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Abstract: Aims: To ascertain the protective role of calcitriol in the development of diabetic nephropathy and unravel
the mechanism of the protective effects. Methods: In this prospective study, 69 patients were screened for type 1
diabetes, and 31 patients with type 1 diabetes were enrolled. Among these 31 patients, 24 patients had insufficient
or deficient levels of serum vitamin D and 21 patients complied with calcitriol and were followed up. At baseline,
these 21 patients who suffered from vitamin D deficiency or insufficiency displayed elevated inflammation markers
and urinary albumin excretion in contrast with patients with sufficient vitamin D. Simultaneously, serum 25(0H)D,
level was negatively associated with serum and urinary inflammation markers, such as TNF-q, IL-6, and ICAM-1.. Six
months later, even though glycol-metabolism was not alleviated, all the serum and urinary inflammation markers
decreased significantly. Meanwhile, proteinuria declined with inflammation markers. Results: Calcitriol supplemen-
tation alleviated inflammation and proteinuria in patients with type 1 diabetes. Conclusions: Calcitriol might delay
the development of diabetic nephropathy through suppressing inflammation.
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Introduction

Diabetic nephropathy is one of the most com-
mon complications that often lead to end-stage
kidney disease [1]. Numerous evidences from
in vitro experiments, pathological examinations
and epidemiological studies, have shown that
inflammation is a cardinal pathogenic mecha-
nism in diabetic nephropathy [2].

Vitamin D is a secosteroid that is generated
from 7-dehydrocholesterol in skin under the
involvement of ultraviolet light which has been
traditionally considered as a key regulator of
bone metabolism, calcium and phosphorous
homeostasis. However, apart from these tradi-
tional calcium-related actions, 1,25-dihydro-
xyvitamin D, [1,25(0H),D,], the physiologically
active form of vitamin D, and its synthetic ana-
logs are being increasingly recognized for their
potent antiproliferative [3], stimulating cell dif-
ferentiation [4], immunomodulatory [5], and
anti-inflammation activitiesits [6]. Accumulat-

ed evidence demonstrated that vitamin D might
inhibit inflammatory through inhibition of pros-
taglandin synthesis and actions, inhibition of
stress-activated kinase signaling and resultant
production of inflammatory cytokines, and inhi-
bition of nuclear factor kB (NF-kB) signaling and
production of pro-angiogenic factors [6].

There were abundant investigations showing
that vitamin D deficiency was prevalent in
patients with diabetes [7, 8]. Since vitamin D
plays as an anti-inflammatory factor and inflam-
mation contribute to development of diabetic
nephropathy. We, therefore, speculated that
vitamin D deficiency played an important role in
the development of diabetic nephropathy and
supplementation vitamin D might ameliorate
the development of diabetic nephropathy by
regulating inflammation.

In the present study, we therefore investigated
the association between vitamin D and inflam-
matory factors in Type 1 diabetes, and explored
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Figure 1. Flow chat of this study.

effects of supplementation of calcitriol, active
form of vitamin D, on the inflammation and pro-
teinuria due to diabetic nephropathy in patients
with type 1 diabetes.

Materials and methods
Participants and investigations

Patients with type 1 diabetes suffered from
microalbuminuria recruited from Huai’an First
People’s Hospital, Nanjing Medical University
were screened (from Dec 2009 to Dec 2011)
in this study. Exclusion criteria were hyperpa-
rathyroidism, hypercalcemia, nephrolithiasis,
chronic kidney disease, malignancy, and taking

5438

supplements containing vitamin D or calcium
in the past eight weeks and conditions that
might affect vitamin D or calcium metabolism
(e.g., sarcoidosis). Thirty-one patients in line
with the above criteria were enrolled. In addi-
tion, thirty healthy people were enrolled as con-
trols. This study was approved by the ethics
committee of Huai'an First People’s Hospital
(Nanjing Medical University, Jiangsu, China).
Written informed consents were obtained from
each participant.

Plasma levels of calcium, phosphate, alkaline
phosphatase, parathyroid hormone (PTH), and
creatinine of participants with and without dia-
betes were within the normal ranges baseline.
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Table 1. Serum level of 25(0H)D, and inflammatory cyto-

kines in patients with type 1 diabetes

Statistical analysis

Patients with diabetes Healthy controls

Data are presented as the mean + SD in

clinical data and mean + SEM in experi-

Age 24.03£5.53 25221 mental animal data. Statistical signifi-
Sex (M/F) 15/16 . .

. . cance was assessed using an unpaired
HbA1C (%) 7981057 5.11+0.27 t-test, correlation and one-way ANOVA.
25(0H)D; (ng/ml) 25.08 + 8.94* 32.7+£4.94 Differences with P < 0.05 were regarded
PTH (pg/ml) 43.81+6.0* 41.3+6.25 as significant. All statistical analyses
Calcium (mmol/I) 2.16 + 0.88 2.29 + 0.06 were performed using Stata 11.0
Phosphorus (mmol/I) 1.64 + 0.25 1.63 +0.26 software.
CRP (mg/L) 1.37 £ 0.32* 0.46 £ 0.16
TNF-at (pg/ml) 58.4 + 10.27* 30.45 + 4.76 Results
IL-6 (pg/ml) 4516 + 7.3* 27.73 + 4.55

Footnotes: *P < 0.05 compared to healthy controls.

Patients with type 1 diabetes were divided into
two groups according to serum 25-hydroxyvita-
min D, [25(0H)D,] level. Patients had deficient
or insufficient 25(0H)D, were supplied with cal-
citriol (the active form of vitamin D, Roche
Group) 0.25 pg/daily; patients with sufficient
25(0H)D, were served as controls. All the
patients therefore were followed up for 6
months (Figure 1). Fasting C-peptide, glycosyl-
ated hemoglobin (HbA1C), serum calcium,
serum phosphorus, parathyroid hormone and
25(0H)D, levels, fasting serum C-reactive pro-
tein (CRP), Tumor necrosis factor alpha (TNF-a
and Interleukin 6 (IL-6), urinary albumin con-
centration, urinary TGF-1 and MCP-1 in 24 h
urine were assessed twice at baseline and end-
point respectively. Stimulated C-peptide meal
test was performed at baseline and at 6 months
with blood samples drawn at 0 and 30, 60, and
120 min. C-peptide was evaluated by chemilu-
minescence on an ROCHE E170 and serum
25(0H)D, were detected by radioimmunoassay
on StatFax-2100.

In this study, patients continued their intensive
insulin therapy. Prescriptions of irbesartan or
enalapril were given to all the patients with pro-
teinuria. Serum 25(0H)D, was defined as fol-
low: deficiency (< 20 ng/dl), insufficiency (20-
30 ng/dl) and sufficiency (> 30 ng/dl).

Enzyme-linked immunosorbent assay

Serum levels of IL-6, Interleukin-10 (IL-10) and
TNF-a« were measured using enzyme-linked
immunosorbent assay (ELISA) kits following the
manufacturer’s instructions (Invitrogen, US). All
samples were measured in duplicates.
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25(0H)D, and inflammatory cytokines in
type 1 diabetes

Patients with type 1 diabetes showed a lower
25(0H)D, level compared with healthy controls.
Accompany with lower 25(0H)D, level, type 1
diabetes patients displayed a higher serum
CRP, TNF-a and IL-6 levels. And, there were no
differences of serum calcium and phosphorous
concentration between healthy controls and
patients with type 1 diabetes (Table 1).
Additionally, serum vitamin D level was nega-
tively related to serum (high sensitive) hsCRP,
TNF-ot and IL-6 levels (Figure 2A). Urinary MCP-
1, TGF-1, as well as urinary albumin excretion,
were slightly higher in patients with insufficient
or deficient serum levels of 25(0H)D, than in
patients with sufficient 25(0H)D, (Table 2).

Effects of calcitriol on patients with type 1
diabetes

Patients with vitamin D insufficiency and defi-
ciency exhibited higher inflammatory factors,
such as serum hsCRP, TNF-a and IL-6, com-
pared with patients with sufficient vitamin D.
Six months later, serum calcium and 25(0H)D,
level were alleviated significantly with calcitriol
supplement in patients originally with vitamin D
insufficiency and deficiency, however the serum
PTH and serum phosphorous did not change.
Simultaneously, calcitriol supplement did not
change fasting blood glucose, HbA1c, AUCC-
peptide, dailyinsulin consumption. Interestingly,
calcitriol treatment did not alter glucose metab-
olism, however calcitriol reduced blood pres-
sure and rescued serum calcium. Along with
decreased inflammation markers, proteinuria
level in patients with low vitamin D declined sig-
nificantly six months later (Table 2).
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Table 2. Effects of calcitriol on patients with type 1 diabetes

Calcitriol group

Control group

Baseline Month 6 Baseline Month 6
Age (y) 23.95+5.21 24.86 + 7.01
Sex (male/female) 11/10
Duration (y) 9.81+3.25 7.86 + 4.26
ACEI/ARB 6/15
SBP (mmHg) 1071+ 10.63  104.71 + 9.83* 105.71 + 10.23 104.57 + 6.8
DBP (mmHg) 68.9 £ 6.07 67.14 + 5.85* 67.14 +5.61 66.86 + 2.97
HbA1C (%) 7.88 £ 0.58 71+0.5 7.71 + 0.69 7.31+04
AUCC-peptide (nmol/L x 120 min) 35.94 +12.3 33.2+9.6 34.67 £ 7.27 31.05+6.6
Daily insulin dose (u) 24.19 + 5.53 24.57 £ 6.32 26.57 £ 3.6 26.86 + 4.74
25(0H)D, (ng/ml) 20.61 +4.29 27.16 + 2.9* 38.48 £ 4.4% 37.16 + 5.88
PTH (pg/ml) 4282 +1.3 41.68 £ 0.98 39.21 + 1.67 40.8 £ 1.17
Calcium (mmol/l) 217 +0.1 2.24 +£0.11* 2.28 + 0.08* 2.25+0.08
Phosphorus (mmol/1) 1.22+0.2 1.21+0.18 1.28 £ 0.27 1.23+0.11
hsCRP (mg/L) 1.34+0.34 0.94 + 0.22* 1.03 + 0.19* 1.05+0.18
TNF-a (pg/ml) 57.7 + 10.7 47.09 £ 7.73* 48.84 + 5.03* 50.07 £+ 4.8
IL-6 (pg/ml) 44,04 £ 7.29 39.88 + 7.86* 37.3 £ 6.99* 38.14 +8.01
Urine MCP-1/creatinine (ng/mmol) 99.38 + 25.29 89.57 + 21.46* 89.43 £ 30.21 87.43 + 22.59
Urine TGF-b/creatinine (ng/mmol) 79 + 28.89 72.33 + 25.61* 74.43 + 27.23 76.14 + 25.47
Urinary albumin excretion (ug/mg) 127.05 + 84.79 104.81 + 74.05% 101.96 + 59.38 102.7 £ 59.8

Footnotes: *P < 0.05 compared to baseline data of patients with calcitriol.

Discussion

Vitamin D, (cholecalciferol), well accepted as
pleiotropic steroid hormone, acts principal
physiological role of regulation of calcium and
phosphorus homeostasis and bone mineraliza-
tion [9]. In humans, Vitamin D, is mainly gener-
ated in the skin in response to sun exposure
[10]; then, vitamin D, is transported to liver,
where it is converted to circulating form of vita-
min D, 25(0H)D,, by 25-hydroxylases; finally,
25(0H)D, is transported to the kidney and con-
verted to the most active form, 1,25(0H),D,, by
the 1-hydroxylase [11].

Numerous evidences show that vitamin D insuf-
ficiency is common in diabetes patients and
associated with diabetes [7, 8]. In this study,
patients with diabetes exhibited a lower serum
25(0H)D, level by contrast with the healthy con-
trols, which is accordance with what Evaraj et
al. reported [12] in 2011. Individuals with vita-
min D insufficiency are prone to develop into
diabetes because vitamin D insufficiency wors-
en insulitis [8], impairing insulin secretion and
inducing insulin resistance [13]. On the other
hand, supplementation of 1,25(0H),D, or its
analogues reduced incidence of diabetes and
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ameliorated symptoms of diabetes in both
human and experimental animals [14, 15],
even though supplement of calcitriol is ineffec-
tive in preserving residual b-cell functions in
recent-onset type 1 diabetes [16, 17].

Apart from protecting against the pathogenesis
of diabetes, vitamin D is well considered as an
anti-inflammation factor [18-21]. Vitamin D
deficiency is related with inflammation-linked
vascular endothelial dysfunction [22]. Fur-
thermore, vitamin D supplementation is consid-
ered to alleviate vascular endothelial cells by
acting anti-inflammation role [18]. Additionally,
vitamin D can reduce the susceptibility to gingi-
val inflammation through its anti-inflammatory
effects [23]. In the present study, in accordance
with previous reports, vitamin D level was nega-
tively related with serum CRP, TNF-a and IL-6
levels and wurinal inflammation factors in
patients with type 1 diabetes. This indicated
that vitamin D deficiency might aggravate
inflammatory state in patients with type 1
diabetes.

It is well accepted that diabetes mellitus is
a proinflammatory state characterized by in-
creased circulating biomarkers of inflamma-
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tion, such as hsCRP, SVCAM and SICAM [24,
25]. Furthermore, accumulated evidence indi-
cated that inflammation has a crucial role in
micro- and macro-vascular complications in
diabetes [24], including diabetic nephropathy.
Accumulated evidences indicated that diabetic
nephropathy, contributing to excess morbidity
and mortality in patients with diabetes, was
thought prominently be triggered by inflamma-
tion in the pathogenesis of diabetic kidney dis-
ease [26, 27]. Furthermore Sugimoto et al.
demonstrated that synthesis of proinflamma-
tory cytokines increased in several types of
renal cells (glomerular, endothelial, tubular and
mesangial cells), monocytes, macrophages
and T cells [28], and these cytokines are impor-
tant in the pathogenesis of diabetic nephropa-
thy [29, 30]. In this study, patients with type 1
diabetes displayed an increased circulating
CRP, TNF-a and IL-6 level and urinary MCP-1
and TGF-B; Since proinflammatory cytokines,
especially IL-6 and TNF-a are considered to
have key roles in the pathogenesis of diabetic
nephropathy [29, 30], we therefore determined
the proteinuria, a marker of diabetic nephropa-
thy, in patients with type 1 diabetes. With
increased inflammatory factors levels, patients
with type 1 diabetes exhibited enhanced uri-
nary micro-aloumin levels compared to the
healthy controls. We also found that microalbu-
minuria level was compatible with secretion of
urine TGF- and MCP-1. These data implicated
that diabetes was associated with inflammato-
ry state in kidney; moreover the inflammatory
state was related with the early stage of dia-
betic nephropathy.

We supplied calcitriol to patients with type 1
diabetes who had vitamin D insufficiency or
deficiency. Serum level of vitamin D was nega-
tively associated with inflammation, and mean-
while microalbuminuria was aggravated by
inflammation. We evaluated whether calcitriol
supplement rescue microalbuminuria in these
patients. In the present study, proteinuria was
alleviated with calcitriol supplementation in
patients with Type 1 diabetes. Furthermore, in
the present study, patients with calcitriol sup-
plementation showed an apparent decrease of
inflammatory factors, such as CRP, TNF-a and
IL6 in serum, and TGF-, MCP-1 in urine,
although the level of inflammatory factors in
these patients did not rescued to the normal
level. It is indicated that calcitriol played a role
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of anti-inflammatory in type 1 diabetes as well
in cancers patients [31] and in human mono-
cytes [32]. Interestingly, in the present study,
proteinuria level of type 1 diabetes patients
supplemented with calcitriol, accompany with
serum cytokines and urine cytokines, declined
notably compared with those with sufficient
vitamin D. This implicated that vitamin D allevi-
ated proteinuria might through suppressing
inflammation. In addition, calcitriol supplemen-
tation did not alleviate hyperglycemia and [3-cell
functions. These indicated that calcitriol might
delay the progress of diabetic nephropathy
through anti-inflammation effects rather than
ameliorating glycol-metabolism.

In the present study, patients with vitamin D
insufficiency or deficiency exhibited lower
serum calcium compared with patients with
sufficient vitamin D, although the serum calci-
um level was still in normal range. With calcitri-
ol supplement, the serum calcium was rescued
to the similar concentration to patients with
sufficient vitamin D. As we known, besides the
direct effects of vitamin D on glycol-metabo-
lism, vitamin D regulates glucose metabolism
indirectly through mediating calcium. Here we
did not find difference in HbAlc and insulin
doze between patients with vitamin D insuffi-
ciency or deficiency and patients with vitamin D
sufficiency. Even when the serum calcium of
those patients was rescued to the level of
patients with vitamin D sufficiency, the HbA1c
of the patients with deficient or insufficient vita-
min D was not altered. There was no significant
alleviation in glycol-metabolism might due to
inadequate sample volume.

There were some shortcomings in the present
study. We did not explore which signaling path-
way calcitriol played the role of anti-inflamma-
tion. One more disadvantage was that we only
supplemented calcitriol to patients with scarci-
ty of vitamin D, therefore we could not know
whether there is protective effect of calcitriol
on patients with sufficient vitamin D.

Even through there are some shortcomings in
the present study, we still could conclude that
vitamin D attenuates proteinuria resulted from
diabetic nephropathy might through suppress-
ing the secretion of inflammation cytokines.
The present study suggests that it is necessary
and vital for supplementation vitamin D in
patients with type 1 diabetes for retarding the
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development of diabetic nephropathy, because
vitamin D supplementation plays a protective
role in development of diabetic nephropathy
despite there are no benefit to islet 3-cells.
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