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Abstract

Background The efficacy of vitamin D on vascular function remains controversial in chronic kidney disease (CKD) patients.
The aim of the present work was to perform a meta-analysis of randomized controlled trials to evaluate the efficacy of vitamin
D on vascular function in CKD patients.

Methods We searched Medline, the Cochrane Central Register of Controlled Trials, Embase, the Science Citation Index,
and clinical trial registries for randomized controlled trials comparing vitamin D with a placebo in CKD patients.

Results We included seven trials. For flow-mediated dilation (FMD), there was no significant difference between the two
groups (WMD 1.66%; 95% CI —0.2 to 3.51, p=0.08; with significant heterogeneity, p <0.0001, 2=89%). We conducted
a subgroup analysis. In the cholecalciferol group, compared with the placebo group, cholecalciferol significantly increased
FMD (WMD 5.49%; 95% CI 4.36-6.62, p <0.0001). In the 2 ug paricalcitol group, compared with the placebo group,
paricalcitol significantly increased FMD (WMD 2.09%; 95% CI 1.28-2.9, p <0.0001; without significant heterogeneity,
p=0.47, =0%). In the 1 ug paricalcitol group, there was no significant difference between the two groups. For pulse wave
velocity (PWYV), vitamin D significantly decreased PWV compared with the placebo (WMD —0.93 m/s; 95% CI —1.71 to
—0.15, p=0.02; without significant heterogeneity, p=0.14, I’=45%). For calcium (Ca) and parathyroid hormone (PTH),
there was a significant difference between the vitamin D group and the placebo group. For 25-hydroxyvitamin D [25(OH)D],
there was a significant difference between the inactive vitamin D group and the placebo group. For phosphorus (P), systolic
blood pressure (SBP), and diastolic blood pressure (DBP), there were no significant differences between the two groups.
Conclusions We speculate that vitamin D might be able to improve vascular function in CKD patients. The effect of vitamin
D might be associated with its doses and earlier stages of the disease might respond better to vitamin D. Furthermore, trials
with larger populations and longer durations are needed in order to provide more reliable evidence.
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dysfunction has also been demonstrated to be an independ-
ent predictor of cardiovascular risk in these patients [4].
In addition, improvement in endothelial function reflects a
reduced risk of CVD in CKD patients.

Active vitamin D insufficiency or deficiency is often
observed in the progression of CKD. Low serum 25(OH)
D has been demonstrated to be an independent predictor
of vascular dysfunction in CKD patients [5]. Furthermore,
25(OH)D deficiency is associated with proteinuria, elevated
cardiovascular morbidity and mortality, and lower glomeru-
lar filtration rates in CKD patients. Ravani [6] found that
serum 25(OH)D is an independent inverse predictor of dis-
ease progression and death in CKD patients. In a non-rand-
omized study, Nihil et al. [7] found that vitamin D improved
endothelial vasomotor function in stage 3 CKD patients.
Another study also demonstrated that vitamin D improves
vascular function in experimental diabetes [8]. However, in
arandomized study, the outcome showed that vitamin D did
not improve endothelial function in women [9]. In another
randomized, double-blind study, Witham et al. [10] found
that vitamin D supplementation did not improve vascular
function in patients with a history of cardiovascular events.
It is well known that CKD patients often need supplementa-
tion with vitamin D. Therefore, we need to know whether
supplementation with vitamin D improves vascular function
in CKD patients.

To our knowledge, no published meta-analysis has evalu-
ated the effect of vitamin D on vascular function in CKD
patients. In order to find out whether vitamin D can improve
vascular function in CKD patients, we included interven-
tional, randomized, and placebo-controlled trials to evaluate
its effects.

Methods
Inclusion and exclusion criteria

The systematic review was performed in accordance with
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines and checklists. The studies
should meet the following inclusion criteria: (1) The patient
should have chronic kidney disease; (2) The primary out-
come should represent vascular functions such as FMD or
PWYV; (3) The study should report the primary outcome; (4)
We included all randomized controlled trials that compared
vitamin D with a placebo in the treatment of patients with
CKD; and (5) CKD is defined as involving a glomerular
filtration rate of <60 mL/min/1.73 m? for at least 3 months.
We excluded trials if the treatment combined vitamin D
with calcium, and if they were reports, letters, comments,
or reviews.
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Data sources and searches

We searched Medline, Embase, the Science Citation Index,
the Cochrane Central Register of Controlled Trials, and
clinical trial registries with a search deadline of June 2018.
MeSH (Medical Subject Headings) terms and surrogate
words for CKD and vitamin D were used in all database
searches. The following key words were used: “vitamin D,”
“vitamin D analog*,” “vascular function,” “endothelial func-
tion,” “chronic kidney disease,” “chronic kidney failure,”
“chronic renal insufficiency,” e

99 <

chronic renal disease,” “ran-
dom* controlled trial,” and so on (Fig. 1). We only searched
English language papers. We also scanned the citations of
included studies to identify potentially pertinent trials.

Data extraction and quality assessment

Two independent reviewers extracted the relevant informa-
tion pertaining to each trial (e.g., number of participants,
study length, interventions, outcomes, etc.). Each trial was
assessed using the Cochrane risk of bias tool. It contains the
following criteria: random sequence generation and alloca-
tion sequence (selection bias), blinding (performance and
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Fig.1 Selection of studies
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detection bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias), and other possible
sources of bias. If there are discrepancies in the data extrac-
tion, the third author will independently extract the data. We
will then compare the data extracted by the different authors
and discuss which data will be used in the review.

Outcome definition

The outcome was the change in FMD, PWYV, Ca, P, 25(OH)
D, PTH, SBP, and DBP from the baseline to the end of the
treatment.

Data synthesis and analysis

The effect size was assessed by weighted mean differences
(WMDs) for continuous outcomes and by risk ratio (RR) for
dichotomous outcomes with 95% confidence intervals (CI).
Heterogeneity was assessed with /? statistics. If there were
no significant homogeneous results, a fixed-effect model was
used. We used Begg’s test and Egger’s test to investigate
publication bias. The heterogeneity was calculated with I
statistics. If I was lower than 50%, it was considered as mild
heterogeneity. If I> was between 50 and 75%, it was consid-
ered as moderate heterogeneity. If I> was higher than 75%,
it was considered as significant heterogeneity. All data were
analyzed using Review Manager, version 5.3 (Oxford, UK).

Results

Literature selection and study characteristics

We identified a total of 167 relevant publications in the
initial search. Afterwards, 63 duplicates were excluded,

and 67 trials were removed based on the title or abstract.
The remaining 37 full-text articles were reviewed, and we

Table 1 Basic characteristics of subjects and treatments of trials

subsequently excluded 30 trials. This resulted in seven tri-
als [11-17], involving a total of 429 patients (Table 1). Six
of the trials involved patients who were in CKD stage 3—4,
and one trial involved patients who were in CKD stage 1-3
(Table 1). Four of the trials treated patients with paricalcitol
in doses of 1 ug or 2 ug. One trial used ergocalciferol in
doses of 5000 IU per week for 1 month followed by 5000 IU/
month. One trial used calcitriol in doses of 0.5 ug thrice
weekly or calcifediol in doses of 5000 IU thrice weekly. One
trial used cholecalciferol in doses of 300,000 IU at baseline
and 8 weeks (Table 1). The baseline means of trial outcomes
are displayed in Table 2. The procedure for selecting clinical
trials is shown in Fig. 1. The duration of treatment was from
1 month to 6 months.

Quality assessment and risk of bias

All trials [11-17] were randomized trials. Three trials
[14—-16] did not report concrete randomization methods. Two
trials [14, 16] did not report selection bias. One trial [16] did
not report performance bias. All trials did not report other
biases (Fig. 2). There was no significant publication bias in
the result of Begg’s test (z=0.368, p>0.05) or Egger’s test
(z=0.694, p>0.05). We performed a sensitivity analysis by
removing the trial, but the results and heterogeneity did not
significantly change.

Effects on FMD (%) and PWV (m/s)

Five trials [11, 12, 14, 15, 17] reported the comparison
of FMD between a vitamin D group and a placebo group.
The result showed that there was no significant difference
between the two groups (WMD 1.66%; 95% CI —0.2 to 3.51,
p=0.08), Fig. 3; with significant heterogeneity (p <0.0001,
I?=89%, Fig. 3). Therefore, we conducted a subgroup
analysis. In the cholecalciferol group, compared with the
placebo group, cholecalciferol significantly increased FMD

References No. of patients Type of patient  Interventions Duration
(treatment/control) (months)
Treatment Control
Alborzi et al. [11] 24 (16/8) CKDI1-3 Paricalcitol (1ug or 2ug) Placebo
Zoccali et al. [12] 88 (44/44) CKD3-4 Paricalcitol 2ug daily Placebo 3
Dreyer et al. [13] 29 (14/15) CKD3-4 ergocalciferol (5000 IU per week for 1 month followed Placebo
by 5000 IU per month)
Lundwall et al. [14] 36 (24/12) CKD3-4 Paricalcitol (1 ug or 2 ug per day) Placebo
Thethi et al. [15] 46 (23/23) CKD3-4 Paricalcitol (1 mcg per day) Placebo 3
Levin et al. [16] 89 (55/34) CKD3b-4 Calcitriol (0.5 ug thrice weekly) Placebo
Calcifediol (5000 IU thrice weekly)
Kumar et al. [17] 117 (58/59) CKD3-4 Cholecalciferol (300,000 IU at baseline and 8 weeks) Placebo 4

CKD chronic kidney disease
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Table 2 Baseline mean of study outcomes

References FMD% PWV m/s Ca mg/dL P mg/dL 25(OH)D ng/ PTH pg/mL SBP mmHg DBP mmHg
(treatment/ (treatment/ (treatment/ (treatment/ mL (treat- (treatment/ (treatment/ (treatment/
control) control) control) control) ment/control)  control) control) control)

Pooneh [11] 5.8/5.9 8.4/8.5 - - - 66.8/124.9 121/130 64/74

paricalcitol
lug

Pooneh [11] 6.2/5.9 - - - - 76/124.9 124/130 65/74

paricalcitol
2 ug

Carmine [12] 3.4/3.27 - 9.01/8.85 3.7/3.8 13.2/15.2 102/102 - -

Gavin [13] - - 8.8/8.8 3.8/3.5 - 0.1/0.13 118/123 74170

Kristina [14]  5.15/4.6 - 9.05/9.05 3.4/3.09 28.7/25.9 7.3/9.3 147/130 -

paricalcitol
lug

Kristina [14]  4.5/4.6 - 9.13/9.05 3.4/3.09 27.7/25.9 7/9.3 134/130 -

paricalcitol
2ug
Tina [15] 3.4/2.4 - - - - - - -
Adeera [16] - 12.2/10.6 9.3/9.3 3.5/3.5 26.6/29.4 - 135/140 70/74
Calcitriol
Adeera [16] - 12.4/10.6 9.2/9.3 3.5/3.5 25.2/29.4 - 140/140 72/74
Calcifediol
Vivek [17] 7.65/7.85 7.98/7.98 9.01/9.09 3.65/4.03 13.4/13.21 139/146 128/127 83/82
Cholecalcif-
erol

FMD flow-mediated dilation, PWV pulse wave velocity, Ca calcium, P phosphorus, 25(OH)D 25 hydroxyvitamin D, PTH parathyroid hormone,

SBP systolic blood pressure, DBP diastolic blood pressure

(WMD 5.49%; 95% CI 4.36-6.62, p <0.0001, Fig. 3). In
the 1 ug paricalcitol group, there was no significant dif-
ference between the two groups (WMD — 0.22%; 95% CI
—1.33t0 0.88, p=0.69), Fig. 3; without significant hetero-
geneity (p=0.92, I?=0%, Fig. 3). In the 2 ug paricalcitol
group, compared with the placebo group, paricalcitol sig-
nificantly increased FMD (WMD 2.09%; 95% CI 1.28-2.9,
p <0.0001), Fig. 3; without significant heterogeneity
(p=0.47, P=0%, Fig. 3).

Pulse wave velocity was compared in three trials [13, 16,
17]. Compared with the placebo group, PWV was signifi-
cantly decreased in the vitamin D group (WMD — 0.93 m/s;
95% CI —1.71 to —0.15, p=0.02; without significant het-
erogeneity, p=0.14, I’ =45%, Fig. 4).

Effects on Ca (mg/dL), P (mg/dL), 25(0H)D (ng/mL),
and PTH (pg/mL)

Ca was compared in five trials [12-14, 16, 17]. Compared
with the placebo, vitamin D significantly increased serum Ca
(WMD 0.3 mg/dL; 95% CI 0.14-0.45, p =0.0002; without
significant heterogeneity, p=0.19, =31%).

P was compared in five trials [12—14, 16, 17]. There was
no significant difference between the two groups (WMD

@ Springer

0.16 mg/dL; 95% CI 0-0.31, p=0.05; without significant
heterogeneity, p=0.50, I =0%).

25(0OH)D was compared in four trials [12, 14, 16, 17].
We divided vitamin D into an inactive vitamin D group
(cholecalciferol, calcifediol) and an active vitamin D
group (paricalcitol, calcitriol). Compared with the placebo
group, the inactive vitamin D group significantly increased
serum 25(OH)D (WMD 46.41 ng/mL; 95% CI —0.12 to
92.94, p=0.05; with significant heterogeneity, p <0.0001,
I?=97%). We did not conduct subgroup analysis because of
the lack of data. As for the active vitamin D group, there was
no significant difference between the two groups.

Five trials reported the complete PTH data. Compared
with the placebo group, vitamin D significantly decreased
serum PTH (WMD —17.55 pg/mL; 95% CI —29.4 to
—5.69, p=0.004; with significant heterogeneity, p < 0.0001,
I*=95%). We did not conduct subgroup analysis because of
the lack of data.

Effects on SBP (mmHg) and DBP (mmHg)

SBP was compared in five trials [11, 13, 14, 16, 17]. There
was no significant difference between the two groups (WMD
2.25 mmHg; 95% CI —0.97 to 5.47, p=0.17; without sig-
nificant heterogeneity, p=0.60, > =0%).
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. . . Blinding of participants and personnel (performance bias)

. . . . . . . Blinding of outcome assessment (detection bias)

. . . Random sequence generation (selection bias)
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DBP was compared in four trials [11, 13, 16, 17]. There
was no significant difference between the two groups (WMD
1.84 mmHg; 95% CI —0.67 to 4.35, p=0.15; without sig-
nificant heterogeneity, p=0.41, P=2%).

Discussion

We conducted a comprehensive search of randomized con-
trolled trials to evaluate the effect of vitamin D on vascular
function in CKD patients. In this review, we included seven
trials involving 429 patients. Our review found that vitamin
D can improve vascular function in CKD patients.

The measurement of FMD was introduced as a nonin-
vasive approach to assess vasodilator function in patients

about 20 years ago. FMD can predict cardiovascular events
and provide independent prognostic information in CKD
patients [18]. In an observational study, Yilmaz [19] found
that the use of FMD was better than intimamedia thickness
measurements for monitoring the risk of cardiovascular
events in CKD patients. We can observe the improvement
of FMD after cardiovascular risk reduction. In summary,
FMD can be used as a surrogate marker of vascular func-
tion. The association between vitamin D levels and vascular
function has been demonstrated in observational and case
control studies [5, 20]. Vitamin D improved endothelium-
dependent vasodilatation in 5/6 nephrectomized rats and,
more importantly, the effect of vitamin D was independent
of blood pressure control and serum PTH levels [21]. In
a clinical study, Tentori [8] found that CKD patients who
received vitamin D had a lower mortality risk compared to
those who did not receive vitamin D.

We chose random-model statistical analysis in our review
because there was heterogeneity in FMD. We performed
subgroup analysis and no heterogeneity was observed. We
can infer that the heterogeneity might come from different
types and doses of drugs. The largest trial [17], involving
117 patients, had the most significant effect. In this trial,
the researcher used cholecalciferol as the treatment, and the
other trials used paricalcitol. In these trials [11, 12, 14], 2 ug
doses of paricalcitol improved FMD in CKD patients. How-
ever, we did not observe improved FMD with 1 ug doses
of paricalcitol. Therefore, we speculate that the effect of
vitamin D on vascular function might be associated with its
doses. We observed that the most obvious effect occurred
in the youngest patients [17], which might be because
advanced vascular remodeling has not yet been established
[22]. The improvement in vascular function might be related
to the nitric oxide (NO) system. In vitro and vivo trials, vita-
min D supplementation increased endothelial NO synthase
gene expression and activity, and improved arterial stiffness
[13]. In a vital study, the researchers found that vitamin D
reduced albuminuria in patients with diabetic nephropathy
[23]. Albuminuria is one of the risks for atherosclerotic com-
plications in CKD patients, and the reduction of albuminu-
ria might improve vascular function in CKD patients. An
inflammatory state is associated with vascular dysfunction
and cardiovascular mortality in CKD patients. The study
found that vitamin D reduced the level of inflammatory bio-
markers in CKD patients, such as C-reactive protein, tumor
necrosis factor-a, and interlueukin-1 [24]. Therefore, the
reduction in inflammatory state could delay the progression
of arterial stiffness in CKD patients.

PWYV is a marker of arterial stiffness and is associated
with cardiovascular risks in CKD patients. Blacher et al. [25]
demonstrated a PWYV increase of 1 m/s in CKD patients. The
all-cause mortality-adjusted odds ratio was 1.39 (95% CI
1.19-1.62). Furthermore, PWV is an independent predictor
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Experimental Control
r r Mean D Total Mean D Total Weigh
1.1.1 cholecalciferol
Kumar 2017 cholecalciferol 542 37 58 -0.07 24 59 16.9%
Subtotal (95% CI) 58 59 16.9%
Heterogeneity: Not applicable
Test for overall effect: Z = 9.50 (P < 0.00001)
1.1.2 Paricalcitol 1ug
Alborzi 2008 paricalcitol 1ug 0.4 4 8 -0.1 233 4 10.8%
Lundwall 2015 paricalcitol 1ug -34 13 12 -31 1.24 6 16.7%
Thethi 2015 Paricalcitol 1ug -06 53 27 -03 77 28 11.0%
Subtotal (95% CI) 47 38 38.5%
Heterogeneity: Tau® = 0.00; Chi=0.17, df =2 (P = 0.92); I? = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
1.1.3 paricalcitol 2ug
Alborzi 2008 paricalcitol 2ug 0.3 3.88 8 -0.1 233 4 10.9%
Lundwall 2015 paricalcitol 2ug -0.65 0.77 12 -31 124 6 17.0%
Zoccli 2014 paricalcitol 2ug 09 34 44  -09 28 44 16.6%
Subtotal (95% CI) 64 54 44.5%

Heterogeneity: Tau? = 0.00; Chi? = 1.50, df = 2 (P = 0.47); I? = 0%
Test for overall effect: Z = 5.05 (P < 0.00001)

Total (95% CI) 169
Heterogeneity: Tau? = 4.96; Chi? = 52.37, df = 6 (P < 0.00001); I = 89%
Test for overall effect: Z = 1.75 (P = 0.08)

Test for subgroup differences: Chiz = 50.70, df = 2 (P < 0.00001), I = 96.1%

Fig. 3 Forest plots of FMD in CKD patients

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight
Dreyer 2014 ergocalciferol 01 12 14 0 1.37 15 32.1%
Kumar 2017 cholecalciferol -0.94 1.36 58 03 13 59 48.4%
Levin 2017 Calcifediol -1.1 417 29 1.1 3.55 15 9.3%
Levin 2017 Calcitriol 0.2 3.55 28 1.1 3.55 15 10.2%
Total (95% CI) 129 104 100.0%

Heterogeneity: Tau? = 0.27; Chi2 = 5.49, df = 3 (P = 0.14); 12=45%
Test for overall effect: Z = 2.33 (P = 0.02)

Fig.4 Forest plots of PWV in CKD patients

of all-cause mortality. In a non-randomized trial, vitamin D
supplementation improved PWV [10]. PWV can be used to
measure arterial stiffening and calcification, and also reflects
arterial remodeling [26]. In the present meta-analysis, all
types of vitamin D supplementation improved PWV. The
pooled result also showed that vitamin D had a positive
effect on PWV. In one study, Levin [16] found that par-
ticipants who achieved the highest 25(OH)D levels were
associated with the greatest decrease in PW'V. This further
suggests that the effect of vitamin D on vascular function
might be related to the dose of vitamin D.

Impaired renal function leads to mineral disorders.
Depending on the stage of CKD, we observed a decreased
level of serum Ca and an increased level of serum P and
PTH in CKD patients. The consequences of these abnormal
changes could lead to vascular calcification, renal osteod-
ystrophy, and the development of secondary hyperparathy-
roidism. In a large, prospective, observational study [27],
hypocalcemia was seen to be an independent predictor of all-
cause mortality in CKD patients with heart failure. In addi-
tion, hypocalcemia is associated with ventricular diastolic
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dysfunction in CKD patients [28]. Several studies have dem-
onstrated that hyperphosphatemia and increased levels of
PTH are associated with increased mortality, cardiovascular
events, and fractures in CKD patients [29, 30]. In the present
meta-analysis, we found that vitamin D supplementation
decreased serum PTH. Although there is heterogeneity in
the result, all of the trials showed PTH improvements in the
vitamin D group. The reason for the heterogeneity of PTH
was that different trials showed different effects on PTH, but
all showed positive effects. Therefore, we can conclude that
vitamin D improves PTH in CKD patients. We also found
that vitamin D supplementation increased serum Ca with-
out increasing P. The effect of vitamin D supplementation
on serum Ca, P, and PTH should have benefits for CKD
patients.

The prevalence of 25(OH)D deficiency is about 25%
in stage 2 CKD patients and 56% in stage 5 CKD patients
[7]. In a large sample study, it was reported that 78% of
new dialysis patients developed 25(OH)D deficiency [31].
Several factors could lead to 25(OH)D deficiency, such as
reduced sun exposure, dietary intake, decreased production
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of 25(OH)D precursor molecules, and the loss of renal func-
tion [32]. 25(OH)D deficiency has been demonstrated to be
associated with vascular calcification and arterial stiffness
in CKD patients [33]. Several clinical trials have shown that
vitamin D can improve vascular function in CKD patients
[34]. In our meta-analysis, we found that inactive vitamin D,
including cholecalciferol and calcifediol, increased 25(OH)
D in CKD patients, which should have cardiovascular ben-
efits for patients.

There were several limitations in the present meta-anal-
ysis. First, we included a relatively small number of partici-
pants. Second, we found no significant publication bias in
Begg’s test and Egger’s test. However, the validity of publi-
cation biases was limited.

In conclusion, we speculate that vitamin D might be able
to improve vascular function in CKD patients. The effect
of vitamin D might be associated with its doses and earlier
stages of the disease might respond better to vitamin D. Fur-
thermore, trials with larger populations and longer durations
are needed in order to provide more reliable evidence.

Acknowledgements This work was supported by the Guizhou Pro-
vincial Science and Technology Department (Grant No. [2016]7415).
The funding agency had no role in the design or conduct of this work.

Compliance with ethical standards

Conflict of interest The authors have declared that no conflict of inter-
est exists.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Yano Y, Fujimoto S, Asahi K et al (2012) Prevalence of chronic
kidney disease in China. Lancet 379(9818):815

2. Foley RN, Parfrey PS, Sarnak MJ (1998) Clinical epidemiology
of cardiovascular disease in chronic renal disease. Am J Kidney
Dis 151(5 Suppl 3):S112

3. SeguralJ, Ruilope LM (2005) Minor abnormalities of renal func-
tion: a situation requiring integrated management of cardiovascu-
lar risk. Fundam Clin Pharmacol 19(4):429-437

4. Flammer AJ, Anderson T, Celermajer DS et al (2012) The assess-
ment of endothelial function: from research into clinical practice.
Circulation 126(6):753-767

5. Chitalia N, Reciomayoral A, Kaski JC et al (2012) Vitamin D
deficiency and endothelial dysfunction in non-dialysis chronic
kidney disease patients. Atherosclerosis 220(1):265-268

6. Ravani P, Malberti F, Tripepi G et al (2009) Vitamin D lev-
els and patient outcome in chronic kidney disease. Kidney Int
75(1):88-95

7. Chitalia N, Ismail T, Tooth L et al (2014) Impact of vitamin D
supplementation on arterial vasomotion, stiffness and endothe-
lial biomarkers in chronic kidney disease patients. PLoS ONE
9(3):¢91363

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Sturza A, Vdduva A, Utu D et al (2018) Vitamin D improves
vascular function and decreases monoamine oxidase A expres-
sion in experimental diabetes. Mol Cell Biochem. https://doi.
org/10.1007/s11010-018-3429-2

Ryu OH, Lee S, YuJ et al (2013) A prospective randomized
controlled trial of the effects of vitamin D supplementation on
long-term glycemic control in type 2 diabetes mellitus of Korea.
Endocr J 61(2):167-176

Witham MD, Dove FJ, Khan F et al (2013) Effects of Vitamin
D supplementation on markers of vascular function after myo-
cardial infarction—a randomised controlled trial. Int J Cardiol
167(3):745-749

Alborzi P, Patel NA, Peterson C et al (2008) Paricalcitol reduces
albuminuria and inflammation in chronic kidney disease: a ran-
domized double-blind pilot trial. Hypertension 52(2):249-255
Zoccali C, Curatola G, Panuccio V et al (2014) Paricalcitol and
endothelial function in chronic kidney disease trial. Hyperten-
sion 64(5):1005-1011

Dreyer G, Tucker AT, Harwood SM et al (2014) Ergocalciferol
and microcirculatory function in chronic kidney disease and
concomitant vitamin D deficiency: an exploratory, double blind,
randomised controlled trial. PLoS ONE 9(7):€99461

Lundwall K, Jorneskog G, Jacobson SH et al (2015) Paricalcitol,
microvascular and endothelial function in non-diabetic chronic
kidney disease: a randomized trial. Am J Nephrol 42(4):265
Thethi TK, Bajwa MA, Ghanim H et al (2015) Effect of pari-
calcitol on endothelial function and inflammation in type 2
diabetes and chronic kidney disease. J Diabetes Complicat
29(3):433-437

Levin A, Tang M, Perry T et al (2017) Randomized con-
trolled trial for the effect of vitamin D supplementation on
vascular stiffness in CKD. Clin J Am Soc of Nephrol CJASN
12(9):1447-1460

Kumar V, Yadav AK, Lal A et al (2017) A randomized trial of
vitamin D supplementation on vascular function in CKD. J] Am
Soc Nephrol 28(10):3100

Thijssen DH, Black MA, Pyke KE et al (2011) Assessment of
flow-mediated dilation in humans: a methodological and physi-
ological guideline. Am J Physiol Heart Circ Physiol 300(2):H712
(author reply H713)

Yilmaz MI, Stenvinkel P, Sonmez A et al (2011) Vascular health,
systemic inflammation and progressive reduction in kidney func-
tion; clinical determinants and impact on cardiovascular out-
comes. Nephrol Dial Transpl 26(11):3537-3543

Zhang QY, Jiang CM, Sun C et al (2015) Hypovitaminosis D
is associated with endothelial dysfunction in patients with non-
dialysis chronic kidney disease. J Nephrol 28(4):471-476

Ruth WWJ, William N, Masaki N et al (2010) Vitamin D receptor
activation mitigates the impact of uremia on endothelial func-
tion in the 5/6 nephrectomized rats. Int J Endocrinol. https://doi.
org/10.1155/2010/625852

Lundwall K, Jacobson SH, Jorneskog G et al (2018) Treating
endothelial dysfunction with vitamin D in chronic kidney disease:
a meta-analysis. BMC Nephrol 19:247

Donate-Correa J, Dominguez-Pimentel V, Méndez-Pérez ML
et al (2014) Selective vitamin D receptor activation as anti-
inflammatory target in chronic kidney disease. Mediators Inflamm
2014(5):670475

Yeun JY, Levine RA, Mantadilok V et al (2000) C-Reactive pro-
tein predicts all-cause and cardiovascular mortality in hemodialy-
sis patients. Am J Kidney Dis 35(3):469—-476

Blacher J, Pannier B, Guerin AP et al (1998) Carotid arterial stiff-
ness as a predictor of cardiovascular and all-cause mortality in
end-stage renal disease. Hypertension 32(3):570-574

Cozzolino M, Ciceri P, Elli F et al (2013) Vascular calcification in
chronic kidney disease : an update. Eur Med J Nephrol 1(1):46-51

@ Springer


https://doi.org/10.1007/s11010-018-3429-2
https://doi.org/10.1007/s11010-018-3429-2
https://doi.org/10.1155/2010/625852
https://doi.org/10.1155/2010/625852

858

International Urology and Nephrology (2019) 51:851-858

217.

28.

29.

30.

31.

32.

Gromadzinski L, Januszkogiergielewicz B, Pruszczyk P (2014)
Hypocalcemia is related to left ventricular diastolic dysfunction
in patients with chronic kidney disease. J Cardiol 63(3):198-204
Block GA, Klassen PS, Lazarus JM et al (2004) Mineral metabo-
lism, mortality, and morbidity in maintenance hemodialysis. ] Am
Soc Nephrol JASN 15(8):2208-2218

Cheungpasitporn W, Thongprayoon C, Mao MA et al (2018)
Admission serum phosphate levels predict hospital mortality.
Hosp Pract 46(3):121-127

Wolf M, Shah A, Gutierrez O et al (2007) Vitamin D levels and
early mortality among incident hemodialysis patients. Kidney Int
74(3):1004-1013

Foundation NK (2003) K/DOQI clinical practice guidelines for
bone metabolism and disease in chronic kidney disease. Am J
Kidney Dis 42(3):1-201

Jablonski KL, Chonchol M, Pierce GL et al (2011) 25-Hydroxy-
vitamin D deficiency is associated with inflammation-linked

@ Springer

33.

34.

vascular endothelial dysfunction in middle-aged and older adults.
Hypertension 57(1):63

D’Arrigo G, Pizzini P, Cutrupi S et al (2018) Vitamin D receptor
activation raises soluble thrombomodulin levels in chronic kidney
disease patients: a double blind, randomized trial. Nephrol Dial
transplant. https://doi.org/10.1093/ndt/gfy085

De ZD, Agarwal R, Amdahl M et al (2007) Selective vitamin D
receptor activation with paricalcitol for reduction of albuminuria
in patients with type 2 diabetes (VITAL study): a randomised
controlled trial. Lancet 376(9752):1543-1551

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/ndt/gfy085

	Vitamin D supplementation for the improvement of vascular function in patients with chronic kidney disease: a meta-analysis of randomized controlled trials
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Inclusion and exclusion criteria
	Data sources and searches
	Data extraction and quality assessment
	Outcome definition
	Data synthesis and analysis

	Results
	Literature selection and study characteristics
	Quality assessment and risk of bias
	Effects on FMD (%) and PWV (ms)
	Effects on Ca (mgdL), P (mgdL), 25(OH)D (ngmL), and PTH (pgmL)
	Effects on SBP (mmHg) and DBP (mmHg)

	Discussion
	Acknowledgements 
	References


