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Abstract: Objectives: The progression of diabetic nephropathy (DN) is highly associated with proteinuria and bone
mineral density (BMD). This study aimed to evaluate the efficacy of oral calcitriol on proteinuria and BMD in DN pa-
tients. Methods: In this 12-week, prospective, randomized controlled study, we randomly assigned 60 patients with
nephropathy due to type 2 diabetic mellitus (T2DM) to receive calcitriol (0.25 ug/d) or placebo (control) added to
the standard treatment. The outcome was determined by changes of urinary albumin-to-creatinine ratio (ACR) and
BMD after 12 weeks of treatment in both groups. Results: The baseline characteristics such as age, sex distribu-
tion, and BMI in the two groups were similar. Compared with pre-calcitriol treatment group, levels of fasting plasma
glucose, fasting insulin, glycosylated hemoglobin, total cholesterol, triglyceride, low-density lipoprotein cholesterol,
homeostasis model of assessment for insulin resistance index, and ACR in the patients of post-calcitriol treatment
were significantly reduced, whereas high-density lipoprotein cholesterol was elevated markedly. The difference was
statistically significant (P<0.05). However, there were no statistical differences between pre-placebo treatment and
post-placebo treatment group (P>0.05). Besides, serum creatinine did not differ significantly after treatment with
placebo or calcitriol (P>0.05). Furthermore, oral calcitriol significantly increased serum osteocalcin concentrations
and BMD of lumbar spine and femoral shaft (P<0.05), whereas the difference of femoral neck BMD had no statisti-
cal significance (P>0.05). Conclusion: Oral calcitriol treatment may improve glucose and lipid metabolism, amelio-
rate proteinuria as evaluated by reduced ACR level, and improve BMD in type 2 DN patients.
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Introduction

Diabetic nephropathy (DN), generally defined
as urinary albumin excretion greater than 300
mg/24 hr [1], is one of the most common com-
plications of both type 1 and type 2 diabetes
mellitus (DM). It was caused by damage to the
capillaries in the kidneys’ glomeruli [2]. DN is
the leading cause of chronic progressive kidney
disease and death in DM patients [3]. The evo-
lution from DM to DN originally begins from a
slight increase of urinary albumin excretion
(microalbuminuria) to macroalbuminuria with
higher and higher glomerular filtration rate, and
ultimately deteriorates into end-stage renal dis-
ease (ESRD) which is pathologically featured by
glomerulosclerosis and tubulointerstitial fibro-
sis [4, 5]. DN was reported to be the primary
cause for ESRD in diabetic patients worldwide,

with rising prevalence in developed countries
[2, 6, 7]. Furthermore, the high incidence, the
poor prognosis, and the high treatment cost of
DN have caused it to be a significant public
health burden [8, 9].

Proteinuria, of which albumin is the major con-
stituent, is one of the widely-used hallmarks of
DN and usually followed by a progressive
decline in renal function [10-12]. Current thera-
peutic approaches for DN are focusing on strict
control of blood glucose and blood pressure as
well as inhibition of the renin angiotensin sys-
tem using angiotensin-converting enzyme inhi-
bitors (ACEIls) and angiotensin receptor block-
ers (ARBs) [11]. However, DN patients who
received ACEls or ARBs failed to completely
avoid proteinuria and had annual renal event
rates of 15% or more [13, 14]. Therefore, other
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Table 1. Patient characteristics

Control group Calcitriol group

Characteristics (n = 30) (n = 30)
Age (years) 52.89+10.38 56.13+10.69
Male/Female 12/18 14/16
Duration of DM (years) 6.70+4.90 7.50+£3.40
BMI (kg/m?) 27.42+4.17 27.83+3.41

Systolic blood pressure (mm Hg) 133.7+15.80 134.1+14.47
Diastolic blood pressure (mm Hg) 72.16+9.86 71.10+11.32

Serum total cholesterol (mmol/L) 5.68+0.67 5.69+0.64
Serum calcium (mg/dL) 9.35+0.51 9.27+0.56
Serum phosphorus (mg/dL) 3.99+0.68 4.05+0.75

Baseline characteristics of type 2 DN patients. Results are given as abso-
lute numbers or as means + SD. There were no significant differences be-

tween groups in patient characteristics using independent t-test (P>0.05).

Materials and methods
Patients

Type 2 DN patients in Jinshan Hospital
Affiliated to Fudan University were
selected (from Nov. 2010 to Now.
2012). Written informed consent was
obtained from each patient. The stu-
dy has been approved by the Ethics
Committee of Jinshan Hospital Affi-
liated to Fudan University. Exclusion
criteria were as follows: hypercalce-
mia (>10.0 mg/dL), high serum ph-
osphate (>5.2 mg/dL), uncontrolled
blood pressure (>160/100 mm Hg),

DM, diabetes mellitus; BMI, body mass index.

treatments which can further ameliorate pro-
teinuria are needed to decrease the burden of
DN patients. Previous studies revealed that
vitamin D (VD) treatment reduced urinary albu-
min [15] and had the potential to prevent kid-
ney damage in DN patients [16-18]. Calcitriol
(1.25-dihydroxyvitamin D3) [19], an active form
of vitamin D3, showed a modest antiproteinuric
effect in patients with IgA nephropathy and per-
sistent proteinuria [20]. Thus, we speculated
that calcitriol can serve as an adjuvant therapy
for DN patients receiving standard treatment
and further reduce proteinuria.

Recent studies suggest that DN along with
inhibited insulin activity or insulin insufficiency
is the important reason for reduction of bone
density and higher incidence of osteoporosis in
elderly male patients with type 2 DM (T2DM)
[241], indicating that bone mineral density (BMD)
and alterations in bone metabolism are corre-
lated with DN. Of note, calcitriol has been gen-
erally recognized as an effective and commonly
used medication for increasing calcium abso-
rption and deterring osteoporosis progress in
the elderly population [22, 23]. We, therefore,
assumed that calcitriol might recover the loss
of BMD in DN patients.

Our study aimed to evaluate the efficacy of oral
calcitriol as an adjuvant therapy for diabetic
nephropathy patients receiving standard treat-
ment. We monitored the proteinuria and the
changes of BMD at the levels of lumbar spine,
femoral neck and femoral shaft in DN patients.

13195

hyperparathyroidism, nephrolithiasis,

chronic kidney disease, chronic hepat-

ic diseases, heart failure, calcium and
phosphorus metabolic disorders such as osteo-
articular diseases and bone metastases, preg-
nancy, breast feeding, malignancy, medicine-
taking history of hormones, VD or calcium
supplement. In line with the above criteria, a
total of 60 patients were enrolled.

Study protocol

In this 12-week study, 60 patients with type 2
DN receiving standard treatment (hypoglyce-
mic reagents including biguanides and sulfonyl-
ureas) and then remained relatively stable con-
ditions were enrolled and randomly divided into
two groups: control (0.25 ug placebo daily) and
calcitriol (Roche Pharmaceuticals, 0.25 pg oral
calcitriol daily). In this study, doses of bigua-
nides and sulfonylureas remained the same as
pre-trial. That is, exactly, patients in this study
were divided into (standard treatment + place-
bo) and (standard treatment + calcitriol) groups,
with each for 30 patients.

Patients were followed for a total of 5 visits:
one screening, randomized visit and then sub-
sequently at 1st, 3rd, 6th and 12th weeks.
Antihypertensive drugs were used to maintain
target blood pressure (systolic: <130 mm Hg,
diastolic: <80 mm Hg). The clinical characteris-
tics of each patient were shown in Table 1.

Data collection

The age, gender, height, weight, and duration of
DM of each type 2 DN patient were recorded.
The body mass index (BMI) was calculated
according the formula: BMI (kg/m?) = weight
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Corporation, Los Angeles, CA).
The glycosylated hemoglobin
(HbA1c) was detected by a co-
lorometric method after an ini-
tial chromatographic separation
(BioSystems, Barcelona, Spain).
The homeostasis model of as-

Table 2. Effect of calcitriol on glucose and lipid metabolism,
pancreatic islet B-cell function and ACR

Control group (n = 30) Calcitriol group (n = 30)
Index Before After Before After
treatment  treatment treatment  treatment
8.03+1.24 7.90+0.96 7.91+1.14 7.23+0.412°

FPG (mmol/L)

FINS (mU/L) 9.53+0.64 9.51+0.81 9.47+0.86 8.11+0.53*" sessment for insulin resistence
HbA1c (%) 752+1.08 7.48+1.13 7.51+1.26 6.62+0.92%° index (HOMA-IR) was calculated
TC (mmol/L) 5.68+0.67 5.67+0.72 5.69+0.64 5.20+0.49%° according the formula: HOMA-IR
TG (mmol/L) 1.93+0.27 1.924+0.33 1.92+0.34 1.48+0.26°°

= FPG x FINS/22.5. Urinary al-
bumin and creatinine were mea-
sured by immunoturbidometric
and colorometic methods, res-
pectively. And urinary albumin-
to-creatinine ratio (ACR) was th-

HDL-C (mmol/L) 1.04+0.26 1.05+0.21 1.03+0.26 1.48+0.38*°
LDL-C (mmol/L) 3.17+0.44 3.17+0.46 3.16+0.41 2.62+0.51*"
Scr (mg/L) 9.31+1.66 9.29+0.80 9.30+0.87 9.27+0.63

HOMA-IR 3.38+0.65 3.37+0.76 3.38+0.75 2.54+0.552°
ACR (mg/mmol) 11.33+1.25 11.37+1.41 11.52+1.95 4.23+1.18°°

3P<0.05 vs. before treatment in Calcitriol group (ANOVA); °P<0.05 vs. after treat-
ment in Control group (independent t-test). FPG, fasting plasma glucose; FINS,
fasting insulin; HbA1lc, glycosylated hemoglobin; TC, total cholesterol; TG, triglyc-
eride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Scr, serum creatinine; HOMA-IR, homeostasis model of assessment
for insulin resistance index; ACR, albumin-to-creatinine ratio.
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Figure 1. Changes of ACR of placebo and calcitriol
groups at O, 1st, 3rd, 6th and 12th week. ACR in
calcitriol group was greatly decreased from the O to
3rd week. Compared with placebo treatment, ACR in
calcitriol group was significantly down-regulated at
3rd, 6th, and 12th week. “*P<0.01 vs. Placebo group
(independent t-test). #P<0.05: week 1 vs. week O,
4P<0.05: week 3 vs. week 1 (ANOVA).

(kg)/height? (m?). Systolic/diastolic blood pres-
sure was measured twice by a digital sphygmo-
manometer (BCO8, Beurer, Germany). And fast-
ing plasma glucose (FPG), total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), serum creatinine (Scr), serum cal-
cium, and serum phosphorus were measured
by 7600-210 biochemical automatic analyzer
(Hitachi Data System Corporation, Santa Clara,
California, USA). The fasting insulin (FINS) le-
vel was determined by immunochemilumines-
cence (Immulite 2000, Diagnostic Products
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en measured. Serum osteocal-
cin level was detected by radio-
immunoassay (RIA). BMD was
assessed by dual-energy X-ray
absorptiometry (Hologic Inc., Be-
dford MA, USA).

Statistical analysis

Statistical analysis was conducted with SPSS
17.0 (SPSS Inc, USA). Comparison of patient
characteristics between control and calcitriol
group was conducted by independent t-test.
Comparison of patient characteristics between
different time points in calcitriol group was
performed by one-way analysis of variance
(ANOVA). Data were shown as absolute num-
bers or mean + standard deviation (SD). P<0.05
was considered statistically significant.

Results
Baseline characteristics of type 2 DN patients

Comparison of baseline characteristics bet-
ween the two groups was listed in Table 1.
There were no significant differences of age,
sex distribution, duration of DM, BMI, systolic/
diastolic blood pressure, serum total choles-
terol, serum calcium, and serum phosphorus
between groups at baseline (P>0.05).

Effect of calcitriol on glucose and lipid metabo-
lism, pancreatic islet 3-cell function, and ACR

As shown in Table 2, compared with pre-cal-
citriol treatment group, levels of glycemic pa-
rameters (FPG and HbAlc), pancreatic islet
B-cell function-related indexes (FINS and HO-
MA-IR), serum lipid parameters (TC, TG, LDL-C,)
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Table 3. Comparison of serum calcium, phosphorus, osteocalcin and BMD before or after treatment

of placebo or calcitriol

Control group (n = 30)

Calcitriol group (n = 30)

Index Before treatment After treatment Before treatment After treatment
Serum calcium (mg/dL) 9.35+0.51 9.34+085 9.27+0.56 9.28+0.44
Serum phosphorus (mg/dL) 3.9940.68 4.01+0.52 4.05%0.75 4.04+0.83
Serum osteocalcin (umol/L) 45.91+5.82 46.15+10.74 46.02+7.83 56.33+9.222°
Lumbar spine BMD (g/cm?) 0.84+0.04 0.83+0.07 0.84+0.06 0.96+0.032°
Femoral shaft BMD (g/cm?) 1.44+0.08 1.45+0.09 1.44+0.07 1.73+0.06°°
Femoral neck BMD (g/cm?) 0.72+0.05 0.72+0.03 0.73+0.05 0.72+0.04

3P<0.05 vs. before treatment in Calcitriol group (ANOVA); °P<0.05 vs. after treatment in Control group (independent t-test).

BMD, bone mineral density.
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Figure 2. BMD changes of (A) lumbar spine and (B)
femoral shaft after treatment of placebo and cal-
citriol at 0, 1st, 3rd, 6th and 12th week. The lum-
bar spine BMD in calcitriol group was significantly
increased from the 1st to 3rd week, and the femoral
shaft BMD in calcitriol group was greatly up-regulat-
ed from the O to 6th week. The lumbar spine and
femoral shaft BMD was significantly increased after
calcitriol treatment at 3rd, 6th, and 12th week as
compared with placebo group. “P<0.05, *P<0.01 vs.
Placebo group (independent t-test). #P<0.05: week
1 vs. week 0, 4P<0.05: week 3 vs. week 1, ®P<0.05:
week 6 vs. week 3 (ANOVA).

and ACR after calcitriol treatment were sig-
nificantly decreased, whereas HDL-C was in-
creased markedly. The difference was statisti-
cally significant (P<0.05). However, there were
no statistical differences between pre-placebo
and post-placebo treatment groups (P>0.05).
Moreover, as for Scr (renal function-related
index), there was no obvious change between
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pre-calcitriol and post-calcitriol groups. Besi-
des, placebo treatment also failed to change
Src (P>0.05). These results indicated that cal-
citriol may improve glucose and lipid metabo-
lism as well as pancreatic islet B-cell function,
and reduce insulin resistance.

ACR changes of placebo and calcitriol groups at
0, 1st, 3rd, 6th and 12th week were shown in
Figure 1. Before treatment, the mean ACR was
11.33+1.25 mg/mmol in the placebo group
and 11.52+1.95 mg/mmol in calcitriol group.
At week 1, ACR in calcitriol group was signifi-
cantly decreased. Then, we found that calcitriol
treatment from the 1st to 3ird week still greatly
down-regulated ACR. At week 12, the mean
ACR was 11.37+1.41 mg/mmol in the placebo
group and 4.23+1.18 mg/mmol in calcitriol
group. Compared with placebo treatment, ACR
was significantly decreased after calcitriol
treatment at 3rd, 6th, and 12th week (P<0.01).
The results revealed that oral calcitriol signifi-
cantly decreased urinary albumin excretion as
evaluated by reduced ACR level, indicating its
renalprotective effect by ameliorating prote-
inuria.

Calcium-phosphorus metabolism and BMD
changes of type 2 DN patients

Then serum levels of calcium, phosphorus, and
osteocalcin as well as BMD of various skeletal
sites particularly prone to osteoporotic frac-
tures, including lumbar spine, femoral shaft
and femoral neck were evaluated. As shown in
Table 3, there were no significant differences
between the serum calcium and phosphorus
detected at the beginning and the end of this
study. After calcitriol treatment, serum osteo-
calcin and BMD of lumbar spine and femoral
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shaft were increased significantly (P<0.05),
whereas the difference of femoral neck BMD
had no statistical significance between pre-
calcitriol and post-calcitriol groups (P>0.05).
However, there were no statistical differences
of these indexes between pre-placebo and
post-placebo treatment (P>0.05).

Our results demonstrated that calcitriol treat-
ment was associated with an increase in BMD
at lumbar spine and femoral shaft. While at
femoral neck, the increment was not signifi-
cantly different from placebo-treated patients.
BMD changes at lumbar spine and femoral
shaft of placebo and calcitriol groups at O, 1st,
3rd, 6th and 12th week was shown in Figure 2.
Before treatment, the mean lumbar spine BMD
was 0.84+0.04 g/cm2 in the placebo group
and 0.84+0.06 g/cm2 in calcitriol group. At
week 12, the mean lumbar spine BMD was
0.83+0.07 g/cm2 in the placebo group and
0.96+0.03 g/cm2 in calcitriol group. Calcitriol
treatment from the 1st to 3rd week greatly
increased lumbar spine BMD. Moreover, the
lumbar spine BMD was significantly up-regulat-
ed after calcitriol treatment at 3rd, 6th, and
12th week as compared with placebo group.
(P<0.01, Figure 2A). The femoral shaft BMD
displayed the similar pattern (Figure 2B).

Discussion

The prevalence of diabetes mellitus is estimat-
ed at 8.3%, affecting about 387 million people
in 2014 and is expected to affect about 592
million people by 2035 [24]. T2DM is the com-
monest type of diabetes accounting for 90% in
diagnosed diabetes cases globally, and is char-
acterized by insulin secretion disorders and
insulin resistance (IR) [25]. IR and progressive
deterioration of pancreatic islet B-cell function
were the two key factors of the pathogenesis of
T2DM. VD, an important class of steroid hor-
mones, plays critical roles in regulating calci-
um, phosphorus metabolism and bone metab-
olism balance [26-29]. Extensive literature has
reported the correlation of VD with diabetes. A
prospective study has shown a significant neg-
ative correlation between serum 25-hydroxyvi-
tamin D levels and the risk for T2DM in a popu-
lation from the south Spain [30]. Besides,
increased VD levels from 25 to 75 nmol/L leads
to a 60% improvement in insulin sensitivity [31-
33]. A randomized double-blind clinical trial
also demonstrated that, regular VD intake

13198

improved glycemic status, lipid profile and
endothelial biomarkers in T2DM patients [34].
In this present study, we found that oral calcitri-
ol, an active VD metabolite, may improve glu-
cose and lipid metabolism as well as panc-
reatic islet B-cell function, and reduce insulin
resistance.

Moreover, the higher risk of nephropathy in
VD-deficient diabetic patients was shown by a
meta-analysis [6]. VD compounds not only low-
ered parathyroid hormone levels, but reduced
overall mortality in patients with chronic kidney
disease on dialysis [35, 36]. Additionally, VD
has the potential to delay the progression of DN
gauged by a reduction in urinary albumin [15].
VD and its analogs are supposed to prevent kid-
ney damage in DN by inhibiting the renin-angio-
tensin system [16-18]. Our study found that
oral calcitriol significantly decreased urinary
albumin excretion as evaluated by reduced ACR
level, indicating its renalprotective function by
ameliorating proteinuria.

DN is accompanied by abnormal bone metabo-
lism and easily results in osteodystrophy and
osteoporosis which are serious complications
of diabetes that appear in the skeletal system
[37]. The decreased BMD is due to the reduced
bone matrix synthesis caused by the consider-
able loss of calcium, phosphorus and magne-
sium with hyperosmotic diuresis [38]. VD drugs
can effectively increase BMD of osteoporosis
patients, which is due to the fact that VD may
stimulate the differentiation of bone cell pre-
cursors and suppress the interaction between
the front osteoblast and osteoclast precursor
with bone resorption reduced [39, 40]. Previous
studies revealed that calcitriol monotherapy
improved BMD in elderly osteoporotic Chinese
patients [41]. In addition, calcitriol improved
streptozotocin-induced diabetes and recovered
BMD in diabetic rats [42]. Our study found that,
in type 2 DN patients, oral calcitriol appeared
to exert a favorable influence on BMD at lumbar
spine and femoral shaft, which was associated
with a stabilization of serum osteocalcin con-
centrations.

Conclusion

In summary, oral calcitriol reduced proteinuria
and improved BMD in patients with diabetic
nephropathy. However, the limitations of the
present study must be taken into consider-

Int J Clin Exp Med 2017;10(9):13194-13200



The efficacy of oral calcitriol on proteinuria and BMD in DN patients

ation: the small research sample sizes (n = 60)
and the limited treatment periods (12 weeks).
Thus, the long-term efficacy and safety of oral
calcitriol for type 2 DN patients need to be fur-
ther investigated.

Acknowledgements

This work is supported by grants from Health
and Family Planning Commission Youth Project
2014 in Jinshan District of Shanghai (grant no.
JSKJ-KTQN-2014-06).

Disclosure of conflict of interest
None.

Address correspondence to: Jin-An Zhang, Depart-
ment of Endocrinology, Jinshan Hospital Affiliated
to Fudan University, No. 1508, Long Hang Road,
Jinshan District, Shanghai 201508, China. Tel: +86-
021-57039893; E-mail: jinan_zhang@sohu.com

References

[1]  Borch-Johnsen K, Norgaard K, Hommel E, Ma-
thiesen ER, Jensen JS, Deckert T and Parving
HH. Is diabetic nephropathy an inherited com-
plication? Kidney Int 1992; 41: 719-722.

[2] Saran R, LiY, Robinson B, Ayanian J, Balkrish-
nan R, Bragg-Gresham J, Chen JT, Cope E, Gip-
son D, He K, Herman W, Heung M, Hirth RA,
Jacobsen SS, Kalantar-Zadeh K, Kovesdy CP,
Leichtman AB, Lu Y, Molnar MZ, Morgenstern
H, Nallamothu B, O’Hare AM, Pisoni R, Plattner
B, Port FK, Rao P, Rhee CM, Schaubel DE,
Selewski DT, Shahinian V, Sim JJ, Song P, Stre-
ja E, Kurella Tamura M, Tentori F, Eggers PW,
Agodoa LY and Abbott KC. US renal data sys-
tem 2014 annual data report: Epidemiology of
kidney disease in the United States. Am J Kid-
ney Dis 2015; 66: Svii, S1-305.

[3] Alwakeel JS, Al-Suwaida A, Isnani AC, Al-Harbi A
and Alam A. Concomitant macro and microvas-
cular complications in diabetic nephropathy.
Saudi J Kidney Dis Transpl 2009; 20: 402-
4009.

[4] Roscioni SS, Heerspink HJ and de Zeeuw D.
The effect of RAAS blockade on the progres-
sion of diabetic nephropathy. Nat Rev Nephrol
2014; 10: 77-87.

[5] Yokoyama H, Sone H, Oishi M, Kawai K, Fuku-
moto Y and Kobayashi M. Prevalence of albu-
minuria and renal insufficiency and associated
clinical factors in type 2 diabetes: the Japan
diabetes clinical data management study
(JDDM15). Nephrol Dial Transplant 2009; 24:
1212-1219.

13199

(6]

(7]

(10]

(11]

[12]

[13]

(14]

(15]

(16]

[17]

Derakhshanian H, Shab-Bidar S, Speakman
JR, Nadimi H and Djafarian K. Vitamin D and
diabetic nephropathy: a systematic review and
meta-analysis. Nutrition 2015; 31: 1189-
1194.

Gilg J, Pruthi R and Fogarty D. UK renal registry
17th annual report: chapter 1 UK renal re-
placement therapy incidence in 2013: na-
tional and centre-specific analyses. Nephron
2015; 129 Suppl 1: 1-29.

Mou X, Zhou DY, Zhou DY, Ma JR, Liu YH, Chen
HP, Hu YB, Shou CM, Chen JW, Liu WH and Ma
GL. Serum TGF-betal as a biomarker for type 2
diabetic nephropathy: a meta-analysis of ran-
domized controlled trials. PLoS One 2016; 11:
e0149513.

Cooper ME. Diabetes: treating diabetic ne-
phropathy-still an unresolved issue. Nat Rev
Endocrinol 2012; 8: 515-516.

Caramori ML, Fioretto P and Mauer M. The
need for early predictors of diabetic nephropa-
thy risk: is albumin excretion rate sufficient?
Diabetes 2000; 49: 1399-1408.

Gnudi L, Coward RJ and Long DA. Diabetic ne-
phropathy: perspective on novel molecular
mechanisms. Trends Endocrinol Metab 2016;
27: 820-830.

Fineberg D, Jandeleit-Dahm KA and Cooper
ME. Diabetic nephropathy: diagnosis and treat-
ment. Nat Rev Endocrinol 2013; 9: 713-723.
Hou FF, Zhang X, Zhang GH, Xie D, Chen PY,
Zhang WR, Jiang JP, Liang M, Wang GB, Liu ZR
and Geng RW. Efficacy and safety of benaze-
pril for advanced chronic renal insufficiency. N
Engl J Med 2006; 354: 131-140.

Krairittichai U, Mahannopkul R and Bunnag S.
An open label, randomized controlled study of
oral calcitriol for the treatment of proteinuria in
patients with diabetic kidney disease. J Med
Assoc Thai 2012; 95 Suppl 3: S41-47.

Plum LA and Zella JB. Vitamin D compounds
and diabetic nephropathy. Arch Biochem Bio-
phys 2012; 523: 87-94.

Santoro D, Caccamo D, Lucisano S, Buemi M,
Sebekova K, Teta D and De Nicola L. Interplay
of vitamin D, erythropoiesis, and the renin-an-
giotensin system. Biomed Res Int 2015; 2015:
145828.

Chokhandre MK, Mahmoud MI, Hakami T,
Jafer M and Inamdar AS. Vitamin D & its ana-
logues in type 2 diabetic nephropathy: a sys-
tematic review. J Diabetes Metab Disord 2015;
14: 58.

Mager DR, Jackson ST, Hoffmann MR, Jindal K
and Senior PA. “Vitamin D supplementation
and bone health in adults with diabetic ne-
phropathy: the protocol for a randomized con-
trolled trial”. BMC Endocr Disord 2014; 14: 66.
Richy F, Ethgen O, Bruyere O and Reginster JY.
Efficacy of alphacalcidol and calcitriol in pri-

Int J Clin Exp Med 2017;10(9):13194-13200


mailto:jinan_zhang@sohu.com

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

The efficacy of oral calcitriol on proteinuria and BMD in DN patients

mary and corticosteroid-induced osteoporosis:
a meta-analysis of their effects on bone min-
eral density and fracture rate. Osteoporos Int
2004; 15: 301-310.

Liu LJ, Lv JC, Shi SF, Chen YQ, Zhang H and
Wang HY. Oral calcitriol for reduction of pro-
teinuria in patients with IgA nephropathy: a
randomized controlled trial. Am J Kidney Dis
2012; 59: 67-74.

Xia J, Zhong Y, Huang G, Chen Y, Shi H and
Zhang Z. The relationship between insulin re-
sistance and osteoporosis in elderly male type
2 diabetes mellitus and diabetic nephropathy.
Ann Endocrinol (Paris) 2012; 73: 546-551.
Anderson PH, Lam NN, Turner AG, Davey RA,
Kogawa M, Atkins GJ and Morris HA. The pleio-
tropic effects of vitamin D in bone. J Steroid
Biochem Mol Biol 2013; 136: 190-194.
Lerchbaum E and Obermayer-Pietsch B. Vita-
min D and fertility: a systematic review. Eur J
Endocrinol 2012; 166: 765-778.

Wada J and Makino H. Innate immunity in dia-
betes and diabetic nephropathy. Nat Rev Ne-
phrol 2016; 12: 13-26.

van Dieren S, Beulens JW, van der Schouw YT,
Grobbee DE and Neal B. The global burden
of diabetes and its complications: an emerg-
ing pandemic. Eur J Cardiovasc Prev Rehabil
2010; 17 Suppl 1: S3-8.

Yasutake Y, Nishioka T, Imoto N and Tamura T.
A single mutation at the ferredoxin binding site
of P450 Vdh enables efficient biocatalytic pro-
duction of 25-hydroxyvitamin D(3). Chembio-
chem 2013; 14: 2284-2291.

Martin EN, Haney EM, Shannon J, Cauley JA,
Ensrud KE, Keaveny TM, Zmuda JM, Orwoll ES,
Harrison SL and Marshall LM. Femoral volu-
metric bone density, geometry, and strength in
relation to 25-hydroxy vitamin D in older men. J
Bone Miner Res 2015; 30: 562-569.

Pilz S, Kienreich K, Rutters F, de Jongh R, van
Ballegooijen AJ, Grubler M, Tomaschitz A and
Dekker JM. Role of vitamin D in the develop-
ment of insulin resistance and type 2 diabetes.
Curr Diab Rep 2013; 13: 261-270.

Yun BH, Chon SJ, Choi YS, Cho S, Lee BS and
Seo SK. The effect of prolonged breast-feeding
on the development of postmenopausal ost-
eoporosis in population with insufficient calci-
um intake and vitamin D level. Osteoporos Int
2016; 27: 2745-2753.

Gonzalez-Molero |, Rojo-Martinez G, Morcillo S,
Gutierrez-Repiso C, Rubio-Martin E, Almaraz
MC, Olveira G and Soriguer F. Vitamin D and
incidence of diabetes: a prospective cohort
study. Clin Nutr 2012; 31: 571-573.

Chiu KC, Chu A, Go VL and Saad MF. Hypovita-
minosis D is associated with insulin resistance
and beta cell dysfunction. Am J Clin Nutr 2004;
79: 820-825.

13200

(32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

Norman AW, Frankel JB, Heldt AM and Grodsky
GM. Vitamin D deficiency inhibits pancreatic
secretion of insulin. Science 1980; 209: 823-
825.

Aljabri KS, Bokhari SA and Khan MJ. Glycemic
changes after vitamin D supplementation in
patients with type 1 diabetes mellitus and vita-
min D deficiency. Ann Saudi Med 2010; 30:
454-458.

Shab-Bidar S, Neyestani TR, Djazayery A, Esh-
raghian MR, Houshiarrad A, Gharavi A, Kalayi
A, Shariatzadeh N, Zahedirad M, Khalaji N and
Haidari H. Regular consumption of vitamin D-
fortified yogurt drink (Doogh) improved endo-
thelial biomarkers in subjects with type 2 dia-
betes: a randomized double-blind clinical trial.
BMC Med 2011; 9: 125.

Teng M, Wolf M, Lowrie E, Ofsthun N, Lazarus
JM and Thadhani R. Survival of patients under-
going hemodialysis with paricalcitol or calcitri-
ol therapy. N Engl J Med 2003; 349: 446-456.
Teng M, Wolf M, Ofsthun MN, Lazarus JM, Her-
nan MA, Camargo CA Jr and Thadhani R. Acti-
vated injectable vitamin D and hemodialysis
survival: a historical cohort study. J Am Soc
Nephrol 2005; 16: 1115-1125.

Duarte VM, Ramos AM, Rezende LA, Macedo
UB, Brandao-Neto J, Aimeida MG and Rezende
AA. Osteopenia: a bone disorder associated
with diabetes mellitus. J Bone Miner Metab
2005; 23: 58-68.

Wang LX, Wang N, Xu QL, Yan W, Dong L and Li
BL. Effects of vitamin D combined with piogli-
tazone hydrochloride on bone mineral density
and bone metabolism in type 2 diabetic ne-
phropathy. Biosci Rep 2017; 37.

Reid IR, Bolland MJ and Grey A. Effects of vita-
min D supplements on bone mineral density: a
systematic review and meta-analysis. Lancet
2014; 383: 146-155.

Kogawa M, Findlay DM, Anderson PH, Ormsby
R, Vincent C, Morris HA and Atkins GJ. Osteo-
clastic metabolism of 25(0OH)-vitamin D3: a
potential mechanism for optimization of bone
resorption. Endocrinology 2010; 151: 4613-
4625.

Liao RX, Yu M, Jiang Y and Xia W. Management
of osteoporosis with calcitriol in elderly Chi-
nese patients: a systematic review. Clin Interv
Aging 2014; 9: 515-526.

Del Pino-Montes J, Benito GE, Fernandez-Sala-
zar MP, Covenas R, Calvo JJ, Bouillon R and
Quesada JM. Calcitriol improves streptozoto-
cin-induced diabetes and recovers bone min-
eral density in diabetic rats. Calcif Tissue Int
2004; 75: 526-532.

Int J Clin Exp Med 2017;10(9):13194-13200



