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The unprecedented proliferation of novel psychoactive substances (NPS) in the illicit drug market has been a
public health concern since their emergence in the 2000s. Their consumption can pose severe health risks as
their mechanism of action is poorly understood and their level of toxicity is high mainly due to the diffusion
of very potent synthetic cannabinoid receptor agonists and synthetic opioids. This study systemically analyses
the evolution of the scientific literature on NPS to gain a better understanding of the areas of major research

interests and how they interlink. Findings indicate that the published evidence covers clusters focused on classes
of NPS that have received widespread media attention, such as mephedrone and fentanyl, and have largely
been concerned with the pharmacological and the toxicological profiles of these substances. This scientometric
perspective also provides greater insight into the knowledge gaps within this new and rapidly growing field of
study and highlights the need for an interdisciplinary approach in tackling the NPS epidemic.

1. Introduction

In recent years, there has been an unprecedented proliferation of
novel psychoactive substances (NPS) in the drug market globally with
1124 substances being reported to the United Nations Office on Drugs
and Crime by December 2021 [1]. The term NPS is typically used to re-
fer to substances specifically engineered to bypass current drug control
legislation, such as analogues of existing controlled drugs and pharma-
ceutical products designed to mimic their actions and effects [2,3]. The
emergence of NPS in the illicit drug market poses a serious challenge for
drug policy and public health. The ease and speed with which NPS are
continuously developed and reintroduced in the market as analogues
or derivatives with small chemical changes in order to circumvent drug
enforcement and legislation makes these substances difficult to legally
regulate and control. In addition, although NPS tends to mirror more tra-
ditional substances in terms of their mechanisms of action at the neural
level [4], the potency, pharmacological effects and risk profiles of NPS
are diverse and generally unknown, where users are often misinformed
and lack awareness of the contents of the NPS they are consuming. The
properties and long-term effects of NPS are not well understood and few
studies examining most of these new substances have been published
[5].
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Adverse health effects including suicide and fatalities have been doc-
umented in association with and attributed to NPS use [6] and the most
frequent classes of NPS (e.g., synthetic cannabinoid receptor agonists,
synthetic cathinones) are associated with medical risks [7]. In an analy-
sis of hospital emergency data by the European Drug Emergencies Net-
work, 9% of all drug-related emergencies involved NPS [8]. Reports
have also cited correlations between NPS use and increased spread of
diseases such as HIV and hepatitis C [9]. Although case reports and case
series form the bulk of research informing our understanding of NPS, it
is apparent that there are significant health risks associated with NPS
use.

Although the prevalence of NPS in the general population appears to
be low, their consumption among younger age groups is higher and war-
rants concern. This is especially true considering the inability of users
in verifying the specific agents in the composition of these substances,
implying significant risk and potential harm posed by NPS use. A sys-
tematic review found that most studies showed 3% or less of adult pop-
ulations reported recent use of NPS, typically in the past year, compared
to an estimated 1 in 10 young people [10]. Similarly, an estimated 1-
8% of school students have used NPS at some point [11], indicating a
worrying trend of drug use among youth. However, it is important to
note that such self-report data on NPS use are most likely not an accu-
rate representation of actual market penetration and user uptake of NPS
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due to the sheer speed in which NPS are introduced to market as well
as unwitting consumers.

The aim of this study is to identify the most relevant publications,
the nature of their inquiry and associate literature gaps in the field of
NPS. We conducted a document co-citation analysis (DCA) [12,13] to
analyse references and the relevance of these publications in the existing
literature on NPS. By clustering publications according to common re-
search domains, articles with significant contributions to the literature
can be identified while highlighting the coverage and gaps in existing
literature. The scientometric results can illuminate research and identi-
fying publication trends, the links between different works and scientific
fields involved in the exploration of issues relating to NPS. The scien-
tometric approach has been employed in neuroscience [14] and digital
psychology [15].

2. Material and methods

Publications were downloaded from Scopus in accordance with the
standard and established scientometric procedures [12]. We used the
following search string TITLE-ABS-KEY(“novel psychoactive substanc*”
OR “new psychoactive substanc*”) AND (LIMIT-TO (LANGUAGE, “En-
glish”)) and found a total of 2365 documents published from 1 January
2010 to 13 June 2022. By limiting the search to publications in English,
the analysis will be built on international scientific literature in the field,
allowing for a more standardised and rigorous examination of existing
work [16].

2.1. Data import on CiteSpace

Scientometric analysis was conducted using CiteSpace software (Ver-
sion 6.1.R2) and the articles downloaded from Scopus were imported
into the software. 106,911 of a total of 111,855 references (95.58%)
cited by the 2365 articles were valid (Fig. 1). A “valid” reference is one
that contains seven key pieces of information: author, year of publica-
tion, title, source, volume, pages and DOI [12]. Due to irregularities
in the citation format, a number of references were considered invalid.
Negligible losses in references (1-5%) commonly occur during the data
import to the CiteSpace software [17]. The CiteSpace function (Remove
Alias) was turned ON to eliminate repeated or identical entries.

2.2. Document co-citation analysis (DCA) and optimisation of parameters

DCA was conducted to determine the main research domains in NPS
literature. DCA is based on the frequency with which two or more papers

are cited together in source articles [18]. The assumption is that frequent
co-citations among articles reflect common research trends and intellec-
tual domains in the literature [13,19]. The network resulting from the
DCA is composed of documents frequently cited together along with the
documents that cite them (i.e. articles downloaded from Scopus).

DCA parameters were optimised in order to obtain a balanced net-
work of documents. Several DCAs were computed and compared, each
with a different setting for one of three node selection criteria; g-index,
TOP N, TOP N%, as done in [14-16,19-21]. The node selection criteria
are a priori settings that define the criterion used for selecting articles
to be included in the network, and consequently, determine the final
network of articles being generated. The g-index is a measure of the ci-
tation scores of an author’s top publications [22,23]. It represents the
largest number that equals the average number of citations of the most
highly cited g publications [17]. TOP N and TOP N% are criteria used
to select N and N% most cited references within a time slice as network
nodes respectively [12]. Since the interest of the current study was to
conduct the analysis of references year by year to extract the maximum
amount of information, a time slice of 1 year was used.

In order to generate the final optimal network, node selection crite-
ria were varied together with their scale factor values, which refer to the
chosen numeric values used as thresholds for the respective node selec-
tion criteria [15]. Specifically, DCAs with the following node selection
criteria were compared: g-index with scale factor k set at 10, 15, 25, 50,
TOP N with scale factor N set at 25, 50 and TOP N% with scale factor
N set at 10. To determine the optimal node selection criteria and scale
factor to use for the generation of the final network, the overall effects
on the structural metrics of the network (i.e., modularity-Q, silhouette,
number of nodes, number of clusters) were compared. After comparison
of these metrics, TOP N with N at 25 was the parameter which was used
to generate the final network of articles.

2.3. Metrics

Structural and temporal metrics are used in describing CiteSpace re-
sults. Structural metrics consist of (i) modularity-Q, (ii) silhouette scores
and (iii) betweenness centrality. Modularity-Q values range from 0 to 1
and indicates the degree to which the network can be decomposed into
single groups of nodes, which are referred to as modules or clusters [24].
High modularity-Q values indicate a well-structured network [13]. Sil-
houette scores are a measure of inner consistency - cohesion and separa-
tion - of the modules [25]. Silhouette scores vary from -1 to +1, where
higher values represent high separation from other modules and inter-
nal consistency [26]. Betweenness centrality represents the degree to
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Fig. 2. Network of publications generated through the document co-citation analysis (DCA). The major clusters are grouped by colour.

Table 1
Top 15 publications in terms of burst strength.

Reference Burst Year Start of burstness ~ End of burstness ~ Burst duration  Centrality ~ Sigma
Hondebrink et al. [32] 12.43 2015 2017 2019 2 0.01 1.10
Armenian et al. [35] 11.68 2018 2019 2022 3 0.02 1.19
Peacock et al. [10] 1097 2019 2020 2022 2 0.01 1.08
Brandt et al. [36] 1093 2014 2016 2017 1 0.00 1.00
Rickli et al. [37] 10.58 2015 2017 2018 1 0.00 1.04
Morris and Wallach [38] 10.07 2014 2017 2018 1 0.05 1.67
Measham et al. [39] 9.46 2011 2012 2014 2 0.07 1.90
Hermanns-Clausen et al. [40] 9.44 2013 2014 2017 3 0.01 2.44
Kraemer et al. [41] 8.62 2019 2020 2022 2 0.02 1.17
Seely et al. [42] 8.51 2012 2015 2018 3 0.04 1.41
Richter et al. [43] 8.26 2017 2019 2020 1 0.00 1.01
Baumann et al. [44] 7.92 2012 2016 2017 1 0.01 1.09
Prosser and Nelson [34] 7.81 2012 2016 2017 1 0.17 3.50
Majchrzak et al. [45] 7.68 2018 2020 2022 2 0.01 1.12
Favretto et al. [46] 7.55 2013 2015 2017 2 0.01 1.10

which a node connects an arbitrary pair of nodes in the network [12,27].
Betweenness centrality values range from 0 to 1, where groundbreak-
ing and revolutionary works in the scientific literature typically score
higher [28].

Temporal metrics consist of (i) citation burstness and (ii) sigma. The
Kleinberg’s algorithm [29] is used to calculate citation burstness, which
indicates a sudden increase in the number of citations of an article in a
given time frame [30]. Sigma is calculated with the equation (centrality
+ 1)busstness a9 indicates the novelty of a document and influence on
the overall network [31].

The overall configuration of the generated network and identified
clusters of references were examined with modularity-Q and silhouette
scores. The attributes of single nodes in the network were examined
using betweenness centrality and the temporal metrics.

3. Results
3.1. Structural metrics

The final optimised network obtained from the DCA consisted of 317
nodes and 1327 links, indicating an average of 4.15 connections with
other references for each node (Fig. 2). The network had a modularity-
Q index of 0.6181 and a mean silhouette score of 0.8445, indicating
medium divisibility of the network into clusters that are highly homo-
geneous.

3.2. Citation burstness
A total of 64 documents were found to exhibit a citation burstness

(Table 1 for the top 15 publications in terms of citation burstness; Ta-
ble S1 of the supplementary materials for the complete list of references

with a citation burst). 20 of these documents belong to cluster #0, 13 to
cluster #1, 16 to cluster #2, 4 to cluster #3, 3 to cluster #4, 1 to cluster
#5, 4 to cluster #6 and 1 to cluster #9. The article with the highest burst
strength was authored by Hondebrink et al. in 2015 [32] with a score
of 12.43. The burst began in 2017 and ended in 2019. In their impactful
publication, Hondebrink et al. [32] investigated the availability of NPS
in the Dutch market using data from the Netherlands’ Drugs Information
and Monitoring System, which is a nationwide network of testing facil-
ities offering drug testing services. By doing so, the authors observed
that, from 2007 to 2013, the number of drug samples containing NPS
increased from 22 to 431 samples. Moreover, Hondebrink et al. [32] ex-
plored the clinical consequences of NPS by means of data from the Dutch
Poisons Information Centre, a 24/7 information service providing help
to health care professionals on the management of suspected drug in-
toxication. The article with the longest burst duration was authored by
Castaneto et al. in 2014 [33] with a burst duration of 5 years from 2017
to 2022. This document provides a comprehensive review of the epi-
demiology, pharmacology, and medical and psychiatric consequences
of synthetic cannabinoid receptor agonists. Finally, the article with the
highest sigma value was authored by Prosser and Nelson [34] with a
sigma value of 3.50, which indicates high novelty and influence of the
article in the generated network. This document by Prosser and Nelson
[34] provides a review of the prevalence, properties, clinical effects, and
treatment of synthetic cathinones usage.

3.3. Thematic clusters

Ten major clusters were identified (Fig. 2, Table 2). Clusters’ labels
were initially generated by means of the log-likelihood ratio (LLR) al-
gorithm. LLR was chosen because it produces the most accurate labels
as compared to other automatic labelling methods [47]. The generated
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Metrics of the 10 clusters identified with the DCA. Log-likelihood Ratio (LLR) labels are automatically generated by the
software. A qualitative inspection of clusters was conducted. Whenever the automatically generated labels lacked accuracy,

clusters were renamed manually.

Cluster ID  Size  Silhouette = Mean year  LLR label Proposed label

0 59 0.716 2019 Synthetic cannabinoid Mechanisms of NPS action

1 56 0.840 2012 Psychoactive substance Synthetic cathinones

2 49 0.809 2014 Acute recreational drug toxicity =~ Neuropharmacology of NPS

3 34 0.820 2016 Strida project Intoxication profile and detection of NPS use
4 26 0.994 2020 New synthetic opioid New synthetic opioids

5 18 0.992 2012 Legal consequence Legal aspects of NPS use

6 13 0.928 2017 Synthetic cannabinoid Synthetic cannabinoid receptor agonists
8 8 0.984 2014 Rat urine Metabolite profiles for drug screening

9 6 1.00 2013 Mapping project NPS and the Internet

10 6 0.967 2015 Emerging epidemic NPS as a New Public Health Problem

labels were verified with a qualitative inspection of the major clusters.
When LLR labels lacked precision, clusters were renamed manually [21].
The largest cluster #0 consisted of 59 nodes and had a silhouette score
of 0.716, where the constituent references were published in 2019 on
average. The cluster was labelled “Mechanisms of NPS action”. Second,
cluster #1 consisted of 56 nodes and had a silhouette score of 0.84,
where the constituent references were published in 2012 on average.
The cluster was labelled “Synthetic cathinones”. Third, cluster #2 con-
sisted of 49 nodes and had a silhouette score of 0.809, where the con-
stituent references were published in 2014 on average. The cluster was
labelled “Neuropharmacology of NPS”.

4. Discussion

In this section, we will discuss each cluster in greater detail in
chronological order, by the average year of publication of the cluster. By
doing so, we aim to elucidate the temporal trajectories and sequence of
the thematic domains identified in the literature of interest. Each cluster
will be analysed in terms of both the citing articles and the cited refer-
ences. The main citing articles for each cluster will be highlighted, to-
gether with its coverage and Global Citing Score (GCS). Coverage refers
to the number of articles in the cluster that were cited by the citing ar-
ticle and GCS refers to the total number of citations received by a paper
as indexed on Scopus.

4.1. Cluster #b5: Legal aspects of NPS

The major citing articles in Cluster #5 were authored by Bilinski
et al. [48] with a coverage of 14 articles and GCS of 6, and Carolyn
et al. [49] with a coverage of 11 articles and GCS of 11. Cluster #5 ap-
pears to be one of the earlier groups of work investigating NPS emerg-
ing on the drug market, their effects and their legal status, as seen
from the mean year of publication (2012) and a significant number
of cited references conducted in animal models prior to 2010 [50-54].
For instance, some authors explored similarities and differences among
3,4-Methylenedioxymethamphetamine (MDMA) and piperazine analogs
(e.g., 1-benzylpiperazine, 1-(m-trifluoromethylphenyl)piperazine). The
interest in piperazine analogs is likely due to the fact that, at the
beginning of the 2000s, drug users started to consume them as “le-
gal” alternatives to MDMA and amphetamines in general. Particularly,
the study by Baumann et al. [50] on rat models suggested that co-
administration of the investigated compounds mirrored the effects of
MDMA on the brain, as they both increase concentrations of extracel-
lular serotonin and dopamine. Furthermore, Fantegrossi et al. [51] in-
vestigated the reinforcing and discriminative properties of piperazine
analogs in rhesus monkeys. From this study, it emerged that, in particu-
lar, 1-benzylpiperazine poses a serious risk for users as it might induce
amphetamine-like substance abuse.

The primary theme of this cluster appears to be legal concerns of NPS
use following their entrance into the market, where the citing and cited

articles focused on the legality of designer drugs touted as “legal” in the
drug market [48,49,55-57]. Although many countries took legislative
actions to tackle the rapid spread of NPS, the diversity in local legisla-
tive strategies resulted in mixed effects. To face this problem, Poland, to-
gether with Eire and the United Kingdom, chose to temporarily prohibit
all identified NPS. This choice required a close dialogue between legis-
lation and scientific literature. With the aim of informing and guiding
subsequent legislation decisions, Bilinski et al. [48,55] reviewed the ef-
fects of six main chemical groupings of NPS found in a wide drug seizure
of illegal products conducted in Poland. The main chemical groupings of
NPS presented in the articles are: cannabinoids derivatives, cathinones
derivatives, piperazines/piperidines, phenylethylamines, tryptamines,
and a group of “others”.

4.2. Cluster #1: Synthetic cathinones

The major citing articles in Cluster #1 were authored by Smith and
Garlich [58] with a coverage of 21 articles and GCS of 14, Wood and
Dargan [59] with a coverage of 16 articles and GCS of 7, and Wood
and Dargan [60] with a coverage of 14 articles and GCS of 54. Clus-
ter #1 appears to be a body of work that emerged in response to the
series of bans on mephedrone as well as other cathinones across multi-
ple countries across the world in 2010, as evidenced by the mean year
of publication (2012). The focus of both citing articles and the cited
references appeared to be the same, which primarily revolved about
the prevalence, use, and effects of mephedrone and other cathinones.
A significant number of cited references testified the persistent recre-
ational use of mephedrone and other cathinones [39,61,62] and contin-
ued presence in the composition of existing drug products available in
the market [36,63,64] despite their status as illegal substances. In fact,
the survey study conducted by Winstock et al. [65] showed that ban-
ning mephedrone has had little success in limiting its availability and
use. Furthermore, several citing and cited documents investigated the
effects of mephedrone and other cathinones [59,60,62,66-72]). For in-
stance, this group of documents suggested that the patterns of toxicity
of mephedrone and 1-benzylpiperazine are similar [71] and that users
typically compare its effects to the ones induced by MDMA [66]. Com-
mon clinical effects of mephedrone and other synthetic cathinones use
are neurological and cardiovascular in type (e.g., agitation, combative
behaviour, tachycardia, hallucinations, paranoia, confusion) [69,70].

4.3. Cluster #9: NPS and the internet

The major citing articles in Cluster #9 were authored by Deluca et al.
[73] with a coverage of 3 articles and GCS of 139, Cinosi et al. [74] with
a coverage of 2 articles and GCS of 99, and Corazza et al. [75] with a
coverage of 2 articles and GCS of 52. The main theme of Cluster #9 is
the role of the Internet as a source for information on NPS as well as a
virtual marketplace for NPS. It is clear from the cited articles that the
availability of NPS through online channels is a key concern, especially
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since consumer reach and engagement on the Internet is unrivalled in
comparison to a brick-and-mortar store, as well as the information on
NPS available on the Internet [76-79]. Targeting the Internet through
researching and designing web-based interventions such as web moni-
toring and information dissemination is thus a recommendation and/or
central focus of the citing articles in Cluster #9 [73,75]. Research in
Cluster #9 highlights the information war on the Internet as a key as-
pect of the NPS crisis and the importance of developing information and
communication technology interventions.

4.4. Cluster #8: Metabolite profiles for drug screening

The two major citing articles in Cluster #8 were authored by
Welter et al. [80] with a coverage of 8 articles and GCS of 25
and Welter et al. [81] with a coverage of 7 articles and GCS
of 6. Both of these citing articles investigated methods for detect-
ing amphetamine-type stimulant NPS (i.e., 4-methyl-amphetamine, 3-
methyl-amphetamine, 2-methyl-amphetamine, and camfetamine). The
authors propose to screen the metabolic products present in rat urine
by applying gas chromatography-mass spectroscopy and/or liquid chro-
matography methods. This strongly suggests the cluster is geared to-
wards the application of chemical methods to NPS detection. The de-
velopment of drug detection methods is particularly challenging when
applied to NPS, given the ever-changing nature of these substances. To
tackle this problem, the majority of the cited articles also report the re-
sults of applying gas chromatography-mass spectroscopy and/or liquid
chromatography methods to detect drug metabolites in rat and human
urine [82-86].

4.5. Cluster #2: Neuropharmacology of NPS

The major citing articles in Cluster #2 were authored by Zawilska
and Andrzejczak [87] with a coverage of 10 articles and GCS of 120,
Papaseit et al. [88] with a coverage of 10 articles and GCS of 20, and
Miliano et al. [89] with a coverage of 10 articles and GCS of 88, which
were all reviews on the pharmacology of NPS use. For instance, Miliano
et al. [89] reviewed the addictive and rewarding properties of the main
synthetic cannabinoid receptor agonists and amphetamine-like stimu-
lants, especially with a focus on the mechanisms of action at the neural
level. Accordingly, the cluster is centred on elucidating the pharmacol-
ogy of the various classes of NPS, which the citing articles covered from
cathinones [90,91], cannabinoids [92], hallucinogens [93] and stimu-
lants [94]. The same theme is reflected in the cited articles. For instance,
Iversen et al. [95] assessed the potential of a total of 14 substances as
inhibitors of monoamine uptake. In the cluster, other cited documents
were mostly concerned with the toxicological findings from NPS use
[34,40,96-98]. Hence, Cluster #2 appears to be a body of work relating
pharmacological properties of NPS to their toxicity and risk of fatality.

4.6. Cluster #10: NPS as a new public health problem

The major citing articles in Cluster #10 were authored by Zawilska
[99] with a coverage of 4 articles and GCS of 36, Karila et al. [100] with
a coverage of 3 articles and GCS of 129, and Rickli et al. [37] with a cov-
erage of 3 articles and GCS of 129. The focus of these reviews aims to
consolidate information on properties of NPS in relation to their propen-
sity as a public health threat by presenting clinical data. In fact, clini-
cal data is presented to tackle the discrepancy between the increasing
number of reported intoxicated people and the limited evidence on the
harmful effects associated with NPS [99]. The findings in the cited ref-
erences also presents clinical data [69], including psychosis [101].

4.7. Cluster #3: Intoxication profile of NPS use

The major citing articles in Cluster #3 were authored by Schifano
et al. [102] with a coverage of 7 articles and GCS of 178, Salomone
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[103] with a coverage of 7 articles and GCS of 85, and Castaneto et al.
[104] with a coverage of 7 articles and GCS of 4, which were all reviews
on the pharmacology of NPS use and detection. Accordingly, the cluster
is composed of a group of work collecting data on the intoxication pro-
files of NPS users and substance detection methods. For this reason, this
cluster of work appears to be the natural response to the public health
emergency pointed out in the previous cluster [105-109]. Notably, a
significant number of the citing articles analysed data from the STRIDA
project in Sweden, which monitored occurrences and health hazards of
NPS and includes information from about 2600 cases of suspected NPS
intoxications across the period of 2010-2016 [110-115]. Similarly, the
cited references were also research on intoxication profiles and fatality
from NPS use [116-123]. The size of the cluster alludes to the public
health threat that NPS use poses, as well as the importance of the field
of emergency medicine in monitoring adverse events relating to drug
use which can provide much needed data on the toxicological and risk
profile of NPS use.

4.8. Cluster #6: Synthetic cannabinoid receptor agonists

The major citing articles in Cluster #6 were authored by Cannaert
et al. [124] with a coverage of 5 articles and GCS of 22, Ametovski
et al. [125] with a coverage of 5 articles and GCS of 5, and [126] with
a coverage of 4 articles and GCS of 18. Considering that marijuana -
which contains cannabis - is one of the most commonly use drugs in
the world [127], it is not surprising that synthetic cannabinoid receptor
agonists - “Spice” being an example of a brand name cannabinoid drug
- gained popularity as a “legal” alternative in countries where cannabis
is controlled. As the name suggests, this class of NPS consists of sub-
stances which are able to act as agonists of cannabinoid receptor type
1 [124]. This cluster of work examining the effects of the recreational
use of these synthetic cannabinoid receptor agonists appears to be in
response to their widespread use and market penetration in the recre-
ational drug market, especially considering its mean year of publication
in 2017, which was around the time period when cannabis began to be
legalised for recreational use and sale as a consumer product across a
number of countries such as Canada and the USA. The citing articles
include research into the pharmacology [128-131], toxicology [132-
135] as well as a number of articles pointing towards the sheer volume
and continued emergence of variations of synthetic cannabinoid recep-
tor agonists [126,136,137]. Similarly, a bulk of the cited references also
focus mainly on synthetic cannabinoid receptor agonists and fatalities
associated with their use [33,138-140].

4.9. Cluster #0: Mechanisms of NPS action

The major citing articles in Cluster #0 were authored by Miliano
et al. [89] with a coverage of 13 articles and GCS of 88, Rudin et al.
[141] with a coverage of 12 articles and GCS of 9, and Ellefsen et al.
[90] with a coverage of 11 articles and GCS of 45, which were all reviews
on the pharmacological and neural effects of NPS use. For instance,
Rudin et al. [141] reviewed the molecular pathways for stimulant and
psychedelic NPS. As the authors argue, the stimulant and psychedelic
NPS both act through the monoaminergic systems of the brain, but in a
different way. On the one hand, stimulant NPS interact as inhibitors or as
substrates of the monoamine transporters. As traditional stimulant sub-
stances, stimulant NPS mainly target the dopamine transporter, which
is crucial in increasing dopamine levels in the brain [142]. On the other
hand, psychedelic NPS mainly interact with serotonergic receptors and
exert their psychological effects by acting as agonists for the serotonin 5-
hydroxytryptamine-2A receptors. Reportedly, 5-hydroxytryptamine-2A
receptors mediate alterations of perception and cognition [4].

Many of the cited references in the cluster discussed fatalities from
NPS use [32,41,143,144], indicating that research on NPS is driven
towards characterising the risk profile of NPS use in terms of clini-
cal outcomes and fatalities. Moreover, each of the major citing articles
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were focused on different classes of NPS; Miliano et al. [89] focused on
cannabimimetics and amphetamine stimulants, Rudin et al. [141] on
stimulant and psychedelic NPS and Ellefsen et al. [90] on synthetic
cathinones. This highlights the diversity of NPS classes available, which
poses an immense challenge to the scientific community as evidenced
by the constant refrain of a lack of understanding of these mechanisms
in many citing articles. A tremendous effort is required in organising
and conducting research into understanding the drug action and effects
of the different classes of NPS, as seen from the size of this cluster. A
defining characteristic of the NPS phenomenon, the rapid development
of NPS entering the drug market suggests the continual need for re-
search to update the scientific understanding of the mechanisms of drug
action, which is suggested by the relatively recent mean year of publica-
tion (2019). Many of the references being cited were also investigating
the pharmacological actions and toxicity of NPS (e.g. [37,43,145-148]),
further highlighting the need to constantly build onto existing scientific
knowledge because of the sheer speed of NPS variations being intro-
duced in the market.

4.10. Cluster #4: New synthetic opioids

The major citing articles in Cluster #4 were authored by Vandeputte
et al. [149] with a coverage of 7 articles and GCS of 1, Vandeputte et al.
[150] with a coverage of 7 articles and GCS of 3, and [151] with a cover-
age of 7 articles and GCS of 10. Given its recent mean year of publication
(2020), the cluster is very likely to be a group of work in response to
rising use of synthetic opioids globally. While the opioid crisis is not a
new phenomenon, a spotlight has been thrown onto synthetic opioid use
in the wake of the recent surge in opioid overdose deaths in the US - an
opioid overdose epidemic driven by synthetic opioids, fentanyl and its
derivatives in particular [152-154]. The cited reference with the highest
burst strengths in this cluster focuses on fentanyl and other novel syn-
thetic opioids [35,155,156], supporting this notion. Many citing articles
were concerned with opioid-related deaths [41,157-159] and a signif-
icant number of articles pointed towards the rapidly surging numbers
globally and its implications on public health [160-162].

4.11. Limitations

There are a number of limitations of the scientometric approach.
The DCA is based on the quantity of citations and co-citation patterns
in the retrieved references and does not provide a qualitative perspec-
tive for these citation patterns per se. Hence, the rationale for the cited
references are not immediately clear from the scientometric analysis.
Moreover, the DCA does not allow researchers to differentiate between
the type of articles. This would be helpful to obtain a balanced insight
from bibliographic and experimental studies.

5. Conclusions

The NPS phenomenon is a major cause for concern in countries
across the globe and is a war on drugs fought on many fronts, as ev-
idenced by the diversity of scientific fields represented in the network
of articles derived from the DCA. The adopted scientometric approach
proved useful in identifying the main thematic domains in the litera-
ture on NPS. It also highlighted the rapid pace at which new types of
substances emerge, change, or even vanish in favour of other NPS. This
makes the identification of their pharmacological/toxicological profiles
and the development of detection methods difficult. For the same rea-
sons, only a few studies have focused on the investigation and design of
successful drug policies and possible treatments for NPS users, posing a
serious gap in the literature on NPS. Given the challenges that NPS pose
in terms of drug monitoring, surveillance, control and public health re-
sponses, understanding the main domains in the scientific literature and
disciplines involved in research on NPS through a data-driven approach
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is a valuable contribution to the field which can be harnessed in support-
ing timely drug policy and public health response. Such an analysis can
highlight the research gaps in NPS to direct attention to and facilitat-
ing interdisciplinary research based on the research domains and links
identified. In addition, producers of NPS often mine knowledge from
scientific journals and an understanding of the information that is avail-
able can be useful in targeting and informing drug policy. Thus, drug
policy, monitoring and control can benefit from coordinated, interdisci-
plinary efforts to inform and develop a multi-pronged approach to the
NPS crisis in order to safeguard public health.
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