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ABSTRACT

Introduction: The efficacy and safety of arginine supplements in erectile dysfunction (ED) remain debatable.
Aim: To assess the potential role of arginine supplements on ED as alternatives to phosphodiesterase inhibitors.

Methods: Studies published up to April 2018 that evaluated the efficacy of arginine supplements were identified
from multiple databases (Google Scholar, PubMed, Medline, Embase, Kiss, DBpia, and Cochrane databases).
Studies comparing arginine supplements with placebo or no treatment; focusing only on patients with mild to
moderate severity of ED; and presenting outcomes such as improvement rate, International Index of Erectile
Function (IIEF) score, and adverse effects were included. Subgroup analysis for arginine alone and arginine in
combination with other substances was further conducted to increase interpretability.

Main Outcome Measure: The strength of the association between arginine supplements and ED was assessed
using relative odds ratios and weighted mean differences with 95% CI.

Results: In total, 10 randomized controlled trials met the inclusion criteria, reporting the outcomes of 540
patients with ED. The analysis demonstrated that arginine supplements with dosage ranging from 1,500 to 5,000
mg significantly improved ED compared with placebo or no treatment (odds ratios, 3.37 [1.29, 8.77], P = .01,
12 = 44). Arginine supplements also caused significant improvements in the IIEF subdomain scores of overall
satisfaction, intercourse satisfaction, orgasmic function, and erectile function, whereas the IIEF sexual desire score
remain unchanged. The adverse effect rate in the arginine-treated group was 8.3%, and that in the placebo group
was 2.3%, none of which were severe.

Clinical Implications: Arginine supplements can be recommended to patients with mild to moderate ED.

Strength & Limitations: The strength of this study is that it is the first meta-analysis to assess the potential role
of arginine supplements in ED compared with placebo or no treatment. A limitation is that the treatment dosage
and duration varied among studies, which may have contributed to study heterogeneity.

Conclusion: The results of our systematic review and meta-analysis provide evidence on the effectiveness of arginine
supplements for mild to moderate ED. Rhim HC, Kim MS, Park Y-], et al. The Potential Role of Arginine
Supplements on Erectile Dysfunction: A Systemic Review and Meta-Analysis. ] Sex Med 2019;16:223—234.
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ERECTILE FUNCTION

") Check for updates

INTRODUCTION

Erectile dysfunction (ED), a common condition among men
worldwide, is defined as the inability to achieve or maintain an
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erection sufficient for a satisfactory sexual performance.’ The
prevalence of ED increases with age,2 and ED affects 52% of men
between 40 and 70 years old.” The worldwide prevalence of ED is
expected to increase to 322 million men by the year 2025." Along
with age, endocrine dysfunctions are also known to affect ED,
whereas hypothyroidism, diabetic mellitus, gynecomastia, and low
levels of testosterone are substantially, or at least partially, associ-
ated with ED.””” Although ED is not life-threatening, it should
not be overlooked because it may influence interpersonal re-
lationships and impact a couple’s relationship in a negative fashion.

Penile erection is a dynamic vascular process that involves
relaxation of arterial and trabecular smooth muscle in the corpus
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cavernosum, thereby increasing arterial blood flow to the penis.

Nitric oxide (NO) is considered to be the primary mediator of
penile erection and derives from 2 different cell types. NO is
produced by neuronal NO synthase (NOS) from non-
adrenergic, non-cholinergic nerve terminals of the penis and by
endothelial NOS (eNOS) from endothelial cells of penile
arteries. The release of NO from neuronal NOS activates NO
production in endothelial cells of primary arteries, and, subse-
quently, this NO binds to guanylate cyclase in vascular smooth
muscle cells to generate cyclic guanosine monophosphate
(cGMP)."" CGMP then serves as a second messenger inside
muscle cells and causes relaxation and vasodilation, resulting in
penile erection. The erection ultimately subsides when cGMP is
degraded by phosphodiesterase (PDE) type 5 enzymes.'”

Oral PDE type 5 inhibitor (PDEi) is currently the first-line
treatment for ED.'” PDEi increases penile smooth muscle
relaxation by preventing ¢cGMP degradation, thus helping
maintain the erection.'” Although previous studies have shown
the strong efficacy of PDEi regardless of the cause of ED,"
several factors have limited their use. First, a subpopulation of
patients remains refractory to PDEi drugs.'® Second, headache,
flushing, and dyspepsia are common adverse effects of these
drugs.'" Third, their cost and contraindications, as well as con-

cerns about adverse effects have restricted their use.!”

Because of the above-mentioned reasons and the bias that
“natural solutions” are safer and less invasive than pharmaceutical
solutions, there seems to be a group of patients who prefer
nutraceuticals. As the only physiological substrate for NOS,
arginine has been recognized as a potential alternative for ED.
The aim of this review was to evaluate the potential role of
arginine/citrulline alone or arginine combined with other sup-
plements (yohimbine, pycnogenol, ornithine, or adenosine
monophosphate [AMP]) in ED of mild to moderate severity. To
the best of our knowledge, this is the first meta-analysis to
elucidate the efficacy and safety of arginine and its combination
with other supplements as a remedy for ED.

METHODS

Literature Search

A systematic search was conducted using different electronic
bibliographic databases (Google Scholar, PubMed, Medline,
Embase, Kiss, DBpia, and Cochrane databases) to identify arti-
cles published up to April 2018 that evaluated the efficacy of
arginine for ED. This meta-analysis was performed according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement.'® The search terms used were as follows:
(“erectile dysfunction” [Medical Subject Headings {MeSH}] and
“oral supplement” [MeSH]) and (“arginine” [MeSH] or
“citrulline” [MeSH]). Free-text and MeSH search terms were
used as keywords in searching, and references of the identified
articles were also reviewed for additional articles. Articles with
suitable data presented in English were included.
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Study Selection Criteria

Studies that met the following criteria were included: (i)
comparing arginine supplement with placebo or no treatment;
(ii) focusing only on patients with mild to moderate severity of
ED; (iii) presenting outcomes such as improvement rate and
International Index of Erectile Function (IIEF) score; and (iv)
designed as a randomized placebo-controlled trial. When 2
eligible studies were from identical cohorts, the study with the
higher Jadad score'” was selected. The following studies were
excluded: (i) studies on patients with severe EDj; (ii) studies
lacking the necessary statistical data such as variance; (iii) studies
with treatment (medication) using PDE;; (iv) studies that did not
identify the information and daily dosage of the supplement; (v)
non-randomized controlled trial; (vi) posters, review papers,
comments, and abstract-only papers; and (vii) studies written in a
language other than English.

Data Extraction and Quality Assessment

2 independent reviewers (M.S. and H.C.) evaluated the
original studies, and the following details were extracted: (i)
characteristics of the study (authors, year of publication, study
design, ED type and severity, number of patients in each arm,
and definition of improvement) and (ii) outcomes (improvement
rate and ITEF subdomain score). The definition of improvement
for each study is summarized in the last column of Table 1. The
severity of ED was identified either according to IIEF (score of
11—>17) or based on the description of the study methodology.
10 RCTs were included for analysis (Table 1) and qualitatively
assessed using the Jadad score'” (Table 2). Studies were evaluated
on the basis of 5 factors: (i) described as a randomization study;
(i) the randomization method was described and appropriate;
(iii) description of withdrawals was provided; (iv) described as a
double-blinded study; and (v) the double-blinding method was
described and appropriate.

Subgroup Analysis

Subgroup analysis was conducted to minimize the effect of
supplement combination on outcomes. Hence, arginine alone
and arginine combined with other supplements were separately
analyzed for better interpretability. Any studies that examined
arginine with other supplements such as pycnogenol or yohim-
bine were included in the arginine combination subgroup. These
subgroup analyses were planned a priori.

Statistical Analysis

10 studies (10 RCT's) with a total of 540 patients with mild to
moderate ED were included for meta-analysis. There were 274
patients in the treated group and 266 patients in the placebo or
untreated group. Analysis was conducted using the statistical
software Review Manager (RevMan version 5.3; The Nordic
Cochrane Centre, Copenhagen, Denmark). Dichotomous vari-
ables were analyzed using odds ratios (ORs), and continuous
variables were analyzed using weighted mean differences
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Table 1. Summary of included studies

Intervention

(treated/ ED Daily dose/ Definition of
Study Design untreated) Age etiology  ED severity treatment duration  improvement
Mozaffari-Khosravi ~ RCT, double blinded Arginine (34/35) Treated 51.58 + 2.67 — Mild to 5,000 mg/4 wk Increase of IIEF erectile
et al’® study Untreated 51.31 + 2.65 moderate domain score by 2 or
greater
Klotz et al’! RCT, cross- over study Arginine (30/30) Mean 51.6 Mixed Have difficulty 1,500 mg/17 d “Significantly improved”
type in normal and “little improved”
sexual life in validated
questionnaire (Kolner
Erfassungsbogen fur
Erektile dysfunktion)
were considered
improved
Chen et al?? RCT, double blinded Arginine (29/17) Range 55-75 Organic — 5,000 mg/6 wk Subjective: O'Leary
study type questionnaire/sexual
function questionnaire
(addressed the
number of erection,
the quality of
erections, libido and
sexual performance)/
sexual diary
Objective: PSV, EDV, RI
Najima et al*® RCT, double blinded Arginine + Treated 44.5 + 9.1 — — 3,960 mg/12 wk —
study Citrulline (22/ Untreated 44.5 + 9.1
22)
Ledda et al** RCT, double blinded, Arg + 44 + 5 — Mild to 80 mg —
parallel arm study Pycnogenol (54/57) moderate pycnogenol +
2,800 mg L-Arg
& Asp/6 mo
Stanislavov et al® RCT, double-blinded, Arg + 30-50 — Mild to 80 mg Self-reported
cross-over study Pycnogenol (25/25) moderate pycnogenol + questionnaire: “YES”
3,000 mg L-Arg for “has it been easier
& Asp /T mo to initiate erection?”
“has it been easier to
sustain erection?”
Neuzillet et al*® RCT, double-blinded Arg + AMP 56.46 + 9.26 — Mild to 8,000 mg Arg + —
study, cross-over (26/26) moderate 200 mg AMP
study before

intercourse/2 wk

(continued)
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Table 1. Continued

Intervention
(treated/

Definition of

Daily dose/

ED

treatment duration  improvement

3,600 mg/12 wk

ED severity

etiology

Age

untreated)

Design

Study

Treated 48.4 + 1.3
Untreated 48.8 + 11.4

Arg +

RCT, double-blinded
Ornithine (12/12)

Najima et al*’/

Treated 38.16 + 6.12

study
RCT, double- blinded

Nature’s Gifts SX Respond “yes” for Global

Mild to

Ui ) S S s Bles

Arg +
Yohimbine (20/20)

Akhondzade et al*®

2,800 mg/4 wk Assessment

moderate

study

Question: “Have the

treatment you have

taken over the past
4 weeks improved

your sexual function?”

6,000 mg Arg + 6  Used lIEF erectile domain

Mild to

Arg +
Yohimbine (22/22)

RCT, double- blinded

Lebret et al*®

score for assessing

success rate

mg yohimbine/2

wk

moderate

study, cross-over

study

AMP = adenosine monophosphate; Arg = arginine; Asp = aspartate; Cit = citrulline; EDV = end-diastolic velocity; IIEF = International Index of Erectile Function; PSV = peak systolic velocity;

resistance index.

randomized placebo-controlled trial; RI

RCT =

Chang Rhim et al

(WMDs), presented with 95% Cls. Statistical heterogeneity was
estimated using Higgins 17 statistics™ and Cochran Q test. I?
values were estimated as follows: <25% as low, 25%—50% as
moderate, and >50% as high heterogeneity.”’ A random-effect
model was used for analysis when the heterogeneity was high
(I> > 50% or P < .100); otherwise, a fixed-effect model was
selected. If darta are given as median and range or interquartile
range, they were converted to derive the mean and standard
deviation according to the Cochrane handbook™ and other

reference formulas.””>**

RESULTS
Study Characteristics

The combined searches identified 545 abstracts, as demon-
strated in Figure 1. After eliminating 99 duplicates and
excluding irrelevant articles, 92 articles were considered for peer
review. Among these, 3 were superseded by other articles with
overlapping data sets, and 4 were available only in abstract
form. Among the remaining 60 articles, 50 articles were
excluded because 17 articles showed no robust statistical data,
28 articles used treatments with unknown mechanisms, and 5
articles were non-randomized controlled trials (RCT's). In total,
10 articles (10 RCTs)?°? with a total of 540 patients with
ED met the inclusion criteria. Data were analyzed as reported
by the authors.

The included studies are summarized in Table 1. All studies
reported the treatment daily dose and duration. 4 studies
involving 219 subjects investigated the effect of arginine/citrul-
line alone. The treatment duration was at least 2 weeks or longer.
6 studies used yohimbine, pycnogenol, ornithine, or AMP
combined with arginine. The treatment duration of these studies
was at >2 weeks.

Primary Outcome: Improvement of ED

Figure 2 shows the forest plot comparing the improvement of
ED after treatment vs placebo or no treatment. 6 studies
including 309 patients were identified. Arginine supplement
caused more improvement of ED than placebo or no treatment
(OR 5.73 [2.02, 16.23], P = .0001, I* = 67%). Subgroup
analysis was performed to examine the effect of arginine alone
and supplements combined with arginine on ED. 3 studies
including 175 subjects were identified as investigating arginine
alone. Arginine alone induced significant improvement of ED
(OR 3.37 [1.29, 8.77], P = .01, I> = 44%). 3 studies including
134 subjects were identified as examining supplements combined
with arginine. Supplements combined with arginine induced a
significant improvement of ED (OR 18.93 [1.69, 212.21],
P = .02, I’ = 80%). Supplements combined with arginine
demonstrated higher ORs than arginine alone, implying that
arginine used as a combination remedy has better efficacy. The
study heterogeneity was probably due to the different durations
of supplement intake.

J Sex Med 2015;16:223—234
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Table 2. Jadad score of the studies included

Randomization Blinding

Randomization Double-blinding

Described as  method described  Description of  Described as method described and  Total
Study randomized and appropriate withdrawals double-blinded  appropriate score
Mozaffari-Khosravi et al?®  * * * * — 4
Klotz et al’' * * * — — 3
Chen et al*? * * * * — 4
Najima et al*® * * * * * 5
Ledda et al** * * * * — 4
Stanislavov et al* * * * * * 5
Neuzillet et al®® * — * * — 3
Najima et al*’ * * * * * 5
Akhondzadeh et al®® * * * * * 5
Lebret et al’® * — * * — 3

*Indicates “fulfilled” or “yes.”

Secondary Outcomes

Figure 3 shows the forest plot comparing each IIEF sub-
domain score after treatment vs placebo with subgroup analysis
(alone vs combination) for ED.

IIEF Overall Satisfaction Score
The IIEF overall satisfaction score (Figure 3a) was evaluated in
5 studies including 233 subjects. The IIEF overall satisfaction

Potentially relevant records identified
and screened for consideration n = 545
Additional records identified through
other sources n=0

score significantly improved with arginine supplements (WMD
0.57 [0.30, 0.84], P < .0001, I* = 42%). Significant
improvement in the IIEF overall satisfaction score was observed
both with arginine alone and with supplements combined with
arginine, and the difference in score was more apparent with the
combination remedy than with arginine alone (WMD 0.37
[0.07, 0.68], P = .02, I* = 0% in arginine alone vs WMD 1.22
[0.65, 1.79], P < .0001, I*> = 0% in the combination remedy).

Excluded n =99

v

¥

Records retrieved for more detailed
evaluation n = 446

Duplication n = 99

»| Records excluded n = 354

VL

Records selected for full test review
n=92

Not relevant n = 354

Not comparative n = 25
Identical study population n =3

v

v

Records potentially included in meta-
analysis n = 60

Only abstract form n =4
Total n =32

No robust statistical data n =17

\4

Studies with usable information, by
outcome, n = 10(10 RCTs)

»| Medication (treatment) with unknown
mechanism n = 28

Non-RCT n=5

Total withdrawn by outcome n = 50

Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) diagram shows the selection of articles for analysis.

J Sex Med 2015;16:223—234
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Treated Untreated Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
2.2.1 Arg alone
10. 2017 H Mozaffari-Khosravi RCT Arg alone 24 34 9 3/ 21.0% 6.93[2.41,19.97] —
3.1999 T Klotz Arg alone RCT 17d mixed type 1500 22 30 19 30 207% 1.59[0.53, 4.77] |
4.1999 Chen Y Arg alone RCT 6w organic ED 5000 9 29 217 158% 3.38[0.63,17.97] 1T
Subtotal (95% Cl) 93 82 57.5% 3.37[1.29,8.77] -
Total events 55 30
Heterogeneity: Tau®=0.31, Chi*=3.58,df=2 (P=017), F= 44%
Testfor overall effect: Z=2.49 (P =0.01)
2.2.2 Arg in combination
5.2002 T Lebret RCT Arg yohimbine 12 22 i 22 18.9% 4.08[1.11,15.02] s
6. 2010 S Akhondzadeh RCT arg yohimbine 15 20 6 20 181% 7.00[1.74,2817] —_—
8-1.2007 R Stanislavoy PAA RCT 4w mild to mo 3080 25 25 0 25 55% 2601.00[49.67,136192.33] —*
Subtotal (95% Cl) 67 67 42.5% 18.93 [1.69, 212.21] —~e———
Total events 52 11
Heterogeneity: Tau®= 3.35; Chi*=10.24, df= 2 (P = 0.006), IF= 80%
Test for overall effect: Z=2.38 (P=0.02)
Total (95% CI) 160 149 100.0% 5.73[2.02,16.23] -
Total events 107 41 ) ) ) )
i TaUE = - Chiz= - - E=
Heterogeneity: Tau®=1.05; Chi*=15.35, df= 5 (P = 0.009), F=67% n.o0m o 10 1000

Test for overall effect: 2= 3.29 (P = 0.001)
Testfor subaroun differences: Chi*=1.69. df=1 (P=0.19). F=41.0%

Favors untreated Favours treated

Figure 2. Improvement rate: subgroup analysis of improved erectile dysfunction (ED) with arginine alone and supplements combined with
arginine. A random-effects model was used for meta-analysis. Figure 2 is available in color online at www.jsm.jsexmed.org.

IIEF Intercourse Satisfaction Score

The IIEF intercourse satisfaction score (Figure 3b) was
assessed in 5 studies including 233 subjects. Arginine supple-
ments caused a significant improvement in intercourse satisfac-
tion (WMD 1.07 [0.32, 1.83], P = .005, I = 65%). There was
no significant difference in the arginine-alone group (WMD
0.88 [—0.61, 2.36], P = .25, I> = 86%); however, supplements
combined with arginine demonstrated a meaningful difference
(WMD 1.27 [0.56, 1.98], P = .005, I* = 0%).

IIEF Sexual Desire Score

Sexual desire (Figure 3c) was evaluated in 5 studies including 233
subjects. Arginine supplements did not increase sexual desire
(WMD 0.63 [—0.42, 1.68], P=0.24, I = 92%). Both subgroups
(alone vs combination) showed consistent results with no significant
difference (WMD 0.13 [—0.41, 0.67], P = .64, I* = 49% and
WMD 1.01 [—0.87, 2.88], P = 0.29, I = 94%, respectively).

IIEF Orgasmic Function Score

Orgasmic function (Figure 3d) was assessed in 5 studies
including 233 subjects. Arginine supplements significantly
improved orgasmic function (WMD 1.02 [0.29, 1.74], P = .006,
I = 65%). In subgroup analysis, arginine alone significantly
improved the orgasmic function score (WMD 0.73 [0.17, 1.30],
P = .01, I = 0%). Although supplements combined with argi-
nine did not show a statistically significant difference (WMD 1.23
[—0.20, 2.65], P = .09, I = 80%), it demonstrated meaningful
trends on orgasmic function in favor of arginine (P = .09).

lIEF Score

Erectile function (Figure 3e) was evaluated in 4 studies
including 276 subjects. Erectile function significantly improved
with arginine supplements (WMD 4.39 [0.75, 8.02], P = .02,
I = 96%). Both arginine alone and supplements combined with

arginine caused improvement in the IIEF score (WMD 2.36
[1.15, 3.57], P = .0001, I* = not applicable and WMD 5.11
[0.50, 9.71], P = .03, I* = 95%, respectively).

Adverse Effect

Of 216 patients with arginine supplementation, including
arginine alone and in combination, 16 patients experienced mild
adverse effect (8.3%) compared with placebo (2.4%). The
adverse effects included headache, itching, and insomnia, and no
severe adverse effect was observed. The arginine-alone group
presented even fewer complications, in that only 2 of 99 patients
(2%) reported adverse effects. On the other hand, the placebo
group showed no adverse effect.

Risk of Bias

The risk of bias graph and summary (Figure 4a) were con-
structed using RevMan software. 10 RCT's were evaluated on 6
categories including random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, and selective
reporting. Attribution bias (incomplete outcome data) was
shown to have a relatively high risk in about 20% of the included
studies because dropout was frequently observed in placebo
groups owing to the ineffectiveness of placebo. Frequently,
estimation of selective reporting was not possible because of lack
of information. Publication bias was evaluated using a funnel
plot, and no potential risk was detected (Figure 4b).

DISCUSSION

To the best of our knowledge, this is the first systematic review
and meta-analysis on the efficacy and safety of arginine or supple-
ments combined with arginine for ED. The primary outcome
measure was ED improvement, and the secondary outcome mea-
sures were IIEF-15 (overall satisfaction,

subdomain scores

J Sex Med 2015;16:223—234
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a
Treated Untreated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% CI
2.10.1 Arg alone
10. 2017 H Mozaffari-Khosravi RCT Arg alone 685 077 34 645 075 35 57.0% 0.40[0.04, 076 -
9. 2016 M Najima RCT arg cit 6.6 1.06 22 6.3 098 22 20.2% 0.30[-0.30,0.90] 1=
Subtotal (95% CI) 56 57 77.2% 0.37[0.07,0.68] Ed
Heterogeneity: Chi*=0.08, df=1 {P=0.78); F= 0%
Test for overall effect: Z=2.38 (P=0.02)
2.10.2 Arg in combination
1.2012 Y Neuzillet RCT Arg AMP 719 222 26 611 198 26 56% 1.08[-0.06, 2.22]
2. 2016 M Najira RCT Arg ornithine 67 098 12 45 086 12 135% 1.20[0.46,1.94] —_—
5.2002 T Lebret RCT Arg yohimbine 6.5 2.41 22 5 236 22 37% 1.50([0.09 291] —
Subtotal (95% CI) 60 60 22.8% 1.22[0.65,1.79] <
Heterogeneity: Chi®=0.21, df= 2 (P = 0.90); F= 0%
Test for averall effect: Z=4.21 (P = 0.0001)
Total (95% CI) 116 117 100.0% 0.57 [0.30, 0.84] <
Heterogeneity: Chi*= 6.87, df= 4 (P = 0.14); F= 42% B LY : : p
Test for overall effect: Z=4.10 (P = 0.0001)
Test for subaroun difierences: Chi*= 6.58. df= 1 (P = 0.01). F= 84.8% Favors untreated Favors reated
b
Treated Untreated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.11.1 Arg alone
10. 2017 H Mozaffari-Khosravi RCT Arg alone 558 11 34 54 1.06 35 28.3% 0.18 [-0.33, 0.69] b o
9. 2016 M Najima RCT arg cit 845 1.22 22 6.8 2.04 22 208% 1.70[0.71, 2.69] .
Subtotal (95% CI) 56 57 491%  0.88[-0.61, 2.36] —~——
Heterogeneity: Tau®= 0.99; Chi*=7.12, df=1 (P = 0.008); F= 86%
Test for overall effect Z=1.16 (P = 0.25)
2.11.2 Arg in combination
1.2012 Y Neuzillet RCT Arg AMP 1038 224 26 915 1.61 26 19.8% 1.23[0.17,2.29] e —
2.2016 M Najima RCT Arg ornithine 8 153 12 71 145 12 17.9% 0.90 [-0.29, 2.09] T
5.2002 T Lebret RCT Arg yohimbine 91 273 22 71 2B5 22 133% 2.00[0.41,3.59)] -
Subtotal (95% CI) 60 60 50.9% 1.27 [0.56, 1.98] "
Heterogeneity: Tau®=0.00; Chi*=1.19, df=2 (P = 0.55); F= 0%
Test for averall effect: Z= 3.50 (P = 0.0005)
Total (95% CI) 116 117 100.0% 1.07 [0.32,1.83] ‘
Heterageneity: Tau?= 0.45; Chi*= 11.51, df= 4 (P = 0.02); P = 65% ) E” ? 3 :
Test for averall effect: Z= 2.80 (P = 0.005)
Test for subaroun differences: Chi*=0.21. df=1 (P = 0.64). F= 0% EENOIS IRRERad! lhavois icaed
C
Treated Untreated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.12.1 Arg alone
9.2016 M Najima RCT arg cit 6 094 22 B2 122 22 204% -0.20[-0.84,0.44] —
10. 2017 H Mozaffari-Khosravi RCT Arg alone 558 098 34 522 09 3/ 21.3% 0.36 [-0.08, 0.81] e
Subtotal (95% CI) 56 57 41.7%  0.13[-0.41,0.67] -
Heterogeneity: Tau®= 0.08; Chi*=1.96, df=1 (P=0.16); I*= 49%
Testfor averall effect Z=0.47 (P = 0.64)
2.12.2 Arg in combination
5.2002 T Lebret RCT Arg yohimhbine 6.8 1.85 22 6.5 1.63 22 18.2% 0.30 [-0.73,1.33] -
1.2012Y Neuzillet RCT Arg AMP 711 153 26 715 1.31 26 197% -0.04[-0.81,0.73] T
2.2016 M Najima RCT Arg ornithine 77 078 12 5 086 12 204% 2.70[2.04, 3.36] -
Subtotal (95% CI) 60 60 58.3% 1.01 [-0.87, 2.88] —."
Heterogeneity: Tau®= 2.57; Chi*= 32.57, df= 2 (P < 0.00001); F= 94%
Test for averall effect: Z=1.05 (P = 0.29)
Total (95% CI) 116 117 100.0%  0.63[-0.42,1.68]

Heterogeneity: Tau®= 1.29; Chi*= 49.21, df= 4 (P < 0.00001); F= 92%
Testfor averall effect Z=1.18 (P =0.24)
Test for subaroun differences: Chi*=0.77. df=1 (P=0.38). F=0%

LR
Favors untreated Favors treated

+ t T + t
0 1 2

Figure 3. International Index of Erectile Function (/IEF) domain score: subgroup analysis for (Panel a) IIEF overall satisfaction score, (Panel
b) IIEF intercourse satisfaction score, (Panel c) IIEF sexual desire score, (Panel d) IIEF orgasmic function score, and (Panel e) IIEF score. A
random-effects model (Panels b, c, d, and e) and a Mantel-Haenszel fixed-effect model (Panel a) were used for meta-analysis. Figure 3 is

available in color online at www.jsm.jsexmed.org.

intercourse satisfaction, sexual desire, orgasmic function, and erec-
tile function). The results suggested that arginine, compared with
placebo or no treatment, improves ED of mild to moderate severity.

J Sex Med 2015;16:223—234

As the only physiological substance for NOS, it was logical to
try arginine as a treatment of ED,* and citrulline has the po-

tential advantage over arginine because it escapes intestinal or
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Figure 3. Continued.

hepatic metabolism and can be converted rapidly to arginine in
the kidneys. Thus oral citrulline supplementation has been
shown to increase the plasma arginine concentration and to
amplify NO-dependent signaling in a dose-dependent manner.”®
We grouped citrulline and arginine in the same category because
the rationale behind citrulline supplementation is to increase
plasma arginine, the actual substrate for NOS. The overall results
of our study suggested that arginine and citrulline may be
beneficial in ED.

Several supplements have been combined with arginine to
examine any synergistic effects. In this analysis, the combina-
tions of arginine with yohimbine, pycnogenol, ornithine, or
AMP were examined together because these supplements all
involve an NO-producing pathway to some degree. Yohimbine
is an alkaloid originating from the bark of the Central African
yohimbine tree, which has a-adrenoreceptor—blocking activ-
ity.”” Yohimbine blocks presynaptic a,-adrenergic receptors,
which, in turn, enhances the NO release from the non-
adrenergic, non-cholinergic nerve.”” In the United States,
yohimbine exists as a Food and Drug Administration—approved
medication called yohimbine hydrochloride and as a supplement

form under 49 different brand names. The amount of

yohimbine differs among various dietary supplements; however,
most supplements contain lower quantities of yohimbine than
the pharmaceutical drug.”® In this
“yohimbine” refers to the active ingredient of either the phar-

discussion, the term
maceutical drug or the supplement because a difference seems to
exist in the quantity of yohimbine content. Although a meta-
analysis and systemic review of yohimbine medication pub-
lished in 1998 concluded that it is a reasonable therapeutic
option for ED,”” yohimbine medication alone may not be as
effective because the predominant adrenoreceptors in the corpus
cavernosum are o/-adrenergic receptors.3 ? Subsequently, later
researchers conceived the idea of combining arginine with
yohimbine.”” The rationale behind this combination is that the
substrate (ie, arginine) must be present before yohimbine can
play a role in an NO-producing pathway. Indeed, Padma-
Nathan et al”® demonstrated that arginine with yohimbine
significantly increases penile artery inflow measured with color-
flow Doppler ultrasonography in men with ED. This result
shows that the addition of arginine may overcome the disad-
vantage of less-dominant ay-adrenergic receptors present in the
corpus cavernosum and suggests that combining arginine with
yohimbine may produce a synergistic effect.

J Sex Med 2015;16:223—234
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Figure 4. Bias evaluation. Panel a shows risk of bias in the included studies. Panel b shows the funnel plot for overall satisfaction. Figure 4

is available in color online at www.jsm.jsexmed.org.

Pycnogenol is an extract of French maritime pine bark (Pinus
pinaster) that consists of a concentrate of polyphenols, mainly
procyanidins.’' Pycnogenol was proposed to improve ED by
activating eNOS, which, in turn, increases NO production and
promotes vasodilation.*” In 2003, a group of researchers added
arginine, a substrate of NOS, with pycnogenol, thereby not only
stimulating the enzyme itself but also providing higher substrate
quantities.”> Although each formulation is mixed with different
dosages, the results of this meta-analysis showed that arginine
combined with pycnogenol can significantly improve ED. These
supplements were not only effective, but they also have been
shown to be safe.

Ornithine or AMP has also been combined with arginine to
investigate any synergistic effects. Ornithine was reported to
alleviate fatigue after working out™ and may be converted into
arginine through urea cycle,”” thereby possibly increasing the
serum arginine level. Ingestion of arginine combined with
ornithine for 12 weeks induced improvement of male sexual
function without adverse effects.”” Oral AMP supplementation
may increase the cyclic AMP level, which would then decrease

J Sex Med 2015;16:223—234

the intracellular calcium concentration and consequently result
in smooth muscle relaxation.”® Increased cyclic AMP from AMP
combined with increased cGMP from arginine may synergisti-
cally enhance smooth muscle vasodilation in penile arteries.
Indeed, on-demand oral supplementation of such combination
was shown to be effective in patients with mild to moderate ED,

with minimal adverse effects.”

Although PDEi is currently the first-line treatment, arginine
supplements can be attractive alternatives for patients with mild
to moderate ED for several reasons. First, arginine supplements
might be more psychologically accepted because they are
perceived as nutrients rather than drugs. Cormio et al'’
demonstrated that all patients who reported improvement in
the erection hardness score after citrulline administration
continued with the same treatment rather than asking for a
PDEi. The results of our analysis demonstrated that patients with
ED may benefit from any arginine-containing supplements,
whether it is arginine alone or in combination. It is interesting to
note that, when arginine is combined with other substances, the
combination may work synergistically and cause even greater


http://www.jsm.jsexmed.org

232

improvement (Figures 2 and 3). Second, the studies included in
this review showed that arginine supplements have a relatively
high safety profile. In this systematic review, 8.3% of patients
treated with arginine supplements, both arginine alone and in
combination, and only 2% of the arginine-alone group experi-
enced adverse effects, none of them severe. This result implies the
safety of arginine compared with PDEi. In a previous systematic
review and meta-analysis on sildenafil, nearly half of the men
(48%) randomized to sildenafil treatment reported at least 1
adverse event.”” Moreover, McMahon et al*® demonstrated that
as much as 43.6% of patients treated with sildenafil may expe-
rience a moderate to severe adverse event. Sildenafil may be more
effective in treating ED, but its stronger potency may be related
to more adverse events. Therefore arginine supplements can be
potential alternatives for patients who had already experienced
adverse events with PDEi.

A recent study showed that a significant proportion of patients
with ED have low arginine or citrulline level. Especially, this con-
dition is more prevalent in patients with arteriogenic etiology."’
Because our data suggest that arginine or other amino acids
(citrulline, ornithine) that can increase serum arginine level can
improve ED, these NOS substrates may be beneficial for the
treatment of ED, particularly in patients with an arteriogenic cause.

Moreover, it was reported that higher levels of homocysteine
are often observed in patients with ED.”” In a rabbit model,
hyperhomocysteinemia promoted a marked inhibitory effect on
NO formation in isolated corpus cavernosum.”’ Tt was found
that homocysteine directly inhibits the activity of dimethylargi-
nine dimethylaminohydrolase, an enzyme that degrades asym-
metric dimethylarginine. Asymmetric dimethylarginine is an
endogenous inhibitor of NOS and can accumulate in the state of
hyperhomocysteinemia.’* On the basis of these results, it can be
postulated that a high level of homocysteine may be an inde-
pendent risk factor for ED by impairing the NO pathway.
Interestingly, in other diseases associated with high levels of
homocysteine, oral supplementation of arginine was shown to
reduce its effect.”” " This result suggests that increased sub-
strate levels of NOS may help overcome the inhibitory effect
induced by homocysteine. Further studies should investigate the
possible role of arginine in the presence of high levels of
homocysteine.

Most important, a previous study demonstrated that arginine
was effective as part of combined treatment with PDEi in pa-
tients with ED refractory to PDEi monotherapy.’® This study
implies that patients who were initially not responsive to PDEi
possibly had low arginine to begin with, because PDEi can
work only after sufficient cGMP is produced. If arginine is low,
NO will not be sufficiently generated, and, if NO is insuffi-
cient, cGMP will not be produced subsequently. Therefore
previous studies along with our result, which shows the additive
effect of arginine, indicate the potential synergetic effect of
arginine with the current first-line treatment (PDEi). A mile-
stone might be reached if the addition of arginine to PDEi can
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increase the efficacy of treatment, thereby reducing the dosage
of PDEi. Decreasing the dosage of PDEi is expected to partly
overcome its adverse effects, which have been the primary
disadvantage of this treatment. Measuring plasma arginine level
may help identify the potential cause of refractory ED, and
patients with low arginine would benefit the most from this
synergistic combination. This idea should be confirmed in
further studies.

Our meta-analysis has some limitations. First, the treatment
dosage and duration varied among studies, which may have
contributed to study heterogeneity. In addition, patients with
severe ED were excluded from our analysis. Therefore our results
cannot be applied to patients with severe ED. Moreover, the
etiology of ED was not clearly identified. Thus it is difficult to
interpret which type of ED would benefit the most from arginine
or supplements combined with arginine. More high-quality
studies distinguishing the severity and cause of ED and investi-
gating the dose dependency of each supplement are necessary to
establish which severity and type of ED would benefit the most
from these supplements.

CONCLUSIONS

The results of our systematic review and meta-analysis provide
evidence on the effectiveness and safety of arginine for mild to
moderate ED. Arginine and supplements combined with argi-
nine may play an important role in patients who are reluctant to
take drugs or are experiencing adverse effects and economic
burden.
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