
Wada et al. BMC Psychiatry           (2024) 24:81  
https://doi.org/10.1186/s12888-024-05549-x

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Psychiatry

Effect of single‑administration of d‑sorbitol 
pretreatment on the bitterness and continued 
willingness to take asenapine: a randomized, 
single‑blind, placebo‑controlled, crossover trial
Shuhei Wada1, Kunihiro Iwamoto1*, Hiroki Okumura2, Hirotake Hida2, Shuichi Hiraoka3, Aya Kamei3, 
Daisuke Mori4, Kiyofumi Yamada2, Masahiko Ando5, Norio Ozaki6 and Masashi Ikeda1 

Abstract 

Background  Asenapine has unique orally-related side effects, such as a bitter taste induced by sublingual adminis-
tration, which often results in discontinuation of the medication. While the FDA has approved black-cherry-flavored 
asenapine, several countries have prescribed only unflavored versions. Specifically, Asians commonly report experi-
encing the bitterness of asenapine because they are more sensitive to bitter tastes than other ethnic groups. In this 
study, with the aim of improving adherence by reducing the bitterness of asenapine, we investigated the effects 
of d-sorbitol, which reduced the bitterness parameters of taste sensors in our previous basic study on the bitterness 
and continuity of asenapine among patients with schizophrenia.

Methods  Twenty adult patients with schizophrenia were included in this single-blind, placebo-controlled, crossover 
trial. Participants rinsed their mouths with single-administration of d-sorbitol or a placebo prior to each administration 
of asenapine. We then conducted the questionnaires and assessed changes in the bitterness of asenapine (primary 
end point) and willingness to continue its use (secondary end point).

Results  d-sorbitol significantly improved the bitterness of asenapine (p = 0.038). Although it did not significantly 
increase the willingness to continue asenapine (p = 0.180), it did show improvement over the placebo in enhancing 
willingness to continue, especially in patients who were not accustomed to its taste.

Conclusion  Our findings indicate that single-administration of d-sorbitol significantly reduces the bitterness 
of asenapine. In countries where flavored asenapine is not available, this finding could benefit patients who were 
not accustomed to its bitter taste.

Trial registration  This study was registered in the Japan Registry of Clinical Trials (jRCTs041210019) on May 14, 2021.
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Background
Antipsychotic treatment for schizophrenia is crucial for 
preventing relapse and rehospitalizations and improv-
ing quality of life [1]. Even though all antipsychotic 
drugs have demonstrated significant efficacy for over-
all symptoms compared with placebo, when comparing 
each antipsychotic, there are no significant differences in 
clinical efficacy other than clozapine [2]. However, each 
antipsychotic drug has a unique safety profile and side 
effects, and adherence to antipsychotics influenced by 
adverse events such as metabolic side effects, extrapy-
ramidal symptoms [3], and subjective sensations such 
as dysphoria, which refers to a negative and unpleasant 
affective state [4]. To maximize the efficacy of antipsy-
chotic treatment, we need to optimize medication adher-
ence by considering not only drug adverse events, but 
also subjective experiences and attitudes toward medica-
tion from a broader perspective [5].

Asenapine is the only sublingual antipsychotic that 
has been approved by the United States Food and Drug 
Administration (FDA), in 2009. A network meta-analysis 
of 32 oral antipsychotics reported that asenapine specifi-
cally affects the positive, negative, and depressive symp-
toms associated with schizophrenia [2]. In addition, 
asenapine demonstrates a favorable tolerability profile; 
for example, it has been shown to have modest influence 
on weight gain, glucose intolerance, and prolactin eleva-
tion [2, 6], as well as a low incidence of extrapyramidal 
side effects compared with other newer second-genera-
tion antipsychotics [7]. Although asenapine has a favora-
ble profile, however, it also has unique oral-related side 
effects such as a bitter taste, which patients have to toler-
ate without eating or drinking for 10 min after adminis-
tration to maintain its bioavailability [8]. While the FDA 
has approved black-cherry-flavored asenapine, several 
countries including Japan and countries in the European 
Union have prescribed only unflavored versions. Further-
more, it is not clear whether flavored formulation can 
reduce the bitterness of asenapine because the results 
of a registered randomized controlled trial comparing 
raspberry-flavored with unflavored asenapine have not 
yet been published [9, 10]. A previous study reported 
that 36 out of 356 patients with schizophrenia (10.1%) 
experienced oral hypoesthesia [11, 12], and 3 out of 46 
patients with schizophrenia (6.5%) stopped taking their 
medication because of the bitter taste [13]. To the best 
of our knowledge, these reports from Asia show higher 
rates of oral hypoesthesia than do previous reports from 
outside Asia, which report oral hypoesthesia in about 
25 out of 572 patients with schizophrenia (5%), and oral 
hypoesthesia/dysgeusia combined 13 out of 213 patients 
with schizophrenia (6%) [10, 14]. This may be related to 
the fact Asians are known to be more sensitive to bitter 

tastes than other ethnic groups [15]. Therefore, as is the 
case with other pharmaceutical preparations with a bitter 
taste [16], the bitterness of asenapine needs to be reduced 
to improve adherence.

Our previous basic research demonstrated that d-sorb-
itol lowered the bitterness parameters of the taste sensors 
[17]. d-sorbitol is widely used in oral care products and 
is approved as a pharmaceutical additive, which makes 
it easy to use practically. However, whether d-sorbitol 
has the same effect in patients remains uncertain. While 
previous studies have primarily focused on reporting the 
efficacy and tolerability of asenapine, this research aim 
was to add new evidence of improving its tolerability to 
enhance its efficacy. Therefore, we conducted a crossover 
study utilizing single-administration of d-sorbitol as the 
primary end point to evaluate changes in the perceived 
bitterness of asenapine among patients with schizophre-
nia. As a secondary end point, we examined changes in 
patients’ willingness to continue asenapine with single-
administration of d -sorbitol.

Methods
Participants
Participants were enrolled between January 18, 2022 
and January 30, 2023 at the Department of Psychiatry, 
Nagoya University Hospital, Nagoya, Japan. The inclu-
sion criteria were as follows: 1) adult patients with schiz-
ophrenia or psychotic features based on the Diagnostic 
and Statistical Manual of Mental Disorders, 5th edition 
(DSM-5), regardless of sex; 2) patients using sublingual 
asenapine tablets for more than 2 weeks; and 3) patients 
who could provide written informed consent. The exclu-
sion criteria were as follows: 1) patients with physical 
diseases or symptoms requiring medical treatment; 2) 
pregnant and lactating women; 3) patients with a history 
of convulsions; 4) patients with a substance use disor-
der; 5) patients with a taste disorder; 6) patients with an 
olfactory disorder; 7) patients who could not understand 
the questionnaire protocol; and 8) other patients whose 
inclusion in the study was deemed inappropriate by the 
attending physician. The reason for excluding those with 
olfactory disorder is that an association between olfac-
tory and bitter taste receptors has been suggested, and 
olfactory disorder may also affect the evaluation of taste 
[18]. Whether to exclude or discontinue any given par-
ticipant was determined according to the study protocol 
[19] and the sample size was set as 20. This study was 
approved by the Nagoya University Clinical Research 
Review Board (CRB4180004), and written informed con-
sent was obtained from all enrolled patients before the 
study began. This study was conducted in accordance 
with the Declaration of Helsinki.
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Study design
This study was designed as a single-blind, placebo-
controlled, crossover trial, and randomization was 
determined using the envelope method. Placebo and 
d-sorbitol were administered in clear containers, as 
they were visually indistinguishable. The participants 
received d-sorbitol solution as the active drug and 
distilled water as the placebo. Even if the participants 
could distinguish between the two liquids based sweet-
ness levels, they did not indicate which one was the 
placebo. Only the participants were blinded. The par-
ticipants rinsed and spitted out 25  mL of the single 
administration of study drug immediately before tak-
ing the sublingual asenapine tablet. During the study 
period, the patients were instructed to rinse their 
mouth by themselves at home or in the hospital ward, 
and then to answer a multiple-choice questionnaire. 
This study was registered in the Japan Registry of Clini-
cal Trials (jRCTs041210019) on May 14, 2021, and the 
study protocol and detailed methods have been pub-
lished [19].

Experimental schedule
The experimental schedule and flow diagram are shown 
in Fig. 1. The participants were divided into two groups 
(Groups A and B). “Group A received d-sorbitol first (test 
period ① using d-sorbitol and test period ② using pla-
cebo solution), and Group B received the placebo solu-
tion first (test period ① using placebo solution and test 
period ② using d-sorbitol). There was a 1-day interval 
between study periods ① and ②. This study was con-
ducted in the ward for inpatients and at home for out-
patients at the same time of day as the administration of 
the sublingual asenapine tablets. At the beginning of the 
study, baseline characteristics were obtained from all par-
ticipants” [19]. After each intervention, the participants 
were asked to answer the post-implementation question-
naires to evaluate the outcome.

Baseline survey content
At the beginning of the study, baseline information was 
obtained for the following items: “disease onset (single 
episode or multiple episodes), duration of illness from 
first onset, DSM-5 specific terms, total Positive and 
Negative Syndrome Scale (PANSS) score at enrollment, 
asenapine starting date, asenapine dosage, concomitant 
medications, comorbidities, smoking history, height, 
weight, how long it took to become accustomed to taking 
asenapine, duration for which the patient has considered 
themselves to be accustomed to the taste of asenapine, 
and adverse events associated with asenapine use” [19].

Questionnaire survey content
The post-implementation questionnaires asked for 
choice-based Likert scale statements regarding the 
following:

1.	 Oral condition

Participants chose an answer on a scale from ① to ⑤ 
to describe their oral condition prior to each rinse with 
d-sorbitol and placebo: ①Very dry, ② Dry, ③ Normal, 
④ Some saliva, ⑤ A lot of saliva.

2.	 Change in bitter taste when taking asenapine or pla-
cebo

“Participants chose an answer on a scale from ① 
to ⑦ to evaluate the bitterness of the sublingual tab-
let compared with the bitterness they used to feel: ① 
Almost no bitterness, ② Bitterness has been reduced, 
③ Bitterness seems to have decreased a little, ④ No 
change, ⑤ Bitterness has become a little stronger, ⑥ 
Bitterness has become stronger, ⑦ Bitterness has 
become so strong that it is difficult to use” [19].

3.	 Whether the taste of asenapine with the intervention 
results in ease of continued use

Participants chose an answer on a scale from ① to ⑤ 
to evaluate continuity: ① Taste allows continued use 
without difficulty, ② Taste makes it easier to continue 
use compared with before, ③ Same taste as before, ④ 
Taste makes it more difficult to continue use compared 
with before, ⑤ Taste makes it difficult to continue use.

All questionnaires were conducted in Japanese.

Study outcome
The primary end point was the taste evaluation of bit-
terness, which addressed post-implementation ques-
tion 2. The participants self-assessed items regarding 
the use of single-administration of d-sorbitol and the 
reduction in perceived bitter taste on a 7-point scale. 
The secondary endpoint was the willingness to con-
tinue asenapine, which was subjectively self-rated on 
a 5-point scale; this addressed post-implementation 
question 3.

Statistical analysis
Descriptive analyses were performed on baseline vari-
ables using the mean (standard deviation), median 
(interquartile range), or proportions and percent-
ages as appropriate. To evaluate the primary and sec-
ondary endpoint, we used a 2-point scale (improved/
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non-improved). In the seven or five-point scale ques-
tionnaire, responses indicating “no change “and “wors-
ening” were categorized as non-improvement. The 
statistical method was determined and reported in our 
protocol study before this research [19]. “The primary 
endpoint was evaluated on a 7-point Likert scale, with 
1–3 points defined as improvement and 4–7 points as 
non-improvement. The secondary endpoint was evalu-
ated on a 5-point Likert scale, with 1–2 points defined 

as improvement and 3–5 points as non-improvement. 
The difference in population proportions for improved/
non-improved binary data was analyzed using McNe-
mar’s test” [19]. Furthermore, post hoc analysis was 
performed to compare the continuity of asenapine 
between d-sorbitol and placebo by Fisher’s exact test in 
the two groups, divided by whether they had become 
accustomed to the taste of asenapine. Statistical analy-
ses were conducted using R version 4.3.0 (R Foundation 
for Statistical Computing).

Fig. 1  Experimental schedule and flow diagram. The participants rinsed and spitted out 25 mL of the study drug (d-sorbitol or placebo) once a day, 
just before the same timing of either of the two dosing times for asenapine. All participants were randomly assigned to Group A or Group B (n = 10 
each)
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Results
Characteristics of the patients
We recruited 22 patients in total, among whom, 20 com-
pleted the treatment phase and were analyzed. Two 
patients were excluded based on the exclusion criteria 
(patients who could not understand the questionnaire 
protocol). The characteristics of the participants are 
shown in Table 1. All the participants were Asian people. 
About 19 out of 20 participants (95%), within 1 month of 
initial use, got accustomed to the proper usage of asenap-
ine, for example, putting sublingual tablets under the 
tongue and tolerating without eating and drinking for 
10 min after administration. However, at the study entry, 
8 out of 20 participants (40%) had still not become accus-
tomed to the taste of asenapine. After starting asenapine, 
the only increase seen in adverse events involved reports 
of menstrual irregularities.

Primary and secondary outcomes
Regarding the primary outcome, we observed a signifi-
cant difference in the proportions of improvements in 
the perceived bitterness of asenapine between single-
administration of d-sorbitol and placebo (70% vs. 35%, 
respectively; p = 0.038, Cohen’s g = 0.39 [95% confidence 
interval (CI): 0.07, 0.48]) (shown in Fig. 2A).

However, regarding the secondary outcome, no sig-
nificant differences in the proportions of willingness to 
continue use between single-administration of d-sorbitol 
and placebo were observed (55% vs. 30%, respectively; 
p = 0.180, Cohen’s g = 0.28 [95%CI: –0.05, 0.44]) (Fig. 2B).

Table 1  Baseline clinical data of the study participants with 
schizophrenia

BMI Body Mass Index, CP Chlorpromazine, PANSS Positive and Negative 
Syndrome Scale SD Standard deviation

Participants N = 20

Age (y) 48.2 ± 13.6

Male sex N = 6, 30%

PANSS total score (mean ± SD) 47.4 ± 12.3

Multiple episodes N = 19, 95%

Duration of illness (y) N (%)

   < 5 2 (10%)

  ≧ 5 and < 10 1 (5%)

  ≧ 10 and < 20 7 (35%)

  ≧ 20 10 (50%)

Median duration of asenapine use, years (quartile) 3.7 (2.1–4.3)

At least one year use, n (%) 17 (85%)

Mean dose of CP equivalent, mg (quartile) 200 (200–400)

Concomitant medications, n (%)

  Benzodiazepine 10 (50%)

  First-generation antipsychotics 0 (0%)

  Second-generation antipsychotics 8 (40%)

  Antidepressants 10 (50%)

  Mood stabilizer 3 (15%)

  Drugs for physical disorders 9 (45%)

Smoker 3 (15%)

Median BMI (quartile) 24.1 (20.6–28.2)

Same oral condition at the time of each intervention, 
n (%)

16 (80%)

Fig. 2  Comparison of effects with single-administration of d-sorbitol and placebo on the bitterness of asenapine and willingness to continue. 
*McNemar’s test, p < 0.05. A Improvement in perceived bitterness of asenapine. Improvement was defined as a score ranging from 1 to 3points 
on a 7-point Likert scale. B Improvement in willingness to continue asenapine. Improvement was defined as a score ranging from 1 to 2 points 
on a 5-point Likert scale
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Subgroup analysis
As a subgroup analysis, we divided the participants 
into two groups depending on whether they had or 
had not become accustomed to the taste of asenapine. 
Improvement of willingness to continue occurred in 2 
of 12 patients (12.5%) in accustomed group and in 5 of 8 
patients (62.5%) in not accustomed group (p = 0.062, Cra-
mér’s V = 0.42 [0.00, 0.96]) (Fig. 3).

Discussion
To the best of our knowledge, this is the first interven-
tion study focusing on the bitter taste of asenapine in 
patients with schizophrenia. In this single-blind, pla-
cebo-controlled, crossover trial, single-administration of 
d-sorbitol pretreatment significantly improved the per-
ceived bitterness of asenapine with a large effect size [20]. 
However, it did not significantly enhance the willingness 
to continue asenapine. While not statistically significant, 
there was a trend for d-sorbitol to increase the rate of 
improvement in willingness to continue asenapine over 
placebo in patients who were not accustomed to the taste 
of asenapine.

In the present study, we demonstrated that single-
administration of d-sorbitol improved the bitterness 
of asenapine in patients with schizophrenia. d-sorbitol 
has several advantages such as its low cost (JPY 25.5 
per 25 mL, equivalent to USD 0.25 per 25 mL) [21, 22], 
its prescription availability, and its guaranteed quality 
assurance, and can be used without concerns about drug 
interactions or side effects. Even though sorbitol can 
cause diarrhea, just gargling the d-sorbitol can have lit-
tle effect on bowel activity [23]. Furthermore, it is known 

that sorbitol can have a protective effect on dental cavi-
ties [24]. Alleviating the bitter taste of asenapine could 
significantly improve the quality of life for patients who 
must endure its bitter taste because taste perception is 
an important part of human life and drug-induced dys-
geusia has a negative influence on a patient’s quality of 
life [25].

Regarding the secondary outcome, no significant dif-
ferences in the proportions of participants reporting 
willingness to continue were found between single-
administration of d-sorbitol and placebo. It should be 
noted that 40% of the patients had not become accus-
tomed to the taste of asenapine, although 85% of par-
ticipants had already taken it for at least 1 year. Because 
these participants might originally have been willing to 
continue asenapine, it is possible that there may have 
been little change in their willingness to continue after 
the addition of d-sorbitol. Nevertheless, d-sorbitol 
showed the potential to increase the willingness to con-
tinue asenapine in patients who were not accustomed 
to the taste of asenapine and may therefore be useful in 
patients initiating treatment on the drug. Another point 
influencing the implications of willingness to continue 
should be noted. Medication adherence is simultaneously 
influenced by several factors, such as socioeconomic fac-
tors, health-care teams/systems, the characteristics of 
the disease, disease therapies, and patient-related factors 
[26]. Particularly, for adults with psychiatric conditions, 
patient- and medication-related factors such as cogni-
tive factors and side effects have been shown to have the 
greatest influenced on adherence [27]. In the present 
study, the participants’ willingness to continue may have 

Fig. 3  Effect of single-administration of d-sorbitol or placebo on willingness to continue asenapine between the two groups based on whether or 
not they had become accustomed to the taste of asenapine
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been influenced by not only the degree of improvement 
in perceived bitterness, but also other factors such as 
their pathology, impaired insights into illness [28], and 
subjective sensations other than bitterness [4].

The results of this study showed that 40% of patients 
had not become accustomed to the taste of asenap-
ine, even though they had taken it for a median dura-
tion of 3.7 years. Although the relationship between the 
side effects of asenapine and the reason for not being 
accustomed to the taste remains uncertain, our findings 
showed values that exceeded the previously reported 
rates of oral-related adverse effects [12, 29]. This dis-
crepancy might be explained by the fact that the patients 
in this study may have been more comfortable report-
ing asenapine-related adverse events through question-
naires than during a medical examination. In addition, 
it might be explained by the unique focus of this study 
on the bitterness of asenapine because clinicians may 
underestimate problems related to the taste of asenap-
ine since perception of the taste typically disappears 
within 1  h [30]. Furthermore, there may be differences 
in the strength of the perception of bitterness depending 
on individuals or ethnic groups. Individual differences 
in sensitivity to the bitter compound 6-n-propylthiou-
racil (PROP), a marker for taste perception, have been 
reported [31]. Compared with populations of European 
descent, Asians have a significantly higher rate of PROP 
supertasters who perceive it as extremely bitter [15]. 
Another study reported that Asians are far more sensi-
tive to bitter tastes than individuals of African-Ameri-
can, white, or Hispanic ethnic origin [32]. Furthermore, 
clinical data have also shown a higher incidence of oral 
hypoesthesia reported in Asian populations (about 10%) 
than in Western populations (about 5%) [10, 11, 14, 29]. 
Therefore, clinicians should pay more attention to how 
patients feel about taking medicines and their side effects 
and consider discussing these issues with their patients 
and providing interventions to improve medication 
continuation.

This study has several limitations. First, a potential 
sampling bias should be noted, as the majority of our 
patients had been taking asenapine for an extended 
period of time. Different results may be obtained in 
new users who have not become accustomed to the 
taste of asenapine. Second, we calculated the sample 
size depending based only on the change in perceived 
bitterness when patients had started asenapine for 
4 weeks. We could not estimate the effect on continuity 
because this was the first intervention trial to address 
the bitterness of asenapine. Therefore, the sample size 
might be insufficient for accurately evaluating the 
change of willingness to continue asenapine. Third, 

participants are thought to judge their willingness to 
continue based on not only the improvement in per-
ceived bitterness, but also other factors such as incon-
venience with using d-sorbitol pretreatment. It would 
be beneficial to confirm the reason for their answer 
and whether they answered depending on the change 
in perceived bitterness. Fourth, we did not perform 
sex-based analyses in this trial because of the large dif-
ference in the sex ratio. Fifth, the observational period 
was only 3  days. A longer follow-up period is needed 
to establish the effect of d-sorbitol on adherence, even 
though the participants answered that d-sorbitol could 
help them continue asenapine. Sixth, the phrase “not 
accustomed to the taste” for a patient may give not 
only a negative impression, but also a positive or neu-
tral impression. The impact of that phrase on the out-
come needs to be considered.

Conclusion
The results of this single-blind, placebo-controlled, 
crossover trial indicated that single-administration of 
d-sorbitol pretreatment significantly improved the per-
ceived bitterness of asenapine compared with placebo 
among patients with schizophrenia. In countries where 
flavored asenapine is not available, this finding could 
benefit patients who find the bitterness of asenapine 
challenging. Furthermore, d-sorbitol pretreatment 
may improve patients’ quality of life and adherence to 
asenapine, especially those who have difficulty tolerat-
ing the bitter taste of asenapine.
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