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Abstract

The twenty-first century is a time of spectacu-
lar scientific advances, especially in information
technology and the ongoing scope of application
of artificial intelligence. The use of the concepts
of machine learning is revolutionising medical
and paramedical research. These concepts also
apply in the study of psychoactive substances,
especially to search for information in the glob-
al databases of literature, the systematic review
of current publications, the prediction of future
trends for the spread of these substances all over
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Streszczenie

Dwudziesty pierwszy wiek jest okresem spektaku-
larnego postepu naukowego, zwlaszcza w dziedzinie
informatyki i stale rozszerzajacych si¢ zastosowan
sztucznej inteligencji. Wykorzystanie koncepcji ucze-
nia maszynowego rewolucjonizuje badania medycz-
ne i paramedyczne. Te koncepcje mozna réwniez
zastosowa¢ w badaniach nad substancjami psychoak-
tywnymi, zwlaszcza do wyszukiwania informacji ze
swiatowych baz danych literatury przedmiotu, syste-
matycznego przegladu pojawiajacych si¢ publikacji,
przewidywania przysztych trendéw rozpowszech-
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the world and also to determine patterns of their
misuse and all activities linked to their use.

A systematic review of literature conducted in
internet databases indicates apparent deficits
in research activity as regards the matters con-
cerning machine learning. It is the authors’ opin-
ion that filling this gap will allow a fuller analysis
of the phenomenon of psychoactive substance
use and identification of emerging tendencies.

The text presents a comprehensive research proj-
ect applying the proposed concepts, the main
aim of which is the evaluation of the prevalence
of psychoactive substance use and abuse, includ-
ing new psychoactive substances at the nation-
al and international level, and thus establishing
adequate and effective preventive strategies, and
developing guidelines for management in crisis
situations.

Keywords: Artificial intelligence, Machine learn-
ing, Big data, Predictive Analytics, Real-Time An-
alytics

Ahmed Al-Imam, Marek A. Motyka

niania tych substancji na §wiecie, a takze do ustalania
wzoru niewlasciwego ich stosowania oraz wszelkich
aktywnosci zwigzanych z ich uzywaniem.
Systematyczny przeglad literatury przeprowadzany
w internetowych bazach danych wskazuje na wyraz-
ne deficyty dziatan badawczych w zakresie proble-
matyki dotyczacej uczenia maszynowego. Zdaniem
autoréw wypelnienie tej luki pozwoli na pelniejsza
analize zjawiska uzywania substancji psychoaktyw-
nych oraz ustalenie pojawiajacych si¢ tendencji.

W pracy przedstawiono projekt szeroko zakrojonych
badan z zastosowaniem proponowanej koncepdji,
ktorych gléwnym celem jest ocena rozpowszechnie-
nia uzywania i naduzywania substancji psychoak-
tywnych, w tym nowych substancji psychoaktyw-
nych, na poziomie krajowym i miedzynarodowym,
a przy tym ustalenie adekwatnych i rzetelnych stra-
tegii profilaktycznych oraz opracowanie wytycznych
do zarzadzania w sytuacjach kryzysowych.

Stowa kluczowe: sztuczna inteligencja, uczenie ma-
szynowe, Big data, prognostyczna analiza danych,
analiza danych w czasie rzeczywistym

m PSYCHOACTIVE SUBSTANCES
RESEARCH: THE STATUS QUO

The twenty-first century is witnessing phenom-
enal growth in all disciplines of science, particular-
ly in data science and the ever-expanding applica-
tions of artificial intelligence [1]. The exploitation
of concepts of machine learning is revolutionising
medical and paramedical research [2]. Concomi-
tantly, the investigation of psychoactive substances
and novel psychoactive substances (NPS) is evolv-
ing at an exponential scale, while the inclusion
of artificial intelligence technologies is lagging [3].
A lot of psychoactive substances are labelled as
high-risk due to the adverse effects on an individu-
al’'s health as well as being a burden on the national
economy and the healthcare system [4, 5]. Psycho-
active chemicals can be classified using a plethora
of systems based on their chemical properties, mo-
lecular structure, biochemistry, pharmacodynam-
ics and pharmacokinetics [6]. Dargan and Wood
developed a structural classification of NPS, based
on analyses of substances seized by the European
Monitoring Centre for Drugs and Drug Addic-
tion (EMCDDA) [7]. The architectural scheme
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allocated seven categories of NPS including phene-
thylamines (principally CNS stimulants), trypt-
amines (hallucinogens), piperazines (CNS stim-
ulants), cathinones (CNS stimulants), canna-
bimimetics (CB, receptor agonists), pipradrol
derivatives (CNS stimulants) and miscellaneous
substances (mainly CNS stimulants) [7].

m MACHINE LEARNING FOR
PSYCHOACTIVE SUBSTANCES
RESEARCH

Although researchers have implemented the use
of real-time analytics and predictive models in var-
ious specialisations of mathematical and natural
sciences, the analog implementation of those tech-
niques is still lagging in describing, assessing, and
anticipating phenomena connected to psychoactive
substances [2]. Accordingly, we are assuming, i.e.,
questioning, that there were no attempts to deploy
machine learning tools for psychoactive substances
research. This assumption applies to data retrieval
from literature databases of interest, the systematic
review of the literature, and the prediction of future
trends on the global diffusion of those chemicals



On the necessity for paradigm shift in psychoactive substances research

O konieczno$ci zmiany paradygmatu w badaniach nad substancjami psychoaktywnymi

and the patterns of substance misuse and addiction
behaviours [8]. Therefore, we shall test our valiant
assumption via an evidence-based review of data-
bases of the published literature to weight our opin-
ion on the assumed significant deficit of machine
learning-based research activities.

B THE LITERATURE

During the second half of August 2019, we
conducted a systematic review of the literature
via the Cochrane Library (the Cochrane Database
of Systematic Reviews/the Cochrane Collabora-
tion), PubMed (the United States National Library
of Medicine), and Embase (Elsevier Database/
Scopus). We pragmatically “dissected” the in-
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dexed publications by deploying an elaborate set
of generic terms and MeSH-based keywords, in
combination with Boolean operators as well as
truncations, to retrieve potential papers that im-
plemented artificial intelligence technologies in-
cluding data mining, machine learning, real-time
analytics and predictive modelling for big data in
connection with psychoactive substances research.
Contrary to our expectation, the review strategy
generated an impressive total count of 1,496,833
papers distributed into United States National Li-
brary of Medicine (1,279,287, 85.47%), Embase
(216,655, 14.47%) and the Cochrane Library of Sys-
tematic Reviews (891, 0.06%) (Figures 1 and 2).
Following a full-text retrieval of the papers, we
were able to find that only three peer-reviewed arti-
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Figure 1. The differential contribution of databases of literature based on thematic keywords search
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Figure 2. The cumulative contribution of databases of literature based on thematic keywords search
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cles, including two original studies and one review
article, that deployed real-time analyses [9-11].
However, these were epidemiological studies that
implemented waste-water analyses. In conclu-
sion, what we retrieved represents only false-pos-
itive data signals originating from the databases
of literature, reflecting the specificity of the key-
words-based search strategy. Hence, we conclude
that there was no implementation of artificial in-
telligence technologies in any of the publications
addressing our primary research question.

® WHAT 1S MACHINE LEARNING?

Machine learning relies upon the analyses
of big data using a plethora of well-established
techniques of mathematical and data science
models, including non-biological computational
neural networks, diverse modalities of regression
analytics, and decision tree classifications [12].
Artificial intelligence attempts to reach the lowest
achievable error rates of mathematically-inter-
preted predictions for causality associations [13].
The exposure-outcome interaction includes
the main effect as well as the interaction effects
between explanatory variables (predictors) and
cofactors (covariables) to forecast the futuris-
tic probability of event occurrences (outcomes).
Machine learning is mandatory for unwitnessed
benefits when it comes to applications related to
the spatio-temporal description and prediction
of phenomena of interest, including epidemio-
logical and digital epidemiological investigations
of psychoactive substances [2, 14]. The infrastruc-
ture of big data upon which machine learning al-
gorithms operate is the same as those designated
for the classical epidemiology and digital epide-
miological research [3, 14]. Researchers can re-
trieve data from the databases using survey tools
and internet snapshots, longitudinal studies and
cross-sectional studies, analyses of web-based so-
cial networks, and electronic commerce websites
analytics of the surface as well as the deep web in-
cluding the infamous darknet hypermarket.

B ANTICIPATED HIGH-IMPACT
RESEARCH: INTEGRATED MACHINE
LEARNING

High-impact researchers should dedicate to
two-pathway informed communications with re-
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gulating international organisations including
the World Health Organization (WHO), the Unit-
ed Nations Office on Drugs and Crime (UNODC),
the Global Public Health Intelligence Network
(GPHIN), the European Monitoring Centre for
Drugs and Drug Addiction (EMCDDA), the World
Anti-Doping Agency (WADA), and the Eastern Med-
iterranean Public Health Network (EMPHNET).
For futuristics research projects on psychoac-
tive substances, researchers should endeavour
their scientific stamina for implementing a hy-
brid of the conventional study designs in combi-
nation with the real-time analytics in addition to
predictive modelling and trends projection for
time-series analyses. The challenging and innovat-
ing aspect of such projects will be the tendency to
incorporate the use of machine learning technolo-
gies, neural networks, as well as linear and logistic
regression models [15]. Speaking for ourselves, we
are aiming to consolidate our prospective research
with parallel interdisciplinary doctoral projects
while conducting cross-country collaborations
among researchers and validated experts. The pri-
mary objective is to assess the prevalence of sub-
stance use and misuse of specific psychoactive and
novel psychoactive chemicals among populations
of interests at national and international levels.
The data will be retrieved from virtual open-source
big data repositories, classical offline records and
databases of public health services, and the private
psychiatry-mental health clinics specialised in
managing patients with addictions and other psy-
chiatric comorbidities. In the chronological order
of events, we shall strive to:

1. Conduct a rigorous systematic review of
the existing databases of literature in connection
with the primary objective of this letter.

2. Fine-tune the systematic retrieval and ap-
praisal of the existing literature by deploying re-
al-time and automated systems (i.e., non-human
based retrieval of data) [8, 16]. This step will
require the implementation of concepts of auto-
mation codes using high-level programming lan-
guages (HLL), including Python, R, MatLab and
Octave programming languages, in addition to
spreadsheet templates and statistical packages for
social sciences [17].

3. Assess the prevalence of substance misuse
and related phenomena via cross-sectional as well
as longitudinal studies.
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4. Compare the results on prevalence with
collateral data from online resources of inter-
est, including Google Trends and Google Ana-
lytics open-source deposits of big data to assess
the digital epidemiology and geographic mapping
of the phenomena at a global scale [18].

5. Build an exhaustive predictive model to antic-
ipate which individuals possess a tendency to devel-
op substance misuse disorder in their lifetime based
on multivariate analyses and regression models.

6. Attempt to enhance the predictive power
by refining the mathematical basis and the com-
putational methods for real-time and predictive
models via using reliable data transformers to
boost the accuracy of robust statistics of the results
while reducing the computational processing de-
mands that are critical to analysing exhaustive sets
of big data and potentially in real-time [19, 20].

7. Experiment with various non-Bayesian sta-
tistics to extrapolate data on the patterns of addic-
tion for between-subjects comparative analytics.
We shall achieve this by comparing the consisten-
cy of different statistical analyses, including Point
Biserial Correlation, Independent Student’s t-test
and Fisher’s One-Factorial ANOVA [21, 22].

8. Evaluate the predictive tools (models) in
connection with their sensitivity and specifici-
ty, predictive values (positive and negative) and
the magnitude of error (statistical noise) [23, 24].

9. Execute concepts of integral calculus in re-
ceiver operating characteristics (ROC) for an as-
sessment of the prognostic precision of predictive
analytics.

10. Enact and actualise our models to foresee
an impending and ominous geo-specific addiction
crisis and future substance misuse epidemics.

11. Create pre-disaster prophylactic measures
by creating a customisable computer-based appli-
cation based on the already established tools for
use by diagnosticians and interventional health-
care professionals.

12. Formulate practical and externally-valid
guidelines for managing the worst-case scenario
of disaster situations through realistic collabo-
ration with public and private health authorities.
The guidelines represent data-driven and evi-
dence-based consultations on how to prognosti-
cate and control a catastrophic substance misuse
epidemics and by engaging community services to
assess, analyse and manage the underlying predis-
position in individuals and populations towards
addictive behaviours.

13. Finally, we shall disseminate our knowl-
edge by communicating our collaborative and
evidence-based expertise with global regulatory
agencies and health organisations, thus aiming for
global dissemination of unbiased high-impact ap-
plicable science [25].
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