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Highlights


This meta‐analysis is examining the effect of nutrition vitamin D on vascular
stiffness that is surrogates for cardiovascular events.



Correction of vitamin D deficiency by nutritional vitamin D may improve arterial
stiffness.
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Randomized controlled trials are needed to confirm whether these effects translate
into improvements in cardiovascular morbidity and mortality in vitamin D
deficient persons.

ABSTRACT
It is unclear whether nutritional vitamin D supplementation in vitamin D-deficient
persons improves arterial stiffness. To conduct a meta-analysis of the effects of the
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nutritional vitamin D therapy on arterial stiffness in adults with vitamin D deficiency, the
Scopus, PUBMED, EMBASE, and Cochrane databases were searched for systematic
reviews conducted up to October 5, 2018. Randomized clinical trials that compared
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nutritional vitamin D therapy with placebo in adults with vitamin D deficiency were eligible.
Two reviewers independently evaluated eligibility of all retrieved studies based on titles and

re

abstracts. Meta-analysis was performed using random effect or fixed effects model and
inverse variance method was used to calculate the effect using standardized mean difference

lP

(SMD) and weighted mean difference. A leave-one-out method was used for sensitivity
analysis. The main outcome was arterial stiffness, indicated by the carotid-femoral pulse

na

wave velocity (PWV). We identified 237 records, of which 9 satisfied the inclusion criteria
of the study. Our meta-analysis included relatively high-quality placebo-controlled

ur

randomized trials. In a random-effects model, nutritional vitamin D was associated with
significant reductions in the pooled difference of PWV [(SMD: -0.29; 95% CI: -0.51 to

Jo

-0.06), p =0.01; Cochran's Q test: chi2=21.85; df=9; p= 0.009; I2=59%; n =909 from 9
studies]. All sensitivity analyses yielded similar results. Nutritional vitamin D
supplementation significantly improved arterial stiffness (PWV) in several subgroups by
correcting vitamin D deficiency, for a study duration of ≥4 months and a daily dose of
vitamin D3 ≥2000 IU. The study indicated that the correction of vitamin D deficiency by
nutritional vitamin D supplementation may improve arterial stiffness in vitamin D-deficient
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persons, especially by the correction of vitamin D deficiency with a daily dose of vitamin D3
≥2000 IU. However, further studies are required to confirm this.

Keywords: vitamin D deficiency, artery stiffness, nutritional vitamin D
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1. Introduction

Vitamin D receptors are present all over the human body, including the cardiovascular
system. Vitamin D belongs to a group of fat-soluble secosteroids, known for its role in bone
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metabolism. Humans could get it from dietary sources (vitamin D2 and D3) or by the skin
following exposure to ultraviolet light. The 25–hydroxylation of vitamin D2 or D3 could

re

have paracrine effects that occur in the liver, which then undergoes a 1α-hydroxylation into
the active form in the kidney, heart tissue, and vascular smooth muscle cells [1]. Vitamin D

lP

deficiency has been implicated in endothelial dysfunction; in vitro studies have demonstrated
that treatment with vitamin D inhibits mineralization in vascular smooth muscle cells and has

na

anti-inflammatory effects [2-6]. Furthermore, vitamin D was confirmed as an endocrine
suppressor of renin biosynthesis, and the genetic knockout of vitamin D receptor results in

ur

the overstimulation of renin-angiotensin-aldosterone system, higher blood pressure, and
cardiac hypertrophy [7-9]. Hence, the correction of vitamin D deficiency by nutritional
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vitamin D should have beneficial effects on the cardiovascular system.
Arterial stiffness is a strong predictor of cardiovascular events and all-cause mortality, even

in asymptomatic individuals without overt cardiovascular disease [10-13]. Pulse wave
velocity (PWV) is a simple, non-invasive, and validated method to measure the arterial
stiffness; the gold standard method is the carotid-femoral PWV. Central aortic augmentation
index (AI) was calculated as the aortic augmented pressure expressed as a percentage of the
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pulse pressure for measuring arterial stiffness [14]. However, there are many possible causes
that result in the dissociation between PWV and AI [15]. There are some factors that strongly
affect AI, including height, diabetes, obesity, and sex. Short stature is associated with a
reduction in the distance to the reflecting area, which causes earlier arrival of wave
reflections in systole and therefore causes an increase in AI [15]. A decrease in peripheral
resistance may explain the results that the AI is either unchanged or reduced in diabetic or
obese individuals, even though arterial stiffness is generally increased in these groups [16].
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Hence, we chose the artery stiffness measurement with the carotid-femoral PWV, which has
been recognized by the European Society of Hypertension as an indicator of target organ
damage.
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Vitamin D deficiency is very common, and its prevalence is approximately 30–50% in the
general population [17]. Recent clinical data have shown that vitamin D deficiency is

re

associated with increased endothelial dysfunction of the blood vessels in healthy people and
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in patients with chronic kidney disease (CKD) and patients on dialysis [18-22]. However, the
observation is prone to confounding, because healthy people may spend more time outdoors
and get exposure to sunlight through the skin, and are not prone to suffering from vitamin D

na

deficiency. In view of the fact that vitamin D has anti-atherosclerotic effects, nutritional
vitamin D supplementation will provide cardiovascular protection to the patients with vitamin

ur

D deficiency. Several cut-off values for 25-hydroxy vitamin D [25(OH) D] have been
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proposed, but a sound conclusion has not been reached. 25-Hydroxyvitamin D levels are
inversely associated with parathyroid hormone levels until the former reach 30 ng/mL (75 to
100 nmol/L), at which point parathyroid hormone levels begin to level off (at their nadir) [23,
24]. Hence, a level of 25-hydroxyvitamin D of 20–30 ng/mL (50–75 nmol/L) can be
considered to indicate a relative deficiency of vitamin D, and a level of 30 ng/L or greater can
be considered to indicate sufficient vitamin D [23, 24]. The guidelines for vitamin D stated
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that the desirable serum concentration of [25(OH) D] is >30 ng/ml (>75 nmol/L) [25-27].
However, the results of vitamin D supplementation in ameliorating arterial stiffness in
vitamin D-deficient persons are conflicting, assessed by different methods, such as
flow-mediated vasodilation, augmentation index, and carotid-brachial artery PWV, on
different populations, and with many confounding biases [28-41]. Most studies were not
designed for vitamin D-deficient populations.
The purpose of this study was to assess the effect of nutritional vitamin D supplementation
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on arterial stiffness in people with vitamin D deficiency as determined by randomized
prospective clinical trials, with PWV as an end-point, using a systematic review and
meta-analysis. Furthermore, the study also assessed the nutritional vitamin D dosages,
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duration and the effect of correction of vitamin D deficiency (cut-off values for 25-hydroxy
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vitamin D (25(OH) D: 30 ng/mL) on artery stiffness by using subgroup analysis.
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2. METHODS
2.1. Search strategy.
We performed this systematic review and meta-analysis according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement [42]. We sought
randomized controlled clinical trial studies that assessed the effects of nutritional vitamin D
supplementation on the outcome of arterial stiffness in patients with vitamin D deficiency,
versus controls. Nutritional vitamin D includes cholecalciferol and ergocalciferol. Relevant
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studies were retrieved from the four electronic databases (Scopus, Embase, PubMed,
Cochrane Library) searched from the inception to October 5, 2018, with the search strategy
including keywords: ‘cholecalciferol or ergocalciferol, vitamin D, vitamin D2, or vitamin D3’
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and ‘artery stiffness or pulse wave velocity’ with no language restriction; see (Supplementary
file; Methods 1 for details). In addition, we manually scanned the lists of the articles and

re

abstract lists for a database search. Following the screening of the abstract, the full reports of

lP

potentially relevant trials were assessed for eligibility on the basis of the inclusion criteria and
exclusion criteria. We also manually checked bibliographic references of meta-analyses or
systemic review to identify references that possibly have been missed in the previous search.

na

2.2. Inclusion and exclusion criteria.

The inclusion criteria were as follows: randomized controlled design of trial, nutritional

ur

vitamin D supply versus a placebo, and the measurements for arterial stiffness with PWV
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before and after the intervention. Only the study population with vitamin D deficiency
(defined as [25(OH) D] <30 ng/mL (75 nmol/L) was included. The exclusion criteria were as
follows: trials that were not randomized controlled, trials that did not use nutritional vitamin
D (D2 or D3) or lacked a placebo group, population without vitamin D deficiency, trials that
did not measure the outcome of PWV, and non-human studies. Furthermore, participants lost
to follow-up (>40%) were also excluded. The main outcome was arterial stiffness, indicated
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by the carotid-femoral pulse wave velocity (PWV).
2.3. Data extraction and quality assessment.
Two authors (C.L.C and C.Y. H.) independently extracted the information with a standard
data protocol. The following items were extracted: first author’s name, publication year,
demographic data, vitamin D dose, and outcome assessment.
An assessment of methodological quality for randomized trials was conducted by two authors
(C.L.C and C.Y.H.) on the following items, in which each component was categorized as
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having high, low, or unclear risk of bias: allocation concealment, random sequence
generation, blinding of participants, blinding of outcome assessment, and incomplete
outcome data (Supplementary file; Table 1) [43]. We excluded studies from our meta-analysis

-p

if they had a high risk of bias in most components. A consensus was reached after conflicting
opinions were resolved between authors. (Supplementary file; Table 2) provides the PRISMA

re

checklist for the meta-analysis.

lP

2.4. Statistical analysis.

All statistical analyses were performed using RevMan v5.3 software (The Nordic Cochrane
Centre, The Cochrane Collaboration 2012). The difference in the effects between the vitamin

na

D groups versus control groups was calculated by the mean change in the outcome divided by
study-specific standard deviation as standardized mean differences (SMD). The significance

ur

of mean changes was evaluated using 95% conﬁdence interval (CI) with random effect
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models or fixed effect models. The random effect model was applied when heterogeneity was
considered significant (I2>50%); otherwise, the fixed effects model was applied [44]. Studies
were chosen for systemic review and meta-analysis based on the inclusion and exclusion
criteria with the outcome of arterial stiffness, and the study population consisting of
nutritional vitamin D and placebo groups. Missing variances for paired differences were
accumulated by assuming a correlation coefficient of 0.5 between variances at baselines and
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those at the end of the study based on the method of Follmann et al [45].
The heterogeneity of effect size estimates across these studies was assessed by Cochran's Q
statistic and quantified using the I2 statistic. Heterogeneity was tested using the I2 statistic,
which ranged in value from 0 to 100% (I2 <25%, low heterogeneity; I2=25%–50%, moderate
heterogeneity; and I2>50%, substantial heterogeneity). Publication bias was assessed through
a visual inspection of funnel plots [46]. Furthermore, subgroup analyses were restricted to the
studies with an equivalent daily dose of vitamin D ≥2000 IU, studies with the effects of
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vitamin D treatments resulting in mean serum [25(OH) D]>30 ng/mL after treatments as
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correction vitamin D deficiency, and studies with a follow-up of ≥4 months.
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3. Results
3.1. Study selection.
The PRISMA study flow diagram is shown in (Fig. 1). A total of 237 records were identified
(PubMed, n=33; Scopus, n=56; Embase, n=38; Cochrane Library, n=110). After removing
duplicates and screening abstracts, 25 records were eligible for full-text review. Of these, we
excluded 16 for the following reasons: 11 were without vitamin D-deficient population or
used nutritional vitamin D in both the nutrition vitamin D supply and placebo arms, 2
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provided insufficient data, one was lost in follow-up (>40%) and 2 did not provide carotid
femoral pulse wave velocity data. Finally, a total of 9 studies were included in the
meta-analysis [29, 30, 32, 33, 34, 35, 36, 38, 39].

-p

3.2. Study characteristics.

In this systematic review, we identified 9 randomized double-blinded placebo-controlled

re

trials that were eligible for qualitative synthesis. The demographic data of these clinical trials

lP

varied considerably and are summarized in Table 1. Study population size varied from n=38
to n=241. Only the population with vitamin D status <30 ng/mL was included in the study.
The study population was heterogeneous; two study populations were of healthy people, two

na

studies were of patients with chronic kidney disease, two were of patients with hypertension,
one was of overweight women, one was of patients with chronic fatigue syndrome, and one

ur

was of patients with osteoarthritis. Follow-up period ranged from a minimum of 2 month to a
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maximum of 12 months. All the studies with arterial stiffness as an outcome were assessed
based on carotid–femoral PWV.
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3.3. The change in serum vitamin D.
9 study populations had vitamin D deficiency deﬁned according to their study criteria (Table
2). The study with the effects of vitamin D treatments to keep mean serum [25(OH) D]>30
ng/mL after treatments is defined as correction vitamin D deficiency. All studies were done
using nutritional vitamin D, which include vitamin D3 and D2. Dosing regimens varied, but
the daily dosages ranged from 1111 IU/day to 5000 IU/day. All the studies measured serum
[25(OH) D]. All studies compared follow-up serum [25(OH) D] concentrations in both
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vitamin D and placebo groups. There was signiﬁcantly higher [25(OH) D] in nutritional
vitamin D supply group compared to placebo in all studies. However, three studies reported
not having achieved the mean vitamin D adequacy (>30 ng/mL) in the vitamin group

-p

following intervention. Five studies with daily dose of vitamin D 1000 to 2000 IU/day could
not correct vitamin D deficiency (mean [25(OH) D] <30 ng/mL) in three studies. Four studies

re

with five vitamin D dosages (including Raed et al. study with a daily vitamin D3 2000 IU and

deficiency.
3.4. Literature quality.

lP

4000 IU)[38]with daily dose of vitamin D ≥2000 IU/day successfully corrected vitamin D

na

As given in (Supplementary file; Table 1), all were included for further analyses. The study
quality was high. All studies reported the randomization, outcome measurement description,

ur

method of intervention, placebo groups, and risk bias.
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3.5. Artery stiffness.

Among all the studies, there were two with signiﬁcant differences in PWV between
nutritional vitamin D supply and placebo groups. Carotid-radial pulse wave velocity was
measured using the SphygmoCor applanation tonometry system, including 7 studies with the
AtCor Medical device, one study with the Vicorder (Skidmore Medical, UK) device, and one
study with an unnamed device (Supplementary file; Table 3).
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3.6. Meta-analysis.
For the outcome of arterial stiffness, nutritional vitamin D supply could signiﬁcantly decrease
the PWV compared to the placebo. In a random effects model, nutritional vitamin D could
signiﬁcantly decrease the pooled difference of PWV [(SMD: -0.29; 95% CI: -0.51 to -0.06), p
=0.01; chi2=21.85; df =9; Cochran’s Q test p =0.005, I2=59%; n =909 from 9 studies] (Fig. 2).
Heterogeneity should be considered significant in the PWV analysis because the resulting P
value of Cochran’s Q test was 0.009 rather than the traditional critical level of significance of
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0.1. Additionally, subgroup analysis was used to determine the treatment effects of vitamin D
supplementation, vitamin D dosing, and follow-up. At subgroup analysis, nutritional vitamin
D supplementation significantly improved arterial stiffness (PWV) in several subgroups,

-p

including the correction of vitamin D deficiency, with study duration ≥4 months and a daily
dose of vitamin D3 ≥2000 IU (Table 3).

re

3.7. Sensitivity analysis.

lP

One study was removed at a time and sensitivity analysis was performed to evaluate the
stability of the results. Removing the Kumar et al study significantly reduced the
heterogeneity (from I2: 59% to I2: 8%) [39]. Results were similar in all sensitivity analyses

na

(Supplementary file; Table 4-6).
3.8. Publication bias.

ur

The bias was not overtly present and was unlikely to alter the conclusions because of the

Jo

funnel plot with symmetrical distribution of studies on both sides of the mean in assessing the
aortic PWV (Fig. 3). There was no publication bias on using Egger’s test (p = 0.38) in
assessing aortic PWV either.
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4. Discussion
Vitamin D deficiency has been associated with increased arterial stiffness.
Supplementation with nutritional vitamin D has been proposed as a treatment modality. In
several 2016-2018 systemic reviews, the overall results are “null” effects using vitamin D
for treating arterial stiffness and no effect of treatment across various patient subgroups
were found [47-49]. Their meta-analysis did not exclude groups with normal vitamin D
levels because most randomized clinical trials were not designed in vitamin D-deficient
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populations. This may hint that nutritional vitamin D supplementation in people without
vitamin D deficiency could underestimate the effects among those with vitamin D
deficiency. Considering newly available studies and cut-off values for 25-hydroxy vitamin

-p

D [25(OH) D] values: 30 ng/mL, the present review has reevaluated the effects of correction
of vitamin D deficiency on arterial stiffness. This meta-analysis is different from previous

re

meta-analysis because it only includes population with vitamin D [25(OH) D] values<

lP

30 ng/mL and assesses the treatment effect by the cut-off values for 25-hydroxy vitamin D
[25(OH) D]: 30 ng/mL, vitamin D dosages and duration by using subgroup analysis. The
results show that nutritional vitamin D could decrease arterial stiffness in vitamin D

na

deficiency populations and the effects are especially visible in the correction of vitamin D
deficiency with a daily dose of vitamin D3 ≥2000 IU. The results are compatible with some

ur

clinical trials with only beneficial results in the vitamin D deficiency groups(36, 38) and the
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results of cohort studies, which showed that vitamin D deficiency is associated with
increasing arterial stiffness[18, 50].
Our result was high in heterogeneity in assessing aortic PWV. There is a Kumar et al.

study that provides the strongest impact that the correction of vitamin D deficiency by
cholecalciferol supplementation, has on PWV (SMD: -0.93; 95% CI: -1.31 to -0.55)[39].
Removing the Kumar et al study significantly reduced the heterogeneity (from I2: 59% to I2:
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8%) [39]. Vitamin D was associated with significant reductions in the pooled difference of
PWV [(SMD: -0.18; 95% CI: -0.33 to -0.03), p =0.02; chi2=8.67; df =8, Cochran’s Q test p
=0.37; I2=8%; n = 792 from eight studies] with a fixed effects model. There are three
possible reasons for this deviation based on the Kumar et al. study. First, the trial recruited
patients with moderate to severe vitamin D deficiency. Second, the trial recruited patients
with stages 3-4 chronic kidney disease, without diabetes mellitus as the confounding factor.
Third, the trials used a large dose of nutritional vitamin D (estimated daily calciferol: 5000
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IU), which could induce a marked increase of serum [25(OH) D] to correct vitamin D
deficiency in a short time.

The study showed that nutritional vitamin D could decrease arterial stiffness with moderate

-p

heterogeneity. Since genetic knockout of vitamin D receptor results in the overstimulation of
renin angiotensin aldosterone system [7], the benefit of vitamin D could vary when the

re

population have different degrees of activation of renin angiotensin aldosterone system and

lP

receive the drugs such as renin inhibitors, angiotensin-converting enzyme inhibitors,
angiotensin II receptor blocker and aldosterone inhibitors. Furthermore, the heterogeneity in
studies may be due to differences in the study durations, the vitamin D status of the study

na

participants before vitamin D administration, and drug interval. Those with a more severe
deficit of vitamin D could benefit more. In the sub-analysis, where we explored the possible

ur

explanations for the variable response to vitamin D on these outcomes, we found significant
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benefits with the correction of vitamin D deficiency. Without the correction of vitamin D
deficiency after treatments, we cannot see the effects of improvement in arterial stiffness. The
result is in line with the study conclusion. Therefore, it may mean that circulating [25(OH) D]
may need to be maintained above 30 ng/mL, in order to observe the advantageous effects on
arterial stiffness. However, the strategy involving vitamin D dose and duration still needs
further investigation. There were possibly other signiﬁcant causes in the heterogeneity
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between these studies. The race, age, and fat composition of the study population were
heterogeneous. Vitamin D belongs to a group of fat-soluble secosteroids and its metabolism
can be decided by fat composition. This means that in the meta-analysis, we included older
and younger population and obese/non-obese with different fat composition, which may
decide the response of vitamin D deficiency treatments. Genetic differences in vitamin D
receptor between participants could possibly determine the responsiveness to vitamin D
supply [51]. Therefore, it is thought that the participants’ genetic differences, so called
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personal vitamin D response index [52] and the fat composition should be considered to
determine vitamin D dosages.

Most professionals recommend daily vitamin D intake of 600–800 IU in the general

-p

population. High-dose vitamin D supplementation (800-2000 IU daily) is somewhat

re

favorable in the prevention of fracture [53]. In Table 2, five enrolled clinical trials
intervention with daily dose of vitamin D 1000 to 2000 IU/day could not correct vitamin D

lP

deficiency ([25(OH) D] <30 ng/mL) in three trials. Five vitamin D dosages of studies with
daily dose of vitamin D ≥2000 IU/day (D3 or D2) corrected vitamin D deficiency. This

na

means that higher dose such as daily dose of vitamin D ≥2000 IU/day (D3 or D2) might
correct vitamin D deficiency. Furthermore, with regard to patient care, 2000 IU/d vitamin D3

ur

in treatment arm with 12,000 participants showed no obvious adverse effects [54] and daily
vitamin D doses up to 4,000 IU are considered to be safe [55]. However, because vitamin D is
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a fat-soluble vitamin, it is necessary to be cautious by properly monitoring serum calcium and
[25(OH) D] serum levels to avoid vitamin D overdose and hypercalcemia. While the vitamin
D deficiency status is well corrected by providing nutritional vitamin D supplementation, it is
reasonable to reduce daily vitamin D intake to 600–800 IU in the general population.
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The mechanism of vitamin D improving artery stiffness is still unknown. In an animal
study, vitamin D deficiency accelerated vascular calcification and atherosclerosis,
independent of the expression of LDL receptors on vessels [56]. Vitamin D could lead to
receptor activation in vascular smooth muscle cells, inhibiting matrix mineralization through
increasing calcification inhibitors klotho and osteopontin [57]. Vitamin D receptor activation
can help protect against vascular calcification [57, 58]. The other possible mechanisms by
which vitamin D contributes to improvements in arterial stiffness include the impact on
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inhibition of foam cell and cholesterol efflux in macrophages[59], decreasing inflammation
[60],decreased endothelial cell proliferation[61], decreasing insulin resistance[62], and
decreasing the renin–angiotensin system activation[7-9, 63],which has an effect that favors

-p

nitrogen oxide related vessel relaxation. Furthermore, vitamin D is important for decreasing
artery stiffness by minimizing oxidative stress [64], enhancing the expression of the nuclear

re

factor, erythroid-2-related factor 2 [65] and vitamin D enables vascular repair, by increasing

lP

vascular endothelial growth factor (VEGF) because Vitamin D is crucial for the VEGF
homeostasis and maintaining the normal function of valvular endothelial cells [66]. In this
study, follow-up period ranged from a minimum of 2 months to a maximum of 12 months.

na

Nutritional vitamin D supplementation significantly improved arterial stiffness (PWV) in
studies with study durations ≥4 months (subgroup analysis). Therefore, the evidence indicates

ur

that nutritional vitamin D may relax vascular smooth muscle in short term and decrease
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vascular smooth muscle proliferation in the long term.

The strength of this meta-analysis is that it includes well-planned and well-designed,

double-blinded, placebo-controlled, and randomized clinical trial with the same method of
arterial stiffness measurement. However, the current review had some limitations. First, most
studies are based on very small sample sizes. The small sample sizes of studies could increase
the heterogeneity of the difference between treatments. Second, the authors did not have

16

access to the raw data. Third, we did not include different parameters of arterial stiffness such
as flow-mediated vasodilatation and carotid-brachial artery PWV. Fourth, during screening,
we excluded the records that have not been published as a full-text manuscript. This means
that it is possible to have a loss of data that could potentially have contributed to this review.
Fifth, the different measurement devices in different experiments could cause heterogeneity.
The last limitation includes several factors associated with vitamin D deficiency which were
not considered: sun avoidance strategies, sunscreen use, dark skin, textile coverage, air

ro
of

pollution, seasonal variations and drugs accelerating the metabolism of vitamin D. We
believe the randomization and double blind study design of these included studies could
decrease the bias. In the future, we still need prospective vitamin D randomized double blind

-p

clinical trials based on 25-hydroxyvitamin D concentrations to confirm the results [67].

re

In conclusion, based on our results, correction of vitamin D deficiency by nutritional
vitamin D supplementation was associated with a statistically significant effect on

lP

improvement of arterial stiffness in adults with vitamin D deficiency but results were
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ur

na

inconsistent. More studies are needed to confirm this finding.
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Table 1: Characteristics of included studies evaluating effects of nutritional vitamin D supplementation on carotid-femoral pulse wave
velocity.
CarotidDuration
Study, year
Subgroup/ comorbidity
N
Area
Source
Control
femoral pulse
(months)
wave velocity
Witham et al, 2013 Healthy
south
Asian
Local community Placebo
2
50
UK
+
[29]
Women
center
match control
Patients 70 years and older
Witham et al, 2013
University
of Placebo
with isolated systolic 12
159 UK
+
[30]
Dundee
match control
hypertension
Dreyer et al, 2014
Royal
London Placebo
CKD Stage 3–4
6
38
UK
+
[32]
Hospital
match control
Veloudi et al, 2015
University
of Placebo
Osteoarthritis
12
241 Australia
+
[33]
Tasmania
match control
Witham et al, 2015
Connective tissue Placebo
Chronic fatigue syndrome 6
50
Scotland
+
[34]
care center
match control
Pilz et al, 2015
Placebo
Arterial hypertension
2
153 Austria
Endocrine clinic
+
[35]
match control
Bressendorff et al,
Roskilde
Placebo
Healthy people
4
40
Denmark
+
2016[36]
University
match control
Raed et al, 2017
Overweight
African
Georgia Prevention Placebo
4
70
USA
+
[38]
Americans
Institute
match control
Aged 18-70 years, with
Kumar et al, 2017
Post-graduate
Placebo
nondiabetic CKD stage 4
117 India
+
[39]
institute
match control
3-4
CKD, chronic kidney disease; UK, United kingdom; USA, The United States of America.
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Table 2: Characteristics of included studies evaluating effects of nutritional vitamin D supplementation on carotid-femoral pulse wave
velocity.
Nutritional vitamin D group
Control
Source
Setting
Oral vitamin D dosages
Daily
Baseline
The
last Age
Baseline
(ng/ml)
dose(IU)
vitamin D
OH-vitamin (mean)
vitamin D
D
Witham et al, 2013
(OH-vitamin
100,000 U of oral Cholecalciferol 1111
18
25
76.9
18
[29]
D<30)
100000IU every 3 months
Witham et al, 2013
(OH-vitamin
Cholecalciferol 100000 IU single dose
1785
10.82±5.21 17.2
41.7
10.8±6.0
[30]
D<30)
Dreyer et al, 2014
(OH-vitamin
Ergocalciferol 50000 IU qw for one 1667
14.66
37.1
45.8
9.2
[32]
D<16)
month, then 50000 IU qm
Veloudi et al.2015
(5<OH-vitamin
Cholecalciferol 50000 IU/month
1667
17.25
35.3
63
17.25
[33]
D<24)
Witham et al, 2015
(OH-vitamin
Cholecalciferol 100000 IU q2 month
1667
17.6±6.0
25.6
48.1
19.6±8.0
[34]
D<30)
Pilz et al, 2015
(OH-vitamin
Cholecalciferol 2800 IU/day
2800
22.0±5.5
36.2
60.5
20.4±5.7
[35]
D<30)
Bressendorff
et
al, (OH-vitamin
Cholecalciferol 3000 IU/day
3000
12.34±4.43 35.3±8.01
41.8
12.97±3.9
2016[36]
D<20)
Raed1 et al, 2017
(OH-vitamin
Cholecalciferol 60000 IU/month
2000
15.9±3.7
36
24.4
15.9±3.9
[38]
D<20)
2
Raed et al, 2017
(OH-vitamin
Cholecalciferol 120000 IU/month
4000
13.3±4.4
34.8
25.5
15.9±3.9
[38]
D<20)
Kumar et al, 2017
(OH-vitamin
Cholecalciferol 300,000 IU q2 month
5000
13.4±4.4
38.3
43.17
13.2±4.8
[39]
D≤20)
1
Raed study with daily vitamin D 2000 IU; 2Raed study with daily vitamin D 4000 IU
All values in mean ± standard deviation; n/r, not reported.
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Table 3: Summary results of subgroup analyses from included trials evaluating effects of nutritional vitamin D supplementation on
carotid-femoral pulse wave velocity.
Pooled PWV
(case numbers)

Heterogeneity
I2 , %

Standardized mean difference
(95% CI)

43

0%

0.03(-0.39,0.44)

18

17

-

-0.31(-0.98,0.36)

18

17

-

-1.11(-1.83,-0.39)

72

74

76%

-0.56(-1.39,0.84)

1

25

25

-

-0.09(-0.65,0.46)

1

118

123

-

-0.16(-0.41,0.09)

2

161

151

0

-0.16(-0.38,0.06)

Mean OH-vitamin D≥ 30 ng/ml (after treatments) 7

329

321

65%

-0.40(-0.70,-0.11)

Mean OH-vitamin D< 30 ng/ml (after treatments) 3

130

129

0%

-0.07(-0.32,0.17)

Healthy people

2

Over-weight1

1

2

1

Over-weight

2

Pr

CKD stage 3-4
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Population type

Chronic fatigue syndrome
Osteoarthritis
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Hypertension

control

pr

Vitamin D
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ur

Follow-up time
≥4 months

8

353

353

62%

-0.36(-0.67,-0.10)

<4 months

2

106

97

25%

-0.07(-0.35,0.20)

5

197

183

69%

-0.53(-0.93,-0.12)

5

262

267

0

-0.11(-0.28,0.06)

Vitamin D dosages

Daily Cholecalciferol ≥2000 IU

Daily Cholecalciferol <2000 IU
1

2

Raed study with daily vitamin D 2000 IU; Raed study with daily vitamin D 4000 IU
CKD, chronic kidney disease, PWV, pulse wave velocity; CI, confidence interval
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Figure 1. PRISMA flow diagram showing details of study selection.
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Figure 2. The pooled data showing that nutritional vitamin D supply could signiﬁcantly

Jo
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na

decrease the carotid-femoral pulse wave velocity.

Figure 3. The funnel plot of vitamin D‐ and placebo‐ treated group data revealing no
evidence of publication bias.
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