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ABSTRACT:

OBJECTIVE: Raised plasma endothelin-1 (ET-1) levels may besla factor for vascular
dysfunction and cardiovascular (CV) disease. Thesaranalysis assessed the effect of statins on
circulating ET-1 concentrations

METHODS AND RESULTS: The search included PUBMED, Cochrane Library, Wéb o
Science, Scopus, and EMBASE up to September 304 &®identify randomized controlled
trials (RCTs) with ET-1 measurement during statierapy. Quantitative data synthesis was
performed using a random-effects model, with weiyineean difference (WMD) and 95%
confidence interval (Cl) as summary statistics.aDladbm 15 RCTs showed that statin therapy
significantly reduces plasma ET-1 concentrationgV® -0.30 pg/mL, 95%CI: -0.47, -0.13;
p<0.01). This effect was robust in sensitivity aséy and not largely affected by the duration of
statin therapy (<12 weeks — WMD: -0.51 pg/mL, 95%@I.89, -0.14,p<0.01; >12 week —
WMD: -0.19 pg/mL, 95%CI: -0.36, -0.09<0.05) or by dose of statins (<40 mg/day — WMD: -
0.27 pg/mL, 95%CI: -0.49, -0.0%=0.01; >40 mg/day — WMD: -0.38 pg/mL, 95%CI: -0.68,
0.08; p=0.01). Lipophilic (atorvastatin, simvastatin, fastatin, and cerivastatin — WMD: -0.34
pag/mL, 95%CI: -0.55, -0.13p<0.01), but not a hydrophilic statin (pravastativvVMD: -0.18
pa/mL, 95%CI: -0.44 -0.0§>0.05) had a significant effect in promoting ETetuction.
CONCLUSIONS: Statin therapy significantly reduces circulatingl-E concentrations,
regardless of treatment duration or dose of stafihgs effect of statins may be influenced by
statin lipophilicity. There is a need to establishether lowering ET-1 levels has a beneficial

effect on CV events.
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BACKGROUND

Atherosclerosis leads to cardiovascular diseas&DJCa major cause of morbidity and
mortality ' 2 The endothelium plays a role in atherogenesid, emdothelial dysfunction is
considered to be involved in the onset of CVD atsdprogressiorf. Endothelial dysfunction
results in reduced nitric oxide and prostacyclioavailability, vasoconstriction, oxidative stress,
inflammation, and platelet activatioh®

Among molecules that may modulate endothelial fiongtendothelin-1 (ET-1) is a peptide,
which is primarily produced by vascular endothelialls >. ET-1 was first identified as a
vasoconstrictof. The synthesis of ET-1 starts from precursor plesti endothelin-converting
enzyme converts pro-endothelin to ET-ET-1 is multifunctional, and promotes inflamioat
and cell proliferation within arterial vessel wallsThe synthesis of ET-1 is mediated by various
factors, including oxidized low-density lipopraiglLDL), platelet activation, and hypoxia°.
Conversely, ET-1 may also induce LDL oxidation apldtelet activation''. Thus, over-
production of ET-1 may be associated with increasskl for CVD °. The control of ET-1
expression might provide benefits against the agraént of atherosclerosis and CVD events.
Consistent with this is the observation that amtégo of the ET-1 system can modify
atherogenesi¥.

Many clinical trials have reported the beneficitfeets of statins in CVD preventiofi®
Recently, attention has been paid to the pleiotrapgtions of statins beyond simple cholesterol-
lowering'"*°. In experimental studies, statins can inhibit Epraduction®®; however findings
concerning changes in ET-1 concentrations followingtatin therapy have been inconsistent.
Therefore, in the present meta-analysis we evaluide impact of statin therapy on circulating

ET-1 concentrations.



METHODS
Search Strategy

This study was designed according to the guidelofethe 2009 preferred reporting items
for systematic reviews and meta-analysis (PRISMA)esnenf™. Our search included SCOPUS
(http://www.scopus.com), Medline (http://www.nclhimnih.gov/pubmed), Web of Science
(http://apps.webofknowledge.com), and Cochrane dribr (www.thecochranelibrary.com/)
databases. It was limited to randomized contrdiieds (RCTs) carried out from January 1, 1970
to September 30, 2014, investigating the potengHiects of statin therapy on ET-1
concentrations. The databases were searched usinfpllowing search terms in titles and
abstracts (also in combination with MESH terms)s(ivastatin or pravastatin or fluvastatin or
simvastatin or atorvastatin or pitavastatin or kigéin or cerivastatin or “statin therapy” or
statins) and (endothelin-1 or endothelin or ETH)e wild-card term “*” was used to increase
the sensitivity of the search strategy. No languagtriction was used in the literature search.
The search was limited to studies in human. Twaeereers (CS and AS) evaluated each article

separately. Disagreements were resolved by dismusath a third party (MB).

Study Selection

Original studies were included if they met the daling inclusion criteria: (i) a randomized
controlled trial (RCT) in either parallel or crosser design, (ii) investigating the impact of
statin therapy on plasma/serum levels of ET-J), tfidatment duration of at least two weeks, and,
(iv) presentation of sufficient information on ETebncentrations at baseline and at the end of

study in both statin and control groups or providihe net changes in each group.



Exclusion criteria were: (i) non-clinical studi€s) uncontrolled trials, (iii) lack of sufficient
information on baseline or follow-up ET-1 levelsy)(inability to obtain adequate details of
study methodology or results from the article oe finvestigators, and, (v) the study was
ongoing. Exclusion of an article for the lattergea was carried out if no feedback was received

after contacting the author(s).

Data extraction

Eligible studies were reviewed and the followingadavere abstracted: 1) first author's
name, 2) year of publication, 3) study locationndinber of participants in the statin and control
groups, 5) age, gender and body mass index (BMBtudy participants, 6) baseline levels of
total cholesterol, LDL cholesterol (LDL-C), highsusty lipoprotein cholesterol (HDL-C),
triglycerides, high-sensitivity C-reactive protgimsCRP) and glucose, 7) systolic and diastolic
blood pressure, and, 8) data regarding baselindadiogdv-up concentrations of ET-1. In case the
values were only presented as graphs, the GetDatph@igitizer 2.24 (http://getdata-graph-

digitizer.com/) software was used to digitize anttact the data.

Quality assessment

The quality of included studies was assessed ubmgadad scale. This scale encompasses
randomization (0-2 points), blinding (0-2 pointahd dropouts and withdrawals (0-1 point). The
overall score of a study according to this scateyes between 0-5, with higher scores indicative
of a better quality®. Studies with Jadad scores<#f and>3 were considered as low- and high-

quality, respectively®.



Quantitative Data Synthesis

Meta-analysis was conducted using Review Managesjon 5.2 (Cochrane Collaboration),
and Comprehensive Meta-Analysis (CMA) V2 softwaBioétat, NJ)?*. Standard deviations
(SDs) of the mean difference were calculated usinegfollowing formula: SD = square root
[(SDpre-treatment + (SDhostreamed — (2R X SBretreatmen? SDhostreatmed], aSsuming a correlation
coefficient (R) = 0.5. In case of reporting SEM, 8@s estimated using the following formula:
SD = SEM x sqrtrf), wheren is the number of subjects.

Net changes in measurements (change scores) werdated for parallel and cross-over
trials, as follows: (measure at end of follow-uptle treatment group — measure at baseline in
the treatment group) — (measure at end of followrughe control group — measure at baseline in
the control group). A random-effects model (usingr&monian-Laird method) and the generic
inverse variance method were used to compensatidoneterogeneity of studies in terms of
statin type, statin dose, study design, treatmertobn, and the characteristics of populations
being studied®. Effect sizes were expressed as weighed meanrefiffe (WMD) and 95%
confidence interval (Cl)Post-hoc subgroup analyses were carried out to explorentipact of
dose (<40 mg/days >40 mg/day), duration (<12 weeks >12 weeks), and type (lipophilis
hydrophilic) of statin therapy on plasma ET-1 carnications. In order to evaluate the influence
of each study on the overall effect size, sensjtignalysis was conducted using the one-study
remove (leave-one-out) approath The power of analysis to detect statistically sigficant
difference between statin and control groups was p®rmed using the PS software?’.

In the absence of trials making head-to-head coisgarof hydrophilic versus lipophilic
statins, the effect of these two types of statinsptasma ET-1 levels were compared using

adjusted indirect comparison according to the nehrmposed by Song al. >® and Buchekt



al. ?°. In this method, treatment effects estimated fwhetype of statins in the random-effects

model could be compared indirectly through commamtiols.

Meta-regression

Random-effects meta-regression was performed ugsmgstricted maximum likelihood
method to evaluate the association between cagzllMD in plasm&T-1 concentrations with
duration and dose of treatment with statias,well as age, gender and changes in plasma

LDL-C concentrations as potential moderators of tratment response.

Publication bias

Potential publication bias was explored using Mismgpection of Begg's funnel plot
asymmetry, and Begg's rank correlation and Eggersghted regression tests. Duval and
Tweedie “trim and fill” and “fail-safe N” methodsexe used to adjust the analysis for the effects

of publication bias®.

Heterogeneity Analysis

Heterogeneity analysis was performed usingQ@loehrane’s Q test and 4 index. Another
attempt to explore heterogeneity was medehe Galbraith plot, a scatter plot of WMD divided
by its standard errorZ{statistic) against the reciprocal of the standandr in the included

studies.



RESULTS

The initial screening for potential relevance reewwuhe articles in whose titles and/or
abstracts were obviously irrelevant. Among the @0 text articles assessed for eligibility, 15
studies were excluded because of: lack of assessofigriasma ET-1 concentrations (n=1),
insufficient data on plasma ET-1 levels (n=4), betng an original research study (n=1), not
having an appropriate RCT design (n=4), short (€2ksg) duration of treatment (n=2) and non-

English language (n=3F(gure 1).

Characteristics of included studies

After final assessment, 15 RCYs* met the inclusion criteria and were consideredtlier
final meta-analysis. In total, 810 participants eveandomized, of whom 421 were allocated to
statin intervention and 389 to controls. The nunddfgarticipants in these trials ranged from 32
to 82. Included studies were published between ED2013, and were conducted in Egypt,
Norway, Russian Federation, Canada, USA (2 tridta)y, Taiwan (3 trials), Poland, China,
Japan, Sweden, and India. The following statin sl@gere administered in the included trials: 10
to 80 mg atorvastatin/day, 10 to 40 mg pravasi@dyy/ 40 mg/day simvastatin and fluvastatin,
and 0.15 mg/daycerivastatin. Duration of statin intervention raddeetween 2 weeks and 12
months. 12 trials were designed as parallel-graugiess and 3 as crossover, comprising a total
of 16 treatment armsThe measurements of ET-1 concentrations were baseon the
immunoassays in all the included studiesDemographic and baseline parameters of the
included studies are shownTiable 1 The systematic assessment of bias in the inclatieties

is shown inSupplementalTable 1.



Quantitative data synthesis

The meta-analysis of data from 15 RCTs (comprisifigtreatment arms})**® showed a
significant effect of statin therapy in reducinggina ET-1 concentrations (WMD: -0.30 pg/mL,
95%CI: -0.47, -0.13p = 0.0004;power = 100%) (Figure 2). This effect size was robust in
sensitivity analysis and omission of a single stutiy not significantly change the overall
estimated effect sizeS(pplemental Figure ). When the analysis was repeated using the
fixed-effects model, significant results were agaiobtained (WMD: -0.16 pg/mL, 95%CI: -
0.23, -0.09;p < 0.00001).In the subgroup analysis, the effect of statingptasma ET-1 was
significant in both subsets of studies with treattmdurations >12 weeks (WMD: -0.19 pg/mL,
95%CI: -0.36, -0.02p = 0.03) and <12 weeks (WMD: -0.51 pg/mL, 95%CI:89) -0.14,
p = 0.008) Figure 3). With respect to statin dose, a significant reuncof plasma ET-1 levels
was observedwith both statin doses <40 mg/day (WMD: -0.27 pig/rA5%CI: -0.49, -0.05;

p = 0.01) and >40 mg/day (WMD: -0.38 pg/mL, 95%@I.68, -0.08p = 0.01) Figure 4).

Adjusted indirect meta-analysis

In order to compare the effects of hydrophilic werdipophilic statins on plasma ET-1
levels, a subgroup analysis was first conducteeédiimate the effect size. In the subgroup
analysis, lipophilic (comprising 7 treatment armghwatorvastatin, 2 arms with simvastatin, 1
arm with fluvastatin and 1 arm with cerivastatifyNID: -0.34 pg/mL, 95%CI: -0.55, -0.13;
p = 0.001) but not hydrophilic (comprising 5 treatth@rms with pravastatin) (WMD: -0.18
pa/mL, 95%CI: -0.44, 0.08) = 0.17) statins had a significant effect in lowgriplasma ET-1

levels Figure 5). A superior effect of lipophilic compared with drpphilic statins was also



confirmed in the adjusted indirect comparison, \ehttre effect size was estimated to be -0.16

pg/mL (95%CI: -0.20, -0.1Z = 7.62,p < 0.05;power = 100%).

Meta-regression

The meta-regression analysis was conducted tosasesssociation of changes in plasma
ET-1 concentrations with dose and duration of stdterapy as potential moderator variables.
Consistent with the results of subgroup analysie impact of statins on plasma ET-1
concentrations was found to be independent of adtened dose (slope: 0.001; 95%CI: -0.008
to 0.010;p = 0.808) and duration of supplementation (slo@ed02; 95%CI: -0.030 to 0.026;
p = 0.888).In addition, no significant association was found étween changes in plasma
LDL-C concentrations (slope: 0.004; 95%CI: -0.007 @ 0.016; p = 0.439), baseline age
(slope: -0.010; 95%CI: -0.039 to 0.01% = 0.502), and sex (frequency of male subjects in
each study) (slope: 0.005; 95%CI: -0.007 to 0.01p;= 0.449) with the changes in plasma

ET-1 concentrations(Supplemental Figure 2).

Publication bias

The funnel plot of the study precision (inversendtd error) by effect size (mean
difference) was asymmetric and suggested poteptiglication bias. This observation was
further supported by the results of Begg's rankralation (Kendall’'s Tau with continuity
correction = -0.39Z = 2.12, two-tailegp-value = 0.034) and Egger’s linear regression (oegt
= -2.49, standard error = 0.83; 95%CI = -4.26, 20t~ 3.01, df = 14.00, two-tailed = 0.009)
tests. The observed publication bias was imputéatgusm-and-fill correction. Two potentially

missing studies were imputed leading to a correeféett size that was still significant -0.25
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pg/mL (95%CI: -0.42, -0.09). The “fail safe N” methindicated that 156 theoretically missing
studies would be required to make the overall edoh effect size non-significant. Funnel plot

of the impact of statins on plasma ET-1 concemnatis illustrated itsupplemental Figure 3

Heterogeneity analysis

The meta-analysis indicated a significant hetereijgrbased on the calculatetivialue of
75%, thus supporting the choice of random-effeatsleh A Galbraith plot was used to identify
RCTs that are outside the pooled 95%CI estimatenaigtit serve as potential outliers causing
heterogeneity. According to the plot, 4 RCé" “°resided outside the limits of the 95%CI. A
second analysis excluding these 4 RCTs showed ankewvstudy heterogeneity’(E 10%); yet
the pooled effect turned out to be marginally digant (WMD: -0.08 pg/mL, 95%CI: -0.16-
0.00; p = 0.06) Supplemental Figure 4. This latter analysis yielded significant results

under the fixed-effects model (WMD: -0.08 pg/mL, 9%CI: -0.15-0.00; p = 0.05).

DISCUSSION

The present meta-analysis suggests that statinppeeduces plasma ET-1 concentrations.
The efficacy of statins was independent of thertipeluration or doseSince there have been
no intervention studies specific for the reductionof ET-1 levels in relation to the CVD
outcomes, the relevance of the mean level of the duction (-0.30 pg/mL) on CVD
prevention still remains to be determined. Even ifso, these findings are of large interest
since ET-1 may be a potential therapeutic target foatheroprotection °.

The robustness of our combined analysis was varifie sensitivity analysis and it was

found that the significance of the pooled estimatthe result of all studies rather than a single

11



study. Our analysis included a study with cerivi@istinat is a statin withdrawn from the market.
However, when the analysis was repeated after éxguthe cerivastatin arm, the result
remained significant (WMD: -0.26 pg/mL, 95%CI: -0,40.10;p = 0.002).In this analysis,
although a greater effect size was calculated forhé subset of trials with <12 weeks
treatment duration compared with the subset lasting>12 weeks, no association between
treatment duration and effect size was found in thaneta-regression analysis. It may be
hypothesized that the greater effect in the subsef trials with <12 weeks duration might be
due to the fact that all studies — except on® - in this subset used lipophilic statins, which
were found to have a greater effect compared withydrophilic statins in terms of reducing

plasma ET-1 levels. In contrast, there were four ials 338

with hydrophilic statins in the
subset of trials with >12 weeks treatment duration.

The biological mechanisms involved in the reductdrieT-1 by statins are not completely
known. Some experimental studies report that statiray inhibit ET-1 expression at the
transcriptional level in vascular endothelial ceffs In addition, ET-1 is synthesized by
conditions in which oxidized LDL, platelet activai and oxidative stress exist %’ Statins
inhibit these condition¥” ** % 4° More studies are required.

ET-1 in the circulation mainly stems from vascutelis®, while urinary ET-1 is thought to
reflect kidney derived productiotf. It has been suggested that urinary ET-1 reflovevall
endogenous production of this protéinBesides plasma ET-1 measurement, 4 studies iedlud
in this meta-analysis measured urinary ET-1 leviilsy confirmed a significant reduction of
urinary ET-1 during statin therap§®®

In addition to cholesterol-lowering effects, thecsdled pleiotropic effects of statins have

been the subject of increasing debaté® These effects may be mainly due to LDL-C redurctio

12



(and in turn, plaque stabilization, reduced inflaation,and oxidative stress, etc’}. Variations
in these pleiotropic effects might decrease resi@&D risk. While there is a correlation
between ET-1 and LDL oxidation® *!, ET-1 concentrations are not clearly correlated vth
LDL-C levels. Future clinical studies are needed taletermine to what degree the reduction
of ET-1 is independent of an anti-oxidative pleiotopic effect of statins.

We show a possible superior effect of lipophiliangared with hydrophilic statins on the
reduction of ET-1. There is also additional evideKisesides data on pravastatin), which shows
no significant effect of rosuvastatin on plasma E&encentrations® > A debate exists about
the clinical impact of statin lipophilicity*>° as disposition of hydrophilic statins could be
mediated via active transportéfs The reasons for the different effects of lipojaffilydrophilic
statins on ET-1 may be due to a wider tissue Bistion with lipophilic stating*. Unlike the
hepatic tissue, uptake of hydrophilic statins by-hepatic tissues such as vascular cells and
myocardial tissue, as the sources of ET-1, is teas lipophilic statin* ® A recent meta-
analysis of 13 RCTs indicated that lipophilic statiare better than hydrophilic statins for the
treatment of heart failur¥. The issue of statin lipophilicity requires furthievestigation; in our
opinion, until that time lipophilicity should natfluence the choice of statin.

This meta-analysis has limitations. The studiedunhed had relatively short follow-up
durations (2 weeks — 12 months) and most had al smabtber of participants (32 - 82).
Furthermore, in relation to the study durationgytldid not assess long-term CVD outcomes.
The variations in study durations and statin dosesnay have not been of sufficient diversity
to assess the impact of these factors on the ET-dwlering effect of statins. Therefore, there
is still a need for data from additional trials to identify determinants of ET-1 response to

65, 66

statin therapy, and also the impact of novel LDL-lavering agents on plasma ET-1
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levels. To address inter-study heterogeneity, a cservative random-effects model was
applied. In addition, sensitivity analysis confirmed thhetpooled estimate is not significantly

deviated by a single study.

CONCLUSIONS

In conclusion, the findings of the present metahsmis suggest that statin therapy
significantly reduces plasma ET-1 concentratioegardless of treatment duration or statin dose.
Statin properties, such as lipophilicity, may afféwe level of ET-1 reductiori.arger, well-
designed studies with longer follow-up are neededotvalidate our findings, and to
determine the parameters that could determine ET-Xesponse to statin therapy. Whether
reduction of plasma ET-1 concentrations can prevenatherosclerosis and CV events also

requires further investigations.
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Table 1.Demographic characteristics of the included studies

Study Abou Asberg | Barsuk | Dupuis et Economideset Glorioso Leeet Leeet Leeet Lewandow | Li& Hui Mozaffaria | Nakamura | Tehraniet | Usharaniet
Rayg;\1 et etal * etal®® al® al.*® etal® al® al*® al® ski et al.*® etal.’® netal.* etal.* al*® al*
al.
Year 2007 2003 2013 1999 2004 1999 2002 2005 2009 201p 2005 2005 2001 2013 2008
Jadad 3 4 3 3 4 4 5 5 5 3 3 5 4 3 3
score
Locatio Egypt Norway Russian| Canada USA Italy Taiwan Taiwan| Taiwar Poland Ching USA Japan Sweden India
n Federati
on
Design Random| Random | Random | Randomiz Randomized Randomiz | Randomi | Randomi | Randomi | Randomize| Randomize | Randomize | Randomize| Randomize | Randomized
ized, ized ized ed double-blind ed double- zed zed zed d double- d double- d double- d double- d double- placebo-
placebo-| double- | placebo-| double- placebo- blind double- double- double- blind blind blind blind blind controlled
controll blind controlle blind controlled parallel| placebo- blind blind blind placebo- placebo- placebo- placebo- placebo- parallel-
ed placebo- | d placebo- group trial controlled | placebo- | placebo- | placebo- | controlled controlled controlled controlled controlled group trial
parallel | controlle | parallel controlled crossover | controlle | controlle | controlle parallel- parallel- crossover parallel- crossover
group d group parallel group trial d d d group trial | group trial | group trial | group trial | group trial
trial parallel | trial group trial parallel- parallel- parallel-
group group group group
trial trial trial trial
Duratio 6 12 30 days 6 weeks 12 weeks 32 weeks 6 months 12 6 months 8 weeks 2 weeks 16 weeks 6 months 2 months 8 weeks
n of trial month week month:
Inclusio Patients | Kidney | Patients | Patients | Patients aged 21{ Patients Patients | Consecut| Patients | Men with Patients Patients Normotensi Patients | Patients with
n fulfillin transpla with admitted 80 years and at | aged 40 to with ive with hypercholes with with heart ve type 2 aged type 2
criteria g the nt terminal to the risk for type 2 70 years | proteinuri | proteinuri | chronic terolemia | angiographi| failure and diabetic between30 diabetes,
ACR recipient | chronic | coronary diabetes (either | who had a and c patients| obstructi | (total and cally- at least patients and 70 yrs | 21-80yrs,
prelimin s over renal care unit having a first- diastolic stable, with ve LDL documente | New York with with type 1 | with fasting
ary 18 yrof | failure, of the degree relative | hypertensi well- stable, | pulmonar | cholesterol | d coronary Heart microalbum diabetes plasma
classific | age with | included | Montreal with type 2 on and controlle well- y disease| levels>90 artery Association | inuria (20— and glucose of
ation a total in Heart diabetes and primary d controlle | in whom and disease class Il 200p.g/min) elevated >130
criteria | cholester| hemodia| Institute normal glucose | hyperchol | hypertens d aroutine | >115mg/dl, symptoms and levels of mg/dL, a
for ol of lysis with a tolerance or esterolemi| ion with | hypertens| echocardi| respectively and left dyslipidemi | low-density | glycosylated
Systemi | 4.0-9.0 | program | diagnosis | impaired glucose| a and who| a seated| ion with ogram ), and mild- ventricular a (total lipoprotein | haemoglobi
[« mmol/L notless | ofacute | tolerance defined| were not | diastolic aseated | showed | to moderate ejection cholesterol (LDL) n (HbALlc)
Sclerosi than 6 | myocardia| asa 2-hblood | taking any blood diastolic | pulmonar| essential fraction >200 (>2.5 range of
S months, | glucose value lipid- pressure blood y hypertensio <40% mg/dl, LDL mmol/L) between 7%
with infarction | between 140-199 lowering | of 90 mm | pressure | hypertens| n (blood cholesterol | and/or total and 11%,
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dialysis | and serum
dose triglycerid
>1.2 e4.5
mmol/L
Statin atorvast | fluvastat | atorvast | pravastati atorvastatin pravastat| pravastati| pravastati| pravastati| simvastatin| simvastatin  atorvastatjn  cerivastgtintorvastatin | atorvastatin
form atin in atin n n n n n
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interven mg/day y mg/day mg/day mg/day** mg/day mg/day mg/day mg/day
tion
Particip | Case 20 37 28 28 i5 197 25 31 42 27 15 16 22 30 20 23
ants 23%
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(years) 1 14 10.35
55.52+
10.76°
Cont | 58.749. 51+17 NS 56+2.3 49+11 55;% 4748 4848 7246 38.3+10.1 NS 55+9 49.75+8.18
rol 2 17
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Cont 125 71.4 76.47 92.85 65.62 67.5 73.08 100.0 NS 66.6 52.38
rol
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rol (1.4) (0.06— | (0.17-
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choleste 55 46.32 33 2 40" .07 43 30.6 3 35.28
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(mg/dL) 41.16°
Cont | 189.4+2 | 201.11% NS 247.43+45.| 21643 | 208+ 205+23 202423 245+ 232+ NS 258442 196.95+
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LDL-C Case| 112.6+2| 132.4+3 NS 160.1945.| 1153 | 124+ 166.37+ 125423 121+24 145+ 169+ NS 129428 208+46 119.66+19. 123.50+
(mg/dL) 1.4 9.76 4 1 36" 18.91 46 325 3 38.73
120.35+
42138
Cont | 111.8+2 | 132.4+4 NS 167.52+6.| 129+2 | 125+ 123+25 123425 148+ 157+ NS 210+40 125.29+
rol 0.9 5.55 95 il 3 50 29.1 34.94
HDL-C | Case| 59.9+19| 38.6+11. NS 39.76+2.3| 53+9 | 6314 56.36+ 364 385 65+15 44+ NS 3548 22412 46.32 36.8245.45
(mg/dL) 6 58 2 # 11.97 1.6 (46.32- g To T EE |
Cont | 60.1+19 | 35.51+1 NS 43.23+3.0| 66+24 59+ 3744 385 61+13 43+ NS 24+14 54.04) 36.38+
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Triglyce | Case NS 173.464 NS 193.8%1 | 132+9 | 101% 116.82+ | 241%42 249+42 146+70 156+ NS 2184226 202+38 61.95+26.5 182.26x
rides 117.7 5.93 6 78% 36.28 52.1 5 43.85
(mg/dL) 176.39+
27.6%8
Cont NS 147.79+ NS 193.81+1| 11647 | 106x 226452 237456 180+66 159+ NS 198+32 170.14%
rol 80.5¢ 7.7 1* 79 52.( 47.5¢
Glucose | Case NS NS NS NS 92412 163% 81.9+ NS NS NS NS NS NS NS NS 161.21+
(mg/dL) 72% 5.94 19.74
155.04+
17.948
Cont NS NS NS NS 89+10| 182+ NS NS NS NS NS NS 161.19+
rol 79 19.97
SBP Case NS 148+19 NS 116+3.4 12641 128+ 149+ 117410 118+10 13316 142+ NS 10716 122+14 13015 127.73+
(mmHg) 2 14% 6 118 11.9¢
130.43+
18.59°
Cont NS 142417 NS 122+#3.6| 1232 125+13 123+10 124+10 134+15 136+ NS 124412 126.38%
rol 1# i 9.5 15.43
DBP Case NS 89+7 NS 74+4.3 80%7 80+9” 97+2 7245 7246 7610 91+ NS NS 78+10 74+8 80.95+7.93
(mmHg) 10.8 81.82+10.02
8§
Cont NS 9019 NS 7225 | 79+f0] 78x9* 7445 7445 75£9 86+ NS 76+12 80.71+7.48
rol 11.0
Endothe | Case| 3.2#1.7| 1.19+1.0 2.24+0.3| 1.46+0.7 | 0.82+0| 1.19+0.| 4.5+2.1 1.80+0.6| 1.87+0.5| 2.03+1.1 | 1.38+1.56 3.2+1.4 1.7+0°2 1.9+1.0 1.28+0.38 1.31+0.83
lin-1 2* 2 28 42* 0 5 8 T 1.38:05F |
(pg/mL)
Cont | 2.98+1. | 1.19+0.8] 2.24+0.3| 1.48+0.8 | 0.89+0| 1.02+0. 1.84+0.6 | 1.84+0.5 | 2.15+0.9 | 0.57+0.44 3.0+1.2 1.7+0%%0 NS 1.17+0.33 1.21+0.49
rol 9 7* 2 A0 29% 0 6 4

Values are expressed as mean + SD or median (3%efé8ntiles). ABBREVIATIONS: BMI: body mass indeXS: not stated; LDL-C: low-density lipoprotein chslterol; HDL-C: high-density lipoprotein
cholesterol; SBP: systolic blood pressure; DBPstoiic blood pressure; hs-CRP: high-sensitivitye@ative protein; BMI: body mass indéxhe value was provided following 12 week treatmémtenotes at

risk of type 2 diabetes arrif denotes diabetic patients arfiif total plasma cholesterol was >5.46 mmol/L 8 weaker randomization or 8 weeks after crossover drug dose was doubled to 40 mg/day;
denotes value after statfit:denotes value after placeSajenotes statin groui denotes NCB-02 group (two capsules containinguraie 150 mg twice daily).
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Supplemental Table 1 Assessment of risk of bias in the included studssg Cochrane criteria.

OTHER
SEQUENCE ALLOCATION 5 AF?TL|”(;I||2|/L\:\?T(SD'ZND BSUTD(':'\‘OGM%F INCOMPLETE %EL'J‘TECC&'\XEE POTENTIAL
Study Ref | GENERATION CONCEALMENT PERSONNEL ASSESSMENT OUTCOME DATA REPORTING THREATS TO
VALIDITY
Abou Rayaet a1
al. 2007 U u H H L L L
Asberget al. 2
200z L L L L L L H
Barsuk et al. 23
2013 u U H H L L H
Dupuis et al. 34
1999 U U L L L L L
Economideset 5
al. 2002 U L L L L L L
Glorioso et al. 35
1999 U L L L L L L
Leeetal. 2002 | ¢ L L L L L L L
Leeet al. 2005 38 L L L L L L L
Leeetal. 2009 | ¥ L L L L L L L
Lewandowski a9
etal. 2010 U U U U L L L
Li & Hui etal. 40
2005 U U L L u u u
Mozaffarian et 39
al. 2005 L L L L L L L
Nakamura et 2
al. 2001 u u u u L L L
Tehrani et al. 3
2013 U U u u L L L
Usharani et al. 14
2008 U U H u L L L

L: low risk of bias; H: high risk of bias; U: unclear risk of bias.
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FIGURE LEGENDS:

Figure 1. Flow chart of the number of studies identified amduded into the meta-analysis.
Figure 2. Forest plot detailing weighted mean difference 8686 confidence intervals for the
impact of statin therapy on plasma endothelin-1ceatrations. Meta-analysis was performed
using a random-effect model with inverse varianegming.

Figure 3. Forest plot detailing weighted mean difference 8686 confidence intervals for the
impact of statin therapy on plasma endothelin-1ceatrations in trials with treatment durations
of <12 weeks (above) and > 12 weeks (below). Metdyasis was performed using a random-
effect model with inverse variance weighting.

Figure 4. Forest plot detailing weighted mean difference 868 confidence intervals for the
impact of statin therapy on plasma endothelin-1ceatrations in trials with statin doses<40
mg/day (above) and >40 mg/day (belowMeta-analysis was performed using a random-effect
model with inverse variance weighting.

Figure 5. Forest plot detailing weighted mean difference 868 confidence intervals for the
impact of statin therapy on plasma endothelin-1ceatrations in trialswith hydrophilic
(above) and hydrophobic (below) statins. Meta-agialyvas performed using a random-effect

model with inverse variance weighting.

Supplemental Figure 1.Leave-one-out sensitivity analysis of the impaicstatin therapy on
plasma endothelin-1 concentrations

Supplemental Figure 2. Meta-regression plots of thassociation between mean changes in
plasma endothelin-1 concentrations and potential nderator variables. The size of each

circle is inversely proportional to the variance ofchange.
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Supplemental Figure 3.Funnel plot detailing publication bias in the sasdreporting the
impact of statin therapy on plasma endothelin-1ceatrations. Open circles represent observed
published studies; closed circles represent impuigaiblished studies.

Supplemental Figure 4.Galbraith plot of the weighted mean differenceididd by its standard

error (Z-score) versus the reciprocal standard error (picaT)
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Published studies identified
through database search

(n =915)

l Records excluded (n = 885)
——

=
2
-
g
=
=
=
@
=
-

Reason: Not meeting the inclusion criteria

Screening

Records screened (n = 30)

Articles excluded (n = 15)

Full text articles assessed for
Reasons:

eligibility (2 = 30)

Eligibility

Lack of assessment of plasma
endothelin-1 concentrations (n = 1),

insufficient data on plasma
endothelin-1 levels (n = 4), not

. ) ) being onginal research study (n =
Studies included 1n the systematic . )
1). not having an appropriate RCT

review and meta-analysis (n = 15) deaen o ) e L)
duration of treatment (n = 2), and
non-English language (n = 3)




ACCEPTED MANUSCRIPT

Statin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahou-Raya etal, 2007 -0.8 151 20 002 173 200 22% -082[1.83,019) ~
Asbergetal, 2003 0.48 031 37 048 035 35 98% 0.00[015,0.15] -
Barsuketal, 2013 1.06 0.41 28 112 032 26 93%  -006[-0.26 014 -
Dupuis etal, 1939 -016 3.47 28 -002 383 27 07%  -014[210,1.82)
Economides etal, 20042 -0.01 0.25 15 -0D.06 036 15 5.0% 0.05[017,027] T
Economides etal, 2004b  -0.22 0.37 19 -004 03 18 890%  -018[-0.40 004 —
Glorioso etal, 1999 286 14 25 406 18 25 26%  -1.10[-1.99,-0.21]
Lee etal, 2002 -01 056 31 -0.09 059 32 81%  -0.01 [0.28,0.27) -
Lee etal, 2005 -0.18 053 42 -011 057 40 87%  -0.07[0.31,017) -
Lee etal, 2009 -0.31 1.04 27 008 083 26 51%  -0.39(-092 014 ——
Lewandowski et al, 2010 -0.64 1.36 15 041 081 16 31% -1.05[1.84,-0.26)
Li & Hui, 2005 -1.4 123 16 -0.2 1.1 16 3.0% -1.20[-2.01,-0.39)
Mozaffarian et al,, 2005 1.6 0.94 22 1.7 047 22 B1%  -010[-0.54,0.34) —=—
Makarmura et al, 2001 -0.8 087 30 008 084 30 62%  -0.88[1.31,-0.45) =
Tehranietal, 2013 -0.08 034 17 006 032 17 890%  -015[-0.37,007) -7
Usharani etal,, 2008 -0B6 029 23 014 059 21 82% -080[1.08-052) —
Total (95% CI) 395 386 100.0% -0.30[-0.47,-0.13] $
Heterogeneity: Tau®= 0.07; Chi*= 59.00, df= 15 (P < 0.00001); F= 75% =2 51 ) 1= :i,

Test for overall effect: Z= 3.54 (P = 0.0004)

Favours Statin Favours Control
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Barsuketal, 2013 1.06 0.41 28 112 032 26 248%  -0.06[-0.26,0.14) -
Dupuis et al., 1999 -016 3.47 28 -002 393 27 33% -0.14[210,1.82)
Lewandowski etal, 2010 -0.64 1.36 15 041 0.1 16 12.3%  -1.05[-1.84,-0.26)
Li & Hui, 2005 -1.4 1.23 16  -02 1.1 16 120% -1.20(2.01,-039) —————
Tehranietal, 2013 -0.09 034 17 006 032 17 244%  -015[0.37,0.07) —=r
Usharani et al., 2008 -0.66 029 23 014 059 21 232% -0.80[1.08,-0.52) —
Total (95% CI) 127 123 100.0% -0.51[-0.89,-0.14] <
Heterogeneity: Tau®= 0.14; Chi*= 28.07, df= 5 (P =< 0.0001); F=82% t t

R ] 1 2
Favours Statin Favours Control

ot

Testfor overall effect: Z= 2.66 (P = 0.003)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abou-Raya etal, 2007 -08 1.5 20 002 1.73 20 2.4% -0.82 [-1.83,0.19]
Ashergetal, 2003 043 0.3 37 048 035 35 16.4% 0.00[0.15,0.15] -+
Econamides etal, 2004a -0.01 025 15 -0.06 036 15 14.3% 0.05[0.17,0.27] T
Economides etal, 2004h -0.22 037 19 -004 03 18 145% -0.18 [-0.40, 0.04] =1
Glorioso etal., 1993 296 1.4 25 406 18 25 3.0%  -1.10[1.99 -021] I —
Lee etal, 2002 -0.1 056 3 -0.09 059 32 123% -0.01 [-0.29,0.27) .
Lee etal., 2005 -018 0453 42 -011 057 40 13.8% -0.07 [0.31,017) -
Lee etal., 2009 -0.31 1.04 27 008 083 26 6.6% -0.39[-0.92,0.14) —_—
Mozaffarian et al.,, 2005 1.6 094 22 1.7 047 22 8.3% -0.10 [-0.54, 0.34] I
Makamura et al., 2001 -0.8 087 30 008 084 30 8.4% -0.88[1.31,-045] —_—
Total (95% CI) 268 263 100.0% -0.19[-0.36,-0.02] ’
Heterogeneity: Tau®= 0.04; Chi*= 24.77, df= 9 (P = 0.003); F= 4% ?2 51 P 1

2
0

1
Testfor overall effect: 2= 2.22 (P = 0.03) Favours Statin  Favours Control



ACCEPTED MANUSCRIPT

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barsuketal, 2013 1.06 0.41 28 112 032 26 135% -006[0.26,014) -
Economides etal, 20042 -0.01 0.25 15 -0.06 0.36 15 131% 0.05[017,0.27) -,
Economides etal, 2004h  -0.22 037 19 -0.04 03 18 132%  -018[0.40,004] Nl
Glorioso etal, 1999 296 14 25 406 18 25 43%  -1.10[1.99,-0.21) —
Lee etal, 2002 -0.1 056 31 -0.09 059 32 121%  -0.01[0.29,027) —r
Lee etal, 2005 -0.18 053 42 -011 057 40 128%  -007[0.31,017) -
Mozaffarian et al,, 2005 1.6 094 22 1.7 047 22 94%  -010[054,034) T
MNakamura etal.,, 2001 -0.8 087 30 008 084 30 95% -0.88[1.31,-045) —
Usharani etal., 2008 -0.66 0.29 23 014 058 21 121%  -0.80[1.08,-052) =
Total (95% Cl) 235 229 100.0% -0.27 [-0.49, -0.05] <
Heterogeneity: Tau®= 0.08; Chi*= 41.01, df= 8 (P = 0.00001); F= 80% 52 51 3 15 é
Test for overall effect Z= 2.44 (P = 0.01) Favours Statin Favours Control
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Ahou-Raya et al, 2007 -0.8 1.5 20 002 1.73 20 7.0% -082[1.83,019 B
Asherg etal, 2003 048 031 37 048 035 35 289% 0.00 015,015 *
Dupuis etal, 1999 -016 347 28 -0.02 393 27 22%  -014[210,1.82)
Lee etal, 2009 -0.31 1.04 27 008 0893 26 159%  -0.39[092,014) —
Lewandowski etal, 2010 -0.64 1.36 15 041 0.1 16 9.8% -1.05[1.84,-0.26) B
Li & Hui, 2005 -1.4 1.23 16 -02 1.1 16 95% -1.20[2.01,-0.39) =
Tehranietal, 2013 -0.09 034 17 006 032 17 267%  -015[0.37,007] -
Total (95% CI) 160 157 100.0% -0.38[-0.68,-0.08] >
Heterogeneity: Tau®= 0.08; Chi*=17.34, df= 6 (P = 0.008); F= 65% -2 -1 b 1- i

Testfor overall effect 2= 247 (P =0.01)

Favours Statin  Favours Control
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dupuis etal., 1999 -016 347 28 -002 393 27 1.7%  -014[210,1.82)

Glariogo et al., 1999 296 1.4 25 406 1.8 25 7.3%  -1.10[-1.99,-0.21)

Lee etal, 2002 -01 056 31 -0.09 059 32 346%  -0.01 [0.29,027) I

Lee etal, 2005 -0.18 053 42 -011 057 40 396%  -0.07 [0.31,017)

Lee etal, 2009 -0.31 1.04 27 008 0493 26 169%  -039(-092 014) .

Total (95% CI) 153 150 100.0%  -0.18[-0.44,0.08]

Heterogeneity: Tau®= 0.03; Chi*=6.36, df=4 (P=017); F=37%
Testfor overall effect Z=137 (F=017)

-2

-

Favours Statin  Favours Control

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahou-Raya et al., 2007 -0.8 1.5 20 002 1.73 20 32%  -0.82[1.83,019) .
Asherg etal, 2003 048 0.3 37 048 035 35 126% 0.00[0.15, 015 -+
Barsuketal, 2013 1.06 0.41 28 112 032 26 121%  -0.06 [-0.26,0.14)] -
Economides etal, 2004a -0.01 025 15 -0.06 036 15 11.7% 0.05[017,0.27) -
Economides etal, 2004b  -0.22 037 19 -004 03 18 11.8%  -0.18[-040, 004) ==
Lewandowski etal., 2010 -0.64 1.36 15 041 081 16 45% -1.05[1.84,-0.26) S
Li & Hui, 2005 -1.4 1.23 16 -02 1.1 16 44% -1.20[-2.01,-0.39)
Mozaffarian et al., 2005 1.6 094 22 1.7 0.47 22 84%  -010[-054,0.34) e
MNakamura et al., 2001 -0.8 087 30 008 084 30 85% -088[1.31,-045) —
Tehranietal, 2013 -0.0% 034 17 006 0.32 17 11.7%  -015[-0.37,007) -
Usharani etal,, 2008 -0.66 0.29 23 014 059 21 1089% -0.80[-1.08,-052) —_—
Total (95% Cl) 242 236 100.0% -0.34 [-0.55,-0.13] <
Heterogeneity: Tau®= 0.08; Chi*= 52.33, df= 10 (P = 0.00001);, F=81% 52 =1 b 1= é

Test for overall effect: Z= 319 (P = 0.001)

Favours Atorvastatin  Favours Control



HIGHLIGHTS:
 Raised ET-1 levels may be arisk factor for vascular dysfunction and CVD.
» We showed that statin therapy significantly reduces ET-1 (-0.30 pg/mL).
» Lipophilic, but not a hydrophilic statin had a significant effect on ET-1 reduction

» We need to establish whether lowering ET-1 has a beneficial effect on CV
events.



Study name

Abou-Raya et al., 2007
Asberg et al., 2003
Barsuk et al., 2013
Dupuis et al., 1999
Economides et al., 2004a
Economides et al., 2004b
Glorioso et al., 1999

Lee etal,, 2002

Lee et al., 2005

Lee et al., 2009
Lewandowski et al., 2010
Li & Hui, 2005
Mozaffarian et al., 2005
Nakamura et al., 2001
Tehrani et al., 2013
Usharani et al., 2008

Standard
error
0.086
0.094
0.094
0.086
0.091
0.094
0.084
0.091
0.093
0.088
0.084
0.082
0.089

Statistics with study removed

Variance

0.007
0.009
0.009
0.007
0.008
0.009
0.007
0.008

Lower
limit
-0.461
-0.530
-0.524

Upper
limit
-0.126
-0.162
-0.155
-0.140
-0.166
-0.143

Z-Value
-3.430
-3.691
-3612

p-Value
0.001
0.000
0.000

Difference in means (95% CI) with study removed

-1.00
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Difference in means
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