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Effect of Vitamin-D Therapy in Retarding the Progression of Diabetic
Nephropathy: A Randomized Double-Blind Placebo-Controlled Trial
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Abstract

Background: The Renin—Angiotensin System (RAS) may
contribute to proteinuria and progression of Diabetic
Nephropathy (DN). Vitamin D therapy is found to have an
inhibitory effect on the RAS. The aim of this study was to
evaluate the effects of Vitamin D therapy in retarding the
progression of DN.

Materials and methods: This was a single-center,
double-blind, randomized placebo-controlled study
conducted in Chittagong Medical College Hospital from
June 2018 to May 2019. Thirty four eligible participants
were randomly allocated to two groups in a 1:1 ratio.
Experimental group received oral calcitriol 0.25 micro gm
once daily and control group received placebo along with
standard of therapy. Patients were evaluated at baseline
and subsequently at 4th, 8th and 12th weeks for outcome
evaluation. Serum creatinine, eGFR, uACR levels, serum
calcium level, serum phosphate level, serum PTH level
and any other tests as needed were done. Per protocol
principle were used to analyze the data.

Results: Fifteen patients from each group were finally
completed the study and included in analysis. After 12
weeks, UACR was decreased in experimental group
(Median 40.8 pg/mg) and increased in control group
(Median 43.3 pg/mg). It were highly significant in
comparison between two groups (p<0.001). Significant
decrease in serum creatinine and increase in the eGFR was
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observed in the treatment group while in the control group,
serum creatinine was increased and eGFR was decreased
and it were highly significant (p<0.001 & p=0.001
respectively). In other parameters (SBP, serum phosphate
and PTH) were significant in comparison between two
groups at the end of study. But, changes of parameters like
DBP, serum albumin and calcium were similar between
two groups after 12 weeks.

Conclusion: Vitamin D oral calcitriol 0.25 micro gm
capsule given daily for 12 weeks reduces urine albumin
and serum creatinine levels in patients with DN.

Key words : Diabetic nephropathy; Renin angiotensin
system; Vitamin-D.

Introduction

Diabetic Nephropathy (DN) is a frequent
consequence of both type 1 and type 2 Diabetes
Mellitus (DM). It is commonly defined as urine
albumin excretion more than 30 mg/gm.'
Globally, DM ranks fourth in terms of causes of
mortality and is a significant non-communicable
illness.

In order to lower the incidence and death rate of
DN, it is critical to investigate affordable and
efficient treatment options given the growing
prevalence of diabetes and the high expense of
ESRD care.”

Damage to the glomeruli of the kidneys'
capillaries resulted in DN.? The progression of
DM to DN starts with microalbuminuria, which is
a mild increase in urine albumin excretion. This
leads to macroalbuminuria, which is marked by an
increasing glomerular filtration rate. Eventually,
End-Stage Renal Disease (ESRD) develops,
which is characterized by glomerulosclerosis and
tubulointerstitial ~fibrosis.*>® The primary
component and often utilized indicator of DN is
albuminuria.”®® Strict blood pressure and glucose
management, together with RAS suppression with
Angiotensin-Converting Enzyme Inhibitors
(ACEIs) and Angiotensin Receptor Blockers
(ARBs) are the mainstays of current DN treatment
strategies.” Nonetheless, DN patients treated with
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ACEIs or ARBs experienced yearly renal event
rates of 15% or higher and were unable to totally
prevent proteinuria.!®!! To lessen the burden on
DN patients, further therapies that can improve
proteinuria are thus required.

Vitamin D is fat-soluble vitamin which binds to
Vitamin D Receptor (VDR) in target cells and
plays role in calcium homeostasis.!> Previous
studies revealed that vitamin D treatment reduced
urinary albumin and had the potential to prevent
kidney damage in DN patients,!3!413

As a negative endocrine regulator of the RAS,
vitamin D binds to the promotor region of the
renin gene, inhibiting the cyclic AMP response
element's activity and lowering the production of
renin on renal mRNA.'® In individuals suffering
from IgA nephropathy and ongoing proteinuria, it
had a moderate antiproteinuric effect.!’
Subsequently, a pilot research conducted by Li et
al. showed that 1, 25 dihydroxytherapy treatment
has positive benefits on stopping the development
of DN.'®

However, there is scarcity of study regarding the
role of vitamin D in DN in our country. Therefore,
this study aimed to evaluate the efficacy of oral
calcitriol as an adjuvant therapy for DN patients
receiving standard treatment.

Materials and methods

It was a single center, randomized double-blind
placebo-controlled trial, carried out in Department
of Nephrology, Chittagong Medical College
Hospital from June 2018 to May, 2019 after
taking approval Ethical Review committee of
Chittagong Medical College, Chattogram.

Thirty four qualifying patients with Type 2
Diabetes were purposefully chosen based on the
inclusion and exclusion criteria listed below.
Patients with T2DM and Diabetic Kidney Disease
(DKD) were eligible if they met the following
criteria;  eGFR <90ml/min/1.73m? age 18,
patients with vitamin D deficiency or
insufficiency, urinary albumin excretion of 30-299
microgram/24 hours in a 24-hour urine collection,
20-199 microgram/min in a timed urine
collection, or 30-299 microgram/mg creatinine in
a spot urine collection on at least two occasions.
Exclusion criteria were patients with
hypercalcaemia (>10.0mg/dl), High serum
phosphate (Serum phosphate >5.2 mg/dl), patients
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with systolic blood pressure = 140 mm of Hg and
diastolic blood pressure = 90 mm of Hg, patients
with acute renal injury, other serious co-morbidity
such as severe heart failure and de-compensated
liver failure, Any active malignant disease,
uncontrolled diabetes mellitus, HbAlc: = 8.0%,
pregnancy, breastfeeding or planed pregnancy
during the study, patients with history of receiving
Vitamin-D or calcium.

Patients or attendees gave their informed written
permission after being fully informed about the
study's goals, risks and eventual conclusion. They
were made aware of their freedom to leave the
study at any time. They were then evenly assigned
at random to the experimental and control arms.
Baseline characteristics of patients such as age,
sex, duration of DM, BP were recorded. At start of
study following investigations were done: serum
creatinine, urinary albumin, serum vitamin-D and
serum parathormone, phosphate, calcium and
serum albumin. Each of the selected patients of
experimental group received capsule Calcitriol
(0.25 microgram) orally daily along with the
conventional treatment of DN and patients of
control group received identical placebo capsule
daily along with conventional treatment of DN.
Conventional treatment included calcium, Proton
Pump Inhibitor (PPI) Angiotensin Converting
Enzyme Inhibitor (ACEi) or Angiotensin Receptor
Blocker (ARB). Patients will be evaluated at 4th
week, 8th week and 12th week to assess the
efficacy of the study drug. At each visit, blood
pressure was measured and fasting blood samples
were collected for the measurement of above
investigations. Assessment consists of focused
questions about drug compliance and adverse
effects.

The master sheet was created by feeding data into
an Excel sheet, and SPSS version 23.0 was used to
analyze the data in accordance with procedure
guidelines. When the data were skewed,
continuous variables were given as medians and
interquartile ranges or as means and standard
deviation if the data were normally distributed. If
the data were normally distributed, the paired
sample 't' test was used for within-group
comparisons; if not, the Wilcoxon Signed Rank
test was used. If the continuous data were
normally distributed, an independent sample t test
was used to compare the groups, or if the data
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were skewed, a Mann-Whitney 'U' test was used.
Chi-square test was used to compare the counts
and percentages of categorical variables between
groups. The confidence interval was established at
the 95% level and statistical significance was
considered as p<0.05.

Results
Table I Socio-demographic, clinical and laboratory

parameters at baseline

Variable (Unit) (1 Experimental Group (15) © Control Group (15) 1 p value
Age (Years) 7 571483 0 54.7£11.1 10 0.510%
Sex

Male 7(46.7) 8(533 0.715%
Female 1 8(53.3) 1 7(46.7)

Duration of Diabetes (years)

$So 3(20.0) 0 1(6.7)C 0.682+
6-10 0 5(333)0 5(333)

1150 4(267) 4(26)

1620 3(20.0) 5(333)

Vitamin D status

Insufficient

(20-29.99 mg/dl) [ 8(53.3) 0 4(267) 0 0.136%
Deficient

(10-19.99 mg/dl) [ 7(46.7) 0 11(733)

Serum creatinine (mg/dl) T 1.5£0.5 1.3x04 0.269*
¢GFR (ml/min/ 1.73m2) 0 37(27-58) [0 42.0(38.0-74.0) 1 0.161%
UACR (pg/mg) [ 118.7(88.4-498.1) 71 88.4(39.7-349.3) 1 0.089%
SBP (mm of Hg) 7 138.0£20.4 0 132.7£7.0 0.347%
DBP (mm of Hg) 787483 79.3+4.6 [ 0.788*
Serum albumin (gm/dl) O 3.5+0.3 7 3.640.2 1 0.547%
Serum calcium (mg/dl) 8.610.9 9.1£0.4 0.061*
Serum phosphate (mg/dl) 7 5.0+0.7 71 47406 7 0.291*
Serum PTH (pg/ml) [0 69.7 (41.5-101.2) 0 59.3 (27.4-145.6) 11 0.870%

Data were presented as Mean+Standard deviation,
Median  (Interquartile range)
(Percentage). *Independent t test, {Mann-whitney
U test, TChi-square test.

Frequency

Both groups were comparable at baseline with
respect to
laboratory parameters. In both groups most of the
patients were =50 years of age group. Male and

socio-demographic, clinical and

female representation was almost equal in both
groups. Most of the patients of both groups had
history of DM for = 6 years (Table I).
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Table II Change of laboratory parameters of both group
from baseline to 12 weeks

Variables (Unit) 71 Group Baseline 71 12 weeks p value
Serum creatinine (mg/dl) “Experimental (15) 1.540.5 13405 <0.001%
0 Control (1) =~ 13404 16206 <0.001¢
eGFR (ml/min/1.73m2) © Experimental (15) 37 (27-58) ° 51(35-66) 0.005¢
Control (15) ™ 42.0(38.0-74.0) = 33.0(32.0-56.0) = 0.002f

UACR (ugmg) 1 Experimental (15) 118.7 (88.4-498.1) 7103.5 (73.1-385.2) T 0.001%
0 Control (1) 88.4(39.7-349.3) 7 152.7(108.5-478.3) 10.001¢
SBP (mm of Hg) Experimental (15) 138.0:204 0 133341050 0.301%
0 Control (15) T 13277011 140.748.0 0.003%
DBP (mm of Hg) ” Experimental (15) [78.748.3 C T8.1£540 0.713%
0 Control (15) T 79.34.6 7 81.0:4771 0.238¢
Serum albumin (gm/dl) 7 Experimental (15) 3.5+0.3 © 36£0.6 [0 (.242¢
0 Control (15) T 3.60.2 7 36203 C 0.618*
Serum caleium (mg/dl) ' Experimental (15) [8.6+0.9 8.60.8 0.565*
0 Contol (15) © 912047 884030 0.040*
Serum phosphate (mg/dl) [Experimental (15) [5.0:0.7 7 51050 0.496*

Control (15) 47406 5304 0.001*

Serum PTH (pg/ml) 7 Experimental (15) [69.7 (41.5-101.2) 7710 (40.3-110.5) C 0.233%
i Control (1) 59.3 (274-145.6) T 73.7(62.7-169.5) 0 0.001%

Data were presented as Mean+Standard deviation,
Median (Interquatile range). *Paired t test,
TWilcoxon ranked signed test.

Serum creatinine was significantly decreased in
experimental group (1.5+0.5 to 1.3+0.5 mg/dl,
p<0.001) but increased in control group (1.3+0.4
to 1.6£0.6 mg/dl, p<0.001). In other hand,
median eGFR was significantly increased in
experimental group (37 to 51 ml/min/1.73 m?,
p=0.005) and decreased in control group (42 to 33
ml/min/1.73 m2, p=0.002). Median urinary ACR
was also decreased in experimental group (118.7
to 103.5 pg/mg, p=0.001) and increased in control
group (88.4 to 152.7 pg/mg, p=0.001). SBP
(138.0£20.4 to 133.3£10.5 mm of Hg, p=0.301)
and DBP (78.748.3 to 78.1£5.4 mm of Hg,
p=0.713) were decreased in experimental group.
But in control group, SBP was significantly
increased at the end of study (132.7+7.0 to
140.748.0 mm of Hg, p=0.003) and DBP was also
increased at the end of study (79.3+4.6 to
81.044.7 mm of Hg, p=0.238). Serum albumin
was increased in experimental group but it was
not significant (p=0.242). Serum calcium and
phosphate were not changed significantly in
calcitrol treated group (8.6+0.9 to 8.6+0.8 mg/dl,
p=0.565 and 5.0+0.7 to 5.1£0.5 mg/dl, p=0.496
respectively). Serum calcium (9.1+0.4 to 8.8+0.3,
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p=0.040) was decreased and serum phosphate was
increased (4.7£0.6 to 5.3£0.4 mg/dl, p=0.001)
significantly in placebo treated group at the end of
study. Median serum PTH was not changed
signifiacantly in experimental group (69.7 to 71.0
pg/ml, p=0.233) but increased significantly in
control group (59.3 to 73.7 pg/ml, p=0.001)
(Table II).

Changes of serum creatinine {mg/dl} from baseline to 12
se ks

-4+ Experimental Group == Contral Group

Pl 001

[ndenendent | et

Figure 1 Comparison of changes of serum creatinine from
baseline to 12 weeks of both groups

Serum creatinine was decreased in calcitriol
treated group but increased in placebo treated
group and comparison of both groups were
statistically significant (p<0.001) (Figure 1).
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Figure 2 Comparison of changes of eGFR of both group
12 weeks

eGFR was increased in experimental group
(Median 7.0 ml/min/1.73 m?) and decreased in
control group (median 9.0 pg/ml) at the end of
study. Comparison of change between two groups
were significant (p=0.001) (Figure 2).
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Figure 3 Comparison of changes of uACR of both groups
at 12 weeks

Urinary ACR was decreased in experimental
group (Median 40.8 pg/mg) and increased in
control group (Median 43.3 pg/mg) at the end of
12 weeks. Comparison between two groups, it was
highly significant (p<0.001) (Figure 3).
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Figure 4 Comparison of changes of serum PTH of both
groups at 12 weeks

Serum PTH was increased in both groups (Median
11.9 versus 39.3 pg/ml) and it was statistically
significant (p=0.020) (Figure 4).
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Table III Comparison of changes of secondary outcome
of both groups at 12 weeks

Variable (unit) ° Experimental Group (15) ' Control Group (15) T pvalue
0 Mean change 7 95% CI T Mean change T 95%CI

SBP (mm of Hg) [ 470 47-1400 030 0.01-0570015
DBP (mm of Hg) © 060 -28-480 05T 03-087 0288
Serum albumin (gnvdl) 0.1 0.0-040 0.04 -0.1-02110.505
Serum caleium (mg/dl) = 0.10 02-030 0047 -0.1-0200.055

Serum phosphate (mg/dl) T 0.1 7 02-040 800 32-128 20,037

SBP was decreased in experimental group (Mean
4.7 mm of Hg) and increased in control group
(mean 0.3 mm of Hg) and comparison of two
groups were significant (p=0.015). DBP was also
decreased in experimental group and increased in
control group (Mean 0.6 versus 0.5 mm of Hg,
p=0.288). In other hand, serum albumin was more
increased in experimental group than control
group but comparison of which were not
significant (Mean 0.1 versus 0.04 gm/dl,
p=0.505). Serum calcium was increased in
calcitriol treated group and decreased in placebo
group at the end of study (0.1 versus 0.04 mg/dl,
p=0.055). Serum phosphate was less increased in
experimental group than control group (Mean 0.1
versus 8.0 mg/dl, p=0.037) at the end of the study
(Table III).

Discussions

Both the groups were comparable at the baseline
in terms of age, gender, presence of HTN and
duration of DM. The mean age of the patients was
55.87+9.75 years. Patient’s characteristics of our
study population were similar to the other studies
conducted in this issue.'**°

The study results have shown that significant
reduction of urine microalbumin could be
achieved with the treatment of oral Calcitriol in
DN patients who were on stable doses of ACE
inhibitors and/or ARBs compared to placebo
(p<0.001). This result was similar to previous
studies.'™?! Reduced kidney function is linked to
increased proteinuria. For this reason, strategies to
lower proteinuria are a key focus in the
management of renal proteinuric disease.”

The treatment group saw a substantial rise in
eGFR, whereas the control group experienced a
significant decrease in eGFR (p=0.001). Serum
creatinine significantly decreased in the treatment
group while it rose in the control group (p<0.001).
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Previous research provided evidence for this.? In
other studies, this result was not supported by
some previous studies.??*25  Potential
explanations include the possibility that eGFR
loss may occur in some diabetic patients even in
the absence of albuminuria and that other risk
factors (Such as blood pressure, blood lipids, and
blood glucose) are correlated with the decline of
renal function but were not taken into account in
this meta-analysis.?

SBP and DBP were decreased in experimental
group but increased in control group (p=0.015 and
0.288 respectively). In previous study Li et al.
supported this findings.?’

In the present study, serum PTH level was similar
in both groups at baseline and at every follow-up.
However, within group analysis indicated a
significant increase of PTH in control group and
no significant difference in the experimental
group. Liyanage et al. observed a significant
reduction of PTH in both experimental and control
group with Vitamin D, 50000 IU (0.25 ml) IM
monthly for 6 months.?’ Both the groups were
comparable at the baseline in terms of age, gender,
presence of HTN and duration of DM. The mean
age of the patients was 55.87+9.75 years. Patient’s
characteristics of our study population were similar
to the other studies conducted in this issue. !

Limitations

Small sample size. Short follow-up and we
administered oral Vitamin D, the problems related
to compliance and bioavailability may arise.
Further, not including any marker of inflammation
or method of endothelial function that could have
been an explanation for reduction of albuminuria
was another limitation of this study.

Conclusion

The outcome of this randomized double-blind
placebo controlled clinical trial conducted among
patients with DN and there was significant
reduction of urine microalbumin after oral
calcitriol therapy (0.25 microgram daily for 12
weeks). In addition, there was a significant
reduction of serum creatinine and improvement of
eGFR among patients who received Vitamin D.
These results are supportive of the renoprotective
effects of Vitamin D in diabetic patients with
nephropathy who are on optimum medical therapy.
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Recommendations

There is an urgent need for RCTs of larger sample
size, placebo-controlled, comprehensive outcome
measures, long term followed up and multi
centered in order to clarify the real impact of
calcitriol supplementation on indices of renal
function and glycemic control in DM patients.
Calcitriol supplementation would become a low-
cost and convenient treatment strategy with social
benefits in DN patients. If a clear conclusion is
reached that Calcitriol supplementation prevents
and treat DN.
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