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Ethnopharmacological relevance: Yukmijihwang-tang (YMJ) is a typical herbal formula to treat Yin-defi-
ciency (YD) syndrome by enriching the fluid-humor of the body. YMJ has been used to treat dry mouth
symptoms for hundreds of years in traditional East Asian medicine. Xerostomia, a subjective oral dryness,
is common in the elderly and results in impaired quality of life. Many conventional treatments for xer-
ostomia provide only temporary symptom relief, and have side effects. The aim of this study is to in-
vestigate the efficacy and safety of YMJ for the treatment of xerostomia in the elderly.
Methods: This study was designed as a randomized, placebo-controlled, double-blinded, two center trial.
Ninety-six subjects aged 60–80 years who had experienced xerostomia for at least 3 months and pre-
sented with score440 on the visual analog scale (VAS) for subjective oral dryness were recruited and
randomly allocated to YMJ and placebo groups. YMJ or placebo was administered to each group for
8 weeks (3 g of YMJ or placebo, three times per day). The primary outcome was change of VAS for
xerostomia from 0 to 8 weeks.
Results: VAS for xerostomia was decreased by 22.04722.76 in the YMJ group and 23.58723.04 in the
placebo group. YMJ had no effect on xerostomia. However, participants with BMIs lower than
29.37 kg/m2 showed improvement of xerostomia after 8 weeks of treatment with YMJ compared to
placebo. In addition, YMJ improved oral moisture, which is associated with subjective oral dryness in the
YMJ group, and the relationship between VAS for xerostomia and YD was significant.
Conclusion: A trend was observed in which YMJ improved oral moisture status and subjective oral
dryness in elderly subjects with lower BMI and greater tendency toward YD.

& 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Xerostomia is defined as a subjective sensation of oral dryness,
while salivary gland hypofunction is diagnosed via objective
measurements of reduced salivary flow (Fox et al., 1985; Thomson
et al., 1999). The prevalence of xerostomia is estimated to be ap-
proximately 20% in the general population, with increased pre-
valence in the elderly (up to 50%) (Locker, 1993; Orellana et al.,
2006; Turner and Ship, 2007). The etiology of xerostomia includes
medications, aging, diseases, iatrogenic causes, heavy smoking,
and psychosocial stress (Guggenheimer and Moore, 2003). Espe-
cially, the major causes of xerostomia in the elderly are regarded as
aging and the long-term use of medications (Turner and Ship,
rved.
2007). Xerostomia can cause dental problems such as caries, fun-
gal infection, as well as taste changes, altered sensation, aspiration,
and difficulty in swallowing, and speech (Turner and Ship, 2007).
Quality of life (QOL) in elderly xerostomia patients is impaired
(Ship et al., 2002; Turner and Ship, 2007). Many conventional
treatments for xerostomia provide only temporary relief of
symptom, and have side effects (Brennan et al., 2002; Guggen-
heimer and Moore, 2003). Moreover, there is no strong evidence
for topical therapies and non-pharmacological interventions
which are effective for relieving the symptom of dry mouth (Fur-
ness et al., 2011, 2013). It is necessary to develop new remedies
with long-term effect.

In traditional East Asian medicine (TEAM), the main pathology
of xerostomia in the elderly is considered to be Yin-Deficiency (YD).
Yin refers to general body fluids, including blood, and Jing (trans-
lated as essence of body). Therefore, YD is closely related to the
shortage of body fluids, which causes various symptoms (dry
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mouth, dry eyes, emaciation, or weight loss) (Lee et al., 2007;
WHO Regional Office for the Western Pacific, 2007). Yukmi-
jihwang-tang (YMJ; Liu-wei-di-huang-tang in traditional Chinese
medicine; Lokumijio-to in Kampo Medicine) is a typical herbal
medicine used to treat YD by enriching the fluid-humor of the
body in TEAM, and the formula consists of six crude herbal drugs:
Rehmanniae Radix Preparata, corni Fructus, Dioscorease Rhizoma,
Alismatis Rhizoma, Hoelen, and Moutan Cortex Radicis (Park et al.,
2005; Lee et al., 2009; Kim et al., 2014). YMJ has been used to treat
dry mouth symptoms for several hundred years. Recently, it has
been reported that YMJ was effective for xerostomia in biochem-
ical study and pilot clinical study (Kim and Yong, 2012; Wang,
2012). We hypothesized that YMJ can improve xerostomia in the
elderly by tonifying Yin. To our knowledge, no randomized clinical
trial has ever been conducted to evaluate the effects of YMJ on
xerostomia in the elderly. The aims of this study were to evaluate
the safety and efficacy YMJ for treatment of xerostomia in the el-
derly and clarify the relationship between xerostomia and YD in
the elderly.
Fig. 1. Trial schema. YMJ
2. Materials and methods

2.1. Ethics statement

This study was conducted according to the standards of the
International Committee on Harmonization on Good Clinical
Practice and the revised version of the Declaration of Helsinki. The
institutional review boards (IRBs) of Kyung Hee University Korean
Medicine Hospital and Kyung Hee University Hospital at Gangdong
in Seoul approved this study protocol (Permission No. KOMCIRB
2011-28, KHNMC-OH-IRB 2011-016).

2.2. Study design and participants

This academic research was conducted as a randomized, dou-
ble-blind, placebo-controlled trial at two hospitals between De-
cember 2011 and September 2013 (Trial registration: ClinicalTrials.
gov, Identifier: NCT01579877). This clinical trial consisted of
8-week oral administration of YMJ and placebo with two visits at
4-week intervals and a 2-week follow-up period (Fig. 1). Partici-
pants were between 60 and 80 years of age and had experienced
, Yukmijihwang-tang.
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xerostomia for over 3 months prior to participation and had visual
analog scale (VAS) scores44 for more than 2 weeks before the
study period. In addition, the participants had unstimulated flow
rates of less than 0.3 mL. Detailed exclusion criteria for the current
study are shown in the study protocol paper (Han et al., 2013). All
patients gave written informed consent and were able to fully
comprehend the protocol, including the purpose and character-
istics of the study as well as the possible risks and side effects
before participation.

2.3. Randomization and blinding

An independent statistician generated random numbers using
PROC PLAN of SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and kept a
sealed copy of the number list. Pharmaceutical company (Han-
poong Pharm & Food Co., Ltd. Jeonju. Republic of Korea) staff la-
beled each YMJ and placebo dose with randomized numbers. YMJ
and placebo were subsequently distributed to each hospital. The
randomization was controlled by clinical research coordinators
(CRCs), who transmitted the randomization form containing basic
information for each enrolled subject by facsimile to the statisti-
cian. Then, the statistician returned a randomization form filled in
with the established random number (specified ID number) to the
CRCs. After this process, the CRCs provided the specified ID num-
ber to the investigators and the clinical pharmacists distributed
YMJ or placebo according to the corresponding number. The ran-
domization allocation ratio to the sites was 1:1. All participants,
investigators, CRCs, and clinical pharmacists were blinded to the
treatment. All procedures about randomization and blinding were
audited by an authorized contract research organization (CRO)
(DreamCIS, Seoul, Republic of Korea).

2.4. Interventions

The YMJ used in the study was extracted with water, and this
Hexalong granules (Hanpoong Pharm & Food Co., Ltd., Jeonju,
Republic of Korea) was a brown, bitter, granular, herbal extract
produced according to the Korean Good Manufacturing Practice
(GMP) guidelines as permitted by the Korean Food & Drug Ad-
ministration. YMJ granules were sealed in opaque aluminum bags
and administered to participants at doses of 3 g in accordance with
standard guidelines for herbal prescription administration (1). The
placebo was made with cornstarch powder of similar color, texture
and taste as YMJ using a standard method of placebo manufacture
according to the Korean GMP guidelines. The YMJ or placebo
packages were distributed by independent pharmacists in sepa-
rate rooms. The pharmacists instructed the participants in both
groups to dissolve YMJ (3 g) or placebo granules (3 g) from each
package in water and take the solutions 2 h after each meal
(3 times/day). All subjects recorded their use of medication in a
study diary. The composition of Yukmijihwang-tang was shown in
Table 1.
Table 1
Composition of Yukmijihwang-tang.

Herbal name Scientific name

Rehmanniae radix Preparata Rehmannia glutinosa Liboschitz var. purpurea Mak
Corni Fructus Cornus officinalis Sieb. et. Zucc.
Dioscoreae Rhizoma Dioscorea batatas Decne.
Hoelen Poria cocos wolf
Alismatis Rhizoma Alisma plantago-aquatica L. var. orientale Samuels
Moutan cortex Radicis Paeonia suffruticosa Andrews
Total –
2.5. Fingerprinting analysis

Quantitative analysis was performed under identical conditions
using an Alliance 2690 Separation Module, a Waters 996 Photo-
diode Array Detector and a millennium32 Chromatography Man-
ager Version 3.2. The analytical column with a Nucleosil C18 col-
umn (4.6 mm�250 mm I.D., particle size 5 mm; Waters Corpora-
tion, Milford, MA, USA) was kept at 35 °C for the analysis of
5-hydroxymethyl-2-furaldehyde (5-HMF), gallic acid, paeoniflorin,
paeonol and loganin. The mobile phase conditions for contained
water with 1% acetic acid (A) and acetonitrile with 1% acetic acid
(B). The gradient flow was as follows; 0–30 min, 0–40% B; 30–
40 min. 40–100% B; 40–45 min, 100% B. The analysis was operated
at a flow rate of 1.0 ml/min and detected at 240 nm (Fig. 2A–C).
Also, the analysis of alisol B acetate was performed on a Nucleosil
C18 column. The mobile phase was acetonitrile-water (80:20, v/v)
with a flow rate of 1 ml/min. The analysis was detected at 203 nm
(Fig. 3A–C). Meanwhile, the analytical column with a Luna NH2

column (4.6 mm�250 mm I.D., particle size 5 mm; Phenomenex,
Torrance, CA, USA) was kept at 30 °C for the analysis of allantoin.
The mobile phase condition on allantoin was 80% acetonitrile (v/v)
with a flow rate of 2 ml/min. The analysis was detected at 203 nm
(Fig. 4A–C).

A: gallic acid, 5-HMF, loganin, paeoniflorin and paeonol; B:
water extract of YMJ, C: quantitative analysis of reference com-
pounds and YMJ. YMJ, Yukmijihwang-tang.

2.6. Outcome measurements

The outcome measurements were performed at baseline, at 4,
8 and 10 weeks after randomization. The change of variables in-
dicated differences between 8 weeks and baseline.

VAS for xerostomia was the primary outcome used to de-
termine overall discomfort due to xerostomia (ranging from 0, no
xerostomia, to 100 mm, the most severe xerostomia). Secondary
outcomes were measured as follows: dry mouth symptom ques-
tionnaire (DMSQ) (Lee et al., 2005; Pai et al., 2001), unstimulated
and stimulated salivary flow rate (Navazesh and Christensen,
1982), oral moisture, Yin-deficiency Questionnaire (Lee et al.,
2007), and salivary immunoglobulin A, salivary chromogranin A,
and salivary cortisol (Eliasson et al., 2006; Levine et al., 2007).
Detailed secondary outcomes are outlined in a previously-pub-
lished study protocol paper (Han et al., 2013). In particular, oral
moisture was measured with an oral moisture-checking device
(Moisture Checker Mucuss, Life Co., Ltd., Tokyo, Japan). The
measurements were performed at two points: on the tongue
surface 10 mm from the tip of the tongue (oral moisture on tongue
surface; OMT), and at the buccal mucosa 10 mm from the angle of
the mouth (oral moisture on buccal mucosa; OMB). The oral
moisture values were expressed as a percentage, and the mean
value of the measurement was used. Values less than 30% were
defined as decreased oral moisture (Murakami et al., 2009; Ya-
mada et al., 2005). Safety tests were performed on all participants
at the screening visit and after completion of YMJ administration.
Part of use Place of origin Use amount (g)

ino Root South Korea (Gunwi) 0.96
Fruit South Korea (Euisung) 0.48
Rhizoma South Korea (Jinju) 0.48
Sclerotium China (Hubei sheng ) 0.36
Rhizoma South Korea (Namwon) 0.36
Rhizodermis South Korea (Yeongam) 0.36
– 3



Fig. 2. Fingerprint analysis of YMJ using HPLC.
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An established CRO audited the study on both hospitals to main-
tain quality of this clinical trial. In addition, a clinical research
associate (CRA) implemented regular monitoring to check whether
the clinical trial procedure was in accordance with the study
protocol.

2.7. Sample size calculation

The formula for calculating the sample size was as follows:
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In a previous study (Park et al., 2010), VAS for xerostomia im-
proved by 1.54 points (μc�μt¼Δ) after 4 weeks of treatment
compared to placebo and a mean standard deviation (SD¼s) was
1.87. In this study, the ratio (λ) of YMJ group to the placebo group
was 1:1. Assuming Δ¼1.54 and s¼1.87, sample size of nt¼nc¼36
participants (nt, number of YMJ group; nc, number of placebo
group) per each group was required with a power of 80% (1�β)
and a significance level of 5% (α). Taking an assumed dropout rate
into consideration as 25%, a total of 96 participants were needed.
Despite of the difference intervention period, the data from a
previous study (Park et al., 2010) were chosen because of lack of
studies or guidelines using the same herbal prescription or the
same outcome with this study.

2.8. Statistical analysis

An independent statistician performed a blind statistical analysis
using PASW Statistics 18.0 for Windows (SPSS Inc., Chicago, IL, USA).
All data are presented as means and SDs or N (%). All analyses were
based on the intention-to-treat (ITT) principle, but per-protocol was
used in some cases. The analysis strategies in the present study
were as follows. First, we used the independent t-test to compare all
variables for evaluation effects of YMJ and the placebo from the
beginning (0 week) to the end (8 weeks) of the study period. Sec-
ond, paired t-test was used to evaluate changes of variables within
each group. Third, the generalized estimating equation for re-
peated-measures was used to analyze the xerostomia-related vari-
ables (VAS, DMSQ, USFR, SSFR, OMT, and OMB) to detect inter-
group and inter-time differences and group-by-time interactions for
ITT analysis. Finally, relationships between subjective (VAS and
DMSQ) and objective xerostomia-related variables (USFR, SSFR, and
oral moisture) were analyzed by linear regression analysis. We also
investigated whether xerostomia-related variables correlate with
YD score or stress-related variables (salivary Ig A, chromogranin A,
and cortisol) using linear regression analysis.



Fig. 3. Chromatogram of alisol B acetate (A) and water extract of Yukmijihwang-tang (B) and their quantitative analysis (C).
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3. Results

3.1. Participants characteristics

Ninety-six participants out of 138 eligible participants were
included in this study and randomly allocated to YMJ or placebo
groups in a 1:1 ratio. During the study period, seven participants
were dropped due to consent withdrawal or failure to follow-up
(Fig. 1). The age and gender distribution of study participants are
presented in Table 2. There were twice as many female as male.
The duration of xerostomia symptoms, alcohol intake, smoking,
coffee drinking, and existing diseases are also shown in Table 2.
The baseline characteristics of participants in the YMJ and placebo
groups are shown in Table 3. There were no parameters with
significant differences between the two groups.
3.2. Efficacy

No pre-post changes in xerostomia-related variables (VAS,
DMSQ, USFR, SSFR, OMT, and OMB) between the YMJ and placebo
groups were significant (Table 4). After 8 weeks of treatment, the
VAS, DMSQ, and USFR improved significantly in both groups. The
OMT and OMB showed significant improvements only in the YMJ
group (Table 5).

3.2.1. Changes of variables according to the generalized estimated
equation

The generalized estimated equation (GEE) was used to analyze
repeated measured data in ITT analysis. There was a significant
correlation between BMI and VAS changes among the xerostomia-
related variables (γ¼0.230, P¼0.029). Therefore, GEE was con-
ducted assuming that BMI exhibited covariance when evaluating



Fig. 4. Chromatogram of allantoin (A) and water extract of Yukmijihwang-tang (B) and their quantitative analysis (C).
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VAS change. As a result, there were no interactions between group
and time for any variables (VAS, P¼0.205; DMSQ, P¼0.426; USFR,
P¼0.888; SSFR, P¼0.305; OMT, P¼0.843; OMB, P¼0.492). All
variables except for the SSFR showed significant changes over time
(VAS, Po0.001; DMSQ, Po0.001; USFR, Po0.001; OMT,
Po0.001; OMB, P¼0.028) (Table 6).

Group, Yukmijihwang-tang and placebo group; Time, baseline
(0 week), 4 weeks, and 8 weeks after randomization; VAS, visual
analog scale; DMSQ, dry mouth symptom questionnaire; USFR,
unstimulated salivary flow rate; SSFR, stimulated salivary flow
rate; OMT, oral moisture on tongue surface; OMB, oral moisture on
buccal mucosa.

3.2.2. ANCOVA with VAS-BMI interaction
The following estimation model was derived via ANCOVA:

^ = − − +Y 117.744 1.009X1 93.127 X2 3.965 X1 X2
(Ŷ, VAS measured at 0 week subtracted VAS measured at
8 weeks; X1, BMI measured at 0 week; X2, YMJ¼0, placebo¼1).

There was interaction between VAS and BMI. The VAS of YMJ
group improved as BMI decreased, however, that of placebo group
did not show the change according to BMI. In YMJ group, the
participants with the BMI value below 29.37 (29.37¼117.744/
4.009) had improvement in VAS and the more BMI decreased, the
more VAS improved (Fig. 5).

3.2.3. Relationship between xerostomia and YD
We detected significant relationships between VAS and YD at

baseline (P¼0.0127) and 8 weeks (P¼0.0239), respectively. Sig-
nificant relationships were also detected between DMSQ and YD at
baseline (Po0.001) and 8 weeks (Po0.001), respectively.

3.2.4. Relationships between xerostomia and stress-related variables
There were significant relationships between VAS and salivary



Table 2
Demographic characteristics.

N (%)

Sex Male 30 (31.25%)
Female 66 (68.75%)

Age 60–69 53 (55.21%)
70–79 43 (44.79%)

Duration of symptoms (years) o1 11 (11.46%)
1–2 19 (19.79%)
2–3 18 (18.75%)
3–4 12 (12.5%)
4–5 6 (6.25%)
45 30 (31.25%)

Alcohol Yes 27 (28.13%)
No 69 (71.88%)

Smoking Yes 6 (6.25%),
No 90 (93.75%)

Coffee Yes 64 (66.67%)
No 32 (33.33%)

Existing diseases Hypertension 45 (46.88%)
Hyperlipidemia 16 (16.67%)
Diabetes mellitus 13 (13.54%)
Degenerative arthritis 7 (7.29%)
Benign prostate hypertrophy 5 (5.21%)

Table 3
Baseline characteristics of study participants.

YMJ Placebo Pa

Sex (male/female) 16/32 14/34 0.83
Age (years) 68.8374.88 68.9075.02 0.95
BMI (kg/m2) 23.9272.88 23.8473.10 0.90
Heart rate/min 71.8579.68 71.50712.22 0.84
Systolic BP (mmHg) 132.48714.35 126.69715.34 0.06
Diastolic BP (mmHg) 78.9477.55 76.7578.23 0.18
Alcohol (yes/No) 13/35 14/34 1.00
Smoking (yes/No) 3/45 3/45 1.00
Coffee (yes/No) 33/15 31/17 0.83
Duration of xerostomia (months) 38.52735.84 59.33772.67 0.08
VAS (mm) 71.60719.08 68.58718.33 0.43
DMSQ (point) 379.947126.60 338.907137.05 0.48
USFR (mL/min) 0.1570.09 0.1270.08 0.12
SSFR (mL/min) 1.1070.79 0.9470.52 0.24
YDQ (point) 302.75736.44 361.137248.25 0.24
OMT (%) 27.9774.10 28.7874.59 0.37
OMB (%) 28.7573.44 29.6874.44 0.25

YMJ; Yukmijihwang-tang, VAS, visual analog scale; DMSQ, dry mouth symptom
questionnaire; USFR, unstimulated salivary flow rate; SSFR, stimulated salivary flow
rate; YDQ, Yin-Deficiency questionnaire; OMT, oral moisture on tongue surface;
OMB, oral moisture on buccal mucosa

a P value was calculated from independent t-test.

Table 4
Changes in xerostomia-related variables between YMJ and placebo group before (0
week) and after treatment (8 weeks).

YMJ group Placebo group P1

Change2 in VAS �22.04722.76 �23.58723.04 0.752
Change in DMSQ �91.447132.81 �110.587138.67 0.506
Change in USFR 0.0870.15 0.0970.13 0.920
Change in SSFR �0.0170.65 0.3571.42 0.123
Change in OMT 2.5073.83 1.4274.73 0.237
Change in OMB 1.6874.19 0.5574.63 0.227

YMJ, Yukmijihwang-tang; VAS, visual analog scale; DMSQ, dry mouth symptom
questionnaire; USFR, unstimulated salivary flow rate; SSFR, stimulated salivary flow
rate; OMT, oral moisture on tongue surface; OMB, oral moisture on buccal mucosa.

a P value was calculated from independent t-test.
b Change referred to difference between 8 weeks and 0 week.

Table 6
Inter-group, inter-time and group-by-time interaction differences of xerostomia-
related variables change derived using the generalization estimation equation.

Group Time Interaction between
group and time

VASa 0.469 o0.001b 0.185
DMSQ 0.630 o0.001b 0.483
USFR 0.215 o0.001b 0.878
SSFR 0.995 0.248 0.294
OMT 0.516 o0.001b 0.662
OMB 0.582 0.023b 0.324

Data are P-values calculated using the generalized estimating equation.
a When evaluating visual analog scale change, body mass index was set as the

covariance.
b Each variable showed significant change over time.

Table 5
Changes in xerostomia-related variables before and after treatment.

Visit 1(0 week) Visit 3 (8 weeks) P

Vas YMJ 71.31719.64 49.27722.99 o0.001a

Placebo 66.80717.49 43.22723.02 o0.001a

DMSQ YMJ 319.347126.60 210.607139.12 o0.001a

Placebo 338.907137.05 206.257139.45 o0.001a

USFR YMJ 0.1470.09 0.2370.17 0.001a

Placebo 0.1270.08 0.2170.13 o0.001a

SSFR YMJ 1.1270.79 1.1170.55 0.899
Placebo 0.9670.53 1.3171.47 0.109

OMT YMJ 27.6974.04 30.1973.71 o0.001a

Placebo 28.7774.62 30.1972.83 0.051
OMB YMJ 28.5973.47 30.2873.81 0.010a

Placebo 29.7174.43 30.2673.24 0.430

VAS, visual analog scale; DMSQ, dry mouth symptom questionnaire; USFR, un-
stimulated salivary flow rate; SSFR, stimulated salivary flow rate; YMJ, Yukmi-
jihwang-tang; OMT, oral moisture on tongue surface; OMB, oral moisture on buccal
mucosa.

a Statistically significant in paired t-test.
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Ig A at baseline (regression coefficient¼0.0142, P¼0.0492) and
8 weeks (regression coefficient¼0.0297, P¼0.0130), respectively.
A significant relationship between DMSQ and salivary Ig A was
observed only at 8 weeks (regression coefficient¼0.1720,
P¼0.0105), but not at baseline (regression coefficient¼0.0308,
P¼0.5380). The USFR showed significant relationships with Ig A
level at baseline (regression coefficient¼�0.0001, Po0.001) and
at 8 weeks (regression coefficient¼�0.0002, P¼0.0018),
respectively.

3.3. Adverse events

There were no hematological toxicities, and adverse events
were mild to moderate in severity. Twenty-nine participants in
YMJ group and Twenty-six participants in placebo group reported
adverse events (Table 7). In addition, there were five other serious
adverse events (SAEs) during the study period. Four cases resulted
in hospitalization for the following reasons: knee replacement
arthroplasty (n¼1); hallux valgus surgery (n¼1), rib fracture
(n¼1), and recurrence of bladder cancer (n¼1). The final was
sudden death that was not related study drug (n¼1). All SAEs
were judged to be unrelated to YMJ or placebo and were reported
immediately. All were approved by the IRB.

4. Discussion

In this randomized, double-blind, placebo-controlled trial, the
reduction of VAS for xerostomia were 22.04722.76 in the YMJ



Fig. 5. Interaction between VAS and BMI in the YMJ and placebo groups. VAS change, visual analog scale score measured at baseline minus the score at 8 weeks; BMI, body
mass index; YMJ, Yukmijihwang-tang.

Table 7
Adverse events observed during the trial.

Adverse effect SAE (n¼5) Adverse effect SAE (n¼5)

YMJ group
(n¼29)

Placebo group
(n¼26)

YMJ group
(n¼29)

Placebo group
(n¼26)

Paresthesia of tongue Abdominal distension
Cough 5 1 Sore throat 1
Rash 1 3 Nasal congestion 1
Fatigue 3 3 Nausea 1
Allergic reaction 1 Abdominal pain 1
Upper respiratory
infection

1 4 Vomiting 3

Dyspepsia 4 6 Limbs edema 3
Alopecia 1 Face edema 3
Pain 5 Urinary frequency 1
Diarrhea 3 5 Gastroesophageal reflux disease 1
Dizziness 2 1 Hiccup 1
Constipation 5 Insomnia 1
Headache 1 1 Contusion 1
Blurred vision 2 Hypoglycemia 1
Flu like symptoms 3 1 Floaters 1
Degenerative arthritis 1 Purpura 1
Periorbital edema 1 Knee replacement arthroplasty 1
Erythema 1 1 Hallux valgus surgery 1
Oral mucositis 1 Rib fracture 1
Malaise 1 Recurrence of bladder Cancer 1
Urinary retention 1 Sudden death 1
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group and 23.58723.04 in the placebo group. Therefore, YMJ did
not exhibit any effects on xerostomia toward achieving the pri-
mary end point. However, participants with BMIs lower than
29.37 kg/m2 in the YMJ group showed reduction of VAS after
8 weeks of treatment compared to the placebo group. In addition,
YMJ improved the oral moisture (OMT and OMB) which is asso-
ciated with subjective oral dryness only in the YMJ group.

Why did this trial not accomplish its primary purpose? We
believe that the most likely reason is not to overcome the placebo
effect due to the nature of the subjective outcomes. As we noted
previously, we adopted a subjective parameter, VAS for xerostomia
as the primary outcome. One is because xerostomia is literally
subjective feeling of oral dryness, the other is because salivary
flow rates are not consistent and there is a broad range of
stimulated parotid and submandibular flow rates among healthy
individuals (Burlage et al., 2005; Dawes, 1972; Ship et al., 1991). In
our study, both YMJ and placebo groups reported relief of xer-
ostomia after 8 week administration. Some xerostomia-related
variables (VAS, DMSQ, and USFR) improved over time in both
groups. Among these variables, the subjective parameters, VAS
and DMSQ are patient-reported outcomes which can be affected
by perceived placebo effect (Brown, 1998). The perceived placebo
effect consists of true placebo effect, clinician-patient interactions,
natural history, regression towards the mean, social desirability,
and concomitant therapies (Ernst, 2007). In this study, it is sup-
posed that clinician-patient interactions would be obtained the
frequent investigator-patient contact including seven telephone
calls to each patient. In addition, the following two components
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were also considered important factors: social desirability to par-
ticipate in the trial of large-scale university hospitals, and the
Hawthorne effect, which is caused by the fact that participants are
under observation (Ernst and Resch, 1995).

Even though general effects of YMJ were not noted compared
to placebo without considering covariance, we identified other
effects of YMJ on xerostomia. ANCOVA with BMI as a covariance
indicated that participants in the YMJ group with BMIs lower than
29.37 showed VAS decrements. In contrast, there was no change in
VAS in the placebo group. These findings are thought to be related
to the hypothesis that YD may cause xerostomia. YD is character-
ized by dry mouth, dry eyes, emaciation, and weight loss (Lee
et al., 2007). Patients with xerostomia and lower BMIs may be
emaciated or suffering from weight loss besides dry mouth, and
therefore more likely to be in YD state. Therefore, YMJ, the tradi-
tional herbal formula used to treat YD, may have greater effects on
individuals with lower BMI. This conclusion is based on pattern
identification in TEAM.

Xerostomia is not always related to reduction in salivary gland
output. Insufficient mucosal wetting and changes in salivary
composition have been implicated as factors that influence the
perception of dry mouth (DiSabato-Mordarski and Kleinberg,
1996; Wolff and Kleinberg, 1998). We therefore, used a device to
assess oral moisture for the measurement of mucosal water wet-
ting. This measurement has been examined its usefulness by
comparing conventional method in previous studies (Murakami
et al., 2009; Yamada et al., 2005). In the present study, OMT and
OMB showed significant improvements only in the YMJ group.
This suggests that YMJ helped subjects to maintain mucosal water
content in the oral cavity, which can lead to improvement in
subjective feelings of oral dryness.

The second purpose of this trial was to evaluate the relation-
ship between xerostomia and YD. VAS and DMSQ score indicated a
causal relationship for YD, and these findings suggest that xer-
ostomia in the elderly is caused by YD (Lee et al., 2009). Ad-
ditionally, we measured salivary Ig A, chromogranin A, and cortisol
to investigate the relationship between xerostomia and psycho-
social stress (Levine et al., 2007; Ohira et al., 1999). Salivary Ig A
exhibited a significant relationship with xerostomia in this study.

There are several potential strengths of the current study. First,
this randomized controlled trial is the first evaluation of YMJ for
the treatment of xerostomia in the elderly based on its traditional
medicinal action. This study was conducted within strict clinical
governance guidelines according to a standardized and re-
producible protocol. Second, the use of a YD questionnaire, an
indigenous pattern identification tool often used in TEAM, was
applied to diagnose xerostomia in the elderly. Reasonable evidence
that YMJ may improve subjective oral dryness in the elderly was
obtained due to the correlation between xerostomia in the elderly
and YD we observed. However, since the general effects of YMJ
were not clarified compared to placebo, further studies to address
the placebo effect through techniques, such as waitlist-controlled
design, are required.
5. Conclusions

The present trial did not demonstrate a beneficial effect of YMJ
for improving xerostomia. Nevertheless, participants with BMIs
lower than 29.37 kg/m2 showed improvement of VAS after
8 weeks of treatment with YMJ compared to placebo, while
8 week administration of YMJ also increased the level of oral
moisture compared to placebo. Additionally, there was a sig-
nificant relationship between VAS for xerostomia and YD. We
could not observe any significant adverse events related to YMJ,
including SAE. These results suggest that YMJ improves subjective
oral dryness in elderly individuals with lower BMI and YD. Well-
designed clinical trials that have not only larger sample size, but
also strategies to minimize placebo effect is needed to clarify the
effects of YMJ for the treatment of xerostomia.
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