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Kikyo-to vs. Placebo on Sore Throat Associated with
Acute Upper Respiratory Tract Infection:
A Randomized Controlled Trial

Naoto Ishimaru', Saori Kinami', Toshio Shimokawa’ and Yohei Kanzawa'

Abstract:

Objective Kikyo-to (KKT) is a fixed combination of glycyrrhiza root and platycodon root extracts. It is an
herbal medicine traditionally used in Japan for relieving sore throat associated with acute upper respiratory
tract infection (URTI). No controlled studies have yet demonstrated its effect, however. We investigated the
efficacy of KKT on sore throat associated with acute URTL.

Methods Patients with sore throat who were diagnosed with URTI at the General Medicine Department Of-
fice, Akashi Medical Center Hospital, between December 2017 and May 2018 were enrolled. Participants
were randomly assigned to two groups at a 1:1 ratio, with stratification by age and sore throat score on a
Visual Analogue Scale (VAS), to receive 2.5 g of either KKT or a placebo. Participants and investigators
were blinded to group allocation. The primary outcome was the change in sore throat score on VAS 10 min-
utes after KKT administration. Secondary outcomes were the impact of the sore throat on daily life (none,
mild, moderate, and severe) at 10 minutes after administration.

Results Thirty-five participants were assigned to each group (n=70, total). The difference in the mean
change of sore throat score according to VAS within 10 minutes between the two groups was not statistically
significant (KKT 14.40 vs. placebo 17.00; p=0.39). The proportion of patients with a moderate or greater im-
pact of their sore throat on their daily life was also not significantly different between the groups (KKT
22.9% vs. placebo 40.0%; p=0.20). Patients reported no side effects.

Conclusion KKT did not significantly relieve sore throat associated with acute URTI compared with pla-
cebo.
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with a sore throat (4). The financial burden of upper respira-

Introduction

A sore throat is one of the most commonly reported con-
ditions (1). Upper respiratory tract infections (URTIs) char-
acterized by sore throat are the most frequent acute ill-
nesses (2), and most cases of sore throat are caused by viral
infections (3). Despite symptomatic inefficacy and the im-
plementation of Choosing Wisely campaigns promoting the
reconsideration of antibiotic use due to the risk of antimi-
crobial resistance, antibiotics are still prescribed for patients

tory infection is high, costing an estimated $1.2 billion an-
nually according to one report based in the United
States (5). Most URTIs do not require treatment, so the ma-
jor treatment goal for patients with a sore throat is to relieve
pain and substantially reduce the inappropriate prescription
of antibiotics.

Kikyo-to (KKT), a Japanese herbal medicine composed of
glycyrrhiza root and platycodon root extracts, is used em-
pirically to relieve sore throat associated with acute URTI
and is often prescribed in primary care settings. The compo-
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nents are also used in China and Korea. KKT is inexpensive
($0.13) compared to the costs of other medications used for
sore throat, such as lidocaine ($2/pill).

One extract of platycodon root, saponin, reduced the level
of tumor necrosis factor (TNF)-alpha and prostaglandin E2
(PGE2) in a rat model (6). A case series reported the effect
of KKT on aphthous stomatitis (7) and burning mouth syn-
drome (8) and the effect of sho-saiko-to-ka-kikyo-sekko, an-
other herbal medicine including platycodon root, on chronic
tonsillitis (9). Few studies, however, have described the ef-
fects of KKT on sore throat associated with acute URTL
One reason for the limited research is the unique method of
administration of this medicine. In the case series mentioned
above, KKT was gargled without swallowing the medica-
tion. Nevertheless, oral administration is recommended in
the package inserts and is the commonly accepted dose
method. In our previous study of URTI patients, we showed
that treatment with KKT led to a significantly decreased
sore throat severity at 10 minutes after the administration,
and the effect continued beyond 30 minutes (10). The study
lacked a control group, however, so the results may have
been partially affected by a placebo effect from hot water.

To overcome these limitations, we conducted a double-
blind, placebo-controlled randomized study to investigate the
efficacy of oral administration of KKT for sore throat asso-
ciated with acute URTL

Materials and Methods

Design and participants

This was a stratified randomized, double-blind, placebo-
controlled trial. URTI patients 220 and <65 years of age
with a sore throat who visited the General Medicine Depart-
ment at Akashi Medical Center between December 2017 and
May 2018 were included in the study. This hospital is a lo-
cal medical support center in Hyogo, Japan, with a primary
care practice. In this study, URTI was defined as acute up-
per respiratory tract infection caused by viruses or bacteria,
including influenza and acute streptococcal tonsillitis. Previ-
ous studies on sore throat also did not exclude streptococcal
tonsillitis (11, 12). All patients clinically diagnosed with
URTI by office physicians were eligible, except those who
met any of the following exclusion criteria: known allergy to
KKT; lactose intolerance; current use of KKT; presence of
aldosteronism, myopathy, or hypokalemia (contraindications
for the use of KKT); pregnant or breast-feeding; admitted to
the emergency ward; unable to participate in the study be-
cause of dementia or visual impairment; unable to answer or
complete the study form.

Randomization and masking

An independent, automated web-based service at the
Wakayama Medical University Clinical Study Support Cen-
tre randomly assigned participants to receive either KKT or
a placebo on a 1:1 basis according to a computer-generated

sequence, with stratified assignment according to age (<45
years, >45 years) and sore throat score using Visual Ana-
logue Scale (VAS) (score <50, score of >50). As participants
were enrolled and randomized, we assigned them allocated
numbers with packs of blinded prerandomized medication.
Patients in the intervention group received 1 dose of 2.5 g
herbal extract preparation of KKT dissolved in a cup of hot
water. KKT (2.5 g) contained 0.25 g extract from dried root
of glycyrrhiza and 0.17 g extract from dried root of platyco-
don (Chinese bellflower). KKT was dissolved in a matrix
containing magnesium stearate and lactose. The control
group received 1 dose of 2.5 g placebo (lactose) also dis-
solved in a cup of hot water. Participants and investigators
were blinded to group allocation for the duration of the
study.

Procedures

Participants were recruited on the day of presentation of
sore throat. Before the administration of KKT, data on the
demographic characteristics of the patients, sore throat dura-
tion, sore throat score using the VAS, and impact of sore
throat on daily activities were obtained using a patient-
answered questionnaire. Body temperature was taken by
nursing staff. Participants were randomized to the KKT
group or placebo group, and the trial medication was pre-
pared by the research assistant. Patients were then advised
by the assistant to take the hot water containing the trial
medication. The treatment group assignment was concealed
to both participants and investigators. Primary outcome data
were collected 10 minutes after administration.

Outcome measures

The primary outcome was the change in sore throat score
by VAS at 10 minutes after administration. The secondary
outcome was the impact of sore throat on daily life at 10
minutes after administration. Any adverse events were to be
reported by patients. The sore throat score using the VAS
was used to assess sore throat severity (scale from 0-100,
wherein the value “0” indicates no pain and “100” indicates
the highest severity of sore throat) before the administration
of KKT and 10 minutes after its administration. We also as-
sessed the impact of sore throat on daily activities and clas-
sified this into four grades based on patient interviews by
office physicians: “none,” “mild,” “moderate,” and “severe.”
This was based on a method used by Jackson et al. (1958)
and taken before administration of KKT and again 10 min-
utes after administration (13). “Mild” impact was defined as
unawareness of sore throat when the patient was busy with
something, “moderate,” was defined as a continuous sensa-
tion of sore throat, and “severe” was defined as difficulties
in daily life.

Sample size and statistical analyses

Based on clinical data from a previous before-after study
of KKT, the between-group difference in the change in the
mean VAS score from baseline was estimated to be 13.2 at
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10 minutes after administration between the KKT and pla-
cebo groups (10). We assumed no change in the VAS score
in the placebo group. Therefore, this study required a total
of 62 patients to have a power of at least 80% at a signifi-
cance level of 0.05 (two-sided). To allow for 10% dropout,
we aimed to recruit at least 35 participants for each group.
All efficacy analyses were conducted using the full analysis
set (FAS), which comprised all patients in the treated set
who received at least one dose of randomized treatment.
Safety analyses were conducted using all treatment cases,
which were defined as cases that received some or all of the
protocol treatment.

The goal of the main analysis of this study was to deter-
mine whether or not the amount of change in the VAS for
sore throat (major change in the VAS) was significantly re-
duced in the KKT group compared to the placebo group. If
a significant difference was observed between the KKT
group and the placebo group and the mean amount of
change in the VAS for sore throat was greater in the KKT
group, sore throat would be prove to be ameliorated by this
therapy, indicating KKT to be a useful method of treatment.
If the difference was not significant, KKT would be deemed
to have no marked effect on sore throat. Differences be-
tween the treatment groups with regard to the primary out-
come °‘the change in the sore throat score on VAS at 10
minutes after administration’ were tested using an analysis
of covariance (ANCOVA) after adjusting for stratified fac-
tors with a 2-sided 5% significance level. The multiple re-
gression model was constructed using dummy variables of
stratification factors and treatment arms. A point estimate
and a 95% confidence interval of the adjusted therapeutic
effect were calculated.

Regarding the secondary outcome on effectiveness, the
impact of sore throat on daily activities, the number of
cases, and the proportion of each category of sore throat
grade (none, mild, moderate, severe) at 10 minutes after ad-
ministration were calculated based on the FAS. These four
sore throat grades were divided into two groups: the none/
mild group and the moderate/severe group. With the number
of cases of FAS as a denominator, differences in the number
of cases and proportion of moderate/severe cases within
each treatment group were analyzed at 10 minutes after ad-
ministration. Confidence intervals (CIs; 95%) of the propor-
tion of patients in each treatment group were calculated us-
ing the Clopper-Pearson method. Differences between the
treatment groups of assessed changes in the proportion of
moderate/severe cases were analyzed using Fisher’s exact,
test and the odds ratio and its associated 95% CI in the
KKT group compared with the placebo group were calcu-
lated. P value <0.05 was considered statistically significant
for all analyses. All statistical analyses were performed us-
ing the JMP Pro 11.2.1 software program (SAS Institute,
Cary, USA).

Ethical approval and registration

The study design was registered as a University Hospital

Medical Information Network Clinical Trials Registry
(UMIN-CTR) Clinical Trial (UMIN trial ID: UMIN
000030239) on 17 January 2018 (UMIN-CTR URL: http://
www.umin.ac.jp/ctr/index.htm). This study was approved by
the Akashi Medical Center Research Ethics Committee.

Results

Between December 2017 and May 2018, 70 patients were
enrolled and entered the study, with 35 randomized to re-
ceive placebo and 35 to receive KKT. Fig. 1 shows the flow
of participants. The FAS included 70 patients (placebo: n=
35; 10 men and 25 women and KKT: n=35; 12 men and 23
women) who were treated and provided data for the primary
outcome. Table 1 shows that the two groups were well bal-
anced with regard to baseline demographics, clinical charac-
teristics including sore throat VAS scores, impact of sore
throat on daily activities, and the initial diagnosis. The char-
acteristics of the two groups at baseline were found to be
similar.

Table 2 shows the results of the ANCOVA for the out-
come variables of the change in the sore throat score on
VAS between baseline and 10 minutes after administration.
Treatment with KKT decreased the mean sore throat score
on VAS from 46.6 [standard deviation (SD): 22.2] to 32.2
(25.0) at 10 minutes after administration, whereas placebo
decreased the mean sore throat score on VAS from 42.9
(22.2) to 25.9 (22.5) at 10 minutes after administration. The
mean change in the sore throat score on VAS between the
KKT and placebo groups was not statistically significant
[14.40 (SD: 10.6), 95% CI (-4.00, 40.00) vs. 17.00 (SD:
14.5), 95% CI (0.00, 80.00); p=0.39]. Figure 2 shows the
results of the ANCOVA for the sore throat score on VAS at
10 minutes after administration adjusted by the VAS sore
throat score at baseline. A multiple regression analysis of
the change in the sore throat score on VAS showed no sig-
nificant differences in the therapeutic effect after adjusting
for stratification factors and treatment arms (Table 3).

The proportion of patients suffering from a moderate or
greater impact of their sore throat on their daily life at 10
minutes after administration was 22.9% in the KKT group
compared with 40.0% in the placebo group [odds ratio (95%
CI) =0.45 (0.14-1.40), p=0.20; Table 4]. The proportion of
patients showing improvement of the impact of their sore
throat on their daily life at 10 minutes after administration
did not differ significantly between groups [45.7% in the
KKT group and 37.1% in the placebo group; odds ratio
(95% CI) =1.42 (0.43-4.13), p=0.63; Table 5]. No patients
in either group reported adverse effects.

Discussion

Summary of main findings

To our knowledge, this is the first randomized, double-
blind, placebo-controlled trial to determine the efficacy of
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Figure 1.
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Flow diagram for the KURI trial. Enrolled and entered into the study were 70 patients,

with 35 randomized to receive a placebo and 35 to receive a KKT. The FAS included all 70 patients
who were treated and provided data for the primary outcome. KKT: kikyo-to, FAS: full analysis set

KKT on sore throat associated with acute URTI. We were
unable to detect any rapid analgesic effect of KKT surpass-
ing placebo in patients with acute URTI in the present trial.
The mean change in the sore throat score on VAS and the
proportion of patients suffering from a moderate or greater
impact of sore throat on their daily life at 10 minutes after
administration were not significantly different between the
two groups.

One explanation for the unexpected placebo effect is the
heterogeneity of the analgesic effect in the placebo group.
As seen in Fig. 2, a single patient in the placebo group was
plotted far from the diagonal line made using the sore throat
score on VAS at 10 minutes after administration after adjust-
ing for the score at baseline. However, the discrepancy due
to this outlier did not disproportionately affect the impact of
sore throat on the daily activities which were classified into
four categories. Another factor that may explain the placebo
effect is the means of treatment administration, as both KKT
and placebo were offered diluted in a cup of hot water. Sanu
et al. (2008) reported on the effect of hot water for sore
throat relief (14), which may explain the augmentation of
the placebo effect in the present study.

A comparison with existing literature

Our previous study was the only trial to investigate the
clinical efficacy of oral administration of KKT for sore
throat associated with acute URTI. The sore throat scores on
VAS at baseline in the present study were similar to those of
the participants in the previous study. Regarding the primary
outcome, the change in the mean VAS score between base-
line and 10 minutes after administration was 13.2 in the pre-
vious study, which was also similar to the change in the two
treatment groups in the present trial. Furthermore, in the
previous study, the proportion of patients suffering from a
moderate or greater impact of sore throat on their daily life
was 67.5%, which was reduced significantly to 37.5% at 10
minutes after administration. In the present trial, we con-
firmed a similar change in both treatment groups. In contrast
to the previous study, however, we only conducted observa-
tions up to 10 minutes after administration. As we were fo-
cusing on the feasibility of the trial, we set the minimum
follow-up period for achieving outcomes based on the pres-
ence of statistically significant differences seen in the previ-
ous trial. A further study with a longer observational period
may help determine the actual therapeutic effects of KKT
separate from the placebo effect.
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Table 1. Characteristics of the Study Subjects.
KKT (n=35) Placebo (n=35) p value™!
Sex Male 12 (34.3) 10 ( 28.6) 0.797
Female 23 (65.7) 25(71.4)
Age Mean (SD) 37.91 (12.13) 37.89 (12.99) 0.992
Median [Range] 35.00 [20.00, 63.00]  35.00 [22.00, 65.00] 0.860
Body temperature Mean (SD) 36.89 (0.77) 37.05 (0.78) 0.409
Median [Range] 36.80 [35.20, 39.30]  36.90 [35.80, 39.30] 0.514
Sore throat score on  Mean (SD) 46.63 (22.23) 42.94 (22.20) 0.490
VAS at baseline Median [Range] 41.00[9.00,96.00]  39.00 [10.00,90.00]  0.507
Impact of sore throat ~ Mild 10 ( 28.6) 16 (45.7) 0.400
on daily activities Moderate 23 (65.7) 18 (51.4)
Severe 2(5.7) 1(2.9)
Final diagnosis Influenza 4(11.4) 10 (28.6) 0.192
Pharyngitis 27 (77.1) 23 (65.7)
Tonsillitis 3(8.6) 1(2.9)
Sinusitis 0(0.0) 1(2.9)
Streptococcal tonsillitis 1(2.9) 0(0.0)
Stratified by age <45 24 (68.6) 25 (71.4) 1.000
>45 11 (31.4) 10 (28.6)
Stratified by VAS <50 21 (60.0) 22 (62.9) 1.000
>50 14 (40.0) 13 (37.1)

*]: Categorical variables: Fisher’s exact test, mean: 2 sample t-test, median: Wilcoxon test

KKT: kikyo-to, VAS: Visual Analogue Scale

Table 2. Change in Sore Throat Score on VAS between Baseline and at 10 Minutes af-

ter Administration.

KKT (n=35) Placebo (n=35) p value

VAS at baseline Mean (SD) 46.63 (22.23) 42.94 (22.20) 0.490
Median [Range] ~ 41.00 [9.00, 96.00]  39.00 [10.00, 90.00]  0.507

VAS at 10 min after Mean (SD) 32.23 (24.99) 25.94 (22.54) 0.273
administration Median [Range] ~ 27.00 [1.00, 82.00]  21.00 [1.00, 83.00]  0.288
Change of VAS Mean (SD) 14.40 (10.55) 17.00 (14.50) 0.394
Median [Range] ~ 12.00 [-4.00, 40.00]  15.00 [0.00, 80.00]  0.488

KKT: kikyo-to, VAS: Visual Analogue Scale

In the present study, patients received 2.5 g of KKT based
on the findings from our previous study of URTI patients,
which demonstrated that 2.5 g of KKT was sufficient to sig-
nificantly reduce sore throat (10). Kuwamura et al. (2016)
used 5.0 g of KKT mixed with jelly perioperatively and
demonstrated relief of postoperative sore throat (15). Those
findings suggest the possible augmentation of the effect of
KKT in association with the increment in its dosage.

With regard to the safety, treatment with KKT was found
to be well tolerated in human subjects. No side effects were
observed in the present study, similar to observations in our
previous study.

Strengths and limitations

This was the first randomized, double-blind placebo-
controlled trial to investigate the efficacy of KKT for treat-
ment of sore throat. The results from this trial were robust,

and the outcome results were similar to those in our previ-
ous study. Notably, the outcomes in the KKT group did not
differ markedly from those of the placebo group. Several
studies of symptomatic relief for sore throat in URTI have
demonstrated the analgesic effect of lozenges (16-19), but
those studies lacked clear documentation concerning alloca-
tion concealment. In the current trial, the treatment group
assignment was concealed to both participants and investiga-
tors. Whereas most prior studies did not disclose the compo-
sition of the study placebo (20), we documented the placebo
composition and precise usage of the study drugs.

However, several limitations associated with the present
study warrant mention. First, participants were recruited
from a single institution, which may lead to reduced gener-
alization of data. Furthermore, although this study was con-
ducted in a single institution, the location differed from that
in our previous study. However, both study sites are commu-
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p value for ANCOVA: 0.337 (interaction test: p =0.115)

Figure 2. Results of the ANCOVA for the sore throat score on the VAS at 10 minutes after admin-
istration adjusted by the sore throat score on the VAS at baseline. p value for ANCOVA: 0.337 (inter-
action test: p=0.115). ANCOVA: analysis of covariance, VAS: Visual Analogue Scale

Table 3. Multiple Regression Analysis of the Change in
Sore Throat Score on VAS.

Regression coefficient

(95% CI] p value
Groups (KKT/Placebo) -2.736 [-8.821, 3.349] 0.373
Age (<45/245) 3.652 [-2.996, 10.299] 0.277
VAS at baseline(<50/250) 1.096 [-5.162, 7.354] 0.728

KKT: kikyo-to, VAS: Visual Analogue Scale

Table 5. Proportion of Patients Showing Improve-
ment of Impact of Sore Throat on Daily Life after 10
Minutes for Each Treatment Group.

15;:53;:;3; _ Proportion [95%C.1]

KKT 35 16 45.7% [28.8-63.4%]

Placebo 35 13 37.1% [21.5-55.1%]
Odds ratio [95%C.1.]=1.418 [0.433 - 4.132], p value=0.626

KKT: kikyo-to

nity hospitals in primary-care settings, so our results may be
applicable to such primary-care settings. Second, the pallia-
tive effect of KKT should be assessed for longer than 10
minutes. Third, our results are not applicable to children or
elderly patients, as our study did not include these age
groups.

To overcome these limitations and determine the analgesic
effect of KKT for sore throat associated with acute URTI,
we propose the performance of double-blind, randomized

Table 4. Number of Cases and Proportion of “Moder-
ate” and “Severe” Impact of Sore Throat on Daily Life
after 10 Minutes for Each Treatment Group.

N  Moderate-Severe
KKT 35 8 22.9% [10.4-40.1%]
Placebo 35 14 40.0% [23.9-57.9%]

Odds ratio [95%C.1.]1=0.450 [0.136 - 1.404], p value=0.197
KKT: kikyo-to

Proportion [95%C.1.]

studies with longer observation periods in multiple facilities.
Implications for future research or clinical practice

Although KKT did not outperform the placebo with re-
gard to relieving sore throat associated with acute URTI,
KKT may have an analgesic effect similar to a placebo
without any adverse effects. Ameliorating sore throat may
play a key role in reducing the number of inappropriate pre-
scriptions of antibiotics for what are actually self-curing
URTIs.

Conclusion

The oral administration of KKT does not significantly re-
lieve sore throat associated with acute URTI compared with
placebo. Further research is needed to determine the analge-
sic effects of KKT for sore throat with a longer follow-up.

The authors state that they have no Conflict of Interest (COI).
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