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Abstract

Importance: Despite the widespread use of ginseng in the management of diabetes, supporting evidence of its anti-
hyperglycemic efficacy is limited, necessitating the need for evidence-based recommendations for the potential inclusion of
ginseng in diabetes management.

Objective: To elucidate the effect of ginseng on glycemic control in a systematic review and meta-analysis of randomized
controlled trials in people with and without diabetes.

Data sources: MEDLINE, EMBASE, CINAHL and the Cochrane Library (through July 3, 2013).

Study selection: Randomized controlled trials =30 days assessing the glycemic effects of ginseng in people with and
without diabetes.

Data extraction: Relevant data were extracted by 2 independent reviewers. Discrepancies were resolved by consensus. The
Heyland Methodological Quality Score and the Cochrane risk of bias tool were used to assess study quality and risk of bias
respectively.

Data synthesis: Sixteen trials were included, in which 16 fasting blood glucose (n=770), 10 fasting plasma insulin (n=349),
9 glycated hemoglobin (n=264), and 7 homeostasis model assessment of insulin resistance (n=305) comparisons were
reported. Ginseng significantly reduced fasting blood glucose compared to control (MD= —0.31 mmol/L [95% Cl: —0.59 to
—0.03], P=0.03). Although there was no significant effect on fasting plasma insulin, glycated hemoglobin, or homeostasis
model assessment of insulin resistance, a priori subgroup analyses did show significant reductions in glycated hemoglobin
in parallel compared to crossover trials (MD =0.22% [95%Cl: 0.06 to 0.37], P=0.01).

Limitations: Most trials were of short duration (67% trials<<12wks), and included participants with a relatively good
glycemic control (median HbA1c non-diabetes =5.4% [2 trials]; median HbA1c diabetes=7.1% [7 trials]).

Conclusions: Ginseng modestly yet significantly improved fasting blood glucose in people with and without diabetes. In
order to address the uncertainty in our effect estimates and provide better assessments of ginseng'’s anti-diabetic efficacy,
larger and longer randomized controlled trials using standardized ginseng preparations are warranted.
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Introduction

Diabetes is reaching epidemic proportions globally, with rates
continually rising in both the developed and developing countries
[1]. Despite advances in treatment, long-term diabetes manage-
ment goals generally remain unmet [2]. Meanwhile, interest in
complementary and alternative medicine (CAM) continues to
grow [3], becoming one of the major therapeutic approaches
sought by individuals with diabetes [4]. Among the most prevalent
herbal CAMs, is American ginseng, which has demonstrated
significant promise in the management of type 2 diabetes (T2DM),
as acknowledged by the 2002 American Diabetes Association
nutrition recommendations review [3].

Currently, 13 species of ginseng have been identified, of which
Asian ginseng (Panax ginseng) and American ginseng (Panax
quinquefolius)are the most extensively used and researched. Its
pharmacological activity has been attributed to a group of
saponins, also known as ginsenosides [6].

Several controlled clinical trials using American or Asian
ginseng have demonstrated its therapeutic potential for glycemic
control [7-9]. However, systematic reviews of such trials
investigating the effect of ginseng on glycemic and metabolic
parameters were largely inconclusive, concluding a lack of
convincing evidence for benefit [10,11] or reporting promising
results for improving glucose metabolism [12,13]. A previously
conducted systematic review and meta-analysis on a single variety
of ginseng, Korean red ginseng, did not show favorable outcomes

PLOS ONE | www.plosone.org

in the management of T2DM, but was limited to 4 trials with
incompatible study designs, as both acute and long-term effects of
Korean red ginseng were investigated [14]. Therefore, our
objective was to conduct a systematic review and meta-analysis
of randomized controlled trials (RCT’s) assessing for the first time,
the glycemic effects of all species of ginseng (the genus Panax) in
people with and without diabetes.

Methods

Our meta-analysis followed the Cochrane Handbook for
Systematic Reviews of Interventions [15]. We reported our
findings according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [16]. The review
protocol is available online at ClinicalTrials.gov (registration

number, NCT01841229).

Data sources and searches

MEDLINE, EMBASE, CINAHL, and the Cochrane Central
Register of RCTs were searched from inception through 3 July
2013, using a comprehensive search strategy (Table S1). Manual
searches of the reference lists of all selected and review articles
supplemented the electronic search. Abstracts and dissertations
were also included with no restriction on language.
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Study selection

We included RCTs = 30 days which examined the effect of oral
ginseng supplementation (all species of the genus Panax) on at
least one of four endpoints of glycemic control: fasting blood
glucose (FBG), fasting plasma insulin (FPI), glycated hemoglobin
(HbAlc), and homeostasis model assessment of insulin resistance
(HOMA-IR), in individuals with and without diabetes. In order to
1solate the effect of ginseng, trials that used ginseng as part of a
multi-herbal treatment were excluded. Trials that lacked a suitable
control, where ginseng was not adequately compared to ecither a
placebo or a control group that was exposed to similar study
conditions with the exception of not receiving the ginseng
intervention, or those that did not provide suitable endpoints data
were also excluded.

Data extraction and quality assessment

Data were reviewed and extracted by two independent
reviewers (E.S., V.D.) using a standardized pro forma. Relevant
data extracted included information on authorship, publication
year, study design, follow-up duration, blinding, sample size,
subject characteristics, ginseng species, preparation, dose and
form, comparator, and funding source. Study quality in included
reports was assessed using the Heyland Methodological Quality
Score (MQS), where a score = 8 was considered to be high quality
[17]. Risk of bias was assessed using the Cochrane Risk of Bias tool
[15]. Discrepancies were resolved by consensus.

Mean * SD for baseline values, change from baseline
differences, end differences in FBG, FPI, HbAlc, and HOMA-
IR were extracted. Missing SDs were imputed from 95% CI, P
values, ¢ or F statistics using published formulae [15]. When
necessary, end-of-study changes in the treatment and control
groups provided by individual trials were used to derive a
correlation coefficient between intervention and control group
outcomes. These correlations were then pooled using random
effect modeling, where the pooled value was used to impute
missing SDs [15,18]. A calculated correlation (0.41) was used only
for FPI imputation in paired analysis of crossover trials. Where
needed, authors were contacted to request additional data.

Data Synthesis and analysis

The mean difference (MD) and 95% CI was the summary
outcome measure for all endpoints. Data for FBG, FPI, HbAlc,
and HOMA-IR were aggregated using Review Manager (Rev-
Man) software version 5.0.25 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) for all primary
analyses. Data were pooled using random effects models, with
inverse variance weighting. Each endpoint was also stratified based
on diabetes status. Between-treatment change from baseline
differences were used as the primary end points and between-
treatment end differences were used when these data were not
available. All crossover trials underwent paired analyses [18], and
the start value of the control was used when baseline values were
not reported. In the event of multiple comparator arms within the
same study, a weighted average was applied to create a single
pairwise comparison [15]. Inter-study heterogeneity was assessed
using the Cochran Q) statistic with a significance level set at P <
0.10, and quantified with the P statistic where a value = 50%
reflected substantial heterogeneity. Potential sources of heteroge-
neity were investigated by a priori subgroup analyses of ginseng
form, preparation, and species, follow-up duration, study quality
and design, respective baseline glycemic parameters, and diabetes
status. Further post-hoc subgroup analysis was undertaken to
investigate possible effect modification by funding source. Meta-
regressions were used to assess the significance of subgroup
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differences. The presence of a linear trend in the data based upon
respective baseline glycemic parameters and follow-up duration
were studied using continuous meta-regression analyses. Sensitivity
analyses were performed to assess any undue influences of
individual studies on the overall effect estimates, by systematically
removing each individual study from the meta-analysis and
recalculating the effect estimate from the remaining studies.
Publication bias was examined through visual inspection of funnel
plots and quantitatively evaluated by Begg’s and Egger’s tests.
Meta-regressions and assessment of publication bias were
performed on STATA 12 (StataCorp, College Station, Texas).

Results

Search results

Figure 1 shows the flow of the literature. We identified 975
publications, of which 930 were excluded on the basis of title and
abstract. Of the 45 potential relevant studies that were retrieved
and fully reviewed, 30 were further excluded. Therefore, we
included a total of 15 reports, providing data from 16 trials in 770
participants on the following endpoints: FBG (16 trial compari-
sons, n =770), FPI (10 trial comparisons, n = 349), HbAlc (9 trial
comparisons, n=264), and HOMA-IR (7 trial comparisons,
n=305) [7,9,19-31].

Trial characteristics

Table 1 displays the characteristics of the included trials. Nine
(56.3%) trials were conducted in 339 participants with diabetes
and 7 (43.7%) in 431 participants without diabetes. Trials
conducted on diabetes included subjects with type 1 diabetes
mellitus (2 trials), type 2 diabetes mellitus (5 trials), and type 2
diabetes mellitus & pre-diabetes (2 trials). Non-diabetes trials
included subjects with essential hypertension (1 trial), pre-diabetes
(2 trials), and those that were otherwise healthy (4 trials). The
median age of the study population was 51 years (IQR: 47.1-57.8
years). All but one trial [32] were carried out in outpatient settings.
Fifty percent of all trials were conducted in Asia with the
remaining conducted in North America and Europe (25% each).
All trials assessed FBG in participants both with (9 trials; n = 339;
median baseline FBG: 8.3 mmol/L (IQR: 7.8-8.8)) and without (7
trials; n = 431; median baseline FBG: 5.5 mmol/L (IQR: 5.1-5.8))
diabetes; ten trials assessed FPI in participants both with (7 trials;
n=272; median baseline FPI 70.8 pmol/L (IQR: 63.5-78.9)) and
without (3 trials; n = 77; median baseline FPI 74.8 pmol/L (IQR:
74.4-86)) diabetes; nine trials assessed HbAlc in participants both
with (7 trials; n = 235; median baseline HbAlc of 7.1% (IQR: 6.5~
7.6) and without (2 trials; n = 29; median baseline HbAlc of 5.4%
(IQR: 5.4-5.5)) diabetes; and seven trials assessed HOMA-IR in
participants both with (6 trials; n=257; median baseline HOMA-
IR of 3.8 (IQR: 2.2-5.2)) and without (1 trial; n=48; baseline
HOMA-IR = 3) diabetes.

Eleven trials (68.8%) used parallel and five (31.3%) used
crossover designs. Only two species of ginseng were identified
across all trials: Panax ginseng (12 trials; 75%) and Panax
quinquefolius (3 trials; 18.8%); one study, Sotaniemi et al., did not
specify ginseng source. Ginseng preparations included whole root/
rootlets of Korean red, American, or Panax ginseng (4 trials;
25%), and extracts of Korean red, American, or Panax ginseng
(10 trials; 62.5%). Two trials (12.5%) did not specify method of
preparation [19,21]. All the trials used encapsulated powder forms
of ginseng as the intervention. Thirteen trials (81.2%) used a
placebo as the comparator, 2 (12.5%) used a control group that
did not receive ginseng, and 1 (6.25%) used fermented soybean.
The median follow-up was 8 weeks (IQR: 8-12).
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Eleven trials (68.8%) were found to be of high quality (MQS =
8). The median MQS among the available trials was 8 (IQR: 7-10)
(Table 82). Of those trials which received low scores, the elements
contributing to the low scores were poor description of random-
ization and treatment protocol, nonconsecutive or poorly
described patient selection, high drop-out rates, and the absence
of an intention-to-treat analysis. The Cochrane Risk of Bias Tool
showed that 9 trials (56.3%) had unclear risk of bias and 7 trials
(43.7%) had low risk of bias for sequence generation. Six trials
(37.5%) had unclear risk of bias and 10 trials (62.5%) had low risk
of bias for allocation concealment. Two trials (12.5%) had unclear
risk of bias, 12 trials (75%) had low risk of bias, and 2 trials (12.5%)
had high risk of bias for blinding. Fourteen trials (87.5%) were
scored with low risk of bias, and 2 trials (12.5%) with high risk of
bias for incomplete outcome data. Ten trials (62.5%) scored
unclear risk, and 6 (37.5%) scored low risk of bias for selective
outcome reporting (Figure S1). Eight (50%) studies reported
funding from agency sources, four (25%) reported industry
support, one (6.3%) reported agency-industry support, and three
(18.7%) did not specify.

Ginseng and Glycemic Control

Fasting Blood Glucose

Figure 2 shows the effect of ginseng supplementation on FBG.
Overall, a significant FBG reduction was observed (MD =
—0.31 mmol/L [95% CI: —0.59 to —0.03], P =0.03). However,
significant evidence of inter-study heterogeneity was seen in the
overall analysis (I? = 89%; P <0.001).

Sensitivity analyses of systematically removing individual trials
showed that removal of five trials individually demonstrating
benefits for FBG [7,19,21,22,29] led to a loss of significance
in the overall effect (MD=—0.16 mmol/L; P=0.14, MD=
—0.27 mmol/L; P=0.06, MD=—0.28 mmol/L; P =0.06,
MD = —0.28 mmol/L; P=0.05, MD = —0.23 mmol/L; P=0.1,
respectively). A priori subgroup analyses revealed that the FBG-
lowering effects of ginseng were only modified by the diabetes
status of the individuals (between-group MD = —0.96 mmol/L
[95% CI: —1.44 to —0.47], P=0.001). Studies conducted in
individuals with diabetes demonstrated a MD of —0.84 mmol/L
[95% CL: —1.22 to —0.46], whereas those conducted in
individuals without diabetes showed a MD of 0.11 mmol/L
[95% CI: —0.19 to 0.42] (Figure S2). Continuous meta-
regression analyses revealed a linear association between baseline
FBG and treatment differences in FBG (B = —0.26 mmol/L [95%

MEDLINE (1946 to July 3, 2013): 140
EMBASE (1947 to July 3, 2013): 720
CINAHL (1985 to July 3, 2013): 100

Manual Searches: 4

All reports identified through database searching: 975

The Cochrane Library (to July 3, 2013): 11

Reports excluded on basis of title and/or abstract: 930
Not human studies: 230
Acute or short-term reports: 21
Duplicate reports: 202
Editorials & commentaries: 9
Case study reports: 4
Observational reports: 30
Reports with no ginseng administration: 19
Review reports:391
Systematic reviews and meta-analyses: 23
Not a clinical trial: 1

\

Reports reviewed in full: 45

Reports excluded: 30
No suitable endpoints: 17
No suitable control: 13

v

15 Reports (16 trials) included in the meta-analysis:
16 trials assessed ginseng’s effect on FBG (n=770)
10 trials assessed ginseng’s effects on FPI (n=349)
9 trials assessed ginseng’s effect on HbAlc (n=264)
7 trials assessed ginseng’s effect on HOMA-IR (n=305)

Figure 1. Flow of the literature search for the effect of ginseng on glycemic outcomes (FBG, FPI, HbA1c, and HOMA-IR).

doi:10.1371/journal.pone.0107391.g001
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CI: —0.40 to —0.13] per 1 mmol/L, P=0.001) (Table S3).
Heterogeneity remained significant, and could not be explained
away by any of the subgroup analyses.

Fasting Plasma Insulin

Figure 3 shows the effect of ginseng supplementation on FPI.
Overall, no significant difference in FPI levels were observed
(MD =0.16 pmol/L [95% CI: —5.04 to 5.37], P =0.95), along
with no evidence of inter-study heterogeneity (I” = 23%; P = 0.23).
No difference in effect estimate was identified by diabetes status.

Sensitivity analyses did not alter the direction or significance of
effect estimates nor modify heterogeneity; and @ priori subgroup
analyses did not reveal significant effect modification by any
subgroup under both dichotomous and continuous models
(Figure S3 and Table S3).

Glycated Hemoglobin

Figure 4 shows the effect of ginseng supplementation on
HbAlc. Ginseng supplementation did not change HbAlc levels in
the overall analysis (MD = —0.0005% [95% CI: —0.005 to 0.004],
P =0.82), nor in the analyses by diabetes status. Nevertheless,
significant inter-study heterogeneity was observed in the overall
analysis (I =62%, P =0.007) and in the analyses in participants
with diabetes (I =72%, P =0.002).

In our sensitivity analyses, the systematic removal of 2 individual
trials [9,29] resulted in a similar overall borderline significant effect,
both demonstrating a MD of —0.15% [95% CI: —0.29 to —0.001],
P =0.05. The overall heterogeneity in the results was not affected by
the individual removal of any studies. A priori subgroup analyses
showed that reductions in HbAlc were only modified by study
design (MD = 0.22% [95% CI: 0.06 to 0.37], P =0.01). Crossover
trials showed a MD of —0.0003% [95% CI: —0.004 to 0.003],
whereas parallel trials demonstrated a MD of —0.22% [95% CI:
—0.37 to —0.06] (Figure S4). No linear associations between
baseline HbAlc or follow-up duration and reductions in HbAlc
were found by continuous meta-regression analyses (Table S3).

Homeostasis model assessment of insulin resistance

Figure 5 shows the effect of ginseng supplementation on
HOMA-IR. Ginseng supplementation did not affect HOMA-IR
levels in the overall analysis (MD =0.0009 [95% CI: —0.59 to
0.59], P =1.00), nor in analyses by diabetes. Although, significant
inter-study heterogeneity was detected in the overall analysis
(I =81%, P <0.001).

Sensitivity analyses did not alter the direction or significance of
effect estimates nor modify heterogeneity; and @ priori subgroup
analyses did not reveal significant effect modification by any
subgroup under both dichotomous and continuous models.
(Figure S5 and Table S3).

Publication Bias

Visual inspection of funnel plots suggested asymmetry in the
FBG, FPI, and HbAlc analyses, with tendencies for the
publication of small and/or imprecise trials favoring ginseng for
IFBG and HbAlc, and favoring comparator for FPI. However, this
was not confirmed by either Egger’s or Begg’s tests (Figure S6).

Discussion and Conclusions

An aggregate analyses of 16 RCTs in 770 participants showed
that ginseng supplementation significantly lowered FBG. Ginseng
intakes decreased FBG by 0.31 mmol/L (95% CI: —0.59 to —
0.03, P =0.03) following duration of = Imonth, in people with
and without diabetes. Although there was no significant overall

PLOS ONE | www.plosone.org

Ginseng and Glycemic Control

effect of ginseng on FPI, HbAlc, or HOMA-IR, @ priori subgroup
analyses did show a significant HbAlc benefit in parallel trials
compared to crossover trials. Greater reductions in FBG were also
observed in people with diabetes than those without diabetes.

Our findings add to those from previous systematic reviews in this
area. Two recent systematic reviews assessing the efficacy and safety
of ginseng reported promising, but inconclusive evidence for its
application in moderating glucose metabolism [12,13]. However,
another earlier systematic review and meta-analysis failed to show a
FBG-lowering effect of ginseng supplementation [14]. One reason for
these inconsistencies may relate to differences in their eligibility
criteria. Whereas the earlier systematic review included only RCTs
that investigated the effect of Korean red ginseng i subjects with
T2DM with either acute treatment administrations or treatment
durations of least 12 weeks, we included trials which investigated the
effect of any ginseng species in people with or without diabetes over at
least 4 weeks. Despite having more inclusive criteria for ginseng
species, diabetes status, and follow-up, we did not find any significant
effect modification by any of these criteria with the exception of
diabetes status.

Diabetes status partially explained the heterogeneity in the
overall analysis for FBG. Participants with diabetes had a greater
reduction in FBG than participants without diabetes. In line with
this subgroup effect, our continuous meta-regression analyses
showed that increases in baseline FBG were linearly associated
with FBG reductions on the ginseng interventions, further
supporting the notion that ginseng supplementation may generate
a greater benefit in individuals with higher FBG levels.

It is unclear why the improvements in HbAlc were restricted to
parallel trials only. One explanation may be an inadequate washout
period between treatments in crossover designs, as it has been
shown that ginseng metabolites may remain in the body for up to 10
weeks after treatment has ended [33]. As all of the crossover trial
washouts were <10 wecks (range 27-42 days), confounding from
carryover effects remains a strong possibility. Another explanation
may relate to the glycemic control of the participants. It is a well
understood phenomenon that the higher baseline HbAlc levels, the
greater the fall with anti-hyperglycemic agents [34]. As most of the
trials included participants with relatively good glycemic control in
people with diabetes (median HbAlc 7.1%), it is possible that this
resulted in blunted effects. The analysis also included people without
diabetes (22% of trials) with optimal control (median HbAlc 5.4%)
in whom a significant reduction in their HbAlc levels is unlikely to
be observed [35]. Finally, as approximately 50% of the hemoglobin
glycation reflected in HbAlc value occurs in 90-120 days [36], the
short duration of the majority of included trials (6 of 9 trials that
assessed HbAlc had <12 weeks follow-up) may have also
underestimated the true HbAlc reductions.

The current results do not support the majority of evidence
from animal and in-vitro data that suggest a potential of ginseng to
increase insulin sensitivity and/or secretion [37]. Nevertheless,
meta-regression by ginseng species found greater FPI reductions
for Panax ginseng relative to Panax quinquefolius, although the
between-subgroup  difference  was not = significant (MD =
—13.41pmol/L ([95% CI:—28.19 to 1.37], P=0.07). These
observations are line with findings from previous clinical trials
supporting both the proposed insulin sensitizing and insulin
secreting mechanisms for Panax ginseng and Panax quinquefolius
respectively in the amelioration of hyperglycemia in T2DM [9,29].

The mechanisms underlying ginseng’s hypoglycemic activity
remain unclear. A growing database of cell culture and animal
studies indicate that ginseng may alleviate hyperglycemia by
enhancing pancreatic B-cell function and reducing insulin resistance
[38]. Data from these studies support four possible modes of anti-
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Ginseng,n Control, n

Diabetes

Chio et al. 1997 (19) 14
Kim et al. 2012 (21) 20
Ma et al. 2008 (22) 20
Reeds et al. 2011 (25) 10
Sotaniemi et al. 1995 (7) 24
Vuksan et al. 2000 (29) 24
Vuksan et al. 2008 (9) 19
Yoon et al. 2012 (30) 54
Zhang et al. 2007 (31) 43
Subtotal (95% CI)

Heterogeneity: Tau? = 0.27; Chi?=28.29, df = 8 (P <0.001); > = 72%
Test for overall effect: Z=3.90 (P <0.001)

Non-diabetes

Dickman et al. 2009 (20) 12
Park et al. 2012 (23) 23
Reayl et al. 2009 (24) 23
Reay?2 et al. 2009 (24) 14
Rhee et al. 2011 (26) 30
Scaglione et al. 1996 (27) 114
Shinet al. 2011 (28) 15
Subtotal (95% CI)

Heterogeneity: Tau? = 0.03; Chi>=16.15,df =6 (P=0.01); 2 = 63%
Test for overall effect: Z=1.26 (P=0.21)

Total (95% CI)

Heterogeneity: Tau? = 0.22; Chi?> = 138.26, df = 15 (P < 0.001); > = 89%
Test for overall effect: Z =2.20 (P=10.03)

Ginseng and Glycemic Control

Mean Difference (95% CI)
in Fasting Blood Glucose, mmol/L

17 -1.39 [-2.54,-0.24] —
18 -0.84[-1.47,-0.21] —_—
20 -2.10 [-4.06, -0.14] —
5 0.05 [-0.35, 0.45] —_
12 -1.00 [-1.22, -0.78] -
24 -1.92 [-2.85,-0.98] —
19 -0.66 [-1.90, 0.58] S —
18 -0.67 [-1.56, 0.23] S —
41 -0.80 [2.13, 0.53] _—

-0.90 [-1.35,-0.45] <9
13 -0.44 [-0.75, -0.13] —_
25 0.15[-0.16, 0.46] T
23 0.29[0.02, 0.56] —'—
14 0.19[-0.15, 0.53] -
34 0.10 [-0.09, 0.29] -
113 0.14[0.03, 0.25] -
15 0.53 [-0.14, 1.20] —

0.10 [-0.06, 0.26] ’
-0.31 [-0.59,-0.03] <&
1 1 1 1

-2 -1 0 1 2
Favors Ginseng

Mean Difference (95% CI) in Fasting Blood Glucose, mmol/L

Favors Control

Figure 2. Forest plots of controlled clinical trials investigating the effect of ginseng on FBG. The diamond represents a pooled effect
estimate. Paired analyses were applied to all crossover trials [18]. Data are mean differences (MD) with 95% Cl. P values are for Generic Inverse
Variance random effects models. Inter-study heterogeneity was tested by the Cochran Q statistic at a significance level of P <0.10 and quantified by
the I? statistic, where 1> = 50% is considered to be evidence of substantial heterogeneity.

doi:10.1371/journal.pone.0107391.g002

diabetic action: modulation of (1) glucose absorption, (2) insulin
secretion and binding, (3) glucose transport, and/or (4) glucose
disposal [37]. Collectively, these investigations offer preliminary but
plausible explanations for the anti-diabetic potency of the two
ginseng species in the clinical trials of this meta-analysis.

Assessment of the safety and tolerability of ginseng was not
possible in this systematic review and meta-analysis, as only 4 of
the 16 trials reported safety parameters among which a consistent
safety parameter did not exist [9,27,29,30]. Markers used in
evaluating ginseng’s safety included hepatic, renal, haemostatic,
blood pressure function, comprehensive blood tests, and number
of adverse events, none of which reported any difference in
adverse events relative to the control. This parallels findings of
several systematic reviews investigating the efficacy and safety of
ginseng, where it was concluded that while its efficacy remains
questionable, it appears to be generally safe [12,37,39]. Due to the
nature of the intervention used in the trials, we could not eliminate
the possibility of an effect modification by source of funding.
Hence, following a post hoc analysis, no effect of funding source
was found for any of the endpoints.

Several limitations of this systematic review and meta-analysis
should be acknowledged. First, although undertaking dose-response
analysis was specified a priori, it was not evaluated in the present work
due to the variation in ginseng preparations administered (whole

PLOS ONE | www.plosone.org

root/rootlets of Korean red/Panax/American ginseng vs. often
uncharacterized extracts of these varieties), precluding calculation of
ginseng dose equivalents. Second, the high variability in ginsenoside
composition along with poor standardization of the ginsenoside
profile continues to add complexity to the assessment of ginseng’s
glycemic benefits, as it has been shown that the anti-hyperglycemic
efficacy of ginseng varies across species and is correlated to its
ginsenoside composition [40]. To date, the optimal ratio of the most
prominent bioactive components of ginseng, the ginsenosides, needed
to ensure reproducible glucose lowering effects and product quality,
has not been fully determined, necessitating a demand for better
ginseng standardization. Third, information on the ginsenoside
profile was not given by most of the trials, complicating the
corroboration of a corresponding ginsenoside profile across studies
that demonstrated effective findings. Finally, publication bias remains
a concern as our funnel plot analyses demonstrated evidence of
asymmetry favoring small and/or imprecise studies with FBG and
HbAlc reducing effects, though this was neither confirmed by
Egger’s nor by Begg’s test.

In conclusion, aggregate data analyses of controlled clinical trials
show evidence for a modest yet significant benefit of ginseng in
improving FBG in people with and without diabetes. Although
ginseng did show advantages for HbAlc in parallel trials, the overall
lack of an effect on HbAlc and persistent unexplained heterogeneity
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Subgroups and Study, Year (Reference)

Diabetes

Kim et al. 2012 (21)

Ma et al. 2008 (22)

Reeds et al. 2011 (25)

Vuksan et al. 2000 (29)

Vuksan et al. 2008 (9)

Yoon etal. 2012 (30)

Zhang et al. 2007 (31)

Subtotal (95% CI)

Heterogeneity: Tau? = 22.88; Chi>=9.72,df = 6 (P =0.14); 2 = 38%
Test for overall effect: Z=0.10 (P =0.92)

Non-diabetes

Park et al. 2012 (23)

Reayl et al. 2009 (24)

Reay?2 et al. 2009 (24)

Subtotal (95% CI)

Heterogeneity: Tau? = 0.00; Chi>=1.68, df =2 (P =0.43); > =0%
Test for overall effect: Z=0.35 (P =0.72)

Total (95% CI)
Heterogeneity: Tau? = 14.40; Chi>= 11.73,df =9 (P=0.23); 2 = 23%
Test for overall effect: Z=0.06 (P =0.95)

Ginseng, n

23
17

Control, n

18
20

24
19
18
41

25
17

Mean Difference (95% CI)

Ginseng and Glycemic Control

in Fasting Plasma Insulin, pmol/L

-4.20[-14.89, 6.49]
-30.00 [-91.88, 31.88]
28.70[-5.77, 63.17]
32.54[-7.73,72.82]
2.09[-3.89, -0.30]
-4.54[-17.65, 8.57]
9.10[-3.98, 22.18]
0.31 [-5.98, 6.60]

27.10[-13.86, 68.06]
3.30[-32.81,39.41]
-3.10[-23.38,17.18]
2.94 [-13.30,19.17]

0.16 [-5.04,5.37)

-~

e —
Y—

N

T T T T T
S50 25 0 25 50

Favors Ginseng Favors Control

Mean Difference (95% CI) in Fasting Plasma Insulin, pmol/L

Figure 3. Forest plots of controlled clinical trials investigating the effect of ginseng on fasting plasma insulin. The diamond represents
a pooled effect estimate. Paired analyses were applied to all crossover trials [18]. Data are mean differences (MD) with 95% ClI. P values are for Generic
Inverse Variance random effects models. Inter-study heterogeneity was tested by the Cochran Q statistic at a significance level of P <0.10 and
quantified by the I? statistic, where I* = 50% is considered to be evidence of substantial heterogeneity.

doi:10.1371/journal.pone.0107391.g003

Subgroups and Study, Year (Reference)

Diabetes
Chio et al. 1997 (19)

Kim etal. 2012 (21)

Reeds et al. 2011 (25)
Sotaniemi et al. 1995 (7)

Vuksan et al. 2000 (29)

Vuksan et al. 2008 (9)

Yoon etal. 2012 (30)

Subtotal (95% CI)

Heterogeneity: Tau? = 0.00; Chi?=21.16, df = 6 (P =0.002); > = 72%
Test for overall effect: Z=0.23 (P=10.82)

Non-diabetes

Reayl et al. 2009 (24)

Reay2 et al. 2009 (24)

Subtotal (95% CI)

Heterogeneity: Tau? = 0.00; Chi?=0.01, df=1 (P=0.92); 2 =0%
Test for overall effect: Z=0.15 (P=0.88)
Total (95% CI)

Heterogeneity: Tau?= 0.00; Chi>=21.19, df =8 (P =0.007); 2 = 62%
Test for overall effect: Z=0.32 (P =10.82)

Ginseng, n

14
20

10
36

24

19
54

18

Control, n

17
18

5
36

24

19
18

18
11

Mean Difference (95% CI)

in HbAlc, %

-0.40 [-1.05, 0.25]
-0.33[-0.67, 0.01]

-0.10[-0.28, 0.08]
0.25[-1.22,0.72]

0.002 [-0.004, -0.0002]

0.001 [-0.0005, 0.003]
0.37[-0.62,-0.11]
-0.0006 [-0.006, 0.004]

0.08 [-0.83, 0.99]
0.02 [0.69, 0.73]

0.04 [-0.52,0.60]

-0.0005 [-0.005, 0.004]

-~

VS

I ——
R
—_—

~+

-

05 -0.25 0 025 05
Favors Ginseng Favors Control

Mean Difference (95% CI) in HbAlc, %

Figure 4. Forest plots of controlled clinical trials investigating the effect of ginseng on glycated hemoglobin. The diamond represents
a pooled effect estimate. Paired analyses were applied to all crossover trial [18]. Data are mean differences (MD) with 95% Cl. P values are for Generic
Inverse Variance random effects models. Inter-study heterogeneity was tested by the Cochran Q statistic at a significance level of P <0.10 and
quantified by the I? statistic, where I* = 50% is considered to be evidence of substantial heterogeneity.

doi:10.1371/journal.pone.0107391.9g004
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Subgroups and Study, Year (Reference) Ginseng, n

Diabetes

Kim et al. 2012 (21) 20
Ma et al. 2008 (22) 20
Vuksan et al. 2000 (29) 24
Vuksan et al. 2008 (9) 19
Yoon etal. 2012 (30) 54
Zhang et al. 2007 (31) 43
Subtotal (95% CI)

Heterogeneity: Tau?= 0.31; Chi?=28.98, df =5 (P < 0.001); > = 83%
Test for overall effect: Z=0.28 (P=0.78)

Non-diabetes

Park et al. 2012 (23) 23
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=1.34 (P=0.18)

Total (95% CI)

Heterogeneity: Tau? = 0.32; Chi>=31.07,df =6 (P <0.001); 2= 81%

Test for overall effect: Z=0.00 (P =1.00)

Ginseng and Glycemic Control

i 0,
Control, n Mean Difference (95% CI)

in HOMA-IR
18 -0.57 [-1.00,-0.14] -
—
20 -2.40 [-4.64, -0.16]
24 0.20 [-1.60, 1.99] —_—
19 0.89[0.45, 1.33] -+
18 0.12[-3.11, 3.35]
41 -0.16 [-0.28, -0.04]
-0.09 [-0.69, 0.52]
N I
25 1.60[-0.73,3.93]
1.60 [-0.73,3.93]
0.0009 [-0.59, 0.59]
| } | } |
-4 -2 0 2 4

Favors Ginseng Favors Control

Mean Difference (95% CI) in HOMA-IR

Figure 5. Forest plots of controlled clinical trials investigating the effect of ginseng on homeostasis model assessment of insulin
resistance. The diamond represents a pooled effect estimate. Paired analyses were applied to all crossover trials [18]. Data are mean differences
(MD) with 95% CI. P values are for Generic Inverse Variance random effects models. Inter-study heterogeneity was tested by the Cochran Q statistic at
a significance level of P <0.10 and quantified by the I? statistic, where 1 = 50% is considered to be evidence of substantial heterogeneity.

doi:10.1371/journal.pone.0107391.g005

among the effect estimates from the available trials creates some
uncertainty as to the long-term benefits of ginseng supplementation
on glycemic control. The uncertainty points to several methodolog-
ical limitations including the short duration of the trials, the well-
controlled glycemia of participants at baseline, and the use of
unstandardized ginseng preparations with potentially varying
potencies. To provide more precise estimates of ginseng’s long term
effectiveness and address the unexplained heterogeneity, longer
term, large scale, RCTs of the effect of ginseng preparations on
HbAlc are warranted. Finally, given the promising effects of ginseng
on FBG demonstrated herein, further research in this area is sensible,
with a particular focus in investigating its potential glycemic-lowering
components such as the unexamined non-saponins.
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