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FULL COMMUNICATIONS

Diabetes-Ameliorating Effects of Fermented Red Ginseng and Causal Effects on
Hormonal Interactions: Testing the Hypothesis by Multiple Group Path Analysis

Kwang Jo Lee,1 Sook Yeon Lee,2 and Geun Eog Ji1,3

1Department of Food and Nutrition, Research of Institute of Human Ecology,
Seoul National University, Seoul, Korea.

2College of Pharmacy, Sahmyook University, Seoul, Korea.
3Research Institute, Bifido Inc., Hongcheon, Gangwon, Korea.

ABSTRACT Although diagnostic criteria for metabolic syndrome (MtS) vary among various health professionals and

organizations, blood glucose dysregulation and insulin resistance are common to all definitions. Red ginseng is beneficial for

glucose regulation and insulin sensitivity but the mechanism is not yet elucidated. Ginsenosides Rh1 and Rg3 act as ligands of

the estrogen receptor, and Rh2 and compound K act as ligands of the glucocorticoid receptors, which may influence the

diabetes markers. The objective of this study was to test the hypothesis that there are significant causal relationships among

diabetes-related markers and several hormones, and assess whether or not the consumption of fermented red ginseng (FRG)

influences these causal relationships by multiple group path analysis and conventional statistical analyses. The 93 post-

menopausal women were randomly divided into two groups for a double-blind trial. FRG powder and placebo were provided

for 2 weeks. The data were analyzed by multiple group path analysis and the mean between groups were compared. The

model’s goodness of fit was excellent, with a root mean square error of approximation of 0.00, and comparative fit index of

1.00. The FRG group exhibited significantly increased levels of dehydroepiandrosterone sulfate (DHEAS), growth hormone

(GH), and estradiol (E2), and they exhibited decreased levels of glycosylated hemoglobin (HbA1c), insulin, and homeostatic

model assessment of insulin resistance. With regard to the hypothesis, the blood glucose lowering effects of FRG were due to

the negative effects of aldosterone and increased GH, which was associated with DHEAS and E2. Even though the differences

of variables between both groups were small, the total effects of these variables may indicate beneficial changes for the

prevention of diabetes in healthy postmenopausal women.

KEY WORDS: � blood glucose � compound K � DHEAS � estradiol � ginsenoside � HOMA-IR � insulin resistance � path

model � Rg3

INTRODUCTION

The World Health Organization defines metabolic
syndrome (MtS) as ‘‘glucose intolerance, impaired

glucose tolerance or diabetes mellitus, and/or insulin re-
sistance together with two or more of the following: ele-
vated arterial pressure, elevated plasma triglycerides,
central adiposity, microalbuminuria, and several other
components (e.g., hyperuricemia, coagulation disorders,
raised PAI-1, etc.).’’1

Although these diagnostic criteria include a broad spectrum
of definitions and points of emphasis,2 several major com-
ponents of MtS diagnosis are shared among various profes-
sional bodies, especially, blood glucose and insulin resistance.

Studies have reported that the incidences of MtS in
postmenopausal women were as high as 35.1% in Latin
America,3 35% in Portugal,4 33% in the United States,5 and
27.3% in China.6 A low level of E2 is considered as a major
cause of MtS, and estrogen hormone replacement therapy
(HRT) decreases this risk in postmenopausal women. For
example, postmenopausal women who undergo HRT show a
12.9% decrease in insulin resistance and a 35.8% reduction
in the incidence of diabetes.7 However, a study by the
Women’s Health Initiative reported that HRT increases the
risk of gynecological cancer and obesity and has a negligible
beneficial effect on cardiovascular diseases.8 Given the se-
verity of these HRT side effects, the study of estrogen
mimics—including selective estrogen receptor modulators—
has emerged as an important MtS treatment area.9 On the
other hand, many studies have shown that the rate of onset of
MtS is related not only to estrogen levels, but also to the
levels of other hormones,10 which may be due to the broad
and complicated interrelationships of the constituents of the
endocrine system.
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Ginseng is one of the most popular herbal supplements in
Asia, especially Korea, China, and Japan, and records docu-
ment its use back to 2000 years.11 In modern times, the
popularity of ginseng has grown in western countries as well.
For example, ginseng ranked as one of the top-10 selling
herbal supplements in the United States in 2003.12 The pri-
mary pharmacological components in ginseng are known as
ginsenosides, chemicals that have a steroid skeleton. Studies
have shown that ginsenosides, Rh1 and Rg3 act as ligands of
the estrogen receptor (ER), and that Rh2 and compound K
(CK) act as ligands of the glucocorticoid receptor (GR).13,14

Many studies have reported that red ginseng is beneficial for
glucose regulation and insulin sensitivity.15,16 One possible
hypothesis would be that ginsenosides can influence the
variables of diabetes, and the functioning of the endocrine
system. The first objective of this study was to test the hy-
pothesis that there are significant causal relationships among
diabetes-related markers and several hormones by a path
analysis. The second objective was to test the hypothesis that
consumption of fermented red ginseng (FRG) influences
these causal relationships by multiple group path analysis and
conventional statistical analyses.

MATERIALS AND METHODS

Participants and study design

This study was approved by the Institutional Review
Board of Sahmyook University (Seoul, Korea). Women
aged 50–73 years were recruited from several Catholic
churches (Seoul, Korea). Participants with hypertension or
diabetes and those taking prescription or other drugs were
excluded. Dietary supplements were not allowed during the
experimental period.

The 117 volunteers were randomly divided into two
double-blinded groups. FRG powder was provided by Bifido
Inc. (Gangwon-do, Korea). One group (the FRG group) took
FRG capsules three times a day, each time taking a dose of
three capsules (2.1 g/day) for 2 weeks. The other group
took a placebo containing starch. The composition of the
FRG capsules was crude saponin, 258.6 mg/g; Compound
K, 57.05 mg/g; Rg3, 53.85 mg/g; Rh2, 11.97 mg/g; Rg2,
5.72 mg/g; Rh1, 2.99 mg/g; and Rb1, 0.023 mg/g. Blood
samples, after 8 hours of fasting, were collected before and
after the 2-week intake of either the FRG or the placebo
capsules. The blood samples were collected between 8:00 a.m.
and 10:00 a.m. Urine samples were collected 24 hours prior
to collection of blood samples. All 117 women participated
in the first blood sample collection, but only 93 women
participated in the second blood sample collection (Fig. 1).
Ninety of the 93 participants were postmenopausal, and
three were perimenopausal.

Forty subjects were selected from both groups (20 sub-
jects per group) after matching age, height, weight, and BMI
and were further analyzed for several hormones (Table 1).
All biochemical components were measured by the Green
Cross Reference Lab (Gyeonggi-do, Korea). The analytical
methods are shown in Appendix Table A1.

Statistical analyses

Given that the production of the estrogen hormone slowly
decreases during the first five postmenopausal years, the
three perimenopausal women were included in this analysis.
The baseline comparisons of both groups between the first
baseline sample and the second postintervention values
were compared by independent t-test. The means of the
postintervention samples were also compared between the
FRG group and the placebo group, with an analysis of co-
variance (ANCOVA) by SPSS 18.0 (SPSS, Inc., Chicago,
IL, USA). The level of statistical significance was P < .05
and a statistical tendency was considered as P < .1. The
outliers that were over three times the standard deviation
were excluded in the estrogen, insulin, and homeostasis
model of insulin resistance (HOMA-IR) variables. The
HOMA-IR index was calculated as follows:

HOMA-IR index¼ ½fasting serum glucose ðmMÞ
· fasting serum insulin ðlU=mLÞ�=22:5:

The unmeasured hormones of 53 participants, and some
data that could not be measured due to the detection limita-
tion of the instruments, were considered as random missing
values. Following this, 10 data sets were generated using the
multiple imputation method and then were analyzed by
Mplus 6.11 (Muthén & Muthén, Los Angeles, CA, USA).

RESULTS

Anthropometric data

Table 2 shows the anthropometric variables of the par-
ticipants. There was no significant difference between the
FRG and the placebo groups in the mean values of age,
weight, height, BMI, waist, and hip circumsference.

58 Placebo 59 FRG

44 Placebo 49 FRG

117 Participants

Sample measure

Data Analysis

Double blind random trial

Baseline (1st)
Sample collection

Intervention (2nd)
Sample collection

2 weeks

FIG. 1. Flowchart of this study.
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Mean

Table 1 shows the means of the variables from the in-
tervention samples taken after 2 weeks, and the difference
between the first baseline sample and the week 2 interven-
tion sample. The results from the week 2 intervention
sample show that the level of growth hormone (GH, 1.8 vs.
0.9 ng/mL), estradiol (E2, 18.3 vs. 14.5 pg/mL), and dehy-

droepiandrosteronesulphate (DHEAS, 66.2 vs. 65.2 lg/dL)
were significantly higher in the FRG group than in the
placebo group, at P < .1. The mean values of insulin (6.2 vs.
6.4 lU/mL), HbA1c (5.70 vs. 5.77%), and the HOMA-IR
(1.36 vs. 1.42) indexes were significantly lower in the FRG
group than in the placebo group.

When the first and second sample were compared,
the values of E2 (1.0 vs. - 7.4 pg/mL) and DHEAS (0.6 vs.
- 6.2 lg/dL) were higher in the FRG group than in the
placebo group, and the values of insulin ( - 0.2 vs. 1.0 lU/mL),
glycosylated hemoglobin (HbA1c, 0.06 vs. 0.09%), and
HOMA-IR ( - 0.09 vs. 0.17) were significantly lower in the
FRG group than in the placebo group, but the values of GH
were not significantly different (Table 1).

Path model

In this model, all paths were established based on the re-
sults of precedents, which can be found in previously pub-
lished studies, but these paths were not based on a strict
statistical correlation.17 The studies that established the pre-
cedents for these path models are presented in Table 3,1,18–33

and the correlations are presented in Appendix Table A2.
Path analysis is a useful statistical analysis method, one that

can analyze several causal relationships among several vari-
ables at the same time. Further, multiple group path analysis
allows for the comparison of the path coefficients between two
groups, followed by identifying statistical significances of
the differences between two path coefficients. Therefore, the
multiple group path analysis may be a useful tool for the
analysis of the complicated interrelationship between hor-
monal and diabetes variables. One of the major purposes of this
multiple group path model was to analyze whether there was
invariance of path coefficients across two groups. The testing
of equivalence was conducted in two steps. First, a baseline
model was established, followed by equality constraints of
the path coefficients of the two groups. The path coefficients of
the baseline model are presented in Table 4, and the final path
model after equality constraints test presented in Figure 2.

An unstandardized path coefficient shows that when a
causative variable increases by a value of one unit, the re-
sultant variable changes in value. In the baseline model
(Table 4), when E2 increased by 1 pg/mL, GH increased to
0.160 ng/mL in the FRG group; whereas GH decreased to
0.301 ng/mL (P = .02) in the placebo group. To compare the

Table 2. Anthropometric Data of Participants

Control
(placebo; n = 44)

FRG group
(n = 49)

Age (years) 58.4 – 5.9 58.4 – 5.5
Weight (kg) 57.6 – 6.6 57.1 – 6.7
Height (cm) 156.5 – 5.3 157.7 – 5.3
BMI (kg/m2) 23.6 – 2.5 22.9 – 2.4
Waist circumference (cm) 33.4 – 2.3 32.8 – 2.4
Hip circumference (cm) 37.4 – 2.0 37.0 – 1.9
Waist/hip ratio 0.9 – 0.0 0.9 – 0.0

Data are mean – SD values.

BMI, body mass index.

Table 1. Comparison of Hormone and Diabetes Markers

Between Fermented Red Ginseng Group and Placebo Group

Marker Group (n)
2nd sample

(mean – SD)a

D[2nd - 1st]
(mean)b

Diabetes
Glucose (mg/dL) Placebo (44) 89.6 – 6.8 2.2

FRG (49) 87.4 – 7.1 2.5
HbA1c (%) Placebo (44) 5.8 – 0.3** 0.1

FRG (49) 5.7 – 0.3** 0.1
HOMA-IR Placebo (43) 1.4 – 0.8* 0.2**

FRG (48) 1.4 – 0.7* - 0.1**
Insulin (lU/mL) Placebo (43) 6.4 – 3.6** 1.0**

FRG (48) 6.2 – 2.9** - 0.2**

HPA axis
ACTH (pg/mL) Placebo (44) 20.4 – 10.1 2.3

FRG (49) 22.7 – 11.8 0.9
ADH (pg/dL) Placebo (20) 0.8 – 0.2 - 0.1

FRG (20) 0.8 – 0.2 0.0
CBG (ng/mL) Placebo (20) 6178 – 8294 2269

FRG (20) 6293 – 8469 2114
Cortisol (lg/dL) Placebo (44) 11.2 – 3.5 - 0.2

FRG (49) 10.8 – 3.8 0.9
Free cortisol (lg/day) Placebo (41) 22.5 – 15.8 - 5.5

FRG (47) 19.8 – 14.0 - 2.1
CRH (ng/mL) Placebo (20) 0.2 – 0.1 0.0

FRG (20) 0.5 – 1.0 0.2

HPG axis
E2 (pg/mL) Placebo (19) 14.5 – 7.3* - 7.4*

FRG (19) 18.3 – 7.3* 1.0*
FSH (mIU/mL) Placebo (20) 74.0 – 24.3 0.1

FRG (20) 68.0 – 18.5 2.4
LH (mIU/mL) Placebo (20) 38.8 – 14.8 1.0

FRG (20) 30.3 – 9.0 - 0.3

HPS axis
Aldosterone (ng/dL) Placebo (20) 6.2 – 3.5 0.2

FRG (20) 8.4 – 3.6 0.9
DHEAS (lg/dL) Placebo (44) 65.2 – 31.4* - 6.2**

FRG (49) 66.2 – 29.1* 0.5**
GH (ng/mL) Placebo (20) 0.9 – 1.2 - 0.4

FRG (20) 1.8 – 1.4 - 0.1
IGF-1 (ng/mL) Placebo (20) 144 – 49 - 2.3

FRG (20) 144 – 67 1.8

Data expressed as a mean SD.

Values are significantly different as indicated (*P < .1, **P < .05,

***P < .01) by aanalysis of covariance or bindependent t-test.

ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; CBG,

cortisol-binding globulin; CRH, corticotropin-releasing hormone; DHEAS,

dehydroepiandrosterone sulfate; E2, estradiol; FRG, fermented red ginseng;

FSH, follicle stimulating hormone; GH, growth hormone; HbA1c, glycosy-

lated hemoglobin; HOMA-IR, homeostasis model of insulin resistance; HPA

axis, hypothalamic–pituitary–adrenal axis; HPG axis, hypothalamic–pituitary–

gonadal axis; HPS axis, hypothalamic–pituitary–somatotroph axis; IGF-1,

insulin-like growth factor-1; LH, luteinizing hormone.
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several causative variables with the one resultant variable,
standardized path coefficients were used. When a causative
variable changed by one standard deviation, the resultant
variable changed by the same value of the standardized path
coefficient. In the FRG group, when aldosterone increased to
one standard deviation (3.6 ng/dL), blood glucose signifi-
cantly decreased to 0.147 of one standard deviation (7.1 mg/
dL · 0.147 = 1.00 mg/dL), whereas free cortisol increased to
one standard deviation (14.0 lg/day), and blood glucose in-
creased to 0.032 of one standard deviation of blood glucose
(7.1 mg/dL · 0.032 = 0.227 mg/dL) (Table 4).

To assess whether or not the difference in a path between
groups was significant, the Wald test with cross-group equality
constraints was employed. When the difference between the
original chi-square value and the cross-group equality con-
strained chi-square value was higher than 3.84, the hypothesis
of cross-group equality was rejected, which meant the dif-
ferences were statistically significant. In the path of aldoste-
rone to blood glucose, when the path coefficients between the
FRG group and the placebo group were constrained for cross-

group equality, the value of the Wald test was 6.90 and the
P value was 0.009. Therefore, the path coefficients between
both groups were significantly different. (Table 4).

Based on the results listed above, the final model was
made and presented in Figure 2. The model’s goodness of fit
was excellent, as accounted for by the measures root mean
square error of approximation (0.00) and comparative fit
index (1.00). The chi-square of the model was 146.5; the
degree of freedom value was 198.

DISCUSSION

Hormones

The highest percentages of ginsenosides in this FRG cap-
sule were Rg3 and compound K, which are the ligands of ER
and GR, respectively. Therefore, the hormones evaluated in
this study were those on the hypothalamic–pituitary–adrenal
(HPA) axis and those on the hypothalamic–pituitary–gonadal
(HPG) axis; the central variables for diabetes were blood
glucose, HbA1c, insulin, and HOMA-IR.

Table 3. Description of Paths in Present Study

Path Contents Reference

ACTH/aldosterone When ACTH is treated to rat, the level of 11beta-hydroxylase, mRNA in the adrenal
gland and in the cerebral cortex is increased, and aldosterone synthease mRNA
increases in all central nerves except the cerebral cortex, and decreases in the adrenal
gland.

Ye et al.18

ACTH/cortisol ACTH was released after the administration of CRH and followed by the release of GCs. Kling et al.19

ACTH/DHEAS When ACTH is treated, the DHEA in serum and brain is increased. Torres and Ortega20

ADH/ACTH In a study of sheep, CRH and AVP stimulated the release of ACTH. Matthews and Challis21

Aldosterone/glucose When aldosterone is given to mice, the level of blood glucose is increased. When
aldosterone is administered to liver cells, the promoter activity of glucose-
6-phosphatase is increased.

Yamashita et al.22

Cortisol/free cortisol In normal circulatory condition, 80–90% of cortisol strongly binds with CBG, 10–15% of
the cortisol binds with low affinity, and 5–10% is unbinding free form.

Lewis et al.23

Free cortisol/glucose The gene of G6Pase has two glucocorticoid response elements. When glucocorticoid
is administrated to a liver cell in vivo, the activity of G6Pase is increased by 40%.

Lin et al.24

CRH/ACTH ACTH is released after the administration of CRH Kling et al.19

CRH/DHEAS When CRH is treated, the DHEA in serum and brain is increased. Torres et al.20

DHEAS/aldosterone The administration of DHEAS to rats increases the level of aldosterone. Song et al.25

DHEAS/cortisol When DHEAS is treated to rats, the level of cortisol shows a significant increase Song et al.25

DHEAS/E2 When DHEAS is ingested by a human, the level of serum E2 and IGF-1 is increased. Jankowski et al.26

E2/GH When the level of estrogen increases during the menstrual cycle, the level of GH also
increases.

Ovesen et al.27

FSH/E2 FSH receptor is expressed in follicle cells only, FSH is a decisive element for
estrogen production in the ovary. FSH induces aromatase activity in the granulose
cell of a hair follicle.

Fogle et al.28

FSH/LH Administration of FSH suppresses the release of LH in the hypothalamus and is
independently mediated by ovary dose dependently.

Gordon et al.29

GH/Glucose When GH is treated, the mean level of blood glucose is increased. Qian et al.30

GH/HbA1c The administration of growth hormone increases fasting blood glucose in patient deficient
in growth hormone.

Woodmansee et al.31

Glucose/HbA1c Glycated hemoglobin represents the mean value of blood Alberti and Zimmet1

Insulin/glucose Insulin decreases the activity of G6Pase and the level of mRNA. Argaud et al.32

LH/E2 LH stimulates the production of estrogen in the ovary. Macklon et al.33
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The peak period of DHEAS production is between the
ages of 20–30 years, followed by a decrease of 2% every
year, until the rate of release is finally only 10–20% of the
peak levels at 70 years of age.34 Studies reported that
DHEAS, E2, and GH have serial causative relationships.
Pluchino and colleagues reported that when DHEAS was
administered to postmenopausal women, the level of estrogen
increased,35 which is consistent with the path coefficient of
DHEAS to E2 (0.307) in the equality constraint state (Fig. 2).
When the level of estrogen increases during the menstrual
cycle, the level of GH also increases,27 which is consistent
with the path coefficient of E2 to GH (0.160) in the FRG
group, but not consistent with the path coefficient of E2 to GH
in the placebo group ( - 0.301; Table 4). Studies have re-
ported that the level of GH is negatively correlated with the
incidence of insulin resistance. Colao et al. reported that after
administration of GH, subjects showed a significant decrease

in insulin resistance,36 which is consistent with the path co-
efficient of GH to blood glucose ( - 0.358) in this study. Nam
et al. reported that there was no difference in the levels of GH
between a red ginseng group and a placebo group, whereas
red ginseng consumption with aerobic exercise was found to
significantly increase the level of GH,37 which is consistent
with the higher GH level in the FRG group. Salpeter and
colleagues reported in a meta-analysis that HRT decreases
insulin resistance (HOMA-IR) by 12.9%, and reduces the risk
of diabetes by 35.8% in postmenopausal women.38 Con-
sidering the report of Salpeter et al.,38 in this study, the higher
level of E2 in the FRG group should be beneficial for glucose
management.

Since the levels of E2, GH, and DHEAS gradually de-
crease along with ageing and the postmenopausal period,
even though the mean differences between groups were
small, the cumulative effects of these hormonal increments

Table 4. Path Coefficients of the Baseline Model and Values of the Wald Test

Path
Unstandardized

estimate
Standardized

estimate
Wald

testa v2
D Path

Unstandardized
estimate

Standardized
estimate

Wald
testa v2

D

ACTH / aldosterone 0.51 DHEAS / estradiol 0.33
Placebo - 0.3 – 0.1** - 0.4 – 0.2*** Placebo 0.2 – 0.2 0.1 – 0.2
FRG - 0.1 – 0.2 - 0.1 – 0.2 FRG 0.4 – 0.3 0.3 – 0.2

ACTH / cortisol 0.03 Estradiol / GH 2.42
Placebo 0.4 – 0.1*** 0.5 – 0.1*** Placebo 0.2 – 0.3 - 0.4 – 0.2**
FRG 0.4 – 0.1*** 0.5 – 0.1*** FRG - 0.3 – 0.1** 0.2 – 0.3

ACTH / DHEAS 0.69 FSH / estradiol 1.28
Placebo 0.0 – 0.1 0.0 – 0.2 Placebo - 0.1 – 0.3 - 0.2 – 0.3
FRG 0.1 – 0.1 0.2 – 0.1 FRG - 0.5 – 0.2** - 0.5 – 0.2**

ADH / ACTH 0.06 FSH / LH 0.00
Placebo 0.0 – 0.4 0.0 – 0.3 Placebo 0.4 – 0.2* 0.4 – 0.2**
FRG 0.1 – 0.3 0.1 – 0.2 FRG 0.4 – 0.2* 0.5 – 0.2*

Aldosterone / glucose 6.90*** GH / glucose 0.60
Placebo 0.9 – 0.3*** 0.6 – 0.1*** Placebo - 0.5 – 0.4 - 0.3 – 0.2
FRG 0.0 – 0.3 - 0.1 – 0.3 FRG - 0.2 – 0.3 - 0.2 – 0.2

Cortisol / free cortisol 2.30 GH / HbA1c 7.81***
Placebo 0.4 – 0.2** 0.3 – 0.1** Placebo - 0.4 – 0.3 - 0.2 – 0.24
FRG 0.1 – 0.1 0.1 – 0.1 FRG 0.7 – 0.2*** 0.6 – 0.1***

Cortisol / glucose 1.05 Glucose / HbA1c 0.09
Placebo - 0.1 – 0.2 - 0.1 – 0.1 Placebo 0.6 – 0.2*** 0.5 – 0.1***
FRG 0.1 – 0.2 0.1 – 0.2 FRG 0.5 – 0.1*** 0.5 – 0.1***

Free cortisol / glucose 0.56 Glucose / HOMA 0.75
Placebo 0.2 – 0.1* 0.2 – 0.1* Placebo 0.2 – 0.0*** 0.2 – 0.0***
FRG 0.0 – 0.2 0.0 – 0.2 FRG 0.2 – 0.0*** 0.2 – 0.0***

CRH / ACTH 0.04 Insulin / glucose 0.10
Placebo 0.1 – 0.7 0.1 – 0.3 Placebo 0.3 – 0.2* 0.3 – 0.2*
FRG 0.3 – 0.5 0.2 – 0.3 FRG 0.2 – 0.2 0.2 – 0.2

CRH / DHEAS 0.05 Insulin / HOMA 2.26
Placebo 0.4 – 0.3 0.2 – 0.2 Placebo 0.9 – 0.0*** 0.9 – 0.0***
FRG 0.3 – 0.2* 0.3 – 0.2* FRG 0.9 – 0.0*** 1.0 – 0.0***

DHEAS / aldosterone 0.16 LH / estradiol 0.30
Placebo 0.1 – 0.2 0.1 – 0.2 Placebo 0.2 – 0.2 0.2 – 0.2
FRG 0.3 – 0.2 0.2 – 0.2 FRG - 0.1 – 0.5 - 0.1 – 0.3

DHEAS / cortisol 0.19
Placebo - 0.1 – 0.1 0.0 – 0.1
FRG 0.1 – 0.2 0.0 – 0.1

Data expressed as a mean – SD. Values presented in boldface indicate significant difference (P < .05) between FRG and control groups by the Wald test.
aWald test was performed using one unstandardized path coefficient.

Values are significantly different (*P < .1, **P < .05, ***P < .01) by analysis of covariance.
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in the FRG group can be interpreted as having the potential
to affect the progress of diabetes.

Vuksan and colleagues reported that the consumption of
red ginseng improved glucose and insulin regulation in 19
participants with well-controlled type 2 diabetes. Red gin-
seng consumption decreased fasting plasma insulin by 8 pM,
plasma glucose during a 75 g oral glucose tolerance test
(OGTT) by 8–11%, and it increased the fasting-HOMA-
insulin sensitive index by 33%.15 In this study, the insulin
levels and HOMA-IRs of the second sample, and the gap
between the second and first sample, were both significantly
lower in the FRG group than in the placebo group (Table 1).
Vogeser et al.39 reported that the distribution of HOMA-IR
results was mainly determined by fasting serum levels rather
than fasting glucose levels, because of the high variability of
fasting serum insulin concentrations. In this path model, the
contribution ratios in HOMA-IR of insulin and blood glu-
cose were 0.918 and 0.157 respectively in the standardized
path coefficients (Table 4).

Clinically, the HbA1c level reflects the average concentra-
tion of blood glucose for 2 or 3 months. The American Dia-
betes Association considers HbA1c as a criterion for the
diagnosis of diabetes. Normally, HbA1c increases 0.1% every
decade after 40 years of age.40 In the difference between the
second and first sample in this study, the level of HbA1c was
significantly lower in the FRG group than in the placebo group.

In the path analysis, aldosterone was the largest single
factor in the decreased blood glucose of the FRG group.
Aldosterone regulates blood glucose through a mineral
corticoid receptor (MR)-dependent mechanism with GLUT4
and GLUT2, and an MR-nondependent mechanism with an
insulin receptor.41 GLUT4 is a glucose transporter that is
highly expressed in skeletal muscle and adipose tissue.42

When insulin stimulates the cells, GLUT4 in the cytosol
translocates to the cell membranes, and transports glucose
across the cell membrane. Therefore, the impairment of
GLUT4 functionality is an important cause of insulin resis-
tance, as seen in type 2 diabetes patients.43 When aldosterone
is administrated to rats, the level of GLUT4 protein drops
remarkably in muscle cells, whereas glucocorticoid treat-
ments increase the expression of GLUT4.44 Since the effects
of aldosterone on GLUT4 are related to MR-MR homodimer
and MR-GR heterodimer, and it is well known that cortisol is
a ligand of GRs, cortisol levels can also related to the GLUT4
mechanism. Huang et al. reported that when CK or Rg1 was
administered to adipocyte cell lines, GLUT4 mRNA and
glucose uptake increased. This increase implicated GLUT4
movement from intracellular vesicles to the plasma mem-
brane.45 The MR-nondependent mechanism in glucose reg-
ulation of aldosterone is related to the gene expression of the
insulin receptor. GREs on the promoter of insulin receptor
are regulated by an MR-MR homodimer or an MR-GR het-
erodimer. When aldosterone was administered to MIN6 beta
cells, a pancreas cell line, insulin release was suppressed.46

Since the aldosterone and glucocorticoid share the GR and
MR,47 it is possible that ginsenosides, especially compound K,
may interact with aldosterone functions.

In conclusion, in the conventional average comparison,
the FRG group significantly increased the levels of DHEAS,
GH, and E2, and decreased the levels of HbA1c, insulin, and
HOMA-IR. In the hypothesis of this path model, DHEAS,
E2, GH, blood glucose, and HbA1c established a causal
relationship. The blood glucose lowering effects of the FRG
group came from two causal effects. One line was the
negative effects of aldosterone and the other line was GH,
which was connected with DHEAS and E2. Considering the
participants were healthy postmenopausal women who may
be assumed to have a healthy level of homeostasis, the small
difference of several variables may be reasonable and
somewhat desirable, and the cumulated summation of these
variable changes in the FRG group cannot be ignored as a
potential preventive effect for postmenopausal women at
risk of developing diabetes.

The fermentation process of ginseng transforms the in-
active state of the ginsenosides, Rb1, Rc, Rb2, Rb3, and Rd,
to a bioactive state, rendering the ginsenosides into an easily
absorbable structure such as CK.48 The effect of red ginseng
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FIG. 2. The final path model of hormones and diabetes markers.
Two paths showed the significant differences in the present path
model. First, the path coefficient of aldosterone (Aldo) on blood
glucose was significantly different across two groups (P = .005).
Second, the path coefficient of growth hormone (GH) on blood glu-
cose was significantly different across two groups (P = .009). These
invariance tests were conducted by the Wald test, and the numbers in
parenthesis present the unstandardized path coefficients.
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can vary depending on the type, ratio, period, and ginse-
noside dose. Therefore, for a better understanding of the
effects of ginseng, a study with a single type of ginsenoside
and unhealthy participants, including those with diabetes or
cardiovascular disease, may prove instructive.
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