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Implication for health policy/practice/research/medical education:
This trial was conducted on 32 patients with type 2 diabetes mellitus who had microalbuminuria. The difference in median of microalbuminuria 
was not statically significant between the two groups; however, a significant difference was detected in the treatment group before and after 
the intervention. Administration of calcitriol could reduce microalbuminuria after three months.
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Introduction: Diabetes mellitus (DM) is a metabolic disorder appearing as a main public health 
problem nowadays. 
Objectives: This study aimed to evaluate the effect of calcitriol on microalbuminuria in patients with 
type 2 DM (T2DM).
Patients and Methods: This double-blind randomized clinical trial was performed on 38 patients 
with T2DM who had micro- albuminuria. These patients were randomly classified into two groups 
of treatment and control. The treatment group received calcitriol 0.25 μg daily since the control 
group received a placebo. Duration of treatment was three months. In baseline, serum creatinine 
(Cr), fasting blood sugar (FBS), glycated hemoglobin (HbA1c), cholesterol (Chol), triglyceride (TG), 
low-density lipoprotein (LDL-c), high-density lipoprotein (HDL-c), and micro-albuminuria were 
measured. Patients were followed up for three months. P < 0.05 was set as a significant level.
Results: In baseline, two groups did not differ significantly in terms of serum Cr, FBS, HbA1c, 
Chol, TG, HDL-c, LDL-c, and micro-albuminuria (P > 0.05). After the intervention, there was no 
significant difference between the two groups regarding the median of serum Cr, FBS, HbA1c, Chol, 
TG, LDL-c, HDL-c, and microalbuminuria. The median of microalbuminuria in the treatment and 
control groups was decreased at 46 mg/g and 11 mg/g, respectively. The difference in median of 
micro-albuminuria was not statically significant between the two groups; however, a significant 
difference was detected in the treatment group before and after the intervention (P = 0.03). 
Conclusion: Administration of calcitriol could reduce micro-albuminuria after three months. 
Therefore, the addition of calcitriol to angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs) in patients with T2DM and micro- albuminuria may have a 
beneficial effect on reducing their proteinuria.
Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trials 
(identifier: IRCT2016091429812N; https://en.irct.ir/trial/23865, ethical code; IR.SSU.Rec.65415).
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Introduction
Type 2 diabetes mellitus (T2DM) accounted for 85.5% of 
cases with DM during 2015–2016 (1). According to non-
communicable diseases project, the prevalence of DM 
was 11.4% in adult in 2011 (2). End-stage renal disease 
is the most common kidney complication associated with 
diabetic kidney disease and high mortality. DM causes a 
variety of metabolic, chemical, and hemodynamic changes 
in the kidney (3). In DM, the expression of inflammatory 
factors increases, resulting in a chronically activated 
innate immune system and low-grade inflammatory 
state (3). Nuclear receptors are the negative regulators of 
inflammation, oxidative stress, and fibrosis, and vitamin 
D receptor is one of these nuclear receptors involved in 
inflammatory pathways (4).

Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs) are drugs used for 
the management of elevated blood pressure reducing 
proteinuria and glomerular filtration rate (5). Although 
these drugs slow the progression of kidney and heart 
disease by reducing proteinuria (6), end-stage renal disease 
and cardiac complications are not completely prevented 
in many patients with chronic renal failure (7). Therefore, 
patients who have micro-albuminuria despite taking the 
above medications should be managed.

Objectives
Calcitriol (1,25-dihydroxycholecalciferol) is the active 
form of vitamin D and can reduce proteinuria in patients 
with type 1 DM (8).Therefore, we aimed to evaluate the 
effects of calcitriol on micro-albuminuria in patients with 
T2DM.

Patients and Methods 
Study design
This study was performed between 2017 and 2019 
in Yazd, Iran. Among 200 patients who referred to the 
nephrology clinic in Diabetes Research Center, 38 met the 
inclusion criteria. 

Inclusion criteria were as follows; suffering from T2DM, 
being under treatment with ARBs or ACEs for at least one 
year, and having micro-albuminuria (excretion of 30-300 
mg of albumin after 8-12 hours of fasting). 

 Exclusion criteria were defined as having type 1 
diabetes mellitus, systolic blood pressure (SBP) above 140 
mm Hg or diastolic blood pressure (DBP) above 90 mm 
Hg, HbA1c more than 9%, micro-albuminuria greater 
than 300 mg/g, parathyroid hormone greater than 75 
pg/mL, kidney stone disease  or hypercalcemia (calcium 
more than10.3 mg/dL), and acute liver disease and taking 
calcitriol or derivatives of vitamin D.

This study was a double-blind randomized clinical trial. 
Participants included 38 patients (19: treatment group 

and 19 placebo group) with T2DM aged 30-75 years old 
and referred to nephrology clinic in Yazd diabetes research 
center.

Block randomization method was used to prevent the 
selection bias and ensure against the accidental bias. A 
block size of six was considered. Patients were randomly 
assigned in two groups of treatment and control. The 
treatment group received calcitriol 0.25 microgram daily, 
since the control group received a placebo. Duration of 
treatment was three months. Calcitriol and placebo were 
obtained from Zahravi Pharmaceutical Company (Tabriz, 
Iran). Calcitriol and placebo were similar in shape, size, 
and color. By coding the patients, the researcher was not 
aware of treatment and control groups. In fact, neither 
physician nor patients was informed of group classification 
or the used medicine. 

A nurse measured patients’ blood pressure by a standard 
mercury manometer. Biochemical tests, such as serum 
creatinine (Cr), fasting blood sugar (FBS), glycated 
hemoglobin (HbA1c), cholesterol (Chol), triglyceride 
(TG), low-density lipoprotein (LDL-c), and high density 
protein (HDL-c), were checked in the central laboratory. 
Serum Cr was evaluated by enzymatic colorimetric assay. 
Serum glucose was measured by glucose oxidase kit (Pars 
Azmoon, Iran) and HbA1c was determined by high-
performance liquid chromatography. Serum Chol, TG, 
and HDL-c were measured by glycerol phosphate oxidase 
(GPO) -PAP method (Pars Azmoon kit). The LDL-c 
was calculated according to the Friedewald formula in 
patients with TG level less than 300 mg/dL [LDL=Chol-
(HDL+TG/5)]. The level was assessed by column 
chromatography (Biosource kit, Barcelona, Spain). Micro-
albuminuria was measured in a morning urine sample by 
immunoturbidimetric assay (Pars Azmoon) in the central 
laboratory. Micro-albuminuria was evaluated by obtaining 
urine albumin to creatinine ratio. Micro-albuminuria was 
defined as fasting urinary albumin–creatinine ratio of 30–
300 mg/g. After three months, serum Cr, FBS, HbA1c, 
Chol, TG, LDL-c, HDL-c, and microalbuminuria were 
measured in the central laboratory and compared in two 
groups (Figure 1).

Statistical analysis
SPSS (version 22) was used to analyze the data. Given 
that the data did not have a normal distribution, non-
parametric statistics (chi-square test and Mann-Whitney 
U test) were used for data analysis. P < 0.05 was set as 
significant level.

Results 
Baseline characteristics
In this trial, we recruited 38 patients with T2DM. In 
terms of gender, there were 16 (42.1%) males and 22 
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(57.9%) females in this study. The median ± range of 
age in patients was 57 ± 40 years old and 59 ± 28 years 
old in the treatment and control groups, indicating no 
significant difference between two groups in this regard 
(P = 0.84). In terms of family history of DM, diabetic 
kidney disease, hypertension, and ischemic heart disease, 
two groups did not differ significantly (P > 0.05; Table 
1). At baseline, there was not any significant difference 
between median of variables in treatment and control 
groups. Before intervention, median of micro-albuminuria 
in the treatment group and control group were 133 ± 269 
mg/g and 60 ± 269 mg/g, respectively (P = 0.08; Table 2). 

After intervention
After intervention, there was no significant difference 
between the median of variables in the two groups. 
The medians of microalbuminuria in both groups were 
decreased after the intervention (in the treatment group 
was 46 mg/g and in the control group was 11 mg/g), 
though it was significant only in the treatment group 
(P = 0.03; Table 3). The patients were interviewed for 
detecting the side effects of the drug such as weakness, 
headache, nausea, constipation, dry mouth, anorexia and 
abdominal pain.

Discussion
In DM, hyperglycemia leads to activate cellular pathways 
like diacylglycerol protein-kinase C pathway, advanced 
glycation end- products, oxidative stress through 
active oxygen spices, and glomerular hyperfiltration 

and hypertension (3). Hyperglycemia stimulates the 
production of angiotensin 2, which leads to hemodynamic, 
inflammatory, and profibrogenic changes in renal cells 
(10).

Due to important role of renin-angiotensin system 
(RAS) in diabetic nephropathy, ACEIs and ARBs have 
critical role in treatment of these patients. Albuminuria 
did not improve completely in the majority of patients 
with T2DM who received ACEIs and ARBs, and these 
patients progress to end-stage renal disease. Therefore, 
using other medications to improve residual proteinuria 
is necessary. Calcitriol is the active form of vitamin D 
with modulatory effects on RAS, and immune system 
decreasing proteinuria in animal models.  The activators 
of vitamin D receptor could reduce proteinuria with 
mechanisms, such as inhibition of synthesis and 
activity of monocyte chemoattractant protein 1, 
regulation of transforming growth factor β, expression 
of angiotensinogen, antiproliferative effects, antifibrotic 
effects, or combination of them (11-14).

In baseline data, there was no significant difference 
between the two groups. After intervention, the results of 
the study did not show a statistically significant difference 
between groups. It was also found that the median of 
micro-albuminuria was decreased after the intervention 
in the treatment group (46 mg/g) and in the control 
group (11 mg/g); however, changes in median of micro-
albuminuria were significant only in the treatment group.

Another important point was related to consideration 
of strict inclusion criteria in our study to minimize 
the confounding effects of other factors, including 
hyperglycemia, hyperlipidemia and systolic and diastolic 
blood pressure (15,16), which did not significantly differ 
between two groups, indicating the correct randomization 
of sampling.

Krairittichai et al investigated patients with T2DM with 
urinary protein to creatinine ratio of more than 1 g/g. 
After four months, a significant decrease in proteinuria 
was observed in the calcitriol group, since no significant 
change was observed in other variables, including systolic 
and diastolic blood pressure, serum creatinine, Chol, and 
HbA1C, which is in line with the findings of current study. 
However in aforementioned study, patients’ creatinine 
level was higher than that of the present study. In other 
words, patients with more advanced degrees of kidney 
failure were included in their study. The dose of calcitriol 
was also lower than that of our study (17).

 The study of Liyanage et al was performed as a double-
blind, randomized, placebo-controlled study on 85 
patients. The researchers concluded that administration 
of vitamin D (50 000 IU) for six months reduced urinary 
albumin levels in patients with diabetic nephropathy. (18). 
However, in our study, there was no difference between 
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Figure 1. The consort flow diagram of the trial.
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Table 1. Baseline categorical characteristics in patients of two groups

Characteristics Treatment group, No. (%) Control group, No. (%) P value*

Positive family history of diabetes mellitus 13 (76.5) 12 (63.2) 0.30

Positive family history of diabetic kidney disease 5 (27.8) 6 (31.6) 0.54

Positive family history of hypertension 16 (94.1) 13 (72.2) 0.10

Positive family history of ischemic heart disease 4 (30.8) 2 (10.5) 0.16

* Chi-square test.

Table 2. Baseline characteristics in total participant (N=28)

Characteristics Treatment (Median ± Range) Placebo (Median ± Range) P value*

Micro-albuminuria (mg/g) 133 ± 269 60 ± 269 0.08

Serum creatinine (mg/dL) 1.2 ± 2.8 0.91 ± 1.9 0.08

HbA1c (%) 7.7 ± 5.1 7.85 ± 4 0.96

SBP (mm Hg) 137.5 ± 60 140 ± 50 0.56

DBP (mm Hg) 80 ± 30 75 ± 30 0.29

FBS (mg/dL) 127 ± 141 137 ± 129 0.38

OGTT 201 ± 244 236.5 ± 330 0.37

HDL-c (mg/dL) 43 ± 51 39.5 ± 29 0.50

LDL-c (mg/dL) 91 ± 90 81.9 ± 99.20 0.60

Cholesterol (mg/dL) 159 ± 167 152 ± 103 0.50

TG (mg/dL) 157 ± 385 175 ± 237 0.84

HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; OGTT, oral glucose tolerance test; FBS, fasting blood sugar; TG, 
triglyceride; LDL-c, low-density lipoprotein, HDL-c, high density lipoprotein.
*Mann–Whitney U test.

two groups after three months of intervention regarding 
systolic and diastolic blood pressure, serum creatinine, 
FBS, HbA1c, TG, Chol, HDL-c, and LDL-c. This 
contrast between the results of aforementioned study and 
those of us can be attributed to difference in study design 
and omission of confounding factors in the present study. 
These confounding factors were SBP, DBP, FBS, HbA1c, 
TG, Chol, and LDL-c. In the current study, changes in 
the median of micro-albuminuria were significant in the 
treatment group. 

Recent studies also showed that patients with diabetes 
with vitamin D deficiency have a higher risk of developing 
nephropathy (19,20). 

The patients included in the present study did not 
report any side effect due to calcitriol use. After three 
months, there was no significant difference between two 
groups in any of the variables. However, in the treatment 
group, a significant decrease in micro-albuminuria level 
was observed after three months. Before intervention, 
the median of micro-albuminuria in the treatment and 
control groups was 133 ± 269 mg/g and 69 ± 269 mg/g, 
respectively, indicating no statistically significant (which 
can be clinically notable). In other words, in the treatment 
group, patients with higher micro-albuminuria, calcitriol 
significantly decreased micro- albuminuria after three 
months, suggesting the efficacy of calcitriol on reducing 

micro-albuminuria level in patients with T2DM

Conclusion
The results of our study showed that calcitriol could 
reduce median of micro-albuminuria after three months. 
Therefore, calcitriol to ACEs and ARBs in patients with 
T2DM and micro-albuminuria may have beneficial effects 
on reducing their residual proteinuria. 

Limitations of the study
One of the strengths of this study is its design, which was 
conducted as a double-blind clinical trial. Inclusion and 
exclusion criteria in the present study were both strengths 
and limitations. On the other hand, at the beginning of 
the study, patients became very special, and taking this 
drug will affect these unique patients. On the other 
hand, it has reduced its generalizability to a wide range of 
diabetic patients. It was also tough to find patients with 
these characteristics and 

Authors’ contribution
MA, AGhA, AJ, ShKh and RH were the principal 
investigators of the study. Rh, MA, ShKh, and AGhA were 
included in preparing the concept and design. Rh, AJ and 
AGhA revisited the manuscript and critically evaluated the 
intellectual contents. All authors participated in preparing 



 www.nephropathol.com                                                     Journal of  Nephropathology, Vol 11, No x, xx 2022 

                                   Calcitriol and microalbuminuria

5

the final draft of the manuscript, revised the manuscript, 
and critically evaluated the intellectual contents. All 
authors have read and approved the manuscript’s content 
and confirmed the accuracy or integrity of any part of the 
work.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues
The research followed the tenets of the Declaration 
of Helsinki. The institutional ethical committee at 
Shahid Sadoughi University of Medical Sciences 
approved all study protocols (IR.SSU.Rec.65415). 
Accordingly, written informed consent was taken 
from all participants before any intervention. The 
trial protocol was approved by the Iranian Registry 
of Clinical Trials (#IRCT2016091429812N; https://
en.irct.ir/trial/23865). Moreover, ethical issues (including 
plagiarism, data fabrication and double publication) were 
also completely observed by the authors.

Funding/Support
This study was supported by Shahid Sadoughi University 
of Medical Sciences.

References
1. Chan JCN, Lim LL, Wareham NJ, Shaw JE, Orchard TJ, 

Zhang P, et al. The Lancet Commission on diabetes: using 
data to transform diabetes care and patient lives. Lancet. 
2021;396:2019-2082. doi: 10.1016/S0140-6736(20)32374-
6. 

2. Guariguata L, Whiting DR, Hambleton I, Beagley J, 
Linnenkamp U, Shaw JE. Global estimates of diabetes 
prevalence for 2013 and projections for 2035. Diabetes 
Res Clin Pract. 2014;103:137-49.4. doi: 10.1016/j.
diabres.2019.107843.

3. Toth-Manikowski S, Atta MG. Diabetic kidney disease: 
pathophysiology and therapeutic targets. J Diabetes Res. 
2015;2015:697010. doi: 10.1155/2015/697010. 

4. Gembillo G, Cernaro V, Salvo A, Siligato R, Laudani A, 
Buemi M, Santoro D. Role of vitamin d status in diabetic 
patients with renal disease. Medicina (Kaunas). 2019;55:273. 
doi: 10.3390/medicina55060273. 

5. Bichu P, Nistala R, Khan A, Sowers JR, Whaley-Connell A. 
Angiotensin receptor blockers for the reduction of proteinuria 
in diabetic patients with overt nephropathy: results from the 
AMADEO study. Vasc Health Risk Manag. 2009;5:129-40.

6. Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth 
L, Hingorani AD, et al. Effect of inhibitors of the renin-
angiotensin system and other antihypertensive drugs on 
renal outcomes: systematic review and meta-analysis. Lancet. 
2005;366:2026-33. doi: 10.1016/S0140-6736(05)67814-2.

Table 3. Comparison of variables in two groups before and after the study

Treatment group (Median ± Range) P value* Control group (Median ± Range) P value*

Micro-albuminuria 
(mg/g)

Before 133 ± 269
0.03

60 ± 269
0.10

After 87 ± 368 49 ± 219

Cr (mg/dL)
Before 1.2 ± 2.8

0.53
0.91 ± 1.9

0.96
After 1.2 ± 1.9 1 ± 1.5

HbA1c (%)
Before 7.7 ± 5.1

0.60
7.85 ± 4

0.17
After 7.75 ± 5 7.50 ± 3

SBP (mm Hg)
Before 137.5 ± 60

0.87
140 ± 50

0.85
After 130 ± 80 140 ± 60

DBP (mm Hg)
Before 80 ± 30

0.64
75 ± 30

0.40
After 80 ± 40 85 ± 30

FBS (mg/dL)
Before 127 ± 141

0.63
137 ± 129

0.98
After 124 ± 162 139 ± 173

HDL-c (mg/dL)
Before 43 ± 51

0.10
39.5 ± 29

0.58
After 36 ± 37 37.5 ± 25

LDL-c (mg/dL)
Before 91 ± 90

0.92
81.9 ± 99.20

0.73
After 86 ± 291 75.9 ± 135.10

Chol (mg/dL)
Before 159 ± 167

0.45
152 ± 103

0.67
After 146 ± 199 144 ± 140

TG (mg/dL)
Before 157 ± 385

0.12
175 ± 237

0.82
After 180 ± 448 185 ± 243

Cr, creatinine; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; TG, triglyceride; LDL-c, 
low-density lipoprotein, HDL-c, high density lipoprotein.
*Mann–Whitney U test.



Askari M et al

Journal of  Nephropathology, Vol 11, No x, xx 2022                                                   www.nephropathol.com6

7. Matsushita K, van der Velde M, Astor BC, Woodward M, 
Levey AS, de Jong PE, et al. Chronic Kidney Prognosis 
Consortium: association of estimated glumerolar filteration 
rate and albuminuria with all -cause and cardiovascular 
mortality in general population cohorts: a collaborative 
meta-analysis. Lancet. 2010;375:2073-81. doi: 10.1016/
S0140-6736(10)60674-5.

8. Astor BC, Matsushita K, Gansevoort RT, van der Velde M, 
Woodward M, Levey AS, et al. Chronic Kidney Disease 
Prognosis Consortium: lower estimated glumerolar filteration 
rate and higher albuminuria are associated with mortality 
and end-stage renal disease. A collaborative meta-analysis 
of kidney disease population cohorts. Kidney Int. 2011; 
79:1331-40. doi: 10.1038/ki.2010.550. 

9. Kuhlmann A, Haas CS, Gross M-L, Reulbach U, Holzinger 
M, Schwarz U, et al. 1, 25-Dihydroxyvitamin D3 
decreases podocyte loss and podocyte hypertrophy in the 
subtotally nephrectomized rat. Am J Physiol Renal Physiol. 
2004;286:F526-F33. doi: 10.1152/ajprenal.00316.2003.

10. Singh R, Alavi N, Singh AK, Leechey DJ. Role of angiotensin 
II in glucose- induced inhibition of mesangial matrix 
degradation. Diabetes. 1999;48: 2066-73. doi: 10.2337/
diabetes.48.10.2066.

11. Zhang Z, Yuan W, Sun L, Szero FL, Wong KE, Li X, et al. 
Dihydroxy vitamin D3 targeting of NF-k β suppresses high 
glucose- induced MCP-1 expression in mesenchymal cells.
Kidney Int. 2007;72:193-201.doi: 10.1038/sj.ki.5002296.

12. Xu L, Zhang P, Guan H, Huang Z, He X, Wan X, et al. 
Vitamin D and its receptor regulate lipopolysaccharide-
induced transforming growth factor-β, angiotensinogen 
expression and podocytes apoptosis through the nuclear 
factor-κB pathway. J Diabetes Investig. 2016;7:680-8. doi: 
10.1111/jdi.12505. 

13. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 
1,25-Dihydroxyvitamin D(3) is a negative endocrine 
regulator of the renin-angiotensin system. J Clin Invest. 
2002;110:229-38. doi: 10.1172/JCI15219. 

14. Mizobuchi M, Morrissey J, Finch JL, Martin DR, Liapis H, 
Akizawa T, et al. Combination therapy with an angiotensin-
converting enzyme inhibitor and a vitamin D analog 
suppresses the progression of renal insufficiency in uremic 
rats. J Am Soc Nephrol. 2007;18:1796-806. doi: 10.1681/
ASN.2006091028. 

15. Ravid M, Brosh D, Ravid-Safran D, Levy Z, Rachmani R. 
Main risk factors for nephropathy in type 2 diabetes mellitus 
are plasma cholesterol levels, mean blood pressure, and 
hyperglycemia. Arch Intern Med. 1998;158:998-1004. doi: 
10.1001/archinte.158.9.998. 

16. Slinin Y, Ishani A, Rector T, Fitzgerald P, MacDonald R, 
Tacklind J, Rutks I, et al. Management of hyperglycemia, 
dyslipidemia, and albuminuria in patients with diabetes and 
CKD: a systematic review for a KDOQI clinical practice 
guideline. Am J Kidney Dis. 2012;60:747-69. doi: 10.1053/j.
ajkd.2012.07.017. 

17. Krairittichai U, Mahannopkul R, and Bunang 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(S3): 41-47. 

18. Liyanage P, Lekamwasam S, Weerarathna T, Liyanage C. 
Effect of Vitamin D therapy on urinary albumin excretion, 
renal functions, and plasma renin among patients with 
diabetic nephropathy: A randomized, double-blind clinical 
trial. J Postgrad Med. 2018;64:10. doi: 10.4103/jpgm.
JPGM_598_16.

19. Liyanage P, Lekamwasam S, Weerarathna TP, Liyanage C. 
Effect of Vitamin D therapy on urinary albumin excretion, 
renal functions, and plasma renin among patients with 
diabetic nephropathy: a randomized, double-blind clinical 
trial. J Postgrad Med. 2018;64:10-15. doi: 10.4103/jpgm.
JPGM_598_16. 

20. Prabhu RA, Saraf K. Vitamin D in diabetic nephropathy. 
J Postgrad Med. 2018;64:5-6. doi: 10.4103/jpgm.
JPGM_311_17.

Copyright © 2022 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.


