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L-arginine: an amino-acid supplement and a

potential precursor to nitric oxide

The primary neurotransmitter that mediates

penile erection is the compound nitric oxide (NO)
[1–3], which is released during nonadrenergic,
noncholinergic neurotransmission and from the
endothelium. Within the muscle, NO activates

a guanylyl cyclase, which increases the production
of intracellular levels of cyclic guanosine mono-
phosphate (GMP). Cyclic GMP is an intracellular

second messenger that mediates smooth muscle
relaxation and activates specific protein kinases
that phosphorylate specific proteins to cause an

openingof potassiumchannels, a closing of calcium
channels, and an overall sequestration of intracel-
lular calcium. The decrease in intracellular calcium
relaxes smooth muscle and increases the flow of

This article reviews popular components of the nu-

merous dietary supplements for treatment of erectile

dysfunction (ED).
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penile blood. L-arginine, an amino acid, is a pre-
cursor to NO. It is possible that taking this

precursor in a concentrated pill may alleviate ED
in some men. Large sources of dietary nonconcen-
trated L-arginine exist in the food supply. Whether

these sources improve ED is unknown, but they
may improve cardiovascular function [4], which in
turn promotes healthy erectile or sexual function.

For example, legumes, whole grains, and nuts can
provide several grams of L-arginine per day when
consumed in moderate-to-large amounts [5].

Three, noteworthy, small, pilot clinical studies

of L-arginine versus placebo have been completed.
The first study, a placebo-controlled clinical trial
that used L-arginine, 2800 mg/d, for 2 weeks,

found that 40% of patients had improvement in
their erections [6]. Responders were younger and
had better overall vascular function by hemody-

namic investigation than the nonresponders. The
second pilot trial included L-arginine, 1500 mg/d,
versus placebo for 2 weeks for men with mixed-

type ED. L-arginine at this dosage did not
demonstrate a benefit compared with placebo [7].
In the third trial, 50 patients were given a high
hts reserved.
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dosage of L-arginine (5 g/d) or placebo for 6 weeks
for organic ED that was mostly the result of
diabetic or arteriogenic etiologies [8]. Approxi-

mately 31% of the men in the L-arginine group
self-reported an improvement compared with 12%
in the placebo group. The difference was statisti-
cally significant. Additionally, men who improved

had low concentrations of NO in the urine. The
primary side effect was a reduction of systolic or
diastolic blood pressure of approximately 10% in

the L-arginine group. Men secreting low levels of
NO who are willing to take fairly large daily
dosages of L-arginine may observe a benefit.

Larger randomized clinical trials are needed,
but L-arginine seems to be an exception to the
observation that dietary supplements provide little
to no benefit for men with ED. Recent cardiovas-

cular studies using large oral dosages (12 g/d) of
L-arginine versus placebo for 3 weeks in hypercho-
lesterolemic men with normal blood pressures have

demonstrated reductions in blood pressure and
homocysteine levels [9]. The ability of L-arginine
to improve certain types of ED seems plausible

given its effects on vascular endothelial function,
but whether it is practical to ingest it in expensive
megadoses for a long time to prevent or treat ED

needs to be addressed in the medical literature.

The anabolic steroid supplements

Why are anabolic steroid supplements available
for over-the-counter (OTC) purchase in the United

States? This question should be addressed before
discussing the benefits and limitations of these
substances. Their availability is a result of two

federal laws passed in the past 15 years [10]. The
1994 Dietary Supplement and Health Education
Act (DSHEA) allows virtually any substance to

become a dietary supplement as long as the
manufacturer does not make any specific health
claims on the container label. More specific to
anabolic supplements is the 1990 Anabolic Steroid

Control Act, which requires the following four
criteria to be met for the removal of an anabolic
dietary supplement:

� Molecular structure related to testosterone

� Pharmacology related to testosterone
� Cannot be an estrogen, progestin, or cortico-
steroid

� Cannot promote muscle growth

Androstenedione and dehydroepiandrosterone
(DHEA) have molecular structures and pharma-
cology similar to testosterone, but are not estro-
gens, progestins, or corticosteroids. These
supplements are available for purchase OTC
because they have not demonstrated muscle

enhancement or growth in clinical trials using
smaller dosages. They may promote muscle
growth when higher dosages are used, but these
trials have not been completed or the findings

have not been consistent [11]. Other androgenic-
anabolic steroids have demonstrated positive
effects on muscle size and strength with certain

types of resistance training [12,13]. Therefore,
under federal law, manufacturers are allowed to
sell these types of supplements.

Androstenedione

Normally, androstenedione is produced by the
gonads and adrenal glands, and can be converted
to testosterone [14]. Some plants also can produce

androstenedione, and it has been touted as a
‘‘natural’’ alternative to anabolic steroid use and
as a potential supplement to treat ED.

Several short, randomized trials of androstene-
dione have been completed to determine its effects
on a variety of body functions. In one trial

conducted in 1998, 30 healthy young men (19–29
years of age with normal testosterone levels) were
assigned randomly androstenedione, 300 mg, or

placebo over 8 weeks [15]. Significant increases in
testosterone levels did not occur and supplemen-
tation had no effect on muscle size and strength.
Individuals in the androstenedione group experi-

enced an increase in serum levels of estrone and
estradiol. These findings suggest that more aroma-
tization occurred with androstenedione or from

increasing testosterone levels. The ingestion of
androstenedione also was associated with reduced
serum levels of high-density lipoproteins (HDL), or

‘‘good cholesterol,’’ of approximately 10%.
Other clinical studies have found similar and

other effects of androstenedione dietary supple-
ments [16–21]. For example, 42 healthymen (20–40

years of age) received androstenedione, 100 mg or
300 mg, daily for 7 days; a similar group received
no supplements [18]. The men receiving no supple-

ments or androstenedione, 100 mg, demonstrated
no significant mean increases in testosterone levels.
The group receiving androstenedione, 300 mg,

experienced a mean increase in testosterone levels
of 34%. Estradiol levels increased by 42% and
128% for the 100 mg– and 300 mg–groups,

respectively.
A short clinical trial of 55 healthy men (30–56

years of age) used androstenedione, 100 mg, or
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placebo three times daily for 28 days [20]. Total
serum testosterone and prostate-specific antigen
(PSA) levels were not affected by supplementation,
but increases in free testosterone, estradiol, and

dihydrotestosterone (DHT) levels were observed.
Decreases in serum HDL cholesterol levels also
occurred in the supplemented group. No difference

in the perception of mood, health, or libido oc-
curred between treatment and placebo groups,
which has been documented in other studies with

this and other related supplements [21].
In summary, several randomized trials of

androstenedione have demonstrated a good cor-

relation between dosage and estradiol levels and
an inverse relationship with HDL levels. Other
potential benefits, such as increased muscle mass
or improved sexual function, have not been found

compared with placebo. This is a concern because
these supplements may have an effect opposite to
those advertised. Estrogen has been associated

with favorable cardiovascular benefits [22], but
in men these benefits may increase the risk of
cardiovascular disease [23], gynecomastia [24],

pancreatic cancer, and other medical conditions
[25]. Reductions in HDL also diminish cardiovas-
cular protection [26]. With greater intakes of

androstenedione, or in men with low baseline
levels of testosterone, these supplements may
increase testosterone levels [18,20], but the associ-
ated negative effects do not make these supple-

ments an option for most individuals.
The results of short-term clinical trials should

encourage men and women to inquire about

testosterone replacement instead of consuming
a supplement that provides only a precursor to this
and other hormones. For example, a small pilot

study randomly assigned postmenopausal women
(n = 30) to a single oral dose of androstendione,
0 mg, 50 mg, or 100 mg [27]. Large increases in
serum testosterone and estrone levels were ob-

served only with the 50 mg– and 100 mg–doses,
which was not surprising given that these women
already had lower levels of these two hormones.

These supplements tend to produce higher levels of
hormones that are initially low, and have a smaller
effect on hormone levels in the normal-to-high

range. Testosterone replacement may be an attrac-
tive option for some women or men, but more
research is needed [28–30].

Dehydroepiandrosterone

DHEA supplements are derived from plants
such as the wild yam, and must be converted in
a laboratory to produce a DHEA-like structure
[31]. Many OTC DHEA supplements have not
undergone this conversion, and thus contain
minimal to no DHEA-specific activity. In post-

menopausal women, active DHEA taken orally
increases serum testosterone levels [32–36]. Studies
withDHEAalso demonstrate increases in estradiol

levels in postmenopausal women and women with
panhypopituitarism [32,33,37]. Other potentially
potent DHEA supplements contain the same

estrogen-producing qualities from clinical trials
with men [38]. Hypogonadal men, or those re-
ceiving androgen suppression or luteinizing hor-

mone–releasing hormone agonist treatment for
prostate cancer may experience a subsequent
testosterone increase (flare) or transient symptom-
atic benefit with DHEA, but other associated

negative effects make these supplements an un-
attractive option [39,40]. Receiving a precursor to
testosterone does not make clinical sense; testos-

terone itself (if a patient qualifies) would be more
sensible and practical. An analogy would be
choosing a precursor to salicylic acid versus aspirin

for cardiovascular prophylaxis. One does not
substitute necessarily for the other and the pre-
cursor may not be as effective for the condition.

An exception to testosterone replacement is in
men with normal testosterone levels and poten-
tially low levels of serum DHEA. A small,
randomized trial of men (n = 40) with DHEA

sulfate levels below 1.5 lmol/L and normal serum
levels of testosterone, DHT, prolactin, and PSA
ingested DHEA, 50 mg/d, versus placebo for 6

months [41]. All of the men initially had achieved
a full erection with prostaglandin E1, 10 lg, and
patients with obvious or well-known causes of

organic ED were excluded from the study. DHEA
treatment was correlated with higher mean scores
for all five domains of the International Index of
Erectile Function (IIEF), despite no increases in

serum levels of hormones or other parameters,
except for a significant increase in serum DHEA
that began at 8 weeks and remained throughout

the treatment duration compared with placebo. An
initial increase in testosterone levels also occurred
and remained in the DHEA group compared with

placebo (at 8 weeks); estrogen levels or lipid
markers were not measured.

Some men with early organic or psychogenic

ED may benefit from small doses of DHEA.
Larger randomized trials of greater duration are
required, however. A follow-up to the above study
that included more men and more definable

etiologies for ED demonstrated that oral DHEA
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could benefit men with ED caused by hyperten-
sion or without an organic etiology [42]. Men with
diabetes mellitus or with neurologic conditions

did not benefit from DHEA. In the Massachusetts
Male Aging Study, DHEA was the only hormone
measured that demonstrated an inverse correla-
tion with ED [43]. Further studies should address

whether replacement or pharmacologic doses of
DHEA affect ED [11].

Ginkgo biloba: a circulation enhancement

supplement good for dementia and

erectile function?

Ginkgo biloba for the treatment of ED has
gained interest in alternative medicine circles for
reasons including the apparent benefits of this
herbal product in other areas of medicine. Some

clinical evidence demonstrates ginkgo extracts can
improve vascular perfusion, butmost of these trials
have focused on its use in dementia, and a specific

extract was used rather than a variety of com-
pounds from the plant [44–46]. Ginkgo has been
approved in Germany for dementia and limited

clinical data suggest it may improve chronic
cerebrovascular insufficiency.No studies have been
published on the use of ginkgo for ED following

localized or advanced prostate cancer treatment,
but there have been other relevant studies.

One study treated 60 patients who did not
respond to papaverine injections (50 mg or less)

with an extract ofGinkgo biloba, 60mg, for 12 to 18
months [47]. No placebo group was included.
Ultrasonography detected an improved blood

perfusion after 6 to 8 weeks in some men; after
6 months 50% of the patients regained erectile
function; in a smaller number, papaverine injec-

tions were later successful. In 1998 the study’s
authors presented the results of a placebo-con-
trolled, double-blind, randomized, follow-up study
using an extract of ginkgo, 240 mg/d, for 24 weeks

versus placebo for vasculogenic ED [48]. No
significant difference was found between the two
groups, which highlights the continuing need for

quality randomized studies before recommenda-
tions can be made.

Ginkgo needs to be tested alone or in combina-

tion with other drugs for patients who experience
ED from a variety of etiologies before a conclusion
can be drawn, and no current data support its use

for patients with any type of ED. Perhaps most
important, several studies have suggested that
ginkgo may increase bleeding time, increase the
risk for hemorrhages, and enhance the action of
anticoagulants [49–52]. Further studies need to
be completed to confirm this finding because of

gingko’s widespread use in the population com-
pared with the limited number of adverse effects
published [53]; for patients it seems better to be safe
than sorry.

A clinical study of sexual dysfunction caused by
the use of selective serotonin reuptake inhibitor
(SSRI) antidepressants reported a 91% ‘‘relative

success’’ in women (n = 33) and 76% in men
(n = 30) when ginkgo extract, 209mg/d, was taken
for approximately 1 month [54]. Ginkgo was

credited with improving sexual function, including
enhanced desire, excitement, orgasm, and resolu-
tion. A closer analysis of this manuscript revealed
numerous problems [55], however. No placebo

group was used, and the overall success rate was
either misinterpreted or miscalculated. The article
reported a success rate of 84%, but when the

numbers are added, the rate is approximately 68%.
The authors did not report on other important
details, such as the treatment success or benefits of

the antidepressant for depression. Other medica-
tions that these patients were taking for other
comorbidites were not listed. The authors con-

cluded that the sexual side effects ‘‘appeared’’ to be
caused by the SSRIs, but no pretreatment evalua-
tion was reported, so the authors’ basis for this
conclusion is unknown. Finally, although ‘‘no

adverse side effects were reported,’’ a closer evalu-
ation of the data revealed some adverse effects (eg,
headaches).

A similar comparative clinical investigation
in similar patients found no improvement with
ginkgo compared with a placebo arm [56]. Other

recent ginkgo studies using a placebo for other non-
ED conditions have failed to observe significant
benefits [57]. Thus, any data advocating ginkgo
supplements for sexual function or ED improve-

ment are suspect until larger randomized trials are
completed. The best approach for a future clinical
study for ED would be to use the same ginkgo

extract used in clinical trials that demonstrated
success for patients with dementia compared with
placebo [46].

Korean red ginseng: another potential

nitric oxide producer and initial studies

Another potential exception to the lack of
promising data regarding the effectiveness of
dietary supplements is Korean red ginseng
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(Panax ginseng). Korean red ginseng is one of the
most commonly used ginseng products in the
United States; many brands are marketed under
the name Panax [58]. Korean red ginseng has been

investigated preliminarily against HIV [59], and to
reduce severe climacteric symptoms or improve
mood in postmenopausal women with limited

positive results compared with placebo [60,61].
Other studies with this herbal product have found
that it may contain numerous active compounds

[62], some with antiplatelet and blood-thinning
potential [63]. Korean red ginseng also may
improve vascular endothelial abnormalities in

hypertensive patients by increasing the concentra-
tion of NO [64].

A laboratory investigation of Korean red
ginseng on rabbit corpus cavernosal smooth

muscle found that it can cause a dose-dependent
relaxation by increasing the release of NO from
corporal sinusoids and may increase intracellular

sequestration of calcium [65]. A recent laboratory
study confirmed this finding and found that this
product may enhance peripheral neurophysiologic

mechanisms [66]. Two small clinical trials of
Korean red ginseng have provided encouraging
results [67,68]. A trial published in 1995 divided 90

patients with ED into three groups of 30 that were
given Korean red ginseng, placebo, or trazodone,
respectively [67]. No significant changes in the
frequency of intercourse, premature ejaculation,

and morning erections occurred posttreatment in
any group. The group taking Korean red ginseng
experienced significant positive changes in other

erectile parameters such as penile rigidity, penile
girth, libido, and patient satisfaction versus the
other groups. Approximately 60% of the patients

taking ginseng experienced a therapeutic benefit
versus 30% for the placebo and drug groups. No
complete remissions of ED were recorded. Be-
cause penile hemodynamic changes did not occur

after administration of this form of ginseng, it is
difficult to determine whether it had an effect
without further investigations. Korean red gin-

seng’s apparent ability to increase NO levels or
reduce fatigue, insomnia, or depression demon-
strates that specific compounds from this herb

may benefit some types of ED or sexual dysfunc-
tion [60,66].

A double-blind, placebo-controlled, crossover,

preliminary trial of Korean red ginseng enrolled
45 patients with ED without previous treatment
from a urology clinic in Korea in 8 weeks of
treatment, a 2-week washout period, and another

8 weeks of treatment [68]. The dose of oral
ginseng was 900 mg three times daily. The mean
patient age was 54 years, 70% of the men had
moderate or severe ED as measured by a Korean
version of the IIEF, and over 50% of the men had

organic comorbidities (eg, hypertension, diabetes
mellitus, dylipidemia). Exclusion criteria included
men with a history of radical prostatectomy,

neurologic problems, hormonal and chemother-
apy treatment, Peyronie’s disease, substance abuse,
and drugs that interfere with sexual function. All

patients had baseline evaluations including IIEF
self-assessment, measurement of rigidity and
tumescence experienced during audiovisual sexual

stimulation, penile duplex ultrasound, and re-
sponse to an intrapenile injection of papaverine,
phentolamine, and prostaglandin E1. Patients
were assessed every 4 weeks during the two 8-

week treatment intervals. Improvement was mea-
sured by self-report on the IIEF and its subscales
and by objective assessments of penile blood flow,

size, and rigidity. Follow-up was complete at 16
weeks of treatment.

The study was underpowered to find statisti-

cally significant improvement in some clinical out-
comes, such as improvement in orgasmic function
or overall satisfaction for men and their partners.

Nonetheless, mean IIEF scores were significantly
higher in the ginseng-treated patients (38.1� 16.6,
from baseline 28.0� 16.7) compared with placebo
(30.9� 15.7, from baseline 28.0� 16.7), as were the

parameters of penetration andmaintenance. When
analyzed individually, scores for erectile function,
sexual desire, and intercourse satisfaction were im-

proved significantly with ginseng. Approximately
60% of treated patients experienced an improve-
ment in erection compared with 20%with placebo.

This yields a number needed to treat of 2.5, but this
is a small study, and no data were reported for
partner satisfaction. Penile-tip rigidity (measured
by RigiScan, Timm Medical Technologies, Eden

Prairie, Minnesota) also improved significantly
with ginseng compared with placebo. In addition,
there was no significant difference recorded in

orgasmic function and overall satisfaction between
the two treatments.

The authors commented that the mechanism of

action for ginseng probably was not related to
testosterone levels, which did not change signifi-
cantly during the study, although serum testoster-

one normalized after ginseng in four of the seven
patients with a decreased baseline level; more
research is needed to resolve this issue. Other
potential mechanisms of action, such as an inhibi-

tory effect on the uptake of gamma-aminobutyric
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acid, glutamate, dopamine, and other neuro-
transmitters and increased production of NO
were proffered from animal data [69,70]. This

small trial supports ginseng for some subjective
symptoms of ED and enhanced penile-tip rigidity,
but this supplement needs a larger placebo trial to
determine its overall role for ED treatment. Re-

gardless, this trial has generated positive attention
in primary care medicine, which may be in part due
to the low cost of Korean Red Ginseng (approx-

imately 6 cents per 500-mg capsule) compared to
FDA-approved, prescribed oral agents [71].

In another small trial, researchers from Brazil

included 60 men with mild-to-moderate ED (mean
age 53.4 years, range 26–74 years) in a double-blind
trial of Korean red ginseng, 3 g/d, compared with
placebo for 3 months [72]. Compared with the

placebo group, the ginseng group reported signif-
icant improvement in the IIEF erectile domain
score and on all questions of this domain in-

dividually, with maintained response during the 3
months of follow-up. A significantly higher per-
centage of men (66.6%) believed the ginseng

treatment improved their erections and sexual
intercourse compared with placebo (18.5%,
P<0.001). The baseline and 3-month glucose,

cholesterol (total cholesterol and triglycerides),
and hormone (testosterone and prolactin) levels
were similar for both agents. Side effects observed
in the treatment arm (3.7%) included headache,

insomnia, drowsiness, and spontaneous regression
during the first month. Two patients (7.4%) noted
delayed ejaculations during the second and third

month of treatment. This small trial may indicate
thatKorean red ginsengmaybenefit somemenwith
ED, but the presentation did not mention the

etiology of ED in these men.

Yohimbine: a drug copycat that is difficult to

find in most dietary supplements

Yohimbine is an indole alkaloid extracted
from the bark of West African yohim trees [73].
It is a prescription drug that obtained FDA

approval for pupillary dilation. Yohimbine seems
to produce blood-vessel dilation and increase
perfusion; thus, researchers began to test its

ability to improve erectile function. Yohimbine
contains some compounds similar to an alpha-2
adrenoreceptor antagonist with central and pe-

ripheral effects. It functions primarily at receptors
in brain centers associated with libido and
erections. A meta-analysis of seven randomized
trials of over 400 men with ED from a variety of
etiologies found that yohimbine (15–43 mg/d) was
better versus placebo for all forms of ED

combined, but its most apparent improvement
occurred with nonorganic ED [74]. The most
common adverse effects are palpitations, fine
tremor, elevation of diastolic blood pressure,

anxiety, and nausea. Yohimbine is not recom-
mended for individuals with organic ED because
there are more effective ED agents and its overall

effect seems minimal [1].
Yohimbe is available as an OTC supplement,

but it is questionable whether such supplements

have value or contain the active ingredient found
in yohimbine [75–77]. In 1995, the FDA found
little or no yohimbine in most (11 of 18) of
yohimbine supplements brands tested [77]. None

of the other seven brands contained amounts of
yohimbine similar to those used in clinical trials.
Thus, there seems no justification for purchasing

a dietary supplement that claims to contain
yohimbine. If a patient expresses interest in this
compound or in combining it with other ED

treatments, the possibility of using the prescrip-
tion drug should be the focus of the conversation.

Zinc: hype, hope, minimal medical evidence, and

a major health concern for many individuals

Approximately 15% of the United States
population uses dietary supplements containing

zinc [78]. It may surprise some people, however,
that the current recommended dietary intake of
zinc is low, as listed in Table 1 with dietary levels of

copper. Because large doses of zinc can decrease the
concentration of copper in the body, a proper
balance or intake between the two is important [79].

The recommended daily allowance (RDA) of
zinc is 11 mg for men, but some individuals may
ingest far more zinc daily [80]. The reasons for this

Table 1

Current government guidelines for daily recommended

dietary allowance and appropriate intake levels of zinc

and copper

Age Zinc (mg) Copper (lg)

0–6 mo 2 200

7–12 mo 3 220

1–3 y 3 340

4–8 y 5 440

9–13 y 8 700

14–18 y 11 (boys), 9 (girls) 890

19 or more y 11 (men), 8 (women) 900
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discrepancy are not understood, but may include
highly publicized reports in alternative medicine
publications that advocate the use of zinc supple-
ments to treat everything from the common cold

to ED. Another potential reason for greater zinc
intake is the observation from several laboratory
studies that zinc may inhibit the growth and

progression of prostate cancer [81–85].
The concentrationof zinc in the prostate gland is

greater than that in any other human tissue in the

body [86]. Zinc levels in cancerous prostate tissue
are reduced substantially compared to normal
prostate tissue, which may suggest that prostate

cancer is a state of zinc deficiency that may be
corrected or prevented by greater zinc intake.Other
laboratory and clinical studies suggest that larger
intraprostatic or serum zinc concentrations may

increase the risk for or progression of prostate
cancer. For example, zinc promotes the activity of
the enzyme telomerase, which is thought to play

a role in the proliferation of cancer cells, and the
overall activity of which is increased in prostate
cancer tissue [87,88]. Zinc also can abolish the

inhibitory activity of bisphosphonate drugs on
prostate cancer cell invasion, which is a serious
concern [89,90] because these drugs can impact

a variety of cancers [91,92]. Human studies also
suggest that higher zinc intakes are correlated to
circulating levels of insulin-like growth factor–1
[93] and testosterone [94], both of which may be

related to an increased risk for prostate cancer.
Several studies have demonstrated the potential

for zinc to increase prostate carcinoma risk; one of

the most prominent epidemiologic investigations
was taken from the Health Professionals Follow-
Up Study [80]. Approximately 47,000 American

menwere included in this prospective investigation.
During 14 years of follow-up, 2901 new cases of
prostate cancer were found; 434 of these cases were
diagnosed as advanced prostate cancer. Research-

ers found zinc supplement doses of 100mg/d or less
did not correlate to a risk for prostate cancer. Men
that ingested more than 100 mg/d of zinc supple-

ments had a significantly higher risk for being
diagnosed with advanced prostate cancer (relative
risk = 2.29) compared with nonusers, however.

Men that consumed zinc supplements for 10 or
more years also had a significantly higher risk for
being diagnosed with advanced prostate cancer

(relative risk = 2.37). In this cohort, approximately
32% of the total zinc intake was from dietary
supplements, the largest source of zinc intake.
Other sources included beef (11%) and breakfast

cereals (5%). Zinc from food sources, however, was
not correlated with prostate cancer risk. Men
consuming zinc supplements also consumed more
supplemental calcium, multivitamins, vitamin E
supplements, lycopene, iron, copper, folate, and

fish, but consumed less redmeat andwere less likely
to have a history of PSA screening compared with
nonusers of zinc supplements. Researchers attemp-

ted to identify confounding factors in this in-
vestigation. One analysis restricted the study
population tomen reporting lower levels of calcium

supplement intake and adjusted for intakes of iron,
copper, folate, benign prostatic hyperplasia (BPH),
and other factors, but this had no impact on the

final results. Therefore, zinc supplements were still
the most likely etiology from this investigation.

Increased zinc ingestion also may increase the
risk of BPH. The impact of dietary zinc intake on

subsequent intraprostatic zinc levels is not known,
but a case-controlled study fromGreece of diet and
BPH observed that greater intakes of dietary zinc

had the most significant correlation with the
overall risk of BPH (odds ratio = 1.89) [95]. Zinc
(mostly from meat and seed sources) was correlat-

ed more closely with BPH risk than any other
evaluated dietary nutrient, and also strongly
confounded the relationship of saturated fat with

the risk for BPH. Therefore, the conclusion that
meat consumption increases the risk for prostatic
disease may be too simplistic. Other factors in
meat, such as zinc, may have a stronger effect. Zinc

concentration increases in BPH tissue [86,96–102].
Testosterone seems to be involved in the de-
velopment of BPH and prostate cancer, and it

significantly increases the concentration of cellular
and mitochondrial zinc. Laboratory investigations
have observed that androgen uptake by the

prostate was increased significantly by the addition
of zinc [99]. Zinc also seems to affect the enzyme 5-
alpha-reductase in the prostate [103]. Whether this
is a favorable or unfavorable effect has yet to be

researched.
Zinc supplements may benefit a variety of

medical conditions, including the common cold

[104], acne [105], acute diarrhea [106], progressive
myoclonic epilepsy [107], and Wilson’s disease
[108,109]. The negative effects of zinc supplements

may outweigh the benefits in many individuals,
however, and the benefits of zinc supplements for
more benign conditions such as the common cold

have been challenged by other investigations [110].
As an example of zinc’s negative effects, excess zinc
intakemust be included in the differential diagnosis
of sideroblastic anemia [111]. The diagnosis of

zinc-promoted copper deficiency can be established
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from reduced serum copper and ceruloplasmin
levels along with an increased zinc serum level.
Therefore, reducing or ceasing zinc supplementa-

tion may reverse anemia and neutropenia in some
individuals.

A small, older clinical study raised concerns
with the ingestion of larger doses of zinc supple-

ments. Ingestion of elemental zinc, 150 mg, twice
a day (300 mg/d total) for 6 weeks in 11 healthy
adult men demonstrated general immune dysfunc-

tion that began to reverse with the cessation of the
zinc supplements [112]. Levels of serum HDL
significantly decreased, and levels of low-density

lipoproteins (LDL or ‘‘bad cholesterol’’) were
increased in these men. These negative effects on
cholesterol may have contributed to the lympho-
cyte and polymorphonuclear leukocyte abnormal-

ities in this investigation. Zinc supplements in
large doses also may decrease antioxidant defense
pathways that may be vital to cancer or other

disease prevention [113]. Animal studies have
found that zinc may inhibit the cancer-protective
ability related to selenium ingestion [114].

There isminimal evidence that zinc supplements
can affect ED. Several studies have tested zinc
supplements on sexual function, but they mostly

included men on kidney dialysis. Some studies
demonstrated a benefit, but others found none
[115,116]. Patients on dialysis may have a zinc
deficiency with hyperprolactinemia that consum-

ing supplemental zinc may correct and produce
greater levels of male hormone [99,117]. These
investigations, however, cannot assess properly

what role zinc may have in general ED treatment.
Clinicians should explain to patients that the
evidence is not available and taking zinc supple-

ments can result in numerous adverse effects.
It is concerning that many of the popular

alternative medicine books seem to promote the
use of zinc supplements for ‘‘prostate health’’ or

‘‘sexual health’’ with little data to support or refute
these claims. Research not only challenges this
assertion but seriously questions the advisability of

larger intakes of zinc supplements and dietary zinc.
More research is required. Health professionals
should express to patients concerned with prostate

disease, ED, and other conditions that with few
exceptions, zinc supplements can produce serious
adverse consequences. Zinc in many multivitamins

seems to be adequate, especially when the supple-
ment contains the RDA, but larger intakes of
individual zinc supplements (eg, 100mg/d ormore)
should be discouraged until adequate research

resolves this issue.
Other dietary supplements: the present

and future

Many dietary supplements have limited clinical

data, so it is difficult to evaluate their effect on any
form of ED. For example, Avena sativa (wild oats,
oat bran, or oatstraw) can reduce cholesterol and
possibly blood pressure [118–121]. Several dietary

supplements for ED contain some concentrations
of Avena sativa, perhaps because reducing choles-
terol levels or blood pressure or altering the male

hormone milieu may impact ED favorably. No
specific trials of Avena sativa and ED have been
published, and beyond a potential cardiovascular

benefit, no comment can be made regarding its
efficacy. Other OTC, soluble-fiber products [122–
124] with some cholesterol-lowering ability, such as
psyllium, pectin, guar gum, and locust bean gum,

may comprise partially some ED supplements with
the thought that cholesterol reduction could lead
to enhanced erectile function. No clinical trials

have used these compounds for ED, however.
Other potential cholesterol-lowering products or
supplements, such as soy, may be found in some

supplements, but it and other OTC products’
minimal-to-moderate ability to decrease choles-
terol remains controversial [125–127]. It seems that

any product that can affect cholesterol (or weight)
has the potential to become a part of an ED sup-
plement, and the limitations of these marketing
claims without evidence from clinical trials should

be discussed with patients inquiring about these
agents.

Tribulus terrestris is a plant that grows in

numerous countries around the world. It contains
many unique compounds that have steroid-like or
steroid saponin activity [128–130]. A compound

called protodioscin can be extracted from some of
these plants under appropriate conditions and
apparently transformed into DHEA [131]. Some
laboratory investigations have found this com-

pound potentially improves erectile function [132,
133]. It has failed in initial studies to change body
composition, enhance exercise, or impact testos-

terone levels in young men, but increases levels of
androstenedione or estradiol when combined with
otherDHEA-like products [17,134].Results similar

to those observed with androstendione/DHEA
could be expected, but adequate clinical trials
addressing its individual impact or other unique

effects on hormonal levels in hypogonadal men or
those with ED have not been published.

Other ED supplements such as damiana (Turn-
era diffusa) combined with other herbals, vitamins,
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Table 2

A summary of alternative therapies and commercially available erectile dysfunction supplements

Alternative/supplement Overall evidence

Acupuncture Psychogenic ED; needs a randomized trial.

Androstenedione/DHEA Increase estradiol and testosterone levels in men with normal testosterone

levels; lowers HDL by an average of 10%. May increase testosterone

levels dramatically in hypogonadal men. May benefit men with

nonorganic and other ED and suboptimal levels of these precursors

Ginkgo biloba May have a blood-thinning effect. Lacks benefit in a studies with men

with ED.

Korean red ginseng (Panax ginseng) Three preliminary trials suggest a potential benefit for men with ED, but

quality control is a serious issue and more randomized trials are needed.

L-arginine A precursor to NO. High doses may benefit men that secrete low levels of

NO. May lower blood pressure. Needs more randomized trials.

Yohimbine Supplements probably contain little to no yohimbine. Prescription form is

best and may benefit some with psychogenic ED. Can cause serious

side effects.

Zinc May benefit those with a severe zinc deficiency. Otherwise, there is a

lack of data and high dosages can be dangerous and immunosuppresive.

Other supplements Avena sativa and other potential cholesterol and blood-pressure reducers,

and Tribulus terrestris (precursor to DHEA) need clinical trials.

A recent study of a Chinese herbal combination demonstrated no

impact on sexual function versus placebo.

Antioxidants in combination with orally

approved FDA medications

Folic acid plus vitamin E may enhance the response to sildenafil in men

that failed to initially respond to sildenafil. Other oral drugs plus other

supplements (eg, yohimbine and arginine) may enhance erectile

response. Large placebo-controlled trials are needed to confirm

these observations.
minerals, or other plants and their extracts

have demonstrated initial promising results in
women and men [135,136], but larger randomized
trials are required to confirm efficacy and de-
termine their safety profiles and mechanisms of

action.

Combining prescription drugs and supplements

through adequate clinical research: the new

frontier?

A fascinating and exciting potential use of
dietary supplements for ED is to enhance available
prescription agents for ED. Some preliminary

research has shown the potential for a synergistic
effect. Recent animal studies suggest that diabetic
rats given a combination of sildenafil and vitaminE

had lower activities of phosphodiesterase-5 com-
pared to rats given sildenafil alone [137]. Thus, an
antioxidant may enhance the response of sidenafil

in diabetic men, but clinical studies are needed.
In a recent study, 124 men (mean age 57.2

years) with ED (etiologies not listed) that did not

respond to sildenafil took folic acid, 5 mg, and
vitamin E, 800 IU, daily, along with sildenafil pro
re nata, 50 mg to 100 mg [138]. The response to
this therapy was evaluated at a 6- to 12-week

interval. Researchers found that 59 men (89.4%)
chose the combined regimen and three chose
sildenafil only. Thirty-six (61%) men had a partial
or complete response to the combined regimen,

with 32 men (88.9%) reporting excellent or
satisfactory results. Seventeen men (28.8%) re-
ported a poor response, four men (6.8%) reported

a moderate response, and six men (10.2%) did not
use the dietary supplement regimen or sildenafil.
Among men that did not respond to the supple-

ment regimen with sildenafil, eight responded to
further treatments such as intracaversonal injec-
tion (six men), testosterone (one man), and a penile

implant (one man). Of the original nonresponders,
84.7% were salvaged using the dietary supplement
or salvage treatments. No side effects were
reported in the vitamin E and folic acid group. A

placebo-controlled trial is needed, but the potential
for dietary supplements to enhance the response to
a conventional drug dose is intriguing.

A recent cardiovascular study of patients
postangioplasty found that individuals taking
a daily supplement that included 1 mg of folic

acid, 400 lg of vitamin B12, and 10 mg of vitamin
B6 had a lower risk for another procedure, death,
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and nonfatal myocardial infarctions compared
with placebo after 1 year of study [139]. Thus,
antioxidants have the potential to improve vessel

patency, which can be translated indirectly to
studies of men with ED that has a vasculogenic
etiology. Other potential combinations of drugs
and supplements, such as L-arginine and yohim-

bine, have demonstrated efficacy for ED patients
in a smaller trial [140], but more studies are
needed because other combinations of supple-

ments alone have not provided a benefit in some
trials [141]. Definite answers will be achieved only
through adequate research.

Summary

It seems naı̈ve to believe that some plants or

herbs do not contain specific compounds that could
benefit patients with ED. Many supplements have
not been investigated in a laboratory or clinical

research setting before commercial sale, however,
which creates a complex situation. If efficacy is or is
not demonstrated through adequate research, then

the benefit or lack thereof cannot be mentioned on
the label. Furthermore, clinicians and the public
cannot be made aware of which compounds or

supplements are effective because no general stand-
ards for sale exist under the current guidelines.

Dietary supplements have received a tremen-
dous amount of publicity. The large and growing

market forED treatment seems to have contributed
partly to the promotion of numerous supplements
and their apparent benefits. Whether these dietary

supplements have merit is questionable. Some
supplements may produce results opposite to those
advertised. Other supplements may be enjoying the

benefits of the placebo effect. Because a placebo
response of 25% to 50% has been recorded in
clinical trials with effective agents, it is understand-
able that some supplements enjoy financial success

despite the limited research espousing their use. If
one to two of four individuals or one of three
individuals who try a dietary supplement gain some

benefit for their ED, the market for these supple-
ments will remain extraordinary. On a larger scale,
of 100,000 men who try a supplement, approxi-

mately 25,000 to 50,000 will claim some success.
The challenge for clinicians is to discuss the placebo
response properly and the need for good research

before any intervention, especially supplements,
can be advocated for general use. Table 2 summa-
rizes some popular ED supplements and general
conclusions that can be drawn from clinical
investigations.

Some dietary supplements may have an active

ingredient that benefits patients with certain types
of ED. An exciting area of future dietary
supplement research is the ability of certain agents
to have a synergistic effect with prescription

agents for ED, thereby improving response rates
in men that have failed approved ED therapy
initially, especially with oral agents. Randomized

clinical trials are the best method of determining
which dietary supplements will become a part of
conventional medicine. Therefore, more random-

ized trials for dietary supplements are needed so
that they may have the opportunity to become
a part of the mainstream milieu, which means that
more funding needs to be made available for ED

research. The coming years of research should
bring enormous excitement and objectivity to this
area of medicine.
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