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High-Dose Betahistine Improves Cognitive Function in Patients With Schizophrenia: A Randomized Double-Blind Placebo-Controlled Trial
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Background: There is currently no effective treatment for cognitive impairment associated with schizophrenia (CIAS). Recent studies have shown that increased histamine levels in the brain may help to improve CIAS symptoms. Betahistine is an H1-receptor agonist and H3-receptor antagonist. This study evaluated the effect of high-dose betahistine on cognitive function as well as its safety in Chinese Han patients with schizophrenia.

Methods: This randomized double-blind, placebo-controlled trial enrolled 89 patients with schizophrenia who were randomly administered betahistine (72 mg/d) or placebo for 12 weeks. At baseline and at 4, 8, and 12 weeks after commencing the intervention, we measured changes in cognitive function and clinical symptoms using the MATRICS Consensus Cognitive Battery (MCCB) and Positive and Negative Syndrome Scale (PANSS), respectively. Furthermore, we used the Treatment Emergent Symptom Scale (TESS) to assess the adverse effects of the patients' medications.

Results: Compared to the placebo group, the betahistine group showed significant improvements in the MCCB composite score after 12 weeks of treatment (p = 0.003) as well as improvements in MCCB verbal learning (p = 0.02) and visual learning (p = 0.001) domain scores. However, there were no significant improvements in the PANSS total scores or subscores (p > 0.05). Generally, high-dose betahistine treatment was considered safe in patients with schizophrenia.

Conclusions: Additional use of high-dose betahistine can effectively improve cognitive function but not psychiatric symptoms in patients with schizophrenia. Betahistine (72 mg/d) is well tolerated by Chinese Han patients with schizophrenia.

Trial Registration: chictr.org.cn, identifier: ChiCTR1900021078. http://www.chictr.org.cn/edit.aspx?pid=35484&htm=4
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INTRODUCTION

Schizophrenia encompasses a group of mental illnesses of unknown etiology. Patients often present with various symptoms affecting perception, thought, emotion, behavior, and cognition. At least 85% of the patients with schizophrenia have persistent and severe cognitive impairment associated with schizophrenia (CIAS), especially in attention, memory, and executive function. In the past, many studies have shown that cognitive function is the most critical factor affecting daily function and quality of life of patients with schizophrenia (1).

Several studies have demonstrated that second-generation antipsychotics (SGAs) are more effective at improving cognitive function in patients with schizophrenia than first-generation antipsychotics (FGAs). However, Marder et al. (2) noted that many patients treated with SGAs may still be affected by persistent cognitive impairment, and it is currently believed that FGAs and SGAs lead to limited improvement in the cognitive function of patients with schizophrenia (3).

The histaminergic system of the central nervous system (CNS) can be activated by a family of G protein-coupled receptors, including the H1, H2, H3, and H4 histamine receptors, thereby affecting sleep-wake cycles, attention, and metabolic homeostasis (4). Among these receptors, the H3 receptor is expressed on presynaptic membranes to regulate the release not only of histamine but also of acetylcholine (ACh), norepinephrine, dopamine, and serotonin, which are related to cognitive function and regulation of sleep-wake behavior (5). H3-receptor antagonists can promote the release of these neurotransmitters, thereby improving cognitive functions such as attention, working memory, and memory consolidation (6). Animal studies have also indicated that H3-receptor antagonists can enhance cognitive function by increasing histaminergic neurotransmission, thereby improving social recognition memory, spatial learning, and reference memory (7, 8). In clinical trials, H3-receptor antagonists have also demonstrated their ability to enhance cognition in different domains (9–11). These studies suggest that H3-receptor antagonists can be used to treat CIAS.

Betahistine is an H1-receptor agonist and H3-receptor antagonist. Clinically, it has been used for more than 40 years to treat Ménière's disease (MD). Betahistine enters the CNS and improves histaminergic neurotransmission (12). Although several studies have reported subsequent improvements in cognitive function (12–16), they have shown conflicting findings on the effects of betahistine on cognition. Insufficient betahistine doses and short intervention times may have been responsible for the inconsistent improvements in cognitive function observed in previous studies (17, 18). Ruitenbeek et al. (18) noted that addition of betahistine at 48 mg/d did not improve cognitive function in patients with schizophrenia. Researchers believe that after betahistine undergoes extensive first-pass metabolism, the blood concentration of betahistine cannot reach the level necessary to yield improvements in cognition (19). Other researchers have suggested that H3-receptor antagonists have dose-dependent brain cortical activation and wakening effects (20), indicating that the use of high-dose betahistine may improve cognitive function.

Therefore, the present study aimed to investigate the potential effects and safety of high-dose (72 mg/d) betahistine on cognitive function in patients with schizophrenia. To the best of our knowledge, this is the first randomized placebo-controlled study to evaluate the ability of betahistine to improve cognitive function in this population.



PATIENTS AND METHODS


Study Design

This was a 12 week, randomized double-blind, placebo-controlled trial approved by the Ethics Committee of Beijing Huilongguan Hospital (No. 2018-47) and registered with the Chinese Clinical Trial Center (ChiCTR1900021078). After screening according to the medical record system of Beijing Huilongguan Hospital, an investigator met with patients who met the enrollment criteria described below. The investigator explained the content of the informed consent form to the patients in detail and answered their questions. All patients participated in the study voluntarily and signed the informed consent form. Betahistine hydrochloride (Xinxiang LepuHengjiuyuan Pharmaceutical Co., Ltd, Henan, China) was used in this study; the specification was 4 mg/tablet. Patients in the betahistine group took 72 mg of betahistine hydrochloride per day (24 mg t.i.d). Patients in the placebo group took placebo at the same frequency and dose as the betahistine group. The compliance of patients with medication was the responsibility of the doctor in charge and the nurse who was mainly responsible for medication use. The patient took the medicine daily under the supervision of the doctor in charge and medication nurse. We also calculated the patient's medication compliance based on the number of final recalled drugs.



Participants

A total of 109 inpatients with schizophrenia were recruited from Beijing Hui-Long-Guan hospital between January 2019 and January 2020. All patients met the following inclusion criteria: (1) inpatients status and diagnosis of schizophrenia in accordance with the International Classification of Diseases (ICD)-10 criteria, (2) aged 20–59 years, (3) Han nationality, (4) right-handedness, (5) currently use of SGAs at a stable dose over the preceding 6 weeks, (6) education ≥6 years, and (7) stable weight (±5%) for at least 6 months. The exclusion criteria were as follows: (1) use of cognition-enhancing drugs or other investigational agents during the study, (2) electroconvulsive treatment within the previous 2 months, (3) severe or unstable physical diseases, (4) history of alcohol or drug abuse within the previous 12 months, (5) history of severe drug allergy or allergic predisposition, (6) pregnancy or lactation, and (7) betahistine contraindications such as active or a history of peptic ulcer and/or bronchial asthma.



Randomization and Blinding

The randomization table was generated using a computer by the researcher who designed this study. An independent statistician generated a random allocation list using block randomization with variable block sizes (n = 4), which was used to assign participants. The pharmacist participating in the study placed the random numbers in ordinary airtight envelopes marked with the patient numbers. The envelope was kept in the pharmacy and was only opened by the pharmacist when randomizing the study participants. Individuals directly involved in the research have no access to these envelopes. Patients in the placebo group were given the same number of pills and followed the same medication schedule as the betahistine group. To ensure the implementation of the blinding method, medications for both the betahistine group and placebo group were placed in opaque white bottles with the same appearance. Both the patient and the evaluator of the study were blinded to patient grouping. It should be noted that, according to previous studies, betahistine doses of 72 mg/d (or higher) will not cause serious side effects (21). Therefore, the participants in this trial were blinded to the medications they were taking (betahistine or placebo).



Outcome Measures

The primary outcome of this study was cognitive function in patients with schizophrenia. The assessment of cognitive function was carried out as per the Measurement and Treatment to Improve Cognition in Schizophrenia (MATRICS) initiative. We used the MATRICS Consensus Cognitive Battery (MCCB), which includes the following seven major cognition domains: speed of processing, attention/vigilance, working memory, verbal memory, visual learning, reasoning and problem solving, and social cognition (22). Cognitive function was assessed at baseline and 4, 8, and 12 weeks after the drug intervention. MCCB scores were converted into T-scores based on age and sex. High T-scores are considered indicative of high-level cognitive ability. All researchers who conducted the MCCB testing had been trained to do the same.

At baseline and 4, 8, and 12 weeks after the intervention, we also evaluated the patient's psychiatric symptoms. The Positive and Negative Syndrome Scale (PANSS) was used to evaluate the severity of psychiatric symptoms (23). The PANSS scale consists of seven positive symptom scores, seven negative symptom scores, and 16 general psychopathological symptom scores. High PANSS scores reflect severe psychiatric symptoms. The investigators completed consistency training for these scales (intraclass correlation coefficient of >0.8). Furthermore, we used the Treatment Emergent Symptom Scale to evaluate adverse treatment effects (24).



Sample Size

According to the results of our previous preliminary experiments, betahistine improved cognitive function with an average of 6.7 points and a standard deviation (SD) of 6 points in the MCCB composite score. Previous studies have shown that the average 3 month improvement in the MCCB composite score of patients with schizophrenia not taking betahistine was 2.5 (α = 0.05, power = 0.8) (25). Based on our sample size calculation (see Supplementary Material) and considering a dropout rate of ~20%, our study required at least 42 people in each group.



Statistical Analyses

Data analysis was based on intent-to-treat principles. Missing observations were imputed by using the most recent previous observation (the last observation carried forward). Descriptive statistics were used to summarize the baseline characteristics of the participants using the mean and standard deviation (SD) or frequency (proportion), as appropriate. The baseline characteristics of participants were compared according to intervention, using the two-sample t-test for numerical variables and the chi-square test for categorical variables. The differences in the total and subscale scores of the MCCB and PANSS from baseline to week 12 were compared using repeated-measures analysis of variance (ANOVA). The inter-subject factor was the group (betahistine group or placebo group), whereas the intra-subject factor was the time of measurement (baseline and 4, 8, and 12 weeks after the drug intervention). The analyses were performed for each measurement variable, for both the inter- and intra-subject factors, and for interactions in the same group. Cohen's d was calculated to estimate the effect size of the mean intra-group differences in the betahistine and placebo groups. All the analyses were performed using the SPSS 21 package, and bilateral significance tests were also performed, with a significance level of 5%.




RESULTS


Patient Characteristics

We selected patients from Beijing Huilongguan Hospital who met the enrollment criteria between January 2019 and July 2020. A total of 109 patients signed the informed consent form, and 20 patients refused to participate in the study before the test began. Thus, 89 patients participated in the randomization. There were 45 patients in the betahistine group and 44 patients in the placebo group. A total of 13 patients dropped out during the trial (dropout rate: 14.61%). In the betahistine group, 7 were discharged due to discharge (2 were discharged between baseline and 1 month after the intervention, and 5 were discharged 2 months after the intervention). In the placebo group, 6 people were discharged due to discharge (2 were discharged between baseline and 1 month after the intervention, and 4 were discharged 2 months after the intervention). The patients in the betahistine and placebo group withdrew from the study because they were all discharged (Figure 1).
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FIGURE 1. CONSORT flow chart for the present study.


The demographic characteristics of the study population and ratings during screening for each arm of the study are shown in Table 1. There were no significant differences between the betahistine and placebo groups in terms of age (47.40 ± 8.24 and 47.02 ± 9.58 years, respectively), sex (male: 27 and 27, respectively), education (12.96 ± 2.77 and 12.93 ± 3.74 years, respectively), diagnosis (paranoid schizophrenia/residual schizophrenia/undifferentiated schizophrenia:11/32/2 and 10/33/1, respectively), course of illness (23.40 ± 10.58 and 23.02 ± 11.06 years, respectively), course of treatment (21.08 ± 10.58 and 19.86 ± 12.05 years, respectively), smoking status (Yes/No: 14/ 31 and 11/ 33, respectively), chlorpromazine equivalent dose (350.06 ± 128.06 and 303.98 ± 188.71 mg, respectively), treatment with anticholinergic agents (Yes/No: 11/34 and 7/37, respectively), body mass index (25.33 ± 3.43 and 25.26 ± 4.87, respectively), waist circumference (93.53 ± 9.20 and 92.10 ± 15.32 cm, respectively), or hip circumference (99.24 ± 7.35 and 99.42 ± 11.66 cm, respectively). At baseline, there were also no significant differences in cognitive function or the severity of symptoms between the groups.


Table 1. Baseline characteristics of participants by intervention.
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Cognitive Effects

Changes in cognitive function (MCCB) in the betahistine and placebo groups at each visit over the 12 week study period are shown in Table 2. There were time-group effects for verbal learning (F = 3.44, p = 0.02, Cohen's d = 0.63), visual learning (F = 6.07, p = 0.001, Cohen's d = 0.81), and MCCB composite score (F = 5.32, p = 0.003, Cohen's d = 0.68) in favor of the betahistine group, but not for reasoning and problem-solving (F = 0.86, p = 0.46), social cognition (F = 0.91, p = 0.43), attention/vigilance (F = 2.23, p = 0.10), speed of processing (F = 2.27, p = 0.10), or working memory (F = 2.39, p = 0.08). Aspects of cognitive function with time-group effects and changes in those aspects from baseline to each subsequent visit are shown in Figure 2. The betahistine group exhibited a significant difference in verbal learning and visual learning as compared with the placebo group after 12 weeks of treatment (p = 0.002, p = 0.008, respectively). The MCCB composite scores were statistically different between the betahistine group and placebo group at weeks 4, 8, 12 (p = 0.042, p = 0.032, p = 0.008, respectively).


Table 2. MCCB total and subscale scores at baseline and weeks 4, 8, and 12 in the betahistine and placebo groups.
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FIGURE 2. Drug effect on cognitive function scores at each visit. Single asterisk (*) indicates a significant effect when compared with placebo at the same visit with a p-value of < 0.05. Double asterisks indicate a significant effect when compared with placebo at the same visit with a p-value of < 0.01.




Psychiatric Symptoms

The changes in schizophrenia symptoms after 12 weeks of intervention are shown in Table 3. There were no time-group effects for positive symptom scores (F = 1.59, p = 0.20), negative symptom scores (F = 1.60, p = 0.20), general scores (F = 0.85, p = 0.40), or total scores (F = 1.82, p = 0.16) in favor of the betahistine group.


Table 3. PANSS total and subscale scores at baseline, week 4, week 8, and week 12 in the betahistine and placebo groups.
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Adverse Effects

No serious adverse events occurred in the trial (details see Supplementary Table 1). There were no differences in side-effects between the two groups in terms of any rated symptom, and there were no betahistine-related side effects.




DISCUSSION

This study aimed to examine the effects of betahistine on cognitive function in patients with schizophrenia. It is the first randomized placebo-controlled study on the use of high-dose betahistine to treat cognitive impairment in these patients. Simultaneously, this is also the first clinical study to assess the safety of high-dose betahistine (72 mg/d) in a Chinese Han population with schizophrenia. Our analysis indicated that high-dose betahistine can improve cognitive function across various domains in patients with schizophrenia, but not positive or negative symptoms. Our findings also suggest that high-dose betahistine (72 mg/d) is safe in the Chinese Han population.

The MCCB scores were significantly higher in the betahistine group than in the placebo group from weeks 4 to 12. This result suggests that high-dose betahistine (72 mg/d) can significantly improve the cognition of patients who require long-term hospitalization. In the betahistine group, the MCCB composite score increased by 7.26 points after 3 months of treatment. In clinical terms, we believe that an increase in the MCCB composite score > 5 points has certain clinical significance. Well before the development of antipsychotics, some researchers suggested that histamine levels are associated with schizophrenia (26). Recently, some studies have shown that H3-receptor antagonists can improve cognitive function (5, 8, 20) by influencing receptors expressed in several brain regions related to cognition (17). Not only do H3 receptor antagonists increase histamine levels by blocking presynaptic membrane H3 receptors, but H3 receptors also act as heteroreceptors to regulate the release of several neurotransmitters relevant to cognition, such as ACh, dopamine, norepinephrine, and serotonin (10, 27). Studies have demonstrated that H3-receptor antagonists, such as BF2.649 and GSK189254, improve cognition by increasing ACh release in the frontal cortex and/or dorsal hippocampus, which are considered important for cognitive function (20, 28). In addition to increased ACh release, the histamine-receptor antagonist ABT-239 leads to elevated dopamine concentrations in the rat prefrontal cortex (29). Similar results were reported by Ligneau et al. and Medhurst et al. (20, 28). Noradrenergic neurotransmission within the CNS plays an important role in attentional processing and affective behaviors, which is highly regulated through norepinephrine release in the cortical and hippocampal regions from the axon terminals of neurons located in the locus coeruleus (5). Accordingly, rat studies have shown that H3 antagonists increase basal norepinephrine levels in the cingulate cortex and improve cognitive function (28). Given that serotonergic neurons project axons throughout the cortical and hippocampal forebrain regions where H3 receptors are located (5), H3 receptor-mediated serotonin release may also cause changes in cognitive function.

Our findings indicated that betahistine treatment significantly improved verbal learning, visual learning, and MCCB composite scores. Previous studies have reported that verbal learning is related to dopamine levels in the brain (30–32). Takahashi et al. (33) further demonstrated that the level of dopamine in the hippocampus is related to verbal memory. Additionally, dopamine affects visual function, including contrast sensitivity, visual memory, and electroretinographic responses (34). The mechanism by which betahistine improves these three MCCB scores may involve increased levels of neurotransmitters in the brain, especially dopamine.

In accordance with previous findings, the betahistine group did not show significant improvements in the PANSS scores relative to the placebo group. Michael et al. demonstrated that MK-0249, anH3R antagonist, did not significantly improve PANSS scores in patients with schizophrenia (35). Similarly, researchers investigating the use of another H3 receptor antagonist (GSK239512) in stable outpatients with schizophrenia did not report significant improvements in the PANSS scores in the drug intervention group (28). It should be noted that in this study, betahistine was added to existing antipsychotic treatment, which may have blunted its potential effects on schizophrenia symptoms (36).

The present study is the first to investigate the use of high-dose betahistine in Chinese Han patients with schizophrenia. Our analysis revealed that this drug exhibited a good safety profile, consistent with the results of previous studies comprising patients with schizophrenia and MD. After adding 144 mg/d of betahistine or placebo to the treatment regimen in 48 patients, Barak et al. (37) observed good tolerance and compliance with high-dose betahistine in the intervention group, and no serious adverse events were reported. Some studies also reported that the use of betahistine at doses of 288–480 mg/d does not lead to adverse effects (38).

This study had several limitations. First, this study only used a single dose of betahistine for patients with schizophrenia, and we did not include a multiple-dose control group. Previous studies have suggested that different doses of H3-receptor antagonists exhibit different abilities in crossing the blood-brain barrier, which may lead to different effects on cognitive function (19). Second, the patients with schizophrenia included in this study had a long treatment period, and their symptoms were relatively stable, which may explain the lack of significant improvement in their symptoms. Future studies can add multiple dose groups to observe whether different doses improve cognitive function to different degrees. Moreover, future studies may wish to examine the effect of betahistine on psychiatric symptoms in patients with first-episode schizophrenia.



CONCLUSIONS

In general, the present study demonstrated that high-dose betahistine can improve cognitive function in Chinese Han patients with schizophrenia, but not psychiatric symptoms. Our findings also indicate that such treatment is well tolerated in this population.
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