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Abstract

Objective: This systematic review was performed to summarise randomised clinical trials (RCTs) assessing the efficacy and
safety of ginseng in the Korean literature.

Method: The study involved systematic searches conducted in eight Korean Medical databases. The methodological quality
of all of the included studies was assessed using the Cochrane Risk of Bias tool. We included all RCTs on any type of ginseng
compared to placebo, active treatment or no treatment in healthy individuals or patients regardless of conditions.

Results: In total, 1415 potentially relevant studies were identified, and 30 randomised clinical trials were included. Nine RCTs
assessed the effects of ginseng on exercise capacity, cognitive performance, somatic symptoms, quality of life, and sleeping
in healthy persons. Six RCTs tested ginseng compared with placebo for erectile dysfunction, while another four studies
evaluated the effects of ginseng against no treatment for gastric and colon cancer. Two RCTs compared the effect of red
ginseng on diabetes mellitus with no treatment or placebo, and the other nine RCTs assessed the effects of ginseng
compared with placebo or no treatment on various conditions. The methodological caveats of the included trials make their
contribution to the current clinical evidence of ginseng somewhat limited. However, the 20 newly added trials (66.7% of the
30 trials) may provide useful information for future trials. Ginseng appears to be generally safe, and no serious adverse
effects have been reported.

Conclusions: The clinical effects of ginseng have been tested in a wide range of conditions in Korea. Although the quality of
RCTs published in the Korean literature was generally poor, this review is useful for researchers to access studies that were
originally published in languages that they would otherwise be unable to read and due to the paucity of evidence on this

subject.
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Introduction

Ginseng has a long history of medicinal use. In Korea, various
processing methods have been developed to increase the efficacy
and widen the clinical applicability of ginseng. Cultivated ginseng
is classified into three types, depending on how it is processed:
fresh ginseng (less than 4 years old), white ginseng (46 years old
and dried after peeling), and red ginseng (harvested at 6 years old,
steamed and dried) [1]. Red ginseng is not skinned before it is
steamed or otherwise heated and subsequently dried. During the
steaming process, ginseng starch is gelatinised, causing an increase
in saponin content.

Ginseng is one of the most popular and best-selling herbal
medicines worldwide [2]. Ginseng has been used as a medicine
and as a health food by healthy and ill individuals around the
world, especially in Asian countries [3]. Many clinical studies on
ginseng have been performed to characterise its therapeutic
properties, which include improving physical performance [4],
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sexual function [1], treating cancer [5], diabetes
hypertension [7].

Currently, 13 systematic reviews of ginseng used to treat many
conditions are available [1,3,6,8-16]. Five of them include studies
published in English only [10-12,16], two analysed the results
from English and Chinese databases [8,9], and the other five
searched several available databases, including Korean, Chinese,
English and Japanese databases [1,3,6,13,14]. However, these
reviews failed to include several recent studies published in Korea,
where the name panax ginseng is from. Moreover, many Korean
studies are not included in Western databases, and many Korean
clinical trials on ginseng have only been reported in Korean
journals. Therefore, it is necessary to summarise all of the available
randomised clinical trials (RCTs) in the Korean literature to
inform future systematic approaches to the study of ginseng. This
summary could be valuable in providing ginseng research data
that are not accessible by non-Korean researchers. The objective
of this systematic review was to summarise RC'Ts assessing the

[6] and
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efficacy and safety of ginseng that have been published in the
Korean literature.

Methods

Data Sources

The following eight electronic Korean medical databases were
searched without restriction of language from their respective
inceptions up to December 2012 (Appendix Sl): the Korean
Studies Information Service System (KISS), DBPIA, Korea
Institute of Science and Technology Information, Research
Information Service System (RISS), Korea Med, Korean Medical
Database (KM base), Oriental Medicine Advanced Searching
Integrated System (OASIS) and the National Assembly Library.
The search terms used were “ginseng”, “clinical” and Korean
language terms related to ginseng and clinical trials. In addition,
our own files and The Journal of Ginseng Research (http://www.
ginsengres.org/main/) up to December 2012 were searched
manually. The references in all located articles were also searched.
Hard copies of all articles were obtained and read in full.

Types of Studies

This review included parallel and cross-over RCTs that assessed
the efficacy and safety of ginseng treatment. We excluded case
studies, case series, uncontrolled trials and non-randomised clinical
trials. Trials that failed to provide detailed results or in which
ginseng was used in conjunction with conventional treatment were
also excluded. Trials published in the form of dissertations and
abstracts were included.

Types of Participants
All articles describing an RCT on healthy people or patients
with various disease conditions were included.

Types of Interventions

Trials that included extracts of Korean ginseng or American
ginseng or a commercial product made from Korean ginseng or
American ginseng, regardless of age or dose, were included.
According to the processing status, we also included fresh ginseng,
white ginseng and red ginseng. We compared placebo or no
treatment to ginseng therapies used alone or in combination with
other conventional treatments.

Data Extraction, Risk of Bias Assessment and Analysis

All articles were read by three independent reviewers (JC, TYC
and THK) who extracted data from the articles according to
predefined criteria: author information, total sample size, condi-
tion, age of the participants, intervention and control groups, dose
per day, measure, main results, adverse events and language.

The risk of bias was assessed using the ‘Risk of Bias’ assessment
tool from the Cochrane Handbook for Systematic Reviews of
Interventions [17]. The following characteristics were assessed:
sequence generation, allocation concealment, patient and person-
nel blinding, assessor blinding, reporting drop-out or withdrawal,
intention-to-treat analysis and selective outcome report. If the
article mentioned the protocol, the protocol was evaluated to
determine whether all of the outcomes described in the protocol
were reported in the original literature to evaluate selective
outcome reporting. Our review used low (L), unclear (U) and high
(H) as keys for judgments. Differences in opinions between the
reviewers were settled through discussion.

Estimated effect size for each outcome of included studies was
calculated comparing with each control intervention individually.
Dichotomous data were presented as relative risk (RR) and
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continuous outcomes as mean difference (MD) with 95% CI
(Confidence Interval). Analysis was conducted with Review
manager 5.1 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2011).

Results

Study Selection and Description

We considered 1351 potentially relevant articles (Figure 1).
After screening the abstracts and titles, we excluded 1124 studies.
A total of 227 articles were read in full and evaluated.
Subsequently, 197 were excluded because they described in vivo
studies (60 articles), were non-randomised trials (57 articles), did
not meet the eligibility criteria (72 articles), or were excluded for
other reasons (8 articles). The eight RCTs excluded for other
reasons were as follows: three studies employed a mixed
intervention that included ginseng in the treatment group,
including trials of HTO008-1 (including ginseng, Acanthopanax
senticosus, Angelica sinensis and Scutellaria baicalensis) [18], a mixture
of ginseng plus Paconiae radix [19] and interaction between ginseng
and warfarin [20]. Five other studies [21-25] were excluded
because they evaluated only serological outcomes [21-23] and
duplicated publication [24,25]. Finally, 30 RCTs met our
inclusion criteria [26-55] (Tables 1 and 2). Twenty-eight trials
originated from Korea [28-55], and two trials were conducted in
Thailand [26] and the United Kingdom [27]. Sixteen studies
[28,32-41,44-47,53] were published in Korean, and 14 trials
[26,27,29-31,42,43,48-52,54,55] were written in English.

Of the 30 trials that met our inclusion criteria, two dissertations
were included [35,47]. The key data from studies in healthy
persons are summarised in Table 1 [26-34], and the data
regarding other various conditions are summarised in Table 2
[35-55]. The included RCTs used ginseng powder either in raw (4
studies) [35,38,53,55] or in capsules (22 studies) [26-
29,31,32,34,36,37,39-41,43-48,50-52,54] and extract prepara-
tion (2 studies) [33,42], while two studies [30,49] did not report the
preparation type of ginseng. They addressed a wide range of
conditions: generally healthy (i.e., studies in healthy individuals)
[26-34], erectile dysfunction [35-40], gastric cancer [41,43],
colon cancer [42], gastrointestinal carcinoma [44], chronic
gastritis [45], diabetes mellitus [46,47], androgenic alopecia [48],
coronary artery [49], dry mouth [50], glaucoma [51], obesity [52],
metabolic syndrome [53], dyspepsia and indigestion [54] and
Alzheimer’s disease [55].

Risk of Bias in the Included Studies

The risk of bias of the trials was variable (T'able 3). Nine studies
[28,32,34,44,47,50-53] used methods of random sequence gener-
ation. Of those, four RCTs [28,47,51,53] used a computerised
randomisation method. However, the risk of bias in the sequence
generation was high in five RCTs [32,34,44,50,52]. Most studies
did not clearly report how the allocation concealment was
generated; only five RCTs [27,32,50-52] employed allocation
concealment. Seventeen RCTs [26-29,31,32,34,35,38,40,47-53]
reported double blinding (patient/practitioner). Only three of
these RCTs [32,34,35] adopted assessor blinding. Forteen RCT's
[27,29,31,33,36,37,40,43,45,46,48,52,53,55] had a high risk of
drop-out or withdrawal bias. Only six RCTs [26,32,35,41,47,51]
used intention-to-treat analysis (I'T'T). The risk of bias in selective
outcome reporting was low in seven RCTs [26,32,45,50,51,53,54],
high in two studies [32,52] and unclear in the remaining studies.
There were no difference between low risk of bias and high risk of
bias when comparing the effectiveness of ginseng.
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Figure 1. Flowchart of publication selection process. RCT: Randomized controlled trials.

doi:10.1371/journal.pone.0059978.g001

Healthy Persons

Ginseng versus placebo. Two RCTs [26,27] evaluated
the effects of ginseng compared with a placebo on
exercise capacity and cognitive performance in healthy
individuals. One RCT [26] compared the effects of ginseng
with placebo on exercise capacity and showed a significant effect
for increasing the maximum oxygen consumption, anaerobic
variables and leg muscle strength. The other RC'T' [27] reported
the superiority of ginseng over placebo for treating mood, quality
of life and memory performance. However, no significant
difference was found between ginseng and placebo.

Red ginseng versus placebo. Six RCTs [28-33] assessed
the effects of red ginseng compared with placebo. One RCT
showed significant effects of red ginseng on somatic symptoms
[28]. Second RCT showed beneficial effects of red ginseng on
sexual function [29]. Third RCT reported significant effects on
total sleep time [30]. Forth RCT [32] compared the effects of red
ginseng with placebo and failed to show any change in blood
pressure, pulse rate or body temperature. The authors reported
the effects of ginseng on general health symptom from same trial
and also failed to beneficial effects of ginseng on general health
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symptoms in [25]. Fifth RCT also failed to show significant effects
on cognitive function [31]. Sixth RCT reported significant effects
of red ginseng on anaerobic performance [33].

Ginseng, red ginseng and fermented red ginseng versus
placebo. One RCT [34] evaluated the effects of ginseng, red
ginseng, and fermented red ginseng on cerebral hemodynamics
compared with placebo. However, no group showed significant
differences from the placebo.

Erectile dysfunction. Six RCTs [35-40] tested the effects of
ginseng or red ginseng compared with placebo on sexual function
using questionnaires. Four studies reported positive effects of
ginseng on at least one outcomes related with erectile function
[35-38], while the other two RC'Ts failed to do so [39,40].

Gastric and Colon Cancer

Four RCTs [41-44] tested the effects of ginseng or red ginseng
compared with no treatment on nutritional status [41], immune
function [42-44]. Of these, one RCT [42] reported significantly
improved immune modulation after surgery. The remaining
RCTs [41,43,44] failed to show a significant effect of ginseng on
immune response, or nutritional status.

April 2013 | Volume 8 | Issue 4 | 59978



Ginseng for Health Care in Korean Literature

€1'0=d£0°L ‘£0'8—] 0S'€— ‘AW (€
81'0=d'lvs'8 L9'L—] v¥'E ‘AW (T
0z0=dl68'LL ‘2ST—] 697 ‘AW (L

ey as|nd (€
ainssaid poojq d1joiselq (7

2unssaid poojq 1joIsAS (1L

(z¢ 'sibafy) oV (Q)
(z€) oM (0)
(z€) ogadeld (8)
(3Insded “m p)

uealoy| au :(g) sA (V) Bw 000€ (z€) oY (V) 0TF¥TT/091 [¢€] (#002)03s
0£0=d'€ST '69°'L—12t0 ‘AW (S 1231100Ul JO “ON (§
Wwo=dl6€L '6£'L1—10TS— ‘AW (¥ 1931103 0 "ON (¥
08'0=d[v¥"'0 ‘v€0—150°0 ‘AW (€ uonoeal by (€
£900=d'[z¥'0 '99°0—1ZL°0— ‘AW (T uoispap Buoim (z
Llzo=dleL'€E ‘¢6'LSL—-10v'65— ‘AN (L (93sw) swn uondeas uelpaN (L (£) ogade|d (8)
OA_ UOISIDA Ewum>m
1591 BUUBIA 9Y3 JO swall Ad))) (3nsded “m g)
ys!|bug au 1591 UondUNy ANIUGd0INSN Bw 005t (8) oY (V) Iu (9):'52-61(V)/SL [L€] (ZL0Z)0A
00'L =d ‘[66' ‘667—100°0 ‘AN (€ (inoy) xapul eaudodAy eaudy (g
96'0=d ‘[85°0L ‘8L'LL—10E0— ‘AW (T (%) Aouapiyys dasys (z
6000=d'[€LEL— ‘L0'S6—10V¥S— ‘AW (L (uiw) swn dagjs [exoL (1 (£) ogadeld (g)
das|s uo (4°unm) LUTFYET
ys!|bug U s9|qeuep dlydeibouwosAjod Buw 00st (8) O (V) @TLFSET (V)/SL [0€] (0L07)37
190=d'9€’€l VL TC—-169Y— ‘AN (€ (%) |eausW 9¢-4S (€
8y'0=dl€L€T ‘LI'LL-]LE9 ‘AW (T (%) 1ea1sAyd 9¢-45 (¢
20'0=d'[0L'0 ‘08'62—158'¥L—"AW (L (%) 21035 |30} |45 (1 (1) ogadeld (9)
(3Insded™m z1) €YFT8E
ysibu3 au uonduny [enxas pue 100 Bw 0009 (11) DY (V) (@'9vF9°L€ (V)/€T [62] (600Z)wiy
(81) ogadeld (g)
(3Insded™m €) 8EF9ST
U310y au Y0'0=d “ru‘aw (406-10S) uoneziewios Bw 000€ (12) 9Y (V) (9):1'SFSLT (V)/6€ (8] (600¢)bue)
s1919wesed Aiole|nbay-asodn|o (1
alieuuonsanb JOO-OHM (€
700 pue pooW (¢ () ogade|d (g)
(3Insded™m 07)
ys|bug au *SN ainseaw aAniubo) (1 Bw ooy (ru)buasuio (v) €0LFE8E/9L [£2] (£00T)Apauuay
1000'0>d'[££'8T ‘€¥'02]09'FC ‘AW (S yibuans spsnw 637 (S
L000'0>d'[Z6°€ '89'L108°C ‘AW (¥ Auoeded diqosseuy (7
1L000'0>d‘[98°0L ‘¥1'8105°6 ‘AN (€ Jamod diqosseuy (g
10000>d'T9L'6L ‘FO'LLIOL'SL ‘AW (T ones ©OAAA (¢ (01) oga2e|d (8)
(3Insded™m g) TO0F0LT
ysibug au L000'0>d[9F'SL ‘YL LLIOEEL ‘AW (L uondwinsuod uabAXo wnWIXey (1 Bw 009 (01) Buasuip (v) (9) 'S0+ 12T (v)/0C [92] (S661)edid
abenbue] SJUIAD (so3ewWISd 329))9)s3|Nsa4 ule| s2wod3No urepy (swuoj ‘uonyeanp) (u)uonuaniaiu (8buel 10 ueaw)aby (1eak) soyine 3sai4
9SIdAPY Kep 13d asoqg /9z1s 3jdwes jejo)

's9IN31eJa}| uealoy ul suosiad Ayyeay Joj Bussulb Jo saipnis |ediuld pasiwopuel Jo Alewwns *|L ajqel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

L00¥8£66500-duod [euInof/LZg1°0L:10p
‘Buasulb uesuswyY yum pasedwod Buasulb uealoy| JO S1D943 Y3 PaIsa) SWODINO Ulew dy] :Difey

‘0s Op 01 p3jie} UoeINd|eD JNO INg dduedyIubls [ednsiels psuodal sioyine [eulbuo ayy

*S)NSa1 ,SIOYINE JO 35eq BY UO SINS3] Y} PIPPe S\ "92Is 19943 BuiIe|nd|ed 1oy d|qe|ieAR BIEP [eIUBWNU ONy
‘Buasuin aUYM DA\ 2402s PasIARI-06-3SIPPIYdWoIdwAS
1H06-4DS ‘A9AINS Y1|eay WI0)-1I0YS Wi} 9€:9¢€-4S ‘Buasulb pay Dy ‘ay1] Jo ANend 100 Quedyiubis Jou SN ‘panodal Jou rau ‘Buasulb pas pajusWIRL 1D XIPUl UOIdUNY [BNXSS djewdS :|4S4 ‘Bujulely aduesnpud :13

(ru)
0qgde|d (d)
(ru) DY4/(4y)
(3Insde) “m 7) DY/(4u)
uealoy| auou 16000=d ANADRRI JBINJSRAOIGRIDD Bw 005 Bussu (v) 8'1F097/0L [¥€] (9007)buoar
(2)
900'0=d[£80— ‘€€'S—] OL'E— ‘AW (¢ ones A\ (¢ 13+oqadeld (8) 9LFL6L (8)
(yonod “m z1)
ueaioy oru 90'0=d’[9L0 OL'LL—-] 05'S— ‘AW (L uondwnsuod uabAxo wnwixep (L Bw 000€ (01) 94 (V) 6'L¥6'6L (V)/LL [€€] (8007)uoOA
[L1'8L '88°0]00F 'Yy (€
[92°1 ‘e£0] 1'L Yy (T
(€97 ‘98°0]00°C HY (1
{@)HQ) A O)HY)
€LEL'0=d ‘[b¥'OF '29°0100°S ‘HY (€ sixelsidy (€
L¥SY'0=d ‘[21'T "LL0IET’L "HY (T Buysniy (¢
0S120=d[86'S '£9:0100°C ‘Y (L aydepesH (L
1 (9) SA (V) alleuuolilssnp EOUQC\_\AM |elausn
Zr0=dTIL'Ss ‘9zcl—] LS€— ‘AW (€
§S0=drLS'SL '0T8—129°€ ‘AW (T
£60=dLSSL ‘88%L—] LE0 ‘AW (1
@)+@) sA O)+(v) (z€ 's10aA9) DY (3)
abenbue] SJUDAD (s93eWI3ISD 309))9)s3 NS4 ule| S9W0d3N0 ule|\ (swuoj ‘uoneinp) (u)uonuaniayu| (abuel 10 uesw)aby (4eaK) Joyine 3siiq
3SIBAPY Kep 1ad asoqg /9z1s 3|dwes |ejo)

qu0) °L 3|qel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

salleuuonsanb buiuomnouny

(dInsded Sm 1)

9'sty (v)/Aauaroduy

ueaioy| au 6L'0=d ‘07’8 ‘09°'L—] 0€’€ ‘AW [enxas syem |e10] Bw 00.Z (L1) 9 (V) dlusbojnasep/Lg [ot] (666 1)y
(1) ogadeld (9) 9’5+ 1'9¢(9)
uealoy (1:g) eisdadsAg €8'0=d ‘[¥0'€ ‘v¥'¢—] 0£0 ‘AN S-431 (eInsded’m z1) ru (€2) Y (V) L'l F9'€p(V)/A3/SE [6€] (9002)wiy
(L=u)
QUO03]Ss |eudy
(1:v)
uted 159yD
(1v)
ured |eaunad
(1:v)
eibjewejeyiydo
(1:v)
SI9PIOSIP 3DI0A
(1:9)
Buipas|q [euy €1'0=d ‘[¥v8'L ‘¥2’0—] 08'0 ‘AW (S uonoejsnes |[eJanQ (S
(L:y) eayueig £00'0=d ‘[06°L ‘0€0] OL'L ‘AW (¥ 2.1S9p [enxas (&
(1:y) oseasip ujs L€0=d '[06'L '0£'0—] 09°0 ‘AW (€ uonduny diwsebio (€
(1Y) ewazd3 €1'0=d '[vST ‘v€0-]1 0L'L ‘AW (¢ uonoeysies asinodd| (¢
(L) shiuiyy 90'0=d ‘[6T°Z '60'0—] 09°€ ‘AW (L uonduny 9j133.3 (1 (7€) 0gede|d (9) 085805 (9)
(€:9)
sni6Aieydoseu (1I9pMmogim g)
ueaioy| 2oy EE(] Bw 008 (€) oY (v) L£65T€S (V)/A3/69 [8€] (6007)weH
10000°0>d ‘[09'L ‘¥¥'L] ZS'L'AW (€ uoaI3 paureluleiN-43|| (€
10000°0>d ‘IPE'L ‘OL°L] ST'L ‘AW (T uonenausd-43I| (¢ (aInsde) Hm g) (€7) ogadeld (9) 6'8F1'SP(8)
(1'g 1Y)
uea.oy| s1asdn duisen 96£0'0=d ‘[L8'F ‘¥0°'L] ¥Z'T 4y (L 039 (1 Bw 0081 (#2) Y (V) 9'LF 1'ov(V)/A3/Ly [£€] (LO0T)IoYD
8120°0=d ‘[S6°€ ‘LL'L] OL'C "dY (S uondejsies (g
€v70'0=d ‘[C0°€ ‘L0°L] 'L ‘YY (¥ Auande [enxas (i
6950'0=d [65°S '86°0] ¥€'C "y (€ uonejndef3 (g
69000=d ‘[98°€ ‘¥T'L1 61°C "4y (T uondaig (¢
(€:9 'Tv)
s1asdn duisen 6220'0=d ‘[€T°S ‘EL'L] €' "9Y (L opiqr (L (dInsde) sim 1) (£7) ogade|d (9)
‘(zv) (P31epijeA 1ou)
ueaioy| uonednsuod uonenjeAs alleuuonssnp Bw 0081 (£€) DY (V) ru/a3am9 [9€] (6661)104D
uoneusssiq ¥1'0=d ‘[S99L ‘ST’T-] 0T’ 'AW (T 4311 |ex0L (T (4apmod M 91) (€7) ogade|d (9)
uealoy| au 90000=d ‘[¥9'S ‘09°'L] 00°€ "dY (L 039 (L Bw 006 () Bussuio (v) ¥5/Q3/S¥ [s€] (LoOZ)buUOH
abenbuer] SJUDAD 3SIBAPY (s@3ew)sa 1034)9)s3|nsaa sule|p S2W0D3IN0 Ule (swuioj ‘uonesnp) (u)uonnuaniaiuj (abuea (1eak)

Kep iad asoqg

10 ueaw)aby
juonipuo)/azis
ajdwes |ejoy

Joyine 3siig

"S2JN3RIDM| UBDIOY Ul SUOIIPUOD snoueA 1oy Buasulb Jo salpnis [edluld pasiwopuel Jo Alewwns *Z ajqel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

1SN (€ uonenuane HpHO-8 (¢ (¥€) og=de|d (g) S0F¥'Cs ()
(3nsded
uealoy| ru €vSL10=d ‘[L¥'L ‘S6°0] SL'L "4y (L 91e4 uonedipesd LojAdH (L M 01) Bw 00/ (9€) oY (v) [S¥] (£oOT)wiy
¥0'0=d ‘[£5'SS€E ‘€¥'¥] 00°08L ‘AW (¥ 1192 3] [eanieN (¥
S0'0=d ‘[£8'£9¢ ‘€L°L] 08'¥8L ‘AW (€ SUNOD |32 Jdnpul/1dieH (€
SUNOd ||
200'0=d '[98'88Z '¥1'59] 00°ZLL ‘AW (T 21x010143/100531ddnS (Z
(ov)
Adesayrounwwi pue
0L'0=d ‘[L0'9 '€5°0—1 ¥£'C 'AW (L SUN0d 31O0xN3| @10 (1 Adeaylowsay) (g) LEELFOVS (9)
LTLFS9S
asuodsal (9)nsded (z€) (v)/ewourdied
uealoy| ru sunww| aAeIadolsod ‘syluow g1) bw 00St (g) snid oy (v) |eunsaulonsen/z/ [t¥] (8661)Uns
*SN (T 0L-1I (¢
(92)
*SN (L [ (N(! juswiealy oN (g)
95 (8)'ss
upjnajLUl (3nsded (y)/49oued duiseb
ysijbu3 wu Bunenid jo siskjeuy SiMm ZL) Bw 000 (¥2) DY (V) pascueAPY/0S [e¥] (¥OOT)UNS
7000=d ‘[cL'C '¥6'8—1] L¥'E— ‘AW (€ (lw/6d)oL-T1(E
€€T0=d [60°€— ‘LL'€E-1 0L'E— ‘AN (T (lw/Bd)g-11 (2
¥2)
10000°0>d ‘[LEY ‘6C¥] OEY ‘AN (L (lw/Bd)z-11 (L uswieas) oN (g) TOoLF£€9 (9)
K196ns aAneInd e (yanod 6'8%F9°'G9 (V)/49dURd
ys1|6ug suou Buimojjoy Jolejnpow sunww M Z1) Bw 000€ (€2) 9y (V) Uo|0> pasueApy/Ly [ev] (ZooT)UNS
€9'0=d ‘056 ‘0L°€—] 0Z'€ ‘AW (9 (%) 23£o0ydwA| pooig (9
7€0=d ‘[¥0'09 '8T°9€—188'LL ‘AW (S xapul [euonuinu disouboud (S
L1'0=d [LTLL ‘LT L—] 00°ZE ‘AN (¥ (Ip/Bw) uLIRjSURIY WNISS (¢
07'0=d ‘[€€°0 ‘€L°'0—]1 0L'0 ‘AW (€ (Ip/Buw) utwngle wnias (€
00'L=d ‘[8€°0 ‘8€'0—] 000 ‘AW (¢ (TIp/Bw) uLr01d WNIBS (T
(61)
6,'0=d '[88'S '8'¥—1 0£°0 ‘AW (L SSIWYIYY pojupts sdaduy (L usuwieasl oN (4) 60'LFLPS (9)
LLLLF6'ES
(3nsded (v)/490ued
uealoy| ru 4ISN P ) bw 0ovs (02) Bussuid (v) J1isen/6¢ [L¥] (S661)00A
(01) ogdeid (9) 8y (9)
abenbue SJUDAD 3SIBNAPY (s93ewisa 1394)3)s3nsaJl sule S3W0d3IN0 ulelp (swuo} ‘uonyeinp) (u)uonuaniazu| (sbueu (1eak)
Kep 13d asog 10 ueaw)aby Joyine 3sai4
/uonipuoy/azis

ajdwes |ejoy

qu0) *Z 3|qel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

ysi|buz QUON
ysibug ru
(1:9)

dURqINISIP

[«EETHRTRY)]

buneams Jewjed
‘(1:g “1:V) 19Ny
plw ‘(z:g ‘1:v)
uo3esuas
Buiydy ‘(g ‘1:v)
eayueIp(z:g

ysi|bug ‘e1y) eisdadsA@
ysi|bug ru
ysijbuz (1:y) eisdadsAg

uonewusssiq

SN (S
SN (&
SN (€
SN (@

9/LT0=d
‘[€6T0L "9T°0] TS “HH (L

*SN

€£00=d '[€TE ‘e¥'S—10L'L— "AW (T

822°0=d (/A 6S—IK O ‘UswoMm
unleL o ‘LzL—1 Lz 0— ‘AW :dnoibgns
‘Ly€0=d '[98°0 ‘20'L—] 80'0— ‘AW (L

*SN (¢
*SN (L

02€°0=d ‘[¥9'C ‘€£°0] 6€°L "4Y (€
(SXedMmpT) LT0=d

‘[20°0 ‘00°0—] LO0 ‘AW ‘(S329MZL)
S1'0=d ‘[0°0 '00°0—] L0O'0 ‘AW (¢
($99MPT)¥0'0=d

‘9€'L¥ ‘OL°L] €T°LT ‘AW ‘(s129meL)
SL'0=d [el'L€ '86'S—1 £LS'SL ‘AW (L

0€1L'0=d ‘[0€10 '8610-] ¥E€L0— ‘AW (¥
£51'0=d '[¢S10 '¥610-] LZLO— ‘AW (€
851'0=d ‘[9¥10 ‘Z8L0-] 8LL0— ‘AW (¢

1oY>-L (S
1aH (¥
1000 (€
NG (¢

507 YBIRM (L

MO} POO|q 4BJN0 [ensiA

aJieuuonsanb woydwAs
paiejai-yinow Aig (z

SVA(L

Ssauynls Jendsep (¢

aunssaid poojq 1j0IsAS (L

(pa3epijeA jou)alieuuonsanb
Aq uonoeysies juaned (€

(Ww) ssaupIys JieH (¢

(qwid/u) Ausuap JieH (L
(1/1oww) ¥ VWOH (¥
(%) 2LVaH (€

(1/10wd) 1d4 (2

(€2) ogedeid (9)

(3|nsded

Sim 8)bw 0009 (22) DY (V)

(81) ogedeid (9)
(3|nsded

M Z1) Bw 005t (81) DY(V)

(9v) ogadeld (g)

(3nsded

SiM 01) Bw 0009 (¥) DY (V)

(ru) ogaded (g)

(ru m 07) bw 00/ (u) oY (V)

(51) oga2e|d (8)

(9)nsded

SIM $7)Bw 000€ (£1) Y (v)

(81) 0ga3e(d (g)

86559 (8)
L6560V
(V)/25290/05

STLFO6S
/RWOdNERID/9¢

8'SLFEBY
(4) ‘L'9LF6'SY
(v)/y3now A13/06

L'€F1'79/s95835Ip
A1due K1euolod/0g

€ev (9)

§'L€ (v)/ewadoje
Jjusboipuy/ze

LL0LFTTLS (9)

[es] (LLog)uomy

[LS] (0LOT)wIy

[0s] (0L0TZ)Med

[6¥] (0LOZ)BUNYD

[8¥] (6007)Wiy

(3nsded L1009
uealoy ru 751'0=d ‘(€910 ‘STLL-] LELO— ‘AW (1 (1/1oww) 544 (L M Z1) bw 08z (02) oY (v) (V)/WQ ¢ 2dA1/8¢ [£¥] (800T)Wiy
GE'0=d '[8£'€8 '85°'6¢—1 0L°£T ‘AW (T (Ip/Bw)Dg1yzdd (¢ (£1) uswieall oN (g) SL¥¥'0S (9)
(9nsded 6'0LF9°LS
uealo)y u 600=d [LS€ ‘LL€ES—] OL'ST— ‘A (L (Ip/Bw)sgd (1 M ) Bw 0042 (¥1) DY (V) (V)/WaaiN/LeE [ov] (£661)104D
abenbue] SJUDAD 3SIBAPY (s@jew3sa 1034)3)s3|nsal sule|p sawod3no ulepy (swuoy ‘uoneinp) (u)uonuaniajuj (ebuea (aeak)

Kep i1ad asoq

10 ueaw)aby
/uonipuo)/azis
ajdwes jejo)

ioyane 3saiy

0D *Z 3|qel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

700¥'8£66500"3uod"|ewnof/LZgL°0L:10p

‘buasulb ueouswy yum pasedwod Buasulb uealoy JO $1D9Yd 3yl PIISa] SWODINO Ulew Y| Dije)|

"0s Op 0} p3|ley UOIIRINd[ed INO Ing dduEdYIUBIS [ednsiels patiodal sioyine [euibuo ayy,
'S}NsaJ ,SIOYINe JO sk Ay} UO SINSaI Ayl Pappe SN “dzIs 12949 builendjed 1oy d|ge|ieAe elep [eLSWNU ONy
‘auisouenbAxoapAxolpAy-8 :DpHO-8
‘3]eds Hojeue [ensiA S/ {0J31S30YD [e10] (joyD-] ‘Dseinwsip apixosadns :gOs ‘@inssaid poojq d1j01sAs :dgs ‘buasulb pal 10y 2s0dn|b poojq Jnoyg [elpueldisod :Dgiyzdd ‘Snijjew saiagelp uapuadap ulnsul-uou :NJdIN ‘uonduny
sauNwWw| pue sn1els [eUOnLINU :4|SN ‘JUedIUBIS 10U SN ‘Paliodal JoU JU ‘WeXd SN1els [BIUSW-IUIL :2103s SN ‘BJ1| Jo Alljenb pale|a1-A11saqo JO UOISISA UBSIOY JODOY ‘UOIIdUNY 3]11843 JO XapUl [eUOIIRUISIU| :47]| ‘ularoidod)|
Ausuap ybiy :1gH ‘uonsanb Adediys [eqolb :p3ID @s0dn|6 poojq Buisey :sg4 ‘UodUNYSAP 3)110343 :dT ‘Shilj|dW SI3qeIP :NQ ‘Dinssald poolq dIjoiselp :ddd Xapul ssew Apoq |G ‘3]edS JUSWSSISSe 3SeASIP S JdWIdYZ|Y :9103s SYay

£00'0=d
‘[91°€ ‘0501 €8'L ‘AW (T 31035 ISWIN (T
€00=d (z€)
‘log0— ‘o's—] s8'z— ‘W (L 3103s Syay (L juswieas} oN (g)
(1apmod L'6F1'99
yst|bug auou Juswanoidw dANu60D M Z1) Bw 00SY (05) Buasui (v) /1PwIBYyz|y/z8 [5S] (£00T)937
(S¥) uswibas
uonedipes3 (g)
SYL=9LS
solel (9)nsded Juonsabipul pue
ysi|bu3 ru ££90'0=d [€8'L '86°0] ¥E'L ‘Y uonedipesd LojAdH Sim 01) Bw 00£Z (1€) (@) sindoy (v) eisdadsAp/9/ [¥S1 (0L0T)91
¥90=d
‘[ezse ‘erLS—10LLL— ‘AN (7 1@1 pazIpIXO (¥
16'0=d
‘[£S'L€ ‘TrLS—10L°L ‘AW (€ Ioyd-L (€
650=d
‘[€9°LL ‘€9°9-10SC ‘AW (¢ d€a (¢ (52) oga2e|d (8) 0LLFT9Y (9)
90LFLEY
(1apmod (V)/awoIpuAs
uealoy ru ov'0=d ‘[cL'8L ‘z1'8—100°S ‘AW (L dgs (L M Z1)Bw 005t (€7) DY (V) dloqesiN/8y [€S] (zLOT)Hed
abenbue] SJUDAD 3SIBAPY (s93ewi3sa 339443)s3nsal sulep S2W0D3IN0 Ule) (swi0y ‘uonyeinp) (u)uonuaniajuj (ebuea (1eak)
Kep aad asoqg 10 ueaw)aby Joyine 3said
/uonipuo)/azis

ajdwes |ejo)

0D T |lqel

April 2013 | Volume 8 | Issue 4 | 59978

PLOS ONE | www.plosone.org



€001'8.66500"3u0d"[eUINol/| ££1°0L110p

'selq Jo ysu Jeappun ‘n ‘seiq 4o ysu YbIy ‘H ‘seiq Jo st moj “]
'seiq JO YsH Bulssasse 104 S|00} SUBIYD0D UO PaIseq Juswssasse Ayjenb jo surewody

Ginseng for Health Care in Korean Literature

-— D2 DD D D DD T O DO DO OO DD OS5 D OO D OO DD 4a D o9 D9 O 44 T 4a 4a 2

- D> r r > X 4T O oI r T DT 0TI r O T 4 I T T 0 I T T T

-4~ r 4 T o0 T 4 T DD o0 T T 40 D52 T 4 D T O I T a0 I 49 4 a0 T T a9 T

>0 D2 OO >OS O 2 429 44 T DD DSOS IIT T T ODTIT DS DO o9 O oS oS oI
_ 24 4 a0 T 490 4 2 4 a4 I D a4 D o I I T T I 494 4 dJd 44 d4 4 4 LT
o0 4 DD D D 42 DD oS oD oS ODoS Do o$So o9 T o oS IO OS99 A4 —a a4 D DD

55 D5 4052 5D D52 T >S5 T > >S5 >S5 S5 D5 OS5 O OSSO T O D 4D OSD T a T a D D

[SS] (£002)°7
[¥S] (0L02)°7
[€S] (TL0T)ed
[zs] (LLoZ)uomy
[LS] (0LOT)wiI
[0S] (0LOZ)Hed
[6¥] (0LOZ)BUNYD
[8%] (6002)wi
[£¥] (8002)wi
[ov] (£661)10YD
[St] (£oOT)wiy
[¥¥] (8661)uUns
[ev] (¥O0T)YNS
[ev] (£00T)uns
[1¥] (S661)00A
(0] (666 L)Wy
[6€] (900Z)wiy
[8€] (6007)weH
[£€] (1002)10YD
[9€] (6661)104D
[S€] (L00T)BbUOH
[¥€] (9002)buUOar
[€€] (800T)UOOA
[¢€] (¥00T)0°S
[L€] (ZL0T)03A
[0€] (0L07)37
[62] (600Z)wiy
(821 (6002)bue)
[£2] (£00T) Apauuay
[92] (s661)1ed1d

BHuniodaa
SW0d3IN0 SADISS

awod3no 33|dwodul

|emelpy3im 10 3no
doap Hunioday

|2uuosiad pue jusned

uoneiauab
@>uanbas wopuey

Apmis

's|ely [ed1ul]D paziwopuel papndul 1o} 4Seiq Jo MSiY € d|qel

April 2013 | Volume 8 | Issue 4 | 59978

10

PLOS ONE | www.plosone.org



Ginseng for Health Care in Korean Literature

“1e3duN —/+ DANeBaU (— DANISOd H+ !MBIADL D1JRWISAS YS

#00¥'8£665003u0d [euInof/LZg1°0L:l0p

11} P3]|0JIUOD PIZIWOPUES ] DY

"'7'S9Seas|p |eI9AIS

-+ [SS-zS'6v-92]18T —/+ 10y suonesdwy - ‘s)nsas buisiwoud - (259 ysi|bu3 suonipuod snoliea [9L] (zL0T)sib1zys
*Jqnop 3|qeuoseal

-+ [ss-9zlog —[+puokaq paysi|qeiss jou srhoediya (091 ysi|bu3 suonipuod snotiea [SL] (6661)13]6OA
[SS-81'Sy ***[enuajod

-+ -L¥'6€'8€'e€'L€-9T]TT -+ aAisod Buons e buipuy (6)LS asauly) ‘uealoy ‘ysijbug suonipuod snoliea [€] (L102)27

asaueder

0 —/+ ' 9dUIPIAS paWI| JuRdYIUBIS MOYS (0)s ‘asauy) ‘uealoy ‘ysijbug uolsuauadAH [#1] (0L02)ANH
*9AISN|DUODUI

+ [ssL =+ pue 931eds sI**"aduspIAS 3y (ta14 asauly) ‘uealoy ‘ysi|bug Jawieyzly [€1] (6002)°7
's1010B) Sl JejndseAolpled

-+ 0 -+ 1eaJ} 03 'jo asn ay} poddns jour €)Le ysiibu3 Jejnosenolpie) [Z1] (9007) 1ounang
'saIpnis

- Jeapd 10N - uewny ou "' 3dUIPIAS BuldIyuod Jesd 10N ysijbuguonelde pue Aoueubaid [L1] (8002)A199S
*** 9DUIPIAS

+ 0 + "paonpas Apuedyubs © (0)s ysi|bu3 PI0D uowwod [0L] (LLOZ)epIaS
4o
selq Jo ysu [enuarod 01 anp uleuadUN

+ 0 + sl *** 22uapIAd Buisiwoid moys o)zl asauly) ‘ysiibuz Areuow|nd aAndONNISO [6] (LLOZ)UY
Koediya ayy Ajuan

+ 0 + 0] JBYUNJ UBY) DAY oW “°* (0)8L 9sauly) ‘ysijbuz  9seasip 1eay dlwayds| [8]1 (zLOQ)eIr

- 0 —  *BuIdUIAUOD 10U S| 'SSBUDAIDRYD " Q¢ asaueder ‘uealoy] ‘ysijbug sa1agelq [9] (LLOZ)wiry

asaueder
+ [6€'8€1T + 9oUapIAS dAISABBNS dpinoid W)L ‘asauly) ‘uealoyl ‘ysijbu3 uondunysAp 3110813 [1] (8002)Buer
(=/4)  [394] 1DY jo 1esquinN
3nsay

sys snoinaid

yum pasedwod s]Hy ueatoy 3|qibijg AjmaN

(—/+) 3nsai1 s, ys

(®30nb) uoisnpuod s, Joyiny

(ueaaoy)) saipnis
Krewnd jo JaquinN

aseqejep jo adA|

uonipuod

(1eak)ioyine 3saig

's]1DY uealoy] 9|qibId pue YS ayi ul papnjpul Apealje s]1OY Usamiaq uosuedwo) ¢ ajqel

April 2013 | Volume 8 | Issue 4 | 59978

1

PLOS ONE | www.plosone.org



Diabetes Mellitus

Two RCTs [46,47] compared the effects of red ginseng on
diabetes mellitus with no treatment or placebo. One RC'T [46] did
not show any superior effect of red ginseng on FBS (fasting blood
glucose) or PP2H (postprandial 2 hour). The other RCT [47] also
indicated no favourable effects of red ginseng on FPG, FPI or
HbAlc.

Other Conditions

Nine RCTs assessed the effects of ginseng or red ginseng
compared with a placebo or no treatment on androgenic alopecia
[48], coronary artery [49], chronic gastritis [45], dry mouth [50],
dyspepsia and indigestion [54], glaucoma [51], obesity [52],
metabolic syndrome [53] and Alzheimer’s disease [55]. In most of
the studies mentioned above, no significant difference was found
between red ginseng and placebo. However, one of these RC'Ts
reported beneficial effects of ginseng on the Korean version of
obesity-related quality of life (KOQOL) scores in obese patients
and MMSE (mini-mental status exam) and ADAS (Alzheimer’s
disease assessment scale) scores after 12 weeks [55]. One RCT
[54] showed that red ginseng increased the H. pylort eradication
rate in dyspepsia and indigestion, while the other RCT failed to do
so in chronic gastritis [45].

Adverse Events

Six RCTs [36-39,48,50] mentioned adverse events, while the
other RCTs did not. None of the RCTs reported any serious
adverse effects. Two RCTs [36,37] reported gastric upset in two
groups, and one of these [36] also reported constipation in the
intervention group. The other RCTs [38,39,48,50] reported
various adverse symptoms that were not closely related to the
intervention. Of these RCTs, one RCT [50] had various adverse
effects and the largest dose of red ginseng of the included trials.

Discussion

This review represents a systematic assessment of RCT's that are
related to the effectiveness of ginseng published in the Korean
literature. The clinical effects of ginseng have been tested for a
wide range of conditions in Korea. Most RCTs published in the
Korean literature have not been included in up-to-date systematic
reviews. Our review aimed to summarise all the RCTs on ginseng
in the Korean literature regardless of treated conditions. Nine
trials included in this review reported results on exercise capacity,
cognitive performance, somatic symptoms, quality of life, and
sleeping in healthy persons [26-34]. Twenty-one RCTs tested
ginseng or red ginseng compared with placebo or no treatment in
erectile dysfunction, gastric and colon cancer, diabetes mellitus
and other conditions [35-55]. This review may serve as a
foundation for future systematic reviews and further studies, but
the small sample size provides limited contribution. Compared to
previous reviews [1,3,6,8-16], we identified 20 new RCTs [26—
31,33,38,39,41-45,48,49,52-55] and successfully updated the
information for therapy. Our ginseng review provides people the
opportunity to access studies that were originally published in
languages that they would otherwise be unable to read.

It is meaningful to compare discrepancies or agreements for
each condition in the included studies with the conclusions of
previous systematic reviews (Table 4). We updated our review with
20 new RCTs (66.7% of the 30 trials) on healthy people (7 trials)
[26-31,33], erectile dysfunction (2 trials) [38,39], gastric and colon
cancer (5 trials) [41-45], androgenic alopecia (1 trial) [48],
coronary artery (1 trial) [49], obesity (1 trial) [52], metabolic
syndrome (1 trial) [53], dyspepsia and indigestion (1 trial) [54], and
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Alzheimer’s disease (1 trial) [55]. One systematic review [l]
suggested the effects of red ginseng on erectile dysfunction with 7
included RCTs. We found 2 additional Korean RCTs [38,39] that
showed positive effects of ginseng on ED. These studies can add
more favourable effects of ginseng for this condition. One RCT
[55], which assessed the effects of ginseng on Alzheimer’s disease,
reported positive results on improving symptoms. However, this
study was already included in a previous systematic review as a
duplicate publication, and it could not contribute to the current
evidence.

One important question of these studies concerns the safety of
ginseng. Ginseng appears to be generally safe, and no serious
adverse effects have been reported. Adverse effects were noted in
six of the RCTs included in this study [36-39,48,50]. None
reported any serious adverse effects. However, the possibility of
adverse effects caused by high doses of ginseng should be generally
considered with caution. Therefore, another question is whether
the therapeutic effects of ginseng depend on the form of ginseng
and the amounts of various constituents in the preparation. Both
the optimum dose and the ideal form of ginseng are currently
unknown. No clinical trial comparing dosages or forms of ginseng
has yet been published.

In the studies included in our analysis, the largest dose of
ginseng used was 5.4 g [41], and the minimal dose of ginseng was
0.4 g daily [27]. The largest dose of red ginseng was 6.0 g [29,50]
daily, and the minimal dose of red ginseng was 0.8 g daily [38].
Hence, all of the RCTs in our review reported various doses of
ginseng or red ginseng. Of the 30 RCTs included here, 22 RCTs
used ginseng powder in capsules [26-29,31,32,34,36,37,39-
41,43-48,50-52,54], likely because ginseng capsules are more
amenable to blinding than powder [35,38,53,55] or extract
preparations [33,42]. It is clear that further clinical trials
comparing the dosage or forms of ginseng are required.

Assuming that ginseng is a beneficial treatment for a wide range
of conditions, its possible mechanisms of actions may be of interest.
Like all herbal extracts, ginseng preparations are complex
mixtures of multiple pharmacologically active ingredients. The
most important and best researched of the active ingredients in
ginseng are the ginsenosides, a diverse group of triterpenoidal
saponins. Approximately 150 different ginsenosides have been
identified to date. These compounds have complex biological
activities. The mechanisms of action of ginseng are therefore
diverse, complex and often somewhat unclear [56]. Further basic
research is needed to fully understand the mechanisms of action of
ginseng.

We also wish to highlight some of the difficulties inherent in
research on ginseng and offer some suggestions for future research.
First, researchers must use an appropriate random component for
sequence generation, such as a computerised random number
generator or coin toss. An appropriate randomised controlled trial
design, more than any other factor, can have a powerful and
immediate impact on patient care. However, appropriate
randomisation was described in only four ginseng trials
[28,47,51,53] in the Korean literature. This may lead to selection
bias and exaggerated treatment effects. Hence, more rigorous
randomisation should be applied to future studies. Second, most of
the included RCTs used a double-blinding procedure, but only
three RCTs [32,34,35] used assessor blinding. Those that failed to
do so are at risk of detection bias. That is, although all of the
RCTs used a placebo or no treatment as a control group, none
reported the success of blinding or the degree of unblinding due to
the distinct taste and smell of ginseng. Therefore, the success of the
blinding procedures should be assessed. Third, as noted, no
clinical trial comparing dose dependency has yet been published.
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Studies with comparable controls would help to establish or
contribute to the current evidence for the efficacy of ginseng.

This systematic review has several limitations. Although
extensive efforts were made to retrieve all of the RCTs in the
Korean literature, we cannot be certain that our searches located
all relevant RCTs. In fact, the Korean database may have
incorrectly reported some search results, and several early papers
may be missing from the search.

In conclusion, ginseng is a popular herbal medicine that is used
worldwide for a broad range of indications in the Korean
literature. Although the quality of RCTs published in the Korean
literature was generally poor, this review is useful for researchers to
access studies that were originally published in languages they
would otherwise be unable to read and due to the paucity of
evidence on this subject. The results of this systematic review
showed that ginseng appears to be effective for various medical
conditions, particularly exercise capacity, somatic symptoms,
erectile dysfunction, advanced colon cancer, diabetes, dyspepsia,
indigestion and Alzheimer’s disease. However, the main limitation
of our analysis was that nearly all the included trials were
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