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a b s t r a c t

Background: Ginseng has been used as an ergogenic agent, although evidence for its effectiveness is
weak. A randomized, double-blind, placebo-controlled clinical trial was conducted to evaluate the effect
of a ginsenoside complex (UG0712) on changes in exercise performance.
Methods: Sedentary individuals (n¼ 117) were randomly assigned into one of three groups: low-dose
ginsenoside supplementation (100 mg/d, n¼ 39), high-dose ginsenoside supplementation (500 mg/d,
n¼ 39), or a placebo group (500 mg/d, n¼ 39). All participants underwent a supervised 12-wk aerobic
and resistance exercise training course. To assess the effects of supplementation on physical perfor-
mance, maximal oxygen consumption (VO2max), anaerobic threshold (AT), lactic acid, and muscle
strength of the dominant knee were measured at baseline, every visit, and after the training program.
Results: Both ginsenoside groups showed significant increases in VO2max and muscular strength during
exercise training. There were no definite changes in AT and lactic acid levels over time. After exercise
training, there were definite differences in the VO2max (28.64.9 to 33.7� 4.9 ml/kg/min in high-dose
group vs. 30.4� 6.7 to 32.8� 6.6 ml/kg/min in placebo, p¼ 0.029) and AT (19.3� 4.2 to 20.9� 3.5 ml/
kg/min in high-dose group vs. 20.0� 5.1 to 20.0� 4.9 ml/kg/min in placebo, p¼ 0.038) between the
high-dose ginsenoside and placebo groups. However, there was no difference in VO2max between the
low-dose ginsenoside and placebo groups (p¼ 0.254). There were no differences in muscular strength
during exercise training among the three groups.
Conclusion: High-dose ginsenoside supplementation (UG0712) augmented the improvement of aerobic
capacity by exercise training.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ginseng is one of the best-selling herbal medicines in the world.
Ginseng preparations are used to improve cognitive function, im-
munity, and vitality in East Asia [1e4]. They have also been used as
ergogenic aids, which enhance physical performance and accel-
erate postexertional recovery [5,6]. Ginseng products are also
commonly used as ergogenic aids for athletes in the USA [7]. There
are many studies investigating the ergogenic action of ginseng in
experimental animal studies [8,9] and clinical studies, with mixed

results [10e12]. Several positive results have shown that ginseng
can improve physical performance [13,14]; however, there is min-
imal research evaluating the dose differences of ginseng’s effect.

Liang et al [13] reported that administration of high-dose
ginseng (1,350 mg) lowered oxygen requirement at the 24th min
during endurance exercise in healthy adults. Most studies exhibit-
ing positive effects of ginseng on physical performance were con-
ducted using a high-dose ginseng regimen [10e12,15], which was
suggested originally by Bucci [16]. It is difficult to compare the ef-
fects of ginseng directly because the amount, quality, and
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composition of ginseng supplements used in previous studies are
different [13,16,17]. The various forms of ginseng are also contro-
versial in the assessment of ginseng’s influence on physical per-
formance. Ginsenosides, found exclusively in Panax ginseng, are the
main active components responsible for ginseng’s efficacy [18,19].
To clarify the ginseng effect, research using standard complexes
such as G115 or ginsenosides (such as Rb1 or Rg3) has been rapidly
increasing [20].

UG0712 is a new standardized ginsenoside complex with 10%
protopanaxadiol ginsenosides Rg3, Rg5, and Rk1, which is higher
than the content in Korean white ginseng root (0.35%). Due to its
high concentration of ginsenosides, UG0712 is thought to have a
better ergogenic effect than other ginseng products.

This 12-wk randomized, placebo-controlled trial was aimed at
evaluating the efficacy and safety of daily UG0712 intake (100mg or
500mg), as an adjunct to aerobic and muscular exercise training, in
improving the physical performance of healthy sedentary adults.

Our hypothesis is that UG0712 might get a better augmentation
effect on maximal oxygen consumption (VO2max) change by ex-
ercise training compared to placebo.

2. Participants and methods

2.1. Study design

A randomized, double-blind, placebo-controlled trial was con-
ducted at a sports center located in the university hospital. After
screening, 117 participants were randomly assigned to one of three
groups: high-dose ginsenoside complex (n¼ 39); low-dose ginse-
noside complex (n¼ 39); or a placebo (n¼ 39), according to a
computer-generated randomization code that was provided by an
independent research organization (LSK Global PS). Block
randomization was used. Drug labels were applied to the capsule
bottles at the distribution center to make sure all study personnel
were blinded to the participant’s study group. After randomization
and baseline evaluation of physical performance, all participants
visited hospital three times for follow-up exercise test. The follow-
up interval was 4 wk with a 7-d window period. This trial was
conducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice guidelines [21]. The study
protocol was approved by the University Hospital Institutional
Review of Board (approval number IB-0708-046). All participants
provided written informed consent. Double blinding was con-
ducted for all study participants and investigators including clini-
cians, exercise supervisors, exercise specialists for testing, and
pharmacists.

2.2. Participants

The participants, who were aged> 20 yr with a sedentary life-
style, were enrolled via a standardized advertisement.We defined a
sedentary lifestyle as no regular exercise or sport participation in
the last 3 mo. There were 123 volunteers screened according to the
exclusion criteria. Their sociodemographic factors and past medical
history were noted, and physical performance tests were per-
formed. We excluded those with obesity (body mass index> 30 kg/
m2), cardiovascular disease such as myocardial infarction and
previous cardiac surgery, osteoarthritis, respiratory disease
[Chronic obstructive pulmonary disease (COPD), asthma], and other
conditions that could make exercise difficult. Participants were also
free of hypothyroidism, renal disorders, hepatic disorders, preg-
nancy, breast-feeding, and diabetes mellitus. Participants who took
drugs known to have an influence on exercise performance or re-
covery from postexercise fatigue (e.g., thyroxine or carnitine) 1 wk
before the study entry were excluded.

The sample size was calculated based on study of Pipat and
Kanyarat [6]. They reported the effect of 8-wk therapy of ginseng
with exercise training on change in VO2max. Based on this result,
the number of participants was generated using two-sample t test
so that the study may be able to compare each of UG0713 dose
groups with placebo group in terms of difference between their
pre- and post-treatment levels. With 27 per group, a total of 81
participants for this study was calculated to be required for analysis
of ginseng effect. Considering a 30% withdrawal rate, 117 partici-
pants were recruited, and 81 participants completed the study.

Hypothesis: H0 : ε¼ 0 versus H a : ε s 0, where ε¼ m2 e m1
Significance level a¼ 0.05
Test power 1� b¼ 0.8
Change in VO2max of control group in comparison to its pre-
treatment level

m1 � s1 ¼ 114:5� 4:3ð%Þ

Change in VO2max of test group in comparison to its pretreat-
ment level

m2 � s2 ¼ 124:5� 3:7ð%Þ

Pooled sample variance

s2 ¼ s2p ¼ ðn1 � 1Þs21 þ ðn2 � 1Þs22
n1 þ n2 � 2

¼ ð11�1Þ14:262 þ ð10� 1Þ11:702
11þ 10� 2

¼ 171:8677

Sample size

n1 ¼ n2 ¼
2
�
za=2 þ zb

�2
s2

ε
2 ¼ 2ð1:96þ 0:84Þ2171:87

ð124:5� 114:5Þ2
z27

2.3. Intervention

Eligible participants were randomly allocated into one of three
groups: high-dose ginsenoside complex (UG0712, 500 mg/d), low-
dose ginsenoside complex (UG0712, 100 mg/d), or a placebo (car-
boxy methyl cellulose, CMC 500 mg) group. The three study drugs
were identical in color, shape, and taste.

Briefly, ginseng leaf extract was purchased from Hongju Biotech
Co., Ltd. (Yanbian, China). UG0712 contained partially hydrolyzed
ginseng leaf extract under acidic conditions by optimizing the
blending ratio of Rd and Rg3 derivatives. It was standardized to
contain> 5% ginsenoside Rd, and> 10% ginsenoside Rg3 derivatives
(Rg3, Rg5, and Rk1) which are higher than in usual ginseng. UG0712
was supplied by Unigen, Inc (Cheonan, Chugnam, Korea) [22e24].
Placebo drug was CMC (500 mg). All participants were scheduled to
take the drug twice/d (UG0712 250 mg twice/d in high-dose gin-
senoside group, UG0712 50 mg twice per day in low-dose ginse-
noside group, or CMC 250 mg twice/d in placebo group).

The drug compliance rate was measured by a pill count method
by one pharmacist. Participants with drug compliance< 80% were
removed from the study. The participants were not allowed to
concurrently use the drugs prohibited at entry during whole period
of this study.

2.4. Exercise training

A 12-wk supervised exercise program was provided to all study
participants. They visited a single designated training center for the
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exercise program. The exercise intervention consisted of the pro-
grammed exercise for 60 min/session, three times/wk. Their ac-
tivities were taught and supervised by the experienced trainers
according to the study guidelines. The exercise program was
comprised of both aerobic and muscular strengthening exercises.
Moderate intensity aerobic exercise (70% of estimated VO2max)
was comprised of treadmill and cycle ergometer exercise for 30e40
min per session. The goal of each exercise was modified by
measured VO2max at every visit.

Muscular strengthening exercise was comprised of seven types
of progressive resistance training such as chest press, rowing,
lateral pull-down, leg press, leg extension, leg curl, and a multi-hip
exercise. After one repetition maximum of each muscle strength of
was measured, all participants started training with a weight with
60e65% of one repetition maximum for eight times and training
weight was increased when the participant gained the muscular
strength to endure 15 repetitions with the weight. Exercise
adherencewasmeasured using frequency of exercise at the training
center. If participants had< 50% of exercise compliance (<6 times/4
wk) at each visit, they were dropped from the study. The final
physical performance evaluation was requested for all participants
regardless of the drop out status.

2.5. Physical performance evaluations

For assessment of the ginsenoside complex’s effect on physical
performance, we compared the changes of the physical perfor-
mance measurements among the three groups. Four-time physical
performance evaluations were done at baseline and at each
monthly visit. Cardiopulmonary function, muscular strength of the
knee, and serum levels of lactic acid were the components of the
physical performance test. For cardiopulmonary function, VO2max
and anaerobic threshold (AT) were measured by a modified Bruce
protocol using a treadmill exercise test. It consisted of two stages of
warm-up, stages of exercise, and a cool down. The increment be-
tween the exercise stages was 1e1.5 metabolic equivalents. The
goal was eliciting a submaximal exercise effect with the heart rate
that was approximately 85% of the age-predicted maximum (220
minus age) at the end of the test. The test was terminated when the
participants achieved the expected heart rate goal or could no
longer continue exercise due to leg pain, dizziness, chest pain,
systolic blood pressure drop (> 10 mmHg), ST elevation, or ven-
tricular rhythm. The heart rate response to each exercise stage was
monitored using an electrocardiography monitoring system
(CH2000; Cambridge Heart, Cambridge, MA, USA). Oxygen uptake
(VO2; ml/kg/min) was measured via open circuit spirometry using
an automated gas analysis system (Quark b2; Cosmed, Pavona di
Albano, Italy) after being calibrated with standard gases. VO2 data
were collected using breath-by-breath method during a treadmill
exercise test. VO2max was calculated by the linear extrapolation of
the slope of submaximal VO2 and heart rate value to an estimated
maximal heart rate [25]. AT was automatically measured using the
V-slope method (Quark b2).

To measure the muscular strength, the isokinetic muscle
strength of the dominant knee was used, because it is the main
muscle of human body. Quadriceps muscle torque at 60� was
assessed during flexion and extension of their dominant knee using
an isokinetic torque machine (Cybex770 Norm; Lumex, Brooklyn,
NY, USA). Serum lactic acid was measured before the treadmill test
and at 20 min after the treadmill test to identify the accumulation
of lactic acid during exercise. Serum lactic acid measurements
(Lactate 2 generation; Roche, Basel-Stadt, Switzerland) were done
at every visit. All these tests were performed in the morning, at the
room that maintain the desired temperature level (22�) and desired
humidity level (65%).

Smoking and alcohol or caffeine intake were prohibited before
each test. Heavy exercise was not allowed from one day before an
exercise test to eliminate any confounding effects of the exercise.
Adverse effects of UG0712 and placebo were monitored during the
study period.

2.6. Statistical analysis

One-way analysis of variance and a Chi-square test were used to
examine the difference of the baseline characteristics among the
three groups. The VO2max and AT change over time of each group
were evaluated by a repeated measures (RM) one-way analysis of
variance . RM analysis of covariance was used to assess differences
in VO2max and AT changes among the three groups. The level of
physical performance at baseline was included as a covariate.
Dunnett’s multiple comparison tests were done as a posthoc anal-
ysis to evaluate differences in physical performance between two
groups. Quadriceps muscle torque and level of serum lactic acid
were also evaluated using the same analysis. VO2max, AT, and
muscle strength were assessed by both intention-to-treat (ITT) and
per-protocol (PP) analysis. A two-sided p value< 0.05 was consid-
ered to be statistically significant. Statistical analyses were done
using SAS (version 9.1.3; SAS Institute, Inc., Cary, NC) or STATA
(version 12 IC; Stata Corporation, College Station, TX, USA).

3. Results

Figure 1 shows the process of this study. Among 123 volunteers,
six were excluded by the exclusion criteria and 117 participated at
entry. The participants were 85 women and 32 menwith mean age
40.7� 8.1 yr (range, 22e60 yr; Table 1). Of the 117 participants, 87%
did no exercise at all at entry. Out of the 117 participants, 17
withdrew their consent (high-dose group¼ 4, low-dose group¼ 6,
and placebo group¼ 7). Another 19 participants dropped out dur-
ing the study period because of adverse drug events (n¼ 2), low
compliance of drug intake (n¼ 5) and exercise (n¼ 3), and
increased serum creatine kinase (n¼ 2). Finally, 81 (69.2%) partic-
ipants completed the study andwere included in the PP analysis set
(high-dose group¼ 30, low-dose group¼ 27, and placebo
group¼ 24). Sex, age, education, and health behavior of the three
groups were not significantly different at baseline, but alcohol
intake was different at baseline (Table 1).

VO2max of both high- and low-dose ginsenoside groups signifi-
cantly improved during exercise training period (from 28.6� 4.9 to
33.7�4.9 ml/kg/min, p < 0.001 in high-dose group(n¼ 39), from
29.1�4.7 to 33.3� 6.0 mL/kg/min, p¼ 0.005 in low-dose group
(n¼ 39), but no significant change was observed in VO2max of the
placebo group (from 30.4� 6.7 to 32.8� 6.6 mL/kg/min, p¼ 0.474,
n¼ 39; Table 2). The improvement pattern over time were also
observed in quadriceps muscle torque of high- and low-dose gin-
senoside groupsbut not in the placebo group. Therewerenodefinite
AT changes during exercise in all three groups (from 19.3� 4.2 to
20.9� 3.5mL/kg/min, p¼ 0.238 in high-dose group, from 18.8� 3.5
to 19.0� 3.7 mL/kg/min, p¼ 0.972 in low-dose group, and from
20.0� 5.1 to20.0� 4.9mL/kg/min,p¼ 0.366, inplacebo, Table2).No
changes over time were observed in serum lactic acid after exercise
among three groups. There was no interaction between time and
group (F 1.25, p¼ 0.28) in RM analysis of variance model. The
interaction variable was excluded in the final model.

The RM analysis of covariance with Dunnett’s multiple com-
parison tests showed the difference in VO2max increase from
baseline of three groups at each step. VO2max increase from
baseline of the high-dose group was significantly higher than the
placebo group after adjusting for baseline VO2max (p¼ 0.029;
Table 2). Although changes over time in AT of three group were
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subtle, we also observed higher increase from baseline in AT of the
high-dose group compared with the placebo group (p¼ 0.038;
Table 2). However, therewere no differences between the low-dose
ginsenoside group and placebo group in VO2max increase from
baseline (p¼ 0.254) and AT increase from baseline (¼ 0.963). The
same result was seen in comparison of the high dose and low-dose
ginsenoside group. Both ITT set and PP set analysis showed no

difference of change during exercise training in VO2max, AT, and
muscular strength among the three groups (Table 3).

Sixteen participants (13.6%) experienced adverse events during
study period (Table 4). However, most of these adverse events were
mild in intensity. Most common adverse events in three groups
were upper respiratory infection and knee pain. Ginsenoside group
showed allergic reaction. Others included diarrhea, increased blood
creatine phosphokinase and polycystic ovaries. Among the adverse
events, mild pruritus in the high-dose UG0712 group was regarded
as a drug-related adverse event.

4. Discussion

The major finding of this study is that ginsenoside supplemen-
tation had a better effect on increasing the VO2 max compared to
the placebo, during the 12-wk exercise training. This effect was
observed only in the high-dose (500mg) group. Our results support
the hypothesis that a positive ergogenic effect is associated with
ginseng supplementation in high-dosages.

Several researchers [16,26] have suggested the theory that sig-
nificant improvement in physical performance by ginseng only
occurs in the studies with high-dose ginseng, relatively longer
study durations (> 8 wk), and large numbers of participants. This
ergogenic effect of high-dose ginseng has been supported by the
results of recent clinical trials by Liang et al [13] and Kim et al [27].
These studies provide evidence that the different effects of ginseng
may be mediated by the dose. However, they did not compare
physical performance according to the dose. The strength of our
study is in the comparison of high-dose and low-dose ginseng
supplementation to a placebo, respectively, in the same time
period. Our study showed definite evidence of an ergogenic effect
of ginseng, but the effective amount of ginsenoside complex used
(UG0712 500 mg/d) was relatively lower than the that of previous
studies (e.g., 3 g, 6 g). This might be due to the difference in the type
of ginseng used. Ginseng used in previous studies were a standard

Fig. 1. Flow chart of the study process.

Table 1
Characteristics of the study population

Characteristic High-dose
(n¼ 39)

Low-dose
(n¼ 39)

Placebo
(n¼ 39)

p1)

Age (yr) 41.05� 7.19 40.18� 8.54 40.92� 8.61 0.878
Female (%) 31 (79.49) 27 (69.23) 27 (69.23) 0.503
Education (%) 0.431
� 12 yr 14 (35.90) 9 (23.08) 13 (33.33)
> 12 yr 25 (64.10) 30 (76.92) 26 (66.67)

Smoking (%) 0.999
Current smoker 7 (17.95) 8 (20.51) 8 (20.51)
Nonsmoker 30 (76.92) 29 (74.36) 29 (74.36)
Ex-smoker 2 (5.13) 2 (5.13) 2 (5.13)

Alcohol (%) 0.033
Yes 25 (64.10) 31 (79.49) 20 (51.28)
No 14 (35.90) 8 (20.51) 19 (48.72)

Coffee (cups/wk) 13.60� 10.50 14.79� 12.28 15.39� 8.87 0.799
Physical performance

at entry
VO2max 28.64� 4.87 29.09� 4.74 30.42� 6.73 0.336
AT 19.28� 4.23 18.83� 3.46 20.03� 5.11 0.466

Muscular torque of
knee (60

�
)

Right extension 102.79� 29.46 110.15� 39.94 119.64� 47.07 0.173
Right flexion 56.62� 18.37 57.31� 21.63 64.79� 24.84 0.189

Lactic acid change
after exercise

9.9� 13.5 11.0� 12.1 11.7� 15.4 0.870

AT, anaerobic threshold
1) The analysis of variance test was used for comparisons between groups in age,

coffee consumption amount, aerobic exercise, and physical performance at entry.
The Chi-square test used for education, smoking, and alcohol
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root extract (e.g., 0.35% ginsenoside in Koreanwhite ginseng extract
or 4% in G115) [28] but UG0712 is a new standardized complex with
a higher concentration of ginsenoside (10.01%). The amount of
ginsenoside is important for the ergogenic effect.

In this study, aerobic capacity (VO2max and AT) was significantly
increased by ginseng supplementation during exercise training.
Aerobic capacity has been the most important variable to prove the
ergogenic effect of ginseng in previous studies. Gross et al [29]
evaluated the effect of a ginseng extract (G115) on VO2max for 94
patients with moderately severe COPD. The patients received a pla-
cebo or 200 mg of G115 daily over a 3-month study period. VO2max
increased by 38% after 3 mo of ginseng supplementation. Pipat and
Kanyarat [6] also reported a significant increase inVO2maxafter 8wk

Table 3
The effects of the ginsenoside complex on changes of physical performance during 12-wk exercise training (PP)

Treatment Baseline 1st follow-up 2nd follow-up 3rd follow-up p

VO2max (mL/kg/min)
High-dose (n¼ 30) 28.6� 5.1 31.5� 5.1 31.8� 4.6 34.5� 4.4 <0.0011)

Low-dose (n¼ 27) 28.0� 3.5 30.0� 4.3 32.0� 4.8 33.7� 5.8 <0.0011)

Placebo (n¼ 24) 29.2� 5.0 30.3� 4.2 30.5� 4.9 32.6� 5.1 0.1041)

High-dose versus placebo 0.0482)

Low-dose versus placebo 0.1632)

Anaerobic threshold (mL/kg/min)
High-dose (n¼ 30) 19.3� 4.6 20.0� 3.9 20.3� 2.9 21.3� 3.6 0.2381)

Low-dose (n¼ 27) 18.4� 2.9 18.7� 2.3 18.6� 3.0 18.8� 3.0 0.9721)

Placebo (n¼ 24) 18.9� 3.6 18.1� 2.8 18.6� 2.9 19.9� 5.1 0.3661)

High-dose versus placebo 0.0522)

Low-dose versus placebo 0.9572)

Muscular strength (Nm) at 60� during flexion of dominant knee
High-dose (n¼ 30) 56.6� 18.4 61.5� 20.1 68.5� 22.5 69.4� 22.8 0.0181)

Low-dose (n¼ 27) 57.3� 21.6 63.4� 22.4 68.2� 24.5 71.2� 25.4 0.0041)

Placebo (n¼ 24) 64.8� 24.8 67.2� 23.6 72.4� 25.1 72.8� 24.5 0.1771)

High-dose versus placebo 0.8152)

Low-dose versus placebo 0.9632)

1) Repeated-measures analysis of variance was used for change over time
2) Repeated-measures analysis of covariance was used for determination of ginsenoside effect on performance change from the baseline at each visit: the covariate in the

model was baseline level of each performance. Subgroup analysis was done by Dunnett’s multiple comparison

Table 2
The effect of the ginsenoside complex on changes in physical performance and serum lactic acid during 12ewk exercise training (ITT)3)

Baseline 1st follow-up 2nd follow-up 3rd follow-up p

VO2max (mL/kg/min)
High-dose (n¼ 39) 28.6� 4.9 30.8� 5.2 31.6� 5.00 33.7� 4.9 <0.0011)

Low-dose (n¼ 39) 29.1� 4.7 30.6� 5.1 32.0� 5.3 33.3� 6.0 0.0051)

Placebo (n¼ 39) 30.4� 6.7 31.3� 6.3 31.6� 6.6 32.8� 6.6 0.4741)

High-dose versus placebo 0.0292)

Low-dose versus placebo 0.2542)

Anaerobic threshold (mL/kg/min)
High-dose (n¼ 39) 19.3� 4.2 19.9� 3.6 20.2� 2.9 20.9� 3.5 0.2381)

Low-dose (n¼ 39) 18.8� 3.5 19.0� 3.1 19.0� 3.5 19.0� 3.7 0.9721)

Placebo (n¼ 39) 20.0� 5.1 19.2� 4.0 19.3� 3.6 20.0� 4.9 0.3661)

High-dose versus placebo 0.0382)

Low-dose versus placebo 0.9632)

Muscular strength (Nm) at 60� during flexion of dominant knee
High-dose (n¼ 39) 56.6� 18.4 61.5� 20.1 68.5� 22.5 69.4� 22.8 0.0241)

Low-dose (n¼ 39) 57.3� 21.6 63.4� 22.4 68.2� 24.5 71.2� 25.4 0.0551)

Placebo (n¼ 39) 64.8� 24.8 67.2� 23.6 72.4� 25.1 72.8� 24.5 0.3931)

High-dose versus placebo 0.3192)

Low-dose versus placebo 0.5322)

Change of lactic acid after exercise (mg/dL)
High-dose (n¼ 39) 9.5� 12.9 11.7� 14.8 13.0� 17.2 11.2� 9.8 0.7261)

Low-dose (n¼ 39) 9.1� 14.1 11.5� 18.3 11.2� 17.9 9.9� 18.2 0.9171)

Placebo (n¼ 39) 12.4� 14.2 14.9� 15.1 15.9� 16.8 12.1� 14.3 0.6151)

High-dose versus placebo 0.8272)

Low-dose versus placebo 0.5922)

1) Repeated-measures measures analysis of variance was used for change over time
2) Repeated-measures analysis of covariance was used for determination of ginsenoside effect on performance change from the baseline at each visit: the covariate in the

model was baseline level of each performance. Subgroup analysis was performed by Dunnett’s multiple comparison
3) The last observation carried forward is used for missing data

Table 4
The side effects of the U0712 group or placebo group during 12 wk of exercise

Side effects (%) High-dose
group (n¼ 39)

Low-dose
group (n¼ 39)

Placebo
(n¼ 39)

5 (12.8) 4 (10.3) 7 (17.9)
Upper respiratory infection 2 1 3
Knee pain or headache 1 1 3
Skin disease or allergic

reaction of skin
1 1 0

Others1) 1 1 3

1) Other¼ diarrhea, increased blood creatine phosphokinase, and polycystic
ovaries
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of ginseng extract intake. These findings might be explained by the
actions of ginseng, such as stabilizing blood pressure, influencing
platelet aggregation [5,30], and improving pulmonary function [29].
A recent study proposed that Rg3 can improve mitochondrial anti-
oxidant capacity and regulate mitochondrial dynamic remodeling
[31]. All the mechanisms of ginseng are regarded to be associated
with an enhancement of aerobic capacity, especially VO2max or ox-
ygen uptake. Thus, these measurements might be an important in-
dicator for the ergogenic effect of ginseng.

There are minimal studies investigating the effect of ginseng on
muscular strength, although studies investigating the effect of
ginseng on muscular regeneration after damage have found mixed
results [32,33]. We did not observe any difference in changes of
muscular strength or serum lactic acid between the ginseng groups
and placebo group during exercise training.

It is worth noting that our study showed an additional aerobic
ergogenic effect of ginseng through exercise training. Pipat and
Kanyarat [6] reported exercise induced effects of ginseng, but found
no clear synergistic action on physical performance variables when
both ginseng administration and exercise training were combined.
On the contrary, our study results indicate an additional ergogenic
effect of ginseng when combined with exercise training.

The strengths of this study include its well-designed clinical trial
with an ample duration, different doses of ginseng, and relatively
large number of participants, which is recommended by Bucci [16].
By this design, we could confirm that the ergogenic effect of
ginseng is effected by the dose. Furthermore, the participants in
this study were sedentary healthy people. In previous research, the
ginseng effects were usually focused on athletes. Our finding, the
improvement of aerobic capacity by ginseng for sedentary people,
is more representative of the general population. This larger effect
on sedentary participants could be supported by Gross et al’s study
[29] or by Oliynyk and Oh’s review [26]. Gross et al [29] showed
ginseng’s effect on COPD patients. Oliynyk and Oh [26] suggested
that the enhancement of physical capacity by ginseng is more
prominent in participants with a relatively poor physical condition.

There are important limitations of this study that should be
considered. First, dropout rate of all participants was high (30.8%)
and the placebo group had the highest dropout rate (38.5%).
Participant withdrawal was the most common reason for dropouts
from this study. Clinical trials with exercise intervention often
suffer from high dropout rates that could mislead the results.
However, we did not find remarkable differences in the reasons of
drop out including compliance of exercise or drug ingestion be-
tween placebo group and UG0712 group and the results between
the ITT and PP set analysis were consistently persisted. Based on
these reasons, we can ascertain that the high dropout rate did not
indicate any bias. Second, all participants were designated to
conduct exercise training. Since this is critical to the study design,
we could not conclude the ergogenic effect of ginseng without
exercise. So, this study does not assure that UG0712 has a similar
effect on VO2max by only ginseng intake and further study is
necessary to confirm the independent effect of UG0712. Third, this
study adopted indirect measurement for VO2max. It is well-known
that direct measurement is the best way to evaluate cardiopul-
monary function. However direct measurement of VO2max was
based on maximal exercise tests posing a potential hazard for the
participants without clear medical condition. Additionally, a pre-
vious study showed that there is no difference between direct
measurement and indirect prediction of VO2max [25], thus
VO2max prediction used in this study is regarded as an accurate
alternative method.

In conclusion, our results showed that high doses of ginseng
supplementation could enhance aerobic capacity during exercise
training.
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