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Abstract

Background and objective: The current systematic review and meta-analysis of randomized controlled trials (RCTs)
was conducted to summarize the effect of vitamin D supplementation on endothelial activation among patients
with metabolic syndrome and related disorders.

Methods: Cochrane library, Embase, PubMed, and Web of Science database were searched to identify related RCTs
published before 30th April 2018. The heterogeneity among the included studies was assessed using Cochran’s Q
test and I-square (I2) statistic. Data were pooled by using the random-effect model and standardized mean
difference (SMD) was considered as summary effect size.

Results: Fourteen clinical trials that contained a total of 1253 participants were included in the current meta-analysis.
Vitamin D supplementation significantly decreased von willebrand factor (vWF) (SMD -0.27; 95% CI, − 0.46, − 0.08;
P = 0.006; I2:40.5%). However, we found no significant impact of vitamin D supplementation on intercellular adhesion
molecule 1(ICAM-1) (SMD -1.96; 95% CI, − 4.02, 0.09; P = 0.06; I2:97.4%), vascular celladhesion molecule 1 (VCAM-1)
(SMD -0.50; 95% CI, − 1.19, 0.19; P = 0.15; I2:91.2%), on E-selectin (SMD -0.04; 95% CI, − 0.36, 0.28; P = 0.81; I2:78.8%) and
endothelin (SMD -0.49; 95% CI, − 1.18, 0.19; P = 0.15; I2:90.5%). The pooled data from trials of vitamin D
supplementation with dosage of ≤4000 IU/day (− 0.37, 95% CI: -0.65, − 0.10, I2: 73.5%) significantly reduced vWF
concentrations, while there was no effect of vitamin D supplementation on vWF concentrations among trials with the
dosage of intervention > 4000 IU/day (− 0.17, 95% CI: -0.43, 0.10, I2: 0.0%). VWF concentrations significantly reduced in
pooled data from trials with duration study ≤8 weeks (− 0.37, 95% CI: -0.67, − 0.07, I2: 60.6%), but there was no effect of
vitamin D supplementation on vWF concentrations among trials with > 8 weeks (− 0.20, 95% CI: -0.45, 0.05, I2: 0.0%).
While there was no effect of vitamin D supplementation on vWF concentrations among trials with total sample size of
≤60 patients (− 0.03, 95% CI: -0.42, 0.36, I2: 0.0%), vWF concentrations in trials with more than 60 patients decreased
significantly (− 0.34, 95% CI: -0.56, − 0.12, I2: 60.9%).
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Conclusions: Overall, the current meta-analysis demonstrated that vitamin D supplementation to patients with
metabolic syndrome and related disorders resulted in an improvement in vWF, but did not affect ICAM-1, VCAM-1,
E-selectin and endothelin levels.
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Introduction
Atherosclerosis starts as endothelial activation, and
endothelial dysfunction has been proposed to be the
ultimate common pathway by which several risk factors
result in vascular complications [1]. Vitamin D is a
fat-soluble hormone that has endocrine, paracrine and
autocrine functions [2]. Vitamin D deficiency and/or in-
sufficiency may increase the risk of metabolic syndrome,
type 2 diabetes mellitus (T2DM), hypertension, kidney
disease and cardiovascular disease (CVD) through
activating a pro-inflammatory cascade, which in turn
may result in a rise in arterial stiffness and endothelial
dysfunction [3, 4].
Previous studies have demonstrated that vitamin D

administration improves endothelium-dependent vaso-
dilation, a predictor of cardiovascular issues [5], among
people with diabetes [6] and as well as healthy individ-
uals with vitamin D deficiency [7]. In a meta-analysis
study, vitamin D administration significantly improved
flow-mediated dilation (FMD) [8]. Unlike, in another
meta-analysis study conducted by Hussin et al. [9],
vitamin D supplementation did not affect endothelial
function. In addition, vitamin D supplementation to
patients with T2DM did not affect vascular biomarkers
including E-selectin and vWF [10]. VWF is a blood
glycoprotein that is required for normal hemostasis [11].
It is deficient or defective in von Willebrand disease and
is involved in a large number of other diseases, including
thrombotic thrombocytopenic purpura, Heyde’s syn-
drome, and possibly hemolytic-uremic syndrome [11].
Increased circulating levels in a large number of cardio-
vascular, neoplastic, and connective tissue diseases are
presumed to arise from adverse changes to the endothe-
lium, and may contribute to an increased risk of throm-
bosis [12, 13]. However, there are no guiding values of
markers related to endothelial function for clinical
settings; control of these factors may reduce the progres-
sion of CVD events. The main mechanisms of function
of vitamin D through which it may influence the athero-
sclerotic process have not been completely elucidated
[14]. This may in part be through increased production
of nitric oxide (NO), decreased oxidative damage,
reduced gene expression of interleukin 6 (IL-6), and
decreased circulating levels of vascular cell adhesion
molecules (VCAM) and intracellular adhesion molecule
(ICAM) [15]. Therefore, the results of those clinical

trials are inclusive, with studies that favored vitamin D
effects, oppositely to the others that did not confirm
expected beneficial actions of this micronutrient. Dis-
crepancies in findings might be the result of differences
in study design, characteristics of study populations,
dosage of vitamin D used and duration of the studies.
Despite several randomized controlled trials (RCTs),

we are aware of no systematic review and meta-ana-
lysis of RCTs on the effect of vitamin D supplementa-
tion on endothelial activation among patients with
metabolic syndrome and related disorders. This
current meta-analysis was conducted to summarize
the available evidence of RCTs to establish the effect
of vitamin D supplementation on endothelial activa-
tion among patients with metabolic syndrome and
related disorders.

Methods
Search strategy and selection studies
Related studies were systematically searched using
several electronic databases: PubMed, Embase, the
Cochrane Library, and Web of Science databases before
30th April 2018. We did not publish the review protocol.
We conducted searches on gray literature using data-
bases including institute for scientific and technical
information (INIST) and the healthcare management in-
formation consortium (HMIC), also to find other un-
published studies, we contacted with experts and centers
of related field. In addition, we searched the references
lists of related trials to detect additional potential publi-
cations. Clinical trials retrieved that have examined the
effect of vitamin D supplementation on endothelial ac-
tivity based on the following MeSH and search terms:
patients (“obese” OR “overweight” OR “T2DM” OR
“acute coronary syndrome (ACS)” OR “myocardial
infarction (MI)” OR “chronic kidney disease (CKD)” OR
“metabolic syndrome (MetS)” OR “haemodialysis (HD)”),
intervention (“ergocalciferol” OR “cholecalciferol” OR
“vitamin D” OR “vitamin D2” OR “vitamin D3” OR
“25-hydroxyvitamin D (25(OH)D)” AND “intake” OR
“supplementation”), and outcomes [“von willebrand
factor (vWF)” OR “VCAM-1” OR “ICAM-1” OR
“E-selectin” OR “endothelin”]. Current systematic review
was limited to clinical trials published in the English
language.
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Data extraction and quality assessment
The following inclusion and exclusion criteria were
applied to select clinical trials to be included in our
meta-analysis: 1) human randomized clinical trials
(either with parallel or crossover designs), 2) clinical tri-
als that the administration of vitamin D supplements,
and measured the mean changes of endothelial markers
along with standard deviation (SD) at baseline and at the
end of intervention in both treatment and control
groups. The investigators were excluded articles that
were case reports, the abstracts of congress without full
text; and clinical trials that did not obtain minimum
required score of quality assessment. Two independent
authors (RT and MA) screened the titles and abstracts of
the clinical trials to examine eligibility based on current
criteria for inclusion. Then, we retrieved the full text of
related clinical trials to evaluate with more details. In
case of discrepancy, resolved by discussion with third
author (ZA or STH).

Data extraction and quality assessment
Two authors (RT and MA) independently extracted data
and assessed the methodological quality of included clin-
ical trials according to standard forms of excel software
and the Cochrane Collaboration risk of bias tool, re-
spectively. The following data were extracted from the
selected RCTs: the first authors’ name, year of publica-
tion, geographic location of the study, total sample size
of participants in intervention and control groups, study
method, type of intervention, type of placebo, dosage of
intervention, duration of follow-up, and the mean (SD)
changes of on endothelial activation (including vWF,
VCAM-1, ICAM-1, E-selectin, endothelin) at baseline
and the end of intervention in both treatment and
control groups. The Cochrane Collaboration risk of bias
tool uses the following criteria to assess the methodo-
logical quality of clinical trials [16]: “random sequence
generation, allocation concealment, blinding process and
outcome assessment, and withdrawal of patients”. Dis-
crepancies were resolved by discussion with third author
(ZA or STH).

Data analysis
Statistical analyses were conducted using Review
Manager V.5.3 software (Cochrane Collaboration,
Oxford, UK) and STATA version 12.0 (Stata Corp.,
College Station, TX). Heterogeneity between included
primary studies was assessed using Cochrane Q test and
I-square (I2) statistic. I2 > 50% with P < 0.05 indicates
existing significant heterogeneity. We applied the ran-
dom effects model to pool the information; otherwise,
the fixed-effect model was conducted. Cohen statistics
and DerSimonian and Laird method were used for
estimation of standardized mean difference (SMD) with

95% confidence interval. Subgroup analyses were used to
assess the potential variables that may have impacted the
effects of vitamin D supplementation on endothelial
activation. These potential variables contained: type of
intervention (CKD vs. other vs. cardiac disease), dosage
of vitamin D (≤400,000 vs. > 400,000 (IU)), duration of
study (≤ 8 vs. > 8 weeks), sample size (≤60 vs. > 60 par-
ticipants), and type of vitamin D (vitamin D3 vs. vitamin
D2), BMI at baseline study (≥26 vs. ≤25 kg/m2) and
baseline levels of 25(OH)D (≥15 vs. < 15 ng/mL). In
addition, sensitivity analyses were used to assess the ef-
fect of each included primary study with leave-one-out
method on reliability of the pooled SMDs. We examined
the presence of publication bias using the formal
Begg- and Egger’s statistics. P < 0.05 was considered
as statistically significant.

Results
Administered vitamin D in clinical trials included in our
systematic review and meta-analysis was as powder or
extract. An overall of 1127 studies were identified
though our initial literatures using electronic search.
After screening and assessing clinical trials with more
detail, 14 trials were observed to be eligible for in the
current study. Figure 1 shows the flow chart of the step
by step study identification and selection process.
Characteristics of included clinical trials to our

meta-analysis are summarized in Table 1. Included
clinical trials were published between 2011 and 2018.
This meta-analysis was applied on 1253 participants
(with range 24–117) with various total sample size from
632 individuals in the intervention to 661 in the control
group. Seven clinical trials have reported changes on
vWF, 5 on ICAM-1, 7 on VCAM-1, 10 on E-selectin, 4
on endothelin. Dosage of vitamin D varied from 20,000
to about 1,300,000 IU. Duration of intervention among
included clinical trials was between 5 days and 39 weeks.
The results of quality assessment on included trials into
our meta-analysis by using the Cochrane Collaboration
tool based on authors’ judgments about each risk of bias
item is presented in Fig. 2.

Pooled effects of vitamin D supplementation on
endothelial activation
The forest plots for the effect of vitamin D supplementa-
tion on endothelial activation are shown in Additional file 1
and Fig. 3.
The findings showed that vitamin D administration

significantly decreased vWF (SMD -0.27; 95% CI, − 0.46,
− 0.08; P = 0.006; I2:40.5%) (Fig. 3). However, we found
no significant impact of vitamin D supplementation on
ICAM-1 (SMD -1.96; 95% CI, − 4.02, 0.09; P = 0.06;
I2:97.4%), VCAM-1 (SMD -0.50; 95% CI, − 1.19, 0.19;
P = 0.15; I2:91.2%), E-selectin (SMD -0.04; 95% CI, −
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0.36, 0.28; P = 0.81; I2:78.8%), and endothelin levels
(SMD -0.49; 95% CI, − 1.18, 0.19; P = 0.15; I2:90.5%)
(Additional file 1).
Table 2 summarizes all meta-analyses findings of the

study participant included RCTs with data before and
after the intervention and placebo groups.

Subgroup and sensitivity analyses
Because of presence heterogeneity, the authors used sub-
group analyses to assessed source of heterogeneity based
on suspected variables. The results of subgroup analyses
based on dosage of vitamin D (≤4000 vs. > 4000 IU/day),
type of vitamin D (vitamin D3 vs. vitamin D2), BMI at
baseline (≥26 vs. ≤25 kg/m2), and baseline levels of
25(OH) D (≥15 vs. < 15 ng/mL) are presented in
Additional file 2. Overall, there were no significant
changes in associations between dosages, type of vitamin
D used, and BMI of participants and endothelial

activations. We were not able to conduct a subgroup
analyses based on method of vitamin D administration
(oral or intramuscular), as there was only one study used
injection method. However, our sensitivity analyses
showed no effect when we exclude this study. Compared
with the trials on participants with CKD diseases (− 0.17,
95% CI: -0.43, 0.10, I2: 0.0%) or other diseases (0.10, 95%
CI: -0.41, 0.60, I2: 0.0%), vitamin D consumption in
clinical trials with cardiac diseases participants (− 0.57,
95% CI: -0.90, − 0.25, I2: 63.8%) significantly decreased
vWF concentrations. The pooled data from trials of
vitamin D supplementation with dosage of ≤4000 IU/day
(− 0.37, 95% CI: -0.65, − 0.10, I2: 73.5%) significantly
reduced vWF concentrations, while there was no effect
of vitamin D supplementation on vWF concentrations
among trials with the dosage of intervention > 4000 IU/
day (− 0.17, 95% CI: -0.43, 0.10, I2: 0.0%). VWF concentra-
tions significantly reduced in pooled data from trials with

Fig. 1 Literature search and review flowchart for selection of studies
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duration study ≤8 weeks (− 0.37, 95% CI: -0.67, − 0.07,
I2: 60.6%), but there was no effect of vitamin D supple-
mentation on vWF concentrations among trials with > 8
weeks (− 0.20, 95% CI: -0.45, 0.05, I2: 0.0%). While there
was no effect of vitamin D supplementation on vWF con-
centrations among trials with total sample size of ≤60 pa-
tients (− 0.03, 95% CI: -0.42, 0.36, I2: 0.0%), vWF
concentrations in trials with more than 60 patients
decreased significantly (− 0.34, 95% CI: -0.56, − 0.12,
I2: 60.9%). The pooled data from trials with baseline
levels of 25(OH)D ≥ 15 ng/mL (− 0.34, 95% CI: -0.56,
− 0.12, I2: 60.9%) significantly decreased vWF, but there
was no effect of vitamin D supplementation on vWF
concentrations among trials with < 15 ng/mL (− 0.03, 95%
CI: -0.42, 0.36, I2: 0.0%).
ICAM-1 levels significantly decreased following

vitamin D administration in pooled data from clinical
trials with dosage > 4000 IU (− 10.06, 95% CI: -15.94, −

4.18, I2: 98.6%), while there was no effect of vitamin D
supplementation on ICAM-1 concentrations among
trials with the dosage ≤4000 IU/day (− 0.09, 95% CI:
-0.61, 0.42, I2: 55.4%) (Additional file 2). In addition,
compared with duration study ≤8 weeks (− 0.39, 95% CI:
-0.95, 0.17, I2: 0.0%), ICAM-1 levels significantly
decreased following vitamin D administration in pooled
data from clinical trials with duration > 8 weeks (− 3.43,
95% CI: -6.43, − 0.42, I2: 98.1%). Also, compared with tri-
als with vitamin D2 intervention (− 1.14, 95% CI: -3.70,
1.42, I2: 96.7%), ICAM-1 levels in trials with vitamin D3
intervention significantly decreased (− 5.93, 95% CI:
-10.43, − 1.42, I2: 98.4%).
E-selectin concentrations significantly decreased in

pooled data from clinical trials with dosage of vitamin
D ≤ 400,000 IU (− 0.15, 95% CI: -0.35, 0.05, I2: 25.3%)
compared with > 400,000 IU (0.25, 95% CI: -0.93, 1.42,
I2: 93.7%) (Additional file 2). E-selectin concentrations
significantly decreased in pooled data from clinical trials
with baseline levels of 25(OH)D < 15 (− 0.35, 95% CI:
-0.57, − 0.13, I2: 40.79%) compared with ≥15 ng/mL
(0.17, 95% CI: -0.32, 0.67, I2: 83.9%).
For VCAM-1 concentrations, clinical trials were found

no significant changes between the intervention and
control groups by suspected variables using subgroup
analyses (Additional file 2).
In pooled data from clinical trials with duration > 8

weeks (− 0.84, 95% CI: -1.08, − 0.60, I2: 0.0%), endothelin
concentrations significantly decreased, but endothelin
concentrations significantly increased in clinical trials
with duration ≤8 weeks (0.58, 95% CI: 0.14, 1.01, I2:
0.0%) (Additional file 2). Also, endothelin concentrations
significantly decreased in pooled data from clinical trials
with total sample size > 60 participants (− 0.84, 95% CI:
-1.08, − 0.60, I2: 0.0), while endothelin concentrations
significantly increased in clinical trials with total sample
size ≤60 patients (0.58, 95% CI: 0.14, 1.01, I2: 0.0). Simi-
larly, endothelin levels significantly increased (0.58, 95%
CI: 0.14, 1.01, I2: 0.0%) in trials using vitamin D2
supplements, while endothelin levels decreased signifi-
cantly (− 0.84, 95% CI: -1.08, − 0.60, I2: 0.0%) in trials
administrated vitamin D3. The pooled data from trials
with dosage ≤4000 IU/day (− 0.91, 95% CI: -1.22, − 0.61,
I2: 0.0%) significantly reduced endothelin concentrations,
but there was no effect of vitamin D supplementation
on endothelin concentrations among trials with the dos-
age > 4000 IU/day (− 0.07, 95% CI: -1.34, 1.19, I2: 94.6%).
In sensitivity analysis, to evaluate the effect of each of

study on the strength of association between vitamin D
supplementation and endothelial activation, the pooled
SMD was presented pre and post excluding one by one
clinical trial from our meta-analysis. According to sensi-
tivity analyses findings, we found that after omitting the
data from Witham (b) et al. [17] for vWF (SMD -0.15;

Fig. 2 The methodological quality of included studies (risk of bias)
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95% CI, − 0.36, 0.05), after omitting the data from Sokol
et al. [18] (SMD -3.88; 95% CI, − 7.06, − 0.70), Arnson et
al. [19] (SMD -3.42; 95% CI, − 6.40, − 0.42), and
Longenecker et al. [20] (SMD -3.29; 95% CI, − 6.16, −
0.43) for ICAM-1, after omitting the data from Zhang et
al. [21] (SMD -0.75; 95% CI, − 1.34, − 0.16) for VCAM-1,

after omitting the data from Zhang et al. [21] (SMD
-0.20; 95% CI, − 0.36, − 0.03) for E-selectin, after omit-
ting the data from Borgi et al. [22] (SMD -0.83; 95% CI, −
1.07, − 0.59) for Endothelin, there were significant effect
between pre- and post-sensitivity pooled SMD for their
endothelial markers (Additional file 3).

Fig. 3 Meta-analysis endothelial activation standardized mean differences estimates for vWF in vitamin D and placebo groups (CI = 95%)

Table 2 The effects of vitamin D supplementation on endothelial activation

Variable Number
of study

Standardized
mean difference

CI 95% Heterogeneity

I2 (%) Q P-value

VWF

Change intervention group vs. placebo group 7 -0.27 −0.46, − 0.08 40.5 10.08 0.12

ICAM-1

Intervention group (after vs. before) 4 −0.19 − 0.45, 0.06 18.9 3.70 0.29

Placebo group (after vs. before) 4 3.51 1.28, 5.73 97.6 124.47 < 0.001

Change intervention group vs. placebo group 5 −1.96 −4.02, 0.09 97.4 153.96 < 0.001

VCAM-1

Intervention group (after vs. before) 6 −0.24 −0.44, −0.03 0.0 1.18 0.94

Placebo group (after vs. before) 6 −0.08 − 0.49, 0.33 76.5 21.32 0.001

Change intervention group vs. placebo group 7 −0.50 −1.19, 0.19 91.2 68.54 < 0.001

E-selectin

Intervention group (after vs. before) 8 −0.25 −0.41, − 0.08 0.0 6.15 0.52

Placebo group (after vs. before) 8 −0.10 −0.37, 0.17 66.0 20.56 0.004

Change intervention group vs. placebo group 10 −0.04 −0.36, 0.28 78.8 42.49 < 0.001

Endothelin

Intervention group (after vs. before) 4 −0.45 − 0.66, − 0.24 40.1 5.01 0.17

Placebo group (after vs. before) 4 0.11 −0.10, 0.31 0.0 2.98 0.39

Change intervention group vs. placebo group 4 −0.49 −1.18, 0.19 90.5 31.46 < 0.001

VWF von willebrand factor, ICAM-1 intercellular adhesion molecule 1, VCAM-1 vascular cell adhesion molecule 1
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Publication Bias
According to the findings of Egger and Begg statistics,
there was no evidence of publication bias across trials
for vWF (P Egger’s test = 0.30, P Begg’s test = 0.45),
VCAM-1 (PEg = 0.23, PBe = 0.17), and E-selectin (PEg =
0.25, PBe = 0.09), and Endothelin (PEg = 0.78, PBe = 1.0).
Because there was evidence of publication bias on
ICAM-1 (PEg = 0.43, PBe = 0.17), the authors performed
non parametric method (Duval and Tweedie) to assess
the findings of censored trials. Results indicated that
summary effect size on ICAM-1 not significantly chan-
ged between before and after including censored trials.

Discussion
This systematic review and meta-analysis is the first
report of the effect of vitamin D supplementation on
endothelial activation among patients with metabolic
syndrome and related disorders. This meta-analysis
showed that taking vitamin D significantly improved
vWF, but did not affect other markers related to endo-
thelial activation among patients with metabolic syn-
drome and related disorders. In the current study,
patients with metabolic syndrome and related disorders
were included that are varied. Endothelial activation is
one of the main pathophysiological causes and is part of
different chronic conditions including obesity, T2DM,
CVD, stroke, fatty liver, and other metabolic diseases.
Therefore, due to similar metabolic status, we included a
board range of chronic diseases in the current
meta-analysis. However, the effectiveness of vitamin D
supplementation may vary with the type of disease. For
example, CKD is a very vitamin D sensitive state [18].
To address this limitation, we have conducted subgroup
analysis based on type of metabolic diseases to decrease
heterogeneity (e.g. CKD vs. other vs. cardiac disease).
Extensive sensitivity analyses were also conducted; for
example, excluding those that had different outcomes,
none of these omissions significantly altered overall esti-
mates, which suggests that our estimates are reliable.
Cardiovascular factors are the leading cause of mortality

in diseases related to metabolic disorders [23]. This
meta-analysis demonstrated that vitamin D supplementa-
tion to patients with metabolic syndrome and related
disorders resulted in a significant decrease in vWF, but did
not affect other markers of endothelial activation. Ob-
served effects for ICAM from clinical trials with duration
> 8 weeks compared with ≤8 weeks were significant, while
for vWF from clinical trials with duration ≤8 weeks com-
pared with > 8 weeks were significant; that was against our
hypothesis. This may have few reasons. The limited num-
ber of studies included in the subgroups analyses may be
one possible explanation for such discrepancy. The larger
RCTs are required to obtain more reliable conclusion. In
addition, the subjects recruited in observational studies

had different baseline levels of vWF. Thus, we assumed
that early intervention with vitamin D in patients with
metabolic syndrome and related disorders may be import-
ant; while the beneficiary effect of vitamin D on vWF may
be increased when individuals have longer duration of
supplementation and similar baseline levels of vWF. Also,
we should acknowledge and distinguish between
“statistical significance” which implies that the difference
seen in the sample also exists in the population with
“clinical significance” which implies that the difference
between effectiveness is clinically important, and it is pos-
sible that clinical practice will change if such a difference
is seen. Although statistical significance is used to inform
clinical significance, but clinical significance cannot neces-
sarily be inferred from statistical significance, and statis-
tical significance cannot be inferred from clinical
significance. Hypovitaminosis D is a common problem
affecting over 40% of the United States population [24].
Vitamin D deficiency has been independently correlated
with elevated risk of CVD, severity of coronary athero-
sclerosis, and all-cause mortality [25, 26]. Few studies have
reported high levels of vWF in patients related to meta-
bolic disorders. Lu et al. [27] demonstrated increased
levels of vWF in people with chronic kidney disease
(CKD) compared with healthy subjects. In another study,
diabetic patients with chronic hemodialysis had elevated
vWF levels [28]. Several RCTs have been performed in the
last decade to assess the impacts of vitamin D administra-
tion on endothelial function among patients with meta-
bolic syndrome and related disorders. In a study, using a
single dose of 100,000 vitamin D to patients with T2DM,
there was an improvement in endothelial function by 2.5%
at 8 weeks [6]. However, few meta-analyses studied have
evaluated the effects of vitamin D supplementation on
endothelial function, data on the effects of vitamin D
supplementation on endothelial activity are scarce. In a
meta-analysis study, vitamin D intake significantly im-
proved FMD [8]. In addition, a significant improvement of
endothelial vasomotor and secretory functions was seen
following the supplementation of vitamin D in people
with CKD [29]. Unlike, in another meta-analysis study
conducted by Hussin et al. [9], vitamin D administra-
tion did not influence endothelial function. Moreover,
vitamin D supplementation for 6 months to people
with a history of myocardial infarction did not im-
prove markers of vascular function [17]. In another
meta-analysis study, vitamin D supplementation did
not improve FMD; however, vitamin D improved
FMD in studies that lasted < 16 weeks [30].
The different dosages of vitamin D used, means of

supplementation and type of vitamin D used are some of
the possible reasons that may be correlated with the
different results in VWF among these previous studies.
Although the direct route of the endothelial activation is
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unknown; several mechanisms have been proposed by
which vitamin D supplements could improve endothe-
lial activation. Vitamin D receptors have been recog-
nized in several cell types, such as vascular smooth
muscle cells, endothelial cells and cardiac myocytes
[31]. Vitamin D intake may possibly reduce prolifera-
tion of vascular smooth muscle, dysregulate systemic
vascular calcium metabolism; reduce vascular resist-
ance, downregulate pro-inflammatory markers, upreg-
ulate anti-inflammatory markers and decreases blood
pressure through regulation of the rennin-angiotensin
system [32, 33]. Synthesis of 1, 25-dihydroxyvitamin
D3 by human endothelial cells may play at the local
levels to regulate the effects of inflammatory markers
on the vasculature [34]. However, findings of epi-
demiological studies suggest that vitamin D adminis-
tration has a positive effect on FMD and may reduce
CVD risk and related complications.
The current study had a few limitations. Various doses

of vitamin D used were administered for intervention in
the included studies. We were unable to evaluate the
dose-response association between supplementation and
endothelial markers. One of the major limitations of the
study was the inclusion of studies with relatively small
sample size that could influence type-2 statistical error.
In addition, in vitamin D supplementation trials, consid-
ering the baseline 25(OH)D level is important. High
levels of 25(OH)D before supplementation may attenu-
ate the supplementation effect. Some studies did not
report baseline levels of 25(OH)D, therefore we could
not include in subgroup analysis.

Conclusions
Overall, the current meta-analysis demonstrated that
vitamin D supplementation to patients with metabolic
syndrome and related disorders resulted in an improve-
ment in vWF, but did not affect ICAM-1, VCAM-1,
E-selectin and endothelin levels
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