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ABSTRACT
Aim: to systematically review and conduct a meta-analysis of randomized controlled trials
investigating the impact of vitamin D supplementation on endothelial function.
Method: We searched PubMed-Medline, SCOPUS, Web of Science and Google Scholar (until June
2016) to detect prospective studies evaluating the impact of vitamin D supplementation on
endothelial function indexes. We used random effects models (using DerSimonian-Laird method)
and generic inverse variance methods to synthesize quantitative data. We used the leave-one-out
method for sensitivity analysis. To quantitatively assess the heterogeneity we used the I2 index.
Systematic review registration: CRD42016039329.
Results: From a total of 213 entries identified, 12 studies were appropriate for inclusion into the
final analysis. The meta-analysis indicated a significant enhancement in flow-mediated dilation
(FMD) following D supplementation (vitamin D intervention group versus control group 1.27 %,
(95% CI 0.20 to 2.34, N = 11 arms, heterogeneity p = 0.054; I2 51.2 %). These findings were robust
in sensitivity analyses.
Conclusions: This meta-analysis suggested that vitamin D supplementation may improve
endothelial function. Randomized control trials with a longer-term follow-up are warranted to
clarify the existing controversies and shed light on the potential underlying mechanisms.
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Introduction

The significant role of vitamin D in bone health and
calcium homeostasis is well-documented [1]. However,
emerging evidence indicates that vitamin D has impor-
tant functions on other body systems including the car-
diovascular system [2]. Recent observational studies have
reported an association between vitamin D deficiency
and hypertension [3], incident cardiovascular disease
(CVD) [4, 5], myocardial infarction [6], cardiovascular
death [7] and total mortality [8]. Clinical studies have
revealed that vitamin D supplement consumption
improves endothelium-dependent vasodilation, a predic-
tor of cardiovascular issues[9, 10], among patients with
diabetes [11] and as well as healthy adults with vitamin D
deficiency [12]. The vascular endothelium has a pivotal
role in responding to blood-borne signals and alterations
in haemodynamic forces. The future development of
CVD [13] and the prediction of type 2 diabetes (T2DM)
are strongly associated with endothelial dysfunction
[13,14]. Vitamin D has recently been proposed to have

potential cardioprotective properties particularly through
its actions on the endothelium [13]. However, the puta-
tive mechanisms of action of vitamin D through which it
may effect on the atherosclerotic process have not been
completely elucidated [13]. This may in part be through
augmented nitric oxide (NO) production, reduced oxida-
tive stress, decreased expression of interleukin 6 (IL-6)
expression, or vascular cell adhesion molecules (VCAM)
and intracellular adhesion molecule (ICAM) [15]. It has
been shown that the vascular expression of NF-κB was
higher in patients with vitamin D deficiency versus vita-
min D-sufficient patients and that the endothelial expres-
sion of the downstream pro-inflammatory cytokine IL-6
was higher in deficient in comparison with sufficient
subjects [16]. The vitamin D receptor (VDR) expression
and 1-alpha-hydroxylase were also decreased in vitamin
D-deficient patients which could be one of the molecular
mechanism explaining the effects [16]. Vitamin D sup-
plementation has been recognized to regulate the levels of
inflammatory cytokines, including TNF-α and IL-6 in
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addition to preventing lipopolysaccharide (LPS) induced
activation and vasodilatation of vascular endothelium in
vitro [17]. Hence, the effects of vitamin D on the vascular
system could be mediated by its effects on the inflamma-
tory process that causes an augmented endothelial
expression of nuclear factor-κB (NF-κB), increased con-
centrations of downstream product IL-6 [16], VCAMand
ICAM induced by tumour necrosis factor (TNF)-induced
[18]. The potential effect of vitamin D supplement con-
supmtion on endothelial function is not well-understood.
Single studies to date have been limited by sample size,
research design and subject traits (gender, ethnicity, age,
etc.), and generally underpowered to achieve a compre-
hensive and reliable conclusion. To overcome such lim-
itations, a meta-analysis which pools data from existing
studies can be used. Hence, we decided to conduct a
meta-analysis in order to clarify the potential impact of
vitamin D supplementation on endothelial function by
systematically reviewing the existing randomized control
trials and available meta-analysis data.

Materials and methods

Strategy of literature search

We conducted this study following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Guidelines [19,20]. We registered
our study protocol with the International Prospective
Register of Systematic Reviews, PROSPERO (registration
no: CRD42016039329). Our primary exposure of interest
was vitamin D supplement consumption, while the main
outcome of interest was the changes in the endothelial
function indexes subsequent to vitamin D supplementa-
tion.We searchedmultiple databases including Cochrane
Database of Systematic Reviews (CDSR), Web of Science
and MEDLINE, PUBMED/Medline, as well as Cochrane
Central Register of Controlled Trials (CCTR), until June
2016 using a combination of search term available in
Supplementary Table 1. As presented in Table 1, we
searched for broader endothelial function indexes such
as intima-media thickness, nitrate-mediated dilation,
flow-mediated dilation; however, because of the lack of
data, we have focused mostly on flow-mediated dilation
in this study. We only included randomized control trials
in this systematic review. We used the wild-card term ‘*’
to enhance the sensitivity of the search strategy. We
included published studies in all languages. We hand
searched the reference list of qualified articles and con-
ducted email correspondences with authors for addi-
tional data where relevant.

Selection criteria

All prospective studies that evaluated the association
between vitamin D supplementation and the outcome
of interest were collected. The inclusion criteria for stu-
dies were 1) controlled trials with either crossover or
parallel design, 2) prospective studies of patients treated
with vitamin D supplement in comparison to control
group (either no vitamin D supplement or placebo), 3)
demonstration of satisfactory information on primary
outcome at that baseline and at the end of follow-up in
each group; alternatively providing the net change values.
We considered the following exclusion criteria: (i) non-
clinical studies; (ii) observational studies with cross-sec-
tional, case-control or cohort design w; and (iii) studies
that missed presenting mean (or median) of the main
outcome of our interest at baseline and/or the end of the
trial. Narrative reviews, commentaries, opinion pieces,
methodological papers, editorials, letters as well as pub-
lications missing primary data and/or clear description of
the methods were also excluded. Study selection started
with the removal of duplicates; followed by titles and
abstracts screening by two reviewers. To avoid bias, they
were blinded to the names, qualifications or the institu-
tional affiliations of the study authors. The agreement
between the reviewers was excellent (Kappa index: 0.89;
p < 0.001). We resolved the potential disagreements
among reviewers before retrieving the selected articles
(a flow chart is available in Figure 1).

Data extraction and management

We retrieved the full text of studies that met the inclu-
sion criteria. Further, two of the reviewers (MM, EK)
screened them to cross-check eligibility. After evaluat-
ing the quality of methodological approach, the two
reviewers (MM, EK) independently summarized the
most important information from each study and
entered the information into a pre-designed data
extraction form. After comparing the independent
summaries, the third reviewer (PR) were consulted to
resolve the potential differences of opinion. The first
reviewer conducted additional necessary further calcu-
lations on study data. This step was followed by cross-
checking through the second reviewer. Descriptive data
that were extracted included the first author, year,
country, design, inclusion criteria, age range, total sam-
ple size, gender, dose (IU) vitamin D supplementation
and follow-up durations (week) were summarized in
Table 1. An independent reviewer confirmed all data
entries.

2 M. MAZIDI ET AL.



Ta
bl
e
1.

G
en
er
al

ch
ar
ac
te
ris
tic

of
th
e
in
cl
ud

ed
st
ud

ie
s.

Au
th
or
,r
ef
er
en
ce
s,

ye
ar

of
pu

bl
ic
at
io
n

Co
un

tr
y

St
ud

y
de
si
gn

St
at
us

Sa
m
pl
e
si
ze

Se
x
(%

of
w
om

en
)

M
ea
n
ag
e

Su
pp

le
m
en
te
d
do

se
of

vi
ta
m
in

D
(IU

/d
ay
)

Fo
llo
w
-

up
du

ra
tio

n
Vi
ta
m
in

D
st
at
us

G
ep
ne
r
A,

20
12
[2
1]

U
SA

A
pr
os
pe
ct
iv
e,
ra
nd

om
iz
ed
,

do
ub

le
-b
lin
d,

pl
ac
eb
o

co
nt
ro
lll
ed

tr
ia
l

po
st
-m

en
op

au
sa
lw

om
en

w
ith

se
ru
m

25
(O
H
)D

co
nc
en
tr
at
io
ns

be
tw
ee
n

10
an
d
60

ng
/m

L,

11
4

10
0%

Te
st
:6

3.
6

Co
nt
ro
l:
64
.1

25
00

IU
of

or
al
D
3/
da
y

4
m
on

th
s

Ba
se
lin
e:
96
.3
5
nm

ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

49
.9
2
nm

ol
/l

H
ar
ris

A,
20
11
[2
2]

U
SA

A
do

ub
le
-b
lin
d,
ra
nd

om
iz
ed
,

pl
ac
eb
o
co
nt
ro
lle
d

cl
in
ic
al
tr
ia
l

O
ve
rw
ei
gh

t
su
bj
ec
ts

be
tw
ee
n
th
e
ag
es

of
19

an
d
50

Te
st
:2

2
Co

nt
ro
l:
23

Te
st
:5

9%
Co

nt
ro
l:
48
%

Te
st
:2

9
±
2

Co
nt
ro
l:
31

±
2

60
,0
00

IU
m
on

th
ly

su
pp

le
m
en
ta
tio

n
of

or
al
vi
ta
m
in

D
3

16
w
ee
ks

Ba
se
lin
e:
34
.3

nm
ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

75
.4
6
nm

ol
/l

Lo
ng

en
ec
ke
r
C,

20
12

[2
3]

U
SA

A
ra
nd

om
iz
ed
,d
ou

bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

H
IV
-in

fe
ct
ed

ad
ul
ts
on

st
ab
le

an
tir
et
ro
vi
ra
l

th
er
ap
y
(A
RT
)
w
ith

du
ra
bl
e
vi
ro
lo
gi
ca
l

su
pp

re
ss
io
n
an
d
a

ba
se
lin
e
25
(O
H
)D

le
ve
l

.2
0
ng

/m
l.

Te
st
:3

0
Co

nt
ro
l:
15

Te
st
:1

7%
Co

nt
ro
l:
33
%

Te
st
:4

7
±
8

Co
nt
ro
l:

40
±
10

4,
00
0
IU

da
ily

D
3

12
w
ee
ks

Ba
se
lin
e:
28
.6
0
nm

ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

15
.9

nm
ol
/l

So
ko
lS

,2
01
2[
24
]

U
SA

a
ra
nd

om
iz
ed
,d

ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d

tr
ia
l.

Pa
tie
nt
s
w
ith

co
ro
na
ry

ar
te
ry

di
se
as
e

Te
st
:4

5
Co

nt
ro
l:
45

Te
st
:2

0%
Co

nt
ro
l:3
3%

Te
st
:5

5
±
9.
6

Co
nt
ro
l:

56
.9
6
±
11
.6

50
,0
00

IU
of

or
al

er
go

ca
lc
ife
ro
l

w
ee
kl
y

12
w
ee
ks

Ba
se
lin
e

(m
ed
ia
n)
:4
1.
34

nm
ol
/l

En
dp

oi
nt

(m
ed
ia
n)
:

12
7.
2
nm

ol
/l

Su
gd

en
A,

20
07
[1
1]

U
K

D
ou

bl
e-
bl
in
d,

pa
ra
lle
l

gr
ou

p,
pl
ac
eb
o-
co
nt
ro
lle
d

ra
nd

om
iz
ed

tr
ia
l

Pa
tie
nt
s
w
ith

Ty
pe

2
di
ab
et
es

Te
st
:1

7
Co

nt
ro
l:
17

Te
st
:4

1%
Co

nt
ro
l:
53
%

Te
st
:

64
.9

±
10
.3

Co
nt
ro
l:

63
.5

±
9.
5

Si
ng

le
do

se
of

10
0
00
0

IU
vi
ta
m
in

D
2

8
w
ee
ks

Ba
se
lin
e:
40
.2

nm
ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

22
.9

nm
ol
/l

W
ith

am
M
,2

01
3[
25
]

U
K

A
ra
nd

om
iz
ed
,p

la
ce
bo

co
nt
ro
lle
d,

pa
ra
lle
lg

ro
up

,
do

ub
le

bl
in
de
d
st
ud

y

H
ea
lth

y
So
ut
h
As
ia
n

w
om

en
w
ith

ba
se
lin
e
se
ru
m

25
-

hy
dr
ox
yv
ita
m
in

D
le
ve
ls

of
<
75

nm
ol
/L

Te
st
:2

5
Co

nt
ro
l:
25

10
0%

Te
st
:4
1.
7

Co
nt
ro
l:
39
.4

a
si
ng

le
do

se
of

10
0,
00
0
un

its
of

or
al

vi
ta
m
in

D
3

8
w
ee
ks

Ba
se
lin
e:
27

nm
ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

10
nm

ol
/l

W
ith

am
M
,2

01
3[
26
]

U
K

A
do

ub
le
-b
lin
d,

pa
ra
lle
l

gr
ou

p,
pl
ac
eb
o-
co
nt
ro
lle
d

ra
nd

om
iz
ed

tr
ia
l

H
ad

a
hi
st
or
y
of

m
yo
ca
rd
ia
li
nf
ar
ct
io
n

Te
st
:3

9
Co

nt
ro
l:3
9

Te
st
:2

8%
Co

nt
ro
l:
33
%

Te
st
:6

4.
3

Co
nt
ro
l:
67
.5

10
0,
00
0
un

its
of

or
al

vi
ta
m
in

D
3

4
m
on

th
s

Ba
se
lin
e:
49

nm
ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

13
nm

ol
/l

W
ith

am
M
,2

01
5[
27
]

U
K

Pa
ra
lle
l-g

ro
up

,d
ou

bl
e-
bl
in
d,

ra
nd

om
iz
ed

pl
ac
eb
o-

co
nt
ro
lle
d
tr
ia
l

Pa
tie
nt
s

w
ith

ch
ro
ni
c
fa
tig

ue
sy
nd

ro
m
e

Te
st
:2

5
Co

nt
ro
l:
25

Te
st
:7

2%
Co

nt
ro
l:
80

Te
st
:4

8.
1

Co
nt
ro
l:
50
.7

10
0,
00
0
un

its
or
al

vi
ta
m
in

D
3

6
m
on

th
s

Ba
se
lin
e:
44

nm
ol
/l

En
dp

oi
nt
:6

4
nm

ol
/l

W
ith

am
M
,2

01
0[
28
]

U
K

Th
is
w
as

a
ra
nd

om
iz
ed
,

pa
ra
lle
lg

ro
up

,p
la
ce
bo

co
nt
ro
lle
d

tr
ia
l.

Pa
tie
nt
s
w
ith

ty
pe

2
di
ab
et
es

an
d
ba
se
lin
e

25
-h
yd
ro
xy
vi
ta
m
in

D
le
ve
ls
<
10
0

Te
st
:3

9
Co

nt
ro
l:
20

Te
st
:1

6%
Co

nt
ro
l:
45
%

Te
st
:6

5.
3

Co
nt
ro
l:
66
.7

(1
00
,0
00

IU
or

20
0,
00
0

IU
)
D
3

16
w
ee
ks

Ba
se
lin
e:
41

nm
ol
/l

En
dp

oi
nt
:6

3
nm

ol
/l

W
ith

am
M
,2

01
2[
29
]

U
K

Ra
nd

om
iz
ed
,p

la
ce
bo

-
co
nt
ro
lle
d,

do
ub

le
-b
lin
d

tr
ia
l

Pa
tie
nt
s
w
ith

a
hi
st
or
y
of

st
ro
ke

an
d
ba
se
lin
e
25
-

hy
dr
ox
yv
ita
m
in

D
le
ve
ls

<
75

nm
ol
/L

Te
st
:3

0
Co

nt
ro
l:
28

Te
st
:4
0%

Co
nt
ro
l:
14
%

Te
st
:6

6.
2

Co
nt
ro
l:
67
.7

10
0,
00
0
un

its
of

or
al

vi
ta
m
in

D
2

16
w
ee
ks

Ba
se
lin
e:
38
.7

nm
ol
/l

En
dp

oi
nt
:5

4
nm

ol
/l

Yi
u
Y,

20
13
[3
0]

H
on

g
Ko
ng

D
ou

bl
e-
bl
in
d,

pl
ac
eb
o-

co
nt
ro
lle
d
tr
ia
l

Pa
tie
nt
s
w
ith

ty
pe

2
D
M

w
ho

ha
d

su
bo

pt
im
al
vi
ta
m
in

D
st
at
us

Te
st
:5

0
Co

nt
ro
l:
50

Te
st
:4

6%
Co

nt
ro
l:
54
%

Te
st
:6

5.
8

Co
nt
ro
l:
64
.9

50
00

IU
/d
ay

D
3

12
w
ee
ks

Ba
se
lin
e:
67
.0
9
nm

ol
/l

En
dp

oi
nt
:1

86
.3

nm
ol
/l

Zo
cc
al
iC

,2
01
4[
31
]

Ita
ly

D
ou

bl
e-
bl
in
d,

ra
nd

om
iz
ed
,

pa
ra
lle
lg

ro
up

tr
ia
l

Al
lp
at
ie
nt
s
w
ith

st
ag
e
3
to

4
ch
ro
ni
c
ki
dn

ey
di
se
as
e

Te
st
:4

4
Co

nt
ro
l:
44

Te
st
:4

1%
Co

nt
ro
l:
30
%

Te
st
:6

3
Co

nt
ro
l:6
2

2
µg

pa
ric
al
ci
to
ld

ai
ly

12
w
ee
ks

Ba
se
lin
e:
33

nm
ol
/l

Ch
an
ge
s
du

rin
g
fo
llo
w
-u
p:

5.
1
nm

ol
/l

FOOD & NUTRITION RESEARCH 3



Quality assessment

We used the Cochrane criteria to systematically assess
bias in the eligible RCTs [32]. We used the following
items for evaluating each study: the soundness of ran-
dom sequence generation, distribution concealment,
blinding of participants in groups, evaluation of-of
personnel, and outcome, management of drop-outs
(data with the incomplete outcome), discerning in
reporting the outcome, as well as any other potential
bias. A judgement of ‘yes’ designated low risk of bias,
while ‘no’ specified a high risk of bias. This assessment
was made based on the recommendations of the
Cochrane Handbook [32]. We labelled uncertain or
unknown risk of bias as ‘unclear’.

Synthesis of data

Following the recommendation of Cochrane Handbook,
to calculate the effect size, we used the mean change from
baseline in the concentrations and SD of the variables of
interest for both control and intervention groups. We
determined the net changes in measurements (change
scores) as ‘measure at the end of follow-up − measure
at baseline’. We used the following formula to calculate
standard deviation (SD) in situations where only the
mean (SEM) was available: SD = SEM × square root
(n), where n is the number of subjects. In situations
where only median and range (or 95% confidence

interval [CI]) were converted to estimate mean and SD
values as explained before to estimate mean and SD
values. When the outcome variable was available only
in the graphic form, to digitalize and extract data, we
used the software GetData Graph Digitizer 2.24 [33, 34].
Among eligible studies for any meta-analysis, heteroge-
neity exists in demographic characteristics of partici-
pants; further study designs might differ from one
study to another. Ove overcome the issue of heterogene-
ity challenge, we used a random effects model (using the
DerSimonian–Laird method) and the generic inverse
variance method [35,36,37]. We evaluated the heteroge-
neity was using the I2 index. I2 values <50% corre-
sponded to the use of fixed effect model, and the value
of ≥50% linked with the use of fixed-effects and random-
effects model. We expressed the effect sizes as difference
between vitamin D intervention groups versus control
group. We ran a sensitivity analysis using the leave-one-
out method to evaluate the effect of each study on the
overall effect size. A sensitivity analysis was conducted
using the removes one study each time and repeats the
analysis [38].

Publication bias

We visually inspected the Begg’s funnel plot asymme-
try, Begg’s rank correlation and Egger’s weighted
regression tests to evaluate the potential publication
bias. This step was followed by adjusting the analysis

Records identified through database searching: 213

Sc
re

en
in

g
In

cl
ud

ed
E

lig
ib

ili
ty

Id
en

ti
fi

ca
ti

on

Records after duplicates removed: 187

Records screened: 187 

Records excluded: 154 

Full-text articles assessed: 33

Full-text articles excluded, with reasons 
1. Non-human, genetics, molecular 
2. Review   
3. Editorial 
4. Not  RCT, not  enough  data 

Studies included in systematic review: 12

Figure 1. PRISMA flow chart for the studies selection.
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for the effects of publication bias using the Duval &
Tweedie ‘trim and fill’ and ‘fail-safe N’ methods [39].
We used Meta-Analysis (CMA) V3 software (Biostat,
NJ)[40] to conduct the meta-analysis.

Results

Summary of searches and study selection process

We identified a total of 213 unique citations from
searches, of which, 187 records remained after remov-
ing duplicates. After screening the titles and abstracts,
we found 33 articles eligible for further evaluation, of
which, 21 were excluded for the following reasons:
non-human studies, genetic or molecular studies
(n = 8); reviews or editorial articles (n = 9); not enough
data (n = 4); (see Figure 1). Therefore, we included 12
studies in the meta-analysis.

Risk of bias assessment

There is an indistinct risk of bias in some of the items
including allocation concealment, as well as participant
and researcher blinding process. However, all evaluated
studies have low risk of bias as stated by selective out-
come reporting. Supplementary Table 2 presents the
details of the quality of bias assessment.

Characteristics of the included studies

Table 1 presents a summary of the characteristics of
included studies. The eligible studies were published
between 2007 and 2015 from four countries including
the United States of America (four studies), United
Kingdom (six studies), Italy (one study) and Hong
Kong (one study). The number of participants included
in studies ranged from 34 [11] to 114 [21]. Participants

in two studies were only female [21,25]; while the
proportion of women in other studies ranged from
14% [29] to 84.1% [27]. The mean age of participants
ranged from 29 [22] to 67 [29] years. The duration
range of follow-up across studies was from 8 weeks to
6 months. Studies used various vitamin D supplement
doses. In eight studies cholecalciferol was provided in a
dose ranging from 2500 IU/d [21] to 200,000 IU/d [28].
In three of the studies, ergocalciferol was used at a dose
of 50,000 IU at baseline for 12 weeks [24] and a dose of
100,000 IU at baseline for 8 and 16 weeks [11,29]. In
one study, paricalcitol was supplemented at a dose of
2 µg at baseline for 12 weeks [31].

Pooled estimate of the effect of vitamin d
supplement intake on FMD

The pooled estimate (vitamin D intervention group
versus control group) of the effect of vitamin D supple-
ment consumption on FMD was 1.27 %, (95% CI 0.20
to 2.34, N = 11 arms, heterogeneity p = 0.054; I2 51.2
%) across all studies (Figure 2).

Sensitivity analysis

In leave-one-out sensitivity analyses, the pooled effect
estimates remained similar for FMD, 1.27 %, (95% CI
0.20 to 2.34). This value indicates the constancy that
the significant difference between the groups is the
overall effect of all studies that were included in the
meta-analysis.

Publication bias

A potential publication bias for the comparison of
FMD levels between vitamin D supplemented
groups and placebo groups was observed by visual

Figure 2. Forest plot displaying weightedmean difference and 95% confidence intervals for the impact of vitamin D supplementation on
flow mediated dilation.
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inspection asymmetry in funnel plot (Figure 3).
However, the presence of publication bias was not
confirmed by Egger’s linear regression (inter-
cept = 7.85, standard error = 7.42; 95% CI −8.94,
24.62, t = 1.05, df = 9.00, two-tailed P = 0.317) and
Begg’s rank correlation test (Kendall’s tau with con-
tinuity correction = 0.37, z = 1.55, two-tailed P
value = 0.119). After adjusting the effect size for
potential publication bias, using the ‘trim and fill’
correction, two possibly missing studies were
imputed in the funnel plot, hence some differences
in effect size exist from the initial estimate (0.61%,
95% CI 0.43 to 0.80) (Figure 4). The ‘fail-safe N’

test indicates to bring the effect down to a non-
significant (P > 0.05) value, 346 studies will be
required.

Discussion

In this study we have done systematic review and meta-
analysis based on randomized controlled trial which
investigated the role of vitamin D supplementation on
endothelial function. The findings of this study sug-
gested that vitamin D supplementation may improve
vascular function. Our findings can be compared with
previously published work. A double-blind, parallel

Figure 3. Funnel plots detailing publication bias in the studies selected for analysis flow mediated dilation. Open circles represent
observed published studies; open diamonds represent observed effect size.

Figure 4. Trim and fill method (flow mediated dilation) was used to impute for potentially missing studies, two potentially missing
studies were imputed in the funnel plot, open circles represent observed published studies; closed circles represent imputed
studies; open diamond represents observed effect size; closed diamond represents imputed effect size.
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group, placebo-controlled randomized trial, studied the
effect of vitamin D supplementation in type 2 diabetic
patients [11]. A single dose of 100,000 IU vitamin D2

(ergocalciferol) oral supplement versus placebo was
investigated in 34 patients and showed an increase in
FMD during 8 weeks of follow-up in subjects receiving
vitamin D [11]. Tarcin et al. [12] examined the effects
of vitamin D3 (300,000 IU) monthly for 3 months in
vitamin D deficient however otherwise healthy adults
and stated an increase in FMD levels versus control
population. Furthermore, recent interventional studies
demonstrated low vitamin D levels related to poor
vascular health and improvement in brachial artery
FMD, aortic stiffness, reactive hyperaemia index and
blood pressure [41,42]. On the other hand, in a bigger
follow-up trial with two different doses of vitamin D
supplements (100,000 or 200,000 IU vitamin D3) vs
placebo in 61 patients, at 8 and 16 weeks, no difference
in FMD reported for the vitamin D groups [28]. The
different vitamin D supplementation doses, means of
administration and type of vitamin D supplements are
some of the possible reasons that may be related to the
different results in FMD among these previous studies.
Although the direct route of the function is unknown;
several mechanisms have been proposed by which vita-
min D could improve endothelial function. Vitamin D
receptors have been recognized in several cell types
including vascular smooth muscle cells, endothelial
cells and cardiac myocytes [4]. Vitamin D may possibly
decrease proliferation of vascular smooth muscle, dys-
regulate systemic vascular calcium metabolism,
decrease vascular resistance, downregulate proinflam-
matory cytokines, upregulate anti-inflammatory cyto-
kines and reduces blood pressure by regulation of the
renin–angiotensin system [43,44]. The synthesis of the
active form of vitamin D by human endothelial cells
may play at the local level to regulate the impacts of
inflammatory cytokines on the vasculature [45].
However, findings of epidemiological investigations
suggest that vitamin D supplementation has a positive
effect on FMD and may reduce CVD risk.

Our study has some limitations. Firstly, consistent
with other meta-analyses, the internal validity
depended on the quality of individual eligible studies.
Most of the studies included in our analyses had small
sample sizes, possibly causing to overestimation of
vitamin D supplementation effects on FMD. Trial
with small sample sizes might be less robust, metho-
dologically, and more susceptible to report larger effect
sizes [46,47]. The number of appropriate studies was
also rather small. Moreover, most of the studies were
conducted in clinical population rather than general

healthy population this is likely to affect the baseline
levels of vitamin D and interested outcomes.

Conclusion

This meta-analysis suggested that vitamin D supplemen-
tation may improve endothelial function, taking to
account the limitations of the included studies. We sug-
gest that more randomized controlled trials with larger
sample sizes, more robust design and longer follow-up
period should be considered for future investigations to
provide clear answers to questions such is proper dose,
the duration of supplementation and optimal vitamin D
level, as well as potential mechanistic pathways.
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