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a b s t r a c t   

The past decade has seen an increase in the development and availability of a broad category of drugs, 
known as new psychoactive substances (NPS). NPS are challenging for public health authorities, therefore 
the two major drug monitoring bodies – the European Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA) and the United Nations Office on Drugs and Crime (UNODC) – have implemented the EU Early 
Warning System (EWS) and Early Warning Advisory (EWA), respectively. While these monitoring systems 
are informative, it is difficult to keep up with the constant and rapid developmental rate of NPS. The 
EMCDDA has recognised the need for an alternative and technologically derived early warning system. The 
aim of this research is to determine whether Google Trends and drug discussion forum data can be used to 
complement early warning systems for NPS. 

Forty-eight substances were used in this study and classed into groups based on their chemical structure, 
following the UNODC classification system. Google Trends data (time range: 2004–2019) and drug forum 
data (time range: 2003–2018) were extracted for each substance and visual trend profiles were created for 
class groups as well as individual substances. Analysis was conducted to determine when a substance first 
appeared on Google Trends and a drug discussion forum as well as their trends over time. This date of first 
appearance was then compared to the date the substance was first reported to UNODC. 

Of the three data sources utilised, substances were most likely to appear on Google Trends first. Amongst 
the different classes of NPS, discernible trends (‘block’, ‘successive’, and ‘generational’ trends) were ob
served. These trends reflect the evolution of the manufacture of substances or generations of substances 
that has been observed in the literature. For example, in the synthetic cannabinoids’ category, a genera
tional trend is observed that corresponds to the different generations of synthetic cannabinoids. When 
comparing Google Trends and Drugs-Forum directly, the order of appearance and duration of presence for 
substances aligns accurately for most classes. 

Google Trends showed the emergence, persistence, or transient nature of substances, which could direct 
the focus of law enforcement, health organisation and laboratory resources towards a limited number of 
substances. When one considers the reliance of individual information seeking on the Web as well as the 
prominence of NPS on the Web, it becomes clear that Google Trends and drug discussion forums could be 
used as a complement to current early warning systems. 

© 2021 Elsevier B.V. All rights reserved.    

1. Introduction 

The past decade has seen the proliferation of a broad category of 
drugs, known as new psychoactive substances (NPS) [1–6]. The 
chemical structure of NPS varies greatly and is based not only on 
compounds extracted from patent literature but also analogues of 
illicit drugs or prescribed medications as well as new substances of 
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abuse [7]. Some substances and their effects are well known while 
for others, little is known about their effects and toxicity. There has 
been an increase in the rate of reported adverse events associated 
with several NPS, including mass infections, psychosis, seizures, 
acute poisonings, and overdoses [3,4,8,9]. The dynamic nature of the 
market and the paucity of information on toxicology, contra
indications, physical and mental side effects, and treatments for a 
large number of NPS means that there is a continual demand for 
research into understanding the pharmacodynamics and pharma
cokinetics of these substances [1,4,8,10–15]. Nevertheless, many NPS 
are able to, and are, causing severe harm to users [4]. As the legal 
status of NPS varies between countries, only a few substances have 
been included in the International Drug Conventions, which further 
enhances the ease of international trafficking [4,5,8,13,14]. 

In response to the increase in NPS, the European Monitoring 
Centre for Drugs and Drug Addiction (EMCDDA) and the United 
Nations Office on Drugs and Crime (UNODC), implemented the EU 
Early Warning System (EWS) and Early Warning Advisory (EWA), 
respectively [4,9,16]. For example, in the EWS, once the presence of 
an NPS is reported to an agency, monitoring of the substance can 
begin. Monitoring involves identifying any harms related to the NPS 
and determining the need to perform a risk assessment on a new 
substance [3,4,9,17,18]. While these monitoring tools are informative, 
they are unable to keep up with the constant and rapid develop
mental rate and their proactivity is limited [3,5,9,10,15]. Additionally, 
it is very difficult to detect all substances and there is no analytical 
method to cover all NPS; some may not even reach the risk assess
ment stage. Moreover, in order for the risk assessment to lead to 
control of a substance, there must be clear evidence of psy
choactivity, likelihood of dependence, health and social impact [14]. 
As such, the EMCDDA has recognised the need for a complementary 
early warning system with a focus on technologically-derived in
sights that are both sensitive and flexible [3,9]. 

Given the large number of NPS and the limited understanding of 
their effects and markets, monitoring systems that can effectively 
collect and analyse information on their use or interest in a timely 
fashion are important and were explored in this research. As the 
internet is an important resource for drug-related information, it 
makes sense to evaluate its potential to feed early warning systems  
[19,20]. Online activities in public settings leave traces upon which 
monitoring methodologies may rely. For instance, historical data 
from online search or online discussions in forums might be used to 
follow trends of popularity [20,21]. 

Minimal work has been conducted in regard to monitoring the 
presence and evolution of substances via drug forum discussions. 
One key study in this area, dubbed ‘The Psychonaut Web Mapping 
Project’, involved the development and use of an integrated web 
mapping system in order to identify emerging trends in NPS over a 
two-year period [11,12]. This project found that in regard to drug 
availability and use, forums provided unique information unattain
able through other research methods (such as surveys). The web 
mapping system was able to record details on over 400 compounds 
before they were able to reach a wider audience or appear in sci
entific literature and indicated that the monitoring system should 
not only be continued but expanded to cover a wider consumer 
perspective. In 2019, Rhumorbarbe et al. [20] echoed these findings, 
where a major drug discussion forum was systematically monitored 
in order to map the discussion intensity of different NPS and relate 
this to their popularity over time. Not only was an evolution of 
substances classes and evolution of individual substances within 
classes identified, a number of NPS were first present on the forum 
before or at the same time as their EWS notification. These findings 
complemented the notion that harnessing and analysing the in
formation available on drug forums would be of great assistance to 
early warning systems. 

Regardless of the intentions of the work on extraction of drug 
forum information, the overarching consensus indicates that there is 
a wealth of information available on these forums and this is a 
crucial resource that should be harnessed. 

Alternatively, Google Trends is a great source of public data for 
forecasting global consumption indirectly, as it has been shown that 
consumers will turn to search engines to collect information on 
items they are interested in purchasing [22]. Studies using Google 
Trends have found that the tool gives clear insight into consumer 
interest, high correlative data as predictor of future activity, and 
search data is large, constantly available, and in almost real- 
time [23–26]. 

Despite this, minimal work has been conducted into the utilisa
tion of Google Trends data in the context of drugs, with some studies 
focusing on the identification of NPS fatalities [27] and linking 
search traffic to media publications [18,28]. The most comprehensive 
work on Google Trends data has been conducted by Al-Imam & 
Abdul Majeed [23,29–32]. Employing basic keywords in the NPS 
vocabulary, their works have sought to identify the most popular 
categories of NPS, conduct geo-mapping of surface-web users, and 
assess the power of cryptomarkets, based on the retrieval and ana
lysis of Google Trends data [23,29–31]. Each of their studies have 
identified a clear analogy between the data available on Google 
Trends and patterns identified on the Dark web. Additionally, their 
related work into Google Trends has found that it appears to be an 
important tool for integration into early warning systems [23], 
which in this case should be considered in the context of the ever- 
growing arena of NPS. A 2016 study by Gamma et al. which com
pared Google search interest with related criminal offences for 
methamphetamine in three countries, found a correlation between 
this online search activity and related criminal activity and as such 
could possibly be used as an indicator for such drug-related 
crimes [26]. 

The aim of this research was to determine whether Google 
Trends could be used in conjunction with drug forum data as a new 
or complementary early warning system for NPS monitoring, 
alongside the Early Warning System and Early Warning Advisory. 
Thus, Google Trends data for forty-eight (48) distinct NPS were 
analysed and compared to both the observed activity on a popular 
drug forum and the first reported date to UNODC. 

2. Method 

2.1. Targeted Substances 

A total of forty-eight distinct NPS were selected as target sub
stances (see Table 1). This selection was based on the most common 
NPS reported to the UNODC Early Warning Advisory on NPS between 
2009 and 2015 and covered the main classes of NPS of the UNODC 
chemical classification system (i.e. structural similarity to a parent 
compound) [33]. Even if some of the substances included are not 
currently classed as NPS in certain countries due to legislative differ
ences, there are a set of those most commonly reported to the UNODC 
Early Warning Advisory and were used in previous research [20]. The 
UNODC uses both a chemical and an effect-based classification [34]. 
Although it may be argued that consumers use drugs for a specific 
desired effect and thus an effect-based classification would be more 
appropriate, some substances may have more than one effect. For 
example, substances within the stimulant effect group affect the levels 
and actions of the monoamine neurotransmitters dopamine, nor
epinephrine, and serotonin thus sometimes leading to hallucinatory 
effects in addition to the predominant psychostimulant effects. Con
sequently, this study focuses on the chemical classifications rather 
than the effect classification to simplify the analysis. 
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2.2. Data collection 

2.2.1. Google Trends 
Google Trends is a free and publicly accessible service created by 

Google® which allows users to view the frequency of searches for a 
term, a string of multiple terms, or a phrase, dating back to January 
1st, 2004 [35–37]. On March 16th, 2019, a Google Trends search was 
conducted for each of the forty-eight distinct NPS terms outlined in  
Table 1. For each term, the following parameters were specified: (1) 
geographical location: Worldwide, (2), time range: 2004 –2019 (i.e. 
01/01/2004 – 16/03/2019), (3) category: All categories. Data (i.e. 
search volume) was collected through the exportation tool available 
on the website. The Google Trends output is an index of the relative 
search volume; the data is scaled according to the average search 
quantity for the term (over the selected time period and geo
graphical location), and normalised to provide a relative volume 
where maximum search interest is ‘100’ and minimum search in
terest is ‘0’ [22,35–37]. 

2.2.2. Drugs-Forum 
Drugs-Forum.com is a major online discussion forum. With over 

250,000 registered members, it covers general discussion upon 
drugs, with a focus on harm reduction [20]. Internal rules states that 
“By submitting content, you agree that it is publicized on this site 
network”.1 From an ethical perspective, forums are considered as 
secondary data created by others, but made available to the re
searcher. Even though the content of the discussions may be con
sidered as public data, several measures were taken to protect user 
privacy. Individual quotes were avoided as they might be deanony
mized through online searches. Only aggregated results were pre
sented. Results did not contain sensitive personal information and 
did not target specific people through virtual identities [20,38]. 
Moreover, whilst the website contains a number of sub-sections, 

only one entitled ‘Drug Information & Harm Reduction’ was used for 
this study. 

A Python-coded system (Python 2.7 and BeautifulSoup 4.4.0) was 
designed to crawl the section’s data and scrape the needed in
formation from 2003 to 2018 [20]. The system works in two stages: 
(1) identification of discussion threads related to selected substances 
and (2) extraction of the number of replies and views and of the time 
of all subsequent discussion threads. The number of replies nor
malised over the total number of replies for each substance during 
the period investigated was used as an indicator of discussion in
tensity for each substance [20]. In order to obtain the same scale as 
the Google Trends data, the normalised replies were provided as a 
percentage (from 0 to 100). 

2.2.3. UNODC NPS Reports 
The UNODC has recorded reports of the presence of NPS since the 

beginning of 2009 via the Global Synthetics Monitoring: Analyses, 
Reporting and Trends (SMART) Programme, but as of 2013 this is 
reported by the Early Warning Advisory on NPS (EWA) [16,39]. 

The presence of NPS can be reported to the EWA by a variety of 
sources, including government authorities, laboratories, and partner 
organisations [40]. When the EWA is informed of the presence of a 
previously unreported NPS, the year of first reporting is recorded. 
Year rather than date/month is recorded to ensure consistency with 
official data collection instruments, such as the UN Annual Report 
Questionnaire ,2 which collects drug-related information using an 
annual/biannual cycle. Table 1 outlines the year each of the targeted 
substances was reported to the UNODC (via either SMART or EWA). 

2.3. Data analysis 

Data from Google Trends and Drugs-Forum.com were combined 
and the start and end dates of appearance of each NPS were re
corded. Google Trends start dates were identified as starting on the 
first date a sufficient number of searches were conducted to produce 
a non-zero result in the dataset. Drugs-Forum.com start dates were 
identified as starting at the creation date of the first thread dis
cussing that substance. 

Changes in the intensity of discussion (used as a proxy for po
pularity for each substance on both Google Trends and Drugs- 
Forum) were investigated and compared over time. 

Trends for each substance can be classified in four groups: up
ward trends, chronic trends, downward trends, and temporary in
crease [21]. However, when it comes to analysing trends within a 
class containing multiple substances, more complex patterns can be 
detected. The different trend types observed were classified as 
‘block’, ‘successive’, and ‘generational’ trends:  

• A block trend is observed when the popularity of substances is 
grouped into the same period and exhibit similar increase and 
decrease of popularity. This trend type might be the sign of a 
global interest for a family of substances. 

• A successive trend is observed when popularity peaks are se
quential for each substance so that when one substance begins to 
lose popularity, another one concentrates the attention. This 
trend type might be the sign of a change of interest.  

• A generational trend is observed when multiple block trends are 
successively observed. This trend might be the sign of a change of 
interest for families of substances. 

Finally, the start dates (year only) were then compared to the 
UNODC year of report. Microsoft Excel (version 1904) was used for 

Table 1 
A complete list of the forty-eight NPS targeted in this work. They are separated by 
UNODC chemical class distinction and a note of the year first reported to the UNODC.      

Phencyclidine-type substances Plant-based substances 
MXE  2010 Khat  2009 
4-MEO-PCP  2011 Kratom  2009 
3-MEO-PCP  2010 Salvia divinorum  2009 
Aminoindanes Synthetic cathinones 
MDAI  2010 a-PVP  2010 
2-AI  2010 MDPV  2009 
5-IAI  2011 Mephedrone  2009 

n-ethyl-pentylone  2011 
3-FMC  2009 

Tryptamines Piperazines 
AMT  2009 BZP  2009 
4-AcO-DipT  2009 MBZP  2009 
4-AcO-DMT  2009 mCPP  2009 
5-MeO-DMT  2009 PFPP  2009 
5-MeO-DPT  2009 TFMPP  2009 
Synthetic cannabinoids Phenethylamines 
HU-210  2009 PMMA  2009 
JWH-018  2009 25C-NBOMe  2010 
JWH-073  2009 25I-NBOMe  2012 
JWH-250  2009 2C-E  2009 
AM-2233  2011 2C-I  2009 
APINACA  2011 2C-T-2  2009 
AB-PINACA  2012 2C-T-7  2009 
ADB-CHMINACA  2014 4-FA  2009 
MDMB-CHMICA  2014 5-APB  2010 
AB-CHMINACA  2013 6-APB  2010 
5F-MDMB-PINACA  2015 2-CB-FLY  2009 

5-IT  2012 
4,4’-DMAR  2013    

1 https://drugs-forum.com/help/rules 2 https://www.unodc.org/unodc/en/data-and-analysis/arq.html 
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data compilation, pre-treatment and Tableau software (version 
2019.1.0) was used for visualisation. 

3. Results and discussion 

3.1. Comparison of online indicators 

The first comparison was made between Google Trends and 
Drugs-Forum. Six substances were only detected on Google Trends, 
31 substances were detected on Google Trends first, 7 on Drugs- 
Forum first, and 4 simultaneously. For substances appearing first on 
Drugs-Forum, substances appeared on Google Trends within 1–54 
months (median of 7 months). For substances appearing first on 
Google Trends, substance appeared on Drugs-Forum within 1–88 
months (median of 10 months). 

For substances with enough Drugs-Forum data to detect trends 
(more than 20 distinct temporal data points derived from at least 1% 
of the total number of replies across the threads related to a sub
stance), similar trends were observed (see Fig. 1). In some cases, 
trends vary in regard to the intensity of the discussion, but more 
often than not, the period of most interest are the same in both data 
sources. Google Trends gives a more continuous dataset. Indeed, 
some substances might not be discussed on forums for months. 

3.2. Comparison of the online indicators with the UNODC report year 

It is important to note that the initial dates vary for each in
dicator. Drugs-Forum began in 2002 and Google Trends began re
cording data in 2004. Only three substances appear on Drugs-Forum 
data prior to 2004, likely due to their longstanding presence as 
substances of use (e.g. Kratom and Salvia divinorum). The UNODC 
began recording NPS reports in 2009, leaving at least a 5 years gap 
when compared to the other two sources. Some substances may 
have been previously reported, but as there was no formal reporting 
and recording procedure in the UNODC for NPS prior to im
plementation of SMART and the EWA, these substances are reported 
by default in 2009. 

As such, the comparison between the three sources in Table 2 is 
only for 21 substances with a UNODC reporting year post-2009. 

When comparing solely Google Trends and UNODC, 10 of 21 
substances (48%) appeared on Google Trends before the UNODC 
report year, 3 (14%) were first reported to the UNODC, and 8 (38%) 
appeared on Google Trends in the same year as their UNODC report. 
For the substances proactively detected on Google Trends, the dif
ference in reporting year was from 1 to 8 years, with a median delay 
of 4 years. For substances reported by the UNODC first, the differ
ence in reporting year was either 1 or 5 years, with a median delay of 
1 year. 

Fifteen substances were available across all three sources. Six 
were not detected on Drugs-Forum. Seven were first recorded on 
Google Trends, two by the UNODC, two simultaneously by Google 
Trends and Drugs-Forum, two simultaneously by Google Trends and 
the UNODC, and two by all sources. Thus, no substances were de
tected proactively on the forum. 

3.3. Analysis of the results of Google Trends 

To assess whether google trends is a useful indicator and mea
sures search intensity for a substance, it was first evaluated over 
time and compared to the literature. 

3.3.1. Global trends 
Fig. 2 represents the global trends for all substances (histograms) 

and substances in each class between 2004 and March 2019. 
Global search behaviours showed that the peak of interest for the 

selected NPS was in 2010 with all the 48 substances monitored 
grouped together. However, distinct patterns were visible when 
looking at the subset of substances grouped by class. Plant-based 
substances appeared to follow a chronic trend all over the period, 
with a tendency to increase, whereas tryptamines substances fol
lowed a reverse trend. Phenethylamines and PCP-type substances 
followed a block trend, which seemed inversely related to the global 
trend of piperazines. A successive trend seemed to link both groups. 
The global peak observed in 2010 and 2011 appeared to be related to 
synthetic cannabinoids and cathinones, as well as aminoindanes 
search [41,42]. The latter concentrated interest for a very small 
period, whereas the other two remained regularly searched. Ac
cording to Castaneto et al. [41], the American Association of Poison 

Fig. 1. Comparison of the trends between Drugs-Forum.com (black areas) and Google 
Trends data (grey line). 

Table 2 
First reporting year by UNODC compared to years of detection on Google Trends and 
Drugs-Forum. The year of first detection is highlighted in bold.        

Year of first detection 

UNODC Google 
Trends 

Drugs- 
Forum  

Substance 2-AI  2010  2004 2007 
3-MEO-PCP  2010  2009 2011 
4-MEO-PCP  2011  2008 2008 
5-APB  2010  2010 2011 
5-IAI  2011  2010 2010 
6-APB  2010  2010 2010 
25C-NBOMe  2010  2008 2010 
25I-NBOMe  2012  2008 2009 
a-PVP  2010  2011 2012 
AB-PINACA  2012  2012 2013 
AM-2233  2011  2011 2011 
APINACA  2011  2007 2012 
MDAI  2010  2004 2009 
MXE  2010  2004 2011 
N-ethyl- 
pentylone  

2011  2016 2016 

4,4’-DMAR  2013  2014 N/A 
5F-MDMB- 
PINACA  

2015  2015 N/A 

5-IT  2012  2004 N/A 
AB-CHMINACA  2013  2013 N/A 
ADB-CHMINACA  2014  2014 N/A 
MDMB-CHMICA  2014  2014 N/A 
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Control Call Centers recorded an increase number of calls related to 
synthetic cannabinoids between 2010 and 2012. There was also a 
two-fold increase in the number of synthetic cannabinoids-related 
emergency department visits between 2010 and 2012 [41]. Except 
for plant-based substances that followed a chronic trend, a global 
generational trend was apparent in the search activities. However, 
the intensity of the search activities should not be compared be
tween classes, since only a subset of substances were selected for the 
analysis. The global intensity might thus be under evaluated. To 
better understand the trend of each class, the trends of each sub
stances were compared in the following sections. 

3.3.2. Plant-based substances 
Fig. 3 represents the visual trend profiles of the three plant-based 

substances studied in this article. 
While the global trends for the class showed a chronic trend, 

important variations are visible depending on each individual sub
stance. Salvia divinorum was the first substance to show a large ac
tivity profile. As its popularity dropped, both Khat and Kratom 
experienced a steady rise of interest. Khat seems to maintain a high 
volume of searches during the period of increased popularity in 
Kratom. 

3.3.3. Tryptamines 
Fig. 4 represents the visual trend profiles of the five tryptamines 

studied in this article. 
Four substances (AMT, 5-MeO-DMT, 4-AcO-DipT and 5-MeO- 

DPT) had a high density of activity and then followed a downward 
block trend pattern, which led to the global trend observed for the 
class (see Fig. 2). The decline seems to have started before the 

increase in popularity of the 4-AcO-DMT. It should however be noted 
that AMT interest remains at a global high level. Whilst this sus
tained popularity throughout the study period could be a credit to 
this substance’s popularity consumption-wise, it is also likely due to 
its name bearing similarity to popular acronyms that may have been 
searched for (such as Association of Massage Therapists, Australian 
Maths Trust, Renault AMT, and AMT Train lines). This limitation is 
discussed in further detail in Section 3.5. 

3.3.4. Piperazines 
Fig. 5 represents the visual trend profiles of the five piperazines 

studied in this article. 
There was a high level of search activity for almost all substances 

from the beginning of 2004 until the end of 2011. A block trend is 
visible for all substances. The observed pattern for the class might 
thus be the sign of a global tendency for this group of substances. 
Since 2012, all substances have shown a global drop in search ac
tivity. The piperazine class is an entirely synthetically derived group 
of substances which were first marketed in the early 2000’s [43,44]. 
In the literature, they were described to be some of the most popular 
substances of abuse. However, the scheduling to control the avail
ability of piperazine-based party pills in 2008 in European countries 
resulted in a marked decrease in use of this group [43–47]. Indeed, 
this control may have resulted in a substantial decrease in the 
availability of piperazines on the market. In the Google Trends data, 
the drop starts in 2010. This delay in impact of substance control 
could be due to the reported stockpiling of piperazine pills im
mediately prior to the announcement of scheduling, leading to a 
continued search for availability of these substances or a search for 
information about their negative effects [48]. 

3.3.5. Phenethylamines 
Fig. 6 represents the visual trend profiles of the thirteen phe

nethylamines studied in this article. 
The phenethylamines class seemed to follow a generational 

trend, which explain the global pattern observed for the class (see  
Fig. 2). The first generation lasted from the beginning of 2004 until 
the beginning of 2010 and saw a sharp popularity for the 2C family 
(2-CB-FLY, 2C-T-7, 2C-T-2, 2-CE and 2-CI). The 2C family has been 
available on the market since the 1990’s and have been a major 
source of reporting in the period of 2005–2009 [49–51]. 

The second generation included several groups of products, the 
Benzofurans (5-APB and 6-APB), the N-BOMe family (25C-NBOMe and 
25I-NBOMe), as well as three other substances (4-FA, 4,4’-DMAR, 
and 5-IT). This second wave of interest was also visible for 2C-E. The 
APB’s were detected on the market around 2010–2011, and in
creasingly reported since 2011 with the N-BOMe’s family [50–52]. 
The sharp rise in 5-IT around 2012 seems to be linked to a number of 
reported deaths around this period [53]. 

PMMA appeared to be the ‘reference substance’ of the class. 
Although it followed a similar pattern as generation one, its activity 
decreased at a much slower rate and its search volume remained 

Fig. 2. Global trends represented by trimester for all substances (histogram) and for 
classes of substances. 

Fig. 3. Visual trend profiles of the three plant-based substances.  
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steady throughout the second generation. Akin to the AMT substance 
for the tryptamines class, the observed higher popularity could be 
due to alternative acronyms. 

3.3.6. Phencyclidine-type substances 
Fig. 7 represents the visual trend profiles of the three phency

clidine-type substances studied in this article. 
MXE was the first substance to show popularity. As its activity 

dropped, 4-MEO-PCP experienced a peak in popularity in 2010. As 
soon as 4-MEO-PCP dropped in search numbers, MXE became pop
ular again in parallel with 3-MEO-PCP. Subsequently, the decline of 
MXE searches matched a renewed interest in 3-MEO-PCP. A previous 
study showed that 4-MEO-PCP and 3-MEO-PCP are derivatives of 
MXE, which experienced increased activity on forums in 2009 with 
marked increases in 2011 [54]. 

3.3.7. Synthetic cannabinoids 
Fig. 8 represents the visual trend profiles of the eleven synthetic 

cannabinoids studied in this article. 
The synthetic cannabinoids class seemed to follow a generational 

trend. HU-210 was the first generation substance in this dataset. The 
JWH family (JWH-018, JWH-073, and JWH-250) revealed a clear 
subsequent block trend, which might have impacted the HU-210 
trend. Then, the AM family (represented by AM-2233) showed a 
short period of activity. The PINACA family started at the end of 2012, 
followed by the CHMI family (AB-CHMINACA, ADB-CHMINACA, 

MDMB-CHMICA) and finally leading to the 5F-MDMB-PINACA rise 
in 2015. 

The evolution of the different generations observed through the 
data aligns accurately with observations in previous studies; the 
trend followed the synthesis and development of the different fa
milies of substances. HU-210 is the original component which led to 
the development of the JWH and AM groups [55–57]. The develop
ment of synthetic cannabinoids with greater structural diversity, 
that is the CHMICA, CHMINACA, and PINACA groups was also noted 
by the UNODC and other studies as the most recent waves of sub
stances in this class [55–57]. The global increase of interest noted 
since 2008 might be due to their media coverage as legal alternative 
to cannabis [58]. 

3.3.8. Synthetic cathinones 
Fig. 9 represents the visual trend profiles of the five synthetic 

cathinones studied in this article. 
MDPV and Mephedrone were the first detected and probably the 

most consumed substances in this class as there are known to be the 
‘first generation’ synthetic cathinones [59]. Mephedrone and 3-FMC 
experience a block trend pattern with a simultaneous increase and 
decrease of popularity. A successive trend pattern was then observed 
with a-PVP, a ‘second generation’ synthetic cathinone that entered 
the NPS market in response to the regulation of previously popular 
substances, such as MDPV [59,60]. This information is echoed in the 
Google Trends data, wherein a-PVP appeared in the second wave of 
substance popularity and could also explain why MDPV experienced 

Fig. 4. Visual trend profiles of the five tryptamines.  

Fig. 5. Visual trend profiles of the five piperazines.  
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a peak in search frequency around this same period. N-ethyl-pen
tylone is recognized as one of the most recent NPS to emerge onto 
the market [61]. It is probably too early to interpret its temporal 
pattern, which still seems to be quite chaotic. 

3.3.9. Aminoindanes 
Fig. 10 represents the visual trend profiles of the three ami

noindanes studied in this article. 

Despite its low popularity globally, the aminoindanes group re
vealed one clear block trend for 5-IAI and MDAI. Indeed, they ex
perienced a concomitant sharp popularity peak, followed by a 
continuous decrease. If 2-AI appears to have a continuous popularity, 
the popularity of all three substances seems to have decreased 
steadily since 2011. A literature review identified 2-IAI as the original 
analogue of amphetamine, followed by a number of derivatives such 
as MDAI and 5-IAI [42]. 

Fig. 6. Visual trend profiles of the thirteen phenethylamines (the change in colour represents the different generations of phenethylamines).  

Fig. 7. Visual trend profiles of the three phencyclidine-type substances.  
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3.4. Added value of Google Trends as a monitoring tool 

Globally, Google Trends analysis revealed its ability to follow 
search activities for specific substances. Absence of searches, emer
ging interest, decrease of search activities, specific and chronic be
haviours are the main trends detected while analysing Google 
Trends data. It has to be noted here that no periodical trends were 
presented, because no clear seasonal or cyclical trends were ob
served in the data. Indeed, more often than not, search activities do 

not vary significantly during weeks or months of the year, neither 
during days of the week. Observed trends allowed sorting sub
stances in regard to the global online search behaviours. Since no 
analysis was performed for particular regions of the world, geo
graphical analysis may be conducted in future research to better 
understand regional trends. 

Results showed that Google Trends data can be used to follow 
temporal trends in popularity within classes (i.e. groups of sub
stances). However, a complete analysis still requires to extend the 

Fig. 8. Visual trend profiles of the eleven synthetic cannabinoids (the change in colour represents the different generations of synthetic cannabinoids).  

Fig. 9. Visual trend profiles of the five synthetic cathinones.  

F.-K. Batistic, D. Rhumorbarbe, E. Lefrancois et al. Forensic Science International 326 (2021) 110918 

8 



monitoring process to a more complete list of known substances. 
Despite this limitation, discernible trends were observed amongst 
the eight different classes of NPS, with either successive, block, or 
generation style trends. The detected trends have been linked to the 
known evolutions of NPS trends described in previous studies using 
other indicators [42–63]. For example, in the synthetic cannabinoids 
class, the Google Trends data exhibits the same evolution than the 
known evolution from HU-210 to the JWH and AM groups, followed 
by the most recent and more structurally diverse groups. Detected 
anomalies or peaks were also coherent with previous studies, such 
as the peak for MDAI and 5-IAI in the aminoindanes class. More 
often than not, observations made followed what would be expected 
to see based on the NPS cycle of production-consumption-regula
tion, where producers adapt to scheduling and move onto new 
substances. Typically, in the PCP-type category, MXE showed sus
tained popularity for some time but disappeared when 3-MEO-PCP 
and 4-MEO-PCP began to show increased interest. 4-MEO-PCP was 
not present for a long period of time. Its popularity dropped while 3- 
MEO-PCP and MXE showed sustained popularity. 

Moreover, some observation might be linked to legislative 
changes. For instance, New Zealand criminalised the sale and pos
session of BZP in 2008 (sale was immediately prohibited and, after a 
6-month amnesty period, possession of BZP became an offence)  
[45,64]. The drop in popularity and use can be observed in the 
continuous decrease in search value for the term ‘BZP’ on Google 
from 2008 onwards (see Fig. 5). Indeed, the drop in production 
would have led to a drop in popularity Worldwide as the resource 
became scarcer and other similar substances rose in availability. 
When comparing the Worldwide search to the New Zealand only 
search, there is a drop in 2008 in both trends data. Similarly, the 
regulation of MDPV in 2011–2013 in the United States [65–67] can 
be aligned with a decrease in search activity, overtaken by the de
velopment and rise in popularity of a-PVP in the synthetic cathinone 
market (not regulated until 2017) [66,67]. 

In comparison to the monitoring of drug discussion forums, 
Google Trends have the advantage of reporting on a regular time
scale and do not require complex crawling and scraping methods. In 
addition, it is possible to collect weekly reports as well as monthly 
reports from Google Trends. However, monitoring forums allows to 
detect conversation related to substances, which might lead to 
qualitative studies and evaluations of the positive or negative per
ceptions about them. With Google Trends data, there is no method of 
ascertaining what the true intention of each search was. 

3.5. Limitations of Google Trends data 

Like any indicators, Google Trends data has its limitations. One of 
the major limitation of Google Trends data is the impossibility to 
ascertain whether the intention of a google search was about a 
particular NPS. For example, some substances like PMMA in the 
phenethylamines category and AMT in the tryptamines class are 
more difficult to monitor with Google Trends data. Whilst they may 

have a high popularity over the 15-year period, the observed chronic 
trends are more likely due to their names being similar to other 
acronyms. For example, a search for ‘PMMA’ may have been in
tended for the NPS, or for a completely different entity such as 
‘Philippine Merchant Marine Academy’ or ‘Poly(methyl methacry
late)’, but there is no way to look at the context of the searches that 
have contributed to the data provided. Moreover, the number of 
queries has to reach an unknown threshold to be reported by Google 
Trends. 

Another limitation of this research is the frequency and precision 
of data reporting. Drugs-forum is publicly available in real-time, and 
as such ‘web-crawling’ systems can be implemented to extract data 
and produce on-command reports of forum activity. Google Trends 
is also publicly available in almost real-time and can easily be ac
cessed to produce weekly or monthly activity reports, based on the 
time-range entered. As such, Drugs-Forum and Google Trends can be 
compared quite accurately as they both operate on similar time
frames. The UNODC however, only records the year in which a 
substance is first reported to the EWA. As a result, it is difficult to 
directly compare the UNODC report date to the higher frequency 
reporting of Drugs-Forum or Google Trends. One must consider 
where the UNODC date will be standardised when compared to the 
other two sources – beginning, middle, or end of year. Secondly, 
regardless of standardisation, any time differences and disparities 
between popularity of a substance and UNODC report date cannot be 
considered 100% accurate due to the large difference in reporting 
precision. 

In addition, given the large number of NPS and the complexity of 
the terminology of many of them, google trends data may become 
limited as users or the general public may not know the actual 
names. This research focused on well known NPS and as a con
sequence, the benefit of the approach described in this paper should 
be further developed for less known NPS. An advantage of drug 
discussion forums is that the accuracy of the data is backed up by the 
ability to read the conversations that are the basis of the data being 
used; that is, one can always go back to the thread extracted and 
determine what the original posters true intention was. 

4. Conclusions 

The current NPS monitoring systems may have some difficulties 
to track changes in the market of NPS. In addition, the requirement 
of risk assessments means there is an even longer wait before the 
substance can be formally controlled. The evaluation of actual 
threats is thus complicated. This study evaluated the potential of 
using online public data from one forum (Drugs-Forum.com) and 
Google Trends as indirect proxies of the popularity of selected sub
stances. Google Trends data from 2004 to 2019 for 48 popular NPS 
and their occurrences in threads on the Drugs-Forum (from 2003 to 
2018) were compared with UNODC reports dates. 

According to our findings, substances were most likely to appear 
on Google Trends first over the other two sources. This research 

Fig. 10. Visual trend profiles of the three aminoindanes.  
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allowed us to identify evident succession of substance popularity 
within classes. Between Google Trends and Drugs-Forum, six of eight 
classes showed remarkable similarity in substance succession. 
Substances were more likely to appear on Google Trends first and 
Google Trends also had a shorter median lag time in appearance of 
substances compared to Drugs-Forum. The two sources showed 
significant similarity in their visual trend profiles, with either peaks 
or falls in popularity aligning or periods of intense discussion cen
tring around the same time. For Google Trends data only, three major 
trend types were observed (successive, block, and generational), 
with some classes exhibiting two trend types. Additionally, six 
subgroups identified in four classes showed similar trend profiles. 

By combining these two data sources, it was possible to compare 
them and identify whether substances are increasing or decreasing 
in popularity in regard to search frequency on The Web. Whilst drug 
forums may be difficult and time-intensive to study based on the 
sheer amount of activity that must be analysed, this can be over
come by setting up an automatic web-crawling system. The Web, in 
particular drug forums, is a source of information for both potential 
drug consumers and experienced users [4,15,18,68]. The appearance 
of new compounds drives interested individuals to visit drug forums 
to seek harm-reducing information [2,11,69]. Hidden by the legal and 
social security provided by anonymity, NPS users will openly share 
their personal experiences, both positive and negative effects, with 
others on publicly available drug forums [4,8,13,15,18]. Experienced 
NPS users, referred to as ‘e-Psychonauts’, are known to contribute 
high quality knowledge to drug forums [11,15]. In addition, given 
that the conversations about substances are available, it is possible 
to understand the reasons why people are discussing these sub
stances. Google information, however, is quicker and easier to ana
lyse as one simply needs to input the term into the engine to retrieve 
data. Additionally, substances were more likely to appear on Google 
Trends first. Nevertheless, to use Google Trends, one needs to know 
what to look for and a minimum threshold of searches is required to 
provide data, which could prove difficult when trying to detect new 
substances as in the early stages of drug circulation. 

Google Trends could be used to complement current monitoring 
system, such as EWA or EWS. As Google Trends can monitor sub
stances in a ‘real-time’ setting, this could decrease the time required 
before pre-monitoring for a risk assessment can begin, as the re
liance is no longer on the first report but rather the increased in
terest online. Google Trends showed the emergence, persistence, or 
transient nature of substances. This finding is interesting as it could, 
in combination to current monitoring systems, help direct the focus 
of law enforcement and health organisations resources and research 
towards a limited number of substances rather than all new sub
stances. Harm reduction initiatives such as prevention campaigns 
could also benefit from this knowledge (e.g. addiction problems 
discussed on the forums). As a result, Google Trends could be used as 
a complement to current early warning systems. It would also be 
excellent for forward-casting when looking at the effects of legisla
tive responses, particularly with the synthetic cannabinoids. 

As new substances begin to appear on the NPS market, the dif
ference in when a source first began (2002, 2004, or 2009) will not 
pose further limitations for use of this monitoring system. However, 
the frequency and precision of reporting will remain an important 
factor in the provision of high-quality data, as accurately comparing 
sources which report with high frequency to sources which report 
by year only will remain difficult. 

As only one online discussion forum was utilised in this research, 
future work should attempt to include data extracted from a number 
of popular drug forums to identify whether popularity trends show 
similarity between the different discussion platforms and to 
strengthen the available data. Additionally, a text-mining tool could 
be developed to help identify particular terms that may appear 
when a discussion is triggered on drug forums. 

This work categorises the substances based on their chemical 
structures while the UNODC also uses an effect-based classification. 
As people who use drugs do it primarily for a specific desired effect, 
it would be of interest to compare the results obtained in this study 
with results obtained using an effect-based classification as the 
latter classification could lead to a better understanding of the dy
namics and popularity of substances. 

As this research targeted mainly well-known substances, future 
work should trial newer substances. This would allow us to ulti
mately determine the strength of this system for future monitoring 
purposes as well as the feasibility of the system for early action. 

Finally, as any market indicator, Google Trends has its limitation 
and should be used in combination with traditional monitoring 
systems. 
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