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ABSTRACT

Panax ginseng is a medicinal plant is a material with various pharmacological activities and research
suggests that it is particularly effective in representative metabolic diseases such as hyperglycemia,
hypertension, and hyperlipidemia. Therefore, in this study, systematic review and meta-analysis were
performed to investigate the comprehensive effect of P. ginseng on metabolic parameters representing
these metabolic diseases. A total of 23 papers were collected for inclusion in the study, from which 27
datasets were collected. The investigational products included P. ginseng and Korean Red ginseng. Across
the included studies, the dose ranged from 200 mg to 8 g and the supplementation period lasted from
four to 24 weeks. The study subjects varied from healthy adults to those with diabetes, hypertension,
obesity, and/or hyperlipidemia. As a result of the analysis, the levels of glucose and insulin area under the
curves, % body fat, systolic and diastolic blood pressures, total cholesterol, triglycerides, and low-density
lipoprotein cholesterol were significantly reduced in the P. ginseng group as compared with in the pla-
cebo group. In conclusion, P. ginseng supplementation may act as an adjuvant to prevent the develop-
ment of metabolic diseases by improving markers related to blood glucose, blood pressure, and blood
lipids.

© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

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

1. Introduction

The development of modern society has led to a convenient and
affluent lifestyle for many that, combined with excessive nutrition,
fast food consumption, reduced physical activity, and excessive
stress, has become a major cause of various metabolic diseases.
Typical metabolic diseases include diabetes, hypertension, and
hyperlipidemia, which lead to serious conditions such as cardio-
vascular disease, atherosclerosis, cerebrovascular disease, and
cancer, increasing mortality rates. Since metabolic diseases are
usually caused by lifestyle, multiple diseases can develop simulta-
neously as age increases. In particular, metabolic syndrome is a
combination of risk factors for various metabolic diseases showing
abnormal levels. When various metabolic diseases are present, the
incidence and mortality of severe diseases are remarkably
increased [1—3]. The main cause of metabolic syndrome and
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metabolic diseases is insulin resistance [1,4,5]. Therefore, managing
obesity, the main cause of insulin resistance, is as important as
monitoring blood glucose, blood pressure, and blood lipid levels.
The progression of various metabolic diseases, including metabolic
syndrome, toward the onset of associated conditions can be miti-
gated by improving lifestyle habits. Therefore, many people are
beginning to pay ample attention to correcting their eating habits
and lifestyle to prevent diseases; in this vein, consumer demand for
functional foods that support health also continues to increase.
Among the various functional foods, products made from
ginseng are some of the most commonly consumed globally.
Ginseng is a perennial plant of the Araliaceae family and a medicinal
crop that has long been widely used in Asia. Ginseng includes
various species such as Panax ginseng, Panax quinquefolium, Panax
notoginseng, and Panax japonicas. Of these, P. ginseng, mainly grown
in Korea and China, accounts for the largest proportion of global
ginseng production [6]. The main component of P. ginseng is gin-
senoside, one of the saponin groups; to date, more than about 100
kinds of ginsenosides have been reported [7,8]. To maximize the
pharmacological activities of ginseng by increasing the
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Fig. 1. Flow diagram of the included studies.

bioavailability of ginsenoside, red ginseng, black ginseng, and fer-
mented ginseng, which have undergone steaming and fermenta-
tion processes, are also widely consumed [9—11]. The outstanding
pharmacological activities of P. ginseng have been reported by many
papers and various reviews, systematic reviews, and meta-analyses
have been conducted with the accumulation of numerous data.
Most of these studies were on cancer [12—15], diabetes [16—19],
cardiovascular disease [20—24], and neurodegenerative diseases
[25—29]. Regarding metabolic diseases, review articles on blood
glucose [16—19], blood lipids [30], and obesity [31,32] have been
published, while systematic reviews and meta-analyses of ran-
domized controlled trials (RCTs) have only covered blood glucose
[18] and blood lipids [30] to date. In particular, in the case of the
blood glucose study, only Korean Red ginseng was included as the
investigational product, while the study population was limited to
those patients with type 2 diabetes [18]. In addition, until now, no
investigation has comprehensively and systemically reviewed the
markers of P. ginseng related to metabolic diseases such as blood
glucose, blood pressure, body fat, and blood lipids.

Given the growing aging society with a high probability of being
exposed to multiple diseases at the same time and since the risk of
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metabolic disease is constantly increasing, it is important to reveal
the multitarget efficacy of functional ingredients on metabolic
diseases. Therefore, in this study, we analyzed the clinical effects of
P. ginseng on metabolic parameters representing various metabolic
diseases that are increasingly crucial factors to comprehend in
terms of prevention and treatment. For this, a systematic review
and meta-analysis were conducted by selecting RCTs that measured
the effects of P. ginseng on metabolic parameters in various study
populations.

2. Methods
2.1. Study registration

The study protocol (CRD42020208191) was registered in the
PROSPERO database (https://www.crd.york.ac.uk/PROSPERO/).

2.2. Criteria for considering studies

The studies included in this systematic review and meta-
analysis were RCTs of P. ginseng on metabolic parameters. Studies
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No. First author  Study Types of interventions Sample size Duration Efficacy evaluation (metabolic marker)
(Year), design (weeks)
Location

Healthy subjects

1 Kim (2012), RCT, RG 300 mg or RG 600 mg or placebo 69 (23/group) 8 BMI, SBP, DBP
South Korea  parallel
[34]

2 Reay (2009), RCT, Study 1: G115 200 mg or placebo Study 1: 23 8 HbAI1c, FG, FI
UK. [35] Cross- Study 2: Cheong Kwan Jang 200 mg or placebo Study 2: 14

over

FGT or IGT or type 2 diabetic subjects

3  Bang (2014), RCT, RG 5 g or placebo 60 (30/group) 12 BMI, SBP, DBP, TG, TC, HDL-C, LDL-C, FG,
South Korea parallel PG, glucose AUC, HbAlc, Fl, PI, insulin
[36] AUC

4 Choi (2018), RCT, Ginseng berry 1 g or placebo 72 (34 in the ginseng berry 12 FG, PG, FI, PI, TG, HDL-C, LDL-C, TC, HbA1c
South Korea parallel group, 38 in the placebo
[37] group)

5 Kim (2011), RCT, RG 780 mg or placebo 46 (23/group) 12 FG, FI, HbA1c, TC, TG, HDL-C, LDL-C,
South Korea parallel weight, BMI, WC, SBP, DBP
[38]

6 Ma (2008), RCT, Ginseng 2.214 g or placebo 20 (10/group) 4 FG, PG, FI, PI, glucose AUC, insulin AUC
Hong Kong crossover
[39]

7 Oh(2014), RCT, Fermented RG 2.7 g or placebo 42 (21/group) 4 FG, PG, glucose AUC, FI, PI, TC, HDL-C,
South Korea parallel LDL-C, TG
[40]

8 Park (2020), RCT, RG 3 g or placebo 70 (35/group) 24 BMI, SBP, DBP, HbA1c, FG, FI
South Korea  parallel
[41]

9 Park (2020), RCT, RG 3 g or placebo 70 (35/group) 24 BMI, SBP, DBP, HbAlc, FG, PG, FI, PI, TC,
South Korea  parallel TG, HDL-C, LDL-C
[42]

10 Park 2014, RCT, Ginseng 960 mg or placebo 23 (12 in the ginseng group, 8 FG, PG, glucose AUC, Fl, PI, insulin AUC
South Korea parallel 11 in the placebo group)
[43]

11 Reeds (2011), RCT, RG 3 g for 2 wks and then 8 g for 2 wks, ginsenoside Re 15 (5/group) 4 Weight, BMI, %BF, FG, glucose AUC, F,
U.S. [44] parallel 250 mg for 2 wks and then 500 mg for 2 wks, or placebo insulin AUC, HbA1c, TC, TG, HDL-C, LDL-C

12 Vuksan RCT, RG 6 g or placebo 39 12 HbA1c, FG, PG, glucose AUC, FI, PI, insulin
(2008), crossover AUC
Canada [45]

13 Yoon (2012), RCT, Ginseng 1.5 g, 2 g, 3 g, or placebo 72 (18/group) 8 FG, PG, HbAlc
South Korea parallel
[46]

Prehypertensive or hypertensive subjects

14 Cha (2016), RCT, RG 5 g or placebo 70 (35/group) 12 BMI, SBP, DBP, TC, TG, HDL-C, LDL-C
South Korea parallel
[47]

15 Rhee (2011), RCT, RG 3 g or placebo 80 (40/group) 12 FG, TC, LDL-C, TG, HDL-C, SBP, DBP
South Korea parallel
[48]

Overweight or obese subjects

16 Cho (2013), RCT, RG 6 g or placebo 68 (34/group) 12 BMI, %BF, FG, Fl, TC, LDL-C, HDL-C, TG
South Korea  parallel
[49]

17 Kim (2002), RCT, RG, exercise, exercise and RG, or placebo 28(7/group) 12 Weight, %BF, TC, HDL-C, LDL-C, TG
South Korea parallel
[50]

18 Kim (2002), RCT, Exercise, RG, exercise + RG, or placebo 28(7/group) 12 TC, TG, HDL-C, LDL-C, weight, %BF
South Korea  parallel
[51]

Hyperlipidemic subjects

19 Delui (2013), RCT, Ginseng 500 mg or placebo 40 (20/group) 8 TC, TG, LDL-C, HDL-C, FG
Iran [52] parallel

Metabolic syndrome

20 Jung (2016), RCT, RG 3 g or placebo 72 (36/group) 4 BMI, SBP, DBP, FG, TC, TG, HDL-C, FI
South Korea  parallel

[53]
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No. First author  Study Types of interventions Sample size Duration Efficacy evaluation (metabolic marker)
(Year), design (weeks)
Location

21 Park(2012), RCT, RG 3 g or placebo 60 (30/group) 12 WOC, SBP, DBP, TC, HDL-C, TG, FG, FI
South Korea  parallel
[54]

22 Shim (2012), RCT, RG 4.5 g or placebo 60 (29 in the KRG group, 31 12 SBP
South Korea parallel in the placebo group)
[55]

Postmenopausal subjects

23 Kim (2012), RCT, RG 3 g or placebo
South Korea parallel
[56]

72 (36/group) 12 TC, LDL-C, HDL-C, TG

AUC, area under the curve; FG, fasting glucose; FI, fasting insulin; %BF, percent body fat; PG, postprandial glucose; PI, postprandial insulin; TC, total cholesterol; TG, tri-

glyceride; WC, waist circumference

with an intervention period lasting longer than four weeks were
selected and there were no restrictions on the characteristics of the
study subjects. Studies incorporating P. ginseng as a part of a
complex intervention were excluded from this investigation.

2.3. Outcome measures

The effects of P. ginseng supplementation on metabolic param-
eters were evaluated by focusing on the following items: glucose
[glucose (fasting, 2-h postprandial, area under the curve (AUC)),
insulin (fasting, 2-h postprandial, AUC), and hemoglobin Alc
(HbA1c)], blood pressure [systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP)], body fat [body weight, body mass
index (BMI), % body fat, and waist circumference (WC)], and lipid
levels [total cholesterol (TC), triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein choles-
terol (LDL-C)].

2.4. Search methods

The present study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines. PubMed/Medline, the Web of Sci-
ence, EMBASE, and the Cochrane Central Register of Controlled
Trials (CENTRAL) were chosen as databases for literature searches
and were reviewed for eligible studies published until September
2020. Key search terms included the following: [(Korean ginseng)
OR (Panax ginseng Meyer) OR (red ginseng)] AND [(glucose) OR
(blood sugar) OR (glucose intolerance) OR (insulin resistance) OR
(insulin sensitivity) OR (hyperglycemia) OR (hyperinsulinemia) OR
(diabet*) OR (T2DM) OR (lipid) OR (lipide*) OR (cholesterol) OR
(triglyce*) OR (hypertension) OR (blood pressure) OR (obes*) OR
(overweight) OR (body weight) OR (body mass index) OR (body fat)
OR (waist circumference) OR (waist-hip ratio)] AND [(clinical trial)
OR (clinical study) OR (human study) OR (intervention)]. To locate
additional studies, all reference lists of the selected articles were
reviewed (Supplementary Table 1).

2.5. Selection of studies and data extraction

For the selection of eligible studies for inclusion, two reviewers
independently screened the search results, the first focusing on
titles and/or abstracts and the second focusing on the full text. Any
disagreements were resolved by consensus; when a consensus was
not reached, a decision was made involving a third reviewer. Two
reviewers independently extracted the following data using a
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standardized data extraction format, with inconsistent results
solved through confirmation and discussion of the original paper:
first author, publication year, study design, subjects’ characteristics,
types of interventions, and results of outcomes. Multiple supple-
ment groups within one study were considered as individual data.

2.6. Assessment of the risk of bias

Two reviewers independently assessed the risk of bias among
the included studies using the Cochrane risk of bias tool, which
assesses the risk of bias in studies according to random sequence
generation, allocation concealment, blinding of the subjects and
personnel, blinding of the outcomes assessment, incomplete out-
comes data, selective reporting, and other biases.

2.7. Statistical analyses

A meta-analysis was performed using Review Manager version
5.4 (Cochrane Collaboration, London, England) and R software
version 4.1.0 (R Foundation for Statistical Computing, Vienna,
Austria). The units of all evaluation markers were properly stan-
dardized. We used the mean change and standard deviation (SD)
values of the markers to investigate the effect size of the collected
data. For studies that presented only standard error (SE), SE was
converted into SD by multiplying the square root of the sample size.

Pooled data was analyzed using a fixed-effects model and the
data were expressed as weighted mean difference (WMD) with
95 % confidence interval (CI) values for continuous outcomes.
Moreover, subgroup analysis was performed based on clinical
conditions of the subjects. The I? statistic test was used to estimate
the percentage of heterogeneity between studies; heterogeneity
was confirmed if the I? value was 50 % or more and, if heterogeneity
was confirmed, data was analyzed by applying a random-effects
model. A sensitivity analysis was conducted to estimate the ef-
fects of omission for each study. Publication bias was evaluated
using funnel plot and Egger's weighted regression test, and when it
was judged to be statistically significant, the effect was adjusted
using the “trim and fill” method [33]. A p-value of less than 0.05
was considered to be statistically significant.

3. Results

As a result of searching the literature databases to select RCTs
that evaluated the effects of P. ginseng on metabolic parameters, a
total of 1334 studies were collected after excluding duplicates. Of
these, 1276 papers were further excluded following the title and/or
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(A) Forest plot

Ginseng Placebo Mean Difference Mean Difference Risk of Bias
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6.1.1 Prediabetes or Diabetes
Bang 2014 -0.80167 6.052839 21 0.1 570849432 20 11.1% -090[4.50,2.70] — 22@
Choi 2018 -0.62835 4110811 29 -012418519 390345657 34 365% -050[-2.49 1.49] e ®2@
Oh 2014 -5.1 B.366318 21 -1.1 320780299 21 155% -4.00[-7.05,-0.95] = @28
Subtotal (95% CI} 7 75 63.1% -1.43[-2.95,0.08] -

Heterogeneity: Chi*= 3.64, df=2 (P=0.16), F= 45%
Test for overall effect: Z=1.86 (P = 0.06)

6.1.2 Diabetes

hta 2008 -0.01667 7.447595 20 218 773771428 20 B.A%  -217[6.87, 2.54] - 1
Yuksan 2008 -2.13833 3.240396 19 0.26 3.60332043 19 30.4% -238[4.57,-0.21] ——]
Subtotal (95% Cl) 39 39 36.9% -2.35[-4.33,-0.37] -

Heterogeneity: Chi®#=0.01, df=1(P=093); F=0%
Test for overall effect: Z2= 233 (P=0.02)

Total (95% CI) 110 114 100.0% -1.77 [-2.97,-0.57] <
Heterogeneity: Chi*=4.17, df=4 (P=0.38); F= 4%

Test for averall effect: Z= 2.89 (P = 0.004)

Test for subgroup differences: Chif= 052 df=1(P=0.47), F=0%
Risk of bias legend
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(B) Allocation concealment (selection bias)
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Fig. 2. Forest plot, sensitivity analysis, and publication bias of changes in glucose AUC: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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(A) Forest plot
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Fig. 3. Forest plot, sensitivity analysis, and publication bias of changes in insulin AUC: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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(A) Foreset plot
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Cha 2016 -0.88 -2.91 1.16 0.400 *
Jung 2016 -3.03 -4.00 -2.07 <0.0001 *
Kim 2011 -3.24 -4.20 -2.28 <0.0001 >
Kim 2012a -3.29 -4.25 -2.32 <0.0001 *
Kim 2012b -3.33 -4.29 -2.36 <0.0001
Park 2012 -3.29 -4.26 -2.32 <0.0001 .
Park 2020a -3.31 -4.27 -2.35 <0.0001
Park 2020b -3.31 -4.27 -2.35 <0.0001
Rhee 2011 -3.35 -4.32 -2.38 <0.0001
Shim 2012 -3.28 -4.25 -2.32 <0.0001 *
Vuksan 2008 -3.28 -4.25 -2.32 <0.0001 *
Yoon 2012a -3.25 -4.21 -2.29 <0.0001 *
Yoon 2012b -3.24 -4.21 -2.28 <0.0001 .
Yoon 2012¢ -3.29 -4.25 -2.32 <0.0001 A

-4.19 -3.23 -2.27

Fig. 4. Forest plot, sensitivity analysis, and publication bias of changes in SBP: (A) forest plot, (B) sensitivity analysis, (C) trim and fill publication bias.
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Fig. 4. (continued).

abstract review and 35 papers were additionally following the full-
text review; finally, 23 articles were included in this systematic
review and meta-analysis (Fig. 1). A total of 27 P. ginseng group
datasets were included given the approval for the inclusion of
multiple supplement groups from a single study.

3.1. Study description

Eligible studies’ characteristics are detailed in Table 1. The
selected 23 studies were all RCTs, including 20 that were parallel-
design studies and three that were crossover-design studies. The
characteristics of the subjects of each study are as follows: two
studies included healthy subjects [34,35]; 11 studies included
impaired glucose tolerance, or diabetic subjects [36—46]; two
studies included prehypertensive or hypertensive subjects [47,48];
three studies included overweight or obese subjects [49—51]; one
study included hyperlipidemic subjects [52]; three studies included
subjects with metabolic syndrome [53—55]; and one study
included postmenopausal subjects [56]. Of the 23 studies, five used
P. ginseng [35,39,43,46,52], 17 used Korean Red Ginseng
[34,36,38,40—42,44,45,47—51,53—-56], and one used P. ginseng
berry [37] as investigational products, respectively. All studies
measured metabolic disease—related markers such as blood
glucose, blood pressure, body fat, and blood lipid levels. The mean
dosage of the investigational products was 2.85 + 2.00 g (range:
200 mg—8 g), and the mean study period was 10.78 + 5.18 weeks
(range: 4—24 weeks).

3.2. Changes in blood glucose—related markers
Of the 27 P. ginseng group datasets, a total of 20 datasets were

measured for blood glucose—related markers, with the resultant
details as follows: 19 included fasting glucose (FG, n = 872)
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[35—48,52,54], 18 included fasting insulin (FI, n 750)
[35—47,53,54], nine included 2-h postprandial glucose (PG,
n = 375) [36,37,39,40,42,43,46], six included 2-h postprandial in-
sulin (PI, n = 267) [36,37,39,40,42,43], five included glucose AUC
(n = 224) [36,37,39,40,45], four included insulin AUC (n = 182)
[36,37,39,45], and 12 included HbAlc (n 476)
[36—38,41—43,46,54].

In all cases, the heterogeneity was judged to be low (I values of
13%,0%,0%,23 %,4%,0%,and 18 % for FG, Fl, 2-h PG, 2-h PI, glucose
AUC, glucose insulin, and HbA1c, respectively), so it was analyzed
using a fixed-effects model. Upon analyzing the effects size of
P. ginseng supplementation, as compared with the placebo, it was
revealed that the glucose AUC was decreased by 1.77 mmol/L*hr
(95 % CI: —2.97 to —0.57) and the insulin AUC was decreased by
101.11 pmol/L*hr (95 % CI: —160.85 to —41.38), showing a statisti-
cally significant difference (p = 0.0004 and p = 0.0009). However,
there was no statistically significant difference in FG, FI, 2-h PG, 2-h
PI, or HbA1c between the P. ginseng and placebo supplementation
groups (data not shown). In subgroup analysis, the effects of
P. ginseng supplementation on glucose AUC and insulin AUC were
stronger in diabetic subjects than in prediabetic subjects (Figs. 2A,
3A). Glucose AUC was robust in the sensitivity analysis but insulin
AUC decreased by 8.77 when one study was omitted, resulting in a
loss of significance (p = 0.200) (Figs. 2B, 3B) [45]. Funnel plot and
Egger's test revealed that there were no publication bias for glucose
AUC and insulin AUC. Funnel plots of glucose AUC and insulin AUC
are shown in Figs. 2C and 3C.

3.3. Changes in blood pressure—related markers

Of the 27 P. ginseng group datasets, a total of 15 datasets were
measured for blood pressure—related markers, with the resultant
details as follows: 15 included SBP (n 702)



S.H. Park, S. Chung, M.-Y. Chung et al. Journal of Ginseng Research 46 (2022) 188—205

(A) Foreset plot

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
7.2.1 Prehypertension or Hypertension
Cha 2016 -5 1.205031 31 -09 1.289457 31 17.2% -410[4.72,-3.48] =
Rhee 2011 -4 10 30 -4 95393592 34 7.3% 0.00[-4.80, 4.80] —_
Subtotal (95% CI) 61 65 24.4% -2.77[-6.53,0.99] -
Heterogeneity: Tau®= 5.35; Chi*= 2.75, df=1 (P =010}, F= 64%
Testfor overall effect Z=1.44 (P=10.15)
7.2.2 Metabolic syndrome
Jung 2016 -5.6 107 32 0.5 9906059 30 B.7% -6.10[11.23,-0.97]
Park 2012 -35 8.5 23 -42 5.9 24 8.7% 0.70[3.39, 4.79] 1
Subtotal (95% CI) 55 55 154% -2.52[-9.17,4.14] -
Heterogeneity: TauF= 17.52; Chi*= 4.13, df= 1 (P = 0.04); F= 76%
Test for overall effect: Z=0.74 (P = 0.46)
7.2.3 Prediabetes or Diabetes
Bang 2014 -0.05 8.626569 21 113 8.733041 20 B.4%  -1.18[-6.480,4.14] T @q
Kim 2011 -28 108222 20 -34 1029369 18 47% 0.60 [-6.12,7.32] - 77
Park 2020a 2 B8.955429 28 -1 13.06121 31 59% 3.00[-2.67, 8.67] T @
Park 2020b 2 8.955429 30 -1 13.06121 31 6.0% 3.00 [-2.60, 8.60] O ®
Wuksan 2008 -0.8  B.897424 19 0.7 915369 19 6.6% -1.50[-6.67, 3.67] s ®
Yoon 2012a -1.56 7685935 18 1.45 8908625 18 6.2% -3.01 [-8.45, 2.43] I @2
Yoon 2012k -3.27 7.563888 18 1.45 8908625 18 6.3% -4.72[-10.12 068 7 L &
Yoon 2012c 2.83 1066911 18 1.45 8.908625 18 5.0% 1.38 [-5.04, 7.80] R @7
Subtotal (95% CI) 172 173  47.2%  -0.50 [-2.50, 1.50] &
Heterageneity: Tau®= 0.00; Chi*= 677, df=7 (P=0.45); F= 0%
Testfor overall effect: Z=0.49 (P =0.62)
7.2.4 Healthy
Kim 2012a -3.3 B.999822 19 -1 8.20342 19 B.2% -2.30[7.78,3.14] -1
Kim 2012h -2.2 7.680944 19 -1 820342 19 6.8% -1.20 [-6.25, 3.85] I
Subtotal (95% Cl) 38 38 13.0% 1.71[-542, 2.01] R4
Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 (P=0.77); F=0%
Testfor overall effect: Z= 0.90 (P = 0.37)
Total (95% CI) 326 331 100.0%  -1.48[-3.18,0.21] <
Heterogeneity: Tau®= 4.24; Chi*= 26.87, df=13 (P=0.01); F=52% _2'[] -1'D 0 1'0 QIEI

Testfor overall effect: 2=1.72 (P = 0.09)

Testfor subaroup differences: Chi®=1.36, df=3{P=072), F=0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours [experimental] Favours [control]

(B) Sensitivity analysis

95% confidence interval
Study omitted  Effect size p-value
Lower limit  Upper limit

Difference in means (95% CI) with
study omitted

Overall effect -1.65 -3.36 0.07 0.060
Bang 2014 -1.66 -3.47 0.16 0.070
Cha 2016 -1.08 261 0.45 0.170 .
Jung 2016 -1.28 -3.10 0.54 0.170 .
Kim 2011 -1.58 -3.32 0.15 0.070 o
Kim 2012a -1.76 -3.52 0.00 0.050 .
Kim 2012b -1.56 -10.12 0.68 0.090
Park 2012 -1.66 -3.48 0.16 0.070 .
Park 2020a -1.94 -3.67 -0.02 0.030 .
Park 2020b 2.05 -3.68 043 0.010 .
Rhee 2011 -2.06 -3.69 -0.44 0.010 .
Vuksan 2008 -1.79 -3.57 -0.01 0.050
Yoon 2012a -1.63 -3.45 0.20 0.080 .
Yoon 2012b -1.51 -3.35 0.33 0.110 o
Yoon 2012¢ -1.39 -3.22 0.45 0.140 .

-3.18 -1.48 0.21

Fig. 5. Forest plot, sensitivity analysis, and publication bias of changes in DBP: (A) forest plot, (B) sensitivity analysis, (C) trim and fill publication bias.
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Fig. 5. (continued).

[34,36,38,41,42,45—48,53—55] and 14 included diastolic DBP
(n = 621) [34,36,38,41,42,45—48,53,54].

SBP with low heterogeneity was analyzed using a fixed-effects
model (I? = 33 %), and DBP with high heterogeneity was analyzed
using a random-effects model (I> = 51 %). Upon analyzing the ef-
fects size of P. ginseng supplementation, as compared with the
placebo, it was revealed that the SBP was decreased by 3.23 mmHg
(95 % CI: —4.19 to —2.27), showing a statistically significant differ-
ence (p < 0.00001). In subgroup analysis, the effects of P. ginseng
supplementation on SBP was stronger in prehypertension, hyper-
tension, and metabolic syndrome subjects (Fig. 4A). Meanwhile, the
DBP decreased by 1.48 mmHg (95 % CI: —3.18 to 0.21) in the
P. ginseng supplementation group as compared with in the placebo
group, but this result was not statistically significant (p = 0.09)
(Fig. 5A). As a result of the sensitivity analysis, SBP decreased by
0.88 when one study omitted, resulting in a loss of significance
(p = 0.400) (Fig. 4B) [47]. DBP obtained significance by decreasing
by —1.94, —2.05, and —2.06 when the three studies were omitted
(p = 0.03, p = 0.01, p = 0.01) (Fig. 5B) [41,42,48]. Egger's test
revealed that there were publication bias for SBP and DBP
(p = 0.021, p = 0.002). Six studies had to be trimmed and filled by
trim and fill analysis to adjust the publication bias of SBP. As a
result, the effect size increased and the direction of effect did not
changed (MD = —3.76, 95 % Cl: —4.67, —2.84). In DBP, seven studies
had to be trimmed and filled, resulting in an increase in effect size
and no change in effect direction (MD: -3.783, 95 %
Cl: —5.380, —2.187). Trim and fill funnel plots of SBP and DBP are
shown in Figs. 4C—5C.
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3.4. Changes in body fat—related markers

Of the 27 P. ginseng group datasets, a total of 16 datasets were
measured for body fat—related markers, with the resultant details
as follows: four included body weight (n = 76) [38,44,50,51], 12
included BMI (n 491) [34,36,38,41,42,44,46,47,52,56], four
included % body fat (n = 106) [44,49—51], and five included WC
(n = 194) [38,46,54].

In all cases, the heterogeneity was judged to be low (all I? values
were 0%), so it was analyzed using a fixed-effects model. Upon
analyzing the effects size of P. ginseng supplementation, as
compared with the placebo, it was revealed that the % body fat was
decreased by 2.11 % (95 % CI: —3.98 to —0.23), showing a statistically
significant difference (p = 0.03). Conversely, there were no statis-
tically significant differences in body weight, BMI, or WC between
the P. ginseng and placebo supplementation groups (data not
shown). In subgroup analysis, the effect on % body fat was stronger
in studies that enrolled obese subjects based on % body fat rather
than BMI (Fig. 4) (Fig. 6A). As a result of the sensitivity analysis, %
body fat decreased by 1.25 when one study omitted, resulting in a
loss of significance (p = 0.28) (Fig. 6B) [51]. Funnel plot and Egger's
test manifested that there was no publication bias. The funnel plot
of % body fat are shown in Fig. 6C.

3.5. Changes in blood lipid—related markers

Of the 27 P. ginseng group datasets, a total of 18 datasets were
assessed for blood lipid—related markers, with the resultant details



S.H. Park, S. Chung, M.-Y. Chung et al. Journal of Ginseng Research 46 (2022) 188—205

(A) Foreset plot

Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFG
1.1.1 BMI=23 kg/mA2
Cho 2013 0 G806816 34 08 5321392 34 264%  -0.80[4.44, 254 —=— 27200000
Reeds 2011 0 1024695 5 0 B0B2258 5  27% 0.00F11.4311.43 ) E— @700000
Subtotal (95% CI} 39 39 201% 073 [4.20, 2.75] . o

Heterageneity: Chi®=0.02, df=1 (P =090}, F=0%
Testfor overall effect: 2= 0.41 (P = 0.68)

1.1.2 %Body fat=30%

Kim 2002a 169 3.66951 7 -0.06 1.589748 7 40.0%  -1.63[-4.59,1.33] — 772790000
Kim 2002b 2315 4.059594 7 087 2053582 7 309% -4.02 [7.39,-0.65] —-— 72779000
Subtotal (95% CI) 14 14 70.9% -2.67[4.90,-0.45] <>

Heterogeneity, Chi®=1.09, df=1 (P=0.30); F=8%
Test for overall effect: 2= 2.35 (P = 0.02)

Total (95% CI) 53 53 100.0% -2.11[-3.98,-0.23] ’
Heterageneity: Chi®= 1.96, df= 3 (P = 0.58); F= 0% 5 0 o 0 0
Test for averall effect: 2= 2.20 (P =0.03) . -

Testfor subgroup differences: Chi*= 0.86, df=1 (P = 0.36), = 0% Favours [Ginseng] Favours [Placebo]
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

{C) Blinding of paricipants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

(B) Sensitivity analysis

95% confidence interval
Study omitted  Effect size p-value
Lower limit ~ Upper limit

Difference in means (95% Cl) with
study omitted

Overall effect -2.11 -3.98 -0.23 0.030

Cho 2013 -2.57 -4.76 -0.39 0.020 ®

Kim 2002a -2.42 -4.84 -0.00 0.050 .

Kim 2002b -1.25 -3.50 1.00 0.280 *

Reeds 2011 -2.16 -4.06 -0.26 0.030

-3.98 -2.11 -0.23

(C) Funnel plot

N ; : : .

Mean Difference

Fig. 6. Forest plot, sensitivity analysis, and publication bias of changes in % body fat: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Fixed. 95% CI IV, Fixed. 95% CI ABCDEFG
8.1.1 Hyperlipidemia
Delui 2013 105724 1.000705 18 -0.77571 1120740 18 20% -0.28 [0.98,0.41) 2000000
Subtotal (95% CI) 18 18 2.9% -0.28[-0.98,0.41]
Heterogeneity: Not applicable
Testfor overall effect: 2= 0.79 (P = 0.43)
8.1.2 Metabolic syndrome
Jung 2016 033411 1.078109 32 011137 0.928836 30 55% 0.22[-0.28072) T
Kim 2012¢ -0.75861 1.174823 36 -0.01269 1.028839 36 53% -0.75[1.26,-0.24] T
Park 2012 010878 0.42217 23 003108 062937 25 153% 0.08[0.22,038] =1
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Heterogeneity: Chi®=8.98, df= 2 (P =0.01}; F=78%
Test for overall effect: Z=0.50 (P = 0.61)
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Kim 2002h -0.32168 0426388 7 0.096348 0.346899 7 83% -042[083,-001] /]
Subtotal (95% CI) 48 48 18.0% -0.22[-0.50,0.06] >
Heterogeneity: Chi*=1.81,df=2 (P =041}, F=0%
Test for overall effect Z=1.54 (P=0.12)
8.1.4 Prediabetes or Diabetes
Bang 2014 -0.09738 08118 21 012173 0799777 20 &87% -0.22[0.71,027] =T
Choi 2018 0.040145 0.829931 29 0147889 0794119 34 85% -0.11[051,030] [
Kim 2011 0.053095 1.044457 20 0.008547 1.110864 18 28% 0.04[0.64,073] A
Oh 2014 -0.5 0916515 21 -0.1 0.916515 21 45% -0.40[0.95 0.15] — & |
Park 2020b 0.2072 1.012736 30 0.259 0.958152 kil 56% -0.05[0.55 0.44] -1
Reeds 2011 0.0259 1.563682 5 -0.3108 1.085021 5 05% 034[1.33 200
Yoon 2012a -0.37 0.937443 18 0.05 0.842852 18 41% -0.42[1.00,0.16] A
Yoon 2012k -0.18 0.949052 18 0.05 0.842852 18 40% -0.23[-0.82 0.36] - =1
Yoon 2012c -0.24 0739121 18 0.05 0842852 18 52% -0.29[-0.81,0.23] -
Subtotal (95% CI) 180 183 41.0% -0.20[-0.38,-0.01] *
Heterogeneity: Chi®= 2.61, df= 8 (P = 0.96); F= 0%
Test for overall effect: Z=2.11 (P=0.04)
8.1.5 Prehypertension or Hypertension
Cha 2016 0.09583 0.878431 31 017871 1.001888 31 6.3% -0.08 [0.55,0.39] =
Rhee 2011 -0.1295 1.014077 30 01813 0.9842 34 57% -0.31[0.80,018] N
Subtotal (95% CI) 61 65 12.0% -0.19[-0.53,0.15] -
Heterogeneity: Chi*=0.43, df=1 {P=0.51); F= 0%
Testfor overall effect Z=1.11 (P =0.27)
Total (95% CI) 398 405 100.0% -0.17 [-0.28, -0.05] *
Heterogeneity: Chi#=15.02, df=17 (P = 0.58); F= 0% ;3 p : 2 5
Testfor overall effect Z= 2.78 (P = 0.005) Favours [experimental] Favours [control]

Test for subgroup differences: Chi*=1.20, df=4 (P = 0.88), F=0%

Risk of bias legend

{A)Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

{(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (atfrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

(B) Sensitivity analysis

95% confidence interval

Difference in means (95% CI) with

Study omitted  Effect size Lower It Upper Tt p-value study omitted
Overall effect -0.17 -0.28 -0.05 0.005

Bang 2014 -0.16 -0.28 -0.04 0.008 *

Cha 2016 -0.17 -0.29 -0.05 0.005

Cho 2013 -0.18 -0.30 -0.06 0.004

Choi 2018 -0.17 -0.30 -0.05 0.006

Delui 2013 -0.16 -0.28 -0.04 0.007 d

Jung 2016 -0.19 -0.31 -0.07 0.002 d

Kim 2002a -0.17 -0.28 -0.05 0.006

Kim 2002b -0.14 -0.27 -0.02 0.020

Kim 2011 -0.17 -0.29 -0.05 0.005

Kim 2012¢ -0.13 -0.26 -0.01 0.030

Oh 2014 -0.16 -0.28 -0.04 0.010

Park 2012 -0.21 034 -0.08 0.001 ¢

Park 2020b -0.17 -0.29 -0.05 0.005

Reeds 2011 -0.17 -0.29 -0.05 0.005

Rhee 2011 -0.16 -0.28 -0.04 0.010 h
Yoon 2012a -0.16 -0.28 -0.04 0.010 o
Yoon 2012b -0.16 -0.28 -0.04 0.007 *
Yoon 2012¢ -0.16 -0.28 -0.04 0.009

-0.28

-0.17

-0.05

Fig. 7. Forest plot, sensitivity analysis, and publication bias of changes in TC: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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Fig. 7. (continued).

as follows: 18 included TC (n = 803) [36—38,40,42,44,46—54,56], 17
included TG (n = 741) [36—38,40,42,44,46—52,54,56], 16 included
HDL-C (n = 753) [36—38,40,42,44,46,47,49,50,52—54,56], and 15
included LDL-C (n = 657) [36—38,44,46—52,54,56].

In all cases, the heterogeneity was judged to be low (all I values
were 0%), so the data were analyzed using a fixed-effects model.
Upon analyzing the effect size of P. ginseng supplementation, as
compared with the placebo, it was revealed that the TC was
decreased by 0.17 mmol/L (95 % CI: —0.28 to —0.05), the TG was
decreased by 0.11 mmol/L (95 % CI: —0.21 to —0.01), and the LDL-C
was decreased by 0.24 mmol/L (95 % CI: —0.36 to —0.13), showing a
statistically significant difference (p = 0.005, p = 0.030, and
p <0.0001). There was no statistically significant difference in HDL-
Cbetween the P. ginseng and placebo supplementation groups (data
not shown). In subgroup analysis, the effect of P. ginseng supple-
mentation on TC was stronger in prediabetic or diabetic subjects.
The effect on TG was more significant overweight or obese subjects,
and LDL-C was more significant in metabolic syndrome or post-
menopausal women; overweight or obese subjects; prediabetic or
diabetic subjects (Figs. 7A, 8A and 9A). Total cholesterol and LDL
cholesterol were robust in the sensitivity analysis but TG decreased
by 0.10, 0.09, 0.08, and 0.11 when the four studies were omitted,
resulting in a loss of significance (p = 0.06, p = 0.08, p = 0.17,
p = 0.06) (Figs. 7B, 8B and 9B) [50—52,56]. Funnel plot and Egger's
test manifested that there were no publication bias for TC, TG, and
LDL-C. Funnel plots of TC, TG, and LDL-C are shown in Figs. 7C, 8C
and 9C.
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4. Discussion

The present systematic review and meta-analysis were con-
ducted to verify the effects of P. ginseng supplementation on
metabolic disease—related markers. For this, 23 RCT papers were
collected and the changes in markers related to blood glucose,
blood pressure, body fat, and blood lipids, which are major markers
of metabolic diseases, were compared with those following placebo
treatment using data from 27 ginseng supplement groups. As a
result of this analysis, it was found that glucose AUC, insulin AUC,
SBP, DBP, % body fat, TC, TG, and LDL-C were significantly decreased
by P. ginseng supplementation.

As previously reported, there were no significant changes in FG,
PG, or HbA1c among the blood glucose—related markers [18]. FG,
PG, and HbA1c have traditionally been used as key markers to
determine whether blood glucose is well-regulated, but there are
limitations in providing accurate information about blood glucose
responses and changes after meals by presenting values only at a
specific point in time [57]. On the other hand, glucose and insulin
AUC have the advantage of being able to determine whether blood
glucose and insulin are normally regulated by observing the pattern
of changes in blood glucose and insulin for a certain period of time,
not a specific time point after oral glucose tolerance test (OGTT);
these parameters have therefore been considered key measure-
ments in efforts to determine glucose intolerance in recent years
[58]. It has already been found in preclinical studies that ginseng
administration improves insulin sensitivity by enhancing insulin
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(A) Foreset plot
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Fig. 8. Forest plot, sensitivity analysis, and publication bias of changes in TG: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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Fig. 8. (continued).

signaling [59,60]. Therefore, as our results have shown, significant
decreases in glucose and insulin AUC can be an important basis for
improving glucose intolerance by ginseng supplementation. In
particular, as a result of subgroup analysis, it was found that the
effect was stronger in diabetic patients than in prediabetic subjects.
However, it is a concern that the range of study types and the size of
the overall study population are still relatively limited, and since
the importance of AUC measurement is increasingly emerging,
clinical studies on this subject should be continued in the future.

The main cause of various metabolic diseases, including meta-
bolic syndrome, is insulin resistance, which is derived from obesity
due to excess body fat [1,2,4]. Obesity is judged by weight, BMI, WC,
and % body fat. Because weight and BMI are also affected by muscle
mass, the use of WC or % body fat is considered more appropriate
[61—63]. In this study, it was confirmed that the % body fat was
decreased from the pooled data of three clinical trials that enrolled
subjects who were overweight or obesity (BMI >23 kg/m”2 or %
body fat >30 %). Although significant effects could not be confirmed
among other markers, a significant decrease in % body fat was
confirmed in a small sample size. Moreover, in subgroup analysis,
the effect of reducing % body fat was stronger when obese subjects
were selected based on % body fat rather than BMI. It is already
known through several studies that P. ginseng and ginsenoside
inhibit adipogenesis and lipid accumulation in adipocytes [64,65].
Therefore, if well-designed clinical studies that established appro-
priate inclusion criteria to determine obesity are sufficiently accu-
mulated, significant results could be expected for other markers as
well.

In addition, P. ginsesng has been proven to reduce blood lipids in
various clinical studies and, in this study, as in a previously reported
meta-analysis, TC, TG, and LDL-C were decreased [30]. Subgroup
analysis of subjects with hyperlipidemia showed no significant
reductions in TC, TG, and LDL-C. However since only one study
selected hyperlipidemic subjects, it is insufficient to evaluate the
effect. On the other hand, as a result of analyzing subjects with
metabolic diseases such as metabolic syndrome, menopause,
obesity, and diabetes into subgroups, blood lipids were significantly
decreased. Many studies have shown that obesity, diabetes, and
menopause are highly correlated with hyperlipidemia [66—68].
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Therefore, although hypolipidemic effect of P. ginseng was
confirmed through this study, a clearer effect can be expected if
more studies are conducted on subjects with dyslipidemia in the
future.

In this study, blood pressure was also significantly improved in
the P. ginseng supplement group. In preclinical studies, ginseng
administration decreased the blood pressure through the activation
of endothelial nitric oxide synthase and the release of nitric oxide
[69,70]. Similarly, SBP and DBP were decreased in this study, which
analyzed various subject groups ranging from healthy individuals
to hypertensive patients. Subgroup analysis showed a greater effect
in subjects with prehypertension or hypertension and metabolic
syndrome. Therefore, it was confirmed once again that the selec-
tion of appropriate study subjects is important.

A comprehensive analysis showed that the major markers of
metabolic syndrome and metabolic diseases were significantly
improved when P. ginseng products were consumed for a long
period lasting four weeks or longer. Based on this result, it can be
expected that the intake of P. ginseng can play a sufficient role as an
adjuvant for the prevention and improvement of metabolic dis-
eases. To our knowledge, this is the first systematic review and
meta-analysis to simultaneously evaluate the effects of P. ginseng on
several markers related to metabolic diseases. However, the study
subjects surveyed in this study were varied, ranging from healthy
individuals to menopausal women and patients with obesity, dia-
betes, hypertension, and hyperlipidemia, so, while it is good to
generalize these results, there was a limit to obtaining more specific
results. Therefore, more clinical trials on metabolic syndrome
should be accumulated in the future for further investigation.

5. Conclusions

A systematic review and meta-analysis were conducted by col-
lecting studies that evaluated changes in metabolic disease—related
markers driven by the long-term use of P. ginseng in various study
populations. Significant changes were found in markers related to
blood glucose, insulin resistance, blood pressure, and blood lipids.
Based on these findings, supplementation with P. ginseng could be
adopted as adjuvant therapy for diabetes, hypertension, and
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Fig. 9. Forest plot, sensitivity analysis, and publication bias of changes in LDL-C: (A) forest plot, (B) sensitivity analysis, (C) publication bias.
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hyperlipidemia. Through this study, P. ginseng supplementation has
established an academic basis that it can be used as adjuvant
therapy for diabetes, hypertension, and hyperlipidemia.
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