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Abstract

Background: The research output within the discipline of novel psychoactive substances (NPS) has been evolving
since the end of the last decade. The introduction of the concept of evidence-based Medicine led to a revolutionary
growth of all fields of medical research. The enhancements of research quality were also paralleled by the
development of tools for critical analysis of literature.

Materials and Methods: The aim of the study is to assess the NPS research output, by means of evaluation of the
level-of-evidence and the implemented statistical analyses. An extensive database of near 600 published
manuscript was created; the papers were selected from the PubMed/Medline database by using pre-specified
keywords. Each manuscript will be systematically scanned for; the first author, research institution, country, year
of publication, type of study, statistical analysis, level-of-evidence, and journals of publication. Research efforts
from the Middle East were also observed and quantified.

Results: Teams of NPS researchers included members in the range of one to twenty-nine, with and an average of
4.75 authors per publication. Research output was densely mapped in the developed countries including the UK
(53%), US (19%), Italy (14%), Germany (14%), and Sweden (10%); the Middle East contribution was minimal
(<1%). The top two research institutes were; King’s College London (UK) and Sapienza University of Rome
(Italy). Studies included; Cross-sectional analyses (15%), Reviews (18%), and Analytic chemistry (36%). A
considerable number of publications (34%) had no statistics at all, while only 14% had inferential statistics. Top
journals of publication were; Journal of Psychopharmacology, Current Neuropharmacology, and Drug and
Alcohol Dependence.

Conclusion: Research output should always be assessed for quality control purposes. This study represents an
innovative and systematic method of critical analysis of NPS literature. Future study efforts should be respondent
to this study to achieve a better quality of research.

Keywords: Novel Psychoactive Substances, New Psychoactive Substances, NPS, Evidence-Based Medicine,
Statistical Analysis, Quality Control

1. Background

The growth of novel psychoactive substances (NPS) and drug (ab)use problem was phenomenal in the past decade;
it was also paralleled by efforts of NPS researchers (Krabseth et al., 2016; Orsolini et al., 2016; Wood et al., 2012).
Regulating bodies for NPS include the United Nations Office on Drugs and Crime (UNODC), European
Monitoring Centre for Drugs and Drug Addiction (EMCDDA), World Anti-Doping Agency (WADA), World
Health Organization (WHO), and Food and Drug Administration (FDA) (Griffiths et al., 1997; Hanstad et al., 2008;
Mackey & Liang, 2013). These global organisations aim to interfere at legislation levels and policy making to
either control or completely ban a particular substance (Ayres et al., 2012).

Researchers in the field of NPS are from multiple backgrounds, involving multiple disciplines; these are not
limited to analytic chemistry, molecular biology, toxicology, biostatistics and data science, web analytics, animal
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modelling, and neuroscience (Dargan & Wood, 2013). All these disciplines are interlinked with each other;
researchers of NPS should be integrative and open-minded. Hence, a multi-talented scholar represents an
outstanding unit and an essential building block of an active research team (Marcus, 2002; Smith and Robert,
2014). It is also highly appreciable that an NPS researcher is confident of his analytic tools, particularly the tools of
data science and inferential statistics. The research attempts to counteract and analyse the NPS diffusion can be
traced back to the end of the last decade (Wood et al., 2010). Researchers should be adequately communicated to
share their expertise and research efforts on a global scale (Goldacre et al., 2000; Simon et al., 2000; Wong et al.,
2000). PubMed/Medline is considered as a representative universal database for the scholarly published literature
(Hsu, 2002; Vibert et al., 2009). This study will explore PubMed database in a systematic way for publications in
connection with NPS as far back as 2010.

The introduction of the concepts of evidence-based Medicine (EBM) was revolutionary; it made it possible to
backup the presented data with a hierarchy of authentication (evidence) (Davidoof et al., 2005; Sackett et al., 2006).
The hierarchy is a pyramidal structure where anecdotal studies are at the bottom, while at the top there are the
rigorous randomised controlled trials (RCTs) and metanalytic studies including the systematic reviews (CEBM,
2009). This study is based on an Internet snapshot of PubMed database with a succeeding retrospective
longitudinal analysis of publications. The aim of this systematically thorough analysis is to infer the overall
characteristics of NPS research, its strength, limitations, and defects; once these are known, errors can be avoided
in the future. The analysis will focus primarily on three main themes; geographic distribution of NPS research
institutes and researchers (1), the implemented tools of data science (2), and the level-of-evidence (3).

2. Materials and Methods

PubMed/Medline has been systematically searched for publications specific to the discipline of NPS. The aim of
the search was to establish a database which is representative of the majority of publications on NPS research
globally. Specific keywords were used; novel psychoactive substances (1), novel psychoactive substance* (1), new
psychoactive substance (3), new psychoactive substance* (4), and (novel psychoactive substance*) OR (new
psychoactive substance*) (5). The systematic search process was carried out in January and February 2017; the use
of the keywords and the boolean operator (OR) was intended to expand the number of hits (publications) found on
PubMed. Furthermore, no filters were used, in an attempt to avoid biases towards; geographic location, researchers,
date of publication, or countries (of research institution). Only one duplicate article was found and then excluded.
Hence, the number of hits (publications indexed in PubMed) were sufficient in quantity and topography; thus
reliable enough to deduct a statistical inference in relation to the overall trends and quality of NPS-related research
output back to the earliest attempts of research found in the year 2010.

The typology of this observational analysis is retrospective. Back in 2010, few studies on NPS existed; NPS
research was still in its infancy. This was followed later by an exponential growth of publications, paralleled by the
more escalating growth of the NPS “industry” and its collateral e-phenomenona. This analysis will aim to provide
a snapshot for the existing body of literature by criticising its strength, potential weaknesses, and limitations. The
critics will be the tools of evidence-based Medicine (EBM) and critical appraisal of literature (CEBM, 2009;
Norman and Shannon, 1998; Reynolds, 2008). The number of hits retrieved from PubMed will be used to compile
an extensive database made of nine tabulated parameters; number of authors per a publication (1), name of the 1%
author (2), the research institute of 1% author (3), country of the research institute (4), year of publication (or
indexing) in PubMed (5), type of the study (6), type of the implemented statistical analysis (7), the
level-of-evidence (8), and the journal of publication (9). The categorization of the level-of-evidence will be based
on the classification system implemented by the Oxford Centre for Evidence-Based Medicine (CEBM, 2009), and
CASP appraisal tools (Norman and Shannon, 1998; Rosenberg and Donald 1995). The CASP analysis will be
based on reading through each article (title, abstract, and full length), with a particular focus on; the nature of the
study, and the application of biostatistics and data science methodologies. The implemented statistics will be
categorised into; none, descriptive, and inferential (Spriensma, 2016). The level-of-evidence will be ranging from
5 (weakest evidence) to 1 (strongest evidence). This holistic analysis will enable us to; derive a “formula” on the
global and regional research within the discipline of NPS, conclude the major contributing countries to the
research output, and apprehend the average level-of-evidence.

The primary objective is to assess if the retrospective research output was up to the expectation (of substantial
evidence), and to understand the potential limitations. There will also be attempts to correlate the geographical
distribution of the publications with the diffusion (spread) of NPS on the e-markets of the darknet to; reach a
conclusion if the research output is keeping pace with the NPS phenomenon on the deep web and if there are
sufficient research activities from the Middle Eastern and Arabic countries.
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3. Results and Discussion

At the moment the snapshot was taken, the total number of hits (publications) was 587. The majority of authors
were from the developed countries, particularly from Europe, the United States (US), and the United Kingdom
(UK). Publications from the Middle East, including Arabic and Islamic countries, were scarce. The number of
authors per a single publication ranged from one (minimum) to 29 (maximum), the average number of authors (per
publication) was 4.75 (+/-) 2.99, both the median and the mode values for the number of authors (per publication)
was four (4). The number of authors was analysed using a Q-Q plot and Box plot presentation; statistical outliers
were evident in which the number of authors per a publication was more than ten (10); these outliers represent
exceptional cases of the abundance of NPS researchers (per a particular published research).

The outliers included; Corazza et al., 2013 (UK); Bade at al., 2017 (Spain); Deluca et al., 2012 (UK); Giese et al.,
2015 (Sweden); Martinotti et al., 2014 (Italy); Cinosi et al., (UK, Italy); Brandt et al., 2014 (UK); Caloro et al.,
2016 (Italy); Yun et al., 2016 (Republic of Korea); Acton et al., 2014 (Austria); McLaughlin et al., 2014 (Ireland);
McLaughlin et al., 2017 (Ireland); Tanibuchi et al., 2017 (Japan); McLaughlin et al., 2016 (Ireland); Wohlfarth et
al., 2016 (Sweden); Togari et al., 2016 (Japan); Vento et al., 2014 (Italy); Daveluy et al., 2016 (France); Brandt et
al., 2017 (UK); Negishi et al., 2015 (Japan); McLaughlin et al., 2016 (Ireland); Lanza at al., 2015 (Austria);
Simonsen et al., 2015 (Denmark); Parrott et al., 2013 (UK); Bersani et al., 2014 (UK); Lanza at al., 2013 (Austria);
and Murray et al., 2012 (Ireland). Apparently, the majority of those authors are from Europe particularly from the
UK and Italy; few are from Asia.

The research institutes at which these NPS studies were conducted, took place in Europe, notably the UK, Italy,
and the US. A Box plot presentation of the number of publications per research institute shows that exceptional
institutes (statistical outliers) had a minimum of four publications per Institute. The top 10 research institute
(Figure 1 and 2) for research output (in an ascending order); King's College London (UK), Sapienza University of
Rome (Italy), Liverpool John Moores University (UK), University of New South Wales (UK), University of
Hertfordshire (UK), Massey University (New Zealand), Karolinska Institutet (Sweden), National Institutes of
Health (US), Guy's and St Thomas' NHS Foundation Trust and King's Health Partners (UK), and Saarland
University (Germany).
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Figure 1. Top Ten Institutes for NPS-related Research
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Figure 2. Top NPS Research Institutes

On the other hand, research output by country led to similar results; some countries had a profound research output
(Figure 3); outstanding contributors (statistical outlier) were observed strictly in countries from Europe and North
America, with a minimum of 31 publications per country, these countries are; UK (43%), US (19%), Italy (14%),
Germany (14%), and Sweden (10%). It is striking that countries from the Middle East (Figure 4), including Iraq
and Iran, contributed the least to the overall research output (less than 1%); this paucity in production (research
output) is, of course, outpaced by the escalating pace of the NPS “industry” in the same geographic region (Middle
East) (Al-Hemiary et al., 2014; Al-Imam et al., 2016; Al-Imam, 2017; Al-Imam et al., 2017). Contributing
countries from the Middle East included; Israel, Iran, Cyprus, and Iraq; other contributing Arabic countries
included Qatar and Algeria. Similarly, based on the sum of the number of authors (per publication), the developed
countries contributed the most. Furthermore, it has been hypothesised that the count of 1* authors and the sum of
authors are positively correlated with each other, particularly in the developed countries. Hence, linear regression
was carried out to test the hypothesis, which was confirmed to be accurate (R’ score=0.987).
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Analysis of the implemented Statistic (Figure 5 and 6) revealed that almost half of the NPS studies have only basic
(descriptive) statistics, while nearly one-third of the total research output (34%) had no statistics at all (None), and
only 14% implemented advanced (inferential) statistics. The lack of application of inferential statistics is a critical
defect in relation to the original research activities of NPS. Without these statistical inferences, valid and
generalizable conclusions in relation to the studied population cannot be made. The level-of-evidence was also
assessed in parallel to the assessment of the implemented statistics. The majority of studies in which either
descriptive or inferential statistics were applied, were mostly of level-3b or 2b. On the other hand, studies in which
no statistic was implemented, were mostly of level-3a or 5. In relation to the level-of-evidence, studies has
contributed as follows; level-3b (50%), level-3a (19%), level-5 (17%), level-2b (12%), and other studies (level-1a,
1b, lc, and 2a) contributed to no more than 2% of the total. Furthermore, linear regression analysis shows some
degree of positive (+ve) correlation (R*=0.047) between the type of the implemented statistical analysis and the
overall level-of-evidence of the publications.
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Figure 5. NPS Research Output (2010-2017): Implementation of Statistic versus Level-of-Evidence
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Figure 6. Level-of-Evidence: Retrospective Analysis (2010-2017)

The type of studies included (in a descending order of frequency); analytic chemistry studies, reviews,
observational cross-sectional, retrospective, case reports, case series, commentaries, molecular biology and
analytic chemistry, editorials, policy analysis, perspectives, letters, systematic reviews, animal studies, book
chapters, observational retrospective and cross-sectional, RCTs, short communications, hybrid studies,
observational prospective studies, case-control studies, continuous professional development (CPDs), analytic
chemistry and bacteriology, case registry, systematic review protocol, quasi-experimental studies, and
communications. The top ten types of studies (Figure 7) in ascending order were; Policy analysis (2%), Editorial
(3%), Molecular biology and analytic chemistry (3%), Commentary (3%), Observational case series (4%), Case
report (7%), Retrospective study (9%), Observational cross-sectional study (15%), Review (18%), and Analytic
chemistry (36%).
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Figure 7. Top Ten Types of Studies in NPS Research

NPS research output was also categorized based on the different regions of the world (Figure 8); Africa (less than
1%), Middle East (1%), South America (2%), UK (5%), Australasia (6%), Asia (8%), North America (10%), and
Europe excluding the UK (68%). The analysis of variance (one way-ANOVA) displayed a clear leverage of
Europe over other regions (p-value<0.001). Apparently, the contribution of researchers from Middle East, Asia,
and Africa was minimal. Furthermore, the frequency of usage of the deep web and the e-markets on the darknet
was found to be compatible with the geographic distribution of researchers in the developed world (Figures 9 and
10).
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Figure 8. The Regional Geographic Mapping of NPS Research (2010-2017)
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The outlet (Journal of publications) for NPS research were highly numerous and diverse (Figure 11). The top ten
journals (in ascending order); Journal of Psychopharmacology (3%), Current Neuropharmacology (3%), Drug
and Alcohol Dependence (3%), Human Psychopharmacology (7%), Analytical and Bioanalytical Chemistry (9%),
International Journal of Drug Policy (9%), Addiction (10%), Clinical Toxicology (12%), Forensic Science
International (13%), and Drug Testing and Analysis Journal (31%). Drug Testing and Analysis Journal published
almost one-third (31%) of the total research output; this high percentage seems to be concordant with the fact that
one-third (33%) of NPS research output is in relation to the discipline of the analytic chemistry (Ayres, 2012;
Gibbons, 2012; Kinyua, 2015).
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= Anal Bioanal Chem.
Int J Drug Policy.

= Addiction.
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Figure 11. The Most Popular Journal for Publication of NPS Research (2010-2017)

To re-encapsulate, it is ostensible that NPS researchers are densely populated in the developed parts of the world,
namely western Europe and the UK, North America, and Australasia. Europe is in the lead. Among all countries,
the United Kingdom appears to have the biggest contribution in relation to the number of; NPS researchers,
publications, and research institutes.

4. Conclusion

The phenomenon of NPS and its e-commerce has spread beyond international borders; it is not limited to a
particular region of the world, neither developed nor developing. On the other hand, it is ostensible that NPS
researchers are densely populated in the developed parts of the world, namely in western Europe and North
America. Europe is in the lead; the United Kingdom and Italy have the biggest share of researchers, publications,
and research institute in connection to NPS.

The level-of-evidence of the analysed body of literature was not satisfactory, and on top, the implementation of
statistics was not always inferential. The lack of statistical inference is a big waste and a significant threat to the
quality of the research efforts. Unfortunately, in the region of the Middle East and other Arabic-Islamic countries,
the level of research is still primitive and constitute no more than few hundredth of the total research output and
publications. Furthermore, regulating bodies are either lacking or defective; legal status and legislative actions are
often blurred.

Future research efforts should focus on the effective integration of data science methods, with an aim to strengthen
the embedded level-of-evidence. Training of researchers from the Middle East and other developing countries will
be fruitful to fight this dangerous phenomenon; it will also fortify the public health and the economy from the
daring threats of the NPS industry. Potentials for data mining, also known as knowledge discovery in databases
(KDD), are also indispensable; these can be deployed for real-time and systematic analyses of the published
literature databases.
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