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ABSTRACT

Testosterone concentrations in males tend to decline with advancing age. Low testosterone, also known as androgen deficiency (AD), is associated
with an increased risk of morbidity and mortality. Currently, the primary treatment for AD is testosterone replacement therapy (TRT), which may
exacerbate pre-existing medical conditions. Therefore, the use of alternative options, such as herbs, spices, plants, or their extracts, has been explored
as a potential treatment option for AD. The aim of this systematic review was to summarize and critically evaluate randomized controlled trials
published on the efficacy of single herbal ingredients on testosterone concentrations, in addition to its fractions or binding proteins, in men (≥18
y). From the 4 databases searched, there were 13 herbs identified in 32 studies, published between 2001 and 2019. The main findings of this
review indicate that 2 herbal extracts, fenugreek seed extracts and ashwagandha root and root/leaf extracts, have positive effects on testosterone
concentrations in men. Also, some evidence exists for another herb and herbal extract, Asian red ginseng and forskohlii root extract. Overall, 9 out
of 32 studies demonstrated statistically significant increases in testosterone concentrations. Moreover, 6 studies out of 32 were judged as having a
low risk of bias. Current evidence is largely based on young, nonclinical populations, with 16 out of 32 studies using men <40 y of age. Conclusions
are moderated by the paucity of research for many herbs, the variation in dosages and extracts used, small sample sizes, and the heterogeneity of
study characteristics. Also, further research is required before definitive conclusions on efficacy and safety can be made. This systematic review was
registered at PROSPERO as CRD42020173623. Adv Nutr 2021;12:744–765.
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Introduction
From the age of 30 onwards, testosterone concentrations
in men tend to decline at the rate of ∼1% per year (1–
6). Low testosterone, also known as androgen deficiency
(AD), or late-onset hypogonadism (LOH) when it occurs in
men >40 y of age, is associated with a range of morbidities
including major depressive disorder (7), type 2 diabetes (8),
obesity (9), and cardiovascular disease (CVD) (10). AD is
also associated with a reduced quality of life (11) and an
increased risk of mortality in men (12–14). For example,
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Laughlin et al. (12) observed over an 11.8-y period that men
with the lowest total testosterone (TT) concentrations had
a 40% greater likelihood of dying compared with men with
higher testosterone concentrations, even after controlling
for age, obesity, and lifestyle, whereas Pye et al. (13) noted
a 5-fold greater risk of all-cause mortality in men with
severe LOH compared with men without the condition, after
controlling for age, BMI, current smoking, and poor general
health. Testosterone replacement therapy (TRT), on the other
hand, was found to significantly increase survival rates of
hypogonadal men (15, 16).

Despite TRT being the primary treatment for men with
AD, its use remains controversial due to its association
with an increased risk of exacerbating pre-existing medical
conditions. Accordingly, men with existing prostate disease,
elevated hematocrit concentrations, high CVD risk, or
obstructive sleep apnea may be contraindicated for TRT
(17–20). Moreover, according to the US FDA, TRT is only
recommended for cases of “classic” or irreversible AD rather
than “functional”, age, or comorbidity-related AD (21). This

744 C© The Author(s) 2020. Published by Oxford University Press on behalf of the American Society for Nutrition. All rights reserved. For permissions, please
e-mail: journals.permissions@oup.com. Adv Nutr 2021;12:744–765; doi: https://doi.org/10.1093/advances/nmaa134.

https://academic.oup.com/advances
mailto:steve@clinicalresearch.com.au
mailto:journals.permissions@oup.com
https://doi.org/10.1093/advances/nmaa134


recommendation is endorsed by the Endocrine Society of
Australia (20). Therefore, strategies to increase testosterone
production and testosterone concentrations in men, without
the potential drawbacks associated with TRT, are highly
desirable and are key clinical objectives.

Plants and plant-based products, including herbs and
spices, have been used for millennia to improve the flavor
of food as well as to treat disease and improve overall health
and well-being (22). For example, saffron has demonstrated
antidepressant and anxiolytic effects (23), curcumin appears
to offer pain relief for sufferers of arthritis (24), and cinnamon
may support blood-sugar regulation in type 2 diabetics (25).
The popularity of herbal products in the United States con-
tinues to rise steadily, with annual sales increasing every year
for over a decade, with approximately US$8.8 billion worth of
products being sold in 2018 (26). The growth in popularity
of herbal products is reportedly due to several factors,
including perceived efficacy associated with a long history
of traditional use and apparent safety due to the perceived
absence of serious side effects (27). Given the increasing body
of research on herbal supplementation to support natural
hormone production, it presents as a potential treatment op-
tion for AD. A recent narrative review by Clemesha et al. (28)
concluded that many supplements claiming “testosterone-
boosting” properties, including formulations using herbs,
spices, plants, or their extracts, do not appear to be supported
by scientific evidence. However, the review of Clemesha et
al. (28) had several limitations such as using only a single
search term, “testosterone booster,” using only Google to
search for existing research, and examining only the top 50
supplements. Therefore, the aim of this systematic review was
to summarize and critically evaluate randomized controlled
trials conducted to assess the efficacy of single herbal ingre-
dients on testosterone concentrations, in addition to their
fractions or binding proteins, in men. “Herbs, spices, plants,
or their extracts” will henceforth be referred to as “herbs.”

Methods
Protocol, registration, data sources, and searches
The preparation of this systematic review followed the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (www.prisma-statement.org)
and was registered with the International Prospective Reg-
ister of Systematic Reviews (PROSPERO CRD42020173623)
(29). The strategy for preparing this systematic review used
the PICOS (population, intervention, comparator, outcomes,
and setting) approach, and was as follows:

� Population: adult male humans
� Intervention: herbs, spices, plants, or their extracts
� Comparator: placebo or control
� Outcomes: saliva, serum, or plasma testosterone con-

centrations
� Setting: any

The PICOS statement/question was as follows: “In adult
human males, does supplementation with herbs, spices,

plants, or their extracts affect testosterone concentrations
compared to a placebo?” Publications for this review were
obtained by searching the following databases: PubMed, Sco-
pus, Cochrane library, and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL). Databases were
searched from inception until March 2020. The literature
search strategy was designed around the search terms of 1)
testosterone or androgen and 2) herb∗ or spice or plant or
extract or Ayurved∗, with the Title and Abstract limiters
applied on the PubMed database. The search terms were
modified for each database using filters and limiters as
necessary. The reference lists of relevant papers were also
examined to locate additional studies that were not identified
by the initial database search.

Eligibility criteria
Inclusion criteria for eligible studies were as follows: 1)
randomized controlled study design (including crossover
study design); 2) recruited an adult (≥18 y), male, human
population, or if both genders were recruited, conducted
subgroup analyses on males; 3) examined the effects of a
single herb, spice, plant, or extract on serum, plasma, or saliva
testosterone concentrations (monotherapy); 4) included a
placebo or control as a comparator; 5) published in English;
6) had pre- and post-testing of testosterone concentrations in
male participants.

Data extraction and quality assessment
Two authors (SJS and ALL) completed the initial screening
to exclude irrelevant titles. The remaining abstracts and
subsequent remaining full-text articles were independently
screened by 2 authors (SJS and ALL) for eligibility. All
eligible studies were included in this review (Figure 1).
The data were extracted from each study and entered
into a template, which included the following parame-
ters: study, year (reference), study characteristics (design,
duration, country), participant characteristics (number of
participants, status, age, BMI), supplement characteristics
(ingredient and dosage), outcome measures, main results,
and study outcomes. The results of the data extraction are
detailed in Table 1. The results were detailed based on
the change in outcome measures between the intervention
and placebo groups with a probability value of P < 0.05
considered statistically significant. Due to the heterogeneity
of study methodology (i.e., intervention time frame), study
population, types and dose of herbal ingredients, and the
limited number of replicable studies, a meta-analysis was not
conducted.

Risk of bias of the included studies was assessed using
the Cochrane Collaboration’s tool for assessing the risk of
bias in randomized trials (30). The risk-of-bias assessment
was independently conducted by 2 authors (SJS and SYMT).
Each study was scored based upon its risk of bias being low,
with some concerns, or high for each criterion. The results
of the assessment are summarized in Supplemental Tables 1
and 2.
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FIGURE 1 Study selection process.

Outcome measures
Testosterone, its fractions, and binding proteins were all
examined in this systematic review. These included TT,
(calculated) free testosterone (FT), measurement of FT,
bioavailable testosterone (BT), and sex hormone–binding
globulin (SHBG). Measurements were provided per specific
unit of plasma, serum, or saliva. The inclusion of the
testosterone fractions and binding proteins were deemed
important since only ∼2% is “free” testosterone, with the
remaining testosterone “bound” to proteins (predominantly
SHBG, ∼40–45%) (31–33) and controversy existing regard-
ing the relative importance of “bound” and “unbound”
testosterone (34). FT or BT (the combination of FT and
albumin-bound, “weakly-bound” testosterone) have been
suggested as more effective measures for diagnosing AD,
particularly as men age (32).

Results
The initial search identified 4384 unique studies, of which
32 randomized controlled trials were identified as eligible
following assessment using the selection criteria (Figure 1)
(35–66). Only the outcome measures from men were used

in this review. Included trials were published between
2001 and 2019 and used either a parallel (35–49, 51, 52,
54–64, 66) (n = 29) or crossover (50, 53, 65) (n = 3)
design.

Study characteristics
Sample sizes ranged from 7 to 620 and ages of the male partic-
ipants ranged from 18 to 79 y. Two studies out of 32 included
both male and female participants (2488 participants in total;
2446 males and 42 females). The mean BMI (in kg/m2) of
the participants ranged from 22.26 to 32.6. Study durations
were from 2 h up to 6 mo, with 2 studies having durations of
2 h and 10 h, respectively, and the remaining studies having
durations from 4 wk to 6 mo. Details of studies included in
this review are outlined in Table 1.

Adverse events and tolerability
All herbal extracts were well tolerated, and the incidence of
adverse events was low. Rao et al. (58) reported that there
were 5 minor adverse events. These included headaches,
dizziness, nausea, and increased asthma symptoms. However,
they may not have been attributed to the treatment. Rao
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and Grant (57) reported 4 incidents of reflux during their
study. Ismail et al. (45) reported a total of 31 adverse events,
with all of them being assessed as unlikely related to the
treatment.

Panax ginseng (Asian ginseng)
Seven studies were conducted examining the effects of
Asian ginseng on testosterone concentrations (36–38, 47,
49, 56, 65). All studies used berry or root extracts of
Asian ginseng (Panax ginseng), with the root reported as
Korean red ginseng, a processed form (67). Six studies
used a randomized, double-blind, placebo-controlled study
design (36–38, 47, 49, 56), and 1 study used a randomized,
controlled crossover study design (65). A total of 512 male
participants were recruited for the studies involving Asian
ginseng, with ages ranging from 18 to 79 y and samples sizes
ranging from 8 to 143 participants.

Only 1 study demonstrated positive effects of Asian gin-
seng supplementation on testosterone (47), while 6 studies
showed no effect of supplementation (Table 1). The positive
study by Jung et al. (47), recruited 72 overweight men
(intervention group: 48.2 ± 10.9 y; control group: 45.2 ±
9.7 y) with metabolic syndrome. Participants supplemented
with 3.0 g of Asian red ginseng (details of extract preparation
not provided) daily for 4 wk significantly increased their TT
concentrations (5.6%) compared with those in the placebo
group (−2.9%) (P < 0.05). Two studies (38, 65) recruited
healthy young (age range: 18–40 y) men. In an acute study
(2 h) conducted in 8 men with a mean age of 21.3 ± 0.7 y,
supplementation of 20 g of Korean red ginseng root extract
did not increase testosterone concentrations (65), while in
30 healthy, endurance-trained men, aged between 18 and
40 y, Panax ginseng (an ethanolic liquid extract equivalent
to 2 g of dried root, daily) did not increase testosterone
concentrations after 6 wk of supplementation (38). Three
studies recruited participants with erectile dysfunction (36,
37, 49). In 119 men with erectile dysfunction, aged between
20 and 70 y, an Asian ginseng berry ethanolic dry extract
standardized to 10% ginsenoside Re (made from dried de-
seeded berries from 4-y-old ginseng plants) at a daily dosage
of 1.4 g for 8 wk was not associated with a significant
between-group difference in testosterone concentrations
(36). This outcome was similar to that of an 8-wk study
in 143 men (33–79 y) with erectile dysfunction, using a
slightly higher dose (2 g/d) of tissue-cultured mountain
(Asian) ginseng (root) extract (49), as well as another study
using a longer intervention (12 wk, 3 g/d, Korean red
ginseng; details of extract preparation not provided) in 60
men (26–70 y) with mild-to-moderate erectile dysfunction
(37). The final study using Asian ginseng was conducted
in 80 infertile men, aged between 25 and 45 y (56). Daily
supplementation with 1.5 g Korean red ginseng (6-y-old
ginseng, steamed, dried, and powdered) over 12 wk resulted
in no significant between-group differences in testosterone
concentrations.
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Trigonella foenum-graecum (fenugreek)
Six studies (42, 53, 57, 58, 63, 64) were conducted exam-
ining the effects of fenugreek seed extracts on testosterone
concentrations. Three studies used the Testofen® extract,
manufactured by GencorTM (also known as Fenu-FG)
(details of extract preparation not provided) (57, 58, 63) and
the other 3 studies used the extracts IND9, manufactured
by Indus Biotech® (53), Furosap®, manufactured by Chemical
Resources (CHERESO) (42), and an extract standardized
for Grecunin, manufactured by Indus Biotech® (64) (details
of all extract preparations not provided). Five studies were
randomized, double-blind, placebo-controlled trials (42,
57, 58, 63, 64) and one was a randomized, double-blind,
placebo-controlled crossover study (53). A total of 366 male
participants were recruited for the studies, with ages ranging
from 18 to 72 y and samples sizes ranging from 16 to 120
participants.

Four of the 6 studies demonstrated increased testosterone
concentrations with fenugreek supplementation (42, 53, 58,
64), while 2 studies (57, 63) showed no effect of supplemen-
tation (Table 1). Three out of 4 studies also demonstrated
positive effects on (calculated) FT (53, 58, 63), and the 2
fenugreek studies that included BT as an outcome measure
demonstrated positive effects (53, 64). The acute study by
Mokashi et al. (53) recruited 16 healthy men aged between
18 and 45 y (sequence active-placebo (AB): 24.5 ± 5.63 y;
sequence placebo-active (BA): 27.62 ± 4.4 y). Participants
supplemented with a fenugreek seed extract (IND9), at a daily
dosage of 600 mg for 10 h, increased their TT concentrations
(IND9: 28.0%; placebo: 5.8%; P = 0.018), calculated FT (cFT)
concentrations (IND9: 37.5%; placebo: 15.5%; P = 0.038),
and BT (IND9: 33.8%; placebo: 8.8%; P = 0.025). However,
there were no between-group differences in the concentra-
tion of the directly measured FT (P > 0.05). Two studies
(42, 64) recruited healthy, young (18–30 y) men. A fenugreek
seed extract, Furosap® (250 mg daily), supplemented for
12 wk was associated with a significant increase in TT
concentrations (22.7%) compared with the placebo group
(−2.0%) in young men (n = 40; 18–30 y; mean: 24.02 ± 3.9
y) (42), while in 30 healthy men, aged between 18 and 24
y, a fenugreek seed extract (standardized for Grecunin), at
a daily dosage of 500 mg, was associated with a significant
increase in TT concentrations (6.6%) compared with the
placebo group (−13.3%), and a significant increase in BT
concentrations (12.3%) compared with the placebo group
(−14.3%) after 8 wk of supplementation (64). In a 12-wk
study conducted in 120 overweight or obese men, aged
between 43 and 70 y (intervention group: 54.8 ± 6.9 y; control
group: 56.4 ± 7.4 y), supplementing with 600 mg daily of a
specialized fenugreek seed extract, Testofen®, was associated
with a significant increase in TT concentrations (12.2%)
compared with the placebo group (−6.1%) (P = 0.001)
and an increase in cFT concentrations (9.5%) compared
with the placebo group (−9.1%) (P = 0.002). There was
no statistically-significant difference in SHBG concentrations
between the 2 groups (58). The 2 studies that showed no effect
of fenugreek supplementation on TT concentrations (57, 63)

recruited healthy men, with participants in the Rao and Grant
(57) study including men with benign prostate hyperplasia
(BPH). In the 8-wk study conducted by Wankhede et al.
(63), the researchers examined the effects of a fenugreek
seed extract, Fenu-FG, on testosterone concentrations in
60 healthy men aged between 18 and 35 y (intervention
group: 23.21 ± 3.73 y; control group: 21.62 ± 3.96 y). A daily
dose of 600 mg of the fenugreek seed extract was associated
with a significant increase in FT concentrations (98.7%)
compared with the placebo group (48.8%) (P < 0.05).
However, no significant difference in TT concentrations was
found between the groups. In the 12-wk study conducted
by Rao and Grant (57) in 100 men with BPH aged between
53 and 72 y (intervention group: 61.8 ± 8.0 y; control
group: 64.0 ± 7.7 y), the 12-wk administration of Testofen®
(600 mg/d) was associated with no significant difference in
any hormone concentrations between the intervention and
placebo groups.

Withania somnifera (ashwagandha)
Four studies were conducted examining the effects of
ashwagandha on testosterone concentrations (35, 50, 51,
62). Two studies used a patented ashwagandha root extract,
KSM-66®, manufactured by Ixoreal (using a water-based
extraction process, standardized to 5% withanolides) (35,
62), and the other 2 studies used another patented root and
leaf extract, Shoden®, manufactured by Arjuna Natural (using
a 70:30 ethanol:water extraction process, standardized to
35% withanolide glycosides) (50, 51). Three studies used a
randomized, double-blind, placebo-controlled study design
(35, 51, 62), and 1 study used a randomized, double-blind,
placebo-controlled, crossover study design (50). A total of
197 male participants were recruited for the studies, with ages
ranging from 18 to 70 y and sample sizes ranging from 46 to
60 participants.

Three of the 4 studies demonstrated positive effects of
ashwagandha supplementation on testosterone concentra-
tions in men (35, 50, 62), while 1 study (51) showed no
effect of supplementation (Table 1). Two of the studies
demonstrating positive effects recruited men with no known
clinical conditions (50, 62). The study by Lopresti et al.
(50), recruited 57 overweight men with mild fatigue, aged
between 40 and 70 y (group 1, placebo-active: 51.66 ±
1.19 y; group 2, active-placebo: 50.07 ± 1.26 y). The 8-
wk administration of an ashwagandha extract (Shoden®),
delivering 21 mg of withanolide glycosides/d, and which
was preceded by 8 wk of supplementation with a placebo,
was associated with significantly-higher testosterone con-
centrations (16.6%) compared with the opposite protocol,
ashwagandha followed by placebo (−11.2%) (P < 0.01).
While in 57 young males, with a mean age of 28 y, an
ashwagandha extract (KSM-66®), at a daily dosage of 600 mg
for 8 wk, was associated with a significant increase in
testosterone concentrations (15.3% increase) compared with
the placebo group (2.7% increase) (P < 0.001) (62). The
other positive study examined the effect of KSM-66® on
46 infertile men with a mean age of 34 y (intervention
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group: 32.38 ± 5.49 y; control group: 35.28 ± 4.31 y).
Supplementing with 675 mg/d of KSM-66® was associated
with a significant increase in testosterone concentrations
(17.3% increase) after 90 d compared with the placebo
group (3.8% increase) (P < 0.01) (35). The 1 study that
showed no effect of an ashwagandha extract, Shoden®,
on testosterone concentrations in men was conducted by
Lopresti et al. (51). The researchers examined testosterone
concentrations in 60 stressed, healthy men and women with
a mean age of 41 y. In the male participants (n = 19), daily
intake of 240 mg of the ashwagandha extract was associated
with no statistically-significant difference in testosterone
concentrations compared with the placebo group after 60 d of
treatment. However, the ashwagandha group did significantly
increase testosterone concentrations (11.4%) compared with
baseline values (P = 0.038).

Tribulus terrestris (tribulus)
Four studies (39, 48, 54, 61) examined the effects of Tribulus
terrestris on testosterone concentrations. Two studies used
patented extracts, Trib Gold, manufactured by Nerhadou
International, standardized to contain up to 45% steroidal
saponins (extract source not provided) (39), and Tribestan,
manufactured by Sopharma, delivering a minimum of
675 mg furostanol saponins (from overground parts of the
herb) (48). Santos et al. (61) and Neychev and Mitev (54) both
used a dry extract of tribulus. Three studies were randomized
controlled trials (39, 48, 54) and 1 study was a randomized,
double-blind, placebo-controlled trial (61). A total of 301
participants were recruited for the studies involving Tribulus
terrestris, with ages ranging from 18 to 65 y and sample sizes
ranging from 21 to 180 participants.

There were no significant between-group differences in
any of the 4 studies; however, in a 3-mo study conducted
by GamalEl Din et al. (39), the researchers found that TT
concentrations were significantly higher in the tribulus group
after 3 mo of treatment (27.0%) with a daily intake of
750 mg of a Tribulus terrestris extract (Trib Gold), compared
with their baseline results (P < 0.001). A between-group
analysis was not conducted on this study. GamalEl Din et
al. (39) recruited 70 middle- to older-age men with erectile
dysfunction and lower urinary tract symptoms (intervention
group: 55.69 ± 9.35 y; control group: 58.38 ± 9.71 y).
Kamenov et al. (48) also recruited men with mild-to-
moderate erectile dysfunction. In this 12-wk study with 180
men (intervention group: 44.11 ± 12.37 y; control group:
41.18 ± 12.36 y), the administration of 1.5 g of a tribulus
extract (Tribestan) daily was associated with no significant
difference in TT concentrations between the groups (48).
Two studies (54, 61) recruited healthy men but with varying
ages. The study conducted by Santos et al. (61) recruited an
older cohort of 30 healthy men (intervention group: 60.0 ±
9.4 y; control group: 62.9 ± 7.9 y). Daily supplementation
with 800 mg of a tribulus extract for 30 d did not increase
testosterone concentrations, while in the Neychev and Mitev
study (54) in 21 participants aged 20 to 36 y, a tribulus extract
at 2 doses, 10 mg kg−1 d−1 (3 divided doses) or 20 mg

kg−1 d−1 (3 divided doses), did not increase testosterone
concentrations after 4 wk of supplementation.

Lepidium meyenii (maca)
Three randomized, double-blind, placebo-controlled studies
(41, 52, 66) examined the effects of maca on testosterone
concentrations. Two studies used gelatinized maca (41, 52)
and 1 study used a dried maca extract (66). A total of 126
male participants were recruited for the studies, with ages
ranging from 20 to 56 y and sample sizes ranging from 20
to 56 participants.

There were no statistically-significant increases in testos-
terone concentrations after 12 wk of supplementation in
any of the trials. The study by Zenico et al. (66) recruited
50 men with mild-to-moderate erectile dysfunction (mean
age: 36 ± 5 y). Participants supplemented with 2.4 g of
maca (pulverized, dehydrated maca root) daily did not
increase testosterone concentrations compared with the
placebo group. Two studies (41, 52) recruited healthy men
(age range: 20–56 y). In a study conducted in 20 healthy
men between the ages of 20 and 40 y, supplementing with
1.75 g of gelatinized maca (dried hypocotyls of maca were
rehydrated and pressurized under moist conditions) daily
was associated with no significant difference in testosterone
concentrations compared with the placebo group (52), while
in a study of 56 healthy men aged between 21 and 56
y, 3 gelatinized (method not described) maca doses and
schedules (1500 mg/d, 3 divided doses; 3000 mg/d, 3 divided
doses; 1500 mg/d, 1 dose) were associated with no significant
difference in testosterone concentrations compared with the
equivalent placebo doses and schedules.

Rhodiola rosea (rhodiola)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of a rhodiola extract
(standardized to 3% rosavins) on testosterone concentrations
(46). Four weeks of supplementation with 600 mg/d of a stan-
dardized rhodiola extract in 26 healthy men (intervention
group: 20.9 ± 0.2 y; control group: 20.5 ± 0.3 y) did not
significantly increase testosterone concentrations compared
with the placebo group.

Chlorophytum borivilianum (musali)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of a musali root
extract (water extract of dried root tubers) on testosterone
concentrations (59). Twelve weeks of daily supplementation
with 1.0 g of a musali extract in 40 healthy men, aged between
20 and 40 y, did not significantly increase testosterone
concentrations compared with the placebo group.

Garcinia cambogia (garcinia)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of a garcinia extract
(standardized to contain 60% hydroxycitric acid; details of
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extraction process not provided) on testosterone concen-
trations (43). Twelve weeks of daily supplementation with
1667 mg of garcinia, equivalent to 1000 mg of hydroxycitric
acid, in 25 overweight or obese men aged between 20 and
65 y did not significantly increase testosterone concentrations
compared with men in the placebo group.

Coleus forskohlii (forskohlii)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of a forskohlii root
extract, manufactured to contain a forskolin concentration
of 10% (Forslean) daily (extraction process not provided)
on testosterone concentrations (40). Twelve weeks of sup-
plementation with 500 mg forskohlii in 30 overweight or
obese men aged between 18 and 37 y (intervention group:
24.4 ± 5.9 y; control group: 28.7 ± 8.6 y) was associated
with a significant increase in testosterone concentrations
(13.6%) compared with the placebo group (−2.9%) (P
< 0.05). However, there was no significant difference in FT
concentrations between the groups.

Ganoderma lucidum (reishi)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of reishi extract (dried
and chipped with 30% ethanol) on testosterone concen-
trations (55). Sixteen weeks of daily supplementation with
6 mg/d of reishi extract in 88 men with slight-to-moderate
lower urinary tract symptoms and aged >49 y (intervention
group: 64.0 ± 6.9 y; control group: 64.0 ± 8.0 y) did not
significantly increase testosterone concentrations compared
with the placebo group.

Urtica dioca (stinging nettle)
One randomized, double-blind, placebo-controlled, partial-
crossover study was conducted examining the effects of
a stinging nettle root extract (synthesized from the roots
via a fractional percolation process and standardization)
on testosterone concentrations (60). Six months of daily
supplementation with 360 mg of stinging nettle root extract
in 620 men with lower urinary tract symptoms and a mean
age of 63 y (intervention group: 64.0 y; control group: 62.0 y)
did not significantly increase testosterone concentrations
compared with the placebo group.

Eurycoma longifolia (longjack)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of a longjack extract
(Physta®, manufactured by Biotropics; freeze-dried water
extract) on testosterone concentrations (45). Twelve weeks
of daily supplementation with 300 mg of a longjack extract
in 109 healthy men (or men with stable chronic medical
conditions) and aged between 30 and 55 y (intervention
group: 43.6 ± 6.52 y; control group: 42.8 ± 6.73 y) did not
significantly increase testosterone concentrations compared
with the placebo group.

Cordyceps sinensis (cordyceps)
One randomized, double-blind, placebo-controlled study
was conducted examining the effects of cordyceps (manu-
factured by a submerged culture technique with the mycelia
spray-dried to obtain a powder) on testosterone concentra-
tions (44). Eight weeks of daily supplementation with 2.4 g of
a cordyceps extract in 16 healthy men aged between 19 and
25 y did not significantly increase testosterone concentrations
compared with the placebo group.

Assessment of studies’ risk of bias
The risk-of-bias assessment (Supplemental Tables 1 and 2)
revealed some concerns for most of the included studies. Six
studies (50, 52, 55, 56, 61, 63) out of 32 were judged to have
a low risk of bias due to their strong methodological designs.
Conversely, the study by Rath and Panja (59) was judged to
have a high risk of bias since it had some concerns arising
from its randomization process (domain 1) and a high risk
of bias for its measurement of the outcome (domain 4) and
selection of the reported result (domain 5). The remaining
studies (25/32) were judged as having some concerns for
their risk of bias due to potential biases arising from the
randomization process (domain 1) (35–49, 51, 53, 54, 57,
58, 60, 62, 64–66), with Gaffney et al. (38) also being judged
as having some concerns for its risk of bias due to missing
outcome data (domain 3).

Discussion
The main findings of this review indicate that some herbs,
particularly fenugreek seed extracts and ashwagandha ex-
tracts, have positive effects on testosterone concentrations in
men. Overall, 9 out of 32 studies demonstrated significant
increases in testosterone concentrations. Fenugreek seed
extracts (positive findings in 4 out of 6 studies) and
ashwagandha root and root/leaf extracts (positive findings in
3 out of 4 studies) demonstrated the most consistent increases
in testosterone concentrations. Fenugreek seed extracts also
demonstrated efficacy for increasing (calculated) FT and BT
concentrations. While limited to support from a single trial,
a forskohlii root extract was associated with increased TT.
Asian ginseng also had 1 study demonstrating its efficacy
in increasing testosterone (extract details not provided), but
there were 6 studies demonstrating no effect. The paucity
of high-quality randomized controlled trials examining the
effects of herbs on testosterone concentrations in men, along
with the heterogeneous cohorts assessed in these trials,
precludes definitive conclusions being made.

In support of the findings of this review, a recent
meta-analysis of clinical trials on fenugreek seed extract
supplementation reported a significant increase in testos-
terone concentrations (68). This meta-analysis included 4
studies (42, 58, 63, 64) but did not include 2 of the
studies included in this review because it was conducted
in late 2018 and excluded studies with a duration <4 wk.
Similar to the findings of the current review, Qureshi et al.
(69) conducted a systematic review on all tribulus studies
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examining various forms of testosterone in animals and
humans and concluded that the evidence indicated that it
is ineffective at increasing testosterone concentrations in
humans. Additionally, all studies examining the effect of
maca on testosterone concentrations have previously been
reviewed by Gonzales et al. (70) and were determined to not
affect serum concentrations of testosterone.

Despite a lack of robust support for herbal supplemen-
tation increasing testosterone concentrations in men, there
are potential mechanisms of action. These include anti-
inflammatory and antioxidant properties of some herbs (69–
74); decreasing the main counterregulatory hormones of
testosterone, such as cortisol (75–78); or changing activity of
key enzymes associated with testosterone production (72, 74,
77–80). For example, inflammation and oxidative stress have
an inverse relationship with testosterone, as demonstrated by
several human and animal trials (9, 81–83). Therefore, herbs
with anti-inflammatory and antioxidant properties may have
a positive effect on testosterone concentrations. For example,
ashwagandha’s antioxidant and anti-inflammatory effects,
which have been demonstrated in animal and in vitro studies
(71–73), may be associated with increased testosterone
concentrations if the underlying cause of low testosterone
is inflammation or oxidative stress. Asian ginseng also has
antioxidant properties, which reduce lipid peroxidation and
increase glutathione peroxidase concentrations (74), and it
is noteworthy that the only study demonstrating benefits
of Asian ginseng recruited individuals with metabolic syn-
drome (47). Moreover, the testosterone-enhancing effects
identified in the single study on forskohlii (40) are consistent
with the results of an animal study where reproductive
toxicity in rats, induced by the pro-oxidant mancozeb,
was attenuated by forskohlii supplementation, potentially
resulting from its antioxidant properties (84).

Another potential mechanism through which herbs may
increase testosterone concentrations in males is by amelio-
rating cortisol production. Since cortisol, the body’s major
stress hormone, is inversely correlated with testosterone
concentrations (85), reducing its production may elevate
testosterone concentrations. In several human trials, ashwa-
gandha supplementation was associated with reduced cor-
tisol concentrations (75, 76), potentially contributing to the
testosterone-enhancing effects identified in 3 out of 4 studies
herein. Moreover, in animal studies, the administration of 4-
hydroxyisoleucine, an extract from fenugreek seeds, lowered
serum cortisol concentrations (77). In this review, Asian
ginseng only had 1 study out of 7 demonstrating a positive
effect on testosterone concentrations in men; however, its
administration reduced cortisol concentrations in adults
experiencing high work stress (78).

Herbs may also influence the activity of enzymes associ-
ated with testosterone production. For example, in an animal
study, Asian ginseng reduced the activity of 5α-reductase, the
enzyme responsible for the conversion of testosterone into
dihydrotestosterone (DHT) (80). Similarly, in vitro studies
demonstrated reishi’s ability to inhibit the activity of 5α-
reductase (79, 86, 87).

Moreover, fenugreek seed extracts also demonstrated
a positive effect on BT concentrations. This means that
testosterone may have a greater physiological effect in the
body when concentrations of these biomarkers are elevated.
If future, robustly-designed studies demonstrate consistent
positive effects of some of these herbs on testosterone
production, further research will also be required to elucidate
their potential mechanisms of action.

In this systematic review, many studies were underpow-
ered, making it difficult to obtain statistically significant,
between-group differences. Moreover, explanations were not
provided for anomalous results. For example, reasons for
2 of the 6 fenugreek seed extract studies and 1 of the
4 ashwagandha root/leaf studies not achieving significant
differences between groups were not discussed. However, it is
possible that the populations examined (young men and men
with BPH) may have been a factor. Also, the quality of studies
identified in this review was variable, with 1 study assessed
as having a high risk of bias due to concerns associated with
randomization and the measurement and reporting of the
outcome. Most included studies (n = 26) were assessed as
having some concerns as their overall risk of bias. Only 6 out
of 32 studies were assessed as having a low risk of bias due to
their strong methodological study designs.

Strengths and limitations
A strength of this systematic review is the inclusion of
only randomized controlled trials investigating the effect
of a single herb on testosterone concentrations in men. In
addition, given the existing controversy regarding the relative
importance of “bound” and “unbound” testosterone (34),
data for testosterone fractions and binding proteins were
extracted and presented in the current review to increase
the scope of findings. A limitation of this review is the
exclusion of non-English studies. In addition, many of
the studies included in this review have design flaws that
adversely affect the strength of conclusions derived from
this systematic review. The heterogeneity of herbal extracts,
various dosages used, and differences in sample types (serum,
plasma, and saliva samples) make comparing studies and
conducting a meta-analysis difficult. For example, the studies
on ashwagandha used dosages ranging from 240 to 675 mg/d,
with varying standardization and extraction processes and
different sample types. Also, the studies on fenugreek used
4 different extracts, with dosages ranging from 250 mg/d
up to 600 mg/d. Moreover, several studies did not provide
specific details of extracts as recommended by the National
Center for Complementary and Integrative Health (88),
making duplication of those studies difficult.

Directions for future research
The paucity of high-quality studies investigating the effects
of herbs on testosterone production in men means further
research is required. This involves increasing sample sizes to
ensure studies are adequately powered, ensuring reliable and
valid testing methods are used to measure testosterone con-
centrations, elucidating mechanisms of action, and assessing
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the efficacy and safety associated with acute and chronic
herbal supplementation. The dosages used in the included
studies varied widely, making an evaluation of safety and
efficacy difficult. Moreover, there was significant variability
in the herbal extracts used, which may impact safety and
potency. Using standardized, replicable herbal extracts or,
where appropriate, reporting the concentration of the active
ingredient, can ameliorate some of these problems since
different parts of the plant (e.g., leaf, stem, or root), the time
of the year the herbs are harvested, how they are stored,
and how they are processed can all affect concentrations of
active ingredients (89). Even though some included studies
demonstrated positive effects on testosterone concentrations,
it is important that these effects are associated with mean-
ingful health-enhancing benefits. This may be determined by
examining concurrent improvements in mood, quality of life,
and/or physical function; changes in biomarkers associated
with comorbid conditions (inflammatory markers, oxidative
stress markers, etc.); and/or changes in anatomical markers
(muscle girths, body composition, microbial diversity, etc.).
For example, studies in this review, such as Guo et al. (42),
identified a significant increase in lean body mass in addition
to a significant increase in testosterone concentrations from
12 wk of supplementation with a fenugreek seed extract.
Moreover, 8 wk of supplementation with an ashwagandha
root extract resulted in a significant increase in both muscle
strength and testosterone concentrations (62). In addition
to identifying the effects of herbal supplementation during
use, it will be useful to determine the duration of effects
once supplementation ceases. Moreover, how quickly herbs
influence testosterone concentrations in men needs to be
elucidated. This review included studies with a wide range
of durations, from 2 h up to 6 mo. This may moderate
the conclusions of the review since an herb’s efficacy may
only be identified with long-term use. However, this review
identified 1 study having significant positive effects on
testosterone concentrations with acute use (10 h, fenugreek
seed extract) (53). Examining the safety and efficacy of an
herb in different populations, such as healthy, aging men;
men with comorbid medical conditions such as metabolic
syndrome, obesity, or diabetes; men engaging in regular
exercise; and in men taking concurrent medications, will also
help to determine the most suitable groups to target for its
use. Finally, matching treatment based on presentation may
also clarify populations in whom herbal supplementation
may be most beneficial. For example, given that specific herbs
have anti-inflammatory and antioxidant activity, these may
provide the greatest benefits for men presenting with excess
premorbid inflammation or oxidative stress.

Conclusions
This systematic review provides some evidence that certain
herbs and herbal extracts increase testosterone concentra-
tions in men. Currently, the strongest evidence is for fenu-
greek seed extracts (Trigonella foenum-graecum; details of ex-
tract preparation not provided) and ashwagandha roots and

leaves (Withania somnifera; water-based or ethanol:water-
based, 70:30, extracts). However, conclusions are moderated
by the paucity of research for many herbs, the variation
in dosages and extracts used, small sample sizes, and the
heterogeneity of study characteristics. Further research is
required before definitive conclusions on efficacy and safety
can be made. Moreover, making specific recommendations
for certain herbs should be done cautiously until further
robust research is conducted.
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