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 INTRODUCTION 
 Functional dyspepsia (FD) is a common condition in the gen-

eral population and is defi ned as persistent or recurrent pain, 

or discomfort in the upper abdomen without organic disease 

 (1) . Th e reported prevalence of the condition in Japan is 13 %  

 (2)  and a rate of 28 %   (3)  has been shown in an international 

surveillance study. Although there has been a marked reduc-

tion in the recurrence rate of peptic ulcers since the introduc-

tion of therapies to cure infections of  Helicobacter pylori   (4 – 7) , 

treatment of FD remains a challenge. Th e pathophysiology of 

the condition has not been fully elucidated and it is consid-

ered to be multifactorial with psychological factors having an 

important function. Th e recommended fi rst-line treatment of 

patients with ulcer-like dyspepsia is the use of an antisecretory 

agent and for those with dysmotility-like dyspepsia, prokinetic 

agents are recommended  (8) . 
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  OBJECTIVES:    Functional dyspepsia (FD) is a common condition in the general population; however, its 
treatment remains a challenge. The aim of this study was to examine the effi cacy of tandospirone 
citrate, a new partial agonist of the 5-hydroxytryptamine 1A (5-HT1A) receptor, in improving the 
symptoms of patients with FD. 

  METHODS:    In this double-blind, placebo-controlled, multicenter study, FD patients were randomized to 
treatment with 10   mg t.i.d. tandospirone citrate or to placebo for 4 weeks. The primary end point 
was change in abdominal symptom scores. The difference in the proportion of responders (a total 
abdominal symptom score of 0 or 1) was also assessed. The quality-of-life questionnaire, the 
SF-8, and a psychological test questionnaire, the State-Trait Anxiety Inventory (STAI), were 
completed at baseline and at weekly intervals. 

  RESULTS:    Data were available for 144 patients: 73 for tandospirone and 71 for placebo. Improvements in total 
abdominal scores were signifi cantly larger with tandospirone than placebo at weeks 1, 2, and 4. 
Signifi cantly greater improvements in the tandospirone group were observed in upper abdominal 
pain ( P     =    0.02) and discomfort ( P     =    0.002) at week 4. The proportion of responders was signifi cantly 
greater in the active treatment arm at weeks 3 ( P     =    0.017) and 4 ( P     =    0.0016). Signifi cant 
improvements in STAI ( P     <    0.0001) were reported in both arms, as well as in the majority of questions 
in the SF-8 ( P     =    0.04). No serious adverse events were reported, with similar rates in both study arms. 

  CONCLUSIONS:    Despite a considerable placebo effect, the benefi ts of tandospirone were shown in terms of 
improvement in abdominal symptom scores.  
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 Serotonin (5-hydroxytryptamine, 5-HT) has been impli-

cated in the control of gastrointestinal motility, sensitivity, and 

secretion, and as a consequence, serotonergic agents have been 

explored as potential therapeutic agents for gastrointestinal 

disorders  (9) . Th e clinical use of these agents has focused on 

selective serotonin reuptake inhibitors as well as 5-HT receptor 

antagonists and agonists. Fourteen types of serotonin recep-

tors are currently known. Among them, 5-HT1A agonist, 

5-HT1B / D agonist, 5-HT2A antagonist, 5-HT3 antagonist, and 

5-HT4 agonists are used clinically for various diseases. Regard-

ing 5-HT1A agonist, buspirone inhibits tone of the proximal 

stomach and delays gastric emptying rate in a dose-depend-

ent manner  (10) , and R-137696, another 5-HT1A agonist, also 

induces a relaxation of the proximal stomach  (11) . However, a 

4-week, placebo-controlled trial of R-137696 in patients with 

FD failed to show any benefi cial eff ect  (12) . Tandospirone is 

a new partial agonist of the 5-HT1A receptor that has anxi-

olytic eff ects. It belongs to the same class of drugs as buspirone, 

namely the azapirones. It has none of the non-anxiolytic eff ects 

associated with benzodiazepine agents, i.e., muscle relaxant, 

anticonvulsant, and sedative eff ects. In this study, we inves-

tigated whether this drug improves the symptoms of FD and 

whether such improvements were accompanied by changes in 

psychometric parameters and quality of life.   

 METHODS  
 Design and participants 
 Th e study was a double-blind, placebo-controlled, multicenter 

study of patients with FD conducted at six hospitals (three 

university hospitals and three very large general hospitals). 

Patients meeting the Rome II FD criteria  (13)  were eligible 

for enrollment. Th e inclusion criteria applied were: exist-

ence of moderate or severe (not mild) degree of the following 

symptoms the week before trial commencement: epigastric 

pain; epigastric discomfort; bloating; postprandial fullness; 

early satiety; nausea or vomiting; appetite loss; and belching. 

Patients were required to have undergone an upper gastroin-

testinal endoscopy within 6 months of enrollment showing no 

organic lesions, such as malignant tumors, peptic ulcers, and 

refl ux esophagitis, which would explain their symptoms. Th is 

was confi rmed during their enrollment in the study. Patients 

were also required to be aged 20 years and over, and be an out-

patient at the relevant center. 

 Patients excluded from the study were those who had appar-

ent non-organic causes for dyspepsia, such as overeating, 

overdrinking, a particular stressful event, and non-steroidal 

anti-infl ammatory drug intake; those with a primary com-

plaint of heartburn; patients with irritable bowel syndrome or 

suspected irritable bowel syndrome; with a history of upper GI 

surgery; with severe panic or anxiety disorder, psychological 

diseases, or suspected psychological diseases; or with severe 

hepatic or renal dysfunction. Furthermore, patients who had 

been administered the following drugs within 1 week of the 

study drug dosing were excluded: prokinetics; acid suppression 

drug (proton pump inhibitor, H2 receptor antagonist); prostag-

landins; and non-steroidal anti-infl ammatory drugs. Patients 

who had taken anti-anxiety or tranquilizers within 4 weeks 

before the study drug dosing were also excluded. 

 Finally, any patients who were pregnant, lactating, and / or 

who were attempting to conceive were excluded, as well as 

patients who were regarded as not being suitable participants by 

the study investigators. All patients gave their written informed 

consent for participating in the study. Th e study protocol was 

approved by the internal review board of each center.   

 Randomization and treatment 
 Randomization was done using a computerized random 

number table with the key cord securely stored. Patients were 

randomized to one of two study arms. Th e treatment arm 

involved 10   mg t.i.d. tandospirone citrate (Sediel, Dainippon 

Sumitomo Pharmaceutical, Osaka, Japan) for 4 weeks. Th e 

placebo arm involved an identical placebo tablet (Seiko Eiyo 

Yakuhin, Osaka, Japan) t.i.d. for 4 weeks. 

 Th e following concomitant medications were prohibited: 

prokinetics; acid suppression drugs (proton pump inhibitor, 

H2 receptor antagonist); prostaglandins; and non-steroidal 

anti-infl ammatory drugs. Permitted concomitant medications 

included those that had been prescribed for treatment and / or 

prevention of complications before obtaining informed consent 

whether they were not one of the prohibited drugs. Th ese drugs 

were continued during the study period without changing dos-

age and dosage timing.   

 Symptom assessment 
 Patients were questioned about the following eight abdomi-

nal symptoms: epigastric pain; epigastric discomfort; upper 

abdominal distention; bloating (feeling of food staying longer in 

the stomach); early satiety; nausea and vomiting; appetite loss; 

and belching. Th e severity of each symptom was rated as: 0: no 

symptom; 1: mild; 2: moderate; and 3: severe, and the patients 

were also allowed to use the rating 0.5 (between 0 and 1), 1.5 

(between 1 and 2), and 2.5, (between 2 and 3). Th e maximum 

total score was 24. Th is questionnaire was basically made by 

modifying Gastrointestinal Symptom rating Scale (GSRS), and 

we previously used this scale in other clinical trials  (13,14) . 

 A quality-of-life questionnaire, the SF-8, and a psychological 

test questionnaire, the State-Trait Anxiety Inventory (STAI), were 

completed by the patient at baseline and at weekly intervals , dur-

ing the study. Th e SF-8 was converted into the scoring system 

standardized for the Japanese population in 2002  (15) , with point 

50 indicating the mean score of the Japanese population. Th e 

STAI questionnaire consisted of 40 questions (20 questions for 

state and 20 questions for trait anxiety). Th e STAI was also con-

verted to the scoring system standardized for the Japanese popu-

lation  (16) . Adverse events were also recorded during the study.   

 Study end points 
 Th e primary effi  cacy outcome for the study was the change in 

total abdominal symptom score from baseline to week 4. Th e 
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statistical signifi cance was assessed based on the mean diff er-

ence in the change of scores between treatment groups. As the 

mean score was not easily interpreted for clinical relevance, the 

diff erence in proportion of responders between groups was also 

estimated, in which the responders were defi ned as those having 

a total abdominal symptom score of 0 or 1. To express support-

ive evidence for the primary outcome, the following secondary 

outcomes were assessed: (1) change in each abdominal symp-

tom; (2) change in STAI score; and (3) change in SF-8 score.   

 Statistics 
 To have an 80 %  chance of detecting as signifi cant ( P     <    0.05, 

two-sided) a two-point diff erence in change of total symptom 

score between treatment and placebo arms, with an assumed 

s.d. of 5.5 and a loss to follow-up of 10 % , 75 patients were 

required for each arm. Th e primary and secondary end points 

were analyzed according to the intention-to-treat princi-

ple. Th e last-observation carry-forward method was used to 

impute missing data. For patients without data throughout 

weeks 1 to 4, the mean value for both arms combined was 

imputed so as to make the diff erence between the two arms 

conservative. Data were summarized as percentage, mean, and 

s.d., or as median and 25th and 75th percentiles. Th e primary 

effi  cacy outcome was statistically tested by analysis of covari-

ance, in which the dependent variable was the diff erence in 

change of total abdominal symptom score from baseline to 

week 4, and the covariate was the total abdominal symptom 

score at baseline. Th e diff erence in proportions of responders 

between treatment and placebo groups was calculated with 

a 95 %  confi dence interval, and statically tested by Cochran –

 Mantel – Haenszel test adjusted for the quartile categories of 

baseline total score. For the analysis of secondary outcomes, 

the diff erence in change of each abdominal symptom score or 

SF-8 quality-of-life score from baseline to week 4 was com-

pared between treatment and placebo groups by van Elteren 

test (stratifi ed Mann – Whitney  U -test), adjusted for the base-

line score. Th e diff erence in change of STAI from baseline to 

week 4 was compared between treatment and placebo groups 

by analysis of covariance adjusted for the baseline value.    

 RESULTS 
 A total of 150 patients were enrolled in the study with ran-

domization of 75 patients each to tandospirone and pla-

cebo. Data on 144 patients, 73 for tandospirone and 71 for 

placebo, were available. In the other six patients, there were 

no data available at week 1 and later ( Figure 1 ). To carry out 

an intention-to-treat analysis, the mean value for both arms 

 combined was imputed for such patients so as to make the 

 diff erence between the two arms conservative. Th e baseline 

patient characteristics are shown in  Table 1 . Both treatment 

arms were well balanced for gender, age, height, body weight, 

BMI,  disease suff ering period,  H. pylori  status as well as 

smoking and alcohol use. Th e change in total abdominal 

symptom scores is shown in  Table 2 . Statistically signifi cant 

75 Analyzed

Follow-up at

Week 1: n =72 
Week 2: n =71
Week 3: n =67
Week 4: n =69

150 Patients randomly
allocated

75 Allocated to placebo

71 Received allocated   
intervention

4 Status unknown for 
intervention

75 Analyzed

Follow-up at

Week 1: n =71
Week 2: n =69
Week 3: n =66
Week 4: n =66

75 Allocated to tandospirone
74 Received allocated   
intervention

1 Stopped intervention at 
day 5 because of nausea

1 Status unknown for 
intervention

  Figure 1 .       Flow diagram of a multicenter trial comparing symptoms of functional 
dyspepsia between patients treated by tandospirone citrate and by a placebo.  

  Table 1 .    Patient background characteristics at randomization 

      Tandospirone    Placebo    P      a   

      ( n     =    75)    ( n     =    75)    

   Sex ( %  of males)  24.0 %   29.7 %   0.464 

   Age (years)  46.2    ±    16.8  46.5    ±    17.6  0.904 

   Body height (cm)  158.4    ±    7.6  160.1    ±    8.4  0.222 

   Body weight (kg)  51.7    ±    9.4  53.3    ±    9.5  0.318 

   Body mass index (kg / m 2 )  20.5    ±    2.6  20.7    ±    2.8  0.621 

   Disease suffering period 
(months) 

 12 (3, 36)  12 (3, 36)  0.628 

    Helicobacter pylori status  

      Positive  20.0 %   21.6 %   0.339 

      Negative  25.3 %   35.1 %    

      Unknown  54.7 %   43.2 %    

    Smoking status  

      Yes  10.7 %   10.7 %   1.000 

      No  88.0 %   86.7 %    

      Unknown  1.3 %   2.7 %    

    Alcohol consumption  

      Yes  34.7 %   32.0 %   0.896 

      No  64.0 %   65.3 %    

      Unknown  1.3 %   2.7 %    

     Values are expressed as percentage, mean  ±  s.d., or median (25th and 75th 
percentiles).   
   a    Fisher � s exact test, Student’s  t -test, and Mann – Whitney  U -test for comparing 
percentage, mean, and median values, respectively.   
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at week 4; and a signifi cant diff erence was also seen at week 1 

and 2. Th e histograms for the distribution of the total symptom 

scores before and aft er treatment, in both arms are shown in 

 Figure 2 . Th e proportion of patients responding to treatment 

improvements in scores were observed from week 1 onwards and 

this was maintained through to 4 weeks in both tandospirone 

and placebo group. Improvement of the total symptom scores 

was signifi cantly larger in tandospirone arm than in placebo arm 

   Table 2 .    Improvement of abdominal symptoms in patients treated by tandospirone and placebo 

          Change from baseline  

      Tandospirone    Placebo    Tandospirone    Placebo     P  for difference in change   b   

      Mean    ±    s.d.    Mean    ±    s.d.    Mean    ±    s.d.     P    a     Mean    ±    s.d.     P       a     

    Total score  

    Baseline  8.66    ±    3.77  8.22    ±    3.68           

      At week 1  6.65    ±    3.54  7.45    ±    4.25      −    2.00    ±    2.30      <    0.0001      −    0.77    ±    2.25  0.0095  0.0016 

      At week 2  5.45    ±    3.67  6.51    ±    4.33      −    3.21    ±    3.03      <    0.0001      −    1.71    ±    2.83      <    0.0001  0.0028 

      At week 3  4.96    ±    3.87  5.47    ±    3.67      −    3.69    ±    3.29      <    0.0001      −    2.74    ±    2.87      <    0.0001  0.086 

      At week 4  4.10    ±    4.02  4.89    ±    3.41      −    4.56    ±    3.34      <    0.0001      −    3.33    ±    3.47      <    0.0001  0.036 

    Upper abdominal pain  

      Baseline  1.21    ±    1.05  1.12    ±    0.94           

      At week 4  0.58    ±    0.78  0.73    ±    0.73      −    0.63    ±    0.90      <    0.0001      −    0.40    ±    0.83      <    0.0001  0.021 

    Discomfort  

      Baseline  1.55    ±    0.96  1.54    ±    0.84           

      At week 4  0.64    ±    0.80  1.00    ±    0.81      −    0.92    ±    0.95      <    0.0001      −    0.53    ±    0.91      <    0.0001  0.002 

    Bloating  

      Baseline  0.99    ±    1.00  1.03    ±    1.03           

      At week 4  0.50    ±    0.80  0.67    ±    0.89      −    0.49    ±    0.84      <    0.0001      −    0.36    ±    0.86  0.0003  0.310 

    Early satiety  

      Baseline  1.16    ±    0.94  1.17    ±    1.00           

      At week 4  0.50    ±    0.68  0.62    ±    0.81      −    0.66    ±    0.85      <    0.0001      −    0.55    ±    0.76      <    0.0001  0.364 

    Nausea  

      Baseline  1.21    ±    1.06  1.14    ±    1.06           

      At week 4  0.72    ±    0.96  0.61    ±    0.81      −    0.49    ±    0.92      <    0.0001      −    0.53    ±    0.88      <    0.0001  0.815 

    Vomiting  

    Baseline  0.85    ±    1.01  0.87    ±    0.95           

    At week 4  0.34    ±    0.69  0.39    ±    0.63      −    0.51    ±    0.79      <    0.0001      −    0.47    ±    0.90      <    0.0001  0.658 

    Anorexia  

    Baseline  0.64    ±    0.93  0.63    ±    0.89           

    At week 4  0.37    ±    0.71  0.34    ±    0.63      −    0.27    ±    0.69  0.0004      −    0.29    ±    0.71  0.0004  0.723 

    Belching  

    Baseline  1.04    ±    1.14  0.73    ±    0.87           

    At week 4  0.45    ±    0.67  0.53    ±    0.78      −    0.59    ±    0.91      <    0.0001      −    0.20    ±    0.77  0.035  0.228 

     The primary end point was the total score at week 4. The lower the score, the better the symptoms. The last-observation carry-forward method was applied to impute 
missing values. For patients with no data throughout weeks 1 – 4 ( n   =  2 and 4 for tandospirone and placebo arms, respectively), the mean value for both groups combined 
was imputed so as to make the difference between the two arms conservative.   
   a     P  value for change from baseline calculated by paired  t -test (total score) or Wilcoxon signed rank test (individual score).       b     P  value for difference in change between the 
tandospirone and placebo groups calculated by analysis of covariance including the baseline value as a covariate (total score) or by van Elteren test adjusted for the 
baseline value (individual score).   
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upper abdominal pain and discomfort at week 4 in the tandos-

pirone group compared with placebo. Changes in individual 

STAI scores of state and trait, as well as overall score at week 4 

are shown in  Table 3 . Signifi cant improvements were reported 

in both arms of the study. However, there was no signifi cant dif-

ference in change of STAI score between the two arms. An anal-

ysis of STAI in patients who responded to treatment and those 

who did not, indicates that both state and trait anxiety scores 

were improved to a signifi cantly higher degree in respond-

ers treated with tandospirone, whereas improvement of these 

scores were not signifi cantly diff erent between responders and 

non-responders in placebo arm (data not shown). 

 Signifi cant improvements over baseline were reported in each 

of the eight questions of the SF-8 for both arms of the study 

at 4 weeks with the exception of Q2 in the tandospirone arm 

( Table 4 ). A comparison of the diff erence in change between 

the two groups revealed no signifi cant diff erences in any items. 

Diff erence in change between non-responders and responders 

was not statistically diff erent between tandospirone and pla-

cebo arms. However, SF-8 scores were signifi cantly improved 

only in responders of tandospirone group in Q1, Q3, and Q8 

(in Q7, the scores were signifi cantly improved in both groups) 

(Data not shown). 

 Data on 144 patients were available for the safety analysis. Th e 

adverse events recorded during the study are shown in  Table 5 . 

No serious adverse events were reported and the incidence of 

individual events was similar in the two treatment arms.   

 DISCUSSION 
 Th ere is evidence for the association of stress and dyspeptic 

symptoms  (17,18)  and patients in a depressive or anxiety state 

are more likely to seek medical care for the dyspepsia symp-

toms  (19) . Such patients also complain that their symptoms 

increased with time in the tandospirone group from 5.5 % , at 

week 1, to 31.5 % , at week 4 ( Figure 3 ), whereas response rates 

for placebo were less than 15 %  throughout the study. Th e pro-

portion in the active treatment arm and the placebo arm was 

signifi cantly diff erent at week 4 (by 18.8 %  (95 %  confi dence 

interval    =    5.7 %  – 32.0 % ),  P     =    0.0014); and a signifi cant diff er-

ence was also seen at week 3. 

 Th e changes in scores for individual abdominal symptoms 

are also shown in  Table 2 . Signifi cant improvements were 

observed for each item for both tandospirone and placebo. 

However, signifi cantly greater improvements were observed in 
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  Figure 2 .       The histograms for the distribution of the total symptom scores before and after treatment of patients using tandospirone citrate or placebo. The 
responder was defi ned as a patient whose total symptom scores became 0 or 1 at week 4.  

0%

5%

10%

15%

20%

25%

30%

35%

40%

Week 1 Week 2 Week 3 Week 4

Follow-up time

P
ro

po
rt

io
n 

of
 r

es
po

nd
er

s

Placebo
Tandospirone

18.8%
(5.7% to 32.0%)

p = 0.0016
13.4%

(1.1% to 25.7%)
p = 0.017

2.4%
(–8.4% to 13.2%)

p = 0.56

–0.1%
(–7.6% to 7.3%)

p = 0.86

  Figure 3 .       Proportion of responders in patients treated with trandospirone 
citrate or placebo. The primary end point was assessed at week 4. The 
difference of proportions (95 %  confi dence interval) and  P  value are shown 
on top of the bars.  P  values were calculated by Cochran – Mantel – 
Haenszel test adjusted for the quartile categories of baseline total score. 
Two patients in tandospirone arm and four patients in the placebo arm, 
with no data throughout weeks 1 – 4, were excluded. On assuming these 
six patients as responders, so as to make the difference between the two 
arms conservative,  P  values were found to be 0.090 and 0.014 at weeks 
3 and 4, respectively.  
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are more severe than other patients with the condition  (20) . A 

meta-analysis published in 2000 of 11 randomized clinical trials 

of antidrepressants in patients with functional gastrointestinal 

disorders, including non-ulcer dyspepsia has been conducted 

 (21) . Results from the studies suggest that antidepressants 

were an eff ective form of treatment and that the benefi t was 

clinically signifi cant. Th e review suggested that because sub-

therapeutic doses of antidepressants were tested, the benefi ts 

shown were not due entirely to the antidepressant properties 

of these drugs. Th e meta-analysis also showed that most stud-

ies in this area involved relatively few patients (7 to 32 patients 

in the case of non-ulcer dyspepsia). We reported a subsequent 

review of studies conducted aft er 2000  (22)  and indicated that 

of the 13 studies reviewed, dyspeptic symptoms improved sig-

nifi cantly with antidepressant treatment in 11 studies. 

 Tandospirone, a 5-HT1A agonist, selectively binds to the 

5-HT1A receptor  (23) . It has primarily been investigated in the 

treatment of anxiety  (24),  but has also been studied in eating 

disorders  (25)  and gastrointestinal diseases  (26) . It has been 

approved in Japan for the treatment of anxiety disorders and psy-

chosomatic disorders (especially autonomic imbalance, essen-

tial hypertension, and peptic ulcer). However, to date, there are 

limited data on the eff ectiveness of tandospirone in treating FD 

 (26,27) . A small-scale study of 79 patients compared the effi  -

cacy of famotidine, mosapride, and tandospirone in controlling 

dyspeptic symptoms over a 4-week period  (26) . Symptomatic 

relief was reported in four of the 15 (26.7 % ) patients treated 

with tandospirone compared with nine of 22 (40.9 % ) and 15 

of 23 (65.2 % ) patients treated with mosapride and famotidine, 

respectively. Another study involving the same drug compara-

tor groups and 64 patients with FD  (27) , showed no signifi cant 

improvement in symptoms with tandospirone treatment. Th ese 

reports suggest that tandospirone was not likely to be effi  ca-

cious in the treatment of FD patients. Nevertheless, the results 

might be biased, as it is known that placebo response rate is par-

ticularly high in patients with FD. In addition, the dropout rate 

for the tandospirone-treated patients was very high, suggesting 

the presence of study bias. Th eoretically tandospirone could be 

eff ective in improving dyspeptic symptoms not only through 

its anxiolytic action but also through improving gastric accom-

modation. 5-HT1A receptors are known to be presynaptically 

located on cholinergic nerve endings and neuromuscular junc-

tion, and their activation causes smooth muscle relaxation  (28) . 

It has been reported that the 5-HT1A receptor agonists, bus-

pirone and R137696, aff ect stomach tone  (10,29) . With these 

observations, tandospirone may have a relaxing property of the 

proximal stomach, though such data are not yet available. 

 Th is study is the fi rst randomized, placebo-controlled, mul-

ticenter study on tandospirone in patients with FD, who met 

Rome II criteria. With regard to the primary effi  cacy end point 

of the study, a statistically signifi cant diff erence in the total 

abdominal symptom score at 4 weeks was identifi ed between 

the tandospirone and placebo arms. A comparison of the diff er-

ence between the two groups showed signifi cant better effi  cacy 

in tandospirone over placebo at week 1, 2, and 4. In looking at 

the change of symptom score of each item, signifi cant improve-

ments were reported for all items in both treatment arms. For 

upper abdominal pain and discomfort, these improvements 

were signifi cantly greater with tandospirone than with the pla-

cebo. No diff erence between groups was noted for improvement 

in early satiety, suggesting that the predominant mechanism 

of this 5-HT1A agonist in symptom improvement may be 

mediated by an anti-anxiety eff ect, not by improving gastric 

accommodation. Th e strengths of the study are its  randomized 

  Table 3 .    Improvement of STAI in patients treated with trandospirone or placebo 

          Change from baseline  

      Tandospirone    Placebo    Tandospirone    Placebo     P  for difference in change   b   

      Mean    ±    s.d.    Mean    ±    s.d.    Mean    ±    s.d.     P       a     Mean    ±    s.d.     P      a     

    State anxiety  

      Baseline  48.3    ±    9.1  48.9    ±    8.0           

      At week 4  43.2    ±    9.2  44.5    ±    7.8      −    5.1    ±    8.9      <    0.0001      −    4.4    ±    8.6      <    0.0001  0.411 

    Trait anxiety  

      Baseline  50.5    ±    10.1  50.4    ±    9.8           

      At week 4  46.9    ±    9.5  47.3    ±    9.1      −    3.6    ±    5.9      <    0.0001      −    3.1    ±    7.4  0.0005  0.658 

    Overall  

      Baseline  98.8    ±    17.1  99.3    ±    15.8           

      At week 4  90.2    ±    16.7  91.8    ±    14.7      −    8.7    ±    13.1      <    0.0001      −    7.5    ±    14.1      <    0.0001  0.493 

     STAI, State-Trait Anxiety Index.   
     The lower the score, the less the anxiety. For subjects with no data for STAI ( n  = 4 and 6 for tandospirone and placebo arms, respectively), the mean value for both groups 
combined was imputed so as to make the difference between the two arms conservative.   
   a     P  value for change from baseline calculated by paired  t -test.       b     P  value for difference in change between the tandospirone and placebo groups by analysis of covariance 
including the baseline value as a covariate.   
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period. Th ese results are in line with the fact that that the drug is 

known to work gradually  (30,31) . A longer period study might 

show an increase in the proportion of responders, considering 

this property of the drug. Th e placebo response rate of 15 %  was 

relatively low compared with the 35 %  rate usually observed in 

these patient groups  (32) . Th is might be due to the rather strict 

defi nition of responder applied. In this study, the symptom scale, 

although not validated in Japanese population, uses a stringent 

end point of none / minimal symptoms. In addition, this might 

placebo controlled design, the evaluation of anxiety in conjunc-

tion with dyspeptic symptoms and the striking change in symp-

toms, which is rarely seen in FD studies. 

 Regarding the ratio of the responders, signifi cantly more 

patients responded to treatment with tandospirone than to pla-

cebo at both weeks 3 and 4. Th e proportion of responders in 

patients treated with tandospirone increased steadily aft er week 

4 of the study to achieve a rate of 31.5 %  at the end of the study, 

whereas that in placebo patients was     <    15 %  throughout the study 

  Table 4 .    Improvement of SF-8 in patients treated with tandospirone or placebo 

          Change from baseline  

      Tandospirone    Placebo    Tandospirone    Placebo     P  for difference in change   b   

      Mean    ±    s.d.    Mean    ±    s.d.    Mean    ±    s.d.    P    a     Mean    ±    s.d.    P      a     

    Q1  

    Baseline  40.8    ±    6.0  41.0    ±    5.4           

    At week 4  46.9    ±    7.4  46.5    ±    6.8  6.1    ±    8.5      <    0.0001  5.5    ±    7.5      <    0.0001  0.608 

    Q2  

    Baseline  47.7    ±    7.4  46.5    ±    7.6           

    At week 4  48.9    ±    7.5  49.4    ±    4.6  1.2    ±    8.0  0.1031  2.8    ±    8.6  0.006  0.557 

    Q3  

    Baseline  46.5    ±    7.2  45.6    ±    8.2           

    At week 4  48.5    ±    6.8  48.7    ±    5.8  2.0    ±    6.0  0.0168  3.1    ±    9.2  0.0067  0.828 

    Q4  

    Baseline  45.1    ±    7.3  43.7    ±    8.6           

    At week 4  48.2    ±    7.3  48.2    ±    7.4  3.1    ±    8.4  0.0095  4.5    ±    7.9      <    0.0001  0.507 

    Q5  

    Baseline  44.9    ±    7.5  44.8    ±    6.1           

    At week 4  48.4    ±    6.0  48.1    ±    5.8  3.5    ±    7.8  0.0003  3.3    ±    8.1  0.0001  0.836 

    Q6  

    Baseline  44.6    ±    8.1  44.0    ±    9.4           

    At week 4  47.7    ±    7.5  47.5    ±    7.7  3.1    ±    8.3  0.0036  3.5    ±    9.6  0.0034  0.708 

    Q7  

    Baseline  44.0    ±    6.1  42.6    ±    6.5           

    At week 4  47.6    ±    6.2  48.0    ±    5.9  3.6    ±    6.8      <    0.0001  5.4    ±    6.7      <    0.0001  0.296 

    Q8  

    Baseline  46.9    ±    6.6  45.8    ±    7.5           

    At week 4  48.6    ±    6.7  49.4    ±    4.6  1.7    ±    6.3  0.0511  3.6    ±    8.9      <    0.0001  0.574 

     The lower the score, the worse the quality of life. For patients with no data for quality of life ( n  = 13 and 14 for tandospirone and placebo arms, respectively), the mean 
value for both groups combined was imputed so as to make the difference between the two arms conservative.   
   a     P  value for change from baseline calculated by Wilcoxon signed rank test.       b     P  value for difference in change between the tandospirone and placebo groups calculated by 
van Elteren test adjusted for the baseline value. Q1: Overall, how would you rate your health during the past 4 weeks? Q2: During the past 4 weeks, how much did physi-
cal health problems limit your usual physical activities (such as walking or climbing stairs)? Q3: During the past 4 weeks, how much diffi culty did you have doing your 
daily work, both at home and away from home, because of your physical health? Q4: How much bodily pain have you had during the past 4 weeks? Q5: During the past 
4 weeks, how much energy did you have? Q6: During the past 4 weeks, how much did your physical health or emotional problems limit your usual social activities with 
family or friends? Q7: During the past 4 weeks, how much have you been bothered by emotional problems (such as feeling anxious, depressed, or irritable)? Q8: During 
the past 4 weeks, how much did personal or emotional problems keep you from doing your usual work, school, or other daily activities?   
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also be due to the fact that the study was done mainly in the 

university hospital or in very large general hospitals, in which 

the patients had already been treated by primary-care physicians 

and, therefore, potentially had a reduced placebo response. Th is 

study is small, and the duration of follow-up is short, but the 

observed changes are large. Nearly one-third of the patients were 

cured by this drug eloquently that shows the usefulness of this 

drug, and these results encourage longer-term studies. 

 No signifi cant diff erences were observed between the total scores 

for the STAI and SF-8 for the two treatment arms. However, fur-

ther analysis of the STAI scores in the tandospirone group showed 

that the improvement in trait anxiety score was higher in patients 

classifi ed as responders compared with non-responders. Th is result 

would suggest that anxiety status has a function in the pathogenesis 

of FD in certain patient populations. Regarding the individual ques-

tions of the SF-8, questions 1, 3, 7, and 8 signifi cantly improved in 

responders although the diff erence of change between responders 

and non-responders did not reach a statistically signifi cant score. 

With regard to the equivalent results for the placebo group, there 

was no correlation between STAI and SF-8 scores, and response to 

treatment, with the exception of SF-8 question 7. Overall, these fi nd-

ings would confi rm that the symptomatic response to treatment is 

not a placebo eff ect and that it translates into benefi ts in quality of 

life and anxiety state. Together with the fi nding that only the spe-

cifi c symptoms of discomfort and pain were signifi cantly improved 

to a greater degree in the tandospirone group, it can be speculated 

that tandospirone might act in the central nervous system, resulting 

in the improvement of symptoms in patients with FD. 

 It is a noteworthy that tandospirone did not increase the risk 

of side eff ects compared with placebo and can be considered a 

safe medication. Th e fact that widespread use of another 5-HT1A 

agonist, buspirone, in the treatment of dyspeptic patients was 

hampered due to side eff ects, such as somnolence and dizziness 

 (33) , this can be considered as a strength of tandospirone. In 

terms of abuse potential with this agent, studies suggest that this 

is lower than those for the benzodiazepines and barbiturates  (25) . 

Th e results obtained in this study should be further confi rmed in 

a more generalized population. Positioning of tandospirone for 

treatment of FD should be further discussed as it has the potential 

for reduced abuse potential compared with the benzodiazepines.   

       ACKNOWLEDGMENTS  
 Th is trial is registered with UMIN Clinical Trials Registry, 

number C000000326.We greatly appreciate Satomi Nakano 

for her dedicated secretarial assistance. We thank Professor 

Nimish Vakil for fruitful scientifi c discussion about this study.   

 CONFLICT OF INTEREST 
  Guarantor of the article:  Hiroto Miwa, MD, PhD. 

  Specifi c author contributions:  Design of the study, writing 

the protocol, correcting patients, and writing the paper: 

H. Miwa; carrying out statistical analyses and writing the 

paper: T. Yokoyama; enrolling patients and carrying out the 

study: H. Miwa, A. Nagahara, K. Tominaga, T. Yokoyama, 

Y. Sawada, K. Inoue, K. Ashida, T. Fukuchi, M. Hojo, 

H. Yamashita, T. Tomita, K. Hori, and T. Oshima; review and 

approval of the paper: H. Miwa, A. Nagahara, K. Tominaga, 

T. Yokoyama, Y. Sawada, K. Inoue, K. Ashida, T. Fukuchi, 

M. Hojo, H. Yamashita, T. Tomita, K. Hori, and T. Oshima. 

  Financial support:  Th is study was fi nancially supported by the 

grant provided by the Waksman Foundation of Japan (06 – 9). 

  Potential competing interests:  Hiroto Miwa is a consultant 

to AstraZeneca (Japan) Dainippon-Sumitomo, Takeda Phar-

maceutical, Tsumura, and Eisai. Kiyoshi Ashida is a consult-

ant to Eisai and Takeda Pharmaceutical. 

  Study Highlight  

 WHAT IS CURRENT KNOWLEDGE 
  3 Functional dyspepsia (FD) is a common condition in the gen-

eral population; however, its treatment remains a challenge. 

  3 Tandospirone citrate is a 5-hydroxytryptamine 1A 
(5HT1A) agonist, which has not only an anxiolytic effect 
but also a relaxing property of the proximal stomach. 

  3 Whether tandospirone citrate is useful for the treatment 
of patients with FD remains unknown. 

  WHAT IS NEW HERE  
  3 This is the fi rst randomized controlled trial of 5HT1A 

agonist tandospirone citrate in patients with FD. 

  3 The proportion of responders was signifi cantly greater 
in the treatment arm (tandospirone citrate) at weeks 3 
( P     =    0.017) and 4 ( P     =    0.0016). 

  3 State-Trait Anxiety Inventory and SF-8 scores improved 
in cured patients in the tandospirone arm. 

  3 No serious adverse events were reported, with similar 
rates in tandospirone and placebo arms.             

  Table 5 .    Incidence of adverse events among patients treated 
with tandospirone or placebo 

    Adverse event    Tandospirone citrate    Placebo  

       n  ( % )     n  ( % )  

   Faintness  1 (1.3 % )  0 

   Malaise  0  1 (1.3 % ) 

   Abdominal asthenia  0  1 (1.3 % ) 

   Dizziness  5 (6.7 % )  2 (2.7 % ) 

   Nightmares  0  1 (1.3 % ) 

   Sleepiness  2 (2.7 % )  7 (9.3 % ) 

   Insomnia  0  1 (1.3 % ) 

   Headache  1 (1.3 % )  0 

   Heartburn  0  1 (1.3 % ) 

   Nausea  0  2 (2.7 % ) 

   Diarrhea  1 (1.3 % )  1 (1.3 % ) 

   Constipation  0  1 (1.3 % ) 

     Subjects without information on adverse events ( n   =  2 and 4 for tandospirone 
and placebo arms, respectively) were excluded.   
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