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Background: Although the number of studies on treatment-resistant schizophrenia (TRS) has been increasing, the global research hotspots and future research trends have not yet been established.Objective: This study identify the hotspots of TRS research and predict future research trends using a bibliometric analysis.Methods: The Web of Science Core Collection was searched using the keyword “TRS”, econometric and co-occurrence analyses were conducted using CiteSpace and VOSviewer software, and the results were visualised. PRISMA reporting guidelines were used for this study.Results: In total, 912 publications were included in the analysis. The number of publications on TRS has shown an increasing trend over the past 20 years. The United States and University of London were the countries and institutions with the highest total number of publications, respectively. Schizophrenia Research was the journal with the highest number of articles. American Journal of Psychiatry was the most cited journal. Based on the results of this analysis, cognitive impairment, clozapine-resistant schizophrenia, early-onset schizophrenia, and early recognition of TRS will be hotspots for future research in this field.Conclusion: There has been an upward trend in the number of publications on TRS each year. However, issues such as how to use antipsychotics more efficiently to treat TRS and how to predict the emergence of TRS as early as possible are still in urgent need of research and are current challenges for clinicians. The results of this study not only predict and analyse future research hotspots but also help researchers identify appropriate research directions and partners.Keywords: treatment-resistant schizophrenia, efficiency, clozapine, CiteSpace, bibliometrics analysis, global trends
INTRODUCTION
Schizophrenia is a complex, severe, and progressive mental disorder characterised by a cluster of positive (such as hallucinations and delusions) and negative symptoms (such as diminished volition, emotional apathy, and social withdrawal) (Correll, 2020). This disorder not only affects the patient’s thinking, self-awareness, perception, emotion, language, and behaviour but may also increase all-cause mortality and the risk of suicide (Correll et al., 2022). Some researchers have proposed the concept of the schizophrenia spectrum, which refers to a group of mental disorders associated with schizophrenia that share similar symptoms and features. Thus, schizophrenia may be a continuum of symptoms and disorders, rather than an isolated disorder.
Evidence suggests that the proportion of individuals presenting with schizophrenia spectrum disorders before the age of 25 years is 47.8%, with peak onset at 20.5 years of age (Correll et al., 2017). Reports from the 2016 Global Burden of Disease (GBD) indicate that the prevalence of schizophrenia is increasing worldwide, growing to 21 million cases in 2016 (Charlson et al., 2018). A report from the GBD 2019 noted an increased prevalence of schizophrenia among 25–49-year-olds (Collaborators, 2020). Schizophrenia not only reduces the quality of life of patients, but also creates a huge burden on families and society (Kennedy et al., 2014).
Treatment-resistant schizophrenia (TRS), a clinical problem with heterogeneous presentations, is considered the most severe subtype of schizophrenia. The concept of TRS first appeared in 1966 (Itil et al., 1966), its definition remains vague, and the current definitions of TRS are broadly consistent across different treatment guidelines (Lehman et al., 2004; Hasan et al., 2012; Howes et al., 2017). TRS is generally defined as the persistence of positive symptoms (e.g., delusions, hallucinations, and disturbances in speech and behaviour) in patients who have been administered ≥2 different non-clozapine antipsychotics with an adequate dosage, duration of medication, and adherence. Approximately 30% of patients with a diagnosis of schizophrenia are affected by TRS, and they show partial/no response to initial antipsychotic medications (Meltzer, 1997). A further 10%–60% of patients show an initial response to drug treatment, but develop resistance to drugs as the condition recurs or over time (Kane, 2013). Additional data support the above notion that, with relapse of psychotic symptoms and successive changes to different antipsychotic medications, only approximately 9% of patients respond to a third non-clozapine antipsychotic medication (Kinon et al., 1993).
Currently, pharmacotherapy is the mainstay of treatment for TRS, and there are several commonly used modalities, such as increasing the duration of antipsychotic medication, increasing the dosage of non-clozapine antipsychotics, and combining multiple medications (addition of an affective stabiliser and two or more non-clozapine antipsychotic medications). However, these regimens are limited in their efficacy and may delay the use of clozapine, or even affect the antipsychotic clinical response in patients who do not respond to medication (Taylor et al., 2003; Wheeler, 2008; Howes et al., 2012; Alessi-Severini et al., 2013). Clozapine is the only drug currently approved by the Food and Drug Administration (FDA) for TRS (Kane et al., 2019). However, owing to its potentially life-threatening side effects (e.g., agranulocytosis), the use of clozapine has been limited in certain countries. In addition to medication, non-pharmacologic treatments such as electroconvulsive therapy (ECT) have also been shown to be effective for TRS. However, the aforementioned pharmacologic and non-pharmacologic approaches are not effective for all patients with TRS, which provides additional evidence of the heterogeneity in TRS and suggests that the underlying neurobiological mechanisms of TRS may be different from those of schizophrenia, for which medication is effective. However, to date, these issues have not been conclusively addressed.
An increasing number of studies have begun to focus on the possible neurobiological mechanisms of TRS, effective therapeutic regimens, and the exploration of novel drugs (e.g., glutamate modulators); however, global research hotspots and future research trends in this area are not yet established. Bibliometrics analyses and interprets literature data using mathematical and statistical methods to reveal the structure, trends, patterns, and impact of a particular field of study and visualises the results (Hicks et al., 2015). It helps discover new areas of knowledge and research directions by identifying key concepts and themes in the literature (Ninkov et al., 2022). The aim of this study is to identify the global trends in research on TRS through bibliometric and visualization analyses, to explore the current research state, and to identify the research hotspots and development trends in this field in recent 20 years.
MATERIALS AND METHODS
Data sources
The Web of Science Core Collection (WoSCC) database is one of the most commonly used comprehensive databases for bibliometric analysis and it contains a multidisciplinary index of scholarly literature abstracts that include multiple datasets. We searched the WoSCC database on 24 June 2024. PRISMA reporting guidelines were used for this study (Figure 1). We set the literature search formula to “(title [TI]=(“treatment-resistant” OR “treatment resistant” OR “treatment-refractory” OR “treatment-refractory” OR “Antipsychotic-resistant” OR “Antipsychotic-refractory” OR refractory OR TRS) AND TI=(schizophrenia)) OR (author keyword [AK]=(“treatment-resistant” OR “treatment resistant” OR “treatment-refractory” OR “treatment-refractory” OR “Antipsychotic-resistant” OR “Antipsychotic-refractory” OR refractory OR TRS) AND AK=(schizophrenia))”. We set the types of literature as articles and reviews, excluding other types (such as conference, correspondence, and books). We set the language type to English.
[image: Figure 1]FIGURE 1 | Flow chart of the study.
A total of 1,797 TRS documents were retrieved using the search formula above. After setting the language to English, a total of 1,721 studies were found. After the exclusion of other studies, 912 original studies and reviews were included in the final analysis.
Introduction of bibliometric instruments
CiteSpace (https://citespace.podia.com/) is a scientific literature analysis tool developed by Prof. Chaomei Chen of Drexel University. It is based on the Java programming language and is free of charge to users. The design of CiteSpace is based on a number of theories, including the idea of co-occurrence clustering, structural hole theory, optimal information theory, and the theory of structural variation, which focus on analysing the research frontiers of disciplines as well as their evolution trends and internal connections. CiteSpace uses co-occurrence clustering to analyse information in scientific literature, such as keywords, authors, and institutions, to reveal the implicit patterns and laws of the knowledge structure of the discipline through the co-occurrence relationship of these information units and to detect the influence of the literature.
VOSviewer (https://www.vosviewer.com/) is a scientific knowledge mapping software that is one of the most important tools for bibliometric analysis and visualisation of scientific knowledge and it is mainly used to construct and visualise bibliometric networks. This software was developed in 2009 by van Eck and Waltman at the Center for Science and Technology Research at Leiden University, Netherlands. The core concept of software design is co-occurrence clustering, which reveals the relationships between different research entities (such as journals, literature citations, and keywords) through co-occurrence relationships and provides multiple visualisation modes.
Data analysis
In this study, we used the WoSCC database to retrieve relevant literature using the above search formula. We preliminarily obtained data on annual publication volume, impact factor (IF), and h-index of publications on WoSCC, and used Microsoft Excel (Microsoft Corp., Redmond, WA, United States) to organise and visualise the data. The search results were filtered by language and the type of literature. Relevant literature was saved in plain text format and imported into CiteSpace v6.2 R6. Duplicate studies were eliminated using a data-cleaning function.
Nodes were selected according to the type of analysis to be performed with the following parameter settings: time slice: January 2005–June 2024; term source: title, abstract, author keyword, and keyword; node type: author, institution, country, keyword, citation, citing author, and citing journal; and selection criterion: Top N = 50. Click on the “GO” button to start the analysis. Relevant results were generated using CiteSpace, and visual images were generated simultaneously. The larger the node in the obtained image, the higher the frequency of occurrence of the research entity (such as researcher and keyword) represented by that node.
In addition, we used VOSviewer software to analyse the national knowledge networks and keyword co-occurrence networks of related studies and visualised the results using the R language package, Bibliometrix (https://www.bibliometrix.org/home/).
RESULTS
Distribution of annual publication
Changes in the number of papers are important indicators of trends in this field. From January 2005 to June 2024, a total of 804 articles and reviews with the subject term “TRS” were published, and the annual number of publications showed an increasing trend, indicating that an increasing number of researchers are focusing on TRS. We visualised the annual number of publications using Microsoft Excel 365 (Microsoft Corp.) (Figure 2A) and added a trend line to forecast the number of articles posted. The predicted growth model equation was y = 0.0462x2 + 2.7089x + 4.5781, R2 = 0.6392, with x representing (forecast year - 2005) and y representing the predicted number of publications per year.
[image: Figure 2]FIGURE 2 | (A) The number of publications from 2005 to 2024. (B) Overlay visualization of country/region for TRS research.
Analysis of scientific collaboration network
A total of 67 countries/regions published articles on TRS. Table 1 lists the top 10 countries in terms of the number of publications, with the United States having the highest number of publications in this field (n = 194; 21.27%), followed by England (n = 129; 14.14%) and Canada (n = 108; 11.84%). The top 10 country/region collaborations are listed in Figure 2B, with collaborations between England, the United States, Canada, and Japan being the most common. In addition, we analysed the compositions of the corresponding authors of the articles. Figure 3 shows the composition of corresponding authors in articles published in different countries; SCP stands for single-country publications and MCP stands for multiple-country publications, which reflects the intensity of foreign collaboration in each country in another way. Figure 3 shows that England, Canada, and China have stronger collaborations with foreign researchers.
TABLE 1 | The top 10 productive countries/regions of the topic.
[image: Table 1][image: Figure 3]FIGURE 3 | Corresponding author’s countries of documents related to TRS.
The top 10 institutions by number of publications are listed in Table 2, with the University of London, King’s College London, and the Centre for Addiction & Mental Health - Canada, being the top three institutions in terms of publications in this area. The centrality value for each institutional node was calculated using the CiteSpace software, which was be used to measure the node’s influence and connectivity in the network; a larger centrality value for an institution means that the institution has more extensive collaboration with other institutions. We found that the top three institutions in terms of centrality were the Centre for Addiction and Mental Health - Canada, King’s College London, and the University of Toronto.
TABLE 2 | Top 10 institutions according to publications and the corresponding centrality.
[image: Table 2]Based on the number of publications, we listed the names of the top 10 authors, their institutions, and their h-indices (Table 3). James H. Maccabe was the author with the highest number of publications. Four of the top 10 authors with the most publications were from the University of Naples Federico II, indicating that this institution has a significant influence in the field of TRS. The h-index is a measure of the academic influence of scholars, which is based on the number of citations and papers of a scholar, and it reflects the academic influence of scholars in a relatively objective way. Table 3 shows that the authors with the highest h-index among the top 10 authors in terms of publications were Remington and Gray from Canada.
TABLE 3 | Top 10 authors according to publications, the corresponding institution and h-index.
[image: Table 3]Analysis of journals, co-cited journals, and co-cited references
According to the WoSCC database, articles on TRS were published in 671 journals. The top 10 journals and co-cited journals were mainly in the fields of psychiatry, pharmacology, and brain science (Table 4), and most journals were in the Quartile 1 (Q1) region of the Journal Citation Reports (JCR) partition. The JCR is an annual journal evaluation report published by Clarivate Analytics that provides journal IFs and various other evaluation metrics to help researchers and academic institutions assess the relative importance and impact of journals within their subject areas. The JCR typically categorises journals within each subject area into four quartiles (Q1, Q2, Q3, and Q4), with each zone containing approximately 25% of the journals in that area. Journals in Q1 had the highest IF, whereas journals in Q4 had a relatively low IF. When choosing journals in which to publish research results, researchers can refer to the JCR partitions to select high-impact journals in their respective fields.
TABLE 4 | Top 10 journals and co-cited journals.
[image: Table 4]The journal with the highest number of publications was Schizophrenia Research, followed by Journal of Clinical Psychopharmacology and Journal of Psychopharmacology. An analysis of journal co-citations revealed the contribution of each journal to the field. The top three journals based on co-citation counts were American Journal of Psychiatry (651), Schizophrenia Research (628), and Schizophrenia Bulletin (589). Table 5 shows information on the top 10 highly cited articles.
TABLE 5 | Top 10 highly cited references.
[image: Table 5]Changes in trends of research disciplines
CiteSpace’s dual-map overlay analysis feature can overlay two scientific knowledge graphs to compare and analyse changes in the network structure under different topics or time periods. This feature was used to visualise disciplinary intersections in the TRS field. Figure 4 shows the citation relationships between journals, with citing journals on the left side of the image, cited journals on the right side of the image, and the thicker two blue lines representing the citation paths for the core of the field. The citation path indicated that articles in journals with the theme PSYCHOLOGY/EDUCATION/HEALTH were mostly cited by articles in journals with the related theme MOLECULAR/BIOLOGY/EDUCATION/SOCIAL/GENETIC/PSYCHOLOGY.
[image: Figure 4]FIGURE 4 | Dual-map overlay of article citations for TRS research.
Analysis of co-occurring keywords
We listed the top ten keywords based on their frequencies of occurrence (Table 6). The most frequently occurring keyword was “treatment-resistant schizophrenia,” followed by “clozapine,” “cognitive impairment,” and “efficacy.” We visualised keyword trends using the “Biblometrix” R package and Figure 5 shows keywords with more than 40 occurrences. The size of the circle indicates the frequency of occurrence; the larger the circle, the more frequent the occurrence. The most frequent keywords in the last 5 years were “treatment response,” “psychosis,” and “prevalence.” We clustered the co-occurring keywords to find hot research topics, and the results are shown in Figure 6. Based on an analysis of co-occurring keywords and clustering results, efficacy, antipsychotics, and metabolism were popular research topics.
TABLE 6 | Top 10 keywords in terms of frequency in the TRS research.
[image: Table 6][image: Figure 5]FIGURE 5 | Trends topic based on keywords frequency of occurrence more than 40.
[image: Figure 6]FIGURE 6 | Clusters of co-occurring keywords in TRS research.
Analysis of burst citation
Reference citation bursts illustrate the evolution of the knowledge domain. The blue line represents the period from 2005 to 2024, and the red line represents the duration of the keyword burst. Figure 7 lists the 30 references with high citation volumes. The duration of a citation outburst is indicated by a red line. There were four studies in which the outbreak lasted until 2024 (Farooq et al., 2019; Kane et al., 2019; Nucifora Jr et al., 2019; Potkin et al., 2020). The strongest outbreak intensity (Howes et al., 2017) was reported in a 2016 article published in the American Journal of Psychiatry by Howes et al. Their research team defined resistance by reviewing multiple studies on antipsychotic medications for the treatment of TRS and proposed consistent guidelines that provide a basis for research and clinical translation.
[image: Figure 7]FIGURE 7 | Top 30 references with the strongest citation bursts.
DISCUSSION
This study is the first to use bibliometrics to systematically sort and analyse academic literature in the field of TRS, revealing the research evolution and global trends in the field since 2005. Through a bibliometric lens, this study provides new insights and directions for academic research in the TRS field. The results of the study not only help academics better understand the current state of research in the field of TRS but also provide important guidance and reference for future research. By reducing the blindness of research topic selection, the findings of this study are expected to contribute to the accumulation of knowledge and academic development in the field of TRS and provide strong support for researchers in this field.
Global trends in TRS
Our analysis showed that the number of publications in this field has increased since 2005. The United States had the highest number of publications among a large number of countries/regions, and its collaboration with other countries was more prominent, with larger contributions in this field. The University of London had the most publications in this area of all institutions, followed by King’s College London and the Centre for Addiction and Mental Health in Canada. The author with the most publications was James H. Maccabe from King’s College London. The author with the highest h-index among the top 10 postings was Remington Gray, from the Centre for Addiction & Mental Health - Canada. Although partial collaboration exists between various countries and institutions, the intensity of this collaboration needs to be strengthened. Our study helps researchers understand the research directions of different countries and institutions and find suitable partners.
Status of publications
Most articles in this field were published in journals related to psychiatry, pharmacology, and brain sciences. Among them, the highest number of articles were published in Schizophrenia Research, the official journal of the International Society for the Study of Schizophrenia, which brings together biological, clinical, and psychological research that contributes to the understanding of the biology and treatment of schizophrenia via novel papers to facilitate the synthesis of findings from all disciplines involved in improving the prognosis of people with schizophrenia. The majority of the 10 most co-cited articles dealt with disease management in TRS and mechanisms of antipsychotic resistance, with six of these published in Q1 journals.
The most co-cited article was a consensus guideline on the diagnosis and terminology of TRS developed by the Treatment Response and Resistance in the Psychosis Working Group. This research extracted a definition of treatment resistance through a systematic review of randomised antipsychotic clinical trials between 1980 and 2016 and identified key criteria through multiple methods, culminating in a conference to reach consensus. Nearly half of the included studies did not use fully operationalised criteria; therefore, these studies cannot be fully replicated. Most of these studies used different criteria, which made between-study comparisons difficult. In the current context of inconsistencies in the definition and management of TRS, the group addressed the differences in the definition of TRS and treatment response by establishing a set of consensus criteria to facilitate future research and improve clinical practice, providing a benchmark for future clinical work and research.
Hotpots and frontiers
High-frequency keywords and co-occurring words usually reflect research hotspots or major concerns in the field. Research trends and topic evolution can be identified by analysing the frequency of keyword appearances. By analysing keyword clusters, cluster analysis can help identify emerging research frontiers and predict possible directions for research development. We analysed the results of co-occurring words and cluster analysis to predict future research hotspots in the field, as follows:
TRS and cognitive impairment
Cognitive impairment is one of the core features of people with schizophrenia (Reichenberg et al., 2009; McCleery and Nuechterlein, 2019), including neurocognitive domains (e.g., attention, processing speed, verbal and visual memory, working memory, and executive functioning (Fervaha et al., 2014; Käkelä et al., 2014; Quee et al., 2014)), as well as social cognitive domains (e.g., emotional control and social perception (Minzenberg et al., 2004; Hill et al., 2010)), and is associated with functional deficiencies (Green, 2016). This directly or indirectly reduces the quality of life of patients (Buchanan et al., 1994; Gallhofer et al., 1996; Fagerlund et al., 2004) and is one of the main limiting factors in the rehabilitation of mental disorders (Green et al., 1997; Green et al., 2002; Goldberg et al., 2007). Some studies have found that cognitive impairment may be present early in the disease, even before the onset of psychiatric symptoms (Bora et al., 2017; Glenthøj et al., 2020). As time progresses, most cognitive functions may improve longitudinally or remain unchanged over the disease trajectory, while a minority of cognitive functions progressively deteriorate (Bozikas and Andreou, 2011; Chan et al., 2023). A recent meta-analysis found that patients with TRS had significant deficits in all domains of cognitive functioning compared with patients treated effectively with antipsychotics (Millgate et al., 2022). However, results of current studies on the effects of antipsychotics on cognitive function in patients with schizophrenia are inconsistent. A recent network meta-analysis by Baldez et al. analysed randomised controlled trials using different antipsychotic medications to compare their effects on cognitive function in patients with mental disorders. They found that different antipsychotics improved cognitive function; however, the cognitive domains were improved by different drugs. For example, olanzapine improved several cognitive functions, while clozapine performed poorly in executive functioning and verbal learning (Baldez et al., 2021). Another meta-analysis comparing the cognitive effects of second-generation antipsychotics in patients with schizophrenia found that clozapine negatively affected verbal working memory and executive function but improved verbal fluency (Nielsen et al., 2015). However, these studies did not limit the population to patients with TRS and did not consider the level of cognitive function in patients before and after medication. As the only effective antipsychotic drug for TRS, is important to clarify the effect of clozapine on cognitive function in patients with TRS in future studies, both in terms of medication selection and the prognosis of TRS.
In addition to pharmacological interventions, studies on psychosocial interventions for cognitive deficits in patients with schizophrenia have attracted the attention of most researchers, with cognitive remediation therapy (CRT) showing the most evidence of effectiveness; however, few studies have been conducted on the application of CRT to TRS. CRT is a behavioural training-based intervention designed to improve cognitive processes (Bowie et al., 2020). Martini et al. evaluated the efficacy of CRT in TRS for the first time and compared the cognitive performance of patients with TRS and patients without TRS before and after CRT. Their study found that patients with TRS showed more pronounced improvements in verbal memory and executive functioning than patients with schizophrenia without drug resistance.
In addition, some non-pharmacological treatments based on the promotion of neuroplasticity, such as physical exercise (especially aerobic exercise), have been shown to be beneficial in improving social and cognitive functioning in patients with schizophrenia (Rosenbaum et al., 2014; Dauwan et al., 2016; Firth et al., 2017). A randomised controlled study by Shimada et al. in Japan confirmed that a treatment regimen of aerobic exercise superimposed on conventional treatment (medication and other rehabilitation programs) is more effective and safe than conventional treatment in improving cognition, internal motivation, and interpersonal relationships in patients with schizophrenia (Shimada et al., 2019). However, there is no evidence of aerobic exercise in patients with TRS.
Cognitive impairment has a significant impact on symptom recovery and social functioning rehabilitation in patients with TRS; thus, improvement of cognitive impairment in patients with TRS remains a pressing issue. Despite this, existing evidence for methods of cognitive improvement in TRS is limited, further highlighting the urgent need for new and effective interventions and further exploration of the mechanisms of cognitive deficits in patients with TRS, as well as the optimisation of current conventional treatment protocols. Therefore, the improvement of cognitive deficits in patients with TRS will be an important research topic for future studies.
Clozapine-resistant schizophrenia
Medication is one of the preferred treatments for schizophrenia, but approximately one-third of people with schizophrenia respond poorly to antipsychotic medications (first- or second-generation antipsychotics) (Kane et al., 2019; Wagner et al., 2019), with a <20% reduction in positive and negative syndrome scale scores before and after retreatment. The poor efficacy of antipsychotic medications in patients with TRS is usually associated with poorer prognosis, higher risk of suicide, and poorer social functioning and quality of life, placing a significant economic burden on the patient’s family and society (Kane et al., 2019).
Clozapine is the first second-generation antipsychotic, the first to treat TRS effectively, and the only FDA-approved drug for TRS treatment (Pandey and Kalita, 2022). Unlike traditional first-generation antipsychotics, clozapine has a short duration of action on the D2 receptors, rapid dissociation, and a mechanism of action involving multiple receptors (5-HT2a, alpha-adrenergic, and NMDA receptors). In a real-world study by Tiihonen et al., 29,823 patients with schizophrenia were followed up for rehospitalisation and treatment outcomes, and the results showed that clozapine and long-acting injectable antipsychotics were the most advantageous medications for preventing relapses in schizophrenia (Tiihonen et al., 2017). The results of a recent study showed that patients with TRS who started clozapine later (≥20 years from diagnosis of schizophrenia to initiation of clozapine) had a significantly higher risk of rehospitalisation than those who started treatment earlier (Hatano et al., 2023). In other words, the delayed use of clozapine may increase the risk of long-term hospitalisation in patients with schizophrenia. However, this was a retrospective cohort study based on medical records, which had incomplete data, selection bias, and a small sample size. Therefore, the findings cannot be generalised to the entire population of patients with TRS. Although most studies now consider clozapine as an effective therapeutic agent for TRS, some have reached different conclusions. A network meta-analysis by Mishra et al. that summarised 47 randomised controlled studies showed that combining escitalopram, glycine, or mianserin with antipsychotics was superior to clozapine treatment in patients with TRS. This seems inconsistent with the general consensus in clinical practice (Mishra et al., 2024). It has been shown that about 40%–70% of patients with TRS are poorly treated with single-agent clozapine (Muscatello et al., 2014; Siskind et al., 2017; Roerig, 2019), and the concept of clozapine-resistant schizophrenia (CRS) has been proposed by some researchers. The current key elements regarding CRS include maintenance of a therapeutic dose of 200–500 mg/d, blood levels ≥350 ng/mL, duration of treatment of at least 2–3 months, and good adherence to treatment (ability to take more than 80% of the prescribed dose), but moderately-severe disease and functional impairment persisting despite adequate treatment with clozapine (Mouaffak et al., 2006; Tranulis et al., 2006; Lee et al., 2015). Current research on CRS has provided less high-quality evidence to support the idea that other psychotropic medications and non-pharmacologic treatments can increase the efficacy of clozapine. The addition of another antipsychotic medication to clozapine is currently one of the most common clinical treatments for CRS (Buckley et al., 2001; Pai et al., 2012; Muscatello et al., 2014; Lally and Gaughran, 2019). However, several studies have shown that clozapine in combination with another antipsychotic does not significantly improve overall symptom severity or positive symptom severity (Miyamoto et al., 2015; Faden and Citrome, 2019; Lally and Gaughran, 2019; Roerig, 2019). A few studies on the effects of clozapine in combination with other antipsychotics on negative and depressive symptoms have been published, and no consistent conclusions have been reached. There is less reliable evidence that antidepressants and mood stabilisers increase the efficacy of clozapine. In addition to studies on psychiatric medications that increase the efficacy of clozapine, studies on non-pharmacological treatments, such as ECT, to assist in the treatment of TRS, have begun to receive attention from researchers. Results show that ECT is an effective augmentation strategy (especially when medications do not improve positive symptoms) (Lally and Gaughran, 2019; Roerig, 2019; Wagner et al., 2019), and the modality is fast-acting and relatively safe in combination with antipsychotics. However, ECT has been poorly studied in patients with CRS, and further confirmation of its efficacy in large-sample, rigorously-designed trials is warranted. Moreover, repetitive transcranial magnetic stimulation therapy does not seem to be effective in the treatment of CRS (Wagner et al., 2019; Wagner et al., 2021). A randomised controlled study by Morrison et al. evaluated the efficacy of cognitive therapy (CBT) in patients with CRS and followed them for 21 months. The results showed that CBT provided a statistically significant improvement in overall symptoms in patients with CRS at the end of treatment compared with conventional treatment, but the follow-up results showed that CBT did not produce a lasting improvement in overall symptoms in patients with CRS (Morrison et al., 2018). The results of a recent meta-analysis suggest that CBT is effective in treating positive symptoms in clozapine-resistant patients; however, its efficacy in treating negative symptoms is uncertain (Polese et al., 2019).
CRS may be the most challenging type of schizophrenia to treat, but there is insufficient evidence to provide uniform and effective recommendations for treatment regimens for clozapine-resistant patients. Therefore, optimising clozapine treatment and exploring augmentation therapies for clozapine will be a hot topic for future research. In addition, negative and cognitive symptoms in patients with TRS appear to be less responsive to medication and have a more protracted course than those with positive symptoms. Therefore, exploring treatments for negative and cognitive symptoms of TRS will also be a future research direction in the field of TRS.
Early-onset schizophrenia and early identification of TRS
TRS is a serious mental disorder and one of the main causes of dysfunction and disability in patients; however, the treatment method for TRS is a tricky issue in current clinical practice. Clozapine is the only effective evidence-based drug available for the treatment of TRS. Guidance from the National Institute for health and Care Excellence (NICE) recommend that people with schizophrenia be offered clozapine if their psychotic symptoms do not significantly improve despite the use of ≥2 different antipsychotics in adequate doses (NICE, 2014). However, it is currently impossible for clinicians to accurately predict which patients will not respond to first-line antipsychotic treatment prior to medication administration, making early identification of TRS particularly important given that this has the potential to improve clinical outcomes as early as possible and to reduce social and functional disability due to TRS (Wheeler et al., 2009; Stroup et al., 2016). Lally et al. (2016) followed 246 patients with first-episode schizophrenia for 5 years to assess the clinical and demographic risk factors associated with the emergence of TRS. The results showed that 34% of the patients eventually developed refractory disease, with 70% of patients failing to respond to antipsychotic medication from onset. Furthermore, they found that patients with an earlier age of onset (<20 years) were more likely to develop refractory disease later in life than those with nonrefractory onset. Other studies support the idea that early-onset schizophrenia (EOS) has a worse prognosis than adult-onset schizophrenia (Röpcke and Eggers, 2005; Vyas et al., 2007).
EOS is defined as schizophrenia with an age of onset of 13–17 years (Clemmensen et al., 2012), and a lower prevalence rate than in the general population (Jerrell and McIntyre, 2016; Driver et al., 2020). However, negative symptoms are more common (Rammou et al., 2019), symptoms are more severe (Coulon et al., 2020), and prognosis is poorer in patients with EOS compared to patients with schizophrenia presenting in adulthood (Díaz-Caneja et al., 2015; Stentebjerg-Olesen et al., 2016; Immonen et al., 2017). More importantly, the risk of developing drug resistance is higher (Smart et al., 2021; Iasevoli et al., 2022; Siskind et al., 2022). Nevertheless, this particular group of adolescents is in a period of growth and development, and early manifestations of schizophrenia, neurodevelopmental comorbidities, and other psychiatric disorders may be difficult to differentiate, leading to misdiagnosis and underdiagnosis being more common. Therefore, timely and accurate diagnosis of schizophrenia in adolescents is of great significance for the detection of TRS.
Antipsychotics are currently the first-line clinical treatment for EOS in adolescents (Abidi et al., 2017). An umbrella review from Correll et al. reviewed the safety and tolerability of a variety of medications in children/adolescents with psychiatric disorders and found that antipsychotics (first- or second-generation antipsychotics) were effective for EOS (Correll et al., 2021). Although medication is safer for patients with EOS (Solmi et al., 2020), adolescents are more sensitive to medication side effects compared with adults (Liu et al., 2019). Currently available medications approved for use in adolescents with schizophrenia are limited (Lopez-Morinigo et al., 2022; Smogur et al., 2022), and extra-approved medications will be used in clinical practice after informing the guardian and obtaining his or her consent. Second-generation antipsychotics, such as olanzapine and risperidone, are currently preferred in the clinic; however, their effects on metabolic and endocrine functions should be carefully considered before use. Recent studies suggest that clozapine is more effective than other antipsychotics in the treatment of EOS (Arango et al., 2020; Correll et al., 2021; Adnan et al., 2022), even for refractory EOS (Schneider et al., 2014), with clozapine exhibiting the best results. Age-related differences in drug metabolism and adverse effects must also be considered. In addition, for patients who do not respond to early treatment with antipsychotics, a change in medication or an appropriate dose increase should be considered. However, the identification of TRS and early use of clozapine in patients with EOS remains a concern. All current randomised controlled trials of antipsychotics have been conducted in adult patients, and there is a lack of evidence in patients with EOS.
Based on our findings, the hotspots for future research will include methods for accurately diagnosing EOS at an early stage, identification of patients who may develop refractory TRS at a later stage, selection of reasonable and appropriate antipsychotics, and how to target specific age groups and assign individualised treatment regimens.
Limitations
This study had some limitations. First, clearly many articles that had been accepted in 2024 but not yet published were not be included in the analysis; therefore, it is possible that we underestimated their impact. And bibliometrics usually focuses on formally published literature and ignores the contribution of informal publications such as book, conference papers, preprints, etc. Second, owing to the limitations of the functionality of the software, we only searched for literature in English, potentially missing the contributions of non-English-speaking countries. Third, bibliometrics may be underdeveloped for emerging and cross-cutting disciplines related to TRS, as research in these areas may not yet have developed a stable citation network and recognized evaluation criteria, so we may have overlooked their importance.
CONCLUSION
The number of publications in treatment-resistant schizophrenia (TRS) has been on the rise in recent years, indicating that the field is attracting more and more researchers. The United States ranks first in the number of publications and has more collaborations with other countries. Schizophrenia Research and American Journal of Psychiatry are the journals with the most published articles and the most co-citations, respectively, and future research is likely to focus on areas such as PSYCHOLOGY/EDUCATION areas. However, issues such as how to use antipsychotics more effectively to treat TRS and how to predict the emergence of TRS as early as possible are still in urgent need of investigation and are current challenges for clinicians. The results of this study predicted and analyzed the future research hotspots and showed that cognitive impairment, clozapine resistant schizophrenia, early-onset schizophrenia and early recognition of TRS may attract more researchers’ attention in the future. Also, this study helps researchers to identify appropriate research directions and partners.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
HC: Conceptualization, Methodology, Writing–original draft, Writing–review and editing. RD: Methodology, Software, Visualization, Writing–original draft, Writing–review and editing. JZ: Data curation, Investigation, Validation, Writing–review and editing. XW: Methodology, Writing–review and editing. WL: Funding acquisition, Investigation, Writing–review and editing. KY: Funding acquisition, Writing–original draft, Writing–review and editing. ZW: Funding acquisition, Investigation, Supervision, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by Beijing municipal hospital scientific research and Cultivation Program (PX2021072), Capital’s Funds for Health Improvement and Research (CFH2020-2-2134), Capital’s Funds for Health Improvement and Research (2024-1-2131) and Beijing Hospitals Authority Clinical Medicine Development of Special Funding (XMLX202130).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abidi, S., Mian, I., Garcia-Ortega, I., Lecomte, T., Raedler, T., Jackson, K., et al. (2017). Canadian guidelines for the pharmacological treatment of schizophrenia spectrum and other psychotic disorders in children and youth. Can. J. Psychiatry 62, 635–647. doi:10.1177/0706743717720197
 Adnan, M., Motiwala, F., Trivedi, C., Sultana, T., Mansuri, Z., and Jain, S. (2022). Clozapine for management of childhood and adolescent-onset schizophrenia: a systematic review and meta-analysis. J. Child. Adolesc. Psychopharmacol. 32, 2–11. doi:10.1089/cap.2021.0092
 Alessi-Severini, S., Le Dorze, J. A., Nguyen, D., Honcharik, P., and Eleff, M. (2013). Clozapine prescribing in a Canadian outpatient population. PLoS ONE 8, e83539. doi:10.1371/journal.pone.0083539
 Arango, C., Ng-Mak, D., Finn, E., Byrne, A., and Loebel, A. (2020). Lurasidone compared to other atypical antipsychotic monotherapies for adolescent schizophrenia: a systematic literature review and network meta-analysis. Eur. Child. Adolesc. Psychiatry 29, 1195–1205. doi:10.1007/s00787-019-01425-2
 Baldez, D. P., Biazus, T. B., Rabelo-da-Ponte, F. D., Nogaro, G. P., Martins, D. S., Kunz, M., et al. (2021). The effect of antipsychotics on the cognitive performance of individuals with psychotic disorders: network meta-analyses of randomized controlled trials. Neurosci. Biobehav Rev. 126, 265–275. doi:10.1016/j.neubiorev.2021.03.028
 Bora, E., Akdede, B. B., and Alptekin, K. (2017). The relationship between cognitive impairment in schizophrenia and metabolic syndrome: a systematic review and meta-analysis. Psychol. Med. 47, 1030–1040. doi:10.1017/S0033291716003366
 Bowie, C. R., Bell, M. D., Fiszdon, J. M., Johannesen, J. K., Lindenmayer, J. P., McGurk, S. R., et al. (2020). Cognitive remediation for schizophrenia: an expert working group white paper on core techniques. Schizophr. Res. 215, 49–53. doi:10.1016/j.schres.2019.10.047
 Bozikas, V. P., and Andreou, C. (2011). Longitudinal studies of cognition in first episode psychosis: a systematic review of the literature. Aust. N. Z. J. Psychiatry 45, 93–108. doi:10.3109/00048674.2010.541418
 Buchanan, R. W., Holstein, C., and Breier, A. (1994). The comparative efficacy and long-term effect of clozapine treatment on neuropsychological test performance. Biol. Psychiatry 36, 717–725. doi:10.1016/0006-3223(94)90082-5
 Buckley, P., Miller, A., Olsen, J., Garver, D., Miller, D. D., and Csernansky, J. (2001). When symptoms persist: clozapine augmentation strategies. Schizophr. Bull. 27, 615–628. doi:10.1093/oxfordjournals.schbul.a006901
 Chan, S., Liao, Y., Hui, C., Wong, T. Y., Suen, Y., Chang, W. C., et al. (2023). Longitudinal changes of cognitive function and its relationship with subdomains of negative symptoms in patients with adult-onset first-episode schizophrenia: a 4-year follow up study. Schizophr. Res. 252, 181–188. doi:10.1016/j.schres.2023.01.004
 Charlson, F. J., Ferrari, A. J., Santomauro, D. F., Diminic, S., Stockings, E., Scott, J. G., et al. (2018). Global epidemiology and burden of schizophrenia: findings from the global burden of disease study 2016. Schizophr. Bull. 44, 1195–1203. doi:10.1093/schbul/sby058
 Clemmensen, L., Vernal, D. L., and Steinhausen, H. C. (2012). A systematic review of the long-term outcome of early onset schizophrenia. BMC Psychiatry 12, 150. doi:10.1186/1471-244X-12-150
 Collaborators, G. R. F. (2020). Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 396, 1204–1222. doi:10.1016/S0140-6736(20)30925-9
 Correll, C. U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., Santonastaso, P., et al. (2017). Prevalence, incidence and mortality from cardiovascular disease in patients with pooled and specific severe mental illness: a large-scale meta-analysis of 3,211,768 patients and 1,13,383,368 controls. World Psychiatry 16, 163–180. doi:10.1002/wps.20420
 Correll, C. U., Cortese, S., Croatto, G., Monaco, F., Krinitski, D., Arrondo, G., et al. (2021). Efficacy and acceptability of pharmacological, psychosocial, and brain stimulation interventions in children and adolescents with mental disorders: an umbrella review. World Psychiatry 20, 244–275. doi:10.1002/wps.20881
 Correll, C. U., Solmi, M., Croatto, G., Schneider, L. K., Rohani-Montez, S. C., Fairley, L., et al. (2022). Mortality in people with schizophrenia: a systematic review and meta-analysis of relative risk and aggravating or attenuating factors. World Psychiatry 21, 248–271. doi:10.1002/wps.20994
 Correll, C. U. (2020). Pharmacotherapy of schizophrenia. Nervenarzt 91, 34–42. doi:10.1007/s00115-019-00858-z
 Coulon, N., Godin, O., Bulzacka, E., Dubertret, C., Mallet, J., Fond, G., et al. (2020). Early and very early-onset schizophrenia compared with adult-onset schizophrenia: French FACE-SZ database. Brain Behav. 10, e01495. doi:10.1002/brb3.1495
 Dauwan, M., Begemann, M. J., Heringa, S. M., and Sommer, I. E. (2016). Exercise improves clinical symptoms, quality of life, global functioning, and depression in schizophrenia: a systematic review and meta-analysis. Schizophr. Bull. 42, 588–599. doi:10.1093/schbul/sbv164
 Díaz-Caneja, C. M., Pina-Camacho, L., Rodríguez-Quiroga, A., Fraguas, D., Parellada, M., and Arango, C. (2015). Predictors of outcome in early-onset psychosis: a systematic review. NPJ Schizophr. 1, 14005. doi:10.1038/npjschz.2014.5
 Driver, D. I., Thomas, S., Gogtay, N., and Rapoport, J. L. (2020). Childhood-onset schizophrenia and early-onset schizophrenia spectrum disorders: an update. Child. Adolesc. Psychiatr. Clin. N. Am. 29, 71–90. doi:10.1016/j.chc.2019.08.017
 Faden, J., and Citrome, L. (2019). Resistance is not futile: treatment-refractory schizophrenia - overview, evaluation and treatment. Expert Opin. Pharmacother. 20, 11–24. doi:10.1080/14656566.2018.1543409
 Fagerlund, B., Mackeprang, T., Gade, A., and Glenthøj, B. Y. (2004). Effects of low-dose risperidone and low-dose zuclopenthixol on cognitive functions in first-episode drug-naive schizophrenic patients. CNS Spectr. 9, 364–374. doi:10.1017/s1092852900009354
 Farooq, S., Choudry, A., Cohen, D., Naeem, F., and Ayub, M. (2019). Barriers to using clozapine in treatment-resistant schizophrenia: systematic review. BJ Psych Bull. 43, 8–16. doi:10.1192/bjb.2018.67
 Fervaha, G., Foussias, G., Agid, O., and Remington, G. (2014). Motivational and neurocognitive deficits are central to the prediction of longitudinal functional outcome in schizophrenia. Acta Psychiatr. Scand. 130, 290–299. doi:10.1111/acps.12289
 Firth, J., Stubbs, B., Rosenbaum, S., Vancampfort, D., Malchow, B., Schuch, F., et al. (2017). Aerobic exercise improves cognitive functioning in people with schizophrenia: a systematic review and meta-analysis. Schizophr. Bull. 43, 546–556. doi:10.1093/schbul/sbw115
 Gallhofer, B., Bauer, U., Lis, S., Krieger, S., and Gruppe, H. (1996). Cognitive dysfunction in schizophrenia: comparison of treatment with atypical antipsychotic agents and conventional neuroleptic drugs. Eur. Neuropsychopharmacol. 6 (Suppl. 2), S13–S20. doi:10.1016/0924-977x(96)00010-7
 Glenthøj, L. B., Mariegaard, L. S., Fagerlund, B., Jepsen, J., Kristensen, T. D., Wenneberg, C., et al. (2020). Effectiveness of cognitive remediation in the ultra-high risk state for psychosis. World Psychiatry 19, 401–402. doi:10.1002/wps.20760
 Goldberg, T. E., Goldman, R. S., Burdick, K. E., Malhotra, A. K., Lencz, T., Patel, R. C., et al. (2007). Cognitive improvement after treatment with second-generation antipsychotic medications in first-episode schizophrenia: is it a practice effect. Archives general psychiatry 64, 1115–1122. doi:10.1001/archpsyc.64.10.1115
 Green, M. F., Marshall, B. D., Wirshing, W. C., Ames, D., Marder, S. R., McGurk, S., et al. (1997). Does risperidone improve verbal working memory in treatment-resistant schizophrenia. Am. J. Psychiatry 154, 799–804. doi:10.1176/ajp.154.6.799
 Green, M. F., Marder, S. R., Glynn, S. M., McGurk, S. R., Wirshing, W. C., Wirshing, D. A., et al. (2002). The neurocognitive effects of low-dose haloperidol: a two-year comparison with risperidone. Biol. Psychiatry 51, 972–978. doi:10.1016/s0006-3223(02)01370-7
 Green, M. F. (2016). Impact of cognitive and social cognitive impairment on functional outcomes in patients with schizophrenia. J. Clin. Psychiatry 77 (Suppl. 2), 8–11. doi:10.4088/JCP.14074su1c.02
 Hasan, A., Falkai, P., Wobrock, T., Lieberman, J., Glenthoj, B., Gattaz, W. F., et al. (2012). World federation of societies of biological psychiatry (WFSBP) guidelines for biological treatment of schizophrenia, part 1: update 2012 on the acute treatment of schizophrenia and the management of treatment resistance. World J. Biol. Psychiatry 13, 318–378. doi:10.3109/15622975.2012.696143
 Hatano, M., Kamei, H., Takeuchi, I., Gomi, K., Sakakibara, T., Hotta, S., et al. (2023). Long-term outcomes of delayed clozapine initiation in treatment-resistant schizophrenia: a multicenter retrospective cohort study. BMC Psychiatry 23, 673. doi:10.1186/s12888-023-05176-y
 Hicks, D., Wouters, P., Waltman, L., de Rijcke, S., and Rafols, I. (2015). Bibliometrics: the leiden manifesto for research metrics. Nature 520, 429–431. doi:10.1038/520429a
 Hill, S. K., Bishop, J. R., Palumbo, D., and Sweeney, J. A. (2010). Effect of second-generation antipsychotics on cognition: current issues and future challenges. Expert Rev. Neurother. 10, 43–57. doi:10.1586/ern.09.143
 Howes, O. D., Vergunst, F., Gee, S., McGuire, P., Kapur, S., and Taylor, D. (2012). Adherence to treatment guidelines in clinical practice: study of antipsychotic treatment prior to clozapine initiation. Br. J. Psychiatry 201, 481–485. doi:10.1192/bjp.bp.111.105833
 Howes, O. D., McCutcheon, R., Agid, O., de Bartolomeis, A., van Beveren, N. J., Birnbaum, M. L., et al. (2017). Treatment-resistant schizophrenia: treatment response and resistance in psychosis (TRRIP) working group consensus guidelines on diagnosis and terminology. Am. J. Psychiatry 174, 216–229. doi:10.1176/appi.ajp.2016.16050503
 Iasevoli, F., Razzino, E., Altavilla, B., Avagliano, C., Barone, A., Ciccarelli, M., et al. (2022). Relationships between early age at onset of psychotic symptoms and treatment resistant schizophrenia. Early Interv. Psychiatry 16, 352–362. doi:10.1111/eip.13174
 Immonen, J., Jääskeläinen, E., Korpela, H., and Miettunen, J. (2017). Age at onset and the outcomes of schizophrenia: a systematic review and meta-analysis. Early Interv. Psychiatry 11, 453–460. doi:10.1111/eip.12412
 Itil, T. M., Keskiner, A., and Fink, M. (1966). Therapeutic studies in “therapy resistant” schizophrenic patients. Compr. Psychiatry 7, 488–493. doi:10.1016/s0010-440x(66)80028-7
 Jerrell, J. M., and McIntyre, R. S. (2016). Factors differentiating childhood-onset and adolescent-onset schizophrenia:A claims database study. Prim. care companion CNS Disord. 18. doi:10.4088/PCC.15m01901
 Käkelä, J., Panula, J., Oinas, E., Hirvonen, N., Jääskeläinen, E., and Miettunen, J. (2014). Family history of psychosis and social, occupational and global outcome in schizophrenia: a meta-analysis. Acta Psychiatr. Scand. 130, 269–278. doi:10.1111/acps.12317
 Kane, J. M., Agid, O., Baldwin, M. L., Howes, O., Lindenmayer, J. P., Marder, S., et al. (2019). Clinical guidance on the identification and management of treatment-resistant schizophrenia. J. Clin. Psychiatry 80. doi:10.4088/JCP.18com12123
 Kane, J. M. (2013). Improving patient outcomes in schizophrenia: achieving remission, preventing relapse, and measuring success. J. Clin. Psychiatry 74, e18. doi:10.4088/JCP.12117tx1c
 Kennedy, J. L., Altar, C. A., Taylor, D. L., Degtiar, I., and Hornberger, J. C. (2014). The social and economic burden of treatment-resistant schizophrenia: a systematic literature review. Int. Clin. Psychopharmacol. 29, 63–76. doi:10.1097/YIC.0b013e32836508e6
 Kinon, B. J., Kane, J. M., Chakos, M., and Munne, R. (1993). Possible predictors of neuroleptic-resistant schizophrenic relapse: influence of negative symptoms and acute extrapyramidal side effects. Psychopharmacol. Bull. 29, 365–369.
 Lally, J., and Gaughran, F. (2019). Treatment resistant schizophrenia - review and a call to action. Ir. J. Psychol. Med. 36, 279–291. doi:10.1017/ipm.2018.47
 Lally, J., Ajnakina, O., Di Forti, M., Trotta, A., Demjaha, A., Kolliakou, A., et al. (2016). Two distinct patterns of treatment resistance: clinical predictors of treatment resistance in first-episode schizophrenia spectrum psychoses. Psychol. Med. 46, 3231–3240. doi:10.1017/S0033291716002014
 Lee, J., Takeuchi, H., Fervaha, G., Sin, G. L., Foussias, G., Agid, O., et al. (2015). Subtyping schizophrenia by treatment response: antipsychotic development and the central role of positive symptoms. Can. J. Psychiatry 60, 515–522. doi:10.1177/070674371506001107
 Lehman, A. F., Lieberman, J. A., Dixon, L. B., McGlashan, T. H., Miller, A. L., Perkins, D. O., et al. (2004). Practice guideline for the treatment of patients with schizophrenia, second edition. Am. J. Psychiatry 161, 1–56.
 Liu, X. I., Schuette, P., Burckart, G. J., Green, D. J., La, J., Burnham, J. M., et al. (2019). A comparison of pediatric and adult safety studies for antipsychotic and antidepressant drugs submitted to the United States Food and drug administration. J. Pediatr. 208, 236–242. doi:10.1016/j.jpeds.2018.12.033
 Lopez-Morinigo, J. D., Leucht, S., and Arango, C. (2022). Pharmacological treatment of early-onset schizophrenia: a critical review, evidence-based clinical guidance and unmet needs. Pharmacopsychiatry 55, 233–245. doi:10.1055/a-1854-0185
 McCleery, A., and Nuechterlein, K. H. (2019). Cognitive impairment in psychotic illness: prevalence, profile of impairment, developmental course, and treatment considerations. Dialogues Clin. Neurosci. 21, 239–248. doi:10.31887/DCNS.2019.21.3/amccleery
 Meltzer, H. Y. (1997). Treatment-resistant schizophrenia--the role of clozapine. Curr. Med. Res. Opin. 14, 1–20. doi:10.1185/03007999709113338
 Millgate, E., Hide, O., Lawrie, S. M., Murray, R. M., MacCabe, J. H., and Kravariti, E. (2022). Neuropsychological differences between treatment-resistant and treatment-responsive schizophrenia: a meta-analysis. Psychol. Med. 52, 1–13. doi:10.1017/S0033291721004128
 Minzenberg, M. J., Poole, J. H., Benton, C., and Vinogradov, S. (2004). Association of anticholinergic load with impairment of complex attention and memory in schizophrenia. Am. J. Psychiatry 161, 116–124. doi:10.1176/appi.ajp.161.1.116
 Mishra, A., Maiti, R., Mishra, B. R., and Srinivasan, A. (2024). Efficacy of pharmacological agents for the management of treatment-resistant schizophrenia: a network meta-analysis. Expert Rev. Clin. Pharmacol. 17, 293–302. doi:10.1080/17512433.2024.2310715
 Miyamoto, S., Jarskog, L. F., and Fleischhacker, W. W. (2015). Schizophrenia: when clozapine fails. Curr. Opin. Psychiatry 28, 243–248. doi:10.1097/YCO.0000000000000159
 Morrison, A. P., Pyle, M., Gumley, A., Schwannauer, M., Turkington, D., MacLennan, G., et al. (2018). Cognitive behavioural therapy in clozapine-resistant schizophrenia (FOCUS): an assessor-blinded, randomised controlled trial. Lancet Psychiatry 5, 633–643. doi:10.1016/S2215-0366(18)30184-6
 Mouaffak, F., Tranulis, C., Gourevitch, R., Poirier, M. F., Douki, S., Olié, J. P., et al. (2006). Augmentation strategies of clozapine with antipsychotics in the treatment of ultraresistant schizophrenia. Clin. Neuropharmacol. 29, 28–33. doi:10.1097/00002826-200601000-00009
 Muscatello, M. R., Bruno, A., De Fazio, P., Segura-Garcia, C., Pandolfo, G., and Zoccali, R. (2014). Augmentation strategies in partial responder and/or treatment-resistant schizophrenia patients treated with clozapine. Expert Opin. Pharmacother. 15, 2329–2345. doi:10.1517/14656566.2014.956082
 NICE (2014). Psychosis and schizophrenia in adults: prevention and management. London: National Institute for Health and Care Excellence. 
 Nielsen, R. E., Levander, S., Kjaersdam Telléus, G., Jensen, S. O., Østergaard Christensen, T., and Leucht, S. (2015). Second-generation antipsychotic effect on cognition in patients with schizophrenia--a meta-analysis of randomized clinical trials. Acta Psychiatr. Scand. 131, 185–196. doi:10.1111/acps.12374
 Ninkov, A., Frank, J. R., and Maggio, L. A. (2022). Bibliometrics: methods for studying academic publishing. Perspect. Med. Educ. 11, 173–176. doi:10.1007/s40037-021-00695-4
 Nucifora, F. C., Woznica, E., Lee, B. J., Cascella, N., and Sawa, A. (2019). Treatment resistant schizophrenia: clinical, biological, and therapeutic perspectives. Neurobiol. Dis. 131, 104257. doi:10.1016/j.nbd.2018.08.016
 Pai, N. B., Laidlaw, M., and Vella, S. C. (2012). Augmentation of clozapine with another pharmacological agent: treatment for refractory schizophrenia in the 'real world. Acta Psychiatr. Scand. 126, 40–46. doi:10.1111/j.1600-0447.2012.01854.x
 Pandey, A., and Kalita, K. N. (2022). Treatment-resistant schizophrenia: how far have we traveled. Front. Psychiatry 13, 994425. doi:10.3389/fpsyt.2022.994425
 Polese, D., Fornaro, M., Palermo, M., De Luca, V., and de Bartolomeis, A. (2019). Treatment-resistant to antipsychotics: a resistance to everything? Psychotherapy in treatment-resistant schizophrenia and nonaffective psychosis: a 25-year systematic review and exploratory meta-analysis. Front. Psychiatry 10, 210. doi:10.3389/fpsyt.2019.00210
 Potkin, S. G., Kane, J. M., Correll, C. U., Lindenmayer, J. P., Agid, O., Marder, S. R., et al. (2020). The neurobiology of treatment-resistant schizophrenia: paths to antipsychotic resistance and A roadmap for future research. Focus 18, 456–465. doi:10.1176/appi.focus.18309
 Quee, P. J., van der Meer, L., Krabbendam, L., de Haan, L., Cahn, W., Wiersma, D., et al. (2014). Insight change in psychosis: relationship with neurocognition, social cognition, clinical symptoms and phase of illness. Acta Psychiatr. Scand. 129, 126–133. doi:10.1111/acps.12138
 Rammou, A., Fisher, H. L., Johnson, S., Major, B., Rahaman, N., Chamberlain-Kent, N., et al. (2019). Negative symptoms in first-episode psychosis: clinical correlates and 1-year follow-up outcomes in London Early Intervention Services. Early Interv. Psychiatry 13, 443–452. doi:10.1111/eip.12502
 Reichenberg, A., Harvey, P. D., Bowie, C. R., Mojtabai, R., Rabinowitz, J., Heaton, R. K., et al. (2009). Neuropsychological function and dysfunction in schizophrenia and psychotic affective disorders. Schizophr. Bull. 35, 1022–1029. doi:10.1093/schbul/sbn044
 Roerig, J. L. (2019). Clozapine augmentation strategies. Ment. health Clin. 9, 336–348. doi:10.9740/mhc.2019.11.336
 Röpcke, B., and Eggers, C. (2005). Early-onset schizophrenia: a 15-year follow-up. Eur. Child. Adolesc. Psychiatry 14, 341–350. doi:10.1007/s00787-005-0483-6
 Rosenbaum, S., Tiedemann, A., Sherrington, C., Curtis, J., and Ward, P. B. (2014). Physical activity interventions for people with mental illness: a systematic review and meta-analysis. J. Clin. Psychiatry 75, 964–974. doi:10.4088/JCP.13r08765
 Schneider, C., Corrigall, R., Hayes, D., Kyriakopoulos, M., and Frangou, S. (2014). Systematic review of the efficacy and tolerability of clozapine in the treatment of youth with early onset schizophrenia. Eur. Psychiatry 29, 1–10. doi:10.1016/j.eurpsy.2013.08.001
 Shimada, T., Ito, S., Makabe, A., Yamanushi, A., Takenaka, A., and Kobayashi, M. (2019). Aerobic exercise and cognitive functioning in schizophrenia: a pilot randomized controlled trial. Psychiatry Res. 282, 112638. doi:10.1016/j.psychres.2019.112638
 Siskind, D., Siskind, V., and Kisely, S. (2017). Clozapine response rates among people with treatment-resistant schizophrenia: data from a systematic review and meta-analysis. Can. J. Psychiatry 62, 772–777. doi:10.1177/0706743717718167
 Siskind, D., Orr, S., Sinha, S., Yu, O., Brijball, B., Warren, N., et al. (2022). Rates of treatment-resistant schizophrenia from first-episode cohorts: systematic review and meta-analysis. Br. J. Psychiatry 220, 115–120. doi:10.1192/bjp.2021.61
 Smart, S. E., Kępińska, A. P., Murray, R. M., and MacCabe, J. H. (2021). Predictors of treatment resistant schizophrenia: a systematic review of prospective observational studies. Psychol. Med. 51, 44–53. doi:10.1017/S0033291719002083
 Smogur, M., Onesanu, A., Plessen, K. J., Eap, C. B., and Ansermot, N. (2022). Psychotropic drug prescription in children and adolescents: approved medications in European countries and the United States. J. Child. Adolesc. Psychopharmacol. 32, 80–88. doi:10.1089/cap.2021.0027
 Solmi, M., Fornaro, M., Ostinelli, E. G., Zangani, C., Croatto, G., Monaco, F., et al. (2020). Safety of 80 antidepressants, antipsychotics, anti-attention-deficit/hyperactivity medications and mood stabilizers in children and adolescents with psychiatric disorders: a large scale systematic meta-review of 78 adverse effects. World Psychiatry 19, 214–232. doi:10.1002/wps.20765
 Stentebjerg-Olesen, M., Pagsberg, A. K., Fink-Jensen, A., Correll, C. U., and Jeppesen, P. (2016). Clinical characteristics and predictors of outcome of schizophrenia-spectrum psychosis in children and adolescents: a systematic review. J. Child. Adolesc. Psychopharmacol. 26, 410–427. doi:10.1089/cap.2015.0097
 Stroup, T. S., Gerhard, T., Crystal, S., Huang, C., and Olfson, M. (2016). Comparative effectiveness of clozapine and standard antipsychotic treatment in adults with schizophrenia. Am. J. Psychiatry 173, 166–173. doi:10.1176/appi.ajp.2015.15030332
 Taylor, D. M., Young, C., and Paton, C. (2003). Prior antipsychotic prescribing in patients currently receiving clozapine: a case note review. J. Clin. Psychiatry 64, 30–34. doi:10.4088/jcp.v64n0107
 Tiihonen, J., Mittendorfer-Rutz, E., Majak, M., Mehtälä, J., Hoti, F., Jedenius, E., et al. (2017). Real-world effectiveness of antipsychotic treatments in a nationwide cohort of 29 823 patients with schizophrenia. JAMA Psychiatry 74, 686–693. doi:10.1001/jamapsychiatry.2017.1322
 Tranulis, C., Mouaffak, F., Chouchana, L., Stip, E., Gourevitch, R., Poirier, M. F., et al. (2006). Somatic augmentation strategies in clozapine resistance--what facts. Clin. Neuropharmacol. 29, 34–44. doi:10.1097/00002826-200601000-00010
 Vyas, N. S., Hadjulis, M., Vourdas, A., Byrne, P., and Frangou, S. (2007). The Maudsley early onset schizophrenia study. Predictors of psychosocial outcome at 4-year follow-up. Eur. Child. Adolesc. Psychiatry 16, 465–470. doi:10.1007/s00787-007-0621-4
 Wagner, E., Löhrs, L., Siskind, D., Honer, W. G., Falkai, P., and Hasan, A. (2019). Clozapine augmentation strategies - a systematic meta-review of available evidence. Treatment options for clozapine resistance. J. Psychopharmacol. Oxf. Engl. 33, 423–435. doi:10.1177/0269881118822171
 Wagner, E., Wobrock, T., Kunze, B., Langguth, B., Landgrebe, M., Eichhammer, P., et al. (2019). Efficacy of high-frequency repetitive transcranial magnetic stimulation in schizophrenia patients with treatment-resistant negative symptoms treated with clozapine. Schizophr. Res. 208, 370–376. doi:10.1016/j.schres.2019.01.021
 Wagner, E., Honer, W. G., Sommer, I. E., Koops, S., Blumberger, D. M., Daskalakis, Z. J., et al. (2021). Repetitive transcranial magnetic stimulation (rTMS) for schizophrenia patients treated with clozapine. World J. Biol. Psychiatry 22, 14–26. doi:10.1080/15622975.2020.1733080
 Wheeler, A., Humberstone, V., and Robinson, G. (2009). Outcomes for schizophrenia patients with clozapine treatment: how good does it get. J. Psychopharmacol. Oxf. Engl. 23, 957–965. doi:10.1177/0269881108093588
 Wheeler, A. J. (2008). Treatment pathway and patterns of clozapine prescribing for schizophrenia in New Zealand. Ann. Pharmacother. 42, 852–860. doi:10.1345/aph.1K662
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Cai, Du, Zhang, Wang, Li, Yang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1478625-t006.jpg
Rank Keyword Frequency

1 treatment-resistant schizophrenia 387
2 1 clozapine 160
3 cognition impairment 136
4 efficacy 86
E | risperidone 78
6 antipsychotics 77
7 negative symptoms 76
8 ‘metabolism 62
9 psychosis 56

10 guidelines 55






OPS/xhtml/nav.xhtml
Contents

		Cover

		Knowledge domain and trends in treatment-resistant schizophrenia (TRS) research based on CiteSpace bibliometrics analysis		Background

		Objective

		Methods

		Results

		Conclusion

		Introduction

		Materials and methods		Data sources

		Introduction of bibliometric instruments

		Data analysis





		Results		Distribution of annual publication

		Analysis of scientific collaboration network

		Analysis of journals, co-cited journals, and co-cited references

		Changes in trends of research disciplines

		Analysis of co-occurring keywords

		Analysis of burst citation





		Discussion		Global trends in TRS

		Status of publications

		Hotpots and frontiers

		Limitations





		Conclusion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/fphar-15-1478625-t005.jpg
Author Title (publication year)

Howes O. D. et al. Treatment-resistant schizophrenia: treatment response and
resistance in psychosis (TRRIP) working group consensus

guidelines on diagnosis and terminology (2017)

Journal (IF2023)

American journal of psychiatry (17.7/Q1)

Siskind D. et al. Clozapine response rates among people with treatment-
resistant schizophrenia: data from a systematic review and

‘meta-analysis (2017)

Lally J. et al. ‘Two distinct patterns of treatment resistance: clinical
predictors of treatment resistance in first-episode
schizophrenia spectrum psychoses (2016)

Kane J. M. et al. Clinical guidance on the identification and management of

treatment-resistant schizophrenia (2019)

Canadian journal of psychiatry (5.32/Q2)

Psychological medicine (6.985/Q1)

Journal of clinical psychiatry (5.3/Q2)

Nucifora F. C. et al. Treatment resistant schizophrenia: clinical, biological, and

therapeutic perspectives (2019)

Potkin S. G. et al. ‘The neurobiology of treatment-resistant schizophrenia: paths
to antipsychotic resistance and a roadmap for future rescarch

(2020)

Neurobiology of disease (6.1/Q1)

NPJ Schizophrenia (5.46/Q2)

Egerton A. et al. Dopamine and glutamate in antipsychotic-responsive
compared with antipsychotic-nonresponsive psychosis: a
multicenter positron emission tomography and magnetic

resonance spectroscopy study (STRATA) (2021)

Siskind D. et al. Clozapine v. first- and second-generation antipsychotics in
treatment-refractory schizophrenia: systematic review and

meta-analysis. (2016)

‘The social and economic burden of treatment-resistant
schizophrenia: a systematic literature review (2014)

Kennedy J. L. et al.

Bachmann C. . et al. International trends in clozapine use: a study in 17 countries

Schizophrenia bulletin (6.6/Q1)

The british journal of psychiatry (10.5/Q1)

International clinical psychopharmacology (2.6/Q3)

Acta psychiatrica scandinavica (6.7/Q1)





OPS/images/fphar-15-1478625-t004.jpg
Items Ranking Name Counts IF2023 JCR
Co-cited Journals 1 American journal of psychiatry [ 651 17.7 Q
2 Schizophrenia research 628 45 Q@
3 Schizophrenia bulletin 589 66 Q
4 Journal of clinical psychiatry 501 53 Q@
5 Archives of general psychiatry 470 NA NA
6 ‘The british journal of psychiatry 443 105 a
7 Biological psychiatry 438 10.6 Q
8 [ Psychiatry research 397 13 Q
9 Acta psychiatrica scandinavica 377 67 Q
10 [ Progress in neuro-psychopharmacology and biological psychiatry 323 56 Q
Journal 1 Schizophrenia research 61 45 @
2 Journal of clinical psychopharmacology 38 29 @
[ 3 Journal of psychopharmacology | 36 4.1 Q
4 [ Psychiatry research 35 13 Q
5 Journal of clinical psychiatry I 53 ‘@
6 [ Frontiersin psychiatry 26 47 @
7 Asian journal of psychiatry 18 95 Q
8 [ Journal of psychiatric research 18 48 Q@
9 BMC psychiatry 17 44 @
10 | International cinical psychopharmacology 16 26 )






OPS/images/fphar-15-1478625-t003.jpg
Rank Author Insti

1 Maccabe, James H. 28 King’s College London

2 de bartolomeis, Andrea 26 University of Naples Federico 11 2
3 Tasevoli, Felice 19 University of Naples Federico II 37
4 Iyo, Masaomi 18 Chiba University 61
5 Remington, Gary 17 Centre for Addiction and Mental Health - Canada 67
6 Barone, Annarita v University of Naples Federico II 9
7 Kanahara, Nobuhisa 15 Chiba University 2
8 Lally, John 5 King’s College London 2
9 Graff-guerrero, Ariel 12 University of Toronto 39
10 Velluc, Licia 12 University of Naples Federico 1T 8










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-15-1478625-g005.gif
frend Topics






OPS/images/fphar-15-1478625-g006.gif





OPS/images/fphar-15-1478625-g003.gif





OPS/images/fphar-15-1478625-g004.gif





OPS/images/fphar-15-1478625-t002.jpg
Rank

10

Name

University of London

King’s College London

Centre for Addiction and Mental Health - Canada
University of Toronto

South London and Maudsley NHS Trust

Keio University

Northwell Health

Chiba University

University of Naples Federico 1T

Aarhus University

Number

90

88

48

46

38

36

29

26

23

15

Centrality
013
014
0.17
0.11
002
0.07
021
004
002

0.01






OPS/images/fphar-15-1478625-g007.gif
Top 30 References with the Strongest Citation Bursts.

e, CHAT B8 115,501 1101 01165205 001
g o . U AT 15 O A $0010 0
ity 308 PR 011036448001
T s D 15 O RN 6801
o 8 ORI L 700 41 01

oS tegn s 208220

P -

e 15, 1SN i, e 5001 150 0
vy . 314 o LN YA P03 D0 10507 OB 55
o 13 AL o8 P89 Do 05 TS T

o s, A L 1. 001010 g RO 801
i 27 AP 73 5000 T s 3014 51

aryo A 14 O 75 1 6 1 B B,
e o s G et M 00

Ve s S o 6 Bt 019 L0150 01

A S A P T 00 6 T B

Kt 1 R LA A 1001071 L0390 G
e )t A 1 P S0t A G

Ll L 00 o i
i e, AT o A0 5725 6 0 1400 0
Mt o N B PG AR, 01
A 6 AT POAAT VT 45 o S AR & 01
P, . AT 01100 s 009 00

e ) O AN 8 . o S 1

S Sty s 00O 0 01
B T .00

saon
sty
e

Il

i






OPS/images/fphar-15-1478625-t001.jpg
Country Number of publicati

United States 194 2412
England 129 16.04
Canada 108 1343
Japan o 1269
China 66 821
Italy o 7.96
Australia 57 7.09
Germany 47 585
India 45 5.60
Brazil 41 510






OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Knowledge domain and trends
in treatment-resistant
schizophrenia (TRS) research
based on CiteSpace
bibliometrics analysis





OPS/images/fphar-15-1478625-g001.gif
e o0

[rT—

it i s

] e e s ek

e i

Pr———

o






OPS/images/fphar-15-1478625-g002.gif
;n.nmll Iﬂ ”/






