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Abstract

Objective: To challenge the argument that continuous use of phosphodiesterase-5 selective
inhibitors may reduce endothelial cell dysfunction in patients with vascular diseases or vascular risk

conditions.

Design: This study included systematic reviews and meta-analysis of randomized double-blind
placebo-controlled trials dealing with a prolonged use of phosphodiesterase—5 selective inhibitors.
The risk of bias and quality of trials were assessed by the Cochrane algorithm. Fixed or random effect

models, standardized mean differences, and heterogeneity were estimated in the study.

Data sources: Systematic search for randomized double-blind placebo-controlled trials was done in

PubMed, Scopus, CINAHL, Science direct and the Cochrane Library.

Eligibility criteria for selecting studies: Randomized double-blind placebo-controlled trials reporting

measures of endothelial cell dysfunction and/or endothelial cell activation were included.

Results: On the whole, 469 subjects were allocated to the phosphodiesterase-5 selective inhibitor
group while 463 were assigned to the placebo group in 13 randomized double-blind placebo-
controlled trials. Flow-mediated dilation of the brachial artery was found to improve after the
administration of phosphodiesterase—5 selective inhibitors (p<0.0001). The results were questioned
by the elevated and uncorrectable heterogeneity (1’=92%) and the asymmetry of the funnel plot
suggested a publication bias. Phosphodiesterase—5 selective inhibitors have no effect on endothelial
cell dysfunction, as assessed in the resistance vessels by digital arterial tonometry. The blood level of
endothelin-1 was observed to be decreased in phosphodiesterase—5 selective inhibitors arm
(p=0.03), although the effect disappeared once the publication bias and heterogeneity were
corrected. The effect of phosphodiesterase—5 selective inhibitors on biomarkers of endothelial cell

activation was found to be inconsistent.

Conclusions: The results on the benefits of a prolonged use of phosphodiesterase-5 selective
inhibitors, with the objective of lowering endothelial cell dysfunction in patients with vascular
diseases or vascular risk conditions are not convincing. This is due to the overall low quality of

evidence, giving an unclear scientific support to this treatment.
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Review Criteria

The criteria for study selection were 1) randomized double-blind placebo-controlled trials; 2)
continuous use of phosphodiesterase—5 selective inhibitors, at the therapeutic dosage for at least
four weeks; 3) enrollment of patients (males and/or females) with vascular diseases or vascular risk
conditions; 4) outcomes including those of biomarkers of endothelial cell dysfunction and/or

activation as well as of the non-invasive techniques to measure endothelial function.

This study was conducted in accordance with the Cochrane Collaboration and PRISMA statement.

Message for the clinics

The benefits of a prolonged use of phosphodiesterase—5 selective inhibitors, in patients with
vascular diseases or vascular risk conditions, with the objective of lowering endothelial cell
dysfunction are not persuasive. This may be due to the overall low quality of the evidence giving an

unclear scientific support to this treatment.

Introduction

Endothelial cell dysfunction (EcDy), resulting in disruption of the vasoactive role of endothelium in
regulation of tissue perfusion, is due to an imbalance caused by a decrease in the release of relaxing
factors and an increase in the release of contracting factors, including nitric oxide (NO) and

endothelin-1 (ET-1), respectively [1, 2]. EcDy is preceded by endothelial cell activation (EcAc) of
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gene transcription and the de novo synthesis of proteins including adhesion molecules, cytokines,
chemokines, and pro-coagulant factors [3, 4]. Cardiovascular risk conditions are associated with
EcDy [2], manifested at the same time in the coronary and peripheral arteries [5]. Flow-mediated
dilation (FMD) of the brachial arteries is a non-invasive measure of EcDy in conduit arteries [6]; its
impairment has helped predict cardiovascular events in patients with cardiovascular diseases and
vascular risk factors (VRFs) [7, 8, 9]. EcDy precedes vascular changes and contributes to
atherosclerotic lesion development and progression [10, 11, 12]. The evaluation of EcDy may,
therefore, represent a relevant intermediate endpoint to assess the efficacy of treatments on clinical
outcomes that require a longer time as compared to that of the effect of treatment on endothelial

function, which is substantially observed in only a few days or weeks [13].

The selective inhibitors (i) of phosphodiesterase type—5 (PDE5) competitively inhibit the hydrolysis of
cyclic guanosine 5’-monophosphate (cGMP) by PDES5, thereby fostering NO-dependent cGMP
accumulation and the consequent relaxation of vascular smooth muscle cells (SMCs) [14-16].
Although proposed as the first line treatment of erectile dysfunction [17], the wide cellular
expression of PDE5 [18] fostered the possible use of PDE5 inhibitors (PDE5-i) in different clinical
conditions including primary pulmonary artery hypertension [19, 20], systolic heart failure with
reduced ejection fraction [21], and Raynaud’s phenomenon [22]. Previous meta-analyses of
randomized double-blind placebo-controlled trials (RCTs) revealed a positive effect of a continuous
treatment of PDE5i on endothelial function in type—2 diabetic as well as non-diabetic males with ED,
based on changes of FMD in the brachial artery [23, 24]. The high heterogeneity of reported studies
has restricted the validity of the findings. The availability of previously unanalyzed trials suggested
that a systematic review and meta-analysis of RCTs dealing with the prolonged use of PDES5i in all
areas of medicine reporting changes of EcDy and/or of EcAc, should be performed. This research
aimed to explore the use of PDES5i in reducing EcDy and/or EcAc in patients with vascular diseases or

vascular risk conditions.

Methods

The study was conducted in accordance with the Cochrane Collaboration and PRISMA statement
[25]. The study protocol was registered in the “PROSPERO International” prospective register of
‘systematic reviews’ at a website (link- https://www.crd.york.ac.uk/PROSPERO/) and bears a
registration number CRD42017055399.
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Data sources and searches

A complete literature search was carried out for the studies in English-language, in the MEDLINE
(PubMed), Cochrane Library, SCOPUS, CINAHL, and Science direct, by using the Boolean function

AND/OR. The search sentences are shown in Table 1.

Study selection

The eligibility criteria for selection of the studies included 1) RCTs; 2) continuous use of PDE5i at the
therapeutic dosages for at least four weeks; 3) enrollment of patients (males and/or females) with
VRFs or vascular diseases; 4) evaluation of EcDy and/or EcAc. Trials measuring outcomes with co-
administration of PDE5i and drugs with a potential effect on endothelium were excluded from this
research. Two independent reviewers (SDA and AM) evaluated the selected abstracts and full texts.
In cases, where any disagreement resulted, a third reviewer (SF) took a decision after conducting an

open discussion (Figure 1).

Data extraction and quality assessment

One investigator (SDA) extracted data from the selected RCTs, considering the number of subjects,
missing subjects at follow-up, mean age of subjects, study design, year of publication, financial
disclosure, type of PDE5i, and dosage and duration of treatment. The quality of the RCTs was
assessed by the Jadad scale [26] and a score of 23 identified high-quality studies. End-of-treatment
mean tstandard deviation (SD) in the treated arm and in the placebo arm was considered for
comparing the studies on the effect of treatment (Table 2). Summary statistics were calculated [27]
and authors were contacted in cases of missing or inconsistent data. An investigator (SN) performed
quality control checks on the extracted data and assessed the risk of bias through the Cochrane risk-

of-bias algorithm [28] (Table 3).

Outcomes

Biomarkers of EcDy and EcAc, as well as non-invasive techniques to measure endothelial function,
were included as outcomes, provided that each outcome was evaluated by two or more studies.
Besides FMD of the brachial arteries, as a non-invasive measure of EcDy in conduit arteries [6],

determination of peripheral (digital) arterial tonometry (EndoPAT, Itamar-Medical, Caesarea, Israel)
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was included as an outcome since it represents a non-invasive method to assess EcDy in the

resistance vessels and its deterioration correlates with cardiovascular risk [29].

Data synthesis and analysis

Data were meta-analyzed by the Review Manager (RevMan) Software (Version 5.3. Copenhagen:
The Nordic Cochrane Centre, the Cochrane Collaboration, 2014) and the ‘metafor’ package in the R
statistical software (version 3.0.3; The R Foundation for Statistical Computing, Vienna, Austria). The
available data were combined using fixed or random effect models, as appropriate [30].
Standardized (std) mean differences with a 95% coefficient interval (Cl) were estimated for each
endpoint. Heterogeneity in the results of different studies was assessed by the Cochrane Chi-square
x> (Cochrane Q) statistic and the I” test. An I <25% indicated no heterogeneity; whereas, I values
>50% and/or P values <0.05 indicated substantial heterogeneity [31]. Ninety-five percent prediction
intervals (PIs) were included, as previously reported [32], when significant overall estimates in
random-effect models were present, in order to illustrate heterogeneity that might not be
completely conveyed by 95% Cl. Meta-regression models and sub-group analyses were conducted to
investigate study heterogeneity [33] by looking at the possible covariates that could affect the
estimates: publication year, geographic region, age of participants, other disease (categorized as
diabetic and non diabetic patients), type of PDE5i, Jadad quality score of the studies, and the length
of the treatment (from 4 to 24 weeks). The publication bias was graphically explored using the

Funnel plots [34].

Results

Study Selection

The search was conducted between January 2016 and March 2016 and was updated in November
2017 (Figure 1). One thousand and seventy-one studies were retrieved from the electronic source
while five articles from manual search. One thousand and fifty-nine studies were selected after
removing the duplicate studies. Three meta-analyses, 202 reviews and 776 non-human studies were
excluded among these. One RCT was performed with a PDE3i, while two RCTs were non-English
language studies and were thus excluded. A total of 75 studies were identified, out of which only 28

met the inclusion criteria. The excluded studies included 14 placebo-crossover trials, 7 trials with no
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placebo-control group, 9 trials evaluating the effect of acute administration of PDE5i and 17 cohort

studies. Thirteen studies [35-47], on the whole, were included in the meta-analysis (Table 2).

Study characteristics

The details of 932 subjects were obtained: 469 were allocated to PDE5i while 463 were assigned to
the placebo group (Table 2). Four hundred and one patients were randomized to Sildenafil, 42 to
Tadalafil, and 26 to Vardenafil. Ten studies enrolled only male patients, two studies enrolled male
and female patients [35, 36], while one study enrolled only female patients [37]. The length of the
treatment ranged from four weeks to 24 weeks. Dosage included: 50-150 mg/day for Sildenafil, 10—
20 mg/day for Tadalafil and 20 mg/day for Vardenafil (Table 2). Four multicenter trials were included
[35, 36, 37, 38].

Synthesis of results

Endothelial Cell Dysfunction: FMD of the brachial artery showed a significant improvement after
PDES5i treatment, as assessed in eight RCTs, enrolling 150 patients treated with PDE5i and 148
patients treated with placebo (Std mean difference IV, random: 2.02; 95% Cl: 0.99, 3.05; p <0.0001)
(Figure 2A). EndoPAT was measured in three trials [36, 37, 39] enrolling 52 patients in the PDE5i arm
and 56 in the placebo arm. The difference between treated and placebo arms was not significant
(std mean difference 1V, random: 1.92; 95% Cl: —0.22, 4.07; p = 0.08) (Figure 2A). ET-1 blood level
was reported in six RCTs enrolling 213 patients in the treated arm and 204 patients in the placebo
arm (Figure 2B). PDE5i treatment was associated with a significantly lower level of ET-1 as

compared to placebo (std mean difference IV, fixed: —0.21; 95% Cl: —0.41, —0.02; p = 0.03).

Endothelial Cell Activation: RCTs were performed in males affected by type 2 diabetes mellitus
(Figure 3). IL-6, assessed in three trials, was found to be significantly lower in the treatment arm
(189 treated, 190 placebo) (std mean difference IV, random: —0.67; 95% Cl: —1.20, PI: -2.65, 1.31, —
0.13; p = 0.01) [38, 39, 40]. No difference between PDE5i and placebo was observed in the C
reactive protein (hCRP) level in two trials (36 treated and 38 placebo) (std mean difference IV,
random: —0.03; 95% Cl: —0.40, 0.33; p = 0.85) [39, 40]. The levels of intercellular adhesion molecule
(ICAM)-1 were lower in the placebo arm of two RCTs (34 treated, 36 placebo arms) [40, 41]; the

lower baseline level of ICAM—1 in the placebo groups probably explains the finding.
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Risk of bias and publication bias

The studies showed a risk of selection bias (Table 3). Random sequence generation was
appropriately described in seven trials [35, 36, 37, 40, 41, 42, 43]. Allocation concealment was rightly
reported in five studies [35, 36, 37, 40, 43]. Eight trials showed a low risk of bias for blinding of
participants and personnel [37, 39, 40, 43, 44, 45, 46] while three studies showed a low risk of bias
for blinding of outcome assessment [43, 44, 46]. Three other studies showed a low risk of attrition

bias [35, 37, 43]. The risk of reporting bias was, however, unclear in all trials.

Funnel plot depicted an asymmetry, which indicated substantial publication bias in the overall
analysis of both FMD (Fig. 4A) and ET-1 (Fig.4B), with positive effects restricted only to the smaller

studies.

Heterogeneity evaluation

A meta-regression analysis was applied to explore possible covariates causing the between-study
high heterogeneity observed in the pooled comparative analyses. Predictors of potential sources of
heterogeneity, such as publication year, geographic region, age of participants, concomitant
diseases, type of PDE5i, Jadad quality score of the studies, and length of the treatment, were

included in univariate meta-regression models.

The analysis for FMD showed that only the age of participants and the sample size of the studies
could significantly contribute to the sources of heterogeneity; the improvement of FMD was
observed to be higher in older populations (= 0.25; 95% CI: 0.04, 0.45; p = 0.01) and in studies with
smaller sample size (B=—-0.31; 95% Cl: —0.58, —0.04; p = 0.02) (Figure 5). Consequently, a sub-group
analysis was performed and two trials that exhibited both predictors of heterogeneity were
excluded from this trial [39, 47]. FMD was improved by PDE5i; although the pooled std mean
difference was 0.92 (95% Cl: 0.23, 1.60; p = 0.009), yet the heterogeneity was still high and severe (P
for heterogeneity <0.0001, I°: 84%). Thus, the studies presented undefined sources of heterogeneity

which were uncorrectable.

Predictors of Std mean differences in case of ET-1 levels included publication year (f = 0.087; 95%
Cl: 0.018, 0.155; p = 0.01), the Jadad quality score of the included studies (p = 0.157; 95% Cl: 0.025,
0.288; p = 0.02), and the length of treatment (B = —0.028; 95% Cl: 0.004, 0.051; p = 0.02). A higher
ET-1-lowering effect of PDE5i was reported in older trials with poor Jadad quality score and a short

treatment length. Accordingly, a sub-group analysis which excluded the oldest trial, also exhibiting
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the lowest Jadad quality score [47], did not show a significant overall decrease in ET-1 serum levels
in PDE5i arm when compared to placebo (Std mean difference IV, fixed: —=0.16; 95% Cl: —0.36, 0.05; p

=0.12) with no heterogeneity (Psor heterogeneity = 0.5, 1%: 0%) (Figure 6).

DISCUSSION

PDES5i has a beneficial effect on endothelial cells, which is related to the stimulated NO availability
[15, 16]; this fosters the potential use of this class of drugs in reducing EcDy [48]. This was the first
study to analyze RCTs in all areas of medicine, dealing, in particular, with a prolonged use of PDE5i to
improve EcDy and/or EcAc as treatment outcome. The meta-analysis included trials of male patients
affected by type 2 diabetes, with or without ED; male and female patients with chronic heart
diseases and male patients with VRFs and ED. This analysis suggests a beneficial effect of a
prolonged treatment with PDE5i on EcDy in patients with vascular diseases or VRFs. However, these
findings are not conclusive as the overall quality of evidence is low. The data on EcAc biomarkers

were very limited in number and were insufficient to assess any treatment effect of PDES5i.
Endothelial Cell Dysfunction

EcDy was analyzed in the conduit arteries by evaluating FMD of the brachial artery, and in resistance

microvessels by EndoPAT [29], while blood level of ET-1 was used as a biomarker of EcDy [2].

Improved FMD was observed in treated patients as compared to the placebo group, independent of
the type of PDE5-i and duration of treatment. The effect, however, is questioned by the result of the
funnel plot (Figure 4A) that showed a publication bias and a positive effect of PDE5-i in smaller
studies only. A significant effect of PDESi on FMD is also questioned by the elevated heterogeneity,
which is probably related to the paucity of trials. Only two of the studies [42, 44] reported a baseline
FMD that was significantly lower in the patients as compared to that in healthy controls. The
improved FMD after treatment was more relevant in patients with a lower baseline FMD [44]
suggesting that the beneficial effect of PDE5i might be dependent on the presence of a baseline
documented EcDy in the conduit arteries. The available data were therefore not conclusive of the
effect of PDESi on EcDy assessed in conduit arteries in males with vascular disease and vascular risk
related conditions. The effect of PDE5i on EcDy in resistance vessels, as assessed by peripheral
(digital) arterial tonometry, was reviewed in this study for the first time in the literature. Meta-
analysis restricted to three RCTs showed no significant effect of Sildenafil on resistance vessels

(Figure 2A). The results of the meta-analysis were confirmed by two multicenter RCTs, which were
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initially excluded from this meta-analysis study because of insufficient data [49, 50] and by a RCT in
patients with chronic heart disease [51], excluded from the analysis as it was the only trial assessing
vascular effects of PDESi treatment by strain-gauge plethysmography. Overall, the data suggest that
PDESi has no effect on endothelial function in the resistance vessels. The observation that arteriolar
volume changes after transitory ischemia is not entirely dependent on NO [52], probably helped to
explain the limited effect of PDE5i on resistance vessels. The low number of trials suggests caution
on the conclusion. Level of ET-1 as a biomarker for EcDy has resulted to be significantly reduced
(Figure 2B), although the effect was no more present after correcting the publication bias and
heterogeneity. Overall, available data showed a positive effect of PDE5—1 on the circulating levels of

ET-1, nevertheless the low quality of evidence has questioned the conclusion.

Endothelial cell Activation

Although numerous biomarkers of EcAc have been proposed, yet, most of them are not specific for
endothelial cells and may derive from multiple types of activated cells, including neutrophils,
platelets, mast cells, or macrophages [1]. Meta-analysis was restricted to a limited number of trials
carried out in males with type 2 diabetes, assessing the PDE5Si effect of EcAc on circulating levels of
non-specific markers (IL—6, hCRP, ICAM-1). Three RCTs, excluded from the meta-analysis, reported
that treatment with Tadalafil [51, 53], or with Sildenafil [50], was ineffective in reducing blood levels
of more specific (E-selectin and von Willebrand factor) and less specific biomarkers of EcAc (hCRP,
plasminogen activator inhibitor, VCAM-1, and ICAM-1). On the whole, PDE5i were not effective in

reducing the blood levels of biomarkers of EcAc.

The added value of this research to previous meta-analyses on the same topic

Two meta-analyses have been produced on the same topic. One evaluated four RCTs (two trials on
males with chronic heart disease and two trials on males with VRFs and ED) measuring the effect of
a prolonged administration of PDE5i on FMD of the brachial artery [23]. A positive effect was
observed on ED patients only; however, the high heterogeneity limited the validity of the findings.
The second meta-analysis evaluated the effect of a continuous treatment with Sildenafil on FMD and
on different blood biomarkers (ET-1, hCRP and IL-6) in six RCTs done on male patients affected by
type—2 diabetes [24]. Authors concluded that Sidenafil treatment resulted in a positive effect on
FMD in the brachial artery and on reduced circulating levels of IL—6. Nine RCTs were cumulatively

analyzed in the two previous meta-analyses which also included a crossover study [54] and an RCT
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with incompletely reported data [55]. The latter two studies were excluded from the present
guantitative analysis which included 13 RCTs involving a continuous PDE5i treatment in all areas of
medicine, including diabetes, chronic heart disease, VRFs associated to ED, and female obesity
associated either with metabolic syndrome or hyperinsulinemia. Besides the evaluation of FMD in
the brachial artery, the authors of this study have considered for the first time, the effect of PDESi
on endothelial cell function in resistance vessels, as well as the effects of this class of medications on
ET-1 levels and on all available biomarkers of EcAc. This represents the first attempt to

comprehensively analyze the effect of a prolonged use of PDE5i on endothelium.

Limitations

The present meta-analysis has a number of limitations. The baseline severity of EcDy has seldom
been reported, probably increasing the heterogeneity of data substantially, due to the differences in
baseline clinical characteristics, type and length of treatment. The paucity of studies did not allow
the authors to perform subgroup analysis according to type and length of treatment, as well as on
different clinical characteristics. The trials including male and female patients did not report
outcome related to gender differences; therefore, the gender contribution to different results was
also left undetermined. Vascular function was assessed either by FMD in the brachial artery or by
measurement of EndoPAT hyperemic response in resistance vessels. The latter, however, was
restricted to three trials only. A high risk of selection bias and publication bias was present and the
risk of the reporting bias was unclear in all RCTs. On the contrary, industrial bias was apparently low,
since all RCTs were spontaneous only, with occasional external support. Conclusions on different
outcomes and subgroup analyses were assessed only in two trials, suggesting concern on their

relevance.
Conclusions

The results on the benefits of a prolonged use of phosphodiesterase-5 selective inhibitors, with the
objective of lowering endothelial cell dysfunction are not convincing. This is due to the overall low
quality of available evidence. The analysis highlights the necessity of promoting uniform, multicenter
trials having enough time to determine the effect of treatment of PDE5 selective inhibitors in order
to support their clinical utility over vascular risk. The use of PDE5 selective inhibitors to reduce
endothelial cell dysfunction in patients with vascular diseases or vascular risk conditions does not
have a clear scientific support as per the literature available. Yet, hygienic measures and lifestyle

changes must be considered for their potential ability to reduce cardiovascular risk.

This article is protected by copyright. All rights reserved.



Acknowledgments. The study was supported by Ministero dell’Universita e della Ricerca Scientifica,

Italy.

Data sharing. No additional data available.

Ethical approval. Ethical approval and patient consent were not required as this study was a meta-
analysis based on published data.

Authors' contributions. SDA acquisition of data, analysis and interpretation of data, drafting the
article; AB analysis and interpretation of data, drafting the article; AM acquisition of data; SN
statistical analysis and interpretation of data; FF critical revision for important intellectual content;
SF conception and design, analysis and interpretation of data, critical revision for important
intellectual content, drafting the article, final approval of the version to be published. All authors
read and approved the final manuscript.

Transparency declaration. Arcangelo Barbonetti and D’Andrea Settimio, on behalf of all authors,
affirm that this manuscript is an honest, accurate, and transparent account of the study being
reported; no important aspects of the studies have been omitted; and that any discrepancies from
the study as planned (and, if relevant, registered) have been explained

References

1) Zhang J, Defelice AF, Hanig JP, Colatsky T. Biomarkers of endothelial cell activation serve as
potential surrogate markers for drug-induced vascular injury. Toxicol Pathol. 2010;38:856-71. doi:
10.1177/0192623310378866.

2) Bo Su J. Vascular endothelial dysfunction and pharmacological treatment. World J Cardiol. 2015;
7:719-741. doi: 10.4330/wjc.v7.i11.719.

3) Bach FH, Robson SC, Ferran C, Winkler H, Millan MT et al. Endothelial cell activation and
thromboregulation during xenograft rejection. Immunol Rev. 1994; 141:5-30. PMID: 7868157.

4) Goepfert C, Imai M, Brouard S, Csizmadia E, Kaczmarek E, et al. CD39 modulates endothelial cell
activation and apoptosis. Mol Med. 2000; 6:591-603. doi: 10.1056/NEJM199805143382001.

5) Anderson TJ, Gerhard MD, Meredith IT, Charbonneau F, Delagrange D, et al. Systemic nature of
endothelial dysfunction in atherosclerosis. Am J Cardiol. 1995;75:71B-74B. PMID: 7863979.

This article is protected by copyright. All rights reserved.



6) Joannides R, Haefeli WE, Linder L, Richard V, Bakkali EH, et al. Nitric oxide is responsible for flow-
dependent dilatation of human peripheral conduit arteries in vivo. Circulation. 1995;91:1314-9.
PMID: 7867167.

7) Heitzer T, Schlinzig T, Krohn K, Meinertz T, Miinzel T. Endothelial dysfunction, oxidative stress, and
risk of cardiovascular events in patients with coronary artery disease. Circulation. 2001;104:2673-8.
PMID: 11723017.

8) Yeboah J, Crouse JR, Hsu FC, Burke GL, Herrington DM. Brachial flow-mediated dilation predicts
incident cardiovascular events in older adults: the Cardiovascular Health Study.
Circulation. 2007;115:2390-7. doi: 10.1161/CIRCULATIONAHA.106.678276.

9) Shechter M, Matetzky S, Arad M, Feinberg MS, Freimark D. Vascular endothelial function predicts
mortality risk in patients with advanced ischaemic chronic heart failure. Eur J Heart
Fail. 2009;11:588-93. doi: 10.1093/eurjhf/hfp053.

10) Juonala M, Viikari JS, Laitinen T, Marniemi J, Helenius H, et al. Interrelations between brachial
endothelial function and carotid intima-media thickness in young adults: the cardiovascular risk in
young Finns study. Circulation. 2004;110:2918-23. doi: 10.1161/01.CIR.0000147540.88559.00.

11) Halcox JP, Donald AE, Ellins E, Witte DR, Shipley MJ, et al. Endothelial function predicts
progression of carotid intima-media thickness. Circulation. 2009;119:1005-1012. doi:
10.1161/CIRCULATIONAHA.108.765701.

12) Glowinska-Olszewska B, Tolwinska J, Urban M. Relationship between endothelial dysfunction,
carotid artery intima media thickness and circulating markers of vascular inflammation in obese
hypertensive children and adolescents. J Pediatr Endocrinol Metab. 2007;20:1125-1136. PMID:
18051931.

13) Flammer AJ, Anderson T, Celermajer DS, Creager MA, Deanfield J, et al. The assessment of
endothelial function: from research into clinical practice. Circulation.2012;126:753-67. DOI:
10.1161/CIRCULATIONAHA.112.093245.

14) Blount MA, Beasley A, Zoraghi R, Sekhar KR, Beassay EP, et al. Binding of tritiated sildenafil,
tadalafil, or vardenafil to the phosphodiesterase- 5 catalytic site displays potency, specificity,
heterogeneity, and cGMP stimulation. Mol Pharmacol. 2004; 66: 144-52. doi: 10.1124/mol.66.1.144.

15) Kukreja RC, Salloum F, Das A, Ockaili R, Yin C, et al. Pharmacological preconditioning with
sildenafil: basic mechanisms and clinical implications. Vascul Pharmacol. 2005; 42: 219-32. doi:
10.1016/j.vph.2005.02.010.

16) Musicki B, Champion HC, Becker RE, Liu T, Kramer MF, et al. Erection capability ispotentiated by
longterm sildenafil treatment: role of blood flow- induced endothelial nitric-oxide synthase
phosphorylation. Mol Parmacol. 2005; 68: 226-32. doi: 10.1124/mol.104.010678.

17) Goldstein |, Lue TF, Padma-Nathan H, Rosen RC, Steers WD, Wicker PA. Oral sildenafil in the
treatment of erectile dysfunction. Sildenafil Study Group. N Engl J Med. 1998;338 (20):1397-404.

This article is protected by copyright. All rights reserved.



doi: 10.1056/NEJM199805143382001.

18) Kass DA, Champion HC, Beavo JA. Phosphodiesterase type 5: expanding roles in cardiovascular
regulation. Circ Res. 2007;101:1084-95. doi: 10.1161/CIRCRESAHA.107.162511.

19) Galie N, Ghofrani HA, Torbicki A, Barst RJ, Rubin LJ, et al. Sildenafil use in Pulmonary Arterial
Hypertension (SUPER) Study Group. Sildenafil citrate therapy for pulmonary arterial hypertension. N
Engl J Med. 2005;353:2148-57. doi: 10.1056/NEJM0a050010.

20) Barst RJ1, Beghetti M, Pulido T, Layton G, Konourina I, Zhang M, lvy DD; STARTS-2 Investigators.
STARTS-2: long-term survival with oral sildenafil monotherapy in treatment-naive pediatric
pulmonary arterial hypertension. Circulation. 2014 May 13;129 (19):1914-23. doi:
10.1161/CIRCULATION AHA.113.005698. Epub 2014 Mar 17.

21) Hwang IC, Kim YJ, Park JB, Yoon YE, Lee SP, Kim HK, Cho GY, Sohn DW. Pulmonary hemodynamics
and effects of phosphodiesterase type 5 inhibition in heart failure: a meta-analysis of randomized
trials. BMC Cardiovasc Disord. 2017 Jun 12;17 (1):150. doi: 10.1186/s12872-017-0576-4.

22) Fries R, Shariat K, von Wilmowsky H, Bhm M. Sildenafil in the treatment of Raynaud's
phenomenon resistant to vasodilatory therapy. Circulation. 2005;112:2980-5. doi:
10.1161/CIRCULATIONAHA.104.523324.

23) Giannetta E, Feola T, Gianfrilli D, Pofi R, Dall'lArmi V,et al. Is chronic inhibition of
phosphodiesterase type 5 cardioprotective and safe? A meta-analysis of randomized controlled
trials. BMC Med. 2014;12:185. doi: 10.1186/s12916-014—-0185-3.

24) Santi D, Giannetta E, Isidori AM, Vitale C, Aversa A, et al. Therapy of endocrine disease. Effects of
chronic use of phosphodiesterase inhibitors on endothelial markers in type 2 diabetes mellitus: a
meta-analysis. Eur J Endocrinol. 2015;172:R103-14. doi: 10.1530/EJE-14—0700.

25) Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. J Clin Epidemiol. 2009, 62:1006-1012. doi:
10.1016/j.jclinepi.2009.06.005.

26) adad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin Trials. 1996;17 (1):1-12. PMID:
8721797.

27) Bland M. Estimating Mean and Standard Deviation from the Sample Size, Three Quartiles,
Minimum, and MaximumEstimating Mean and Standard Deviation from the Sample Size, Three
Quartiles, Minimum, and Maximum. Int J Stat Med Res. 2015;4:57—-64.

28) Higgins JP, Altman DG, Ggtzsche PC, Jini P, Moher D, et al. The Cochrane Collaboration's tool for
assessing risk of bias in randomised trials. BMJ. 2011;343:d5928. doi: 10.1136/bm;j.d5928.

29) Matsuzawa Y, Kwon TG, Lennon RJ, Lerman LO, Lerman A — Prognostic Value of Flow-Mediated
Vasodilation in Brachial Artery and Fingertip Artery for Cardiovascular Events: A Systematic Review
and Meta-Analysis. ] Am Heart Assoc. 2015;4:1-15. pii: €002270. doi: 10.1161/JAHA.115.002270.

This article is protected by copyright. All rights reserved.



30) DerSimonian R, Laird N. Meta-analysis in clinical trial. Control Clin Trials 1986;7;177-88.

31) Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ
2003;327:557-560. doi: 10.1136/bmj.327.7414.557

32) Riley RD, Higgins JPT, Deeks JJ. Research Methods & Reporting: Interpretation of random effects
meta-analyses. BMJ 2011; 342: d549.

33) Colditz GA, Burdick E, Mosteller F. Heterogeneity in meta-analysis of data from epidemiologic
studies: a commentary. Am J Epidemiol 1995; 142:371-382. PMID: 7625401

34) Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis.
J Clin Epidemiol 2001; 54:1046—1055. PMID: 11576817

35) Redfield MM, Chen HH, Borlaug BA, Semigran MJ, Lee KL, et al. RELAX Trial. Effect of
phosphodiesterase—5 inhibition on exercise capacity and clinical status in heart failure with
preserved ejection fraction: a randomized clinical trial. JAMA. 2013;309 (12):1268-77. doi:
10.1001/jama.2013.2024.

36) Borlaug BA, Lewis GD, McNulty SE, Semigran MJ, LeWinter M, et al. Effects of sildenafil on
ventricular and vascular function in heart failure with preserved ejection fraction. Circ Heart Fail.
2015;8 (3):533-41. doi: 10.1161/CIRCHEARTFAILURE.114.001915.

37) Shibao CA, Celedonio JE, Ramirez CE, Love-Gregory L, Arnold AC, Choi L, Okamoto LE, Gamboa A,
Biaggioni |, Abumrad NN, Abumrad NA. A Common CD36 Variant Influences Endothelial Function and
Response to Treatment with Phosphodiesterase 5 Inhibition. J Clin Endocrinol Metab. 2016 Jul;101
(7):2751-8. doi: 10.1210/jc.2016-1294.

38) Burnett AL, Strong TD, Trock BJ, Jin L, Bivalacqua TJ, et al. Serum biomarker measurements of
endothelial function and oxidative stress after daily dosing of sildenafil in type 2 diabetic men with
erectile dysfunction. J Urol. 2009;181 (1):245-51. doi: 10.1016/j.juro.2008.09.005.

39) Aversa A, Vitale C, Volterrani M, Fabbri A, Spera G, et al. Chronic administration of Sildenafil
improves markers of endothelial function in men with Type 2 diabetes. Diabet Med. 2008;25 (1):37-
44, doi: 10.1111/j.1464-5491.2007.02298.x.

40) Santi D, Granata AR, Guidi A, Pignatti E, Trenti T, et al. Six months of daily treatment with
vardenafil improves parameters of endothelial inflammation and of hypogonadism in male
patients with type 2 diabetes and erectile dysfunction: a randomized, double-blind, prospective
trial. Eur J Endocrinol. 2016;174 (4):513-22. doi: 10.1530/EJE-15—-1100.

41) Morano S, Mandosi E, Fallarino M, Gatti A, Tiberti C, et al. Antioxidant treatment associated with
sildenafil reduces monocyte activation and markers of endothelial damage in patients with diabetic
erectile dysfunction: a double-blind, placebo-controlled study. Eur Urol. 2007;52 (6):1768-74. doi:
10.1016/j.eururo.2007.04.042.

42) Guazzi M, Samaja M, Arena R, Vicenzi M, Guazzi MD. Long-term use of sildenafil in the
therapeutic management of heart failure. J Am Coll Cardiol. 2007;50 (22):2136—44. DOI:

This article is protected by copyright. All rights reserved.



10.1016/j.jacc.2007.07.078.

43) Giannetta E, Isidori AM, Galea N, Carbone |, Mandosi E, et al. Chronic Inhibition of cGMP
phosphodiesterase 5A improves diabetic cardiomyopathy: a randomized, controlled clinical trial
using magnetic resonance imaging with myocardial tagging. Circulation. 2012;125 (19):2323-33. doi:
10.1161/CIRCULATIONAHA.111.063412.

44) Bocchio M, Pelliccione F, Passaquale G, Mihalca R, Necozione S, et al. Inhibition of
phosphodiesterase type 5 with tadalafil is associated to an improved activity of circulating
angiogenic cells in men with cardiovascular risk factors and erectile dysfunction. Atherosclerosis.
2008;196 (1):313-9. doi: 10.1016/j.atherosclerosis.2006.09.035.

45) Deyoung L, Chung E, Kovac JR, Romano W, Brock GB. Daily use of sildenafil improves endothelial
function in men with type 2 diabetes. J Androl. 2012;33 (2):176-80. doi:
10.2164/jandrol.111.013367.

46) Pelliccione F, D'Angeli A, D'Andrea S, Barbonetti A, Pezzella A, et al. Tadalafil treatment had a
modest effect on endothelial cell damage and repair ability markers in men with erectile dysfunction
and vascular risk. Asian J Androl. 2014;16 (2):290-4. doi: 10.4103/1008-682X.122347.

47) Rosano GM, Aversa A, Vitale C, Fabbri A, Fini M, et al. Chronic treatment with tadalafil improved
endothelial function in men with increased cardiovascular risk. Eur Urol. 2005;47 (2):214-20. doi:
10.1016/j.eururo.2004.10.002

48) Schwartz BG, Jackson G, Stecher VJ, Campoli-Richards DM, Kloner RA. Phosphodiesterase type 5
inhibitors improve endothelial function and may benefit cardiovascular conditions. Am J
Med. 2013;126:192-9. doi: 10.1016/j.amjmed.2012.08.015.

49) Porst H, Brock GB, Kula K, Moncada |, Montorsi F, et al. Effects of once-daily tadalafil on
treatment satisfaction, psychosocial outcomes, spontaneous erections, and measures of endothelial
function in men with erectile dysfunction but naive to phosphodiesterase type 5 inhibitors. J
Androl. 2012;33:1305-22. doi: 10.2164/jandrol.111.015289.

50) Herrick AL, van den Hoogen F, Gabrielli A, Tamimi N, Reid C, et al. Modified-release sildenafil
reduces Raynaud's phenomenon attack frequency in limited cutaneous systemic sclerosis. Arthritis
Rheum. 2011;63:775-82. doi: 10.1002/art.30195.

51) Behling A, Rohde LE, Colombo FC, Goldraich LA, Stein R, et al. Effects of 5'-phosphodiesterase
four-week long inhibition with sildenafil in patients with chronic heart failure: a double-blind,
placebo-controlled clinical trial. J Card Fail. 2008;14 (3):189-97. doi: 10.1016/j.cardfail.2007.11.006.

52) Nohria A, Gerhard-Herman M, Creager MA, Hurley S, Mitra D, et al. Role of nitric oxide in the
regulation of digital pulse volume amplitude in humans. J Appl Physiol. 2006;101:545-8. doi:
10.1152/japplphysiol.01285.2005.

53) Hatzichristou D, Gambla M, Rubio-Aurioles E, Buvat J, Brock GB, et al. Efficacy of tadalafil once
daily in men with diabetes mellitus and erectile dysfunction. Diabet Med. 2008;25:138-46. doi:

This article is protected by copyright. All rights reserved.



10.1111/j.1464-5491.2007.02338 .x.

54) Desouza C, Parulkar A, Lumpkin D, Akers D, Fonseca VA. Acute and prolonged effects of sildenafil
on brachial artery flow-mediated dilatation in type 2 diabetes. Diabetes Care. 2002;25:1336-9.
PMID: 12145231.

55) Grover-Paez F, Villegas Rivera G, Guillén Ortiz R. Sildenafil citrate diminishes microalbuminuria
and the percentage of Alc in male patients with type 2 diabetes. Diabetes Res Clin Pract. 2007;78
(1):136-40. DOI: 10.1016/].diabres.2007.02.006.

FIGURE LEGENDS
FIGURE 1: Study flow diagram. See text for excluded studies.

FIGURE 2: Effects of PDE5i over placebo, A: on brachial artery flow-mediated dilation (FMD) and
on EndoPAT; B: on the blood level of Endothelin (ET)-1.

ET-1 values were expressed in pg/mL; FMD was expressed as a percentage change in the maximal
brachial artery diameter after reactive hyperemia; EndoPAT was expressed as reactive hyperemic
change in digital blood flow in response to upper arm cuff occlusion; a reactive hyperemic index was
determined. * trials with male and female patients; ° trials with female patients only.

FIGURE 3: Effects of PDE5i over placebo on blood levels of Interleukin (IL)-6, Intercellular adhesion
molecule (ICAM)-1, and human C-reactive protein (hCRP).

IL—6 levels were expressed in pg/mL; ICAM-1 levels were expressed in ng/mL; hCRP levels were
expressed in mg/dL.

FIGURE 4: Funnel plot; A: brachial artery flow-mediated dilation (FMD); B: Endothelin (ET)-1
serum level.

FIGURE 5: Meta-regression bubble plot: standardized mean differences (SMD) in flow-mediated
dilation (FMD) of brachial artery between PDE5i treated and placebo-treated groups as a function
of mean age and sample size. SMD values above zero indicate higher FMD in the PDE5i-treated
group; SMD values below zero indicate higher FMD in the control group. The predicted effects (solid
line) with corresponding confidence intervals (dashed line) are also shown.

FIGURE 6: Forest plot including the results of sub-group analysis on Endothelin (ET)-1.

ET—1 values were expressed in pg/mL.
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Table 1. Sentences for the search in the literature.

MEDLINE

(“phosphodiesterase 5” OR “phosphodiesterase 5 inhibitors” OR “phosphodiesterase 5 inhibitor” OR “phosphodiesterase type 5
inhibitors” OR “phosphodiesterase type 5 inhibitor” OR “phosphodiesterase-5 inhibitors” OR “phosphodiesterase-5 inhibitor” OR
“inhibitors of phosphodiesterase” OR ““inhibitor of phosphodiesterase” OR ““inhibitors of phosphodiesterase 5” OR “inhibitor of
phosphodiesterase 5” OR “inhibitors of phosphodiesterase-5” OR “inhibitor of phosphodiesterase-5” OR “inhibitors of phosphodiesterase
type 5” OR “inhibitor of phosphodiesterase type5” OR “PDES5i” OR “PDES inhibitors” OR “PDES inhibitor” OR “PDE type 5 inhibitors” OR
“PDE type 5 inhibitor” OR “PDE-5 inhibitors” OR “PDE-5 inhibitor” OR “sildenafil” OR “vardenafil” OR “tadalafil” OR “avanafil” OR
“udenafil”) AND (“endothelial activation” OR “endothelium activation” OR “endothelial dysfunction” OR “endothelium dysfunction” OR
“endothelium repair” OR “endothelial repair” OR “endothelial cell” OR “endothelial cells” OR “endothelial stem cells” OR “endothelial
stem cell” OR “endothelium cell” OR “endothelium cells” OR “endothelium stem cells” OR “endothelium stem cell” OR “angiogenic cells”
OR “angiogenic cell” OR “circulating angiogenic cells” OR “circulating angiogenic cell” OR “vascular function” OR “vascular dysfunction”
OR “vascular repair” OR “flow mediated dilation” OR “flow mediated vasodilation” OR “flow mediated dilatation” OR “brachial artery flow
mediated dilation” OR “selectin” OR “e-selectin” OR “VCAM” OR “ICAM” OR “ET-1"” OR “endothelin 1” OR “endothelial activation factor”
OR “endothelial activation factors” OR “plasminogen activator inhibitor-1” OR “PAI-1” OR “CRP” OR “c reactive protein”)

SCOPUS

(“phosphodiesterase type 5 inhibitors”/exp OR “phosphodiesterase 5” OR “phosphodiesterase 5 inhibitors” OR “phosphodiesterase 5
inhibitor” OR “phosphodiesterase type 5 inhibitor” OR “phosphodiesterase-5 inhibitors” OR “phosphodiesterase-5 inhibitor” OR
“inhibitors of phosphodiesterase” OR ““inhibitor of phosphodiesterase” OR ““inhibitors of phosphodiesterase 5” OR “inhibitor of
phosphodiesterase 5” OR “inhibitors of phosphodiesterase-5” OR “inhibitor of phosphodiesterase-5” OR “inhibitors of phosphodiesterase
type 5” OR “inhibitor of phosphodiesterase type5” OR “PDES5i” OR “PDES inhibitors” OR “PDES inhibitor” OR “PDE type 5 inhibitors” OR
“PDE type 5 inhibitor” OR “PDE-5 inhibitors” OR “PDE-5 inhibitor” OR “sildenafil” OR “vardenafil” OR “tadalafil” OR “avanafil” OR
“udenafil”) AND (“endothelial activation”/exp OR “endothelium activation” OR “endothelial dysfunction” OR “endothelium dysfunction”
OR “endothelium repair” OR “endothelial repair” OR “endothelial cell” OR “endothelial cells” OR “endothelial stem cells” OR “endothelial
stem cell” OR “endothelium cell” OR “endothelium cells” OR “endothelium stem cells” OR “endothelium stem cell” OR “angiogenic cells”
OR “angiogenic cell” OR “circulating angiogenic cells” OR “circulating angiogenic cell” OR “vascular function” OR “vascular dysfunction”
OR “vascular repair” OR “flow mediated dilation” OR “flow mediated vasodilation” OR “flow mediated dilatation” OR “brachial artery flow
mediated dilation” OR “selectin” OR “e-selectin” OR “VCAM” OR “ICAM” OR “ET-1"” OR “endothelin 1” OR “endothelial activation factor”
OR “endothelial activation factors” OR “plasminogen activator inhibitor-1” OR “PAI-1” OR “CRP” OR “c reactive protein”) AND
[humans]/lim AND [scopus]/lim
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Table 2. Features of study included in the meta-analysis.

References | N° Mean age Sex | Drugs Duration Condition | Outcomes Jadad | Concurrent therapy
patients PDES5i (weeks) Score
PDES5i (placebo)
(placebo)
Aversa et 10(10) 64,215,4 M Sildenafil 4 DM2 Brachial artery 3 hypoglycemic oral drugs;
al., 2008 (63,645,7) (75 mg/d) FMD, EndoPAT, statins; diuretics, Ca-
(39] IL-6, hCRP, VCAM- antagonist, beta-
1, ICAM-1 blockers; Ace-inhibitors;
Angiotensin-inhibitors;
Bocchioet | 18(18) 52,1+8,9 M Tadalafil 4 VRFs Brachial artery 1 Hypoglycemic agents,
al., 2008 (49,6+12,8) (20mg/od) FMD, Carotid aspirin, diuretics, insulin,
(44] artery IMT, CACs ACE-inhibitors, Ca-
antagonist
Borlauget | 23(25) 67,617,9 M/F | Sildenafil 24 CD EndoPAT, 5 Beta-blockers, ACE-
al., 2015 (71,0+9,4) (20 mg/tid Echocardiographic inhibitor, angiotensin rec
(36] 60mg/tid) assessment blockers, diuretic
Burnett et 153(152) | NA M Sildenafil 4 DM?2 cGMP,IL-6, IL-8, 1 Not reported
F/-:]2009 (NA) (100mg/d) 8-isoprostane
38
Deyounget | 12(12) 59,4 M Sildenafil 10 DM2 IIEF-5, Brachial 1 Not reported
F/-,]2012 (59,8) (50mg/d) artery FMD
45
Giannetta | 30(29) 60,7+7,6 M Sildenafil 12 DM2, CD | Cardiac Kinetics, 5 Diuretics, ACE-inhibitors,
etal., 2012 (60,2+8,3) (100mg/d) ET-1, VEGF, BNP, hypoglycemic oral drugs,
(43] PINP, TGF-B beta-blockers, statins,
angioantensina blocker
Guazzi et 23(23) 62,0+3,0 M Sildenafil 24 CcDh Brachial artery 1 Diuretic, Ace-inhibitors,
al., 2007 (63,0+4,0) (50mg/td) FMD, CPET Angiotensin receptor
[42] blocker, digoxin, beta-
blocker
Morano et | 8(8) 54,0+7,4 M Sildenafil 12 DM2 IIEF-5, AGE, P- 4 hypoglycemic oral drugs,
al., 2007 (57,6%4,3) (50mg/tw) selectin, other not reported
[41] Monocyte
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Oxidative Activity,
ICAM-1

Pelliccione | 18(18) 52,1+8,9 M Tadalafil 4 VRFs Carotid artery Aspirin, beta-blocker,
etal.,, 2014 (49,6+12,8) (20mg/od) IMT, CACs, ET-1, diuretic, ACE-inhibitors,
(46 E-selectin, tPA insulin,
Redfield et | 113(103) | 69,3+11,3 M/F | Sildenafil 24 CcD Et-1, peak oxygen hypoglycemic oral drugs,
al.,, 2013 (69,0+11,3) (20 mg/tid consumption, six- diuretics, Ace-inhibitors,
(35] 60mg/tid) minute walk Angiotensin receptor
distance test blocker
Rosano et 16(16) 65,416,3 M Tadalafil 4 VRFs Brachial artery Statin, hypoglycemic oral
al., 2005 (65,4+6,3) (20mg/od) FMD, ET-1, drugs, anti-hypertensive
[47] Nitrates serum drugs (ca-antagonist,
level Ace-inhibitors,
angiotensin blocker)
Santietal., | 26(28) 55,8+15,0 M Vardenafil | 12 DM2 IIEF-15,LH, FSH, hypoglycemic oral drugs,
2016 (55,0+5,0) (10mg/td) TT, Brachial insulin, anti-
(40] artery FMD, IL-6, hypertensive drugs
ET-1, ICAM-1,
VCAM-1, hCRP,
Fibrinogen
Shibao et 19(21) 42.0+8.6 F Sildenafil 4 VRFs Insulin sensitivity, anti-hypertensive drugs
F‘3|~:]2015 (43.0+10.4) (20mg/tid) Brachial artery (excluded adrenergic a-
7

FMD, EndoPAT,
gene variant

blocking)

AGE= advanced glycation end product. BNP= B-type natriuretic peptide. CACS= Circulating Angiogenic Cells. CD= chronic heart disease. CPET=
cardiopulmonary exercise testing. hCRP= C-reactive protein. d= once day. od= every other day. DM2= diabetes mellitus 2 . E-selectin = endothelial selectin.
ET-1= endothelin-1. FMD= Flow mediated Dilation. ICAM-1= Intercellular adhesion molecule. IL-6= Interleukin-6. IL-8= Interleukin-8. IMT = Intima-Media
Thickness. IIEF-5= International Index of Erectile Function. MCP1= monocyte chemotactic protein-1. MPO= myeloperoxidase. P-selectin = platelet selectin.
PINP= procollagen aminoterminal propeptide. td= twice daily. TGF-B= transforming growth factor-p. tid= three time a day. tPA= tissue-type plasminogen
activator. TT= total testosteron. tw= twice weekly. VCAM-1= Vascular adhesion molecule. VEGF= vascular endothelial growth factor. VRFs= vascular risk

factors.
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Table 3. Risk of bias.

Risk of Bias
Study or Subgroup ABCDEFG
Aversa el al., 2008 (DM2) [39] 0292022
Bocchio et al., 2008 (VRFs) [44] [ 1 1 1 E
Borlaug et al., 2015* (CD) [36] 822020
Bunett et al., 2009 (DM2) [38] 00000:°
Deyoung et al., 2012 (DM2) [45) 004800
Glannetta et al., 2012 (CD;DM2) [43] (1111
Guazzi et al., 2007 (CD) [42] ®0000:"
Morano et al., 2007 (DM2) [41] 022027
Pelliccione et al., 2014 (VRFs) [46] (1 1 1
Redfield et al. 2013 * (CD) [35] 922020
Rosano et al., 2005 (VRFs) [47] L 1l 1l EER
Santi et al., 2016 (DM2) [40] 8000
Shibao et al., 2016° (VRFs) [37] [ 1 1 Bd Rl

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

CD= chronic heart disease. DM2= diabetes mellitus 2. VRFs= vascular risk factors. * trials with male
and female patients; ° ° trials with female patients only
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6 MEDLINE=846
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EE CINAHL=181 Additional records identified
@ SCIENCE DIRECT=25 through other sources
= COCHRANE LIBRARY=17 (n=5)
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Test for overall effect: Z = 2.14 (P = 0.03)
Test for subgroup differences: Not applicable
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II| PDESI Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
FMD
Aversa et al., 2008 (DM2) [39] 125 0.7 10 6.5 1.2 10 8.8% 5.85[3.65, 8.05]
Bocchio et al., 2008 (VRFs) [44] 8.19 267 18 6.14 355 18 13.9% 0.64 [-0.03, 1.31] ™
Deyoung et al., 2012 (DM2) [45] 45 01 12 415 01 12 119% 3.38 [2.06, 4.70] —
Giannetta et al., 2012 (CD;:DM2) [43] 15.67 11.25 26 11.08 14.97 20 14.1% 0.35[-0.24, 0.94] ™
Guazzi et al., 2007 (CD) [42] 127 0.7 23 116 0.8 23 139% 1.44[0.78, 2.09] -
Rosano et al., 2005 (VRFs) [47] 9.3 0.3 16 4.1 0.9 16 9.2% 7.56 [5.46, 9.65] -
Santi et al., 2016 (DM2) [40] 8.57 284 26 641 277 28 142% 0.76 [0.21, 1.31] -
Shibao et al., 2016° (VRFs) [37] 5.3 2.8 19 6 3.2 21 14.0% -0.23 [-0.85, 0.40] -
Subtotal (95% CI) 150 148 100.0% 2.02 [0.99, 3.05] -
Heterogeneity: Tau® = 1.87; Chi* = 91.15, df = 7 (P < 0.00001); I* = 92%
Test for overall effect: Z = 3.85 (P = 0.0001)
EndoPAT
Aversa et al., 2008 (DM2) [39] 198 005 10 133 01 10 232% 7.87 [5.01, 10.74] —
Borlaug et al., 2015° (CD) [36] 1.55 03 23 173 043 25 385% -0.47 [-1.05, 0.10] o
Shibao et al., 2016° (VRFs) [37] 26 077 19 21 06 21 382% 0.71[0.07, 1.36] -
Subtotal (95% CI) 52 56 100.0% 1.92 [-0.22, 4.07] N
Helerogeneity: Tau? = 3.02; Chi® = 35.38, df = 2 (P < 0.00001); I* = 94%
Test for overall effect: Z = 1.75 (P = 0.08)
-10 5 5 10
Favours [Placebo] Favours [PDESI
PDESi Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Endothelin 1
Aversa et al., 2008 (DM2) [39] 28 07 10 34 08 10 45% -0.76 [-1.68, 0.15] r
Giannetta et al., 2012 (CD;DM2) [43] 510 150 30 550 150 29 14.3% -0.26 [-0.78, 0.25] -
Pelliccione et al., 2014 (VRFs) [46] 25 18 18 35 286 18 8.6% -0.44 [-1.10, 0.22] I
Redfield et al.,2013 * (CD) [35] 247 103 113 251 083 103 526% -0.04 [-0.31, 0.22) -
Rosano et al., 2005 (VRFs) [47] 29 07 16 36 07 16 6.9% -0.97 [-1.71, -0.24] I
Santi et al., 2016 (DM2) [40] 138 038 26 142 04 28 132% -0.10 [-0.64, 0.43] —r
Subtotal (95% CI) 213 204 100.0%  -0.21 [-0.41, -0.02] L 2
Heterogeneity: Chi* = 7.70, df = 5 (P = 0.17); I = 35%
Test for overall effect: Z = 2.14 (P = 0.03)
Total (95% CI) 213 204 100.0% -0.21 [-0.41, -0.02] L 2
Heterogeneity: Chi* = 7.70, df = 5 (P = 0.17); I = 35% 1Y 4 }

Favours [PDES5i]

1 2
Favours [Placebo]



II’ PDESI Placebo Std. Mean Difference Std. Mean Difference

Study or Subgrouj Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
IL-6
Aversa et al., 2008 (DM2) [39] 095 0.21 10 1.38 0.36 10 18.4% -1.40 [-2.40, -0.40]
Burnett et al., 2009 (DM2) [38] 29 33 153 37 13 152 4B.1% -0.32 [-0.54, -0.09] =
Santi et al., 2016 (DM2) [40] 267 09 26 379 181 28 33.5% -0.76 [-1.32, -0.21] —
Subtotal (95% CI) 189 190 100.0% -0.67 [-1.20, -0.13] <
Heterogeneity: Tau? = 0.14; Chi? = 5.92, df = 2 (P = 0.05); I* = 66%
Test for overall effect: Z = 2.45 (P = 0.01)
hCRP
Aversa et al., 2008 (DM2) [39] 1.04 086 10 144 07 10 36.1% -0.59 [-1.49, 0.31] — &
Santi et al., 2016 (DM2) [40] 023 046 26 0.19 019 28 63.9% 0.11 [-0.42, 0.65] :
Subtotal (95% CI) 36 38 100.0% -0.14 [-0.80, 0.52]
Heterogeneity: Tau? = 0.10; Chi* = 1.72, df =1 (P = 0.19); I = 42%
Test for overall effect: Z = 0.41 (P = 0.68)
4 2 0 2 4
PDESi Placebo
PDESi Placebo Std. Mean Difference Std. Mean Difference
B Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
ICAM-1
Morano et al., 2007 (DM2) [41] 4483 21 8 328.7 46.9 8 202% 3.11[1.53, 4.69] -
Santi et al., 2016 (DM2) [40] 712 177 26 132 201 28 79.8% 3.01[2.22, 3.81] ——
Subtotal (95% CI) 34 36 100.0% 3.03[2.32,3.74] .
Heterogeneity: Chi*=0.01,df =1 (P =0.91); P =0%
Test for overall effect: Z = 8.36 (P < 0.00001)
Total (95% CI) 34 36 100.0% 3.03[2.32,3.74] S
Heterogeneity: Chi#=0.01, df =1 (P =0.91); 1 =0% & 5 5 s .

Test for overall effect: Z = 8.36 (P < 0.00001)

§ h Favours [PDESi] Favours [Placebo]
Test for subaroup differences: Not applicable

This article is protected by copyright. All rights reserved.



A FMD on brachial artery B Endothelin 1 blood levels
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PDESi Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Endothelin 1
Aversa et al., 2008 (DM2) [39] 28 07 10 34 08 10 48% -0.76 [-1.68, 0.15] —
Giannelta et al., 2012 (CD;DM2) [43] 510 150 30 550 150 29 153% -0.26 [-0.78, 0.25) —
Pelliccione et al., 2014 (VRFs) [46] 25 18 18 35 26 18 92% -0.44 [-1.10, 0.22] —_—T
Redfield el al.,2013 * (CD) [35) 247 103 113 251 083 103 56.5% -0.04 [-0.31, 0.22] ——
Santi et al., 2016 (DM2) [40) 138 038 26 142 04 28 141% -0.10 [-0.64, 0.43) —
Subtotal (95% CI) 197 188 100.0% -0.16 [-0.36, 0.05] -
Heterogeneity: Chi* = 3.29, df = 4 (P = 0.51); I = 0%
Test for overall effect: Z=1.52 (P =0.13)
Total (95% CI) 197 188 100.0% -0.16 [-0.36, 0.05] <
Heterogeneity: Chi? = 3.29, df = 4 (P = 0.51); I = 0% 5_2 1 3 1

Test for overall effect: Z = 1.52 (P = 0.13)
Test for subaroup differences: Not applicable
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