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Introduction: Previous studies have shown that vitamin D analogs (such as paricalcitol)
can reduce albuminuria in patients with diabetes mellitus and retard the progression of
diabetic kidney disease (DKD). A recent systematic review reported significant
improvement of renal function in patients with DKD who received vitamin D or its
analogs. Study-driven data about their use in improving DKD outcomes have continued
to accumulate over the years.

Aim: This paper aims to systematically review the contemporary evidence about the
effectiveness of vitamin D analogs in retarding the onset or progression of DKD.

Methods: With appropriate descriptors, two electronic databases (PubMed and Google
Scholar) were searched for articles published between 2015 and 2021 in the English
language. Primary studies that fulfilled the inclusion criteria were selected; their titles and
abstracts were screened, and duplicates were removed. Relevant data were retrieved
from the final selected studies using a preconceived data-extraction form.

Results: A total of eight studies (three randomized-controlled trials, one prospective
study, and four cross-sectional studies) were reviewed. A total of 6,243 participants were
investigated in the eight studies and comprised young adults, middle-aged adults, and the
elderly with a male-gender predominance. One randomized controlled trial reported that
paricalcitol significantly improved renal function in type 1 diabetes patients with renal
impairment when combined with renin-angiotensin-aldosterone system (RAAS) blockers.
A strong correlation between vitamin D deficiency and DKD risk was noted in the majority
of the cross-sectional studies. High doses of cholecalciferol (4,000 or 10,000 IU/day),
given early in DKD, significantly reduced disease prevalence.

Conclusion: Paricalcitol may retard the onset or progression of DKD, especially if
administered in combination with RAAS blockers. The association of vitamin D
deficiency with DKD risk also supports this therapeutic effect. Future systematic
reviews are still needed to strengthen the current evidence on therapeutic benefit of
vitamin D or its analogs in DKD.
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INTRODUCTION

Vitamin D is involved in bone-mineral homeostasis. However,
several non-calcemic actions of its bioactive form (calcitriol) are
well documented (1-3). These actions are possible because of the
wide distribution of vitamin D receptors in the body. The
significant effects of calcitriol include modulation of insulin
and parathyroid hormone (PTH) secretion, control of cellular
proliferation and differentiation, and modulation of immune
function (3). Specifically, calcitriol inhibits PTH secretion but
facilitates insulin secretion; it prevents cellular proliferation but
enhances cellular differentiation. It also inhibits adaptive
immunity but stimulates innate immunity (3).

Regarding the effects of calcitriol on the immune system, B-
cell proliferation and immunoglobulin production are
suppressed, and cell proliferation (especially T-helper-1 cells) is
delayed following its inhibitory action on adaptive immunity (4-
6). On the other hand, its stimulatory action on innate immunity
involves its upregulation of cathelicidin in epithelial and myeloid
cells (7), and its inhibition of the synthesis of inflammatory
cytokines like interleukin (IL) 1, IL6, IL8, IL12, and tumor
necrosis factor-alpha (TNFo) in human monocytes (8). Thus,
calcitriol provides a negative- feedback mechanism to mitigate
excessive inflammation by interfering with the expression of pro-
inflammatory cytokines. These non-calcemic actions have
implications for the use of calcitriol or its analogs in
attenuating the progression of inflammation-associated
diseases such as diabetic kidney disease (DKD).

Different hypotheses on the pathophysiologic mechanisms of
DKD have been suggested (9, 10). However, the currently
accepted hypothesis assumes that renal fibrosis is the endpoint
of a cascade of events arising from hyperglycemia-induced
inflammation, oxidative stress, hypoxia, renal hemodynamic
changes, and overactive renin-angiotensin-aldosterone system
(RAAS) (11). In other words, DKD is a complex disease that
arises from the interaction between hemodynamic/metabolic
pathways and oxidative stress/inflammatory pathways. In
chronic kidney disease (CKD), activation of RAAS and renal
inflammation stimulate renal fibrosis and the progression to end-
stage kidney disease (ESKD).

DKD shows structural changes in the nephron (mesangial
expansion, thickening of the tubules and glomerular basement
membrane, and glomerulosclerosis) and functional changes that
affect urine albumin excretion, estimated glomerular filtration
rate (eGFR), and blood pressure (12). Thus, the clinical staging of
DKD (stages 1 to 5) incorporates eGFR, albuminuria, and
hypertension; each parameter worsens as the staging-numerical
increases (13).

Conventional renoprotective interventions against DKD
progression target specific modifiable risk factors, whereas the
novel strategies act at specific stages of disease pathogenesis (14).
Both conventional interventions (strict glycemic control, control of
hypertension, treatment of dyslipidemia, and lifestyle modification)
and novel drugs (uric acid antagonists, vitamin D analogs,
endothelin receptor antagonists, and glucose-lowering agents) are
effective in slowing down the onset of DKD or its progression to
ESKD. Animal-experimental data, human observational studies,

and short-term clinical trials suggest that vitamin D and omega-3
fatty acid supplements may be safe and cheap pharmacologic
interventions to reduce the incidence and progression of DKD
(15). For instance, a few previous clinical trials have shown that
vitamin D analogs (such as paricalcitol) reduced albuminuria in
patients with diabetes mellitus and the progression of its renal
complications. They possibly act by inhibiting RAAS and
preventing glomerulosclerosis (16, 17). Also, paricalcitol is known
to reduce the renal interstitial fibrosis induced by CKD through a
synergy of its inhibitory actions on RAAS, inflammation, and
epithelial/mesenchymal transition (18). A recent systematic
review that evaluated the therapeutic role of cholecalciferol,
calcitriol, and paricalcitol in patients with DKD reported
significant improvement of their renal functions (19). Thus, the
use of vitamin D analogs constitutes a possible new treatment
strategy for the prevention of DKD progression.

Following the review published six years ago (19), study-
driven data about the use of vitamin D or its analogs in
ameliorating DKD outcomes have continued to accumulate to
date. Therefore, this paper aims to systematically review the
contemporary evidence about the effectiveness of vitamin D
analogs in retarding the onset or progression of DKD. The
findings will hopefully add to the evidence-based medicine
regarding the use of these pharmacologic agents in DKD. The
review was conducted and written in conformity with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (20).

METHODS

Search Strategy

The PubMed and Google Scholar databases were searched for
articles published in the last six years, i.e., between 2015 and 2021.
(Date of the last search: 9™ August 2021). For the Google Scholar
database, these were the descriptors in different combinations: ‘type
2 diabetes mellitus’, ‘renal complication’, ‘diabetic kidney disease’,
‘diabetic nephropathy’, ‘vitamin D receptors’, ‘calcitriol’, vitamin D
analogs’ and ‘end-stage kidney disease’. For PubMed database, the
following descriptors were the search details: ‘vitamin D’,
‘ergocalciferol’, ‘therapeutics’, ‘diabetic nephropathy’ (MeSH) and
‘vitamin D’, ‘ergocalciferol’, ‘analogs’, ‘therapy’ and ‘diabetic kidney
disease’ (All search fields).

Inclusion and Exclusion Criteria

Primary studies that met the following inclusion criteria were
selected: (i). randomized control trials or prospective
longitudinal studies or cross-sectional studies on human
subjects (ii) Full-text studies published in or translated into the
English language (iii) Studies whose population or patients were
diagnosed with type 1 or type 2 diabetes or DKD; who received
vitamin D or its analogs as interventional measures; who were
compared with similar subjects given placebo or alternative
drugs; and whose outcomes included renal function parameters
or other biochemical parameters (i.e., studies that fulfilled the
‘PICO’ acronym - Population or Patients, Intervention,
Comparators, and Outcomes), and (iv) studies that evaluated
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the association between vitamin D status and DKD, suggesting
the therapeutic use of vitamin D or its analogs in the latter.
Excluded articles were abstracts, letters to the Editor, reviews,
editorials, commentaries, and studies without either primary
data or described study methods.

Study Selection

After screening the titles and abstracts of retrieved published
articles from the two electronic databases, potentially eligible
full-text articles were evaluated for final inclusion to the list of
articles for the present systematic review. Duplicates and articles
(whose aims were unrelated to the aim of the present systematic
review) were removed during the selection process.

Quality Assessment

The methodological quality of the selected studies was evaluated
using the Newcastle-Ottawa Scale, which assesses non-
randomized studies (21). The scale comprises the following
criteria for assessing case-control or cross-sectional studies:
‘selection” (maximum of 5 stars), ‘comparability’ (maximum of
2 stars), and ‘exposure/outcome’ (maximum of 3 stars). The
rating of studies was categorized as high if assigned > 7 stars or
low if assigned < 7 stars.

Data Extraction and Data Items

With a preconceived data-extraction form, relevant data were
retrieved from the selected studies. The form was designed to
gather the first author’s name, year of publication, study setting,
country, study design, study population, sample size, and
demographic characteristics of patients, such as age and gender
distribution. Other extracted data were the diagnosed disease, the
pharmacologic interventions (vitamin D or its analogs and
placebo or alternative drugs), and the renal function
parameters or other biochemical parameters evaluated as
outcomes or as parameters of vitamin D status.

Data Synthesis

Data about the study outcomes were assessed to establish the
effectiveness of vitamin D or its analogs in retarding the onset
and progression of DKD. Also, qualitative data synthesis was
conducted to compare outcomes or endpoints in the
interventional group (patients that received vitamin D or its
analogs) with the comparative group (patients that received
placebo or alternative drugs). The data synthesis was also
applied to assessing parameters of vitamin D status in patients
with diabetes or DKD.

RESULTS
Study Selection

As shown in Figure 1, 123 and 396 relevant papers were
identified in the PubMed and Google Scholar databases,
respectively, giving 519 papers. Removal of duplicates from
both databases scaled down the number of papers to 237.
These papers were then screened for their relevance to the
present systematic review. Thirty-six papers were left after this

initial screening. Further exclusion of 28 papers (including
reviews, case reports, and editorials) yielded eight full-text
original articles assessed for eligibility according to the
inclusion criteria. These eight articles were selected for
qualitative analysis in the present systematic review.

Study Characteristics

The eight selected full-text original articles comprise three
randomized controlled trials (22-24), a short-duration
prospective study (25), and four cross-sectional studies (26-
29). The countries where these studies were conducted are
located in North America (23, 24), South America (25, 26),
Asia (27-29), and Europe (22). All the studies were hospital-
based. A total of 6,243 subjects participated in the eight studies.
The participants’ age distribution varied in six studies with mean
ages of 28.6+ 8.1 years (26), 29.0 + 8.1 years (25), 50.8 + 7.6 years
(24), 55.2+ 10.2 years (27), 57 + 9 years (22), and 61.6£ 10.9 years
(29). One study reported a median age of 64 years (age range: 53-
71years) in the intervention group and 61 years (age range: 51-71
years) in the placebo group (23). Additionally, their gender
distribution shows that both sexes were equally distributed in
one study (25), with female predominance in one study (26), and
male predominance in the majority of the studies (22-24, 27-
29). Using the Newcastle-Ottawa Scale, the methodological
quality of four cross-sectional studies reveals a star-rating of <
7 (low quality) for one study (29), and > 7 (high quality) for the
rest of the studies (26-28). Also, a rating of < 7 applies to the
prospective study (25), and > 7 to the three randomized
controlled trials (22-24) (Table 1).

Study Findings

The following significant findings were reported in each of the
eight studies (Table 2). Among the cross-sectional studies (26—
29), Felicio et al. evaluated the association between low levels of
vitamin D and the presence and degree of DKD in T1DM
patients (26). They estimated the levels of 25-hydroxyvitamin
D and albuminuria in 37 T1DM patients with normal glomerular
filtration rate (GFR), i.e.,> 90 ml/min/1.73m? and 36 controls
with normal serum creatinine. Patients with TIDM and
hypovitaminosis D had significantly higher levels of
albuminuria compared to their counterparts with normal
vitamin D levels [albuminuria (log;o) = 1.92 versus 1.44;
p<0.05] (26). Also, based on the DKD stage, there were lower
levels of 25-hydroxyvitamin D in the macroalbuminuric group
compared to the normoalbuminuric and microalbuminuric
groups. In the study by Xie et al. (27), the association between 25-
hydroxyvitamin D level and DKD in 315 patients with T2DM was
assessed. The investigators estimated these patients’ serum 25-
hydroxyvitamin D and urine albumin-to-creatinine ratio (UACR)
levels. They reported a significantly higher prevalence of 25-
hydroxyvitamin D deficiency in patients with microalbuminuria
than the prevalence in those with normoalbuminuria (25.1% versus
19.6%; p<0.05), and the highest prevalence of the vitamin deficiency
in the macroalbuminuria group (37.8%; p<0.01) (27). Furthermore,
after logistic regression analyses, low 25-hydroxyvitamin D levels
were shown to be associated with DKD [odds ratio (OR) =1.51,95%
confidence interval (CI) 1.16-1.97]. The association even appeared
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its analogs in diabetic kidney disease.

more robust after the authors adjusted for gender, hypertension,
elevated systolic blood pressure, glycemic status, and hyperuricemia
(OR = 1.62, 95% CI 1.19-2.20) (27). Xiao et al. investigated the
association between vitamin D deficiency and diabetic vascular
complications, including diabetic retinopathy, DKD, and diabetic
foot ulcers (28). They studied a large sample size of 4,284 Chinese
patients with T2DM. After estimating serum 25-hydroxyvitamin D
levels for the participants’ vitamin D status, they found a significant
association of vitamin D deficiency with diabetic foot ulcers but not
with DKD or diabetic retinopathy. Specifically, the prevalence ratios
(95% CI) of vitamin D deficiency in patients with diabetic
retinopathy, DKD, and diabetic foot ulcers were 1.093 (0.983-
1.215), 1.041 (0.937-1.156), and 1.656 (1.159-2.367) respectively
(after adjusting for demographic and clinical variables) (28). Their
findings suggest a significant association of vitamin D deficiency
with diabetic foot ulcer but not with DKD or diabetic retinopathy.
Finally, the cross-sectional retrospective study by Hong et al.
evaluated the relationship between vitamin D status and
metabolic parameters and T2DM complications in a reasonably
large sample size of 1,392 patients with T2DM (29). The authors
conducted a retrospective evaluation of glycated hemoglobin
(HbAlc), lipid profile, liver and kidney function, and UACR, and
measurement of serum 25-hydroxyvitamin D level in these patients.
They reported these significant findings: independent association of

FIGURE 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for inclusion of studies reporting the use of vitamin D or

vitamin D deficiency with nephropathy after adjusting for
confounders, a positive correlation of 25-hydroxyvitamin D level
with high-density lipoprotein-cholesterol (HDL-C) level, and its
negative correlation with HbAlc value, triglyceride (TG) level, and
UACR, as well as a significant association of HDL-C and UACR
with 25-hydroxyvitamin D deficiency (29).

In the 3-month prospective study (pilot study) by Felicio et al.,
4,000 and 10,000 IU/day of cholecalciferol were administered for 12
weeks on 22 patients with TIDM (25). The investigators evaluated
reduction of albuminuria in these patients after supplementation
with the high doses of vitamin D. After estimating the UACR before
and after vitamin D supplementation, they reported a significant
reduction of DKD prevalence at the end of the study and
improvement in DKD stage among the patients with DKD at the
commencement of the study. However, being a pilot study, the
small sample precluded the generalizability of the study findings.

The three randomized controlled trials show variable findings
regarding the effects of vitamin D or its analog on patients with
T1DM or T2DM and DKD. For instance, Joergensen et al. evaluated
the effects of therapy with paricalcitol on cardiovascular risk and
kidney function markers in patients with T1DM and diabetic
nephropathy (DN) (22). They administered paricalcitol (1-2ug
daily) and placebo therapy for twelve weeks on 48 patients with
TIDM and DN receiving RAAS blockers and diuretics. The
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TABLE 1 | Characteristics of studies that reported an association between vitamin D or its analogs and diabetes mellitus or diabetic kidney disease. .

Study (first Country of Study setting Study population (sample size and Study design

author’s name and study age/gender distribution)

year of

publication)

Joergensen et al., Denmark Steno Diabetes Centre, Gentofte 48 participants A double-blind, randomized,

2015 (22) Mean age: 57 + 9 years placebo-controlled crossover

M/F:32/16 trial

Thethi et al., 2015  United Tulane University Health Sciences Centre, New Orleans, 27 participants (intervention group) & 28  Double-blind, randomized

(23) States of LA participants (placebo group) placebo-controlled trial
America Median age: 64, 53-71 years

Felicio et al., 2016 Brazil
(26)

Federal University of Para

Felicio et al., 2017 Brazil Federal University of Para

(25)
Zaheer et al., United Brigham and Women’s Hospital, Harvard Medical
2018 (24) States of School
America
Xie et al., 2019 China Jiangsu Province Hospital on Integration of Chinese and
27) Western Medicine

Xiao et al., 2020 China
(28)

Hong et al, 2021 South
(29) Korea
Seoul

Second Xiangya Hospital of Central South University

Eulji Medical Centre, Eulji University School of Medicine,
Seoul & Ewha Womans University School of Medicine,

(intervention group) & 61, 51-71 years

(placebo group)

M/F: 19/8 (intervention group) & 18/10

(placebo group)

73 participants (37 patients & 36 Cross-sectional, comparative
controls) study

Mean age of patients: 28.6 + 8.1 years
(M/F:13/24)

Mean age of controls: 25.2 + 3.0 years
(M/F:19/17)

22 participants

Mean age: 29.0 + 8.1 years

M/F:11/11

18 participants

Mean age: 50.8 + 7.6 years

M/F:11/7

351 participants

Age range: 25-75 years (mean age: 55.2
+ 10.3 years)

M/F:242/109

4284 participants

Age: > 18 years (young adults- 12.5%,
middle age- 57.0%, elderly- 30.5%)*
M/F:52.6%/47.4%

1392 participants Cross-sectional, retrospective
Mean age: 61.6 + 10.9 years study

M/F: 57.9%/42.1%

3-month prospective study
Randomized, double-blinded,
and placebo-controlled study

Cross-sectional study

Cross-sectional study

M, male; F, female; “young adults (18-44 years), middle-aged adults (45-64 years), elderly (=65 years).

primary and secondary endpoints were changes in plasma N-
terminal pro-brain natriuretic peptide (proBNP) and urinary
albumin excretion rate obtained before and after each
intervention. Paricalcitol therapy had no significant effect on
plasma N-terminal proBNP level (p = 0.6) compared with
placebo therapy. However, urinary albumin excretion rate was
decreased by 18% (p = 0.03 for comparison), estimated
glomerular filtration rate (eGFR) was reduced by 5 ml/min/1.73
m> (p < 0.001) and measured glomerular filtration rate (GFR) was
reduced by 1.5 ml/min/1.73 m? (p= 0.2) (22). These findings
indicate that paricalcitol therapy did not affect plasma N-terminal
proBNP level in patients with T1IDM and DN. However, the urinary
albumin excretion rate was significantly reduced. On the other
hand, Thethi et al. compared the effects of paricalcitol and placebo
on endothelial function and inflammation and oxidative stress
markers in patients with T2DM and CKD (stage 3 or 4) (23).
They administered once-daily oral paricalcitol (11g) on 27 patients
and placebo on 28 patients for three months. Using brachial artery
flow-mediated dilatation (FMD) and nitroglycerine-mediated
dilatation (NMD) as well as inflammation and oxidative stress
biomarkers as baseline and endpoint parameters, the authors

demonstrated no significant difference in alteration in FMD,
NMD, or these biomarkers after paricalcitol or placebo therapy.
The findings were partly attributed to the advanced CKD in the
study patients. Finally, Zaheer et al. investigated the effect of direct
vitamin D-receptor activation with calcitriol on circulating RAAS
activity and vascular hemodynamics in 18 patients with T2DM (24).
They administered calcitriol or placebo as interventions on these
patients who had well-controlled T2DM without CKD. Plasma
renin activity (PRA), serum and urinary aldosterone, renal plasma
flow (RPF), and mean arterial pressure (MAP) were used as study
endpoints. They found significant elevation of 1, 25-dihydroxy
vitamin D with calcitriol but no change with placebo; there were no
significant differences in PRA, serum or urinary aldosterone, MAP,
and RPF between both interventions (24).

DISCUSSION

Medical literature is now replete with evidence-based data
supporting the relationship between vitamin D status and
DKD. By inference, the data underscore the renoprotective
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TABLE 2 | Significant findings of the studies on the association between vitamin D or its analogs and diabetes mellitus or diabetic kidney disease.

Study (first Study aims Study interventions Study out- Major findings
author’s name comes or
and year of endpoints
publication)
Joergensen To evaluate the effects of therapy with Twelve weeks of paricalcitol (1-2ug daily) -Plasma N- -No significant effect on plasma
et al., 2015 paricalcitol on markers of cardiovascular risk and and 12 weeks of placebo therapy on 48 terminal proBNP  N-terminal proBNP concentration
(22) kidney function in patients with T1DM and DN participants with T1DM and DN receiving -Urinary aloumin  -Significant reduction of urinary
RAAS blockers and diuretics excretion rate albumin excretion rate by 18%
and eGFR by 5 ml/min/1.73m (2)
Thethi et al., To compare the effects of paricalcitol and Once-daily oral administration of paricalcitol ~ -Brachial artery - No significant difference in FMD,
2015 (23) placebo on endothelial function and inflammation (1ug) or placebo for three months FMD & NMD NMD, or biomarkers after
and oxidative stress markers in patients with -Biomarkers of paricalcitol or placebo treatment.
T2DM and CKD (stage 3 or 4). inflammation &
oxidative stress
Felicio et al., To evaluate the association between low levels Estimation of levels of 25-hydroxyvitamin D~ -25- -Significantly higher levels of
2016 (26) of vitamin D and the presence and degree of and albuminuria in patients and controls hydroxyvitamin D albuminuria in patients with
DKD in T1DM level T1DM & hypovitaminosis D
-Albuminuria -Negative correlations between
level vitamin D levels and both
albuminuria & DKD stages®
Felicio et al., To evaluate reduction of albuminuria in patients Administration of 4,000 and 10,000 IU/day  -UACR before -Significant reduction of DKD
2017 (25) with T1DM supplemented with a high dose of of cholecalciferol for 12 weeks and after vitamin  prevalence at the end of the
vitamin D D study
supplementation. -Improvement in DKD stage
among T1DM patients with DKD
at the commencement of the
study
Zaheer et al.,, To investigate the effect of direct VDR activation ~ Administration of calcitriol or placebo on -PRA -Significant elevation of 1,25
2018 (24) with calcitriol on circulating patients with well-controlled T2DM without ~ -Serum and dihydroxy vitamin D with calcitriol
RAAS activity and vascular hemodynamics in CKD urine but no change with placebo
T2DM. aldosterone -No significant differences in
-RPF PRA, serum or urinary
-MAP aldosterone, MAP & RPF
between both interventions
Xie et al., 2019 To assess the association between 25- Estimation of serum 25 hydroxyvitamin D -Serum 25 -Highest prevalence of 25
27) hydroxyvitamin D level and DKD in patients with  levels hydroxyvitamin D hydroxyvitamin D insufficiency in
T2DM & UACR levels® -UACR patients with macroalbuminuria
-25 hydroxyvitamin D
insufficiency found to be
associated with DKD after logistic
regression analyses
Xiao et al., To investigate the association between vitamin D Estimation of serum 25 hydroxyvitamin D -Serum 25 -Significant association of vitamin
2020 (28) deficiency and diabetic vascular complications,  levels to assess vitamin D deficiency hydroxyvitamin D D deficiency with diabetic foot
including diabetic retinopathy, DKD, and diabetic ulcer but not with DKD or
foot ulcers diabetic retinopathy
Hong et al., To evaluate the relationship between vitamin D Retrospective evaluation of HbA1c, lipid -Serum 25 -Vitamin D deficiency
2021 (29) status and metabolic parameters and T2DM profile, liver & kidney function, and UACR hydroxyvitamin D independently related to

complications

Measurement of serum 25 hydroxyvitamin D
level

-UACR
-Lipid profile
-HbA1c

nephropathy after adjusting to
confounders

-25 hydroxyvitamin D level
positively correlated with HDL-C
level and negatively correlated
with HbA1c, TG level & UACR
-HDL-C & UACR significantly
associated with 25
hydroxyvitamin D deficiency

T1DM, type 1 diabetes mellitus;, T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease; DKD, diabetic kidney disease; DN, diabetic nephropathy; RAAS, renin-angiotensin-
aldosterone system; proBNP, probrain natriuretic peptide; eGFR, estimated glomerular filtration rate; FMD, flow-mediated dilatation; NMD, nitroglycerine-mediated dilatation; VDR, vitamin
D receptor; PRA, plasma renin activity; RPF, renal plasma flow; MAP, mean arterial pressure; UACR, urine albumin-to-creatinine ratio; HbATc, glycated hemoglobin; HDL-C, high density
lipoprotein-cholesterol; TG, triglyceride.
*normo, micro, and macroalbuminuria Snormoalbuminuria (UACR: < 30 mg/g), microalbuminuria (UACR: 30-300 mg/g), macroalbuminuria (UACR:= 300 mg/g).
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property of vitamin D or its analogs in DKD (15-17, 30-35).
Although some studies had earlier reported inconclusive findings
(30, 36, 37), a systematic review published six years ago (noted to
be the first of such a review) indicate the therapeutic role of
vitamin D and its analogs in DKD (19). The apparent non-
unanimity of research findings on the subject buttresses the need
for repeat reviews of current and emerging published data until a
strong consensus is reached.

Nevertheless, the potential mechanisms underpinning the
renoprotective effects of vitamin D are well described. Vitamin
D receptors are highly expressed in the kidney, making the organ
a major target site of vitamin D actions. Vitamin D primarily acts
as an inhibitor of intrarenal RAAS activation, which occurs due
to the effect of diabetes-induced hyperglycemia on the kidney.
The RAAS pathway cascades through a sequence of events whose
sequelae include renal fibrosis, glomerulosclerosis, inflammation,
podocyte injury, endothelial dysfunction, and disruption of the
glomerular filtration barrier. The latter contributes to various
degrees of albuminuria seen in DKD. These pathological features
constitute the essential components of DKD. In vitamin D

deficiency, RAAS activation arising from hyperglycemia is
unregulated: thus creating the pathogenic pathway for DKD.

Additionally, vitamin D analogs (such as paricalcitol) block
angiotensinogen production and renin expression in renal cells
(Figure 2). Thus, vitamin D’s or its analogs’ renoprotective effects
are mediated through their actions at different target sites of the
hyperglycemia-triggered RAAS pathway. These renoprotective
effects can therefore be adjudged as glucose-lowering dependent.
Strict glycemic control and glucose-lowering agents (such as
sodium-glucose transporter 2 inhibitors, glucagon-like peptide-1
analogs, and dipeptidyl peptidase 4 inhibitors) enhance or synergize
with the renoprotective activity of vitamin D (14).

In the present systematic review, data from a total of 121
participants in three randomized- controlled trials suggest that
paricalcitol significantly improves renal function in T1DM
patients with renal impairment in synergy with RAAS
blockade (22), but did not alter endothelial function or
biomarkers of inflammation and oxidative stress in T2DM
patients with advanced CKD (23). In well-controlled T2DM
patients without renal impairment, calcitriol (in comparison

Diabetes-induced hyperglycemia

Vitamin D analog

Angiotensin I

ACE \l

-Inflammation

Angiotensinogen production

‘/

-Renal fibrosis (glomerulosclerosis)
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)
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Angiotensin IT _ Aldosterone secretion
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DKD, diabetic kidney disease
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**Vitamin D deficiency leads to unregulated intrarenal RAAS activation and consequent progression to DKD

FIGURE 2 | Schematic diagram illustrating the relationship between vitamin D deficiency and diabetic kidney disease.
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with placebo) did not affect markers of RAAS activity and
vascular hemodynamics (24). This observation buttresses the
fact that vitamin D’s renoprotective effect depends on lowered
glucose levels. However, most cross-sectional studies that
investigated the association of vitamin D status with diabetes
or its complications in a pooled number of 1,816 subjects
indicate a strong correlation between vitamin D deficiency and
DKD risk (26, 27, 29). A prospective pilot study demonstrated a
significant reduction in DKD prevalence with the administration
of high doses of cholecalciferol (4,000 or 10,000 IU/day) (25). By
extrapolation, these observations underscore the possible
therapeutic effects of vitamin D or its analogs in DKD. Most of
this review’s findings are in keeping with those of a previous
systematic review that analyzed six studies reporting the effect of
cholecalciferol, calcitriol, or paricalcitol in patients with DN (19).
In this previously published review, three studies (one
randomized controlled trial, one non-randomized controlled
trial, and one uncontrolled trial) investigated the effect of
cholecalciferol (38-40). Additionally, two studies (one
randomized-controlled trial and one uncontrolled trial)
evaluated the effect of calcitriol (35, 41).

In contrast, one study (a randomized controlled trial) assessed
the effect of paricalcitol (17). A summary of the findings from the
six studies indicates that vitamin D analog (paricalcitol) and high-
dose cholecalciferol showed significant beneficial effects on renal
functions (e.g., UACR and eGFR): with high-dose cholecalciferol
showing these benefits early in the therapy, which was however
not sustained towards the end of the interventions (19). Most
findings from the present systematic review are at variance with
those of three previous studies (30, 36, 37). The first study showed
that impaired vitamin D metabolism is not associated with early
GFR reduction or development of hypertension (30). The second
study reported that severe vitamin D deficiency independently
predicted all-cause mortality rather than renal microvascular
complications (36). The third study observed that diabetic
patients with persistent microalbuminuria showed no significant
difference in surrogate markers of vitamin D metabolism in either
the control group or the group of diabetic patients without
persistent microalbuminuria (37).

Although differences and flaws in study methods can explain
disparities in these study findings, there is difficulty in evaluating
the association between low vitamin D levels and DKD. Renal
impairment per se can cause vitamin D deficiency: creating the
dilemma of ascertaining if the vitamin deficiency is a trigger or a
result of DKD progression (26). Nevertheless, hypovitaminosis D
is associated with increased urinary albumin excretion and
cardiovascular morbidity and mortality in CKD patients in the
general population (42, 43). Nuclear receptors in the body, such
as vitamin D receptors, negatively regulate inflammation,
oxidative stress, and fibrosis, as previously stated: which
constitute the hallmark of DKD pathogenesis. Experimental
animal studies have demonstrated a higher expression of renin,
angiotensin, and angiotensin receptors in murine models with
knocked-out vitamin D receptors under diabetic conditions (44).
They also show the evolution of severe renal damage leading to
early-onset albuminuria, glomerulosclerosis, and interstitial

fibrosis due to intra-renal RAAS activation (45). Findings from
human observational studies confirm that vitamin D deficiency
is associated with both renal impairment and progression of
DKD (46, 47). This incontrovertible relationship has led to the
initiation of more recent protocols for randomized-control trials,
such as evaluating the effect of adding calcitriol to RAAS-
blockade therapy on urinary albumin excretion in patients
with T2DM (48). The authors’ proposed study is based on the
hypothesis that an active vitamin D analog works synergistically
with angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin-receptor blockers (ARB) to reduce albuminuria in
DKD. Previous reports, as stated above, have shown that
paricalcitol in combination with RAAS blockade significantly
improved renal function in T1IDM patients with renal
impairment (22). At the same time, calcitriol did not alter the
markers of RAAS activity and vascular hemodynamics in T2DM
patients who had no renal impairment (24).Given these findings,
it appears that bioactive vitamin D or the analog would be more
effective in DKD when combined with pharmacologic
antagonists of RAAS. The argument that tends to favor this
observation is based on the fact that RAAS activation resulting in
renal injury occurs more when vitamin D receptors (as negative
modulators of inflammation, oxidative stress, and fibrosis) are
inhibited in diabetes (44, 45). This inhibition of vitamin D
receptors in diabetes is yet another evidence that the
renoprotective action of vitamin D may be dependent
on normoglycemia.

Again, this systematic review has shown that the dosing and
timing of cholecalciferol may predict its effectiveness in
ameliorating renal dysfunction in DKD. For instance, a
randomized-controlled trial reported that using 2 pg of
paricalcitol improved residual albuminuria in patients with
T2DM and DKD. However, a reduction of albuminuria was
not demonstrated in patients receiving lower doses of paricalcitol
at 1 ug daily and those receiving placebo (17). Besides, a meta-
analysis of four interventional studies (that used either calcitriol
or cholecalciferol in patients with T2DM to reduce proteinuria)
reported some interesting findings (49). First, variable renal
function outcomes were obtained as only one study
documented a reduction of proteinuria (35). In contrast, the
remaining three studies showed non-reduction of urinary
protein excretion (38, 39, 50). The disparate findings were
because of the inclusion of patients with several stages of CKD
in these studies. Importantly, the findings of this meta-analysis
re-echo those of the previous systematic review (19), because
they included three similar studies (35, 38, 39). Nonetheless, two
facts stand out: a more favorable outcome from vitamin D
supplementation when given in the early stages of CKD/DKD
and a greater effectiveness with higher doses of the vitamin or its
analogs. Thus, the benefit of this therapeutic strategy needs to be
resolved by further research.

The present systematic review has some limitations. The
literature search strategy was limited to two electronic
databases (PubMed and Google Scholar databases). Although
the search-net should have been extended wider, the choice of
these two databases was based on the easy accessibility to non-
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subscription-based full-text original articles. Only a few
interventional studies (three randomized-controlled trials) on
the topic were published within the past six years. Therefore,
additional databases would probably not have made much
difference. Secondly, a meta-analysis was not conducted
because only three randomized-controlled trials were
included. Finally, quality assessment of the included studies
did not give details on the various categories of bias that might
have arisen during recruitment of the sample population
(selection bias), the conduct of the trials (performance bias),
and analysis of the results (attrition bias). Despite the
randomized-controlled trials, the present review used the
Newcastle-Ottawa Scale (for non-randomized studies, case-
control, and cross-sectional studies). Apart from the star-
rating that encompasses major criteria covering the above
details in the likely biases, the criteria were also considered
applicable to randomized-controlled trials.

CONCLUSIONS

This systematic review has shown that paricalcitol may retard the
onset or progression of DKD, especially when administered in
the early stages of the disease and combined with RAAS blockers.
The association of vitamin D deficiency with DKD risk reported
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