
 

Int. J. Mol. Sci. 2015, 16, 23012-23034; doi:10.3390/ijms160923012 
 

International Journal of 

Molecular Sciences 
ISSN 1422-0067 

www.mdpi.com/journal/ijms 

Review 

Quo Vadis Clozapine? A Bibliometric Study of 45 Years of 
Research in International Context 

Francisco López-Muñoz 1,2,3,*, Javier Sanz-Fuentenebro 3,4,5, Gabriel Rubio 3,4,6,7,  

Pilar García-García 2 and Cecilio Álamo 2 

1 Faculty of Health Sciences and Chair of Genomic Medicine, Camilo José Cela University,  

C/Castillo de Alarcón, 49, Urb. Villafranca del Castillo, 28692 Villanueva de la Cañada,  

Madrid, Spain 
2 Department of Biomedical Sciences (Pharmacology Area),  

Faculty of Medicine and Health Sciences, University of Alcalá, Campus Universitario-C/19,  

Ctra. Madrid-Barcelona, Km. 33,600, 28871 Alcalá de Henares, Madrid, Spain;  

E-Mails: pigarcia@grupojuste.com (P.G.-G.); cecilioalamo@hotmail.com (C.A.) 
3 Neuropsychopharmacology Unit, “Hospital 12 de Octubre” Research Institute, Avda. Córdoba, s/n, 

Madrid 28041, Spain; E-Mails: fjavisanzf@gmail.com (J.S.-F.);  

gabriel.rubio@salud.madrid.org (G.R.) 
4 Department of Psychiatry, 12 de Octubre University Hospital, Avda. Córdoba, s/n,  

Madrid 28041, Spain 
5 Biomedical Research Center Network for Mental Health (CIBERSAM), Madrid 28029, Spain 
6 Department of Psychiatry, Complutense University, Plaza de Ramón y Cajal, s/n,  

Ciudad Universitaria, Madrid 28040, Spain 
7 Networks for Cooperative Research in Health (RETICS-Addictive Disorder Network),  

Institute of Health Carlos III (ISCIII), MICINN and FEDER, Madrid 28029, Spain 

* Author to whom correspondence should be addressed; E-Mail: flopez@ucjc.edu;  

Tel.: +34-91-815-3131; Fax: +34-91-860-9343. 

Academic Editor: Domenico De Berardis 

Received: 30 July 2015 / Accepted: 13 September 2015 / Published: 23 September 2015 

 

Abstract: We have carried out a bibliometric study about the international scientific 

publications on clozapine. We have used the EMBASE and MEDLINE databases, and we 

applied bibliometric indicators of production, as Price’s Law on the increase of scientific 

literature. We also calculated the participation index (PI) of the different countries.  

The bibliometric data have also been correlated with some social and health data from  
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the 12 most productive countries in biomedicine and health sciences. In addition, 5607 

original documents dealing with clozapine, published between 1970 and 2013, were 

downloaded. Our results state non-fulfilment of Price’s Law, with scientific production on 

clozapine showing linear growth (r = 0.8691, vs. r = 0.8478 after exponential adjustment). 

Seven of the 12 journals with the highest numbers of publications on clozapine have  

an Impact Factor > 2. Among the countries generating clozapine research, the most 

prominent is the USA (PI = 24.32), followed by the UK (PI = 6.27) and Germany  

(PI = 5.40). The differences among countries on clozapine research are significantly  

related to economic variables linked to research. The scientific interest in clozapine  

remains remarkable, although after the application of bibliometric indicators of production,  

a saturation point is evident in the growth of scientific literature on this topic. 

Keywords: clozapine; atypical antipsychotics; second-generation antipsychotics; bibliometry; 

schizophrenia 

 

1. Introduction 

Schizophrenia represents the paradigm of mental illness, due to its high prevalence as well as  

the severity of its symptoms and associated dysfunction. Although the pharmacological approach is only part 

of the management of schizophrenia, there is widespread agreement about its importance [1,2]. 

The origin of antipsychotic treatments is well known, from the initial serendipitous discovery of 

chlorpromazine in the 1950s [3–5]. Clozapine was also synthesized by the end of that decade [6] and 

was controversial from the beginning for not complying with the experimental paradigm of classical 

neuroleptics, what lead to coin the term “atypical” [7,8]. After its release, the evidence of its effectiveness 

resulted in a wide diffusion, early cut off by the appearance in 1975 in Finland of the first cases of 

agranulocytosis [9], which supposed its withdrawal or its restricted use in many countries. After the 

historical work by John M. Kane in 1988 demonstrating its efficacy in resistant schizophrenia [10],  

in 1990, the drug was marketed in the USA and the UK, and reintroduced in the market of countries that 

had previously withdrawn the product, always for the exclusive indication of resistant schizophrenia and 

with the requirement of harsh haematological controls [11]. 

Clozapine is an effective antipsychotic in schizophrenia when compared to other antipsychotic 

drugs [10,12–17]. In resistant schizophrenia, it is undoubtedly superior to other agents [18–22].  

In addition, clozapine is particularly effective in certain situations, as in schizophrenic patients with 

suicide risk [23–26] or in reducing toxics consumption in patients with dual diagnosis [27]. 

Although clozapine is not free from risk, these risks have been openly oversized: after the period of 

initial hematologic risk of 18 weeks, and although this does not disappear [28], the risk is similar to that 

of taking butyrophenones and phenothiazines [29]. After the first semester, the risk of mortality by 

suspending the controls is the same as the risk of mortality by taking mianserin or suffering a traffic or 

occupational accident [30]. Overall, the risk of death due schizophrenia is far superior to death by 

clozapine [31]; and the use of clozapine is associated with a reduction in mortality in patients with 

schizophrenia [24,32–34]. 
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Parallel to this evolution in the understanding and management of clozapine, the framework of 

prescription drugs for psychosis has evolved dramatically. Since the 1990s a number of new 

antipsychotics (risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole, etc.) have appeared and 

progressed in the market (Table 1), designed or at least marketed in the wake of clozapine under  

the already confusing concept of “atypical” (atypical antipsychotic drugs, AAD). The AAD have 

displaced the first generation of neuroleptics almost entirely from the market, although the differences 

in efficacy data are not consistent [14,19,21,35,36] and radically question the homogeneity of  

the group [15,37–40]. Comparative studies on clozapine strongly show its superiority [16,17,19,40–42]. 

The advent of these newer agents has been accompanied by a rise in the number of scientific publications 

related to their pharmacology and clinical use. 

Table 1. Clinical development of atypical antipsychotic drugs. 

Drug Company Year Launch 

Clozapine Wander Laboratories 1972 a Switzerland 
Zotepine Fujisawa 1982 b Japan 

Amisulpride Synthelabo 1986 Portugal 
Risperidone Johnson & Johnson 1993 UK/Canada 
Sertindole Abbott Laboratories 1996 c UK 
Olanzapine Eli Lilly 1996 USA/UK 
Quetiapine AstraZeneca 1997 USA/UK 
Ziprasidone Pfizer 2001 USA 
Perospirone Dainippon Sumitomo Pharma 2001 Japan 
Aripiprazole Otsuka/Bristol-Myers Squibb 2002 USA 
Paliperidone Janssen Pharmaceutica 2007 USA 
Blonanserin Dainippon Sumitomo Pharma 2008 Japan 
Asenapine Schering-Plough 2009 USA 
Iloperidone Novartis AG 2009 USA 
Lurasidone Dainippon Sumitomo Pharma 2011 USA 

a Reintroduced in 1990 in USA and UK after being withdrawn from the market in 1975; b Commercialized  

by Astellas in Germany in 1990; c Marketing authorization was suspended by the European Medicines Agency 

(EMA) in 1998 and the drug was withdrawn from the market. In 2002, based on new data, the EMA suggested  

that sertindole could be reintroduced for restricted use, and with extensive ECG monitoring requirement. 

In this context, it is of interest to analyze the evolution of research on clozapine, within  

the framework of research on new antipsychotics. The use of bibliometric indicators in the study of 

research activity in a specific country in a particular field is based on the premise that scientific 

publications are the essential result of such activity [43]. Despite their methodological limitations, 

bibliometric studies are useful tools for assessing the social and scientific relevance of a given discipline 

or field [44]. Our group has studied, taking a bibliometric approach, the evolution of scientific literature 

in psychiatry by specific research groups, on different psychiatric disorders, and on specific therapeutic 

tools in the field of psychopharmacology [45–50]. Recently, we have analyzed the evolution of scientific 

production on AAD in Spain and in various countries of the Asia-Pacific region [51–57]. However, there 

are currently no studies that specifically address how scientific research on such a representative and 

unique pharmacological agent has evolved—an agent that was withdrawn from the market and whose 
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clinical use is restricted and yet is positioned as a first-line treatment strategy in some specific cases such 

as resistant schizophrenia or in the case of schizophrenia with suicide risk. In the study reported here, 

we applied bibliometric methods to investigate trends in international publications on clozapine. 

2. Results 

After the study of the databases analyzed for the period 1970–2013, we obtained 5607 original 

documents (articles, reviews, editorials and letters to the editor) dealing with different aspects of 

clozapine. As shown in Figure 1, over the last 44 years there has been a gradual increase in the number 

of publications generated in relation to clozapine, with some periods of decline in scientific production 

(1974–1985 and 1996–2008). The mathematical adjustment to an exponential curve in Figure 1, allowed 

us to calculate a correlation coefficient r = 0.8478, indicating 28.12% of variance unexplained by  

this fitting. In contrast, the linear adjustment of the measured values provides an r = 0.8691, with  

a portion of unexplained variance of 24.46%. With these data, we can conclude that the database 

analyzed was more in keeping with a linear fitting than with an exponential one, and that the postulates 

of Price’s Law were not fulfilled. However, when we performed this exercise in relation to the global 

scientific production of AADs (Figure 2), the results confirmed the fulfillment of Price’s Law  

(r = 0.9295 for a linear adjustment, 13.59% of variance unexplained, and r = 0.9579 for an exponential 

adjustment, 8.24% of variance unexplained). 

 

Figure 1. Growth of scientific production on clozapine. A linear adjustment of the data was 

carried out, and a fitting to an exponential curve, in order to check whether production 

follows Price’s law of exponential growth. Linear adjustment: y = 7.0338x − 30.828  

(r2 = 0.7554). Exponential adjustment: y = 6.7016e0.0999x (r2 = 0.7188). 
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Figure 2. Growth of scientific production on other AADs. A linear adjustment of the data was 

carried out, and a fitting to an exponential curve, in order to check whether production follows 

Price’s Law of exponential growth. Linear adjustment: y = 38.718x − 315.56 (r2 = 0.8641). 

Exponential adjustment: y = 1.6462e0.2191x (r2 = 0.9176). AADs (atypical antipsychotic drugs: 

Risperidone, olanzapine, ziprasidone, quetiapine, sertindole, aripiprazole, paliperidone, 

amisulpride, zotepine, asenapine, iloperidone, lurasidone, perospirone and blonanserin). 

 

Figure 3. Evolution of the accumulated scientific production on atypical antipsychotic drugs. 
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Figure 3 shows the evolution of scientific production on AADs, including clozapine, throughout  

the last 44 years. The trend lines in relation to the scientific production from the group “clozapine” and 

the group “other AADs” are shown in Figure 4. Since 1990, the growth of publications in the group 

“other AADs” has been constant, whereas in the case of clozapine, we observe a flat growth since 1995. 

However, if we look at the individual evolution of each of these agents (Figure 5), it is evident that  

the scientific output of each of them is saturated from the mid-2000s. Therefore, the exponential 

growth of all AADs would be attributed to the overlap in time of new drug launches and the approval 

of new indications. 

 

Figure 4. Distribution of publications on atypical antipsychotic drugs and current trend lines 

in relation to the scientific production from the group “clozapine” and the group “other 

AADs”. AADs (atypical antipsychotic drugs: Risperidone, olanzapine, ziprasidone, 

quetiapine, sertindole, aripiprazole, paliperidone, amisulpride, zotepine, asenapine, 

iloperidone, lurasidone, perospirone and blonanserin). 
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Figure 5. Evolution of documents on clozapine and other individual AADs. 

Table 2 lists the 12 journals with the highest numbers of publications on clozapine and other AADs, 

and their corresponding IFs according to the Journal Citation Reports (JCR) of 2013 and the PIs of  

the journals on the total database in the analyzed period. It will be noted that the most extensively used 

journals for the diffusion of clozapine works have high IFs (seven of them has an IF greater than four). 

Figure 6 shows the differences in the publication types most often employed to disseminate scientific 

production in the field of AADs. As can be observed, there are no substantial differences between 

clozapine and other AADs. There are also no notable differences in the main topics of these 

publications (Table 3). 
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Table 2. The 12 journals with the highest numbers of publications on clozapine and other atypical antipsychotic drugs. 

Clozapine 
Journal Journal 

Other AADS * 

IF 1 PI N° Documents N° Documents PI IF 1 

5.812 4.49 252 Journal of Clinical Psychiatry Journal of Clinical Psychopharmacology 629 4.71 3.513 
14.721 4.15 233 American Journal of Psychiatry Journal of Clinical Psychiatry 541 4.05 5.812 
3.513 3.97 223 Journal of Clinical Psychopharmacology European Neuropsychopharmacology 454 3.40 4.595 
4.061 3.24 182 Psychopharmacology American Journal of Psychiatry 317 2.37 14.721 

4.590 2.14 120 Schizophrenia Research 
Progress in Neuro-Psychopharmacology  
and Biological Psychiatry 

309 2.31 3.552 

6.606 1.90 107 British Journal of Psychiatry European Psychiatry 304 2.27 3.285 

3.552 1.80 101 
Progress in Neuro-Psychopharmacology  
and Biological Psychiatry 

International Clinical Psychopharmacology 261 1.95 2.705 

9.247 1.76 99 Biological Psychiatry Psychopharmacology 246 1.84 4.061 
8.678 1.62 91 Neuropsychopharmacology Schizophrenia Research 237 1.77 4.590 

3.293 1.60 90 
Australian and New Zealand Journal  
of Psychiatry 

International Journal of 
Neuropsychopharmacology 

209 1.56 5.641 

2.592 1.53 86 European Journal of Pharmacology 
Journal of Child and Adolescent 
Psychopharmacology 

209 1.56 2.773 

2.109 1.39 78 Pharmacopsychiatry Neuropsychopharmacology 207 1.55 8.678 

PI (Participation Index); IF (Impact factor 2012); AADs (atypical antipsychotic drugs); 1 Journal Citation Report (JCR, 2013); * Risperidone, olanzapine, ziprasidone, 

quetiapine, sertindole, aripiprazole, paliperidone, amisulpride, zotepine, asenapine, iloperidone, lurasidone, perospirone and blonanserin. 
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Figure 6. Differences in the type of publication used between the group “clozapine” and  

the group “other AADs”. The sections are sorted moving clockwise: Article (61%, 57%); 

Letter (17%, 15%); Conference document (8%, 15%); Review (6%, 7%); Others (8%, 6%). 

Table 3. Main topics of the publications on clozapine and other atypical antipsychotic drugs *. 

Clozapine (%) Topics Other AADs ** (%) 

63.49 Drug therapy 67.94 
43.32 Adverse drug reactions 49.28 
26.19 Pharmacology 22.22 
19.74 Endogenous compounds 19.45 
14.28 Drug combination 17.75 
10.98 Drug concentration 9.14 
8.11 Diagnosis 9.94 
7.82 Pharmacokinetics 10.11 
6.70 Drug interactions 5.55 
5.15 Aetiology 4.30 
3.90 Drug toxicity 3.63 

* Data from “Subheading” section of EMBASE; ** Risperidone, olanzapine, ziprasidone, quetiapine, 

sertindole, aripiprazole, paliperidone, amisulpride, zotepine, asenapine, iloperidone, lurasidone, perospirone 

and blonanserin. 

As shown in Table 4, among the countries generating clozapine research, the most prominent one is 

the USA (PI is 24.32), followed by the UK (PI = 6.27), Germany (PI = 5.40), Canada (PI = 3.79) and 

Italy (PI = 3.54). However, if we consider the productivity of these countries specifically in the fields of 

psychiatry and neurology, only India among the 12 largest producers in biomedicine and health sciences 

(in the period 1970–2013) devoted a higher percentage of attention to the clozapine studies (Figure 7). In this 

sense, it is striking how research on clozapine in some countries, such as Japan (PI = 0.98) or Spain  

(PI = 1.39) is much lower than the overall research on AADs. In Australia, however, the case is the opposite, 

being published research on clozapine proportionally higher (PI = 2.76). 
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Table 4. Distribution of papers on clozapine and other atypical antipsychotic drugs in the world’s 12 most productive countries in biomedicine 

and health sciences for the period 1970–2013. 

Rank Country * % * Psy-Neurol ** (%) Clozapine Clozapine/Psy-Neurol AADs *** (%) AADs/Psy-Neurol

1 USA 24.91 36.16 24.32 0.14 24.08 0.34 
2 UK 6.69 9.31 6.27 0.14 4.69 0.26 
3 Japan 5.88 6.59 0.98 0.03 3.97 0.31 
4 Germany 5.81 7.64 5.40 0.15 5.11 0.34 
5 France 4.17 5.13 2.90 0.12 2.03 0.20 
7 Italy 3.56 4.67 3.54 0.16 3.61 0.39 
8 Canada 3.24 4.85 3.79 0.16 3.63 0.38 
6 China 3.22 2.60 1.42 0.11 1.91 0.37 
9 Spain 2.14 2.44 1.39 0.12 2.68 0.56 

10 Australia 2.10 2.80 2.76 0.21 1.55 0.28 
11 Netherlands 2.02 2.68 1.89 0.15 1.41 0.27 
12 India 1.73 1.37 1.62 0.25 1.65 0.62 

Psy-Neurol (area of focus in neurology and psychiatry); AADs (atypical antipsychotic drugs); * The world’s 12 most productive countries in biomedicine and health sciences 

for the period 1970–2013; ** Their productivity in the discipline of Psychiatry and Neurology; *** Risperidone, olanzapine, ziprasidone, quetiapine, sertindole, aripiprazole, 

paliperidone, amisulpride, zotepine, asenapine, iloperidone, lurasidone, perospirone and blonanserin; Total documents 1970–2013: 24,347,068; Total documents in  

the neurology and psychiatry area 1970–2013: 2,585,768. 
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Figure 7. Relationship between production of scientific literature on clozapine and other 

atypical antipsychotic drugs (AADs) and total production in the field of psychiatry and 

neurology in the world’s 12 most productive countries in biomedicine and health sciences. 

PI (Participation Index); AADs (Atypical antipsychotic drugs: Risperidone, olanzapine, 

ziprasidone, quetiapine, sertindole, aripiprazole, paliperidone, amisulpride, zotepine, 

asenapine, iloperidone, lurasidone, perospirone and blonanserin). 

As for social-health parameters, Figure 8 shows the correlation between the PI on clozapine and  

the Gross Domestic Product (GDP) per capita of the highest scientific producers in health sciences. 

Analyzing the correlation between the PI and the per capita health expenditure of each of these countries 

(Figure 9), we found that the distribution was quite similar, except for India and China, although in these 

cases this was an artifact due to the small Indian and Chinese per capita health expenditure (141, and 

432 Purchasing Power Parity (PPP) Int. $, respectively). However, it is striking to see what low ratios 

countries such as the Netherlands and Japan have. 

Table 5 shows the most productive institutions in relation to the material under study. We defined  

the corresponding institutions solely based on the information provided in the AD field in the EMBASE 

Biomedical Answer web database. The top three ranking institutions were V.A. Medical Centers (USA), 

King’s College London (UK) and The Zucker Hillside Hospital (USA). The three together have 

generated 5.24% of the papers that make up the sample. 
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Figure 8. Relationship between production of scientific literature on clozapine and  

per capita gross domestic product in the world’s 12 most productive countries in 

biomedicine and health sciences. We have excluded the USA from the graph in order to  

give a clearer impression of the rest of the countries. GDP (Gross Domestic Product),  

PI (Participation Index). The economic data were obtained from the website of the World 

Health Organization (Available online: http://www.who.int/country/es/). Economic data are 

expressed in international dollars (data 2012). JAP: Japan; SPA: Spain; NET: Netherlands; 

AUS: Australia; FRA: France; CAN: Canada; GER: Germany; CHI: China; UK: United 

Kingdom; IND: India. 

Table 5. Contribution of different institutions on clozapine. 

Centre n 
VA Medical Center 122

King’s College London 95 
The Zucker Hillside Hospital 77 

University of Toronto 76 
National Institute of Mental Health 59 

Harvard Medical School 55 
Centre for Addiction and Mental Health 49 

Case Western Reserve University 48 
Vanderbilt University 44 

Sandoz 22 

n (number of documents of repertoire); Data from “Affiliation” section of SCOPUS. 
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Figure 9. Per capita Health Expenditure and relationship between production of scientific 

literature on clozapine and per capita health expenditure and gross domestic expenditure on 

research and development, in the world’s 12 most productive countries in biomedicine and 

health sciences. PI (Participation Index). Total Health Expenditure per capita Purchasing 

Power Parity (PPP) Int. $ (data WHO 2011) (Available online: http://www.who.int/ 

country/es/). Gross Domestic Expenditure on research and development (%). Data OECD 

2011, except Australia and Japan (data 2010) and China (data 2009) (Available online: 

http://www.oecd-ilibrary.org/science-and-technology/gross-domestic-expenditure-on-r-d_ 

2075843x-table1). 

3. Discussion 

Data collected on clozapine indicate that the evolution of the number of publications is better suited 

to a linear fit than to an exponential one, not fulfilling the principles of the Price’s law on expanding  

the scientific literature. For the overall analysis of the AADs, the evolution of the scientific literature is 

better suited to an exponential adjustment, indicating in this case, that growth has not reached  

the saturation point postulated by Price in his theory [58]. The first interpretation of these results 

indicates that, while interest in research on clozapine has stagnated, research on other AADs grows 

exponentially, suggesting an active scientific interest. However, this first reading could be moot, because 

the separate evolution of the publications of the oldest AADs (risperidone, olanzapine and ziprasidone) 

also reached a saturation point. We therefore consider that the exponential growth of scientific 
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production on the overall AADs is attributable to the overlapped launch of new agents and the research 

generated around the latest therapeutic indications for these drugs. 

Overall, the publications on clozapine do not decrease (Figure 5) but have remained on a plateau  

since the mid-1990s, with some decline during the last few years of the past century, which recovered 

strongly from 2008 on. However, we must remember that we are talking about a substance with four 

decades in the market, subject to a rigidly restrictive use, and with a lack of active support from  

the pharmaceutical industry for many years. In spite of this, the evolution of the publication of new 

AADs runs parallel to the succession of market launches from the beginning of the 1990s of new 

substances (Table 1), whose use is not restricted by any rule and which have generated plenty of 

publications direct or indirectly supported by the industry. Moreover, as we noted, new therapeutic 

indications for these agents have been recognized in the years after their commercialization.  

Since 2004, other AADs such as risperidone, quetiapine, ziprasidone, aripiprazole and asenapine have 

also been approved for treating manic episodes, and olanzapine and aripiprazole for relapse prevention 

in patients with bipolar disorder [59]. Quetiapine is indicated as monotherapy for the acute treatment of 

depressive episodes associated with bipolar disorder, and olanzapine-fluoxetine combination for treating 

treatment-resistant major depressive disorder. Aripiprazole was also approved in 2007 by the Food and 

Drug Administration (FDA) for treating treatment-resistant major depression as an add-on to  

an antidepressant [59]. Finally, AADs are also commonly used (and studied) for many off-label 

indications, such as toxic psychosis, agitation symptoms, tics, substance abuse disorders and anxiety 

disorders [60,61]. Therefore, we think that the steady levels of publications on clozapine over several 

decades suggest a special interest from researchers in this substance. 

Moreover, the evolution of the consumption of AADs and the number of publications on these agents 

run parallel [52]. The new antipsychotics have displaced the first generation of neuroleptics almost 

entirely from the market, although their use is not limited to schizophrenia. For example, in Spain 

between 1992 and 2010, the use of antipsychotics nearly tripled at the expense of new drugs in new 

patients with new indications, or off-label uses [62,63]. Between July 1995 and December 2001 in 

Australia, the use of AADs was found to have increased from an estimated 0.27 to an estimated  

3.83 DDDs/1000/day [64], and the proportion of prescribed AADs increased from 61% in 2002 to  

77% in 2007 [65]. More recently, Stephenson et al. [66] have reported an increase of 217.7% in  

the dispensing of AADs in DDDs/1000/day from 2000 to 2011 (data from Drug Utilization  

Sub-Committee of the Australian Department of Health and Ageing). Conversely, clozapine 

consumption was very low; in 1999 only 25% of patients diagnosable as resistant schizophrenia in USA 

were treated with clozapine [67]. 

The disproportionate fear to clozapine side effects has led to the keeping of strict conditions of use, 

which, in practice, means that clozapine is not initially prescribed for many patients who might benefit 

from it, and the patients end up dropping off their medication due to the inconvenience of  

the haematological controls. Published data indicate an open under-use for the approved indication of 

resistant schizophrenia. If the estimated proportion of subjects with this condition ranges between 20% 

and 30%, clozapine prescriptions range between 1% and 2% in many countries [68]. In addition, 

protocols’ indications and guidelines are systematically unfulfilled, delaying the start of its use  

an average of five years [69], during which patients often suffer polypharmacy without evidence of 

efficacy [67]. Furthermore, under-dosing is frequent [70]. Finally, unlike the succession of approvals of 
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new indications for the rest of AADs, specific indications of clozapine, such as schizophrenia with 

suicide risk, substance consumption or aggressiveness [71], are not officially accepted, with occasional 

exceptions [68]. Data from Australia differ from this trend. According to the release of the Royal 

Australian and New Zealand College of Psychiatrists (RANZCP) clinical practice guidelines [72], 

clozapine should be used early in the course, as soon as treatment resistance to at least two antipsychotic 

drugs has been demonstrated. However, the daily dosage of clozapine used in Australia has increased 

nearly 80% over the last 10 years, from 134 to 238 mg per capita; and 19% of schizophrenia patients in 

Australia are currently on clozapine therapy [73,74]. These data confirm the greater relative scientific 

productivity of Australia in clozapine, which are later discussed. 

Similarly, some other authors employing bibliometric tools have reported that research activity in  

the field of schizophrenia is superior to that of other fields of psychiatry [75]. These authors also suggest 

that the attraction towards research on schizophrenia may have been positively affected by the clinical 

perception of greater severity for this illness compared to other psychiatric pathologies. Moreover, 

Theander and Wetterberg [76] report that the number of references on schizophrenia in MEDLINE has 

followed the general increase of medical publications, which accounts for a 0.42% of the total amount 

of medical literature in the studied period. 

Regarding the main topic of the publications on clozapine, the results were surprising, since  

a different profile was expected for clozapine compared to other AADs, perhaps more focused on clinical 

issues, such as side effects, efficacy, serum levels, etc. However, the data provided (Table 3) indicate 

that the research interest is similarly oriented for both groups, despite the aforementioned heterogeneity. 

There are no differences in the type of work employed (articles, letters, reviews, etc.) to disseminate 

research results. 

Another aspect of interest with respect to the scientific production that we have analyzed is its quality. 

The IF of journals used in the dissemination of works is very high, both for clozapine as well as for  

the rest of AADs, which leads us to highlight quality of these media. If we analyze individually the two 

groups regarding the 12 most used journals, we find that in the group of clozapine appear as differential 

sources: British Journal of Psychiatry, Biological Psychiatry, Australian and New Zealand Journal of 

Psychiatry and European Journal of Pharmacology. It is noteworthy how Australian and New Zealand 

Journal of Psychiatry ranks 9th, a fact which correlates with the special interest on clozapine reported 

in this study for Australia [56]. Furthermore, European Journal of Pharmacology is the only journal of 

general pharmacology in this ranking. The group of articles on other AADs appear as differential 

sources: European Neuropsychopharmacology, European Psychiatry, International Clinical 

Psychopharmacology, International Journal of Neuropsychopharmacology (all these are of clinical 

matters, where many clinical trials with AADs are published for different indications including bipolar 

disorder) and Journal of Child and Adolescent Psychopharmacology. The same subjective assessment 

of quality of publications could be inferred when reviewing the most productive institutions and authors 

on this topic. 

In the analysis of the country of origin on the scientific production on clozapine and AADs (Table 4), 

within the group of the 12 most productive countries in biomedicine and health sciences, we note that 

the USA tops the ranking for production countries, generating more than a third of total number of 

publications in psychiatry and neurology. In this country, a fourth of the scientific production with respect 

to all antipsychotics (24.08%) is published, although it is a modest part of all these publications on 
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psychiatry and neurology, and no difference between clozapine and the rest (Figure 7). The fact that this 

country is home to the pharmaceutical companies responsible for the development of AADs (olanzapine-Eli 

Lilly-, risperidone and paliperidone-Janssen Pharmaceutica-, ziprasidone-Pfizer-, and aripiprazole-Bristol-

Myers Squibb-) may help to explain this high PI. Additionally noteworthy is India’s interest in the 

publication of AADs and clozapine, in proportion to a modest production in psychiatry and neurology. 

Data from Australia indicate a proportionally moderate interest on AADs, but high on clozapine, always 

in relation to total production in psychiatry and neurology. By contrast, Spain shows a proportional great 

interest in AADs but a modest one in clozapine. France, the UK and Japan have a relatively lower interest 

in these drugs, in the context of their overall production. The production on clozapine in Japan is very 

low, an expected fact since clozapine was approved in this country in 2009. 

Overall, we found a higher scientific productivity of clozapine in countries with higher GDP  

per capita (Figure 8). It is also well known that the scientific productivity of a country grows 

proportionally to health expenditure, taking into account that the results of the investment in this field 

will only be evident after years, and not merely as a result of temporary economic circumstances [52]. 

When a particular topic is evaluated, such as productivity on clozapine, whilst keeping this trend,  

the results are diversified (Figure 9). Research on clozapine in relation to the Total Health Expenditure  

per capita and Gross Domestic Expenditure on research and development (%) follows the above-mentioned 

direct relationship (USA, UK), but with great variability (see the low proportionality in the Netherlands or 

Canada, and more in Italy, etc.), suggesting the influence of other factors that enhance research (and thus  

the publication) in certain countries. 

We believe, based on the revised data, that the scientific interest in clozapine remains remarkable, 

notwithstanding the restriction factors for its use and competence with other agents. The quality of  

the published papers and journals that are disseminated did not differ between the two groups of AADs 

analyzed. The differences among countries are significantly related to economic variables associated 

with research, without differences between the different drugs, except for specific cases, such as Japan. 

It is striking to see how the proven scientific interest in clozapine, highlighted in guidelines and 

consensus recommendations, does not correlate with the use of this drug for the indications accepted by 

the scientific community. 

Limitations 

The readers are warned against over-interpreting the findings of this study since it has two major 

limitations that are inherent to its bibliometric nature [77]. First, not all of the AAD papers were included. 

This bibliometric study includes papers from EMBASE Biomedical Answer web, and SCOPUS.  

The criteria set by the databases themselves determine the subsequent development of the studied 

materials [43,78]. Excluded are those papers on AADs whose authors do not put the AADs descriptors 

in the titles or key words of the papers, national or local journals that are not included in MEDLINE and 

Excerpta Medica, and contributions made at scientific conferences and meetings [46]. Secondly, the use 

of indicator impact factors to determine the merit or quality of scientific contributions is still debatable. 

In spite of the above-listed study limitations, bibliometric studies are useful in assessing the social and 

scientific relevance of a given discipline or field [44]. These studies constitute an effective complement 

to the opinions and judgments of experts in each field, providing useful and objective tools to evaluate 
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the results of scientific activity, as well as offering a more realistic view of the whole picture and  

an indication of trends, and predicting how it might evolve. 

4. Methods 

4.1. Data Collection 

The databases used in this bibliometric study were MEDLINE (Index Medicus, USA National Library 

of Medicine, Bethesda, Maryland, MD, USA) and Excerpta Medica (Elsevier Science Publishers, 

Amsterdam, The Netherlands), which are considered to be the most exhaustive databases in  

the biomedical field. Both participate in EMBASE Biomedical Answer web (Elsevier B.V., Amsterdam,  

The Netherlands). For some specific sub-analysis, SCOPUS database has also been used (Elsevier B.V., The 

Netherlands), including 55 million records, 21,915 titles, and 5000 publishers (scientific journals, books and 

conference proceedings). 

Using remote downloading techniques, we chose documents containing, in the title (TI) section,  

the descriptors atypic * (atypical *) antipsychotic *, second-generation antipsychotic *, clozapine, 

risperidone, olanzapine, ziprasidone, quetiapine, sertindole, aripiprazole, paliperidone, amisulpride, 

zotepine, asenapine, iloperidone, lurasidone, perospirone and blonanserin, confining the year of 

publication to the period 1970–2013 (in 1970, the term “clozapine” first appeared in the title of  

an article). The rest of the descriptors referring to pharmacological aspects (experimental pharmacology, 

clinical efficacy, tolerance, safety, etc.) were not restricted to any field of the database and did not 

contribute to the inclusion criteria. For the purposes of this study, we considered all original articles, 

reviews, editorials and letters-to-the editor that met the inclusion criteria previously commented.  

All duplicated documents were eliminated: the database used allows the elimination of items that might 

be duplicated in both databases (MEDLINE and EMBASE). 

4.2. Bibliometric Indicators 

Among bibliometric indicators, Price’s Law is without doubt the most widely used indicator in  

the analysis of the productivity of a specific discipline or a particular country, reflecting a fundamental 

aspect of scientific production, namely exponential growth [58]. To assess whether the growth of 

scientific production on clozapine follows Price’s law of exponential growth, we made a linear 

adjustment to the data obtained, according to the equation y = 7.0338x − 30.828; and a further adjustment 

to an exponential curve, according to the equation y = 6.7016e0.0999x. This strategy has also been applied 

to the total scientific output on AADs (linear adjustment y = 38.718x − 315.56, and exponential 

adjustment y = 1.6462e0.2191x). 

As an indicator of the publications’ repercussion, we used the impact factor (IF). This indicator, 

developed by the Institute for Scientific Information (Philadelphia, Pennsylvania, PA, USA), is 

published annually in the Journal Citation Reports (JCR) section of the Science Citation Index (SCI). 

The IF of a journal is calculated based on the number of times the journal is cited in the source of journals 

of the SCI during the previous two years and the total number of articles published by that journal during 

those two years. The JCR lists scientific journals by specific areas, ascribing each of them to their 
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corresponding IF and establishing a ranking of “prestige” [79]. In this study, we used the IF data 

published in the JCR of 2013. 

Another indicator included in the present analysis was the national participation index (PI) of  

the world’s 12 most productive countries in biomedicine and health sciences during the period  

1970–2013 (the ratio is calculated as the number of documents on clozapine and on AADs generated by 

each country divided by the total number of documents generated globally). These PIs have also been 

compared to the global PI for biomedical and health sciences (as well as for psychiatry and neurology 

areas in particular). Likewise, the PIs have been correlated to some economic and health data, such as 

gross domestic product (GDP) per capita, total per capita expenditure on health and proportional gross 

domestic expenditure on research and development (R&D). The PI health data were obtained from the 

Organization of Economic Co-operation and Development (OECD) Health Division [80] and WHO 

Department of Health Statistics and Informatics [81]. 

5. Conclusions 

This study offers an objective picture of the representativeness and evolution of international  

research on clozapine, and employs the quality and dissemination parameters most commonly used at  

an international level. However, research in this field will continue to grow in the coming years because 

the ideal antipsychotic drug has not yet been found [82], the aetiopathogeny of schizophrenia is still 

mostly unknown, and the clinical use of clozapine has been ever increasing. 

Author Contributions 

All authors contributed towards the inception and development of the manuscript. All authors 

reviewed and approved each version of the manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. National Institute for Health and Care Excellence (NICE). Schizophrenia. Core interventions in the 

treatment and management of schizophrenia in adults in primary and secondary care. NICE clinical 

guideline 82, March 2009. Available online: http://www.nice.org.uk/guidance/cg82 (accessed on  

16 September 2015). 

2. National Institute for Health and Care Excellence (NICE). Psychosis and schizophrenia in adults: 

Treatment and management. NICE clinical guideline 178, February 2014, last modified March 

2014. Available online: https://www.nice.org.uk/guidance/cg178 (accessed on 16 September 2015). 

3. López-Muñoz, F.; Alamo, C.; Rubio, G.; Cuenca, E. Half a century since the clinical introduction of 

chlorpromazine and the birth of modern psychopharmacology. Prog. Neuropsychopharmacol.  

Biol. Psychiatry 2004, 28, 205–208. 

4. López-Muñoz, F.; Álamo, C.; Cuenca, E.; Shen, W.W.; Clervoy, P.; Rubio, G. History of the 

discovery and clinical introduction of chlorpromazine. Ann. Clin. Psychiatry 2005, 17, 113–135. 



Int. J. Mol. Sci. 2015, 16 23030 

 

 

5. Baumeister, A.A.; Hawkins, M.F.; López-Muñoz, F. Toward standardized usage of the word 

serendipity in the historiography of psychopharmacology. J. Hist. Neurosci. 2010, 19, 254–271. 

6. López-Muñoz, F.; Álamo, C; Cuenca, E. Historia de la Psicofarmacología. In Tratado de 

Psiquiatría; Ars Medica: Barcelona, Spain, 2010; pp. 2031–2061. 

7. Hippius, H. The history of clozapine. Psychopharmacology 1989, 99, S3–S5. 

8. Hippius, H. A historical perspective of clozapine. J. Clin. Psychiatry 1999, 60, 22–23. 

9. Idänpään-Heikkilä, J.; Alhava, E.; Olkinuora, M.; Palva, I. Clozapine and agranulocytosis. Lancet 

1975, 11, 611. 

10. Kane, J.; Honigfeld, G.; Singer, J.; Meltzer, H. Clozapine for the treatment-resistant schizophrenic. 

A double-blind comparison with chlorpromazine. Arch. Gen. Psychiatry 1988, 45, 789–796. 

11. Ministerio de Sanidad y Consumo (MSC). Nota informativa: Recomercialización de clozapina y 

programa de seguimiento. Rev. AEN. 1993, 13, 218. 

12. Tuunainen, A.; Wahlbeck, K.; Gilbody, S.M. Newer atypical antipsychotic medication versus 

clozapine for schizophrenia. Cochrane Libr. 2000, 2, doi:10.1002/14651858.CD000966. 

13. Tuunainen, A.; Wahlbeck, K.; Gilbody, S. Newer atypical antipsychotic medication in comparison 

to clozapine: A systematic review of randomized trials. Schizophr. Res. 2002, 56, 1–10. 

14. Leucht, S.; Corves, C.; Arbter, D.; Engel, R.R.; Li, C.; Davis, J.M. Second-generation versus  

first-generation antipsychotic drugs for schizophrenia: A meta-analysis. Lancet 2009, 373, 31–41. 

15. Leucht, S.; Komossa, K.; Rummel-Kluge, C.; Corves, C.; Hunger, H.; Schmid, F.; Asenjo, C.; 

Schwarz, S.; Davis, J.M. A meta-analysis of head-to-head comparisons of second-generation 

antipsychotics in the treatment of schizophrenia. Am. J. Psychiatry 2009, 166, 152–163. 

16. Asenjo, C.; Komossa, K.; Rummel-Kluge, C.; Hunger, H.; Schmid, F.; Schwarz, S.; Leucht, S. 

Clozapine versus other atypical antipsychotics for schizophrenia. Cochrane Libr. 2010, 11, 

doi:10.1002/14651858.CD006633.pub2. 

17. Souza, J.S.; Kayo, M.; Tassel, I.; Martins, C.B.; Elkis, H. Efficacy of olanzapine in comparison 

with clozapine for treatment-resistant schizophrenia: Evidence from systematic review and  

meta-analyses. CNS Spectr. 2013, 14, 82–89. 

18. Chakos, M.; Lieberman, J.; Hoffman, E.; Bradford, D.; Sheitman, B. Effectiveness of  

second-generation antipsychotics in patients with treatment-resistant schizophrenia: A review and  

meta-analysis of randomized trials. Am. J. Psychiatry 2001, 158, 518–526. 

19. Davis, J.M.; Chen, N.; Glick, I.D. A meta-analysis of the efficacy of second-generation 

antipsychotics. Arch. Gen. Psychiatry 2003, 60, 553–564. 

20. McEvoy, J.P.; Lieberman, J.A.; Stroup, T.S.; Davis, S.M.; Meltzer, H.Y.; Rosenheck, R.A.;  

Swartz, M.S.; Perkins, D.O.; Keefe, R.S.; Davis, C.E.; et al. Effectiveness of clozapine versus 

olanzapine, quetiapine, and risperidone in patients with chronic schizophrenia who did not respond 

to prior atypical antipsychotic treatment. Am. J. Psychiatry 2006, 163, 600–610. 

21. Jones, P.B.; Barnes, T.R.; Davies, L.; Dunn, G.; Lloyd, H.; Hayhurst, K.P.; Murray, R.M.; 

Markwick, A; Lewis, S.W. Randomized controlled trial of the effect on Quality of Life of second- 

vs. first-generation antipsychotic drugs in schizophrenia: Cost Utility of the Latest Antipsychotic 

Drugs in Schizophrenia Study (CUtLASS 1). Arch. Gen. Psychiatry 2006, 63, 1079–1087. 

  



Int. J. Mol. Sci. 2015, 16 23031 

 

 

22. Tandon, R.; Belmaker, R.H.; Gattaz, W.F.; López-Ibor, J.J., Jr.; Okasha, A.; Singh, B.; Stein, D.J.; 

Olie, J.P.; Fleischhacker, W.W.; Moeller, H.J. World Psychiatric Association Pharmacopsychiatry 

Section statement on comparative effectiveness of antipsychotics in the treatment of schizophrenia. 

Schizophr. Res. 2008, 100, 20–38. 

23. Walker, A.M.; Lanza, L.L.; Arellano, F.; Rothman, K.J. Mortality in current and former users of 

clozapine. Epidemiology 1997, 8, 671–677. 

24. Duggan, A.; Warner, J.; Knapp, M.; Kerwin, R. Modelling the impact of clozapine on suicide in 

patients with treatment-resistant schizophrenia in the UK. Br. J. Psychiatry 2003, 182, 505–508. 

25. Meltzer, H.Y.; Baldessarini, R.J. Reducing the risk for suicide in schizophrenia and affective 

disorders. J. Clin. Psychiatry 2003, 64, 1122–1129. 

26. Alphs, L.; Anand, R.; Islam, M.Z.; Meltzer, H.Y.; Kane, J.M.; Krishnan, R.; Green, A.I.; Potkin, S.; 

Chouinard, G.; Lindenmayer, J.P.; et al. The international suicide prevention trial (interSePT): Rationale 

and design of a trial comparing the relative ability of clozapine and olanzapine to reduce suicidal 

behavior in schizophrenia and schizoaffective patients. Schizophr. Bull. 2004, 30, 577–586. 

27. San, L.; Arranz, B.; Martinez-Raga, J. Antipsychotic drug treatment of schizophrenic patients with 

substance abuse disorders. Eur. Addict. Res. 2007, 13, 230–243. 

28. Lahdelma, L.; Appelberg, B. Clozapine-induced agranulocytosis in Finland, 1982–2007:  

Long-term monitoring of patients is still warranted. J. Clin. Psychiatry 2012, 73, 837–842. 

29. Atkin, K.; Kendall, F.; Gould, D.; Freeman, H.; Liberman, J.; O’Sullivan, D. Neutropenia and 

agranulocytosis in patients receiving clozapine in the UK and Ireland. Br. J. Psychiatry 1996, 169, 

483–488. 

30. Schulte, P. Risk of clozapine-associated agranulocytosis and mandatory white blood cell 

monitoring. Ann. Pharmacother. 2006, 40, 683–688. 

31. Munro, J.; O’Sullivan, D.; Andrews, C.; Arana, A.; Mortimer, A.; Kerwin, R. Active monitoring of 

12,760 clozapine recipients in the UK and Ireland: Beyond pharmacovigilance. Br. J. Psychiatry 1999, 

175, 576–580. 

32. Tiihonen, J.; Lönnqvist, J.; Wahlbeck, K.; Klaukka, T.; Niskanen, L.; Tanskanen, A.; Haukka, J. 

11-year follow-up of mortality in patients with schizophrenia: A population-based cohort study 

(FIN11 study). Lancet 2009, 374, 620–627. 

33. Wasserman, D.; Rihmer, Z.; Rujescu, D.; Sarchiapone, M.; Sokolowski, M.; Titelman, D.;  

Zalsman, G.; Zemishlany, Z.; Carli, V. The European Psychiatric Association (EPA) guidance on 

suicide treatment and prevention. Eur. Psychiatry 2012, 27, 129–141. 

34. Hayes, R.D.; Downs, J.; Chang, C.K.; Jackson, R.G.; Shetty, H.; Broadbent, M.; Hotopf, M.; 

Stewart, R. The effect of clozapine on premature mortality: An assessment of clinical monitoring 

and other potential confounders. Schizophr. Bull. 2014, 41, 644–655. 

35. Geddes, J.; Freemantle, N.; Harrison, P.; Bebbington, P. Atypical antipsychotics in the treatment of 

schizophrenia: Systematic overview and meta-regression analysis. BMJ 2000, 321, 1371–1376. 

36. Kahn, R.S.; Fleischhacker, W.W.; Boter, H.; Davidson, M.; Vergouwe, Y.; Keet, I.P.;  

Gheorghe, M.D.; Rybakowski, J.K.; Galderisi, S.; Libiger, J.; et al. Effectiveness of antipsychotic 

drugs in first-episode schizophrenia and schizophreniform disorder: An open randomised clinical 

trial. Lancet 2008, 371, 1085–1097. 



Int. J. Mol. Sci. 2015, 16 23032 

 

 

37. Lieberman, J.A.; Stroup, T.S.; McEvoy, J.P.; Swartz, M.S.; Rosenheck, R.A.; Perkins, D.O.;  

Keefe, R.S.; Davis, S.M.; Davis, C.E.; Lebowitz, B.D.; et al. Clinical Antipsychotic Trials of 

Intervention Effectiveness (CATIE) Investigators. Effectiveness of antipsychotic drugs in patients 

with chronic schizophrenia. N. Engl. J. Med. 2005, 353, 1209–1223. 

38. Leucht, S.; Kissling, W.; Davis, J.M. Second-generation antipsychotics for schizophrenia: Can we 

resolve the conflict? Psychol. Med. 2009, 39, 1591–1602. 

39. Naber, D.; Lambert, M. The CATIE and CUtLASS studies in schizophrenia: Results and 

implications for clinicians. CNS Drugs 2009, 23, 649–659. 

40. Leucht, S.; Cipriani, A.; Spineli, L.; Mavridis, D.; Orey, D.; Richter, F.; Samara, M.; Barbui, C.; 

Engel, R.R.; Geddes, J.R.; et al. Comparative efficacy and tolerability of 15 antipsychotic drugs in 

schizophrenia: A multiple-treatments meta-analysis. Lancet 2013, 382, 951–962. 

41. Lewis, S.W.; Davies, L.; Jones, P.B.; Jones, P.B.; Barnes, T.R.; Murray, R.M.; Kerwin, R.;  

Taylor, D.; Hayhurst, K.P.; Markwick, A.; et al. Randomised controlled trials of conventional 

antipsychotic versus new atypical drugs, and new atypical drugs versus clozapine, in people with 

schizophrenia responding poorly to, or intolerant of, current drug treatment. Health Technol. Assess. 

2006, 10, 1–165. 

42. Lewis, S.W.; Barnes, T.R.; Davies, L.; Murray, R.M.; Dunn, G.; Hayhurst, K.P.; Markwick, A.; 

Lloyd, H.; Jones, P.B. Randomized controlled trial of effect of prescription of clozapine versus 

other second-generation antipsychotic drugs in resistant schizophrenia. Schizophr. Bull. 2006, 32, 

715–723. 

43. Bordons, M.; Zulueta, M.A. Evaluación de la actividad científica a través de indicadores 

bibliométricos. Rev. Esp. Cardiol. 1999, 52, 790–800. 

44. White, H.D.; McCain, K.W. Bibliometric. Annu. Rev. Inf. Sci. Technol. 1989, 24, 119–186. 

45. López-Muñoz, F.; Rubio, G. La producción científica española en psiquiatría: Estudio bibliométrico 

de las publicaciones de circulación internacional durante el periodo 1980–1993. An. Psiquiatr. 

1995, 11, 68–75. 

46. López-Muñoz, F.; Marín, F.; Boya, J. Evaluación bibliométrica de la producción científica española 

en neurociencia. Análisis de las publicaciones de difusión internacional durante el periodo  

1984–1993. Rev. Neurol. 1996, 24, 417–426. 

47. López-Muñoz, F.; Alamo, C.; Rubio, G.; García-García, P.; Martín-Agueda, B.; Cuenca, E. 

Bibliometric analysis of biomedical publications on SSRIs during the period 1980–2000.  

Depress. Anxiety 2003, 18, 95–103. 

48. López-Muñoz, F.; Vieta, E.; Rubio, G.; García-García, P.; Alamo, C. Bipolar disorder as  

an emerging pathology in the scientific literature: A bibliometric approach. J. Affect. Disord. 2006, 

92, 161–170. 

49. López-Muñoz, F.; Álamo, C.; Quintero-Gutiérrez, F.J.; García-García, P. A bibliometric study of 

international scientific productivity in attention-deficit hyperactivity disorder covering the period 

1980–2005. Eur. Child Adolesc. Psychiatry 2008, 17, 381–391. 

50. López-Muñoz, F.; García-García, P.; Sáiz-Ruiz, J.; Mezzich, J.E.; Rubio, G.; Vieta, E.; Álamo, C. 

A bibliometric study of the use of the classification and diagnostic systems in psychiatry over  

the last 25 years. Psychopathology 2008, 41, 214–225. 



Int. J. Mol. Sci. 2015, 16 23033 

 

 

51. López-Muñoz, F.; Shen, W.W.; Moreno, R.; Molina, J.D.; Noriega, C.; Pérez-Nieto, M.A.; Rubio, G.; 

Álamo, C. International scientific productivity on second-generation antipsychotic drugs in Taiwan:  

A bibliometric study. Taiwan J. Psychiatry 2012, 26, 114–129. 

52. López-Muñoz, F.; Rubio, G.; Molina, J.D.; Shen, W.W.; Pérez-Nieto, M.A.; Moreno, R.; Huelves, L.; 

Noriega, C.; García-García, P.; Álamo, C. Mapping the scientific research on atypical antipsychotic 

drugs in Spain: A bibliometric assessment. Actas Esp. Psiquiatr. 2013, 41, 349–360. 

53. López-Muñoz, F.; Shinfuku, N.; Shen, W.W.; Moreno, R.; Molina, J.D.; Rubio, G.; Huelves, L.; 

Noriega, C.; Pérez-Nieto, M.A.; Álamo, C. Thirty years of scientific research on second-generation 

antipsychotic drugs in Japan: A bibliometric analysis. Open J. Psychiatry 2013, 3, 18–25. 

54. López-Muñoz, F.; Shen, W.W.; Pae, C.U.; Moreno, R.; Rubio, G.; Molina, J.D.; Noriega, C.;  

Pérez-Nieto, M.A.; Huelves, L.; Alamo, C. Trends in scientific literature on atypical antipsychotics 

in South Korea: A bibliometric study. Psychiatry Investig. 2013, 10, 8–16. 

55. López-Muñoz, F.; Chung, A.K.; Shen, W.W.; Huelves, L.; Noriega, C.; Rubio, G.; Molina, J.D.; 

Moreno, R.; Pérez-Nieto, M.A.; Álamo, C. A bibliometric study of scientific research on  

second-generation antipsychotic drugs in Hong Kong. Clin. Exp. Pharmacol. 2013, 3, 124,  

doi:10.4172/2161-1459.1000124. 

56. López-Muñoz, F.; Castle, D.J.; Shen, W.W.; Moreno, R.; Huelves, L.; Pérez-Nieto, M.; Noriega, C.; 

Rubio, G.; Molina, J.; Álamo, C. The Australian contribution to the literature on atypical antipsychotic 

drugs: A bibliometric study. Australas. Psychiatry 2013, 21, 343–345. 

57. López-Muñoz, F.; Sim, K.; Shen, W.W.; Huelves, L.; Moreno, R.; Molina, J.D.; Rubio, G.;  

Noriega, C.; Pérez-Nieto, M.Á.; Alamo, C. A bibliometric study of scientific research conducted 

on second-generation antipsychotic drugs in Singapore. Singap. Med. J. 2014, 55, 24–33. 

58. Price, D.J.S. Little Science, Big Science; Columbia University: New York, NY, USA, 1963. 

59. Shen. W.W. Clinical Psychopharmacology for the 21 Century; Ho-Chi Publishing Company: 

Taipei, Taiwan, 2011. 

60. Fountoulakis, K.N.; Nimatoudis, I.; Iacovides, A.; Kaprinis, G. Off-label indications for atypical 

antipsychotics: A systematic review. Ann. Gen. Hosp. Psychiatry 2004, 3, 4–14. 

61. Mortimer, A.M.; Shepherd, C.J.; Rymer, M.; Burrows, A. Primary care use of antipsychotic drugs: 

An audit and intervention study. Ann. Gen. Psychiatry 2005, 4, 18–26. 

62. García del Pozo, J. Utilización de antipsicóticos en España (1992–2006). Madrid: Ministerio de 

Sanidad y Política Social, 2007. Available online: http://www.aemps.gob.es/medicamentos 

UsoHumano/observatorio/docs/antipsicoticos.pdf (accessed on 16 September 2015). 

63. Sernyak, M.J.; Rosenheck, R.A. Antipsychotic use in the treatment of outpatients with 

schizophrenia in the VA from fiscal years 1999 to 2006. Psychiatr. Serv. 2008, 59, 567–569. 

64. Mond, J.; Morice, R.; Owen, C.; Korten, A. Use of antipsychotic medications in Australia between 

July 1995 and December 2001. Aust. N. Z. J. Psychiatry 2003, 37, 55–61. 

65. Hollingworth, S.A.; Siskind, D.J.; Nissen, L.M.; Robinson, M.; Hall, W.D. Patterns of antipsychotic 

medication use in Australia 2002–2007. Aust. N. Z. J. Psychiatry 2010, 44, 372–377. 

66. Stephenson, C.P.; Karanges, E.; McGregor, I.S. Trends in the utilisation of psychotropic 

medications in Australia from 2000 to 2011. Aust. N. Z. J. Psychiatry 2013, 47, 74–87. 

67. Moore, T.A.; Covell, N.H.; Essock, S.M.; Miller, A.L. Real-world antipsychotic treatment 

practices. Psychiatr. Clin. N. Am. 2007, 30, 401–416. 



Int. J. Mol. Sci. 2015, 16 23034 

 

 

68. Warnez, S.; Alessi-Severini, S. Clozapine: A review of clinical practice guidelines and prescribing 

trends. BMC Psychiatry 2014, 14, doi:10.1186/1471-244X-14-102. 

69. Taylor, D.M.; Young, C.; Paton, C. Prior antipsychotic prescribing in patients currently receiving 

clozapine: A case note review. J. Clin. Psychiatry 2003, 14, 30–34. 

70. Farooq, S. Taylor M. Clozapine: Dangerous orphan or neglected friend? Br. J. Psychiatry 2011, 

198, 247–249. 

71. Citrome, L.; Volavka, J. The psychopharmacology of violence: Making sensible decisions.  

CNS Spectr. 2014, 19, 411–418. 

72. McGorry, P. Royal Australian and New Zealand College of Psychiatrists clinical practice guidelines 

for the treatment of schizophrenia and related disorders. Aust. N. Z. J. Psychiatry 2005, 39, 1–30. 

73. Malalagama, G.; Bastiampillai, T.; Dhillon, R.; Avina, P. Clozapine utilisation in Australia.  

Aust. N. Z. J. Psychiatry 2011, 45, A43–A44. 

74. Waghorn, G.; Saha, S.; Harvey, C.; Morgan, V.A.; Waterreus, A.; Bush, R.; Castle, D.; Galletly, C.; 

Stain, H.J.; Neil, A.L.; et al. “Earning and learning” in those with psychotic disorders: The second 

Australian national survey of psychosis. Aust. N. Z. J. Psychiatry 2012, 46, 774–785. 

75. Clement, S.; Singh, S.; Burns, T. Status of bipolar disorder research. Br. J. Psychiatry 2003, 182, 

148–152. 

76. Theander, S.S.; Wetterberg, L. Schizophrenia in medline 1950–2006: A bibliometric investigation. 

Schizophr. Res. 2010, 118, 279–284. 

77. Johnson, M.H.; Cohen, J.; Grudzinskas, G. The uses and abuses of bibliometrics. Reprod. Biomed. 2012, 

24, 485–486. 

78. Gómez, I.; Bordons, M. Limitaciones en el uso de los indicadores bibliométricos para la evaluación 

científica. Polít. Cient. 1996, 46, 21–26. 

79. Garfield, E. Citation Indexing. Its Theory and Application in Science, Technology and Humanities; 

Wiley: New York, NY, USA, 1979. 

80. OECD Health Division. OECD Health Data 2013—Frecuently Requested Data (November,  

2013), 2013. Available online: http://www.oecd.org/health/health-systems/oecdhealthdata2013-

frequentlyrequesteddata.htm (accessed on 15 May 2015). 

81. World Health Organization Department of Health Statistics and Informatics. World Health  

Statistics 2013 (May, 2013), 2013. Available online: http://www.who.int/gho/publications/ 

world_health_statistics/EN_WHS2013_Full.pdf (accessed on 15 May 2015). 

82. López-Muñoz, F.; Álamo, C. Neurobiological background for the development of new drugs in 

schizophrenia. Clin. Neuropharmacol. 2011, 34, 111–126. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


