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INTRODUCTION

Dry mouth is a subjective feeling of oral dryness 
that occurs in 46% of the elderly population [1,2]. It is 
closely related to hyposalivation and occurs as a side ef-
fect of medications and diseases, such as Sjögren’s syn-
drome and radiation-induced xerostomia [3]. In disease- 
or radiation-induced dry mouth, the symptoms tend to 
be very severe and may lower the patient’s quality of 
life and increase the risk of opportunistic oral infections 
[4]. In contrast, dry mouth unrelated to severe systemic 
and salivary gland diseases is easily neglected despite 

its high prevalence [1].
Therefore, many studies have focused on agents that 

are believed to relieve dry mouth or enhance salivary 
function, such as pilocarpine, sugarless gum, moistur-
izing gels or sprays, and artificial saliva substitutes [5-8]. 
Although these agents may increase salivary function, 
this does not always seem to improve the symptoms of 
dry mouth [9,10]. Natural products or traditional folk 
medicines have been regarded as other sources of cura-
tive agents for dry mouth. For example, some herbal 
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formulas, homeopathic medicines, ophiopogoins, and 
linseed extract have been studied for this purpose [11-15].

Korean red ginseng (KRG), the steamed root of 
Panax ginseng C.A. Meyer, is one of the best-known 
herbs and has been reported to have tonic effects on 
the immune system, sexual function, and the health of 
postmenopausal women [16-21]. In traditional Korean 
medicine, KRG has long been used to relieve the symp-
toms of dry mouth. However, no clinical trials have in-
vestigated whether KRG has an effect on this condition. 
Therefore, this study was performed to examine the 
effects of KRG on dry mouth. For this purpose, before 
and after administering KRG to xerostomatic patients 
for 8 weeks, we evaluated the dry mouth visual analog 
scale (VAS), unstimulated salivary flow rate (USFR), 
and stimulated salivary flow rate (SSFR), and the sub-

jects completed a dry mouth-related symptom question-
naire. This study also investigated age and gender as 
factors contributing to dry mouth.

MATERIALS AND METHODS

Subjects
From September 2007 to May 2008, 133 volunteers 

were enrolled in the trial. Thirty-three of the subjects 
(24.8%, 18 women [13.5%] and 15 men [11.3%]) were 
excluded (Fig. 1). All measurements and interviews 
were conducted at the East-West Neo-Medical Center, 
Kyung Hee University, Seoul, Korea.

The existence of subjective oral dryness and dry mouth 
(VAS ≥ 4) at the screening visit served as an inclusion 
criterion [14]. The exclusion criteria were as follows: 

Fig. 1. Flow chart of the trial. 
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Sjögren’s syndrome, a history of irradiation therapy, se-
vere psychiatric diseases, intake of herbal formulas up 
to 2 weeks before participation, ongoing treatment for 
dry mouth, and pregnancy or breastfeeding.

The study protocol was approved by the Institutional 
Review Board of East-West Neo-Medical Center, Kyung 
Hee University. Informed consent was obtained from all 
subjects prior to the study.

Study design and assessment
This randomized, double-blind, placebo-controlled, 

parallel-group trial was designed to investigate the ef-
fects of KRG on dry mouth. At the first visit, the dry 
mouth VAS and questionnaire were administered, and 
saliva was collected. The subjects were then stratified 
into subsets according to xerogenic drug use [3]. Sub-
jects were assigned randomly in blocks of four using a 
computer random number generator to receive either 6 
g of KRG (Korean Red Ginseng Powder Capsule®; Ko-
rea Ginseng Corporation, Daejeon, Korea) or placebo 
(a capsule containing cornstarch powder with KRG 
flavoring) daily for 8 weeks. A voucher specimen was 
deposited with Korea Ginseng Corporation. The ran-
domization list was kept by an independent pharmacist 
responsible for the KRG distribution until the end of the 
study. The subjects were given a diary, which they were 
asked to fill in twice a day after taking KRG or placebo.

On the second visit (4 weeks), dry mouth VAS and 
samples of saliva were evaluated. On the third visit (8 
weeks), the three tests from the first visit were repeated.
During each visit, the diaries were checked and the 
remaining capsules were counted. Compliance was es-
timated as a percentage of the number of capsules taken 
vs. the number of capsules that should have been taken. 
At 10 weeks, dry mouth VAS and side effects were re-
corded for each subject during a telephone call.

Evaluation of dry mouth and questionnaire
A global improvement in dry mouth was the primary 

outcome in this study. The subjects were asked to com-
pare their overall dry mouth status on a 100-mM VAS 
at 4, 8, and 10 weeks vs. their status at baseline. The 
anchor points of the VAS were no dry mouth (0) and se-
vere dry mouth (100). At baseline and 8 weeks, a modi-
fied six-item dry mouth-related symptom questionnaire 
study using a VAS [22] was administered (Table 1).

Estimation of USFR and SSFR
The USFR and SSFR were measured, at baseline 

and at 4 and 8 weeks, during rest and then during me-

chanical stimulation by chewing Parafilm (American 
National Can, Greenwich, CT, USA). The saliva was 
collected between 08:30 and 10:30. Before the first 
visit, the subjects were instructed not to eat, drink, or 
use any form of tobacco for 2 hours before saliva col-
lection and to relax for about 10 minutes before the test. 
Unstimulated and Parafilm-stimulated saliva samples 
were collected for 5 minutes in preweighed dispos-
able cups. During the first 5-minute period, saliva was 
expectorated at 30-second intervals, and the flow rate 
(mL/min) was calculated as the USFR. During the next 
5-minute period, the subject was given Parafilm and in-
structed to chew it at a constant rate of 1 chew per sec-
ond. The Parafilm-stimulated saliva flow rate (mL/min) 
was used as the SSFR. The saliva secreted during the 
first 30 seconds of each collection was discarded. Each 
salivary flow rate was determined by gravitation, using 
a scale with an accuracy of 0.01 g (AR2130 Adventurer 
Balance; Ohaus Pine Brook, NJ, USA), assuming that 1 
g of saliva is equivalent to 1 mL.

Data analysis
The efficacy data, such as the dry mouth VAS, USFR, 

SSFR, and each item or the sum totals of the question-
naire, were evaluated by per-protocol analysis, because 
only the pre- and posttreatment changes were consid-
ered.

For additional analysis of the contributing factors, 
the KRG and placebo groups were subdivided into two 
groups according to gender (women and men) and then 
into three subgroups according to age [23]. Therefore, 
the final subgroups were as follows: men’s subgroups 
A to C (age ≤ 39, 40 to 59, and ≥ 60 years) and women’s 
subgroups A to C (same age intervals).

Statistical analysis
The differences among all of the variables were as-

Table 1. Six-item dry mouth-related symptom questionnaire

1. Does your mouth feel dry at night or on awakening (Dry-NA)?

2. Does your mouth feel dry at other times of the day (Dry-Day)?

3. Does your mouth feel dry when eating a meal (Dry-Eat)?

4. Do you have difficulties swallowing any foods (Dif-Swal)?

5. Does the amount of saliva in your mouth seem to be too little, too 
much, or you don’t notice it (Am-Sal)?

6. How much does the dry mouth symptom interfere with the overall 
aspects of your life (Eff-Life)?

Subjects rated the difficulty they experienced due to dry mouth during 
the previous week.
The anchor points of the visual analog scale were no difficulty at all (0 
mM) and great difficulty (100 mM).
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sessed using the repeated t-test, linear mixed model, 
independent t-test, or the Mann-Whitney U-test. The 
demographic variables (age, baseline dry mouth VAS, 
baseline USFR, and SSFR) were analyzed by indepen-
dent t-test. Gender, medications, dentures, and meno-
pausal status at baseline were assessed using the c2-test. 
Statistical analyses were performed using SPSS ver. 
14.0 (SPSS Inc., Chicago, IL, USA). In all analyses, 
p < 0.05 was taken to indicate statistical significance. 

RESULTS

Subject characteristics and baseline values
Of the 100 subjects included in this trial (age, 19 to 

76 years), 90 (90%) completed the protocol. The mean 
compliance was 94% (95% CI, 89 to 99) for both 
groups. During the study, one man withdrew from the 
placebo group owing to dyspepsia, and nine subjects 
(one woman and four men in the KRG group; three 
women and one man in the placebo group) dropped out 
because of delayed visits or insufficient KRG consump-
tion (Fig. 1). The patient characteristics and baseline 
values are shown in Table 2.

Comparison of the dry mouth VAS between the 
KRG and placebo groups

Compared with the baseline, the mean values of the 
dry mouth VAS decreased throughout the study in both 
groups. However, there were no significant differences 
between the KRG and placebo groups at 4, 8, and 10 
weeks (Table 3).

Comparison of USFR and SSFR between the KRG 
and placebo groups

Compared with the baseline, the mean USFR and 
SSFR increased throughout the study in both groups. 
However, there were no significant differences between 

the two groups at 4 and 8 weeks (Table 3).

Comparison of dry mouth-related symptom ques-
tionnaire between the KRG and placebo groups

Both groups reported improvements in each item and 
showed improved total score of the questionnaire sur-
vey at 8 weeks. However, the KRG group showed no 
significant improvement in any item or the total score 
compared with the placebo group (Table 4).

Table 2. Baseline characteristics of subjects in KRG and placebo 
groups

Characteristics Placebo
(n = 50)

KRG
(n = 50) p-value

Gender 0.688

Women 26 (52) 28 (56)

Men 24 (48) 22 (44)

Menopausal women 12 (46.2) 15 (53.8) 0.586

Current dental dentures 5 (10) 6 (12) 0.749

Current medications 14 (28) 16 (32) 0.663

Antihypertensive 11(22) 10 (20) 0.806

Hypoglycemic 2 (4) 1 (2) 0.558

Thrombolytic 0 (0) 1 (2) 0.315

Other1) 3 (6) 6 (12) 0.295

Age (yr) 45.92±16.10 48.28±15.82 0.462

Baseline values

Dry mouth VAS 6.45±1.17 6.85±1.32 0.115

USFR (mL/min) 0.24±0.19 0.20±0.14 0.198

SSFR (mL/min) 1.22±0.51 1.05±0.62 0.136

Values are expressed as number (%) or mean±SD
Gender, menopausal status, current denture wearing, and medica-
tions were analyzed by the χ2-test. Age, VAS, USFR, and SSFR were 
compared between the KRG and placebo groups using an indepen-
dent t-test
KRG, Korean red ginseng; VAS, visual analogue scale; USFR, un-
stimulated salivary flow rate; SSFR, stimulated salivary flow rate
1)Other current medications denote antidiuretics, thyroid-related
  medications, and genitourinary medications

Table 3. Comparison of dry mouth VAS, USFR, and SSFR between KRG and placebo groups

Variables Placebo
(n = 46)

KRG
(n = 44) p-value

Changes on dry mouth VAS

4 wk – baseline -0.83±2.17 -1.38±1.85 0.198

8 wk – baseline -1.52±2.24 -1.68±2.15 0.727

10 wk – baseline -1.76±2.51 -1.84±2.03 0.876

Changes on USFR
4 wk – baseline 0.02±0.17 0.04±0.10 0.479

8 wk – baseline 0.03±0.17 0.01±0.11 0.527

Changes on SSFR
4 wk – baseline 0.08±0.39 0.08±0.37 0.967

8 wk – baseline 0.14±0.49 0.01±0.42 0.165

Values are expressed as mean±SD
KRG, Korean red ginseng; VAS, visual analogue scale; USFR, unstimulated salivary flow rate; SSFR, stimulated salivary flow rate
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Comparison of the dry mouth VAS among sub-
groups

Time-related (baseline, 4, and 8 weeks) comparisons 
of the dry mouth VAS among the subgroups were as-
sessed by repeated t-test and a linear mixed model. In 
comparisons among subgroups, no significant differenc-
es were observed using the repeated t-test (Figs. 2 and 
3). However, the dry mouth VAS values in the KRG 
women’s group and KRG women’s subgroup B were 
significantly lower than those of the placebo women’s 
group and placebo women’s subgroup B, respectively 
(p = 0.047 and p = 0.022, respectively, with the linear 

mixed model). For further statistical analyses, the 
changes in dry mouth VAS value between subgroups 
were compared. The changes in dry mouth VAS at 4 
weeks in the KRG women’s group and at 4 and 8 weeks 
in the KRG women’s subgroup B were significantly 
greater than those in the placebo women’s subgroup 
B (p < 0.05) (Table 5). However, the dry mouth VAS 
in these subgroups did not differ 2 weeks (follow-up 
period) after the treatments for 8 weeks. There were no 
significant changes among the other subgroups either 
(data not shown).

Fig. 2. Comparison on dry mouth visual analog scale (VAS) between 
women’s groups by repeated t-test. 1, 2 and 3 in time index (horizontal 
axis) mean baseline, 4 and 8 weeks. Group 1, Korean red ginseng women’s 
group (blue); group 2, placebo women’s group (green).

Fig. 3. Comparison on dry mouth visual analog scale (VAS) between 
women’s subgroup B by repeated t-test. 1, 2 and 3 in time index (horizon-
tal axis) mean baseline, 4 and 8 weeks. Group 1, Korean red ginseng wom-
en’s subgroup B (blue); group 2, placebo women’s subgroup B (green).

Table 4. Comparison of six items and total scores of dry mouth-related symptom questionnaire between the KRG and placebo groups

Item Placebo
(n = 46)

KRG
(n = 44) p-value

Dry-NA -1.62±2.58 -1.37±2.45 0.467

Dry-Day -1.13±2.11 -1.46±1.93 0.438

Dry-Eat -0.62±2.14 -1.18±2.11 0.085

Dif-Swal -0.86±2.27 -1.14±2.06 0.320

Am-Sal -0.67±2.41 -0.69±2.66 0.731

Eff-Life -1.34±2.17 -1.49±2.62 0.686

Sum totals -6.24±10.98 -7.34±9.99 0.347

Values are expressed as means ± SD. The dry mouth-related symptom questionnaire consists of six items on 100-mM scales, where 0 indicates 
“no difficulty at all” and 100 indicates “great difficulty.” Each value in this table represents the calculated value as the mean at 8 weeks minus the 
baseline
The meanings of the items are shown in Table 1. KRG, Korean red ginseng
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Comparison of USFR and SSFR among subgroups
There were no significant changes in USFR and 

SSFR among the KRG and placebo subgroups (data not 
shown). There were also no significant differences in 
USFR and SSFR between the KRG group and placebo 
women’s subgroup B.

Comparison of the dry mouth-related symptom 
questionnaire among subgroups

Time-related (baseline and 8 weeks) comparisons of the 
values of six items and total scores of the dry mouth-
related symptom questionnaire among the women’s 
groups were assessed by repeated t-test (Table 6). All 
questionnaire values in the KRG women’s group, with 
the exception of the item “Does the amount of saliva in 
your mouth seem to be too little, too much, or you don’t 
notice it?” were lower than those of the placebo women’s 
group. However, a significant improvement was seen 
in the item “How much does the dry mouth symptom 
interfere with the overall aspects of your life?” in the 
KRG women’s group (p < 0.05, repeated t-test). There 
was no significant difference in dry mouth-related 
symptoms between the KRG women’s subgroup B and 
placebo women’s subgroup B.

DISCUSSION

This is the first trial to investigate the effects of KRG 
on patients with dry mouth who had no obvious oral 
diseases, such as Sjögren’s syndrome or radiation-
induced xerostomia. Age, gender, current medications, 
denture wearing, and menopausal status are known to 
be causative factors for dry mouth in the absence of 
organic oral diseases [9,24]. All of these factors were 
balanced at commencement of the trial. In additional 
analyses of subsets of subjects who had taken xerogenic 
medications, the baseline dry mouth VAS was 6.8 ± 1.8 
in the KRG group (n = 16) vs. 6.2 ± 1.2 in the placebo 
group (n = 14) (p < 0.21). Although the subject charac-
teristics were balanced and the major oral diseases caus-
ing dry mouth were excluded, each group may have 
had heterogeneous features related to age and gender. 
Therefore, each group was divided into six subgroups 
according to age and gender [23].

The results showed that the dry mouth VAS, USFR, 
SSFR, and dry mouth-related symptom questionnaire 
items improved after 8 weeks compared with baseline. 
However, no significant differences were seen between 
values. Therefore, in contrast to our initial expectations, 
KRG may not improve dry mouth in subjects with no 

Table 5. Comparison of changes on dry mouth VAS among subgroups in women

Gender Age
(yr) Group

Changes on dry mouth VAS

Baseline - 4 wk Baseline - 8 wk Baseline - 10 wk

Women

40 - 59

KRG (n = 14) -2.36±1.89 -2.51±1.63 -2.87±2.17

Placebo (n = 11) -0.55±2.50 -1.27±2.10 -1.73±3.10

p-value       0.037*       0.042*      0.228

Total

KRG (n = 25) -1.75±1.56 -1.86±2.32 -2.02±2.31

Placebo (n = 24) -0.63±2.02 -1.08±1.95 -1.75±2.54

p-value       0.044*      0.080      0.562
Values are expressed as mean±SD
KRG, Korean red ginseng; VAS, visual analog scale
*Statistically significant by Mann-Whitney U-test (p<0.05)

Table 6. Comparison of each item and total score of dry mouth-related symptom questionnaire between the KRG and placebo women’s groups

Dry-NA Dry-Day Dry-Eat Dif-Swal Am-Sal Eff-Life Sum totals

Mean±SE -0.53±0.40 -0.68±0.47 -0.14±0.52 -0.25±0.52 0.32±0.50 -0.92±0.41 -2.97±2.01

Degree of freedom 47 47 47 47 47 47 47

T-statistic     -1.329     -1.447     -0.272     -0.543   -0.639     -2.234     -1.477

p-value      0.095      0.077      0.393      0.294     0.737       0.015*      0.073

The questionnaire was assessed at baseline and 8 weeks
The meanings of each item are shown in Table 1. KRG, Korean red ginseng
*Statistically significant by repeated t-test (p < 0.05)
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history of organic oral disease.
In the subgroup analyses, KRG improved the dry 

mouth VAS in women, especially in women’s subgroup 
B. One of the most important characteristics of this 
subgroup was post- and perimenopausal status, which 
is considered a key factor in the effect of KRG on dry 
mouth. Menopause is associated with a high prevalence 
of dry mouth [24,25], and indeed the proportion of post- 
and perimenopausal women in each group in this study 
was high (Fig. 1). Generally, hormone replacement ther-
apy (HRT) relieves oral discomfort, such as dry mouth 
and painful mouth symptoms, in menopausal women 
[26]; however, many menopausal women are concerned 
about the risk of breast cancer caused by HRT [27]. In 
contrast, the effects of KRG on menopausal symptoms 
and quality of life were not associated with any serious 
adverse effects in many of the earlier studies [16,28]. 
The mechanism of the effect of KRG on menopausal 
symptoms was not clear, but after 8 weeks of treatment 
with KRG, post- and perimenopausal women reported 
improvement in the dry mouth VAS. Examination 
of the subjects’ medications showed that none of the 
women took HRT during the study, which may have af-
fected dry mouth [16]. Moreover, KRG is also known 
to ameliorate climacteric symptoms by lowering blood 
levels of stress-related hormones, such as cortisol [16]. 
These findings suggested that KRG may be of benefit to 
menopausal women with subjective dry mouth who are 
not taking HRT.

In the present study, the salivary flow rates were 
not correlated with the dry mouth VAS in any of the 
groups, even in the KRG women’s subgroup B (Table 
3). These results were very similar to those of a previ-
ous study, which found no correlation between salivary 
flow rate and subjective dry mouth in xerostomatic pa-
tients without hyposalivation [29]. The higher baseline 
salivary flow rates may have affected the results in our 
study. In general, the criteria determining hyposaliva-
tion are USFR < 0.1 mL/min and SSFR<1.0 mL/min 
[4,30], whereas the baseline USFR and SSFR in the 
present study were much higher for both groups (Table 
2). Therefore, the effects of KRG on dry mouth in 
women’s subgroup B may have been due to other fac-
tors, such as improvements in psychological status or 
hormonal changes [16], rather than a direct increase in 
salivary function. These results suggest that dry mouth 
may reflect other systemic conditions, rather than re-
duced salivary gland function [31].

In addition to an improvement in the dry mouth VAS, 
the KRG women’s group also reported general improve-

ments in most of the items and total scores of the ques-
tionnaire (Table 6). It was postulated that KRG may also 
have a positive effect on the quality of life associated 
with oral health as a tonic agent [28].

Many studies have suggested that different doses 
of KRG have diverse effects in a number of diseases, 
including erectile dysfunction, immunodeficiency, dia-
betes, and climacteric symptoms [16-21,32]. These stud-
ies suggested that a daily dose of 1 to 6 g of KRG for 12 
weeks is safe in humans. Moreover, KRG has long been 
used in traditional Korean medicine as an important 
component of herbal formulas for the symptoms of dry 
mouth. As a result of these trials and in accordance with 
traditional Korean medical prescriptions, 6 g of KRG 
per day was set as the test dosage.

As in many KRG trials, our study indicated no seri-
ous adverse effects and no ginseng abuse syndrome. 
The subjects experienced only mild, intermittent 
discomfort, which was easily relieved at the end of 
the study. The efficacy of the blinding protocol was 
analyzed using self-suggestion, in which subjects were 
asked whether they believed the medications they had 
taken were real. Real KRG/placebo/uncertainty was 32 
(35.6%)/11 (12.2%)/1 (1.1%) in the KRG group and 25 
(27.8%)/21 (23.3%)/0 (0%) in the placebo group. From 
these results, we concluded that blinding was not bro-
ken (p < 0.084, c2-test).

In conclusion, our results indicated that 6 g of KRG 
per day for 8 weeks may not have an obvious effect on 
subjective dry mouth, salivary flow rates, or dry mouth-
related quality of life in xerostomatic patients who have 
no history of oral diseases or hyposalivation. However, 
KRG improved subjective dry mouth in women, espe-
cially those aged 40 to 59 years, and dry mouth-related 
symptoms in women in general. Further investigation in 
post- and perimenopausal women is required to elabo-
rate on these findings.
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