Medicine

ICIinicaI Trial/Experimental Study

Efficacy and safety of red ginseng extract powder
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Abstract
Background: This study was conducted to assess the efficacy and safety of Red Ginseng Extract Powder (RGEP) (KGCO@
Korea Ginseng Corporation, Daejeon, Korea) in achieving glycemic control in prediabetic Korean adults.

Methods: The patients of the RGEP group (n = 49) and those of the placebo group (n = 49) were orally given 2 tablets of RGEP
and its matching placebo, respectively, at a dose of 500 mg/day twice daily in the morning and the evening within 30 min after meal
during a 12-week treatment period. The patients were assessed for glycemic control parameters, such as fasting blood glucose
levels, 30-, 60-, 90-, and 120-min blood glucose levels on an oral glucose tolerance test, Ho1Ac levels and glucose area under the
curve, insulin resistance parameters, such as homeostasis model assessment of insulin resistance, c-peptide and insulinogenic
index, and hormone parameters, such as glucagon, adiponectin and glucagon-like peptide-1. Moreover, the patients were also
assessed for time-dependent changes in dipeptidyl peptidase-4 levels. Finally, the patients were also assessed for incidences of
treatment-emergent adverse events and serious adverse events.

Results: There were significant differences in changes in fasting blood glucose and 30-, 60-, 90-, and 120-min blood glucose
levels on an oral glucose tolerance test, Hb1Ac levels, glucose area under the curve, homeostasis model assessment of insulin
resistance, c-peptide levels and insulinogenic index, glucagon, adiponectin, and glucagon-like peptide-1 levels at 12 weeks
from baseline between the 2 groups (P < .05). There was a significant time-dependent decrease in dipeptidyl peptidase-4 levels
in the RGEP group (P =.001). There were no cases of treatment-emergent adverse events and serious adverse events in each
treatment arm.

Conclusion: RGEP might be effective in achieving glycemic control in prediabetic Korean adults.

Abbreviations: AEs = adverse events, DM = diabetes mellitus, DPP = dipeptidyl peptidase, FBG = fasting blood glucose,
GLP-1 = glucagon-like peptide-1, OGTT = oral glucose tolerance test, PPG = postprandial glucose, RGEP = red ginseng extract
powder.
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1. Introduction

With the continuous globalization of modern society, result-
ing in changes in dietary and lifestyle habits, there has been an
increase in the prevalence of chronic diseases. Of these, the prev-
alence of diabetes mellitus (DM) is rapidly increasing world-
wide.l!l According to a survey performed by the International
Diabetes Federation, as of 2021, there are approximately 537
million people with diabetes worldwide (a prevalence rate of
9.8%), around 319 million people with impaired fasting glucose
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(a prevalence rate of 5.7%), and approximately 541 million
people with impaired glucose tolerance (a prevalence rate of
10.2%).22! These numbers are expected to continue rising.
According to the Korean Diabetes Association Fact Sheet 2020,
in 2018, the prevalence of DM among adults over 30 years of
age was 13.8% (about 4.94 million people), indicating that 1
in every 7 adults over the age of 30 has it. The prevalence of
impaired fasting glucose was also estimated to be 26.9% (about
9.48 million people).B!
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Korean red ginseng is made by steaming unpeeled ginseng
(fresh ginseng) and then drying it. Korean red ginseng has a
unique aroma and taste; it is slightly sweet at first and slightly bit-
ter afterward, with a warm property.** Previous literatures have
described its health benefits. First, it is recorded as protecting the 5
viscera (liver, heart, lung, kidney, and spleen), stabilizing the mind,
brightening the eyes, and promoting longevity with long-term use.
Second, it restores physical weakness, assists in the functions of the
5 viscera and 6 bowels and has effects on the symptoms of DM,
such as generating body fluids and relieving thirst. In addition to
these effects, it is known to improve memory and learning ability,
enhance immunity, have anticancer effects, alleviate fatigue and
stress, improve blood circulation and treat anemia, have antiaging
effects, relieve hangovers, prevent osteoporosis, treat male infertil-
ity and improve hypertension and diabetes.*-*

Given the above background, red ginseng extract powder
(RGEP) (KGCO05pg; Korea Ginseng Corporation, Daejeon,
Korea), a safe natural substance, has been prepared to improve
glycemic control.”! This study was conducted to assess its effi-
cacy and safety in achieving glycemic control in prediabetic
Korean adults.

2. Materials and methods
2.1. Study patients and setting

The current 12-week, single-center, randomized, double-blind,
parallel-group, placebo-controlled study was conducted at
Seoul National University Bundang Hospital in Korea between
April 3 and October 23, 2023.

Inclusion criteria for the current study are as follows:

(1) Korean men or women aged >19 years old.

(2) The patients with fasting blood glucose (FBG) 100 to
125 mg/dL or postprandial glucose (PPG) 140 to 199 mg/
dL who had no past history of taking antihyperglycemic
drugs.

(3) The patients who were informed of details of the current
study and submitted a written informed consent for study
participation.

Major exclusion criteria for the current study are as follows:

[1] The patients who were given drugs, such as oral hypogly-
cemic drugs (e.g., sulfonylurea, biguanides, a-glucosidase
inhibitor, meglitinides, thiazolidinediones, dipeptidyl pep-
tidase [DPP]-4 inhibitor, sodium glucose cotransporter-2
inhibitor, injectable hypoglycemic agents [e.g., glucagon-
like peptide-1 {GLP-1} receptor agonist]), insulin therapy,
or health functional foods, RGEP for the purposes of con-
trolling blood glucose levels before study entry.

[2] The patients with a past history of type I or Il DM or
pregnancy DM (A2 or B1).

[3] The patients with FBG > 126 mg/dL or PPG > 200 mg/dL.

[4] The patients with HbAlc > 6.5%.

[5] The patients with a past history of taking diuretics,
B-blockers, anticoagulants and antiplatelet agents.

[6] The patients with a past history of coronary artery dis-
ease, myocardial infarction, angina pectoris, heart failure,
ischemic heart disease, atherosclerosis, arrhythmia, cere-
bral infarction, stroke, pulmonary disease, systemic auto-
immune disease, rheumatoid arthritis, thyroid disease and
hypertension.

[7] The patients who were given drugs, such as anti-obesity
agents (e.g., GLP-1 receptor agonist, absorption inhibitor
and appetite suppressant) and anti-dyslipidemic agent, or
health functional foods for the purposes of improving the
obesity and lipid profile before study entry.

The current study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital in
Korea (Institutional Review Board approval # B-2301-806-
001) and then conducted in compliance with the relevant ethics
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guidelines. All the study treatments and procedures described
herein were performed in accordance with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. The current study was conducted in compliance with
the International Conference of Harmonization-Good Clinical
Practice and it is registered with the Clinical Research informa-
tion Service (KCT0009340). All the patients submitted a written
informed consent for study participation.

2.2. Rationale of sample size estimation

Ranasinghe P, et al conducted a randomized double-blind
placebo-controlled clinical trial in a total of 200 subjects.
According to these authors, the FBG levels were measured as
144.9 = 28.8 mg/dL in the RGEP group and 162.9 = 22.4 mg/
dL in the placebo group after zinc supplementation.!""! Based
on this previous published trial, both inter-group differences
and variance were estimated for the current study. Considering
a drop-out rate of 10%, the minimum number of the patients
per group was calculated as 44. Therefore, the final number of
the patients per group was estimated at 49 based on a formula
44/(1-0.1). It was planned that a total of 98 patients would be
enrolled in the current study.

2.3. Trial methods

Once determined to be eligible for study participation, the
patients were evaluated for clinical examinations at baseline. At
Visit 2, they were randomized either to the RGEP group or the
placebo group, followed by a 12-week treatment period. The
study schema is illustrated in Figure 1.

The patients of the RGEP group were orally given 2 tablets of
RGEP at a dose of 500 mg/day twice daily in the morning and
the evening within 30 min after meal during a 12-week treat-
ment period. The patients of the placebo group were also orally
given 2 tablets of its matching placebo at a dose of 500 mg/day
twice daily in the morning and the evening within 30 minutes
after meal during a 12-week treatment period.

2.4. Randomization and blinding

The randomization table was provided by the contract research
organization, based on which the patients were randomized to
either of two treatment arms using a block randomization. To do
this, according to the uniform distribution, computer-generated
lists of random numbers were created using Random Number
Generators of SPSS software (IBM Corp., Armonk, NY). At the
time of study entry, the principal investigator was provided with
a randomization envelope from the contract research organiza-
tion. This is followed by allocation of random numbers to all
the eligible patients according to the order of study treatments.

The patients of each treatment arm were provided with study
treatments whose specification and formulation are identi-
cal. Therefore, both the principal investigator and the patients
would be unaware of allocation of a certain patient to a specific
treatment unless a randomization envelope is opened. Thus, the
double-blind status was maintained until study treatments have
been completed.

2.5. Assessment criteria and outcome measures

Baseline characteristics of the patients include age, height, weight,
body mass index, smoking status, drinking status, and exercise.
For efficacy assessment, the patients were assessed for glyce-
mic control parameters, such as FBG levels, 30-, 60-, 90-, and
120-min blood glucose levels on an oral glucose tolerance test
(OGTT), Hb1Ac levels and glucose area under the curve, insulin
resistance parameters, such as homeostasis model assessment
of insulin resistance, c-peptide and insulinogenic index, and
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Visit 1 Visit 2 Visit 3 Visit 4
Week 1 0] 6 12
-7 days 1 day 42 days 84 days
(0 week £ 7 days) (6 weeks £+ 7 days) (12 weeks £ 7 days)
Randomization
RGEP group (n = 49)
Screening

Placebo group (n = 49)

Figure 1. Study design.
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Figure 2. Disposition of the study patients.

Baseline characteristics of the patients (n = 98).

Values

Variables RGEP group (n=49)  Placebo group (n =49)  P-value

Age (vearsold)  61.33£11.54(38-78)  59.22 = 14.22 (24-80) 424

Sex

Men 24 (49.0%) 26 (53.1%) .686
Women 25 (51.0%) 23 (46.9%)

Height (cm) 162.32 + 8.47 164.45 + 7.89 202
Weight (kg) 65.24 +9.25 67.35 +9.90 279
BMI (kg/m?) 24,69 + 2.26 24.83 +2.49 767
Smoking status

Never 29 (59.2%) 27 (55.1%) 913
Past smoker 6(12.2%) 7 (14.3%)

Current smoker 14 (28.6%) 15 (30.6%)

Drinking status

Never 22 (44.9%) 18 (36.7%) 492
Past drinker 3(6.1%) 6 (12.2%)

Current drinker 24 (49.0%) 25 (51.0%)

Exercise

No 20 (40.8%) 23 (46.9%) .541
Yes 29 (59.2%) 26 (563.1%)

Values are mean + standard deviation with the range or the number of the patients with
percentage, where appropriate.
BMI = body mass index, RGEP = red ginseng extract powder.

hormone parameters, such as glucagon, adiponectin, and GLP-
1. Moreover, the patients were also assessed for time-dependent
changes in DPP-4 levels.

Both full analysis and per-protocol analysis were performed,
for which full analysis set and per-protocol set were provided.

Time-dependent changes in glycemic control parameters
(n =98).

Values

RGEP group (n = 49)

Variables Placebo group (n = 49)

Fasting blood glucose (mg/dL)

Baseline 107.55 + 6.64 106.45 + 4.80
6 weeks 105.51 + 8.07 106.63 = 7.74
12 weeks 100.90 + 9.46 107.31 £ 7.62
30-min blood glucose (mg/dL)

Baseline 173.51 £ 25.34 168.20 = 17.56
6 weeks 168.65 + 20.70 173.92 + 27.01
12 weeks 160.00 + 19.49 175.96 + 26.68
60-min blood glucose (mg/adL)

Baseline 226.76 + 30.05 223.06 + 25.03
6 weeks 223.90 + 32.04 219.16 + 35.68
12 weeks 210.73 £ 27.47 221.90 + 35.38
90-min blood glucose (mg/dL)

Baseline 200.49 + 23.00 194.08 + 18.43
6 weeks 197.53 + 36.41 200.22 + 31.03
12 weeks 184.37 +30.37 201.16 + 33.77
120-min blood glucose (mg/dL)

Baseline 170.53 + 15.30 167.33 £ 13.73
6 weeks 163.86 + 19.38 170.27 +20.88
12 weeks 153.27 £22.43 172.76 £ 22.24
Hb1Ac levels (%)

Baseline 598 +0.18 596 +0.14

6 weeks 595+0.18 595+0.18
12 weeks 5.85+0.18 595+0.16
Glucose AUC

Baseline 22,100.63 +1.10 21,596.89 + 1.08
6 weeks 21,618.36 + 1.11 21,793.50 + 1.13
12 weeks 20,370.90 = 1.10 21,996.44 +1.13

Values are mean =+ standard deviation.
AUC = area under the curve, RGEP = red ginseng extract powder.

For safety assessment, any adverse events (AEs) were catego-
rized by the system organ class and then coded by preferred terms
using the Medical Dictionary for Regulatory Activities version
19, as previously described.!""! Then, the patients were assessed
for incidences of treatment-emergent AEs and serious AEs.

2.6. Statistical analysis

Measurements were presented as mean = standard deviation or
the number of the patients with percentage, where appropri-
ate. In each treatment arm, changes in outcome measures at 12
weeks from baseline were analyzed using the Wilcoxon signed-
rank test. In addition, efficacy and safety outcome measures
were analyzed using independent two-sample ¢ test or Wilcoxon
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Figure 3. Differences in changes in glycemic control parameters at 12 weeks from baseline between the 2 groups. (A) Fasting blood glucose, (B) 30-min blood
glucose, (C) 60-min blood glucose, (D) 90-min blood glucose, (E) 120-min blood glucose, (F) Hb1Ac, and (G) glucose AUC. AUC = area under the curve. Values

are mean + standard deviation. *Statistical significance at P < .05.

rank sum test, if applicable. Statistical analysis was done using
the Statistical Analysis Software Version 9.4 (SAS Institute Inc,
Cary, NC). Statistical significance was set at P < .035.

3. Results

3.1. Baseline characteristics of the patients

A total of 98 patients (n = 98) were finally enrolled in the cur-
rent study, who were equally randomized to the RGEP group

(n =49) and the placebo group (n = 49). The disposition of the
study patients is illustrated in Figure 2.

There were no significant differences in age, sex, height,
weight, body mass index, smoking status, drinking status, and
exercise between the 2 groups (P > .05) (Table 1).

3.2. Efficacy outcomes

In the current study, there were no patients who were ineligible
for the per-protocol analysis; there were no patients who were
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dropped out of the current study, used prohibited concomitant
drugs or foods, had a <80% compliance with study treatments
or seriously violated the protocol. There was no difference in
the number of the patients between the full analysis set and
the per-protocol set. Therefore, the full analysis was solely per-
formed in the current study.

Time-dependent changes in glycemic control parameters
are represented in Table 2; there were significant differences in
changes in FBG and 30-, 60-, 90-, and 120-min blood glucose
levels on an OGTT, Hb1Ac levels and glucose area under the
curve at 12 weeks from baseline between the 2 groups (P < .05)
(Fig. 3).

Time-dependent changes in insulin resistance parameters
are represented in Table 3; there were significant differences in

Time-dependent changes in insulin resistance parameters
(n =98).

Values
Variables RGEP group (n = 49) Placebo group (n = 49)
HOMA-IR
Baseline 2.26 £1.53 2.24 +£1.68
6 weeks 2.04+1.78 2.26 +1.85
12 weeks 1.82 +1.57 2.36 = 1.71
C-peptide (ng/mL)
Baseline 2.31+1.58 219+158
6 weeks 215 +1.67 2.64 +1.71
12 weeks 211 +1.50 2.40 +1.56
Insulinogenic index
Baseline 532 +2.38 545+ 272
6 weeks 6.61+2.77 5.33+2.35
12 weeks 719 +2.02 494 +2.20

Values are mean =+ standard deviation.
HOMA-IR = homeostasis model assessment of insulin resistance, RGEP = red ginseng extract
powder.

www.md-journal.com

changes in homeostasis model assessment of insulin resistance,
c-peptide levels and insulinogenic index at 12 weeks from base-
line between the 2 groups (P < .05) (Fig. 4).

Time-dependent changes in hormone parameters are repre-
sented in Table 4; there were significant differences in changes
in glucagon, adiponectin and GLP-1 levels at 12 weeks from
baseline between the 2 groups (P < .05) (Fig. ).

Of note, there was a significant time-dependent decrease in
DPP-4 levels in the RGEP group (P = .001) (Fig. 6).

3.3. Safety outcomes

There were no cases of treatment-emergent AEs and serious AEs
in each treatment arm.

4. Discussion

DM is referred to as a condition where glucose, serving as
the energy source for human body, is not used for energy and
remains in the bloodstream, eventually being excreted in the
urine.!"? Its diagnostic criteria include FBG of >126 mg/dL and
PPG of 2200 mg/dL or Hb1Ac levels of 26.5%.13! The predi-
abetic stage is characterized by higher blood glucose levels as
compared with normal but lower as compared with diagnostic
criteria for DM.I41! Impaired fasting glucose is characterized
by the FBG levels of 100 to 125mg/dL after an 8-hour fast.
Moreover, impaired glucose tolerance is defined as blood glu-
cose levels of 140 to 199 mg/dL at 2 hours after an OGTT.['¢!
Primary symptoms of DM include polydipsia, polyphagia
and polyuria. Other potential symptoms include blurred vision,
itching of the skin or genital area and weight loss.'”! Lack of
notable symptoms may lead to a delayed diagnosis of DM. If
prolonged, DM would cause complications, such as cardiovas-
cular diseases, decreased vision or blindness, insufficient renal
functions, neural fatigue, seizures, and ulcers on the limbs. But
the prediabetic stage is often characterized by lack of notable
symptoms. Increased insulin resistance with hyperinsulinemia,
excessive insulin secretion as a compensatory response may
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Figure 4. Differences in changes in insulin resistance parameters at 12 weeks from baseline between the 2 groups. (A) HOMA-IR, (B) C-peptide, and (C) insu-
linogenic index. HOMA-IR = homeostasis model assessment of insulin resistance. Values are mean + standard deviation. *Statistical significance at P < .05.
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raise a risk of developing DM and its cardiovascular diseases.
This highlights the importance of prevention during the predi-
abetic stage.['8-21]

Treatment options for DM include smoking cessation,
abstinence of alcohol consumption, regular aerobic and
resistance exercises, balanced dietary intake and consistent
self-monitoring of blood glucose.?>*! Medication options
include oral hypoglycemics (sulfonylureas, biguanides,
a-glucosidase inhibitors, meglitinides, thiazolidinediones,
DPP-4 inhibitors, and sodium glucose cotransporter-2 inhib-
itors) and insulin therapy.?* It is unavoidable, however,
that medication may cause diverse adverse effects, such as
gastrointestinal problems, hypoglycemia, edema, weight
gain, severe abdominal pain, liver dysfunction, anemia,
joint pain, and urinary tract infections.*’! During the pre-
diabetic stage, exercise, and dietary interventions are rec-
ommended over specific treatments, although the practical

Time-dependent changes in hormone parameters (n = 98).

Values
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application and adherence to these recommendations can
be challenging, often leading to exclusion from treatment
considerations. 2627

To minimize the adverse effects of pharmacotherapy and
to improve blood glucose levels, ongoing studies are con-
ducted. Thus, attempts are made to discover bioactive sub-
stances from natural products. The Korean Ministry of Food
and Drug Safety has recognized several ingredients for their
functional properties.l?®! These functional ingredients have
been recognized for their potential health benefits, including
their ability to help manage blood glucose levels. These func-
tional ingredients have been recognized for their potential
health benefits, including their ability to help manage blood
glucose levels. There is a growing trend toward using natu-
ral and functional foods to support health and well-being,
particularly in the prevention and treatment of conditions
like DM.12%3% From this context, potential health benefits of
RGEP deserve special attention; its raw material is registered
with Food Standards and Specifications No. 2022-76, dated
October 25, 2022, Standard and Specifications for Health
Functional Foods No. 2022-66, dated September 15, 2022
and the Korean Pharmacopoeia (Notification No. 2018-16,
dated March 8,2018). It is also listed in overseas pharmaco-
poeias, such as the United Natural Products Alliance and the

Variables RGEP group (n = 49) Placebo group (n=49)  American Herbal Products Association in the United States,
Glucagon (g/mL) Health Canac!a and Chlpese pharmacopqelas. Tradlt}onally,
Baseline 178.53 + 1 57 19730 +1.75 it has been widely used in Korean traditional medicine pre-
6 weeks 170.58 = 1.56 153.94 1 1 50 scriptions and is still sold in various forms. The safety of
12 weeks 150.23 + 1.49 14393 + 165 the raw material has been confirmed through domestic stan-
Adiponectin (ng/mL) dards and specifications for pharmaceuticals and food, as
Baseline 5281.11 +1.85 5643.86 = 1.84 well as standards and specifications for functional health
6 weeks 5571.20 = 1.82 5292.17 = 1.81 foods.”! Moreover, antihyperglycemic effects of RGEP have
12 weeks 5559.13 + 1.80 5208.91 £ 1.81 been widely explored. That is, preclinical testing has been
GLP-T (pM) conducted, confirming significant improvements in indica-
Baseline 26.62 +1.44 29.83 +1.36 tors of insulin resistance (pAMPK and pACC) and fatty acid
?Z\Neeki gg;gtlgg ggggilii oxidation rates in vitro, as well as improvements in FBG,
WeeKs o o0 postprandial blood glucose, HbAlc, indicators of renal func-

Values are mean = standard deviation. tion, abnormal lipidemia, and inflammation-related indica-
GLP-1 = glucagon-like peptide-1, RGEP = red ginseng extract powder. tors in vivo.3132
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Figure 5. Differences in changes in hormone parameters at 12 weeks from baseline between the 2 groups. (A) Glucagon, (B) adiponectin, and (C) GLP-1.
GLP-1 = glucagon-like peptide-1. Values are mean + standard deviation. *Statistical significance at P < .05.
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Figure 6. Time-dependent changes in dipeptidyl peptidase-4 (DPP-4) levels in each group. Values are mean + standard deviation. *Statistical significance at

P <.05.

The current study showed that RGEP was effective
in significantly improving FBG levels, 30-, 60-, 90-, and
120-min blood glucose levels and Hb1Ac levels (P <.05).
This is in agreement with previous published studies.
Antihyperglycemic effects of RGEP have been well described
in the literature; it has been used as a complementary and
alternative medicine for better glycemic control among
patients with type II DM.B3! Its efficacy in improving PPG
and insulin sensitivity has been documented.**3’! Presumably,
antihyperglycemic effects of RGEP might arise from its
anti-inflammatory and anti-oxidative properties.3¢1 This
has been well described in previous literatures. According
to Park JK, et al, there were significant improvements in
FBG, HbAlc, inflammatory markers (e.g., interleukin-6,
cyclooxygenase-2,and C-reactive protein) followinga 12-week
treatment with RGEP100 mg/kg in db/db mice.?”’ Kang KS,
et al showed that Rg3 was effective in protecting against
diabetes by inhibiting oxidative stress in a streptozotocin-
induced diabetic renal damage model.*®! Finally, Rg3 had
an antihyperglycemic effect by up-regulating GLP-1 via the
sweet taste receptor-mediated signal transduction pathway in
db/db mice.*!

The current study also showed that RGEP was effective
in significantly improving insulin resistance (P <.05). The
efficacy of RGEP in improving insulin resistance has been
reported to have a relationship with adipocyte hypertrophy;
adipocyte hypertrophy and atrophy are associated with insu-
lin resistance and insulin sensitivity, respectively.[*?! Tt has
been shown that ginsenoside Rg3, linked to STATS-PPARYy
pathway, was effective in improving obesity-induced insulin
resistance.*3! Taken together, the efficacy of RGEP in improv-
ing insulin resistance arises from its inhibitory effect against
adipocyte hypertrophy in obese animals. Hossain MA, et al
showed that RGEP was effective in significantly improving
hyperglycemia and oxidative stress in Otsuka Long-Evans
Tokushima fatty rats.[*4

In the current study, there was a significant time-
dependent decrease in DPP-4 levels in the RGEP group
(P =.001). This is in agreement with a previous published
study.*) Of diverse active constituents of RGEP, alkaloids
play a role in inhibiting the activity of DPP-4 that degrades
the GLP-1 hormone.“®! This was also seen in a previous
report showing that alkaloids play a role in inhibiting DPP-4,
advanced glycation end products, increment of insulin release
and secretion from pancreatic -cell and its sensitivity and the
enhancement of glucose uptake from circulation to lower the
levels.*! A significant time-dependent decrease in DPP-4 lev-
els following the treatment with RGEP suggests that alkaloids

act as a DPP-4 inhibitor by preventing DPP-4 from binding to
and interacting with the GLP-1.
To summarize, the current results are as follows:

(1) There were significant differences in changes in FBG
and 30-, 60-, 90-, and 120-min blood glucose levels on
an OGTT, Hb1Ac levels, and glucose area under the
curve at 12 weeks from baseline between the 2 groups
(P <.05).

(2) There were significant differences in changes in homeo-
stasis model assessment of insulin resistance, c-peptide
levels and insulinogenic index at 12 weeks from baseline
between the 2 groups (P <.05).

(3) There were significant differences in changes in glucagon,
adiponectin and GLP-1 levels at 12 weeks from baseline
between the 2 groups (P <.05).

(4) There was a significant time-dependent decrease in DPP-4
levels in the RGEP group (P =.001).

(5) There were no cases of treatment-emergent AEs and seri-
ous AEs in each treatment arm.

But the current results cannot be generalized; there are sev-
eral limitations of the current study as follows: First, this is
a small-scale study. Second, the possibility of selection bias
could not be completely ruled out because this is a single-
center study. Single-center studies are often followed by
multicenter ones.*8! A collaborative, multicenter is equipped
with key advantages, such as an ability to respond to ques-
tions requiring a larger sample size and those about the gen-
eralizability of outcomes across the centers and to compare
the effects between the study centers.[*% Further large-scale,
multicenter studies are therefore warranted to corroborate
the current results. Third, the current study did not assess
whether RGEP was effective in lowering a risk of diabetic
complications that are mediated by chronic hyperglycemia
with consequent oxidative stress, advanced glycation end
products, and diverse inflammatory responses. According to
animal studies, however, RGEP can reduce the occurrence
of diabetic microvascular complications and brain neu-
ronal damage by inhibiting oxidative stress and advanced
glycation end product.’'=*3 This also warrants further clin-
ical trials.

5. Conclusion

Based on the current results, it can be concluded that RGEP
might be effective in achieving glycemic control in prediabetic
Korean adults. But this warrants further large-scale, multicenter,
prospective, randomized, controlled studies.
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