
unexplained cause. Percutaneous kidney biopsy was
done by nephrologists under ultrasonographic
guidance wusing an automated biopsy gun as
previously described [12]. All subjects gave written
informed consent before we obtained their kidney
samples. Final histopathologic diagnosis on each
sample was made comprehensively based on all the
clinical data and pathologic findings. Cases showing
diabetic nephropathy and tubular or interstitial
diseases  including acute tubular necrosis,
tubulointerstitial nephritis and cast nephropathy were
excluded in this study. Patients were divided into
three groups according to their serum 25(OH)D and
1,25(OH).D levels. This study was approved by the
Institutional Review Board of The Catholic University
of Korea Yeouido St. Mary’s Hospital (SC16RISI0003)
and performed in accordance with the principles of
the Helsinki Declaration.

Data collection

Baseline demographic and clinical data at
enrolment included age, sex, body mass index (BMI),
presence of diabetes mellitus and hypertension, and
medication history before and after kidney biopsy,
including and RAS blockers and immunosuppressive
agents such as steroids, cyclosporine and
cyclophosphamide. In order to adjust for seasonal
variation in vitamin D levels, we classified time points
into four seasons as follows: spring (March to May);
summer (June to August); autumn (September to
November); and winter (December to February). We
determined the serum levels of 25(0OH)D, 1,25(0OH).D,
creatinine, albumin, sodium, potassium, corrected
calcium, phosphorus, magnesium, intact parathyroid
hormone (iPTH) and total cholesterol from blood
samples. We calculated estimated GFR (eGFR) using
the Modification of Diet in Renal Disease equations
[13]. We corrected the measured serum calcium for
albumin according to the following formula: serum
corrected calcium = calcium+ 0.8x (4-albumin) (if
albumin < 4.0 g/dL) [14]. For fractional excretion (FE)
of sodium, calcium, uric acid, phosphorus and
magnesium, we applied the following formula [15]:
FE a = [urine a (mEq/L) x serum creatinine (mg/dL)
/ serum a (mEq/L) x urine creatinine (mg/dL)] x 100
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(a: sodium, calcium, uric acid, phosphorus or  glomerulonephritis  (23.7%), focal segmental
magnesium). glomerulosclerosis (13.8%), minimal change disease
Statistical lysi (6.3%), membranous nephropathy (4.0%),

tatistical analysis membranoproliferative glomerulonephritis (2.9%),

Data for continuous variables with normal
distributions are expressed as mean * standard
deviation, and those without normal distributions are
presented as the median and interquartile range. For
multiple comparisons of the three groups, we used
ANOVAs followed by post hoc correction for the
continuous variables and used the x? test to compare
the differences in categorical variables. Variables that
were not normally distributed were log-transformed
to achieve normality. We conducted univariable and
stepwise multivariable linear regression analyses for
independent variables adjusted for age, sex, and
seasonal variation versus 25(OH)D and 1,25(0OH).D
for dependent variables. We also conducted stepwise
multiple linear regression analyses for independent
variables versus 24hr proteinuria and eGFR for
dependent variables and entered variables with P <
0.1 on univariable analyses into the multivariable
regression models. We considered P < 0.05 to be
statistically significant.

Results

Baseline characteristics

The present study included a total of 173 patients
with non-diabetic glomerular diseases for the
analysis. The pathologic kidney biopsy diagnoses
were IgA nephropathy (41.0%) followed by
nonspecific mesangial proliferative
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lupus nephritis (1.7%), Henoch-Schonlein purpura
nephritis (1.7%), and others (4.9%). The mean serum
25(CH)D and 1,25(0OH);D were 13.7 + 5.8 ng/mL
(Range: 3.7-39.5 ng/mL) and 29.1 + 10.0 pg/mL
(Range: 9.3-759 pg/mlL), respectively. Serum
25(0OH)D was significantly correlated with serum
1,25(OH)2D by partial correlation coefficient adjusted
by age (r = 0.179; P = 0.02). Fig. 1 shows the seasonal
variations in 25(OH)D and 1,25(OH):D in the study
population. Levels of 25(OH)D were significantly
lower in winter (P < 0.001), whereas 1,25(0OH),D did
not differ by season.

The Dbaseline characteristics of the study
population segregated by baseline 25(OH)D and
1,25(0OH);D levels are shown in Table 1. There were
no significant differences among age, sex, BMI, the
presence of diabetes mellitus and hypertension,
serum potassium, serum phosphorus, corrected
calcium, serum magnesium and iPTH levels in
analyses with tertiles of both 25(OH)D and
1,25(0OH):D. Individuals with higher 25(OH)D had on
average higher serum albumin and sodium but lower
total cholesterol and 24hr proteinuria than did those
with lower 25(OH)D concentrations. On average,
patients with higher 1,25(OH);D had higher serum
albumin and eGFR but lower total cholesterol and
24hr proteinuria.
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Figure 1. Seasonal variations in 25(OH)D and 1,25(OH).D status in non-diabetic glomerular diseases. (A) Seasonal variation in 25(OH)D. *P < 0.001 vs. other

seasons. (B) Seasonal variation in 1,25(OH).D.
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Table 1. Baseline characteristics according to 25(OH)D and 1,25(OH)2D tertiles in glomerular diseases

25(0OH)D 1,25(OH).D

1st Tertile 2nd Tertile 3rd Tertile P 1st Tertile 2nd Tertile 3rd Tertile P

(T1,n=158) (T2, n=58) (T3, n=57) (T1,n=58) (T2, n =58) (T3, n =57)
Age (yr) 44 +18 45+16 45+17 0.983 45+18 47 +£17 42+15 0.242
Sex (male, %) 28(48.3) 29(50.0) 37(64.9) 0.145 30(51.7) 32(55.2) 32(56.1) 0.882
DM (%) 8 (13.8) 4 (6.9) 6 (10.5) 0.477 6 (10.3) 9 (15.5) 3(5.3) 0.198
HTN (%) 15 (25.9) 21 (36.2) 19 (33.3) 0.467 17 (29.3) 24 (41.4) 14 (24.6) 0.136
BMI (kg/m?2) 23.8+3.9 242+37 235+38 0.641 243+44 243+34 229+3.6 0.083
Serum Creatinine (mg/dL) 1.6+26 1.1+04 1.2+1.0 0.244 1.7+23 13+1.6 09+0.2 0.043
eGFR (mL/min/1.73m2) 77.2£31.0 80.3 +£26.0 80.7 £31.8 0.786 69.0 £34.3 78.6 £27.9 90.8 +£21.3 <0.001
Serum Albumin (g/dL) 3.7+1.1 41+0.6 41+0.6 0.004 3.6+1.0 41+0.6 43+05 <0.001
Serum Sodium (mEq/L) 140.0+3.4 141.0+2.2 1413 +1.8 0.022 1409 +3.1 1409+28 1405 +2.0 0.759
Serum Potassium (mEq/L) 41+05 40+03 41+03 0.167 41+05 41+04 41+03 0.971
Corrected Calcium (mg/dL) 9.0+ 0.6 9.0+04 9.0+04 0.797 9.0+05 9.0+04 9.0+04 0.732
Serum Phosphorus (mg/dL) 39+09 3.7+0.6 39+07 0.329 41+08 3.8+0.9 3.7+0.6 0.051
Serum Magnesium (mg/dL) 22+0.2 22+0.2 22+0.2 0.619 22+0.2 22+0.2 22+0.2 0.727
Intact PTH (pg/mL) 30.6 £26.7 268 +14.5 27.1+269 0.634 33.9+34.0 258+17.4 25.0+12.3 0.081
Total Cholesterol (mg/dL) 2128 +84.1 186.3 +41.8 183.2+£384 0.013 2184 +81.5 183.4£43.8 180.5 £37.0 0.001
24hr Proteinuria (g/day) 2.7+4.29 9.84 £1.69 1.07 £1.94 0.002 299 +4.22 1.34+2.03 0.50 + 0.76 <0.001

Abbreviations: 25(OH)D: 25-hydroxyvitamin D; 1,25(0OH).D: 1,25-dihydroxyvitamin D; BMI: body mass index; BP: blood pressure; DM: diabetes mellitus; eGFR: estimated

glomerular filtration rate; HTN: hypertension; PTH; parathyroid hormone
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Figure 2. Distribution of 1,25(OH)2D status according to renal function and proteinuria in non-diabetic glomerular diseases. (A) 1,25(OH)2D and 24hr proteinuria.

(B) 1,25(0H)2D and eGFR.

Vitamin D and renal biochemical parameters

In the whole patient group, eGFR was negatively
correlated with log-transformed 24hr proteinuria
when calculated using partial correlation coefficient
adjusting for age (r = -0.335; P < 0.001). Correlations
between vitamin D metabolites and clinical
parameters in patients with glomerular diseases are
shown in Fig. 2 and Table 2. Patients with nephrotic
range proteinuria (24hr proteinuria > 3.5 g/day) or
moderate to severe renal dysfunction (eGFR < 60
mL/min/1.73 m?) were likely to have low 1,25(0OH),D
(P < 0001 and P < 0.001, respectively) (Fig. 2).
However, the amount of proteinuria and severity of
renal dysfunction were not associated with 25(OH)D
(P=0.184 and P = 0.898, respectively) (Fig. 3).

Table 2 summarises the relationships between
vitamin D metabolites and biochemical parameters on
the basis of linear regression analysis. Log 25(OH)D
was positively correlated with serum albumin (p =
0.374; P < 0.001) and serum magnesium (p = 0.159; P =
0.029) but negatively correlated with total cholesterol
(B =-0.392; P < 0.001) and log 24hr proteinuria (p =
-0.317; P < 0.001). Meanwhile, log 1,25(OH).D was
positively correlated with eGFR ( = 0.292; P < 0.001)
and serum albumin (B = 0.378, P < 0.001) but
negatively correlated with serum creatinine (p =
-0.245; P < 0.001), serum phosphorus (p = -0.245; P <
0.001), iPTH (p = -0.223; P < 0.001), total cholesterol (p
= -0.257; P = 0.001) and log 24hr proteinuria (p =
-0.361; P < 0.001). In stepwise multivariable linear
regression, log 25(OH)D was independently
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correlated with serum albumin (p = 0.224; P = 0.006)
and total cholesterol (f = -0.263; P = 0.001), and log
1,25(0OH).D was independently correlated with eGFR
(B = 0.202; P = 0.005), serum albumin ($ = 0.304; P <
0.001) and serum phosphorus (p =-0.161; P = 0.024).

Additionally, log 25(OH)D was positively
correlated with log FE of phosphorus (r = 0.214; P =
0.006), whereas log 1,25(OH);D was negatively
correlated with log FE of magnesium (r = -0.202; P =
0.010). Otherwise, there were no significant
differences in FE of other ions according to either
25(0OH)D or 1,25(OH).D (data not shown).

Vitamin D and severity of glomerular diseases

Table 3 shows the relationships between
25(OH)D or 1,25(0OH):D and eGFR or proteinuria in
glomerular diseases. In stepwise multivariable linear
regression, we detected significant associations
between eGFR and log 1,25(0OH);D (p = 0.237; P <
0.001) successively adjusted for age, sex, BMI,
presence of diabetes mellitus and hypertension and

24hr proteinuria. When further adjusted for serum
total cholesterol, corrected calcium and phosphorus,
eGFR was significantly associated with log
1,25(0OH).D (B = 0.154; P = 0.018). For proteinuria,
both log 25(0OH)D and log 1,25(0OH);D were
significantly associated with log 24hr proteinuria (p =
-0.221; P =0.002 and p =-0.227; P < 0.001, respectively)
when we adjusted for age, sex, BMI, presence of
diabetes mellitus and hypertension and eGFR.
However, in the fully adjusted model, only log
1,25(0OH).D was significantly associated with log 24hr
proteinuria (p =-0.171; P = 0.012).

Table 4 shows the distribution of patients on
antiproteinuric therapy after kidney biopsy. Overall,
there were no significant differences in use of RAS
blockers by 25(OH)D and 1,25(OH).D levels, although
the patients with the highest 1,25(OH).D but not
25(0OH)D were likely to use less immunosuppressive
agents (P < 0.001).

Table 2. Relationships between clinical parameters and 25(OH)D and 1,25(OH)2D in glomerular diseases

Log (25(OH)D) Log (1,25(0OH)2D)

Univariable Multivariable Univariable Multivariable

B P B P B P B P
BMI (kg/m2) -0.063 0.391 -0.170 0.027
Serum Creatinine (mg/dL) -0.039 0.589 -0.245 0.001
eGFR (mL/min/1.73 m2) 0.082 0.259 0.292 <0.001 0.202 0.005
Serum Albumin (g/dL) 0.374 <0.001 0.224 0.006 0.378 <0.001 0.304 <0.001
Serum Sodium (mEq/L) 0.118 0.105 0.012 0.882
Serum Potassium (mEq/L) 0.008 0.112 -0.031 0.699
Corrected Calcium (mg/dL) -0.051 0.485 0.090 0.249
Serum Phosphorus (mg/dL) -0.045 0.54 -0.245 0.001 -0.161 0.024
Serum Magnesium (mg/dL) 0.159 0.029 0.017 0.826
Intact PTH (pg/mL) -0.029 0.683 -0.223 0.003
Total Cholesterol (mg/dL) -0.392 <0.001 -0.263 0.001 -0.257 0.001
24hr Proteinuria (g/day) -0.317 <0.001 -0.361 <0.001

Adjusted for age, sex, and seasonal variation. Abbreviations: 25(OH)D: 25-hydroxyvitamin D; 1,25(0H).D: 1,25-dihydroxyvitamin D; BMI: body mass index; eGFR: estimated

glomerular filtration rate; PTH: parathyroid hormone
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Figure 3. Distribution of 25(OH)D status according to renal function and proteinuria in non-diabetic glomerular diseases. (A) 25(OH)D and 24hr proteinuria. (B)

25(OH)D and eGFR.
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Table 3. Multivariable linear regression between 25(OH) D or

1,25(OCH)2D and estimated glomerular filtration rate or
proteinuria
Log (25(0H)D) Log (1,25(0H);D)
B P B P
eGFR
Unadjusted 0.066 0.388 0.292 <0.001
Model 1 0.062 0.345 0.232 <0.001
Model 2 0.015 0.808 0.237 <0.001
Model 3 0.015 0.808 0.154 0.018
24hr proteinuria
Unadjusted -0.254 0.001 -0.361 <0.001
Model 1 -0.23 0.002 -0.322 <0.001
Model 2 -0.221 0.002 -0.277 <0.001
Model 3 -0.095 0.153 -0.171 0.012

Model 1 adjusted for age, sex and BMI, Model 2 adjusted for model 1+ diabetes
mellitus, hypertension and eGFR (or 24hr proteinuria), Model 3 adjusted for model
2 + total cholesterol, calcium and phosphorus. Abbreviations: 25(OH)D:
25-hydroxyvitamin D; 1,25(OH).D: 1,25-dihydroxyvitamin D; eGFR: estimated
glomerular filtration rate

Discussion

In the current study, we demonstrated a
significant negative relationship between serum
baseline 1,25(0OH),D and proteinuria and a significant
positive relationship between 1,25(OH):D and eGFR
in patients with biopsy-proven glomerular diseases.
On the contrary, the baseline level of 25(OH)D was
not associated with renal function and proteinuria. In
addition, more patients with low serum 1,25(OH).D
received immunosuppressive agents than did those
with high serum 1,25(0OH);D. To our knowledge, the
data shown herein are novel in their longitudinal link
between serum 1,25(OH).D concentrations and
disease severity in patients with non-diabetic
glomerular diseases confirmed by kidney biopsy.

Although diabetic nephropathy is currently the
most common cause of end-stage renal disease [16],
non-diabetic glomerulonephritis remains a major
cause of morbidity and mortality from CKD in many
regions of the world, particularly Asian countries [17].
As with any other causes of CKD, secondary
hyperparathyroidism can begin relatively early in the
course of glomerulonephritis and steadily progress as
GFR declines. The pathogenic factors that could
contribute to the development and maintenance of
secondary hyperparathyroidism are multiple but
principally involve the closely related consequences
of phosphate retention and abnormalities in vitamin
D metabolism [18]. Few studies have shown a
relationship between renal function and abnormal
calcium, abnormal phosphorus or vitamin D status in
patients with non-diabetic glomerulonephritis.
According to a Chinese study of 2,924 patients who
had been newly diagnosed with primary
glomerulonephritis, there was a significant decline in
serum 25(OH)D in patients with CKD stage 5 [17].
However, the serum 25(OH)D was normal in patients

with early-stage CKD. In our study, both 25(OH)D
and 1,25(OH):D levels were inversely proportional to
the amount of urinary protein but only 1,25(OH).D
was proportional to eGFR. This finding suggests that
serum 1,25(OH).D is a more sensitive biomarker of
renal function in glomerular diseases.

There are some grounds that serum 1,25(OH)>D
reflects the severity of glomerular diseases. The
pleiotropic effects of 1,25(OH).D beyond controlling
parathyroid function or mineral metabolism may
extend to other areas in the course of renal disease
[18]. One of these non-calcemic effects of vitamin D is
suppression of RAS [19]. It has been well-known that
vitamin D is a potent negative endocrine regulator of
RAS and works predominantly as a suppressor of
renin synthesis and angiotensin II accumulation in the
kidney [18-20]. In cultured juxtaglomerular-like cells,
the administration of active vitamin D reduces renin
expression by 90% by blocking the cyclic adenosine
monophosphate response element in the renin gene
promoter [1]. Earlier clinical studies established a
significant relationship between low circulating levels
of 1,25(0OH):D and elevated serum renin [5]. Another
explanation of vitamin D’s effect on glomerular
pathology is that vitamin D has intrarenal
immunomodulating effects. In a previous study using
111 frozen kidney biopsy tissue samples, urinary
monocyte chemoattractant protein (MCP)-1 and renal
macrophage infiltration were each inversely
correlated with serum 1,25(OH);D levels [21]. This
supports that 1,25(OH).D inhibits the MCP-1 driven
inflammatory process by blocking nuclear factor-xB
activation [1, 22]. Numerous studies have investigated
the effects of 1,25(OH).D on glomerular pathologies
both in vivo and in vitro. The administration of
1,25(0OH):D diminished both proliferation of cultured
mouse and human mesangial cells and secretion of
transforming growth factor (TGF)-f in human
mesangial cells [23]. Furthermore, the administration
of 1,25(0OH);D resulted in improved renal parameters
such as proteinuria, mesangial proliferation and
podocyte injury in a number of animal models of
non-diabetic renal diseases including Heymann
nephritis, cyclosporine A nephrotoxicity, subtotal
nephrectomy, anti-Thyl.1 glomerulonephritis and
puromycin aminonucleoside-induced nephrosis [1,
23, 24]. Based on data on the possible effects of
vitamin D on glomerular health, one previous study
evaluated the efficacy of vitamin D on proteinuria in
patients with chronic glomerulonephritis. In a study
of 10 patients with IgA nephropathy and persistent
proteinuria despite use of RAS blockades,
twice-weekly oral calcitriol therapy for 12 weeks
demonstrated a modest antiproteinuric effect in these
patients [25].
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Table 4. Distribution of treatment after kidney biopsy according to the levels of vitamin D metabolites in glomerular diseases
25(OH)D 1,25(0OH):D
T1 T2 T3 P T1 T2 T3 P
RAS blockers 0.35 0.23
No 11(19.0) 8(13.8) 4(7.0) 11(19.0) 6(10.3) 6(10.5)
Yes (Before biopsy) 14(24.1) 12(20.7) 17 (29.8) 16(27.6) 17(29.3) 10(17.5)
Yes (After biopsy) 33(56.9) 38(65.5) 36(63.2) 31(53.4) 35(60.3) 41(71.9)
Immmunosuppressive agents 0.61 <0.001
No 32(55.2) 42(72.4) 42(73.7) 31(53.4) 34(58.6 51(89.5)
Yes 26(44.8) 16(29.8) 15(26.3) 27(46.6) 24(41.4) 6(10.5)

Abbreviations: 25(OH)D: 25-hydroxyvitamin D; 1,25(0OH).D: 1,25-dihydroxyvitamin D; RAS: renin-angiotensin system; T: tertile

There is also a possibility that serum 1,25(OH),D
in subjects with non-diabetic glomerulonephritis
reflects early tubulointerstitial injury. Because the
renal tubuleinterstitium is the primary site of
hydroxylation of 25(OH)D to 1,25(OH).D, early
dysfunction or loss of tubular and peritubular cells
could impair the synthesis of 1,25(OH),D, causing the
decreased local and systemic effects of the hormone.
Furthermore, this could potentially result in further
compromise to the functional and structural integrity
of the renal parenchyma and contribute to the gradual
decline of renal function [26]. Although much less was
known about the effect of vitamin D on tubular
interstitial fibrosis, it was found that 1,25(OH).D
suppressed the myofibroblast activation from
interstitial fibroblasts, TGF-pl-induced a-smooth
muscle actin expression, type I collagen and
thrombospondin-1 triggered by TGF-p1 and B-catenin
signalling [27]. Unlike serum calcium and
phosphorus, serum magnesium is not regulated by a
known hormone including vitamin D, and most
magnesium reabsorption occurs mainly in the thick
ascending limb of loop of Henle [28]. Fractional
excretion of magnesium increases as CKD evolves,
maintaining normal serum magnesium levels until
advanced CKD [29]. Considering the increased renal
excretion of magnesium in subjects with low serum
1,25(0OH):D in our study, 1,25(OH);D might be a
marker for the diagnosis and monitoring of early
tubular injury.

The major strength of our study is that we only
included subjects who had percutaneous kidney
biopsy and then were diagnosed with non-diabetic
glomerular diseases, thereby setting an equal baseline
for the effects of the underlying disease. An additional
strength is that both 25(OH)D and 1,25(OH).D with
multiple renal functional parameters were
simultaneously determined. Despite the presence of
normal 25(OH)D levels, many patients with CKD tend
to have low serum 1,25(OH).D, indicating the
functional vitamin D deficiency in these patients [30].
Therefore, it may be more meaningful to measure
serum 1,25(OH),D with 25(OH)D at the same time in

patients in the early stages of CKD. We should also
note a number of limitations of the present study.
First, the results are cross-sectional analyses and thus
do not provide evidence of causation. Second, our
sample size was rather small and all patients were
from a single institution, so there may have been some
selection bias. Third, the possible of residual
confounding factors could not be excluded. Fourth,
we did not measure other biomarkers associated with
mineral metabolism, such as fibroblast growth factor
23 or Klotho. Finally, even though this study included
only patients with non-diabetic glomerular diseases, a
certain degree of heterogeneity might exist among
different glomerulopathies.

Conclusions

In this study, we showed that circulating serum
1,25(0OH):D was superior to 25(OH)D as a marker of
renal disease severity in patients with biopsy-proven
glomerular disease. This finding may provide a
thorough grounding in choosing vitamin D
supplementation in these patients.
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