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ABSTRACT ARTICLE HISTORY
Aim: to systematically review and conduct a meta-analysis of randomized controlled trials Received 27 July 2016
investigating the impact of vitamin D supplementation on endothelial function. Revised 9 December 2016

Method: We searched PubMed-Medline, SCOPUS, Web of Science and Google Scholar (until June Accepted 13 December 2016

2016) to detect prospective studies evaluating the impact of vitamin D supplementation on KEYWORDS
endothelial function indexes. We used random effects models (using DerSimonian-Laird method) Meta-analysis; vitamin D;
and generic inverse variance methods to synthesize quantitative data. We used the leave-one-out endothelial function;
method for sensitivity analysis. To quantitatively assess the heterogeneity we used the I index. flow-mediated dilation
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% Cl 0.20 to 2.34, N = 11 arms, heterogeneity p = 0.054; I 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.

Introduction 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-kB 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-a and IL-6 in

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
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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-kB (NF-«B), increased con-
centrations of downstream product IL-6 [16], VCAM and
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 searched multiple 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.
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Records identified through database searching: 213

A

Records after duplicates removed: 187

}

Records screened: 187

»> Records excluded: 154

A 4

Full-text articles assessed: 33

Full-text articles excluded, with reasons
1. Non-human, genetics, molecular
> 2. Review

A

3. Editorial
4. Not RCT, not enough data

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

Studies included in systematic review: 12

Figure 1. PRISMA flow chart for the studies selection.

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 x 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 I? index. I* values <50% corre-
sponded to the use of fixed effect model, and the value
of 250% 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



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

Study name Statistics for each study
Std diff Lower Upper
in means limit limit

Gepner A,2012 0.020 -0.653 0.692

Harris R, 2011 2.405 1.741 3.069

Longenecker C,2012 -0.009 -0.629 0.610

Sugden J,2008 -0.098 -0.653  0.457

Witham M, 2013 (1) 0.042 -0.513 0.596

Witham M, 2013 (3) -2.746  -3.518 -1.973

Witham M,2010 (1) 2.530 1.698  3.361

Witham M,2010 (2) 2.530 1.698  3.361

Witham M,2012 3.036 2.281 3.792

YiuY, 2013 1.211 0.785 1.637

Zoccali C, 2014 5.247 4366 6.127

1.274 0.204  2.343
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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 pg 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; I’ 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

.
-
-
-
-
—-
o
-8.00 -4.00 0.00 4.00 8.00
Placebo Vitamin D

Figure 2. Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of vitamin D supplementation on

flow mediated dilation.
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Standard Error
0
]

] -5 -4 -3 -2 -1 o

—_— ———

1 2 3 4 5 6

Standardized mean difference

Funnel plots detailing publication bias in the studies selected for analysis. Open circles represent observed published studies; open diamond represents

observed effect size.

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.

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’

0.0

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

0.1

0.2

0.3

Standard Error

0.4 o

0.5

Standardized mean difference

Trim and fill method (flow mediated dilation) was used to impute for potentially missing studies, two potentially missing studies were

imputed in funnel plot, open circles represent observed published studies; closed circles represent i

q i

; open di;

represents observed effect size; closed diamond represents imputed 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.



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 D,
(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 Dj) 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

FOOD & NUTRITION RESEARCH (&) 7

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.

Acknowledgements

MM was supported by a TWAS studentship of the Chinese
Academy of Sciences, during the preparation of this
manuscript

Conflict of interest

The authors have no conflict of interest to disclose.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

1. Holick MF. Vitamin D deficiency. N Engl ] Med.
2007;357(3):266-281.

2. Lee JH, O’Keefe JH, Bell D, et al. Vitamin D deficiency:
an important, common, and easily treatable cardiovas-
cular risk factor? ] Am Coll Cardiol. 2008;52(24):1949-
1956.

3.Judd SE, Nanes MS, Ziegler TR, et al. Optimal vitamin
D status attenuates the age-associated increase in systo-
lic blood pressure in white Americans: results from the
third National Health and Nutrition Examination
Survey. Am J Clin Nutr. 2008;87(1):136-141.

4. Wang TJ, Pencina M]J, Booth SL, et al. Vitamin D
deficiency and risk of cardiovascular disease.
Circulation. 2008;117(4):503-511.

5.Mazidi M, Rokni H, Sahebkar AH, Mohammadi A,

Ghayour-Mobarhan M, Ferns GA. Simvastatin
Treatment Does Not Affect Serum Vitamin D
Concentrations in Patients with Dyslipidemia: A

Randomized Double-blind Placebo-controlled Cross-
over Trial. Int J Prev Med. 2016;7:80. DOI:10.4103/
2008-7802.183652 PMID: 27330686 PMCID:
PMC4910308

6. Giovannucci E, Liu Y, Hollis BW, et al. 25-hydroxyvi-
tamin D and risk of myocardial infarction in men: a


http://dx.doi.org/10.4103/2008-7802.183652
http://dx.doi.org/10.4103/2008-7802.183652

8 M. MAZIDI ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

prospective study. Arch Intern Med. 2008;168(11):1174-
1180.

. Dobnig H, Pilz S, Scharnagl H, et al. Independent asso-

ciation of low serum 25-hydroxyvitamin D and 1, 25-
dihydroxyvitamin D levels with all-cause and cardiovas-
cular mortality. Arch Intern Med. 2008;168(12):1340-
1349.

. Autier P, Gandini S. Vitamin D supplementation and

total mortality: a meta-analysis of randomized con-
trolled trials. Arch Intern Med. 2007;167(16):1730-1737.

. Deanfield JE, Halcox JP, Rabelink TJ. Endothelial func-

tion and dysfunction testing and clinical relevance.
Circulation. 2007;115(10):1285-1295.

Mazidi M, Michos ED, Banach M. The association of
telomere length and serum 25-hydroxyvitamin D levels
in US adults: the National Health and Nutrition
Examination Survey. Arch Med Sci. 2017;13(1):61-65.
DOI:10.5114/a0ms.2017.64714 PMID: 28144256
PMCID: PMC5206371

Sugden JA, Davies JI, Witham MD, et al. Vitamin D
improves endothelial function in patients with Type 2
diabetes mellitus and low vitamin D levels. Diabetic
med Jl Br Diabetic Assoc. 2008 Mar;25(3):320-325.
Tarcin O, Yavuz DG, Ozben B, et al. Effect of vitamin D
deficiency and replacement on endothelial function in
asymptomatic subjects. J Clin Endocrinol Metab.
2009;94(10):4023-4030.

Pearson TA, Mensah GA, Alexander RW, et al. Markers
of inflammation and cardiovascular disease application
to clinical and public health practice: a statement for
healthcare professionals from the centers for disease
control and prevention and the American Heart
Association. circulation. 2003;107(3):499-511.

Meigs JB, Hu FB, Rifai N, et al. Biomarkers of endothe-
lial dysfunction and risk of type 2 diabetes mellitus.
Jama. 2004;291(16):1978-1986.

Dalan R, Liew H, Tan WKA, et al. Vitamin D and the
endothelium: Basic, translational and clinical research
updates. IJC Metab Endocr. 2014;4:4-17.

Jablonski KL, Chonchol M, Pierce GL, et al. 25-
Hydroxyvitamin D deficiency is associated with
inflammation-linked vascular endothelial dysfunction
in middle-aged and older adults. Hypertension.
2011;57(1):63-69.

Equils O, Naiki Y, Shapiro A, et al. 1, 25-
Dihydroxyvitamin D3 inhibits lipopolysaccharide-
induced immune activation in human endothelial cells.
Clin Exp Immunol. 2006;143(1):58-64.

Martinesi M, Bruni S, Stio M, et al. 1, 25-
Dihydroxyvitamin D 3 inhibits tumor necrosis factor-
a-induced adhesion molecule expression in endothelial
cells. Cell Biol Int. 2006;30(4):365-375.

Moher D, Liberati A, Tetzlaff ], et al. Preferred reporting
items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med. 2009 Aug 18;151
(4):264-9, W64.

Phan K, Tian DH, Cao C, et al. Systematic review and
meta-analysis: techniques and a guide for the academic
surgeon. Ann Cardiothorac Surg. 2015 Mar;4(2):112-
122.

Gepner AD, Ramamurthy R, Krueger DC, et al. A pro-
spective randomized controlled trial of the effects of

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

vitamin D supplementation on cardiovascular disease
risk. PLoS One. 2012;7(5):e36617.

. Harris RA, Pedersen-White J, Guo DH, et al. Vitamin

D3 supplementation for 16 weeks improves flow-
mediated dilation in overweight African-American
adults. Am J Hypertens. 2011 May;24(5):557-562.
Longenecker CT, Hileman CO, Carman TL, et al
Vitamin D supplementation and endothelial function
in vitamin D deficient HIV-infected patients: a rando-
mized placebo-controlled trial. Antivir Ther. 2012;17
(4):613-621.

Sokol SI, Srinivas V, Crandall JP, et al. The effects of
vitamin D repletion on endothelial function and inflam-
mation in patients with coronary artery disease. Vasc
Med. 2012 Dec;17(6):394-404.

Witham MD, Adams F, Kabir G, et al. Effect of short-
term vitamin D supplementation on markers of vascular
health in South Asian women living in the UK-a ran-
domised controlled trial. Atherosclerosis. 2013 Oct;230
(2):293-299.

Witham MD, Dove FJ, Khan F, et al. Effects of vitamin
D supplementation on markers of vascular function
after myocardial infarction-a randomised controlled
trial. Int J Cardiol. 2013 Aug 10;167(3):745-749.
Witham MD, Adams F, McSwiggan S, et al. Effect of
intermittent vitamin D3 on vascular function and symp-
toms in chronic fatigue syndrome-a randomised con-
trolled trial. Nutr metab cardiovasc dis NMCD. 2015
Mar;25(3):287-294.

Witham MD, Dove FJ, Dryburgh M, et al. The effect of
different doses of vitamin D(3) on markers of vascular
health in patients with type 2 diabetes: a randomised
controlled trial. Diabetologia. 2010 Oct;53(10):2112-
2119.

Witham MD, Dove FJ, Sugden JA, et al. The effect of
vitamin D replacement on markers of vascular health in
stroke patients - a randomised controlled trial. Nutr
metab cardiovasc dis NMCD. 2012 Oct;22(10):864-870.
Yiu YF, Yiu KH, Siu CW, et al. Randomized controlled
trial of vitamin D supplement on endothelial function in
patients with type 2 diabetes. Atherosclerosis. 2013
Mar;227(1):140-146.

Zoccali C, Curatola G, Panuccio V, et al. Paricalcitol
and endothelial function in chronic kidney disease trial.
Hypertension. 2014 Nov;64(5):1005-1011.

Higgins JPT, Green S (editors). Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0
[updated March 2011]. The Cochrane Collaboration,
2011. Available from http://handbook.cochrane.org.
Mazidi M, Rezaie P, Karimi E, et al. The effects of bile
acid sequestrants on lipid profile and blood glucose
concentrations: a systematic review and meta-analysis
of randomized controlled trials. Int J Cardiol. 2016;
pii: S0167-5273(16):32772-3. DOI:10.1016/j.ijcard.2016.
10.011. Available from http://www.internationaljournalof
cardiology.com/article/S0167-5273(16)32772-3/abstract
Mazidi M, Gao HK, Rezaie P, Ferns GA. The effect of
ginger supplementation on serum C-reactive protein,
lipid profile and glycaemia: a systematic review and
meta-analysis. Food Nutr Res. 2016;60:32613.
DO1:10.3402/fnr.v60.32613 PMID: 27806832 PMCID:
PMC5093315


http://dx.doi.org/10.5114/aoms.2017.64714
http://handbook.cochrane.org
http://dx.doi.org/10.1016/j.ijcard.2016.10.011
http://dx.doi.org/10.1016/j.ijcard.2016.10.011
http://www.internationaljournalofcardiology.com/article/S0167-5273(16)32772-3/abstract
http://www.internationaljournalofcardiology.com/article/S0167-5273(16)32772-3/abstract
http://dx.doi.org/10.3402/fnr.v60.32613

35.

36.

37.

38.

39.

40.

Sutton AJ, Abrams KR, Jones DR, et al. F S. Methods for
meta-analysis in medical research. West Sussex, UK:
John Wiley & Sons; 2000.

Mazidi M, Rezaie P, Ferns GA, Gao HK. Impact of
different types of tree nut, peanut, and soy nut consump-
tion on serum C-reactive protein (CRP): A systematic
review and meta-analysis of randomized controlled clin-
ical trials. Medicine (Baltimore). 2016;95(44):e5165.
DOI:10.1097/MD.0000000000005165 PMID: 27858850
Mazidi M, Rezaie P, Vatanparast H, Kengne AP. Effect
of statins on serum vitamin D concentrations: a sys-
tematic review and meta-analysis. Eur J Clin Invest.
2017;47(1):93-101. DOI:10.1111/eci.12698.  PMID:
27859044.

Mazidi M, Rezaie P, Ferns GA, et al. Impact of probiotic
administration on serum c-reactive protein concentra-
tions: systematic review and meta-analysis of rando-
mized control trials. Nutrients. 2017 Jan 3;9(1): pii:
E20. DOI:10.3390/nu9010020

Duval S, Tweedie R. Trim and fill: A simple funnel-plot-
based method of testing and adjusting for publication bias
in meta-analysis. Biometrics. 2000 Jun;56(2):455-463.
Borenstein M, Hedges L, Higgins J, et al
Comprehensive Metaanalysis (Vers. 2). Englewood
Cliffs, NJ: Biostat. Inc; 2005.

41.

42.

43.

44.

45.

46.

47.

FOOD & NUTRITION RESEARCH (&) 9

Al Mheid I, Patel R, Murrow J, et al. Vitamin D status is
associated with arterial stiffness and vascular dysfunction in
healthy humans. ] Am Coll Cardiol. 2011;58(2):186-192.
Dong Y, Stallmann-Jorgensen IS, Pollock NK, et al. A
16-week randomized clinical trial of 2000 international
units daily vitamin D3 supplementation in black youth:
25-hydroxyvitamin D, adiposity, and arterial stiffness. J
Clin Endocrinol Metab. 2010;95(10):4584-4591.
Zittermann A, Schleithoff SS, Koerfer R. Putting cardi-
ovascular disease and vitamin D insufficiency into per-
spective. Br J Nutr. 2005;94(04):483-492.

Vanga SR, Good M, Howard PA, et al. Role of vitamin D in
cardiovascular health. Am J Cardiol. 2010;106(6):798-805.
Zehnder D, Bland R, Chana RS, et al. Synthesis of 1, 25-
dihydroxyvitamin D3 by human endothelial cells is
regulated by inflammatory cytokines: a novel autocrine
determinant of vascular cell adhesion. J Am Soc
Nephrol. 2002;13(3):621-629.

Nuesch E, Trelle S, Reichenbach S, et al. Small study
effects in meta-analyses of osteoarthritis trials: meta-epi-
demiological study. BMJ (Clin res ed). 2010;341:c3515.
Sterne JA, Gavaghan D, Egger M. Publication and
related bias in meta-analysis: power of statistical tests
and prevalence in the literature. J Clin Epidemiol. 2000
Nov;53(11):1119-1129.


http://dx.doi.org/10.1097/MD.0000000000005165
http://dx.doi.org/10.1111/eci.12698
http://dx.doi.org/10.3390/nu9010020

	Abstract
	Introduction
	Materials and methods
	Strategy of literature search
	Selection criteria
	Data extraction and management

	Quality assessment
	Synthesis of data
	Publication bias

	Results
	Summary of searches and study selection process

	Risk of bias assessment
	Characteristics of the included studies

	Pooled estimate of the effect of vitamin d supplement intake on FMD
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Acknowledgements
	Conflict of interest
	Disclosure statement
	References



